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1. EXECUTIVE SUMMARY: 

A previous report (RDA P-50 92/04) provided recommendations for the establishment of a programme of research and field investigations to assess the baitfish resources of Vava'u,
Tonga, and to suggest appropriate levels of sustainable exploitation. The development of anartisanal fishery for baitfish is intended to complement, and provide bait for, a proposed small
scale longline fishery for tuna. 

Fishing was carried out from the government research vessel "Albacore" at nine different
stations in Vava'u waters. Fishing began in April, 1992, and 93 fishing trips had been
completed by the end of 1993. The fishing method involved the deployment of an anchored
dinghy fitted with lights to attract baitfish during the hours of darkness. A 80 m cir-cumference 
purse seine net with 20 mm meshes, set from the research vessel, was used to surround the 
schooling baitfish. 

Although catches varied greatly, the mean catch rate over the survey period of all species
combined was 475 kg per night (with a maximum of 2537 kg per night), and returns on fish
sales were approximately T32.00 per kg. A total catch of 16.4 tonnes was landed in 1992, and27.8 tonnes in 1993. The mean catch rate was higher in 1992 (606 kg per haul) than in 1993(402 kg per haul), and decreasing catch rates, particularly over 1993, were a cause for concern. 

Four species accounted for 85% by weight of the total catch, including the sardine,
Amblvgasrersirm (39%), the scads, Decaprerusmacarellus (27%), and Decapterusmacrosoma
(15%), and the herring, Herklotsichthvs(4%). The scads were the preferred bait for catching
large tuna on longlines, the sardine for catching smaller (<10 kg) tuna around fish aggregating
devices (FADs), and the herring was considered too small for use as tuna bait. All species
caught were edible, except the herring, which is believed to be ciguatoxic (cause ciguatera fish
poisoning) at times 

Growth rates of the four major species were found to be high, suggesting lifespans of betweentwo and three years. The sardine has a lower growth rate, and is therefore likely to be moresusceptible to overfishing. In all species, total mortality rates (from both fishing and natural
causes) were correspondingly high (greater than 90% per year). 

Two species, the sardine, Amblygaster sirm, and the scad, Decapterus macarellus, maturedrelatively late in their lifespans and spawned in March/April. Small individuals of these two
sp,.cies were recruited into the fished stock during the early months of the year, and, in the
scad, Decapterusmacrosoma,recruitment occurred over a more extended period beginning in 
September. 

Intensive fishing in a small area showed that local stocks of baitfish are extremely vulnerable to
the fishing method. This indicates that a commercial fishing strategy should involve targeting
different fishing areas on a rotational basis. 

Yield per recruit analyses indicated that baitfish resources are limited, and that the survey vessel
alone imposed a fishing mortality of between 29% and 56% (depending on species) of that 
required to obtain the maximum sustainable yield. 

The lack of infrastructure to enforce fisheries regulations in Vava'u means that any controlsplaced on the fishery would have to be direct and relatively easy to police. For these reasons,
input controls on the amount of fishing effort are more appropriate than output controls on the 
quantity of fish caught (such as catch quotas). 

It is assumed that a profit-driven commercial operation would be more efficient than that of thegovernment vessel. A vessel of a similar size, and using similar gear, to the "Albacore"
therefore, would make greater catches, and is likely to impose a fishing mortality close to the
optimum level. However, the same catch could be taken, and the same level of fishing 



mortality imposed, by two or three smaller vessels using smaller gear. Smaller gear may
include lift-nets, such as "boki-ami" (Japanese lift nets) or ring-net gear, and the relative 
efficiency of such gear would have to be determined by trials. 

It is recommended that two smaller vessels (using smaller gear to be developed during trials)
should be licensed initially to take baitfish commercially. A small licence fee should be imposed
to amortize the cost of monitoring catch, fishing effort, and area fished. When compared with 
the use of a single large vessel, two smaller vessels would; 

a) allow the resource to be shared between a larger number of people, and provide greater
employment opportunities, 

b) allow continuity of a supply of baitfish to the market (in the event of a breakdown of one of 
the vessels), and, 

c) allow authorities to add fishing effort in smaller increments if catch and effort monitoring
suggested that fishing effort could be increased. 



