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ABSTRACT:

This report 1is the summary of the actions and decisions made during
the first  year of operation of a. pilot project to create the
foundation ‘for a nationwide implementation of the ICLARM approach to
‘assess, manage and monitor the shelf fisheries of Tonga. The data
‘gained clearly  indicate that the Tongatapu reef fishery is now fully
developed producing an estimated 50.16 kg/ha annual harvest at 4.16
‘vessel/100 hectares fishing intensity. This yield is a result of
ifishing activity ‘-conducted predominantly in shallow waters.
Experimental trap and line catch rates from the deep lagoon are
comparable of those reported from lightly fished areas elsewhere.

The importance of stepwise expansion of coverage and field training of
the staff is emphasized as the best mean to utilize the limited human
and material resources of the pacific island countries.
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A. BACKGROUND:

Several earlier attempts were made by both, the staff of the Fisheries
_ Division and outside organizations to assess the potential of stocks
'(Thomas 1978) and the magnitude of catches (F.A.0. 1980) from the reef
‘fisheries (used here as defined by Munro 1973) of the Kingdom .
‘Reviews of these results by - Polacheck (1986) and Felfoldy-Ferguson
- (1987) concluded that the incompleteness of the data and the fact that
the objectives and methodology of these attempts were not management
oriented rendered these results insufficient for documenting the
“necessity ~and ‘urgency for stock management ' and conservation.
** Nevertheless, - 'indications for the dispersed nature of landings, the
small size of landed fish and declining catch per effort rates were

~ glven in the reviewed documents.

Given the structure and the apparent trends of the coral reef
fisheries, as well as the 1limited nature of human and material
resources of Pacific 1island countries, the ICLARM approach (Munro
©1983;1986, and Munro & Fakahau 1986) could be considered appropriate

for the region. It has, however , not been fully tested in the South
‘WAPacific to date.

*‘“The Fisheries Division of Tonga has 'launched the Tongatapu Inshore
' Fisheries Project in February 1987, to establish the feasibility of a
cost effective assessment and monitoring system with eventual
nationwide coverage, and - after the initial period of operation -
‘sustainable with local staff and material resources. The six month
‘progress report (Felfoldy-Ferguson 1987) has been reviewed by Munro
(1987). Other relevant background information is given in Fakahau &
Shepard (1986).
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B. OBJECTIVES

The

Objectives of the Tongatapu Inshore Program are:

- To evaluate the feasibillty of the ‘ICLARM system relative to the
specific conditions exist in the Kingdom of Tonga

- To create the foundatlon for\ a mnationwide coverage through
experience and training. :

C.METHODOLOGY , - .

1.

The

were'addressedrwith the.foliouing surpeys:

FRAME SURVEY:

first years actions proposed by the ICLARM approach

Approx.total 1andings'

jRelative values B
Socio-economic data

: nn.f'u.;|Samp1e survey METTECEEE> 3 | N
-Year 1+ |Inventory of fishing 1 ..+ | Most important species |
e ] gears and methods .]-rr--=--> | Most important fishing |
) . | methods |

I I

I I

,|Eva1uation of socio L eeeieen>
Y economic data |-------->

| FISHERMEN REGISTRATION INTERVIEW

A trained crew conducted a door ‘to door survey and interviewed
fishermen using a questionnaire developed for the information
needs of the ICLARM approach. =

. ~The questionnaire contained six. groups of questions as:

{ei Personal and socioeconomic As family size Aother sources of

income, percentage, of catch retained for family, extended kinship

~o-and - social ;group .consumption,  family members helping . in the
, . fishing process and the 1ength of the fisherman’ s experience in
-If1sh1ng : : '

; ;j Fishing methods, practiced ' with indication of during what
- .season or lunar cycle it is practiced if changed, what determines

<hange.

- Fishing assets, fishing gear, Vessels,‘outboard engine owned,

" rented or shared.

- Fishing grounds frequented in the course ‘of a particular

;fishing ‘method practiced if .changed what -determine which

location 1is used.

