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TUVALU BOTTOMFISH PROJECT
 
FINAL BIOLOGICAL ASSESSMENT
 

1.0 EXECUTIVE SUMMARY 

Twenty-nine iesearch cruises were completedduring the biological assessment phase
of the project using the Government of Tuvalu vessel, the R/V Manaui. Thirteen 
different geographical areas were hydrographically surveyed and systematically fished. 
Included in the areas surveyed were 2 previously unknown and uncharted seamounts,
RDA Bank and Takalo Bank, which were located and hydrographically surveyed. A 
total of 9,981 kg of fish of 44 different species were caught during research fishing
operations. Of this total, 24 species were marketable, with atotal weight of 7,661 kg.
Three species, Ete/is carbunculus, Etelis coruscans and Caranx lugubris made up the 
majority of catch by weight. The average CPUE of all species was 5.55 kg/line-hour,
and 4.05 kg/line-hour for marketable species, values similar to other regions in the
South Pacific. Based on hydrographic research survey results, the total length of the 
200 m contour (seamounts, islands and banks) is estimated to be 376 nautical miles 
(nmi) within the Tuvalu EEZ. (The area defined by the 200 m depth contour (isobath)
has become a standard measure of bottomfish habitat useful in calculating the 
estimated biomass and fish stock, and in comparing habitat size among various 
geographic areas throughout the South Pacific.) The associated unexploited biomass
of deep-water bottomfish is estimated to be 639 mt. Estimated yield at MSY ranges
from 64 to 192 mt. Based on these MSY estimates, it has been calculated that this 
fishery could potentially support about Avessels fishing on the distant seamounts and 
about 2 additional vessels fishing around Tuvalu's islands. 
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2.0 INTRODUCTION 

The Republic of Tuvalu consists of nine emergent coral atolls and several submerged
banks lying between 4-140S latitude and 1720 E to 1760 VV longitude. The Exclusive 
Economic Zone (EEZ) of the Republic of Tuvalu covers approximately 600,000 km 2 

(Figure 2-1). The Government of Tuvalu considers marine resources their most
important natural asset. It realizes that while exploitation of deep-water bottomfish 
fishery resources could provide potential economic development, tropical deep-water
bottomfish have a long life span, slow growth rate and variable larval recruitment,
which make these species highly susceptible to over-fishing. Therefore, to scale a
viable long-term commercial fishery, it is imperative that the sustainable yield of 
bottomfish stocks within the EEZ first be estimated. Several approaches can be used 
to determine maximum sustainable yield (MSY) for an exploited commercial fishery
depending on the type, quality and quantity of data available. Most of these
approaches depend on an extensive time series of catch-per-unit-effort (CPUE) data, 
or a large sample of both CPUE and length data. Unfortunately time and budget
constraints precluded this type of research program and analysis for the Tuvaluan 
bottomfish stock. However, relative abundance and hydrographic data collected in this 
program allow the unexploited biomass within the EEZ to be estimated. The range of 
MSY values can then be calculated for the unexploited stock. 

2-1
 



_ _ 

Figure 2-1. 
R

epublic o
f T

uvalu EEZ 

tl
 

__ ___I/ 
_
 

_ 
_ 

_ 
I 

--
-- _ 

S
 

-' 
-,, 

I 
i 

,
 

_ 
_ 

_ 
_ 

/
 

2-2
 

0 



3.0 BIOLOGICAL ASSESSMENT 

3.1 Hydrographic program 

Twenty-nine research cruises were completed during the assessment phase of the
project. The Government of Tuvalu vessel, the R/V Manaui was used exclusively as 
the research platform. Systematic surveys were conducted throughout the archipelago
(Figure 3-1) to provide information on local bathymetry, species composition, length
frequency, catch rates and depth distributions. 

One hundred one (101) data sets were compiled from the data collected during the 
biological assessment phase of the project. The data were entered into database 
software in Tuvalu. These data were subsequently sent to the RDA Marine Biologist
for analysis. Statistical analyses were done using the SAS statistical package.
Hydrographic data were analyzed and plotted using a commercial digitizing template
and Quattro Pro and SURFER hydrographic plotting software. 

