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Introduction

The world trade in aquarium fishes is currently estimated to be about 350 million fish annually,
of which about 10 percent are of marine origin (Pyle 1993). Over 20 years ago, Conroy (1975)
stated that marine fish accounted for only 1 percent of the world trade, and the increase
reflects a dramatic expansion of interest in keeping tropical aquarium fishes, and particularly
small, brightly coloured tropical reef fishes.

Commercial fisheries for reef fish species for the aguarium trade have been established in many
of the countries and territories of the insular tropical Pacific, including Tonga. Exporting of
aquarium fish and other marine organisms from Tonga commenced in 1989 and has continued
for the last seven years. Apart from fish, exporters have also harvested live coral, coral rocks
encrusted with algae, soft corals, anemones, sea urchins and crustaceans. Exporters have also
taken advantage of the culture of giant clams on Tonga to export limited amounts of juvenile
giant clams (Tridacna) spp for marine aquaria.

There are atotal of five licenses available for aguarium exporters in Tonga and, but only two
companies are currently active in consistently exporting fish and other organisms for the
aquarium trade. The aquarium trade in Tonga is currently limited to Tongatapu and of the two
companies, one is relatively large in scale, employing sophisticated techniques for keeping
specimens prior to export, while the other is more modest using simpler techniques but
employing the same principles of hygiene and care for fish prior to shipment overseas.

The activities of the aquarium exporters have promoted some concern based on the removal of
fish and on the collection of live corals and of "live rock”, ie dead cora rock encrusted with
colourful algae. A review of the aguarium trade in Tonga, conducted by the South Pacific
Regiona Environmental programme (SPREP) (Oliver & Smith 1994), generally gave a clean
bill of health to the export trade in Tonga but was cautious about the harvest of live corals,
noting that while this was likely to be sustainable, further study would be prudent to ensure
that it was indeed a sustainable activity at the harvest rates requested by aquarium exporters.

The relative success of the two companies presently operating in Tongatapu has prompted
enquiries from other individuals in Tonga about the possibilities of obtaining a license for
export. One of the remaining three license holders has never made any shipments overseas,
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while the other two license holders have made small numbers of shipments and then
discontinued their activities. This means that three licenses are being held by individuals who
are essentidly inactive in the aguarium trade because of various management problems.
Nevertheless, the interest in the trade and the potential expansion of export activity
encouraged by the Tongan Ministry of Fisheries to develop a management plan for the
aquarium trade in Tonga. Recognizing that in spite of the previous review by SPREP, there
were still several many unresolved issues for management, the Ministry requested the
assistance of the Commission”s Integrated Coastal Fisheries Management Project (ICFMaP) in
developing management initiatives.

One of the main concerns for the aguarium trade was the banning of the use of underwater
breathing apparatus as a result of several deaths and injuries in the beche-de-mer fishery.
Untrained divers were using hookah gear to descend to collect sea-cucumbers, without proper
training and information about decompression. The Tongan Government had imposed a
blanket restriction on the use of hookah and SCUBA gear for al fishing activities and this was
clearly a problem for the aquarium trade as it prohibited collection of fish in al but the
shallowest reef areas. There were also concerns about the species taken for the aquarium trade
and the effect of removals of soft coral, live rock and live coral. The Tongan Government had
imposed a ban in 1994 on all coral and rock exports but in early 1995 relaxed the ban on soft
corals and live rock.

During this survey it was decided that simple shore based observations would only be a
repetition of previous observations conducted on aquarium fisheries in Tonga. It was felt that
a better approach would be to determine the biomass or standing stock of shallow reef fishes
on the Tongatapu reefs. This included not only aquarium fish but also fishes caught for food,
so this approach would also be an additional benefit to the Tonga Government. To this end,
the Commission”s Fisheries Programme sought and obtained the cooperation of the French
scientific organisation, ORSTOM, which has staff with expertise in the visual enumeration of
reef fishes through dive census techniques. An ORSTOM technical officer was attached to the
|CFMaP team to conduct the censusing of reef fish on the Tongatapu reefs, with the financial
assistance of the French Government.