- Information related to fishing effort, as the number of days per

. week fished,. the length of the fishing trip, actual hours fished
- -pexr fishing trip, number of weeks unavailable by social or weather

constraints - ‘per -season,

. Miscellaneous questions ,related to the degree of awareness of

‘the state .of the natural resource, fishermens'’ need of assistance

;i ete., PR N

SURVEY AND INVENTORY OF FISHING GROUNDS:

Maps (1:50000) based on aerial photography and navigational charts
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(1:50000) were surveyed to determine the extent of the Tongatapu
shelf, the reef flats and the 12.5m and 24.0m isobaths.
Echosoundings on transects were used to detect the patchiness of
coralheads, rocky features, bottom irregularities and the nature
of bottom materials. Seagrass coverage was visually estimated at

low tides, and transects were constructed through mangrove to
estimate its extent of growth. ‘

c. CATCH ASSESSMENT SURVEY

Market surveys were used to assess the species composition of
_various catches and to estimate the values .of such catches.
Fishermen . practicing the predominant fishing methods, were
~selected and their catches analyzed on a biweekly schedule. The
;information gained included species composition, length, weight
‘and sex of individual specimens,the method and gear used, the gear

hour effort associated with the catches, and the exact location
fished.

d. SELECTION AND STANDARDIZATION OF THE GEAR ARRAY:

Based on the results from the frame survey, hook and line gear,
gillnets, and fishtraps were constructed.

The methodology of this phase of the project included gillnet
fishing with 2"; 3" and 4" gillnets, hook and 1line fishing with
1/0; 2/0; and ,3/0 fish baited and artificial fly hooks and have
introduced antillean 'Z’ traps (Munro 1980) of 52 cm height as
well as "double" A-Z traps of 104 cm height, both employing 3cm
_ mesh size. Most gillnet operations were confined to shallow
waters to 10m depth and the nets were set in tandem, unbaited,
. overnight and then hauled in the morning. Handlines were used at
.various depths, most frequently in the vicinity of the traps.

The traps were sét‘on the reef slope from 10m to 35m and in the
;“lagoon at the depth of 30-35m. Traps were either unbaited or
.-lightly baited with pacific saury and checked on the 3 days, 4

days or of 7 day soaking schedule Spear fishing (diving) was
. excluded because the lack of skills in the crew. The collection

of weir trap fishing data was continued with selected fishermen,
since the daily operation of the gear has negligible variation.

2. DATA ANALYSIS AND PROCESSING:

The data collected from the frame survey and the catch assessment
survey were tabulated manually and analyzed from the tabulated form.
All data pertaining to the standardization of the selected gear as
catch details and fishing conditions were entered in Dbase 1ll+ and
Lotus 123 and analyzed on the H.P Vectra microcomputer. Length weight
relationship is calculated by the equation:

b
W = alL

Where W is the weight in grammes, L is the length in centimeters and a
and b are constants. Catch per unit effort for trap catches is
expressed in terms of availability, an index equal to the mean daily
ingress into traps is computed using the formula:
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Where C 1is the actual catch produced by s night of soaking, P is the
probability of escape, R is a coefficient for the rate of retention r.
Both' 'p ‘and r values were adopted from Munro (1974) (p=~ 0.116; r=
0. 884) and represent only an approximation for the Tongatapu inshore
trap stocks

D. RESULTS: "

1. FRAME SURVEY

a. FISHERMEN REGISTRATION

The’ inventory of fishing methods ‘and fishing assets had 92 8% coverage
and registered 1640 fishermen of the Tongatapu island, owing, sharing
or ~renting 255 outboard powered skiffs and 236 canoes. The inventory
of existing fishing gears and their estimated yearly usage is given in
(Table l 0) ’ , ,

TABLE 1.0 INVENTORY OF GEAR AND GEAR USAGE.