2. INTRODUCTION
 

The Kingdom of Tonga Lies between latitudes 150S and 240S, and longitudes 1730W and1770W. The country is divided into the three main island groups of Tongatapu and Eua in thesouth, the Ha'apai group in the centre, and the Vava'u group in the north. The land area of the
various islands of the Kingdom of Tonga amounts to a total of 747 km 2 . A 200 nautical mileExclusive Economic Zone (EEZ) encompasses about 700000 km 2 of ocean. Traditionally,seafood has been an important source of protein in Tonga. although in urban centres increasingamounts of imported fish and meat are also consumed. With population growth, there has been an increase in fishing pressure on the stocks of nearshore reefs and lagoons. 

A previous report (RDA P-50 92/04) provided recommendations for the establishment of aprogramme of research and field investigations to assess the baitfish resources of Vava'u, andto suggest appropriate levels of sustainable exploitation. The development of an artisanalfishery for baitfish is intended to complement, and provide bait for. a proposed small-scalelonglint. fishery for tuna; the project is, therefore, one element of the project on tuna fishery
development. 

Fishing was carried out from the 12 m government research vessel "Albacore" at nine differentstations in Vava'u (Figure 2.1) from April 1992 to January 1994. The fishing method involvedthe deployment of an anchored dinghy fitted with lights to attract baitfish during the hours ofdarkness. A purse seine net, set from the research vessel, was used to surround the schoolingbaitfish. The purse seine net had a circumference of 80 m. and a mesh size of 20 mm (stretchedpoint to point). This report presents the analyses of all data collected up to December, 1993,
and, based on these, an assessment of the resource. 
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Figure 2.1: Vava'u Islands, Tonga; the nine fishing stations for baitfish are shown as numbers encircled bybroken lines. The horizontal scale line indicates one nautical mile. 
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3. TEMPERATURE and SALINITY 

Surface water temperatures and salinities were taken during fishing operations at ail stations. 
Data collected at station 2 constitute the most continuous record, and these are shown in Figure 
3.1. Temperatures varied little between stations, and ranged from 23 OC to 28 OC over the year, 
with a mean of 25.5 3C.Water salinities ranged from 35.8 to 37.4 parts per thousand (ppt), 
with a mean of 36.3 ppt. 
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Figure 3.1: Temperature in OC (open squares) and salinity in parts per thousand (solid squares) at station 2 
from April 1992 to January 1994, Vava'u Islands, Tonga. 

4. CATCH COMPOSITION 

The composition of species in the total catch was estimated from a count of individuals of 
different species in a sample (2 to 10 buckets) taken from each haul of the net. Total catch 
numbers were estimated from the ratio of the number of buckets in the sample to the number of 
buckets in the total catch. 

Four species accounted for 85% of the total catch by weight over the survey period (Table 
4.1). These were the sardine, Amblygaster sirm, the scads Decapterus macarellus and 
Decapterusmacrosoma, and the herring, Herklorsichthys;the mean and maximum sizes of 
these four species are given in Table 4.1. Other species, particularly juvenile jacks (carangids) 
and surgeonfish (acanthurids), were caught occasionally, and accounted for 15% of the total 
catch by weight, and 9% by number. A summary of catches during all 93 fishing trips 
completed in 1992 and 1993 is given in appendix A. 

Table 4.1: Catch composition at all stations combined, and mean and maximum sizes of the four major 
species caught in surveys in the Vava'u Islands, Tonga. 

sardine, herring, scad, scad. 
Amblygaster Herldots. Decaperus Decapterus 

sirm species macrosoma macarellus 

catch % by weight 39 4 15 27 
catch % by numbers 36 17 22 16 
mean kg per har! 183 20 69 125 

mean length (mm) 197 118 175 227 
maximum length (mm) 270 160 270 305 

mean weight (g) 98 23 60 149 
maximum weight ,g) 283 60 225 374 
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The scads were the preferred bait for catching tuna on longlines, and the sardine for catching
smaller (<10 kg) tuna around fish aggregating devices (FADs). The herring was considered toosmall for use as tuna bait. Scads are traditionally caught in small quantities for food by
subsistence fishers, and although the sardine is not a traditional Tongan food item, those
caught during the surveys were in demand as such. The herring is avoided as it is believed to
become affected by ciguatera (fish poisoning). 

