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Executive Summary

The | nshore Reef Assessnent and Monitoring Project in Tonga
has been inplenented over a three year period. A sanpl e survey
during 1986/87 provided the first estinmates of total fish
catches, and of the relative inportance of different species and
fishing gears in the Tongatapu nearshore fisheries.

A simlar survey was executed in Ha apai in 1988/89 but the
data have not yet been anal yzed.

Routine fishing conducted on the Tongatapu shelf during
1987/88, wusing a standardized array of fishing gears, produced
excellent results but the data have only been subjected to
prelimnary anal yses.

Al of the work has been acconplished by the Project Leader
(on contract to an aid organization) and a single tenporarily-
enpl oyed Field Assistant, pl us occasional unskilled casua
wor kers. No menber of the staff of the Tongatapu Fisheries Divi-
sion has been directly involved in the Project and there has con-
sequently been no transfer of the skills wutilized or acquired
during the course of the Project.

The decision to repeat the Tongatapu sanple survey in
Ha' apai resulted in the routine fishing in Tongatapu being ter-
m nated with consequent |oss of continuity and adverse effects on
the potential useful ness of the data.

Recommendations are nade concerning the future of the
Proj ect. It will be necessary for the Fisheries Division to nake
a decision on the incorporation of the work on the Project into
the routine work of the Division.

It is recomended that the assistance of the South Pacific
Comm ssion Inshore Fisheries Research Project be sought in the
analysis of the accunulated data and the preparation of a com
prehensive set of reports.
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The services of the consultant were provided wthout charge by
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The South Pacific Comm ssion's Inshore Fisheries Research Project
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1. I NTRCDUCTI N

This project had its origins in 1987 when the Fisheries
Division of the Kingdom of Tonga decided to enbark on a project
designed to test the feasibility of inplenmenting the so-called
"I CLARM approach”™ to the assessnment and nonitoring of small-
scale, multi-species, nulti-gear fisheries (Munro 1983, 1986,
Munro and Fakahau 1987), such as are typified by the fisheries of
the island shelf of Tongatapu, the main island in Tonga.

Pr evi ous information on the artisanal and subsistence
fisheries of Tonga are exceedingly sparse (Gllett et al 1988)
and the only substantial docunents are those of Hal apua (1982).

There have been previous attenpts to set wup fisheries
statistical systenms in Tonga or recommendations for their crea-
tion. During the md-1970s an FAO project collected data and sone
of the results are given in brief by Thomas (1978). However, no
final report appears to have been generated and a substantia
part of the data is said to have been destroyed in the 1982
cycl one. The FAO project m ght have had its nethodol ogi cal base
in the report by West (1976) but this is not evident from any of
the records. Subsequently, Gant (1977) prepared sonme recomenda-
tions for collection of fisheries statistics, but it appears that
t hese recomendati ons were not acted upon.

Pol acheck (1986) prepared a report on behalf of FAO and
reviewed the previous attenpts to gather fisheries statistics. In
connection wth the "snall-scale reef fisheries" He pointed out
that "the two sectors of the fishery for which al nost no inforna-
tion is currently being collected are the reef fisheries. by
smal | -boat fishermen and the shore-based collectors, gatherers
and fishernen". He also stated that "... it is inportant to col -
lect (data) wthin a framework of possible managenent and stock
assessnent options which are likely to be used and for which it
is realistically possible to collect ... sufficient data". He
al so expressed an opinion that the "single-species approach .
is unlikely ever to be a workable approach to the managenent of
the highly-conplex, nulti-species situation found in the reef
situation". It wll be shown later that this is a debatable as-
sunption.

Pol acheck's (1986) report highlighted the |ack of sudcess
that had attended previous efforts to docunent the small-scale

reef and |agoon fisheries and recommended that information be
collected on catches and catch rates in different |ocations and
al so recormended that, whatever the system adopted, it should

initially be developed to sanple the nore inportant and acces-
si bl e conponents of the fishery. This is an inportant qualifica-
tion. .



It was against this background that the |eader of the cur-
rent project, M. Karl Felfoldy-Ferguson, was instructed to try
to inplenment the "ICLARM approach” (Munro 1983, 1986; Munro and
Fakahau 1987) to the nonitoring and assessnent of the small-
scale, multi-species, nulti-gear artisanal fisheries of Ton-
gatapu. The essential features of this approach are the execution
of a basic frame survey designed to provide an inventory of
fishermen, fishing gears and vessels and pertinent socio-econom c
data plus an assessnent of the species conposition of catches
taken by various fishing nmethods or gear sizes, estimtes of
the catch rates in those gears and of the approxinmate total [|and-
ings of the main species captured by the fishery. This is then
followed by a continuing programme of routine fishing with a
standardi zed array of fishing gears, which are designed to give
adequate sanples of the nost inportant species in the catches.
These are in turn expected to provide the basis for estimtes of
gromh and nortality paraneters and thus permt basic assessnents
of whether or not the species involved are "overfished" or
“underfished" in terns of their growth and nortality rates and
rates of exploitation.

The enphasis on the species conposition of the catches is an
important aspect of the nethodology. Virtually all previous
fishery sanple survey nethodologies recommend that catches be
categorized by famly, value, nethod of capture, etc. However,
such categorizations are of singularly little use to the fishery
manager who nust know the specific identity of the fish stocks
that are bei ng nanaged.