DESCRIPTION OF GEAR  QUANTITY: ESTIMATED YEARLY GEAR HOUR
LINE GEAR (SETS) 1156 300,214

SPEAR AND SPEAR GUN , 999 - 634,230

CASTNET, ‘GILLNET, BEACH SEINE 434 574,800

ACTIVE WEIR TRAPS 26 '100,800

G g v (ss L e

S

Fifty eight percent of the fishing population practice multiple
fishing methods.  Common combinations of methods include net fishing
seasonally alternated with spear fishing and complemented with hook
and lihe fishing according to 1lunar cycle. A variety of other
combinations = exist. depending on the skills and assets of individual
fishermen ‘ The generalized (average) fishermen is found to be 36
years of ° age with about 11.8 years of experience and 5.4 dependents
who ‘consume at least 26.8% of the total yearly catch. Fishing is a
family affair to 43 0% of the fishermen registered

b. SURVEY AND INVENTORY OF FISHING GROUNDS:

The survey of fishing grounds estimated of the total self area
extending to 947 square km. The various environments within the self
include 117.85 square km of shallow water environments of primary
importance. Details are given in Table 2.

TABLE 2.0 ° INVENTORY OF FISHING GROUNDS

ENVIRONMENT: Square km. REMARKS
SHALLOW ENVIRONMENTS
MANGROVES 3.37
"REEF FLATS , 41.77 Partially exposed at 0.0 tide
REEF SLOPES 64.27 3 |
fSHAllDW LAGOON 8.44 Less than 6.0m depth ‘
TOTAL SHALLOW 117.85 Of which 61.0% is covered by seagrass
DEEP ENVIRONMENTS ' ) )
DEEP LAGOONS 57.22
OUTER SHELF 771.93 Boundary defined at the 160m isobath
TOTAL DEEP 829.15

TOTALS : 947.00



c. CATCH ASSESSMENT SURVEY

The catch assessment survey measured 213 landings made by 37 fishing
units practicing hook and line, net, weir trap and spear fishing. The
landings corresponded to 9,902 kg of fish land crustaceans per 2320 Hr
of fishing effort, and obtained from the analysis of 225 catches. The
efficiency of the, particular gear is then calculated (Table 3.0).

TABLE,3.0 GEAR EFFICIENCY

DESCRIPTION OF GEAR . . G/GEAR HOUR AVERAGE VALUE/kg T$
- Line gear . . . . 213 1.65
Castnet ) § : 135 1.45
Gillnet, 2" mesh 382 1.46
. Gillnet, 3" .mesh. 631 1.79
-Gillnet, 4" mesh - . 421 . 1.86
. Average gillnet. (weighted) : 446 1.68
. Weir trap. o . . 418 1.75
Spear Spear gun L . 315 2.05
. Others (estimated) - . ‘115 1.09

The magnitude of landings for the predominant fishing methods -are
estimated along with estimated values corresponding with the  catches.
(Table 4.0)

TABLE 4.0 ESTIMATED YEARLY LANDINGS AND CATCH VALUES

' METHOD OF FISHING ' METRIC TONS TS
‘Line . .- 6383 105,319
_.Net fishing s . .256.36 , 430,685
Wire trap ' 42,15 73,735
Spear, spear gun 199.78 409,553
..Other gear . . 0 29.03 30,477
'TOTALS | ©591.13 1049,769

The catch assessment survey has also added 17 species to the
preliminary species list. It is worth to note that 14 of the 17
species previously unencountered came from catches of spear fishermen.

A

d. SELECTION AND STANDARDIZATION OF THE GEAR ARRAY:

The total of 1059 gear hours were used to date to collect data on the
performance of the selected array of gear in respect to species and
size selectivity, and catch per unit effort in various environments.
Corresponding catch was 541 kg giving magnitudes of catch per unit
effort of .912kg/hour for hook and line, .353 kg/hour for gillnets and
.637 kg availability per trap night. Details of the trap results are
given in Felfoldy-Ferguson (1988). The data available on hook and
line and net gears are not sufficient yet to allow the calculation of
gear selectivity. Species 1lists and catch compositions for the
particular fishing methods used are given in appendix B,C and D.

E DISCUSSION .

The 1640 fishermen and the 491 vessels are distributed throughout the
Tongatapu island. All but one vessel, however, based on the northern
shore of the island and .thus, nearly 100% of these seagoing units
operating on the extensive north-north eastern reef system and shelf.

Powered boats comprise 52% of the fleet. Their range of operation
extends to all the protected areas of the shelf. Most of them lacking
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ice boxes and fishing trips seldom exceed 24 hours. The range of
unpowered units is much less and the dugout canoes normally operate on
the coastal fringe only.