This survey comprised principally a series of dive transects across the reefs to the north of
Tongatapu to determine the standing stock of shallow reef species. As well as the species
counts on the transects, a reconnaissance was made of the various bottom substrates in the
path of the transects, including hard and soft corals. Additional information was obtained from
the Ministry of Fisheries on exports of fishes and from the aguarium exporters on their
establishments and their operations. Together these various data sources have been used to
look at the annual harvest of aguarium fishes in relation to the standing stock. Further,
although the observations on substrate type were very general, they permit an estimate of the
probable impact of live coral harvesting if permission were once again given to the aquarium
trade to re-commence exports.

Study site

Tongatapu is the main isand of the Tonga archipelago and is an upraised atoll, with a total
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land area of 259 k. Most of the island is only a few metres above sea level but part of the
east coast has tilted raising it to an elevation of 65 m above sea level at Nakolo Township in
the southeast. Tongatapu has a bifurcated shallow lagoon (Fanga'uta Lagoon) with an average
depth of about 1.2 m and a total area of 2788 ha. To the north of the idand are a series of
fringing reefs, barrier reefs and coral idands. About 90 per cent of the cora reef around
Tongatapu lies along the north coast and on the shelf that extends about 60 km offshore. Coral
reefs around the other coasts are limited mainly to narrow fringing reefs. An approximate
estimate of 100 knm?* coral reef area was made from a navigational chart by planimetery for the
reefs around Tongatapu. This is aimost certainly an underestimate as areas of coral are found
throughout the shallow northern shelf and only the major reef complexes are marked on
charts. Corals are found in the mouth of the lagoon but absent from most of the interior due to
low salinity.

Temperatures on Tongatapu range between 11 and 32 ?C, with a mean of 23 ?C. The
prevailing winds are the Southeast Trades which blow for about nine months of the year.
There is a distinct wet season from November to April, but rainfal is generally moderate by
Pacific standards, with along term average between 1950 and 1989 of 1,775 mm/yr.

Most fishing activity on Tongatapu takes place along the northern leeward coast on the
extensive reefs and shelf area. In this study, we conducted most of the underwater visual
census (UVC) transects in this area and only two elsewhere, on the fringing reef of the west
coast.

M ethods
Dive census

A total of 45 underwater visual census (UVC) counts were conducted on reef to the north and
west of Tongatapu (Figure 1). Fish counts were made by a single diver who swam aong a 50
m transect, identifying and counting all fish observed, and estimating the distance of fish from
the transect line. Fish size was aso estimated, to the nearest 1.0 cm for small fish (< 20 cm)
and 5.0 cm for larger fish. Fish were recorded to the species level when possible, otherwise at
the genus or family level. A second diver swam along the same transect line to record the
depth at 10 m intervals along the transect, the type of substrate (e.g. sand, gravel, rock etc)
and the degree of cover by live soft and hermatypic corals, seaweeds and blue-green agae.

Description of the Tonga Aquarium Export Industry

The aquarium fish export industry in Tonga mainly comprises two companies, Walt Smith
International (WSI) and Dateline Aquariums (DA) (Other companies were exporting up to
December 1995 and one was still exporting until February-March 1996). Both the companies
currently active send fish and other marine organisms by air exclusively to dealers in the
aquarium trade in the USA.

Walt Smith International
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WSI has been operating in Tonga since 1991. The company employs a total of 30 people ,
including up to seven fishermen who collect the fish and other marine life. Of the fishermen,
working for WSI, three are regarded as full time fishermen, while the others work on a part-
time basis. Fishing is conducted all year round and WSI provides the fishermen with a
powered vessel, fuel, wetsuits, nets, buckets and in the past hookah gear before this was
banned. The fishermen were al trained in the fishing techniques for aquarium fish and in using
SCUBA and hookah gear safely to avoid decompression problems.