The catch per haul of all fish species combined, at all stations (one to nine) over the period ofthe survey is shown in terms of weight and in numbers in Figures 4.1 and 4.2 respectively.
The broken lines represent discontinuities in fishing, which were beyond the control of the
researchers. A total of 16.4 tonnes was landed in 1992, and 27.8 tonnes in 1993 (all species
combined). The mean catch rate was higher in 1992 (606 kg per haul) than in 1993 (402 kg per
haul), and over the period of the survey the mean catch rate was 475 kg per haul. Decreasing
catch rates (particularly over 1993) were a cause for concern (see Summary and Discussion). 
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Figure 4.1: Catch (kg) per haul of all fish species, at all stations combined from April 1992 to January 1994,
Vava'u Islands, Tonga. 
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Figure 4.2: Catch (numbers) per haul of all fish species, at all stations combined from April 1992 to January
1994, Vava'u Islands, Tonga. 
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As most fishing was conducted at station 2, data from this location provided the mostcontinuous record of changes in catch rates over time. Catch numbers per haul by species atstation 2 for the period April 1992 to January 1994 are shown in Figure 4.3. 
The decrease in numbers of the sardine, Amblygaster sirr, the major component species of thecatch, was most noticeable, and contributed to the decline in overall catch rates. There was alsoa fluctuating but decreasing trend in catch rates of the two scads Decapterus macarellusandDecapterusmacrosoma. Conversely, there was a trend of increasing catches of the herring,Herklorsichthys,a minor component of the catch (see Discussion and Summary). 
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5. LENGTH-FREQUENCY DATA 

Length-frequency data for each of the four major species are given in Appendices B to E.These data are shown as histograms with growth curves superimposed in the following section 
(Figure 6.1). 

6. GROWTH ESTIMATES 

The surveys resulted in a series of length-frequency data over Lime in which peaks (or modes)
may be traced over time. The increases in modal lengths were used to estimate growth by
modal progression analysis. 

Several models have been used to express growth using simple mathematical equations. The von Bertalanffy growth equation, possibly because of its incorporation into fisheries yieldequations, has been most commonly used in studies on marine species. The von Bertalaniffy
equation. in terms of length. is; 

Lt = Lr.(l-exp(-K(t-to)]) 

...where Lt is the length at age t, L. is the theoretical maximum (or asymptotic) length. K is a
growth coefficient which is a measure of the rate at which maximum size is reached, and to is 
the theoretical age at zero length. 

The modal length data were analysed using von Bertalaniffy plots (King, 1994), and by usingthe computer program ELEFAN (Gayanilo et al. 1981) which searches for the growth
parameters that are the best description of the length-frequency distributions. The program is
claimed to be more objective than most methods, although some subjectivity may still be
involved in interpreting the results from difficult data. The results of the ELEFAN analyses are
shown graphically in Figure 6.1, and the resulting growth parameters are given in Table 6.1. 

The relationship between weight (W) and length (L) is of the form of a power curve equation
W = aLb. The values of the constants in this relationship were estimated for all species from
the collected data (from Hurrell. 1992), and are given in Table 6.1. 

Table 6.1: Summary of growth parameters and length-weight relationships for the four major species of 
baitfish. 
--------------- -----------------------------------------------------

sardine, 
Amblygaster 

sirm 

herring, 
Herklots. 

species 

scad. 
Decapteris 
macrosoma 

scad, 
Decapterus 
macarellus 

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

I(mM) 232 
1.30 
147 

1.21. 
25i 

1.29 
296 

W. (g) 169 46 180 341 

a (in W=aLb) 0.0000018 0.0000087 0.00000088 0.0000063 
b (in W=aLb) 3.37 3.10 3.05 3.13 

Growth curves for the four major component species (Figure 6.2) suggest rapid growth rates,and relatively short lifespans of from 2 to 3 years. The sardine, Amblygaster sirm has the
lowest growth coefficient, a correspondingly greater lifespan, and is likely to be more 
susceptible to overfishing (see Summary and Discussion). 
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Figure 6.1: Length-frequency data for (from the top) the sardine, Amblygaster sirm., the herring, 
Herklorsichrhys.and the scads, Decaprerusmacarellus.and Decaprerusmacrosoma,with superimposed growth 
curves produced by the computer program ELEFAN. 
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Figure 62: Growth curves for the four major species found in surveys in Vava'u, Tonga. 
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7. MORTALITY ESTIMATES
 