Gillnet fishing is the most prominent fishing method. Both the
estimated 1and1ngs and the value of the catch produced is the highest
in  the sector. 'Of ‘the four main methods practiced in Tongatapu ‘the
most productive is the extended drive-in net <(silita), however, the
set’ " gillnet" (fakamohe) producirng the highest values of catch per unit
effort. ' The differences result from market preferences for  larger
size of fish and the mesh sizes employed by these methods (silita
employs 2"-2 half" mesh and fakamohe employs 3 half"-4" mesh). Spear
fishing 1s normally less efficient but often produces the most
valuable ‘catches. Night speargun fishing is the most effective. 'Weir
traps are highly efficient, providing the fishermen with good seasonal
catches of highly priced mu11et and goatfish. Licensing requirement
limit the entry into this sector of fishery.

The 1line gear, being both, very operator dependent and - fairly
inexpensive ‘to purchase, produced 1low average efficiency, as many
obtain the gear without having the necessary skills and produce rather
meager catch of low value fish. Net fishing methods are  normally
practiced in shallow waters (to 1l0Om), and free diving has its
physiological depth limitations. Since most fishermen skilled in hook
and line fishing uses this method as complementary, most of the line
fishing also takes place in shallow waters and 1eaves deep lagoons and
outer ‘shelves virtually unexploited. :

The standardization of the selected gear array is now underway. Nor
the ‘gillnet neither the line catches are sufficient to calculate gear
51ze selectivity

In gillnet and line gear catches only Mirypristis pralinus and Scarus
sordidus produced small overlapping catches in two and three inch mesh
nets, essentia1 to ca1cu1ate .gear’ selectivity, using the method given
by Pauly (1984).

The A-Z traps on the other hand now have sufficient data to estimate
the “probability of ~capture or the availability index (Munro 1974).
Average avallability values are given in for all species of -trap
stocks (Table 5.0). Figures 1.0 to 4.0 show the length distribution of
the four most common species in trap catches demonstrating that the
trap se1ectivity is essentia11y a one- -sided affair.

An “interesting comparison emerges when A-Z trap and line catches from
the deep lagoon areas are analyzed. Trap stock availability 1is over
1.0 kg/trapnight, and also line catches are 167.0 kg/100 line hours,
comparable of the 161.4 kg. from lightly fished areas of the Jamaican
shelf reported by Munro (1980)

it has ‘been pointed out by Munro & Fakahau (1986) that the frame
sdrvey does not give real insight into the dynamics of the fishery but
a110ws “the formation  of "some judgement“ about relative production
rates. ‘It 1s in essence to calculate the harvest per unit area and

compare it with reported harvests from similar areas elsevhere.

The first estimate of total landings of 591.13 metric tons of finfish
and .242 tons of crustaceans also provides valuable information about
the level of development in the fishery. Stevenson and Marshall
(1974) suggested that average harvests in fully developed reef
fisheries might normally range 'between 20.0 and 50.0 kg/ha/year.

Marshall (1980) reviewed potential fish yields from coral reefs and
found ‘a range ‘of 8.0 - 50.0 kg/ha/year. 'Hill (1978) reported 80.0
kg/ha/year harvest from an intensively exploited reef in Samoa. Munro
and ‘Thompson (1973) have shown that yields could be as high as 43.2
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kg/ha/year ‘4ssociated with high fishing iritensities (3.09 " canoes/100
hectares) and that these yields are achieved by fishing with small
meshed gear. As the fishing intensity increases further, gear sizes
will be 1owered if*~ ‘the “high yield is to be at least temporarily
sustained. “Most likely, however' “the ‘predictions of “the modified
exponential surplus yield model (Munro and Thompson 1973) will hold,

projecting the decline of yields at higher fishing intensities. The
distribution'~of * the 'estimated - yearly gear hour for the predominant
fishing methods over fishing grounds 'reveals that substantial portion,

if not all, of the Tongatapu landings originate from the shallow water
environments amounting to 11,785 hectares. The projected annual
harvest. then,T correspondsv to - 50.16" kg/ha ~and 'associated fishing
intensities created by the 255 powered an 236 unpowered skills and
canoes might be as high as 4.16 vessels/100 hectares. These results
seem to be in line with the observations of Munro (1987) concerning
visual ' appraisals ‘of ~ shallow ' reef fish ' stocks catch analysis of
landings by individual fishermen market visits and experimental ' trap
catches that there ‘are ‘strong indications that "..the near - shore

stocks of the Tongatapu shelf are extremely heavily exploited and are
in urgent need of management".-