Conventional approaches to this problem have involved the
execution of very detailed sanple surveys of the fisheries (Caddy
and Bazi gos 1985) to evaluate the catch, catch conposition and
nunbers of fishermen and gears, but with no provision for ac-
tually assessing the state of the fishery. There is no exanple of
the inplenentation of such an exercise followed by successfu
managenent of any tropical fishery.. Indeed, exanples of the suc-
cessful inplenmentation of frame surveys along the |ines suggested
by Caddy and Bazigos (1985) are difficult to find.

The essential point is that even if a successful sanple sur-
vey is conducted (e.g. Sahney 1983, for Jamaica), one is stil
little advanced in deciding what nmanagenent neasures are needed
or, indeed, whether any neasures are required at all. The prin-
cipal argunment in the "ICLARM approach” is that the actual nag-
nitude of landings is of little singularly little inportance and,
for socio-econom c purposes the economc status of the fishing
community can be gauged wth conparatively little effort. The
critical questions relate to the rate of exploitation of the
princi pal species in the fishery. Are they overexploited or could
nore effort be brought to bear? Are there unexploited or under-
expl oited stocks which could be targeted? It is argued by Minro
(1986) that these question can be answered on the basis of
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sanpl es of the exploited species being acquired by a continuing
programme of routine fishing with a standardi zed array of fishing
gears. The devel opnment of [ength-converted catch curves by Pauly
(1982) has provided an extraordinarily robust neans of estimating
the nortality rates of fish stocks based on the average annua
size conposition of the stock (Pauly and Morgan 1987) and vari ous
conput er - based analytical suites of prograns provide a nmeans of
efficiently analyzing such data.

This project was reviewed soon after its inception (Minro
1987), at which tine a routine array of fishing gear was sel ected
and an offer was made to actively provide the project with scien-
tific support as a nodule of |CLARM s "Managenent-orientated fish
stock assessnent project”. However, this offer was not taken up
and the project proceeded along the predeterm ned lines. The of-
fer still stands.

The consultant has an interest in the success of the project
whi ch should be made clear at the outset, insofar as the nethods
have been proposed by the <consultant and by the Principal
Fi sheries Oficer of The Kingdom of Tonga (Minro 1983, 1986; Minro
and Fakahau 1987) on the basis of extensive experience of the
seemngly intractable problem of the cost-effective evaluation,
assessnent, nonitoring and managenent of small-scale fisheries.
The project which is under review represents the first attenpt to
systematically inplenent the proposed nethodol ogy.

1.1. Terns of reference

The terns of reference stipulated for this review are as
fol | ows:

In conjunction with staff of the Tonga Fisheries Department:

review progress of the Inshore Reef Assessnent and Monitor-
ing Project;

assist in interpretation of fishery data, including that ob-
tained by controlled fishing wth a st andar di zed array of gear;

assist in the design of future data gathering activities;

review the recently conpleted survey of Ha'apai fishing ac-
tivities.

There was also provision for "other activities" to be
"defined by the Tonga Fisheries Departnent”, but no additiona
activities were stipulated during the course of this review

1.2. Qbjectives of the Project

As descri bed by Fel fol dy- Ferguson (1987), the project objec-
tives are to evaluate the feasibility of inplenmenting the ap-
proach outlined in Munro and Fakahau (1987). In essence, this in-
vol ves the execution of a frame survey of the fishery in question
to provide a base line for the planning of future work, for the
establishnment of an inventory of fishing gears, vessels, fisher-
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fol k and socio-economc factors and a survey to estimate the com
position and nmagnitude of catches of the fishery. Thereafter, a
programme of routine fishing wwth a standardi zed array of fishing
gears is inplenmented. Figure 1, reproduced from Munro and Fakahau
(1987) shows the expected flow of activities and acconplishnents.

1.3. Sunmmary of activities to date

The work of the project has been divided into four phases,
starting with a sanple survey of the Tongatapu inshore fishery,
then a year of routine fishing on the Tongatapu shelf, followed
by a repeat of the exercise in the island group of Ha apai, in
which the routine fishing operations have only recently started.
The addition of the work in Ha' apai precluded the inplenentation
of the second year of routine fishing in Tongatapu and con-
stitutes a serious deviation fromthe original plan, because a
continuous routine fishing programme is the key factor in the

"1 CLARM approach". However, as wll be shown later, this devia-
tion from the original plan can probably be turned to good ad-
vantage, in that the reefs of the Ha' apai group are very lightly

exploited and provide a striking contrast to the fisheries of
Tongatapu. This advantage will only be realized if .the project
continues for sufficient tine to permt the analysis of the data.

This was the first occasion on which frame and sanple sur-
veys of the inshore fisheries have ever been acconplished in
Tonga. Al of this work has been done by the Project Leader, M.
Kar|l Fel fol dy-Ferguson assisted by a Field Assistant, M Sione
Mai | au, who has high school |eavers' qualifications, plus a vari-
abl e nunber of casually-enployed unskilled workers.

2. REVIEW OF PROGRESS
2.1. Tongatapu frame and catch assessnment survey

The basic results of the Tongatapu catch survey have been
presented by Fel fol dy- Ferguson (1988). The frame survey included
the registration of fishernmen by a door-to-door census, inter-
views with fishernmen dealing with soci o-econon ¢ questions, fish-
ing met hods, fishing assets, fishing grounds utilized, fishing
effort and other pertinent information.

Information on the nmagnitude and species conposition of
catches ‘was obtained by nmonitoring the activities of selected
fishernmen and from market surveys of | andings.

The fishing grounds were mapped and nmeasured on the basis of
aerial photographs and nautical charts and the grounds subdivi ded
on an ecological basis and on the basis of usage by the fishing
community. The deep shelf to the north of Tongatapu is entirely
unutilized and only the portions of this shelf proximal to Ton-
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gatapu are regarded as "accessible" to the smallcraft operated by
the fishery.