Catching aquarium fish is relatively simple but involves a great deal skills patience. A small
barrier net of mesh sizes between = inches and & inches ( 1.6-1.9 cm) is used to trap the
aquarium fish, which are driven from holes in the cora with plastic rods. When the fish swim
into the barrier net they are stopped and in their confusion can be quickly caught in a hand
held scoop net. The captured fish is then transferred to a bucket covered with mosquito
netting, but with a zip fastener to permit placing the captured fish from the scoop net to the
bucket. After the diver has caught sufficient fish, these are transferred to a larger container on
the vessel where the water is changed regularly to avoid ammonia build up in the water which
is injurious to the fish and causes red marks on the skin and scales. By-catch of low value
species are occasionally taken by during fishing operations. These are kept at the WS facility
for few days before being released in the lagoon during subsequent fishing operations

On return from the sea the fish are taken to the WSI warehouse and each fish is placed in its
own small plastic cube or tank. The fish are not fed for the period they are kept in the
warehouse to avoid them fouling the water in which they are transported overseas. The
seawater in which the fish are kept prior to sending overseas is chilled to between 13 and 18
?C, filtered and purified with ultraviolet light. For transporting fish by air, fish are first placed
individually in polythene bags. Each shipping bag is composed of a four separate polythene
bags with layers of newspaper in between each layer. (The preparation of the shipping bags is
not done by WSI but has become a small = cottage industry” contracted out to Tongan
families on Tongatapu). The four bags and paper are to prevent any leakage of seawater
through accidental punctures by fish spines. The paper also acts as a screen to prevent the fish
seeing their neighbours as they are packed and thus becoming aggressive and possibly injuring
themselves and puncturing the bags.

The bags containing the fish are then placed in cardboard containers lined with styrofoam.
WSI usually pack a minimum of 25 fish per box, but more often it is possible to pack 30 fish
per box. Anemones and soft coras are aso shipped in a similar manner to the fish with
numbers per box depending on the size of the corals and anemones. WSI ships al its fish and
marine organisms mainly on Royal Tongan airline flights to Auckland where they connect with
a United Airline flight to Los Angeles (although Air New Zealand flights may be used from
time to time). WSI have not encountered too many problems using this route and even when a
mix up resulted in fish staying in Auckland overnight but there was no significant mortality on
arrival a their final destination in Los Angeles.

Live rock, ie dead coral rock covered with live algae is shipped wet with newspaper around it
to keep it moist in one large plastic bag inside a cardboard container. Shipments of "live rock"
isnot amajor part of WSI business, however, WSI currently ships slightly more anemones and
soft corals than fish. Yellow leather cora is much in demand and appears to be found
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nowhere except Tonga, where it is very abundant. Export of live cora is still prohibited, but
there continues ot be a heavy demand for Tongan live coral from the USA in preference to
traditional suppliersin SE Asia

According to WSI the ban on breathing apparatus which was in force at the time of this study
(but subsequently modified to permit the use of SCUBA for aguarium-fish fishing) had caused
areduction in fishermen earnings during 1996. WSI made their weekly wage dockets for their
dive fishermen available for the period January to April 1995 and January to April 1996 so
that we could make a comparison and verify this assertion. Unlike the shore based staff whom
receive a salary, the fishermen are paid a basic wage which is augmented by a bonus based on
the volume and value of the fish they catch. A summary of the results is given in Table 1.
Based on the wages data there is about 21 per cent difference in the wages overall between
the two six month periods, although the confidence limits about the means are very wide and
only significant at the 70 per cent level of confidence interval.

Table 1. Summary of average weekly wages earned by dive
fishermen working for WSl between January and April 1995 and

1996

Time period Year  Average weekly wage 95 % CL
Jan-Apr 1995 156.10 33.30
Jan-Apr 1996 122.90 33.40

Dateline Aquariums

Dateline Aquariums is a more modest establishment and is based in the back yard of two of the
owners of the company, Mr David Gilbert and his wife who live in the village of Manuka.
Dateline has been in operation since 1994 and employs 5 Tongan divers to catch fish and
collect invertebrates of which 3 work on a regular basis. The divers fish 4-5 days per week,
spending 2 days collecting soft corals and 3 days collecting fish, a similar regime to that of
WSI. Dateline's facilities comprise four concrete block tanks at the rear of the Gilbert"s
property in which fish and invertebrates are kept prior to shipping overseas. Filtered aerated
sea water is circulated through the tanks but the water is not processed through a protein
skimmer, UV sterilised or chilled as in the WSI facility. Like WSI Dateline do not export
much "live rock" but do export quantities of "yellow leather" soft coral. Dateline have
constructed a storage area for their soft coral stock in the lagoon, about 100 m from the
Gilbert's property.