Hydrographic measurements were taken using a GPS positioning unit and a color 
sounding chromoscope. From this data, hydrographic chartlets of areas of potential
fishery habitat were produced and plotted. Approximately 95% of fishable seamount 
and submerged bank habitat in the Tuvaluan Archipelago was surveyed by
hydrographic measurements and research fishing. During the course of fishing and
hydrographic operations, five small seamounts were located and charted (Figures 3-2 
through 3-11). In addition, the poorly charted submerged bank areas in the south of
the archipelago (Kosciusco Bank, Bayonnaise Bank, and Macaw Bank areas) were
extensively surveyed (Figures 3-12, 3-13, and 3-14). The hydrographic data were 
digitized using the electronic template to calculate the length of the 200 m contour for
each seamount or bank system. Potential fishery habitat, expressed as the length of 
the 200 m contour, is given in Table 3-1. 
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Table 3-1. Length of 200m isobath within the Tuvalu EEZ. 

Bank 

Luao 

Kosciusko-Martha-Niulakita' 

Macaw 

RDA 

Talie 

Bayonnaise 

Hera 

Takalo 

Roseb 

Total (seamounts) 

Total (islands) 

Total (Tuvalu) 

Isobath Length 
(nautical miles) 

6.72 

80.47 

24.79 

1.75 

3.23 

95.62 

9.65 

12.12 

13.31 

247.66 

128.20C 

375.86 

The large seamount surface extending from Niulakita was included in the 200 m isobath 
measurement for Kosciusko. Martha Bank was also included with the Kosciusko Bank. 
b The isobath length for Rose Bank is presented here separately, but it is sufficiently indistinguishable
 
from Kosciusko Bank that it could as well have been included, along with Martha Bank, with the isobath
 
length for Kosciusko Bank.
 

C Reference Dalzell and Preston, 1991.
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Figure 3-2. Depth contour map of Luao Bank. 
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Figure 3-3. 3-dimensional profile of Luao Bank. 
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Figure 3-5. 
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Figure 3-6. Depth contour map of Talie Bank. 
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Figure 3-7. 3-dimensional profile of Talie Bank. 
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Figure 3-8. Depth contour map of Hera Bank. 
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Figure 3-9. 3-dimensional profile of Hera Bank. 
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Figure 3-10. Depth contour map of Takalo Bank. 
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Figure 3-1 1. 3-dimensional profile of Takalo Bank. 
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Figure 3-12. Depth contour map of Kosciusco Bank Area. 
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Figure 3-13. Depth contour map of Bayonnaise Bank. 
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Figure 3-14. Depth contour map of Macaw Bank Area. 
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3.2 Research fishing 

A total of 9,981 kg of fish of 44 different species were caught. Of this total, 24
 
species were marketable, with a total weight of 7,661 kg (77%) (Table 3-2). Three
 
species, Etelis carbunculus, Etelis coruscans and Caranx lugubris made up the majority

of catch by weight. The average CPUE of all species was 5.55 kg/line-hour, and 4.05 
kg/line-hour for marketable species. These CPUE values are average by regional

standards and probably represent the lower bound of a commercial CPUE range. This
 
is because research fishing is usually not as directed or intense as commercial fishing.
 

3.3 Biomass and MSY estimation 

Unexploited hiomass was calculated using a comparative approach based on data from
 
18 depletion surveys from similar regions in the South Pacific. These surveys 
are
 
outlined in Polovina and Shomura (1990). The estimated unexploited biomass
 
(mt/nmi) per unit area for seamount and insular areas was calculated (Table 3-3), using

habitat estimates from the hydrographic surveys (Table 3-1), relative abundance
 
estimates from the research fishing, and the depletion survey information. The results 
of applying 3 different fishery models (Beverton-Holt, Gulland and Pauly) to data from 
the above regions in the South Pacific suggests the potential yield at MSY of stocks 
in the region is 10-30% of the unexploited biomass (Polovina and Shomura, 1990).
Based on these calculations, the potential yield at MSY is 42-126 mt for seamounts 
in the Tuvaluan EEZ (Table 3-3). If atoll areas are included, the MSY is estimated to
 
be 64 to 192 mt.
 