Table 1 shows the estimated conposition of the catch in the
principal fisheries gears used in, the Tongatapu artisanal fishery
In 1987, whi ch is primarily based on gillnets (574,800
net/ hours), spear fishing (634,230 man-hours), handl i ni ng
(1,148,937 line-hours) and other nethods (mainly fixed fish
traps) (notionally 468,473 gear-hours). The current estimate of
total landings of 824 nt (Table 2) is an upwards revision of the
estimate presented by Fel fol dy- Ferguson (1988) which, on exam na-
tion, was found to contain a logical error in its derivation.
The results refer to fish only, and no attenpt was nade to gather
data on catches of invertebrates. This stemmed from a m sun-
derstanding of the scope of the work.

Parts of the data from the FAO statistical survey that
remain on file at the Fisheries Dwvision mght nerit re-
exam nation to see if any useful conparisons of <catch rates or
catch conpositions can be nade with the present data.

2.2. Tongatapu routine fishing

The Tongat apu nearshore fishing grounds have been sanpl ed on
a routine basis for a full calendar year (13 lunar nonths) from
Septenber 10, 1987 to Septenber 26, 1988. Additionally, sanples
were taken in February 1988 and July 1988, covering all stations
and all fishing gears.

The gears selected for the routine fishing were gill nets,
handlines and Antillean fish traps (Minro 1987). The choice of
the fish traps was on the basis of fairly extensive trials con-
ducted in Papua New Guinea (Dalzell and Aini, undated) and a few
brief trials in Tonga (Felfoldy-Ferguson 1988). The traps have
al so been extensively tested in New Cal edonia (Kul bicki and Mu-
t ham 1987).

The routine fishing produced a sanple of 13,806 fishes;
8,314 in traps, 4,607 in gillnets and 885 on handlines. Table 3
shows a conpari son between the overall percentage conposition of
the the landings of the fishery wwth the catches (by nunber and
percent by weight) in the routine fishing gears. The predom nant
speci es, Lethrinus nebul osus, conprises 23. 7% of the catch of the
fishery and constituted 12.3% of the routine fishing catch (N=
781). The mullet, Migil cephalus is 17.0%of the artisanal catch
and 9.9% of the routine fishing catch (N = 590). The third-ranked
speci es, Let hrinus elongatus, is represented in the catches by
only 136 specinens, reflecting 1its inportance in the |abour-
i ntensive handline fishery.

O her species are represented in the routine fishing data in
varyi ng degrees. For sone of the smaller species, such as Leptos-
carus vaigiensis, adequate sanples are readily attainable,
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Table 1. Tongatapu catch assessment survey, shoving species contributing 1.8%or more by weight in any type of fishing gear.

Gilleet: Handline: | Spear: | {(ther:

SPECTRS: fo: Igz Xg | Bor g KMy f Moo I Mg 1 b I S

[} i 1 .

: : :

! Letkrivua nebulosus o258 3N 13w 6.7 8 B 133 { 18 56
2 Hogil cepbaius caphalus 176 155.39 .81 ¢ ¢ .8 % ¢ .4 B8 1 1218443 5565
3 Letkrizus elongatos I 640 1.0 3 8.5 1682 ! T 2.3 L8 ¢ @ 0
i Sargocentron spiniferm 69 2.9 348 | 3 WU 8.43 | 41 13.86 557 | 1 .2 H
§ lethrinue ramak 5 L¥ . 5 1528  6.65 | 15 391 1571 2% A1
6 Leptoscarus vaigiensis 8 4y 5.3 ! ! M R 26 668 265 | 8 1.46 X}
1 Tricbinros leptures %9 5.83 ¢ ¢ 8 48 | 8 .80 R 8 .M 8
B Parupenens plearotacnia 92 W% 183 ! .60 B M B ¥ 961 5B
] Lethrinua harak 13 36 .5 | 15 851 41 ¢ 6 .08 8 5 .0 A
1 Selar crasenophtbalms 87 18.4 2.8 | 8 B! 8 .8 R % 6.5 3.4
11 Siganus argentens 12T .95 1% | 8 .8 28 ! #1311 L 11 14 18
12 Malloidichthys vanicolensis 8 1 212! § .06 K. 15 4% IR B 45 2.8
13 Rastrelliger kamagarta 2 unn 4 .88 ! " M M 8 .0 M
bt | lntjanes folviflames Bt 948 148 ) o2 LY} 2 L¥E LB 1B 26 U
15 Leiogmathua eqonla 7 1516 2.8 | g .6 R ¢ .0 o 018 LY
16 Sphyraesa forsteri % 15 118} 12 260 .| § .80 m o { .8l A5
i1 {yanocranivg japomicus 2 LW . £ 4% 1.9 ! i 1L .68 ! ¢ M )
18 Yulloidichibys flavolineatus 8 1316 2.88 ) ¢ .08 M [ 8 § L4 )
Other Species: 1017 19549 30.83 ¢ 111 .03 1532 0 A23IGATE O 662 ¢ 189 4111 285
Totals: U2 63409 10008 | 42622031 10806 | 686 240.71 18086 ! 48417050 14080
Gear Hours sampled - 109 | 52 | 97 ! 51.%

Cateh/Cear-hour 2.15 58 ! B2 ! L3 | 0 k]|
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Teble 2: Batisated total landings of wajor species in the Tomgatape fishery by differeat fishing gears.
Gilloet: Hapdline: Spear:  Other: Total:

Iatinated total anmua) gear hours: 574688 1148937 634230 468473 X
Istinated total amnual landings:  t/year: mt/year: ut/year: uifyear: atfyear: ut/year:

1 Lethrinns nebulosus 123 16.3  195.9 B 1533 2.7
2 Yugil cephalus cephalus 81.%5 i) B8 5018 14083 17.4
3 Lethrisus elongatus 33 nu o B B8 6608 8.4
4 Sargocentron spiniferum 11.62 1849 145 A4 3681 1.5
5 Lethrinos ramak 8 1887 15.48 AT 26.82 3.3
b Leptoscarus vaigiensia 2.3 b0 K. B .12 2.1
T Trichiorus lepturus 19.47 .88 .08 B 19.47 4
8 Parapensns plenrotaenia 1278 6 B 53 18618 1.2
] Lethrinus barak 1.9 6.85 B.48 St 16.%8 2.1
18 Selar crumenophtbalmus 9.48 b8 B8 %62 13.18 1.6
i Siganos argentens 11.82 o § ] B 1188 14
12 Kulloidickthys vanicolensis 9.98 (1] 8 253 1.8l 1.4
13 Kastrelliger kasagurta 11.45 M K.} 1 Y 1 1.4
14 lotjanun fulviflosms L e N Ly 19 1.
15 leiogmathus equula 1.98 ) B 22 1 1.2
18 Sphyraena forsteri i L8 2.5 A5 §.83 1.1
17 Gyanocranius japonicus J8 A % B b.18 1.
18 bulloidichthys flavelineatus 6.9% K K] B 1.16 1.8
26 {ther Species: 182.98 2498 3467 2292 18552 2.3

Totala: 333.96 183.15 226.42 106.22 82075  100.8




Yable 3: Comparison of compositions of routine fishing catches with the overall landings of the Tongatapu fishery.

Ansual landings
Observed abandance in routine catches tof the fishery
L]
Gillnete |  Handlines |  Traps ! Mlgears | Total |

SPECIES: . Mg %o g . Mg . Xg | atfrear byt

] ] i ]

: E : :
1 [etheims nebulosus 125 i 68 16,25 588 16.92) 7Bl 12,13 195.23 27
2 Mugil cephalus cepbalus 506 29.62) ] ' §  .0h) 558 994 14883  IT.8
3 Lethrioun elongatus I H 8  5.79! 5 3 1% 283! 65.%8 B4
{ Sargocentrop spiniferm .6l L 0 1.5 W 127 .8t 4.5
§ lethrious ramak ¢ .88 % 1y 2 SN V¥ 52 AT, .82 33
] Leptoscarus vaigiennia 432 5.5 ] 8 9 .68 43 186 R2.12 2.1
1 Trichiorus lepturus % 3.3 ] L1 L] N K B 1.13) 19.47 2.4
8 Parupeseus pleurotacnia 1% 1.87 ] LK i 8 1M 83 1818 2.2
§ lethrinue barak 155 2.8 3 L 5 83 191 1.69) 1696 |
16 Selar cromenophtbalmns H .38 ] ! L] KK A A3 13.18 1.6
1 Siganvs argepiens (LY ] 8 36 408 4 1.87)  11.88 1.4
12 Mulloidichthys vanicolensis 48 TH 0 (K 52 A % 29 11.61 14
13 Rastrelliger kamagurta 1278 ] L} o B 2 42 11L& 14
U futjanus fulvifiams 264 1.9 6l 2660 511 2660 8% 237 1892 1.3
15 Leiognathua equula o ] LR ¢ .80 a7 M 18.28 1.2
i Sphyraeea forsteri 81 1.89 L 6 .6k 181 186! 5.83 1.1
11 Grenocraning japonicus § 80 13T AT 1239 15.88) 1376 13.05 ! B.I8 1.9
16 Mulloidichthys flavolineatus 126 .88 ] & 81 5T 953 182! 7.7 1.8
18 Parupencus pleurospilos LI |} ] i M3 .24 14T ] (]
28 Upeneys arge LI | 1 ] YWY 863 /T 2.8 ] [}
QOther apecies 2073 .68 407 {4380 1326 15640 3088 3133 185.52 223

] 1 ] )

. ] ] 1 ]
Totala: 1687 106.600 85 1081 G314 [00.0% 13085 166 ) 821 1M.8




whereas |arger species such as Lethrinus ramak, while inportant
to the fishery in ternms of weight, are large and consequently-
poorly represented in the routine catches in nunerical terns.

I nvertebrates, including slipper |obster (Scyllaridae) were
al so captured by the routine fishing but were not recorded.

The use of the Antillean fish traps, has presented a few
surprises. The basic prem se was that traps woul d provide sanpl es
of those species which are captured by spearfishing and handlin-
ing, without having to expend a very great anount of man-hours on
routine fishing wwth these gears,. This prem se has been |argely
supported, to the extent that it is obvious that the introduction
of the Antillean fish trap as an artisanal fishing gear in Tonga
shoul d be seriously considered. Unanticipated results of the
utilization of Antillean traps were the discovery of entirely un-
exploited stocks of Parupeneus pl eurospilos and Upeneus arge and
an unidentified species of scyllarid |obsters, and marginally ex-
ploited stocks of Milloidichthys flavolineatus and Gynmocrani us
Japoni cus.

2.3. Ha' apai frame and catch assessnent survey

The frame survey and catch assessnent survey of the ar-
tisanal fishery of Ha apai was conducted from Cctober 1988 to
Novenber 1989. All of the data were at Ha' apai and the consultant
was consequently unable to study the basic data. Sone of the data
have been entered onto a database and a prelimnary analysis of
the nunbers of fishernen, vessels and fishing nmethods was the
only information available for study.