Length-frequency distributions were converted to age-frequency distributions by means of a
length-converted catch-curve. A length-converted catch curve is a plot of ln(F/dt) against t,where F is the number of individuals in each age class, and t is relative age. The value dt is the
time taken for the species to grow through a particular length class, and allows for Cie fact that 
as growth slows down with increasing size, older length classes contain more age classes than
do younger groups. Mortality rates, Z, were estimated from the slope of the regression lines
fitted through data which exclude the initial ascending data points; these represent groups of
individuals which are eithcr not fully recruited or are too small to be totally vulnerable to the
fishing gear. Length-converted catch curves for the four major cpecies are given in Figure 7.1,
and instantaneous total mortality rates, estimated from the slope of the regression lines, are 
given in Table 7.1. 
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Figure 7.1: Length-converted catch curves for the sardine, Amblygaster sirr,the scads, Decapterusmacarellus
andDecapterusmacrosoma,and the herring, Herklotsichlhys. 

The total mortality rates obtained in the above analyses are high (greater than 90% per year),
but not uncommon in small inshore pelagic fish. It should be noted that mortality rates would
have been overestimated if larger fish migrate out of the sampling area; this is unlikely to be the 
case for the sardine and herring, but could be so for the scads. 

The natural mortality rate of a species is likely to be related to environmental factors as well asits evolved life-history pattern. Pauly (1980) analysed data from a large number of fish species
in an attempt to obtain a general relationship to predict natural mortality, M, from the von 
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-----------------------------------------------------------------------

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

Bertalanffv growth parameters, K (per year) and L. (cm), and mean auai surface 
temperature, T (C); 

n[M] = -0.0152 - 0.279 n[L.] + 0.6543 in(K] + 0.463 ln(T] 

Another approximation may be obtained by considering the natural mortality rate required to
reduce the numbers of fish in a cohort to close to zero over the period of its lifespan. The oldest
individuals in an unexploited stock are often about 95% of their asymptotic length. If meanlifespan (tmax) is defined as the time required for a fish to reach 95% of its asymptotic length, 
L,, then; 

tmax= (-l/K) in [1-(0.95L,)/L.] , or, approximately, tmax = 3/K 

The survival of an unexploited species over its lifespan is Nt/No exp(-M tu.ax], where No is= 
the initial number of fish in the cohort, and Nt is the number of fish remaining towards the end 
of the lifespan. If Nt is say 1%of the initial number, No, then; 

1/100 = exp[-M tmax], and, 

M = -n(0.01)/tmax., or, approximately, M = 1.5 (K) 

Table 7.1 presents natural mortality rates based on the latter (more conservative) equations;
rates estimated from Pauly's equation were similar for the scads, but approximately 20%
higher in the sardine and the herring. Fishing mortality rates, F, were calculated as F=Z-M,
and are shown in Table 7.1 with the exploitation rates (F/Z). 

Table 7.1: Instantaneous mortality rates (yr"I) with approximate annual percentage equivalents (in brackets)
for fou major baitfish species in Vava'u, Tonga. 

sardine, herring, scad, scar,
Amblygaster Herklotsichthys Decapterus Decapterus

sirm species macrosoma macarellus 

total, Z 2.4 (91%) 3.4 (97%) 2.9 (95%) 2.5 (92%)
natural, M 1.5 (78%) 2.0 (37%) 1.9 (85%) 2.0 (87%)
fishing, F 0.9 (59%) 1.0 (63%)1.4 (75%) 0.5 (39%)
exploitation rate 38% 41% 35% 20% 

8. RECRUITMENT 

Recruitment into a vulnerable fish stock often takes place at particular times of the year, and
when juveniles have reached a certain age or size. A simple method of examining the timing of
recruitment is by plotting the number of small individuals (less than an arbitrarily chosen size)
in regular samples taken from the adult stock (Figure 8.1). 

Figure 8.1 suggests that small individuals appear in the catches during the early months of the 
year, except in the case of the scad, Decapterusmacrosoma,in which recruitment occurs over a 
more extended period beginning in September (Table 9.1). 
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9. REPRODUCTION 

A gonad or gonosomatic index (GI or GSI) was used to follow the reproductive cycle ofspecies over the time. This index, which assumes that gonads incnase in size with increasingdevelopment, compares the mass of the gonad (GM) with the total mass of the fish IM; 

GSI = 100 * (GM/TM) 
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Gonosomatic indices were only available as a conti ,us record for two species, and these are
shown in Figure 9.1. Decreases in the indices suc,,est a spawning period in March for the 
sardine, Amblvgaser sir, andpossibly in Feb

bly in Feruary, fcr the scad. Decaprerus nacarellus(Table 9.1). . 
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Figure 9.1: Gonosomatic indices for the sardine, Amb/ygaster sirm, and the scad. Decapterusmacarellus. 