Using the range of landings from the research fishing (250-700 kg/trip) as a lower
bound of predicted commercial catch per trip, the scale of the fishery can be estimated 
assuming: 1 vessel's catch = 1mt fish/trip; 1 trip = 6 days fishing + 4 days in port for 
a total of 10 days/trip; 1 vessel makes 3 trips/month; the fishing season is 7 months. 
Based on these assumptions, 1 vessel could make 21 trips/season. By dividing the 
number of trips (lmt/trip) into the MSY range (42-126 mt), it is estimated the 
seamount fishery could support 2 to 6 vessels. If the 200m contour of the islands is 
included, hypothetically, the fishery could support 3 to 9 vessels. (Alternatively, if 
each vessel should catch 150 kg of bottomfish per fishing day for 90 fishing days per 
year, then the mid-range estimate of the MSY on the seamounts could be caught by
about 6 vessels and the mid-range estimate of the MSY on both the seamounts and 
around the atolls could be caught with about 9 vessels.) Care should be taken in 
applying an analysis of this type to the island contour as it assumes the bottomfish
stocks are currently unexploited in those areas. Furthermore, the total allowable 
catch, and thererore the number of fishing vessels, will need to be restricted below 
the above estimates if financial considerations require the maintenance of high CPUEs. 

Finally, it should be noted that the MSY estimates presented here are based on the 
results of research fishing trials, and represent a preliminary estimate of yield after the 
commercial fishery reaches an equilibrium exploitation level. As the commercial fishery
develops, catch and effort data should be collected to create a time series database 
which can be used to refine the MSY estimates. 
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Table 3-2. Total catch by number and weight (marketable specieb only). 

Species 

A. furcatus 

A. rut/fans 

A. virescens 

E. carbunculus 

E. coruscans 

E. radiosus 

P. lausakari 

P. aurici/la 

P. filamentousus 

P. flavipinnus 

P. multidens 

P. zonatus 

E. areolatus 

E. chlorostigma 

E. fasciatus 

E. morrhua 

E.septemfasciatus 

V. /out! 

V. albomarginata 

Other grouper 

C. ignobilis 

C. lugubris 

S. susmerili 

S. rivoliana 

TOTAL 

Weight
(kq) 

12.1 

635.2 

136.9 

1682.7 

962.4 

62.7 

133.6 

109.0 

520.0 

369.8 

68.5 

336.6 

16.0 

51.9 

2.0 

329.2 

538.9 

26.3 

15.0 

35.6 

45.2 

1343.5 

54.0 

164.0 

7660.8 

3-18 

Percent of Total
 
Weight (%)
 

0.16 

8.29 

1.79 

21.96 

12.56 

0.82 

1.74 

1.42 

6.79 

4.83 

0.89 

4.39 

0.21 

0.68 

0.03 

4.30 

7.03 

0.34 

0.20 

0.6 

0.59 

17.54 

0.70 

2.14 

100.00 



Table 3-3. Unexploited biomass and MSY range for Tuvalu. 

[Fishable Habitat Boo (mt) MSY Range(mt
 

Seamounts 421 42- 126
 

Islands 218 22 - 65
 

Total 639 64- 192
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4.0 CONCLUSION 

The hydrographic surveys on approximately 95% of Tuvalu's fishable seamount and 
submerged bank habitat taken by the project staff on research and test fishing cruises 
show that Tuvalu's distant seamounts have about 248 nautical miles of botomfish 
habitat, as defined by the 200 m isobath or depth contour. Together with the fishable 
habitat near the islands, Tuvalu has a total 200 m depth contour of about 376 nautical 
miles. The associated unexploited biomass of Tuvalu's deep-water bottomfish on the 
distant seamounts is estimated at 421 mt, while that for all of the Tuvalu EEZ is 
estimated at 639 mt. The estimated MSY range for Tuvalu's seamounts is 42-126 mt,
and the estimated MSY range for the entire Tuvalu EEZ is 64-192 mt. Based on these
MSY estimates, it has been calculated that this fishery could potentially support about 
4 vessels fishing on the distant seamounts and about 2 additional vessels fishing
around Tuvalu's islands. 

Contour maps of all of Tuvalu's distant seamounts and 3-dimensional profiles of the 
smaller seamounts have been prepared and should prove useful to the Government of 
Tuvalu and to new entrants to the fishery. 

This final biological assessment by the Tuvalu Bottomfish Project concludes that 
Tuvalu does indeed have sufficient bottomfish habitat, stock biomass, and MSY to 
warrant the development of a modest commercial bottomfishing industry. 
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