2.4. Ha'apai routine fishing

The Ha' apai routine fishing survey comrenced in October 1989
and is scheduled to cover a full year. Two stations are being
nonitored. Catch per unit of effort is greatly in excess of that
obtai ned at Tongatapu. Data conpilation is planned to be identi-
cal to that for Tongatapu.

2.5. Data conpilation and anal ysis

The Tongatapu franme survey and catch assessnent data have
been conpiled and anal yzed and prelimnary results presented at a
regi onal fisheries workshop (Felfoldy-Ferguson 1988b). As no
conputer was available to the project until June 1988 the Ton-
gatapu frame survey data and catch assessnent data were conpiled
by hand on anal ysis sheets. The Fisheries Division took delivery
of a sophisticated conputer system in October 1987, but the
Project Leader felt that pressures on its use were such that ac-
cess could not be guaranteed on a regular basis and additional
conmputers were ordered for the use of the Project.



Subsequent to the delivery of the Project's conputer
facilities, the conpilation of catch data fromthe routine fish-
ing at Tongat apu appears to have been maintained at a steady rate
and all catch records have been accunulated in an spreadsheet
dat abase using Lotus 1-2-3. This database permts rapid sorting
of the routine fishing data into catches by species and by gear
type or size. The relatively conplex nature of the database has
nmeant that data entry has been the task of the Project Leader.
Several attenpts were nade to enploy assistants to undertake
these duties but both appointees were unequal to the task.

The data for the Ha apai frame survey have been conpil ed
into a sinple database using a comercially available database
program Data on nunbers of households, nunbers of fishernen,
fishing gear usage and vessel usage have been conpiled for all 27
villages in the Ha' apai group. For nost of the villages close to
100% of househol ds 'were contacted and interviewed. Overall, 95%
of 1,539 househol ds were contacted and 726 fishernmen identified
and enuner at ed.

Conpi | ation of the Ha'apai catch assessnment data is only in
a prelimnary phase and no results are yet avail able.

2.6. Acconmplishnments

Overall, the physical work acconplished by the project has
been extraordinary. In no case has any expertise in the Fisheries
Division been available to assist the Project and even the
primary task of training a Field Assistant to accurately identify
the 278 species of fishes so far recorded in catches has fallen
to the Project Leader. The frame surveys al one have acconpli shed
what no previous project has been able to do; nanely, the ac-
curate enuneration of the nunbers of fishernen, fishing gears and
vessel s in Tongatapu and Ha' apai .

The Project has conmpiled the first conprehensive list of
species in the nearshore catches and nmade estimates of the nmag-
ni tude of the Tongatapu nearshore catch, based on observed catch
rates in different fishing gears and the estimated total fishing
effort in those gears. Mre sophisticated estimtes of tota
| andings are theoretically feasible using, for exanple, nethods
proposed by Caddy and Bazigos (1985). However, it nust be borne
in mnd that only two people were available to acconplish this
work. As was pointed out previously, the accurate identification
of the species conposition of the artisanal catches is considered
to be an essential part of the nethodol ogy and thus precludes the
enpl oyment of unskilled enunerators for catch assessnent surveys,
al t hough such persons could be enployed for doing the frame sur-
veys.

It nust also be enphasized that the objective of the catch
assessnent survey was to nmake an estinmate of the approximte mag-
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nitude of the total catch. Such a course is anathema to the
purists in fisheries science and those versed in the managenent

of tenmperate water fisheries. Those who will object to this ob-

jective nmust explain what benefits would accrue if vastly greater

anount s of nmoney and nmanpower were expended on elaborate
stratified sanpling schemes. To take an extrene exanple, one can
ask what woul d be consequence of an error of, say, 30% in the
current estimate of the Tongatapu catch of 820 metric tons, which
is split between several hundred species of fishes? The nost im

portant species, Lethrinus nebulosus, s estimated to conprise
about 24% of the weight of Tongatapu catch or about 195 nt. A 30%
error either way would therefore place the estimate at between
140 and 260 nt per year. In the context of the present state of

the artisanal fishery such a difference is of singularly little
i nportance and for the less inportant species the actual nmag-

nitudes of the differences dimnish very rapidly.

The nost inportant outcone of the catch assessnent survey is
that the nost inportant species in the fishery have been iden-
tified wwth a high degree of certainty. The species conprising
nore than 1% of the total catch can be regarded as the key
species in the fishery and any managenent neasures need to be
based on the assessnment of +the state of the stocks of these
speci es.

The Tongatapu routine fishing was conducted by the Project
Leader and his assistant plus a casual boat hand. A total of over
13,806 fishes of of over 200 species were captured, identified,
nmeasured and weighed in a single year by these three persons
(Table 3). Two species provided sanpl es of over 1000 fishes, four
species are represented by sanples of 501-1000 fishes and nine
speci es by between 101-500 specinmens. The nore abundant sanples
provide a basis for the estimation of growh and nortality rates
but the absence of the expected second year of data places a con-
straint on what can be done with the data for the |ess abundant
speci es.