The techniques to capture and transport the fish from the reefs to the tanks are smilar to those
employed by WSI. Small mesh gillnets ( - & ) are used to trap the fish after driving them
out from the coral, where they can be caught in scoop nets. The larger << nets are used
primarily for butterflyfishes and wrasses, while the smaller & e mesh is employed mainly for
damsel and angel fishes. The fish are kept by diversin a gallon bucket when they are catching
fish and later transferred to a 32 gallon tank on the fishing vessel. As with the WSI Operation,
the water in the 32 gallon tank is changed regularly to avoid ammonia build up and burn marks
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on the fish skin and scales. According to the Dateline, their divers rarely work past 50 ft and
normally work at depths of 30 feet or less.

Dateline exports a wider variety of species than WSI, particularly wrasses, which are not a
major part of WSI"s trade as well as species such as coral beauties, lemon peel angels and
lemon gobies. Dateline also exports a greater range of invertebrates than WSI  including
shame-face crabs, fiddler crabs, hermit crabs as well as anemones and soft coral. Dateline
send their fish to a dedler in the USA using the weekly Air New Zealand flight from Tonga to
Auckland and a connecting Air New Zealand flight to Los Angeles. Dateline try to send a
weekly shipment to the USA and average about 50 shipments per year. On average they ship
about 500 fish per week or in ayear about 25 per cent of their allocated quota. As with WSI,
the emphasis is keeping mortality rates to a minimum ie to no more than 5-10 per cent (A
phrase that basically sums up the risks in the aquarium trade is; "your reputation is only as
good as your last shipment).

When airfreighting fish to the USA, Dateline uses a polythene shipping bag is composed of a
two separate polythene bags with a layer of newspaper in between each layer. As with WS
the preparation of the shipping bags for Dateline has become a small "cottage industry”
contracted out to Tongan families on Tongatapu. Dateline also employ 9 people at each
shipment to work through the night to pack the fish and invertebrates for shipping. The
company uses less sophisticated techniques than WSI but employ the same principles for
packaging their products by chilling the seawater (Accomplished by placing ice blocks sealed
in plastic bags into a seawater tank) and filling the air-space above the water in the bag with

oxygen.
Historical data on aquarium-fish exports

Export records of the two companies operating in Tongatapu, for the period March 1995 to
April 1996, were available in computer files at The Ministry of Fisheries office, and these have
been summarised here in Table 2. The exports of fish and invertebrates are given in numbers
or pieces, whilst the volume of "live rock" is recorded by weight in kilograms. The various
fishes exported are reported as angelfish (Pomacentridae), butterflyfish (Chaetodontidae),
clownfish (Pomacentridae), damselfish (Pomacentridae), hawkfish (Cirrhitidae), Triggerfish
(Balistidag), lionfish (Scorpaenidae), pufferfish (Tetrodontidae) tangs (Acanthuridae) and
wrasses (Labridae).

The total value of aguarium trade exports for the 14 months between 1995 and 1996 was
568485.82 T$, making this an industry with an annual export value of about half a million
dollars. The total and monthly averages for the different export categories are given in Table
2. About 50,000 agquarium-fish were exported to the USA over this period with a value of
about 154,000 T$, however, the largest single revenue earner was 54.5 t of "live rock" with a
gross value of nearly 170,000 T$. The monthly exports for the aquarium trade reflect the
seasonal demand from the US market (Figure 2). The busiest time for the two companies in
Tongatapu is during the northern winter, leading up Xmas and in the months immediately after
the festive season.

The percentage breakdown of the various categories of fish exported over this between 1995
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and 1996 is shown in Figure 3. Over half the exports in numbers comprise damselfish,
followed by angelfish, wrasses and clownfish. As a family, the Pomacentridae account for
nearly 80 per cent of all exports. The breakdown of the fish exports by value are shown in
Figure 4. The Pomacentridae only account for about two thirds of the total export value of the
aquarium-fish, with rarer species such as hawkfish having greater value than the more common
genera.