In the practical sense the Tongatapu Inshore Fisheries project
represent ‘only the foundation for future work. As the Tongatapu
project matures, it extends to ‘the Ha'apai group where inshore fishing
grounds are Tess heavily fished at present. This stepwise approach to
a country wide coverage ensures that equipment or manpower - which is

in short supply - is ‘not overextended at the detriment of the quality
of the output. - -

Training 1is an essential element of the ICLARM approach and must be
considered 'in ‘the view that the exercise 1is a 1long term fisheries
management task- and “as ‘the - ‘expatriate staff leaves it has to be
continued with local field technicians. While some degree of formal
education 1is essential, on the job field training of talented young
hationals ‘Seems to be the best ‘course’ for countries like Tonga

F. CONCLUSION

In conclusion, the first year of operation, the Tongatapu Inshore
Fisheries Project has laid a satisfactory base for the continuation of
the project, ‘as it has been proposed by the actions and time frames of
the ICLARM approach. The experience gained during the first year, if
complemented with-further staff training, will ensure that the human
resource needs to continue and expand the program, are met
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Table 5.0

SUMKRY OF A - 2 TRAP CATUES

CATCH CATCH
SPECIES BY By AVAILABILITY
NMBER SMUMEER  HEIGHT  2MEIGHT  BY # BY HEGHT  AVG-WRHT
, Lo M 05 LT KT IR
Famiy: | Dasystidae
Dasyatis kutwli 080 157% 328 5. 2 BRS
Famly: Congridae
Wuraenesox cinereus 3 L &y 0% 3% Ay 15223
Huraenesox “albomar ginatus EIRE S VA I WX K. a5 1190.7
Famly: Huraemdae e
Gymnothorax. schi ssatorhynchus 2. L® 17w 0.7 28 IE3 . 9%5.0
Gysnothorax fimbratus 1 .M 2% L% LR 1594 1245.0
Byanothorax albosarginatus 302 2% 04 1% 27 70D
Gysrothorax monochrous 2 0Lm. 157 0.3 264 07m 7860
Fymnothorax pseudothprosoides 205 #2989 1.7 B 0% 6915
Famly:  Sphyream dae
Sphraena forstem 3012 174 0B L% 1616 405.0
Famiy: Holocentridac B
Hyripristiz pratinus - 0 04 W4 04 A a3 654
Hyripristis hetagonus 1 0.¢ b S 15 S 19 144.0
Flameo samsaca 40y % 0m 5% X 742
Adioryx cornutus B un B/ oM BnE 5158 - 217.1
Afioryx spimifer B DR 8% 017 1l 11m 5.0
Famly: Wllondae ' oo . :
lpenus vittatus ‘ 2 0.8 X LB L 32 135
Wl lmidichthys vameolensis. 0s MM LE 1M 193 1220
Parigeneus pleurnspilos 1% 45,82 21255 4404 4651 AR 195
Parupeneus bifasciatus 5 06 M0 045 198 &¥ M3
Farupensus trifascistus ¥o65% 180 04 184 BN 148
Farupeneus barberinus RN R V] 2 0w 62 1420
Famiy:  Apogoam das _
fpagon Aras M B 28 L4 M IR
Apogon trimacul atus A .Y B oty uM W sy
Famly: Priacanthidae
Priacantfius blotchia [ AL 90l Ly 1M 0.0
Famly:  Serramdas
- Flectropoas Teopardus & Le 13w 2.5 B 163 61745
Emnephelus flavocareuieus 2 D LT VR U S+ R 1
- Epinephelus maculatus o0 MB 1M 1% w4927
Epinephelus fuscus 6 0A @ 0w Ly 2% 163
Epinephelus hoeftii 1 0.4 L7 10 VI W) [F T



Table 5.0 {cont.)