3. | NTERPRETATI ON AND ANALYSI S O DATA

Table 2 illustrates what is now becom ng established as a
basic premse in tropical fisheries; that, even when -‘severa
hundred species are represented in the catch, only about twenty
species will conprise nore than 1% of the catch and that a very
small  nunber of species will constitute nore than 5% of the ar-
ti sanal catch. These top species can be considered to be the
"indicator” species in the fishery and their state of exploita-
tion can provide the basis for regulation of the fishery. For ex-
anple, five species of the famly Lethrinidae are represented in
the - 18 species which represent nore than 1% of the artisanal
catch. They can all be expected to have simlar basic fishery

parameters, particularly the growth performance index, & or #°
9



(Munro and Pauly 1983, Pauly and Munro 1984, Moreau et al 1986)
and catchabilities by the predom nant gears. It is therefore pos-
sible, in the short termat |east, to concentrate on assessing
the status of the predom nant species, and use the acquired data
to extrapolate to some of the |esser species, wth due enphasis
bei ng pl aced on acquiring additional data on the other inportant
species at the earliest possible tinme.

The original concept called for routine fishing to be con-
ducted on a continuing basis at a steady but |ow level of effort
for an indefinite period. Unfortunately, a decision was nade to
deviate fromthis plan, abandon the routine fishing at Tongat apu

and replicate the Tongatapu sanple survey at Ha apai. This has
nmeant that there is uncertainty regarding the degree to which the
single year of routine fishing was typical, that seasonal pat-

terns of abundance could not be verified and that there was no
opportunity to adjust-the routine fishing pattern in the |ight of
accunul ated experience (Fig.1l). However, benefits can also be ex-
pected from conpari sons between the Ha' apai and Tongatapu data
because Ha' apai waters are nuch less intensively fished. For ex-
anple, groupers (Serranidae) are virtually absent fromthe Ton-
gatapu inshore catch but abundant in Ha apai. The deduction is
t hat groupers m ght be expected to decline in the Ha apai catches
in response to increased fishing effort.

It is feasible to calculate confidence Iimts for the es-
timated total Ilandings of the Tongatapu fishery and, in due
course, the Ha apai fishery, based on the observed catch rates in
different gears, and it is recommended that this be done.

Prelimnary data anal yses have been carried out on a few
species to illustrate the types of analysis which are possible.
Figures 2 and 3 show the results of analysis (using the ELEFAN
suite) of the current data set for Lethrinus nebul osus captured
in traps. Despite considerable variability in the sanpling, sone
l ength cl asses being absent from nost sanples (possibly related
to size specific habitats), three size classes are discernable in
nost of the |ength-frequency sanples, and estimates of Ly = 62.6
cmand K = 0.45 are close to published estimates for this
speci es. The | ength-converted catch curve (Fig. 3), yields a
prelimnary estimate of the totalt nortality coefficient Z =
1.025 and suggests that the rate of exploitation is low (E =
0.17).

Figures 4, 5 and 6 show an exanple of the results of
analysis of trop-catch data for Milloidichthys flavolineatus,
whi ch provided exceptionally clear nodal progressions. Thi s
relatively large species of goat fish is alnbst conpletely un-
exploited in Tongatapu, as it is not vulnerable to any of the
traditional fishing nethods. The catch curve yields an -estinate
of of the natural nortality rate M = 1.013. Figure 6 shows the
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" Figure 2. Estimation of growth parameters for Lethrinus nebulosua using the
BEAN | program. Data derived from fishing with Antillean Z-traps at
Tongatapu from October 1987 to September 1988.



CATCH CURVE FILENAME: LNEBULOZ WT.HMODE (1}

-

In(N/(1-exp(-ZxAt))) t Growth ?araneters

Leo : 62.6B8 cm K @ 8.45%8

cutoff length (1)
wean length {from L')
Z from mean length
Z from catch curve
Z entered
nat. mortality (M, est
for T= 27°C) B.B48
tt value used 0.848
Fishing mortality (F=2-M)
(Z & i as entered) = 8.177
Relative age exploit, rate (E=F/Z) = 8.173

37.509
45,278
1.084
1.825%
1.82%
mated

I3

L L N R I N T ] |

"on

Species name | Range of length observations °
» Lethrinus nebulosus 9.5 - 59.5 cm

Other file identifiers: Cilass size ©

» Tongatapu P2 ocm

Figure 3. Estimation of nortality rate of Lethrinus nebul osus using the ELEFAN
Il program Data derived fromfishing wth Antillean Z-trapa at Ton-
gatapu from Qctober 1987 to Septenmber 1980.
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Figure 4. Estimation of growth parameters for Mulloidichthys flavolineatus
using the BBAN | program. Data derived from fishing with Antlllean
Z-traps at Tongatapu from October 1987 to September 1988.



CATCH CURVE FILERAME: MFLOVOTY WT.MODE (1)

In(N/( $-exp{-Z#AL))) | Growth Parameters

l Loo : 49.488 om K 9,456

cutoff length (L’
mean length (from 1')
Z from mean length
Z from catch curve 1.813
Z entered 1.813
nat. mortality (N, estimated
for T= 27°C) = 8,967
H value used = 1.813
fishing mortality (F=Z-Y)
) (Z & 1 as entered) = 6.066
Relative age exploit. rate (E=F/Z) = 8,060

19.600
25.498
1.848

Species name ! Range of length observations :
» Hulloidichthys flavolineatus b 12 - 36 cm

| Other file identifiers: § Class size !
} Tongatapu trap catch b 1cw

Figure 5. Estimation of mortality rate of Mulloidichthys flavolineatu3 using
the HEAN Il program. Data derived from fishing with Antillean Z-traps
at Tongatapu from October 1987 to September 1988.
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Species name :
P Hulloidichihys flavelineatus

Other file identifiers:
} Tongatapu trap catch

A moving average was used
For smoothing of the
probahilities of capture.

Range of length observations :
P12 - 36 cn

Class size :
¥lom

Figure 6. Selection curve for Malloidichthys flavolineatus in Antillean Z-

traps, calculated by the HEAN Il program.