Table 2: Summary of the volume and value of exports by the aquarium fishery
tradersin Tongatapu between 1995 and 1996

Month  "Liverock” Miscellaneous Giant clams Invertebrates Soft coral Fish
(kg) (no) (no) (no) (no) (no)
MAR 1995 5,408.80 245 0 1,561 3,616 3,173
APR 3,846.60 255 0 1,505 5,180 4,102
MAY 777.00 571 0 2,020 4,870 5,202
JUN 319.00 0 0 221 542 342
JUL 2,168.40 320 131 1,808 2,866 2,933
AUG 3,493.20 350 798 2,380 3,902 3,308
SEP 3,273.30 185 443 1,662 3,594 2,694
OCT 3,104.20 595 708 3,154 4,754 4,235
NOV 3,732.70 395 552 2,683 3,876 6,516
DEC 4,079.00 178 190 1,269 2,733 2,471
JAN 1996 8,773.00 285 121 1,964 6,092 4,962
FEB 4,848.00 620 451 3,614 5,200 4,128
MAR 7,434.00 521 449 3,914 4,232 3,828
APR 3,219.00 329 638 2,242 2,301 1,824
Totd 54,476.20 4,849.00 4,481.00 29,997.00 53,758.00 49,718.00
Average 3,891.16 346.36 320.07 2,142.64 3,839.86 3,551.29
Month  "Liverock” Miscellaneous Giant clams Invertebrates Soft coral Fish
) ) ) ) ) )
MAR 1995 41,536.11 857.50 0.00 5,463.50 12,656.00 11,517.50
APR 5,363.81 892.25 0.00 5,264.00 18,130.00 14,422.50
MAY 1,934.35 1,998.50 0.00 7,070.00 17,045.00 23,095.00
JUN 805.75 0.00 0.00 773.50 1,897.00 1,197.00
JUL 5,428.01 797.00 655.00 4,994.00 2,405.35 9,266.75
AUG 8,925.79 2,502.50 3,432.00 6,227.50 3,439.90 8,696.25
SEP 8,004.43 484.00 1,329.00 4,654.50 3,155.50 6,496.50
OCT 8,060.25 1,307.25 2,077.00 8,157.25 4,351.15 11,160.50
NOV 9,806.07 872.75 1,656.00 7,206.50 5,807.45 14,688.25
DEC 9,622.80 477.50 570.00 2,938.90 2,727.90 5,690.75
JAN 1996 22,077.00 784.50 375.00 5,498.00 8,893.50 12,215.50

FEB 15,026.55 2,178.50 1,826.00 12,649.00 18,049.50 16,208.50



MAR 23,088.00 1,823.00 2,661.00 11,990.00 14,812.00 13,207.75
APR 9,753.50 1,151.50 1,914.00 7,847.00 8,053.50 6,411.50
Total 169,432.42 16,126.75  16,495.00 90,733.65 121,423.75 154,274.25
Average 12,102.32 1,151.91 1,178.21 6,480.98 8,673.13 11,019.59

Reef fish biomass and density estimates

A complete summary of the biomass and density estimate of all the species observed in the 45
UV C transects conducted on the reefs at Tongatapu is given in Appendix I. In all, a total of
282 species were observed during this survey in depths ranging from 2 to 15 m. The same data
is shown in Table 3 summarised by family. Four species have been omitted from the family
summary, namely, Spratelloides spp (sprats) , Euthynus affinis (mackerel tuna), one
unidentified centropomid species and the large parrotfish, Bolbometapon muricatum. The
small sprats and mackerel tuna are small and medium sized schooling pelagic species which are
commonly found near reefs but are not part of the reef biota. Severa large schools of sprat
and mackerel tunas were observed during this study and their inclusion would create bias in
the computation of the mean estimates of biomass and density. Similarly, the centropomids are
more typically associated with estuarine environments than with reefs and lagoons and it is the
one specimen observed here can be omitted. The large parrotfish B. muricatum is a typical
component of the reef biota, but because these fish typically can grow to over a meter in
length and weigh up to 50 kg they can also introduce bias in the biomass computations,
especialy since this study is concerned with the smaller specimens in the reef ichthyofauna.