The mean length at first reproduction, or meat length at sexual matu-ity (Lm), was defined as
the length at which 50% of all indiviaaals are bexually mature. As not all mature individuals 
were in reproductive condition at the same time. the data were multiplied by a correction factor 
to give the number of sexually matui.; individuals in each size class expressed as a proportion
of the reproductive population. Fig':e 9.2 shows logistic curves fitted to the adjusted
proportions, in which the mean length at sexual maturity is the length corresponding to a 
proportion of 0.5 (or 50%) in reproductive condition. 

The mean length at first reproduction was 200 mm for the sardine, Amblygaster sirm, and 259 
mm for the scad, Decapterus macarellus. These lengths are approximately 85% of the
maximum attainable !engths of each fish, and suggested that the species mature relatively late in 
their lifespans. 
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Figure 9.2: Relationships between the number of reproductive individuals (expressed as a proportion of thereproductive population) and length (mm) for the sardine, Amblygaster sirm, and the scad, Decapterus
macarellus. 
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Table 9.1: Probable spawning and recruitnent periods for the four major baitfish species in Vava'u. Tonga. 

sardine, herring, sci. scad. 
Anblygasrer Herklors. Decaprenus Decapterus

sirm species macrosoma macarellus 

REPRODUCTION: 
spawning period March 9? Feb.?"" mean length (min) at 

first reproduction 200 2? 
 259 

RECRUITMXENT: 
recruitment period Mar-May Sep-Feb?Mar-Apr? Mar-Apr? 

10. INTENSIVE FISHING 

Intensive fishing over a short period in an isolated area pro .'ides two types of information. As
long as migration in and out of the area is minimal, a plot of the reduction in CPUE against
cumulative catch will provide an estimate of the stock size and, more importantly, the
catchability coefficient, q. Intensive fishing was carried out at station five, and this reduced the
catch per haul of all four major species dramatically over 7 fishing days (Figure 10. 1). 

Although the time period of intensive fishing was believed to be sufficiently short to exclude
the effects of natural mortality and migration, the area of influence of the fishing lights used to 
attract baitfish was unknown. For this reason, the data could not be used to estimate stock size.
However, the exercise did suggest that local stocks of baitfish are extremely vulnerable to 
intensive fishing in a small area. 
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Figure 10.1: Catch per haul over a short time period (7 fishing days) at Station 5 for the sardine,Amblygaster sirm, the herring, Herklotsichthys, and the scads, Decapterus macrosoma and Decapterus
macarellus. 
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11. YIELD 

As estimates of stock size were unavaijable, it was impossible to estimate sustainable catch 
weight or yield for the 3tocks. However, the availability of population parameters enabled the 
calculation of optimum fishing intensity from yield per recruit models. 

The classical Beverton and Holt (1957) yield per recruit model considers the dependence of 
yield upon growth, age at first capture, and fishing mortality. It may be assumed that, after the 
mean age at first capture (tc), all fish coming into contact with the fishing gear are subjected to 
the same fishing mortality. Natural mortality, M. is assumed to be constant after the age at 
recruitment, tr, and fishing mortality, F, is constant after the age at first capture, tc. Weight is 
predicted by the von Bertalanffy equation (Section 6). The expression for yield per recruit is; 

3
Y/R = {F.exp[-M(tc-Cr)] .W. 	 X-{Un/(Z+nK)} (exp[-nK(t,-to)] } (1-exp(-(Z+nK)(tmax-t3]) 

n=0 

... where U represents the summation constant in the cubic expansion of the growth equation,
and n is the number of summations (U0 = 1,Ul= -3, U2= 3, and U3= -1); other symbols are as 
defined previously. A computer spread sheet program (YPR) based on the above model was
written to incorporate data for the four major baitfish species, and yield per recruit curves 
generated by the program are shown in Figure 11.1. 