Tine Recrunitment

8.91
2.23
1.28
2.95
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7.85
8.79

|||"p +u
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e HiimH“ "l
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Relative Percent
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'lll be | U
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One year 9.06
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COMF 2! wean= 2, sd= 1.88 «R- 5.42 b Tongatapu trap catch

Figure 7. Recruitment pattern of Mulloidichthys flavolineatus at Tongatapu,

calculated from the HEAN Il program.



selection curve and Fig. 7 the recruitnment pattern for this
speci es, which has a clear single pulse of recruits.

The handline fishing provided nodest catches of sone species
but further data need to be accunulated before hook selection
curves can be developed and the data incorporated into the
general pool.

The gill net fishing yielded good sanples of nmany species
and it wll be possible to estimate selection of curves by
various methods (e.g. Annex 1 and Figure 8 show the use of Holt's
method for estimating gill-net selection curves for the parrot
fish (Leptoscarus vaigiensis). However, nost nethods require a
greater overlap in the selection ranges than is provided by the
present data set and it is recommended that the present array of
1", 2", 3" and 4" nmesh nets be supplenented by 1.5", 2.5" and
3.5" mesh nets. :

The foregoing exanples clearly show that useful results can
be obtained for many species, even froma single year of sam
pl i ng. However, the sanpling programre needs to be continued if
the | ess abundant species or less tractable data sets are to be
fully utilized.

4. FUTURE DATA GATHERI NG ACTIM TI ES

The work conducted over the past three years has quite
clearly denonstrated that a single well-organized and hard work-
ing scientist wth a single literate assistant can organi ze and
execute a frame survey and catch assessnent survey in an area
such as Tongatapu or Ha'apai within the space of a single year.
Li kewt se, the same conbinati on plus casual [|abour can execute a
routine fishing progranmme and acquire relatively large sanples of
fish by routine fishing and conpile the data into a data base,
also with a single year. However, all of these activities (sanple
surveys in Tongatapu and Ha' apai and a year of routine fishing in
Tongat apu) have left exceedingly little tine in which to analyze
and consolidate the data.

The Tongatapu frame and catch assessnent data remain on
record sheets and have not been entered into any conputer
dat abase. The analysis of the data is relatively superficial and
nore detail could be extracted if tinme was available to develop a
sui tabl e database, enter the data and anal yze the information.

The data on routine fishing at Tongatapu have been conpil ed
into a conprehensive database, but the analysis of these data has
not yet been done. Furthernore, as the Project Leader is not a
stock assessnment specialist, the interpretation of the data and
t he analytical routines can be expected to generate sone
probl ens.
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If the routine fishing at Ha' apai is conducted with the same
intensity as that at Tongatapu it can be expected to generate
very large anounts of data on-size-frequency distributions and
catch rates and catch conpositions in the selected routine fish-
ingh ggar. These data will also need to be conpiled as they cane
t o hand.

It is therefore concluded that for the imediate future no
further data gathering activities should be contenpl ated pending
anal ysis of the current data and a decision at the highest |evel
concerning the future commtnent of the Fisheries Division to
this type of work. If the opinion is that this work has been
worthwhile and should be continued, then a frane and catch as-
sessnment survey should be conducted at Va'vau in 1991. Concur-
rently, routine fishing should be continued at Ha' apai and recom
menced at Tongat apu.

It is wunfortunate that no nmenber of the permanent staff of
the Fisheries Division has been actively involved in this project
and there has therefore been little opportunity to pass on the
accunul ated knowl edge on survey techniques and data analysis. |If,
as seens possible, the Project is prematurely termnated by the
donors the Fisheries Departnent will be left with a largely indi-
gestible mass of information and no conprehensive witten report.

If funding were to continue or if the work of nonitoring the
fishery is to be adopted as an integral part of the routine work
of the Fisheries Dvision (as is inplicit in the "ICLARM
approach"”) then the routine sanpling of the Tongatapu fishery
should be recommenced at the wearliest possible tine and the
Ha' apai sanpling should be continued. The whole concept of the
"I CLARM approach” is based on routine nonitoring of the fish
stocks on an indefinite basis, leading to the steady accunul ation
of data on all of the species in the fishery, the assessnent of
the status of the nost inportant species initially and, as the
dat abase accunul ates, the eventual extension of analyses to m nor
species in the fishery.

5. CONCLUSI ONS
The follow ng conclusions are drawn from the foregoing:

a) The Tongatapu frane and catch assessnent surveys were com
petently executed and achieved an excellent degree of coverage
and have provided information which was not previously avail able.
Lack of access to conputers in the early stages, the pressure of
other work and understaffing of the Project have led to a situa-
tion in which the data have not been fully analyzed and the pur-
pose of the data gathering therefore negated to sone degree.
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b) The Tongatapu routine fishing operations conducted during 1988
showed conclusively that substantial anmounts of data can readily
be gathered by a relatively low level of effort by technically-
trained staff. Data conpilation has been conpetently done but
there has been insufficient tinme to make nore than prelimnary
anal yses of the data.

c) The decision to extend operations to Ha' apai and to discon-
tinue routine fishing at Tongatapu was a departure from the
original design of the Project and has substantially reduced the
val ue of the year of fishing at Tongatapu. This is because it was
not possible to accunulate additional data on species which were
poorly represented in the catches, nor to adjust routine fishing
operations in the light of accurmul ated experience. In short, the
advant ages of continuity of the exercise were |ost.