Sz=szszzzssxmares

Famly:

Family:

Famly:

Family:

Famly:

Famly:

Farily:

Famly:

fFamly:

Fam

Peroinae

Pterais walitans
Paraptercis heterurus

Synaceiidae
Yynaceia varrucesa

Bothidae
Bothus pantherinus

Ecteneidae
Echeneis narates

Nemipteridee
So0lopsis personatus
Scolopsis dubozus

Lethrimdae

Gymnacramius japoricus
Fymnocramus lethrineides
Lethrinus mmatus

Lethrinus nebulosus
Lethrinus nesatacanthus

Lethrinus rébriopercul atus
Lethrinus Tentjan -

Lutjandae

Litjawss bohar

Lutjames fluwnflamma -
Ligt janus rufolineatus
Litjanus kasaira

Litjamgs fulwgs

Lutjanus qibbus

Lit Januz - caeruslvittatus

Ther apom dae
Therapon jaruba

Fomacentridae
Pamacentrus 3p.

Latrd dae

Bofianus perdite
Fhettinus teilobatus
Uheilims chlorurus
Bhet s diagrammss

14

LS R

1

T s =

JiL

— rx

0.7
0.5

0.08

L.37

0.62-

10.27
0.33
0.53
0.46
.42
012

0.5

.08
1218
0.87
0.42
0.4

0.

4,44
0.2

1104
0.5
0.8
0.

it
143

31
513

w47

2433

I35

40
AR
174

0.06
0.3t

0.79

1.%

1.7 -

.18
Ryl

1.5
0.47
.53
L3
0.2
0.0%
0.2

0.
5.8
052
2.%
.58
0.4
IR1Y

5.19

0.

0.6
(.08
0.4
0.4

© 5,

18.44

43.57

“15.80

11.68
1R

326,08
10.5%
%.40
14,5
13.20

ER!
7.%

2.4
38681
H.2
113,53
3.2
1.3
L3

142.5
9.4

1.32
7.9
3 &

[

1.3

76 71.3
1967 1%.4
5 19%.0
6762 155.7
1151 . 56341
1% M8
91 Bl
AN 253
201 233
35 - 1k
284 14525
n 17
527 1330
B4 244
£37. 185
4941 1120
3 1198
HEa 1320
o 2810
24 1
152 . 115.0
W 4
M 4.4
2 260
2% 145
174



Tarle 5.0 (cont)
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Famly: Scardae R
Scarus sordidus 2 0.08 681 0.4 264 . .8W 305
Scarus ghobban ~1 0.4 1% 00 13 180 1%.0
Scarus tricolor 2 0.8 ) S | X1 w405
Famly: Pomachantidse S
Gentropyge bicolor 50t s 0 6B X WD
Farily: Chaetodontidee s ®
{haetodon auriga Choo 021 W LB 660 87 138
Chaetodon mertensii # 0.5 94 - 008 B4 52 2.1
Hemochus accumrinatus % 31 BB 07 1003 6 465
Farily: feanthuridae -
feanthurus mgrifuscus 2 0.8 g LR 2 5 440
foanthurus thompsom 1 0u F. N V1 R B4 L U 1]
Farily: Sigamdee
Siganus argenteus 2008 5% 0.2 9 ™ el
Famly: Halistidee
Pseudobalistes fuscus 2 0% M9 o4& 2M 25 109.5
Sufflomen chrysopterus 1 M 2 oM LR A 30
Family: - Aluteridee : s . o ,
Cantheritines dumerili | Aol M 017 680 1o 1882
{antherihines fronticinctys 3 .0 e M 3% B2 220
Famly: Tetrandontidae s :
Fugu sp. : 6 0.5 - e 2.9 38 5010
Pleuranacanthus sceleratus 1 M 1 L2 LR 13 1030
Farily: Diodontidee “
Diadon hystrix 2 0.3 - 29 05 2 MR NES
TALS 245 110 4190 100 3% 632
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