As mortality rates of the species were high, the yield curves did not reach a maximum (at a 
fishing mortality of Fmsy) within a reasonable range of fishing mortality values (Figure 11. 1).
In such species, the optimum Lshing mortality is often taken to be the value at which an 
increase in one unit ofF increases the catch by one tenth (0.1) of the amount caught by the first 
unit of F (Gulland, 1983); in other terms, the optimum level of F, known as F(0 .1), occurs at 
the point where the slope of the yield curve is 0.1 of the value of the slope at low levels of 
fishing mortality. Many fisheries managers are basing the total allowable fishing effort on 
F(a1), as this is believed to be a more robust and conservative replacement for Fmsy. 

The yield per recruit analyses suggest that baitfish resources are limited, and the survey vessel 
alone imposed a fishing mortality of between 29% and 56% (depending on species - see Table 
11.1) of that required to obtain the maximum sustainable yield. 
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0.00 0.50 1.00 1.50 2.00 2.50 3.00 

FISHING MORTALITY 

Figure 11.1: Yield per recruit curves for the scad, Decapterusmacarellus(top curve), the sardine, Amblygaster
sirra, and the scad, Decapterusmacrosoma (middle curve), and the herring, Herklotsichthys (bottom curve).
Vertical arrows show the optimum fishing mortality (FO. 1) for each species. 
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Table 11.1: Summary of yield per recruit analyses. 

sardine, herring, scad. scad,
Amblygaster Herklots. Decaperus Decapterus 

sirra species macrosoma macarellus 

optimum fishing mortality 1.8 	 1.82.5 	 1.7 
present fishing mortality 0.9 	 1.01.4 	 0.5
% of optimum 	 50% 56% 56% 29% 

One of the simplest ways of considering the size or age at which a resource species should beharvested is by calculating the opposing effects of growth and mortality on a single cohort of
fish. After recruitment, the weight of each individual is increasing through growth, and the
number of individuals in the cohort is decreasing through mortality. The total weight or
biomass of the cohort will therefore increase over time and reach a maximum before decreasing 
as the growth rate becomes less. 

As the strength of recruitment was not known, the relative biomass per 1000 recruits was
calculated for each species (Figure 11.2). Biomass reached a maximum at ages between 0.8
and 1.0 years for each species 	except in the case of the sardine, which reached a maximum at
1.3 years. This suggests that 	fisheries regulations designed to delay the age of first capture
(e.g. using larger mesh nets) would be ineffective in increasing catch weights. 
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Figure 11.2: Relative biomass curves (stock weight per 1000 recruits) for the scads, Decapterus macarellus,
andDecapterusmacrosoma, the sardine, Amblygaster sirm, and the herring, Herklotsichthys. 

12. FINANCIAL ANALYSIS 

The economic viability of a commercial operation may be viewed from the possible effects of
sustainable catch rates and product price on a vessel's net return. The following is based on
financial information collected during the present survey, and extrapolated to a commercial 
operation. The preliminary estimated costs of fishing using a 12 m purse seine vessel (similar
to the survey vessel), a 9 m dip-net vessel, and a 5-7 m dipnet/handline skiff are shown in 
Table 12.1. 

The initial investment includes the fully equipped vessel and fishing gear. Fixed costs,
including loan repayments, depreciation, repairs, maintenance, and insurance, are those which 
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are associated with the vessel, and are incurred whether or not the vessel goes fishing.
Depreciation allows for eventual vessel replacement. Running costs are those associated with
the fishing operation, and include crew payments, fishing gear replacement, fuel, food, and 
ice. 

Table 12.1: Preliminary estimated costs (TS) of a proposed commercial baitfish operation in Vava'u. Tonga.
using either a 12 m purse seine vessel. 9 m dip-net vessel, or a 5-7 m dip-net/handline skiff. 

LARGE VESSEL SMALL VESSEL SKIFF 

VESSEL LENGTH (in) 


12 
-

9 5-7
NUMBER OF CREW 7 4 2
DAYS WORKED PER YEAR 120 120 120 

INITIAL INVESTMENT:
vessel cost 100000 40000 6000
fishing gear 20000 3000 2000 

total investment 120 000 43 000 8000 

FIXED COSTS (per year)
loan repayments (10%) 12 000 4 300 800
depreciation (10%) 12 000 4 300 800 
vessel repairs (10%) 12 000 4 300 800
insurance (6%) 7 200 2 580 480 