d) The Ha' apai franme and catch assessnent surveys conducted in
the past year appear to have achieved very great coverage, prob-
ably because the fishing communities are nore accessible and be-
cause of the experience gained in Tongatapu. Data analysis is in-
conpl ete because of pressure of other work.

e) The Ha' apai routine fishing programme which 1is operating on
relatively lightly exploited stocks can be expected to produce
substantial catches. Most of the species which are inportant at
Tongatapu are also represented in the Ha' apai catch and it can
therefore be expected that analysis of the Ha' apai data will con-
tribute to the understanding of the status of the Tongatapu
stocks and of the effects of intensive exploitation. The |oss of
continuity at Tongatapu is therefore to sone degree offset by ex-
pected gains in the acquisition of growh and nortality rates at
Ha' apai. The problens of data analysis are the same as for the
Tongat apu data set.

f) The Project Leader is overburdened in terns of the range of
duties which are expected of him Additionally, he is not a stock
assessnent specialist. As a result, there is a danger of the
Project Leader being unable to adequately analyze the accunul ated
data. The situation is nade worse by the fact that the tinme-frane
wi thin which the Project Leader nust work is unknown.

g) The lack of involvenent of Fisheries Division staff in the
Project neans that if the external funding for the Project is
prematurely termnated there will be no-one within the Division
who is famliar with the data or able to wite up the results.
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6. RECOMVENDATI ONS

_ On the basis of the conclusions outlined above, the follow
ing recommendati ons are made:

a) |If funding for the project is termnated by the donors, the
Ha' apai routine fishing progranme should be termnated forthwith
and the staff should devote all remaining time to the conpilation
of the data and the docunentation of the nmethods used in the two
sanpl e surveys and the year of routine fishing at Tongatapu. This
will ensure that the even if it is not possible to conplete the
anal ysis of the frame and sanple surveys and of the routine fish-

ing at Tongatapu, the data base wll be in a usable form and
analysis of the data will still be feasible at sone future tine.
However, as is shown by a perusal of the surviving FAO project
files, it is extrenely difficult to make good use of a data base

once the original conpilers have dispersed.

b) If funding is extended to the end of 1990, the Ha' apai routine
fishing should be continued largely by the Field Technician and
one or nore assistants. The Project Leader should use all avail-
able tinme to conplete conprehensive anal yses of the Tongatapu and
Ha' apai sanple surveys and of the year of routine fishing data
for Ha'apai. If the Ha apai routine fishing data are to be effec-
tively used it will be necessary to include a Tongan counterpart
in the project during 1990, who would participate in the data
anal ysis, supervise the routine fishing, learn the analytica
techniques and assist in the preparation of the reports on the
wor k acconpl i shed.

c) If, as would be ideal, the Project continued beyond 1990, it
would be possible to repeat the frame and catch assessnent sur-
veys at Va'vau and continue routine fishing operations at Ha' apa
and Tongat apu. This would presuppose a conmtnent by the
Fisheries D vision to continuing the nonitoring of the fisheries
on an indefinite basis and a corresponding comm tnent of
Fisheries Division staff to the execution of the routine fishing
programme and the nonitoring of the fisheries.

d) Irrespective of which of the three options eventuate, it is
recoormended that the Project seek the assistance of the South
Paci fic Comm ssion's Inshore Fisheries Research Project in the
anal ysis of the accunul ated sanple survey and size-frequency data
and the preparation of a conprehensive set of reports. In this
context it should be pointed out that the nethodol ogy used by the
Project is of regional relevance and the principal species are
widely distributed in the Region.

e) Data on invertebrates harvested by the nearshore fisheries
shoul d be collected in all future work. '
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L eptoscarus vaigiensis

probabilities of retention
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Figure 8. Gill-net selection curves for Leptoacarua vaigiensis"dél-r'i\./-éd' by
Holt's method. Computations are shovn in Amex 1.
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26,8, & ! i 098 885 987 L0883  ERROR;
7.4 19 ' : 380 D8l JE .88 ERR{R,
Hn.e, b : : .40 .B8g A5 L8895  ERROR;
9.8 ] 1 : -1.51 : .80 080 203 026  ERRGR;
38.0; i 3 : 1.18 ‘ 1) .Bee A3 134  ERROR;
3t.8; - T : H .l .hed - .029 299 ERROR:
32.9; 3 : : dad N 84 419 ERROR,
3%.8, 18 : : Ll N ) 81 .21 ERROR;
3.8 12 ) : it N .Bae L9846 ERROR,
35.0; 3] ) : .90 .0 .oea 733 ERR{R,
36.9! 5 i M R .008 A8 AU ERROR.
37.8; 2 i , ,808 .00 .2gg .188  ERRDR,
19.8| : . L) .2ag 0 448 ERROR,
3%.8, : : L300 28 e L8180  ERROR.
48.9, : : .aal 088 N ) J81  ERROR;
4.9 : : 40 .ea 888 L8809  ERROR;
42,8, : : Nl 88 a8 800 ERRER,
41.9, ; : Bl ) .8 800 ERRCR,
T T : . 308 .08 o) .98  ERROR;
5.8 : ; . 388 Dge .088 .88  ERROR|
46.9; s : .iad i@ .d08 .308  ERROR)
41.9! ) : ERROR .a 088 388 ERROR,
0.9 A 3 ERROR .heg .40 888 ERROR;
49.'; E E ERRGR 008 809 .0ag ERRORE
FOTAL 61 1131 142 B

! -38.04 -37.18 -88.2%
b 1.95 1.73 2.7
Lsaaller 1.7 7.0 2548
Llarger 28.54 2349 13.7t
5.4, .28 12 LT

T Xauuy