- -
-

- -
- -total fixed costs 

--

(per year) 
- -- -

43 200 15 480 2880 
RUNNING COSTS (per day):
 
crew payments 350 
 200 100
fishing gear repair 25 10 8

fuel 
 50 20 10
 
food 
 30 18 9
ice 25 20 10 

total running costs (per day) 480 268 137
total running costs (per year) 57 600 32 160 16 440 

TOTAL ANNUAL COSTS 152400 47640 19320 
~-

If catch-per-unit effort is in terms of catch per day, the annual returns from a fishing operation 

will be: 

PRICE * CPUE * DAYS FISHED 

The cost of fishing is the sum of the daily running costs (RC) and the annual fixed costs (FC), 
i.e.; 

(RC * DAYS FISHED) + FC 

At the "break-even" point, where returns to fishermen just balance the total cost of fishing 
(where no profits are made), the above equations will be equal; i.e.; 

PRICE * CPUE * DAYS FISHED = (RC * DAYS FISHED) + FC 
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This equation can be manipulated tc 2ie the market price required to just cover the cost 0f 

fishing as a function of catch per unit effort; i.e; 

PRICE = [(RC * DAYS FISHED) + FC] / [CPUE * DAYS FISHED] 

The break-even curve relating the cost-recovery price to catch per unit effort in a proposedbaitfish fishery in Vava'u is shown in Figure 12.1. The area above the curve represents theprofit zone, and the area below the curve represents the loss zone. For a given fish price level,the graph may be used to indicate the long-term average catch per unit effort required to coverfishing costs. As fish prices are around T$2 per kg, the graph suggests that a long-term catch per unit effort of 100 kg per night must be maintained to cover costs in the case of the 5-7mvessel, 220 kg per night in the case of the 9m vessel, and 530 kg per night in the case of the
12m vessel. 

There are, however, some caveats required when relating catch rates obtained during fisherysurveys to those expected in subsequent commercial operations. Commercial catch rates maybe initially higher than those obtained during surveys, as fishers can target the areas wheredensities of the target species have been found to be high. On the other hand, in a fullyexploited fishery, catch rates are likely to be about one half of those originally obtained when 
fishing the virgin stock. 
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4 

3
 
w 
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CATCH RATE (kglhaul) 

Figure 12.1: Breakeven curves for proposed baitfish operations in Vava'u, Tonga. using a 12 rm vessel, a 9mvessel, and a 5-7 m vessel. Curves are based on a static analysis of the vessel's costs without a consideration of
the timing of returns. 

13. SUMMARY and DISCUSSION 
Historically, the main objective of fisheries management has been the conservation of fishstocks. In modern fisheries management this limited aim has been extended to addressadditional economic, social and environmental objectives such as fishers' welfare, economicefficiency, the allocation of resources, and environmental protection. The broad objectives offisheries management may, therefore, include the conservation of fisheries resources and theirenvironment, the maximisation of economic returns from the fishery, and payment of fees tothe community from profits made by the exploitation of a public resource. Subsuming all theseobjectives is the need to ensure that fisheries are exploited on an ecologically sustainable basis. 

Although maximising profitability may be an appropriate objective in a commercial fishery inwhich most of the catch is exported, this is not necessarily true in an artisanal fishery whichprovides food and employment for a local community. In this case, an appropriate objectivemay be to ensure that as many individuals as possible have an opportunity to share the 
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resource, and a large number of smaller and less efficient units may be involved in the fishery.
The outcome of fisheries research and stock assessment should be to provide advice to 
fisheries managers in the form of probable biological, economic and environmental outcomes 
for a range of possible management strategies. This advice should include an assessment of the 
risks associated with each alternative strategy, and a summary of the particular controls or 
regulations required to achieve the objectives. 

Fishing surveys on baitfish stocks in Vava'u watLrs, Tonga, produced data which allowed the 
estimation of the biological parameters summarised in Table 13.1. 

Table 13.1: Summary of biological information on the four major baitfish species caught in Vava'u, Tonga. 

sardine, herring, scad, scad. 
Amblygaster Herklors. Decaprerus Decapterus 

sirm species macrosoma macarellus 

CONTRIBUTION TO THE CATCH:
 
catch % by weight 39 4 15 27
 
catch % by numbers 36 17 22 16
 
mean kg per haul 183 20 69 125 

REPRODUCTION:
 
spawning period March ?? ?? Feb.??
 
mean length (rmm) at
 
first reproduction 200 ?? ?? 259
 

RECRUITMENT:
 
recruitment period Mar-May Mar-Apr? Sep-Feb? Mar-Apr?
 

GROWTH/SIZE: 
K (yr-1) 0.97 1.30 1.21 1.29 
L. (mm) 232 147 251 296 
W. (g) 169 46 180 341 

mean length (mm) 197 118 175 227 
maximum length (mm) 270 160 270 305 

mean weight(g) 98 23 60 149 
maximum weight (g) 283 60 225 374 

WEIGHT to LENGTH (g/mm): 
a (in W=aLb) 0.0000018 0.0000087 0.00000088 0.0000063 
b (inW=aLb) 3.37 3.10 3.05 3.13 

MORTALITY (yr-1):
total mortality, Z 2.4 3.4 2.9 2.5 
natural mortality, M 1.5 2.0 1.9 2.0 
fishing mortality, F 0.9 1.4 1.0 0.5 
exploitation rate 38% 41% 35% 20% 

YIELD: 
optimum fishing mortality 1.8 2.5 1.8 1.7 
present fishing mortality 0.9 1.4 1.0 0.5 
% of optimum 50% 56% 56% 29% 

Two aspects of the survey produced results which are inherently conflicting. The overall 
decline incatch rates of scads, and particularly the sardine, Amblygastersirr,may indicate that 
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these stocks are being overexploited at present. Results from yield per recruit analvses,
however, suggest that stocks are being exploited up to 56% of the optimum rae. The two 
sources of information are independent of each other, the former being based on catch andeffort records, and the latter based on growth and mortality estimates from length-frequency 
data. 

Yield per recruit estimates are believed to be based on sound estimates of growth, and on
reasonable (and conservative) estimates of mortality. The possibility exists that falling catch 
rates, and the particularly low catch rates in 1993. were exacerbated by a strong El Nino in
early 1993. El Nino is known to have a strong affect on currents, including a reversal of the
South Equatorial current in the South Pacific. As the species under study have pelagic larvae,
adverse currents are likely to have a drastic effect on the probabilities of larvae reaching and
being recruited into local inshore areas. Two of the species, the sardine, Amblvgasrer sirm, and
the scad. Decapterus macarellus (for which reproductive data were available) have similar
spawning periods in March. The herring, Herklorsichthvs, in which the spawning season is
unknown, conversely showed a relative increase in catch rates during the same period. 

Yield per recruit analyses suggest that baitfish resources are quite limited, and the survey vessel
alone imposed a fishing mortality of between 29% and 56% (depending on species) of that 
required to obtain the maximum sustainable yield. 

It is assumed that a profit-driven commercial operation would be more efficient than that of the 
government vessel. A vessel of a similar size, and using similar gear, to the "Albacore"
therefore, would make greater catches, and is likely to impose a fishing mortality close to the
optimum level. However, the same catch could be taken, and same level of fishing mortality
imposed, by two or three smaller vessels using smaller gear. Smaller gear may include dip-nets
such ring-net gear (as used on similar species in the Philippines) or "bouki-ami" nets, and the 
relative efficiency of such gear would have to be determined by trials. 

The lack of infrastructure to enforce fisheries regulations in Vava'u means that any controls
placed on the fishery would have to be direct and relatively easy to police. Output controls such 
as catch quotas would be expensive to enforce in terms of manpower. It is suggested that input
controls on the amount of fishing effort are most appropriate, and the easiest control to enforce
is a vessel licensing system - that is, a limited number of vessels be licensed to fish the species
commercially. 

Two alternative strategies arise from the above; either, 

a) a large purse-seine vessel (similar in size to the "Albacore") should be licensed to take 
baitfish commercially, or, 

b) two or more smaller vessels (using smaller fishing gear) should be licensed to take baitfish 
commercially. 

It is suggested that strategy (b) is the better alternative - that is, that two smaller vessels (using
smaller gear to be developed during trials) should be licensed initially to take baitfish
commercially. A small licence fee should be imposed to amortize the cost of monitoring catch,
fishing effort, and area fished. When compared with the use of a single large vessel, two 
smaller vessels would; 

a) allow the resource to be shared between a larger number of people, and provide greater
employment opportunities, 

b) allow continuity of a supply of baitfish to the market (in the event of a breakdown of one of 
the vessels), and, 

c) allow authorities to add fishing effort in smaller increments if catch and effort monitoring
suggested that fishing effort could be increased. 
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