The overall density and biomass of shallow reef fish from the UVC data were 2.8 fis/m® and
118.9 g/n?. The top five families in terms of density were the Pomacentridae (damselfishes,
angelfish, anemonefish), Acanthuridae (tangs and unicornfish), Scaridae (parrotfish), Labridae
(wrasses) and Chaetodontidae (butterflyfish), which represented about 85 per cent of the total
fish dengity in the transect sites. Parrotfish comprised the single greatest biomass on the reefs
followed by Pomacentridae, Acanthuridae, Kyphosidae (drummers) and Labridae, which
together formed about 75 per cent of the total observed in this study.

An estimate was made by planimetery of the total reef area around Tongatapu from
navigational charts. This estimate of reef area refers mostly to major coral formations marked
on the charts which were found to cover an area of about 100 knr. It was clear from
observations made during this study, however, that coral formations, especially patch reefs,
were distributed extensively along the large shelf area to the north of Tongatapu, and thus the
estimated reef area determined here is acknowledged to only an approximation. However, the
density and biomass figures can be extrapolated to standing stock of shallow reef fish in both
numbers and weight using an approximate reef area of 100 km? which gave estimates of 276
million fish or a total biomass of 11,890 t. The standing stock in numbers of the various
families is shown in Table 3 along with the total exports of aquarium fish between 1995 and
1996. Although some of the aguarium fish exports are substantial, particularly the
pomacentrids, they represent in total only 0.018 per cent of the shallow reef fish standing
stock.



9

The methods employed in this study have also been applied to reef fish populations in French
Polynesia and locations within New Caledonia and are summarised from Kulbicki et al (1994)
in Table 4. Although ranked rather low in this grouping, the estimates of reef fish biomass in
Tonga are not greatly different from those in New Caledonia, French Polynesia and the
Chesterfield Idlands, with only much greater biomass and densities found at Ouvea in the
Loyalty idands. Comparison of the estimates of density and biomass obtained here, with other
locations in the Pacific may be confounded by differences in the estimates used to determine
abundance. However, density and biomass estimates from the Pacific were summarised from
the literature by Kulbicki et a (1994) and Dalzell et a (1996) and are shown in Table 5, along
with the values determined through the UVC methodology in New Caledonia, French
Polynesia and Tonga. The biomass and density estimates for Tonga lie in about the middle of
the range of values from these different Pacific idands, although it should be emphasised that
differences in methods employed to generate biomass and density means that these estimates
can only be compared at a superficia level. Nonetheless, they are indicative that the reef fish
populations on Tongatapu reefs do not appear to be serioudy depleted and the activities of the
aquarium fish industry is negligible.

M anagement of the aquarium industry

The aguarium trade is an attractive industry for Tonga. It is labour intensive with the two
companies currently operating employing at present up to 40 individuals between them.
Further, it focuses on a natural resource that is not directly used to any great extent by the
indigenous people, except for tourism purposes. The value of aquarium fish in comparison
with other reef fish or deep dope speciesis excellent, and the fishermen do not have to venture
far from land or work in dangerous conditions to achieve a reasonable catch. The aguarium
trade is also a significant user of service industries and utilities in Tonga.

The two operations, Walt Smith International & Dateline Aquariums are good examples of
two different scales of operation. Walt Smith International (WSI) is a high-tech capital
intensive operation that is based on a selective market for relatively few species in the
wholesale aguarium trade. Dateline Aquariums is a smaller operation that is based on a wider
variety of species based on demand from retail traders. Both operations export all their fish to
the USA, which is the center of the world aguarium industry and both operators also currently
export invertebrates such as anemones, and pieces of dead coral rock with a covering of live
algae ("live rock"). These items are aso in much demand by the aquarium trade for attractive
tank displays and to give fish the semblance of the original reef environment.

Currently there are 5 licenses available for the aquarium trade in Tonga. It is suggested that
license holders who do not commence exporting fish within 12 months of obtaining their
license should have their permit withdrawn. The canceled license(s) can then be made available
to other persons interested in the aquarium trade. However, we believe it isimportant to stress
the need for the Ministry of Fisheries to have an in-house capability to understand the
aquarium trade so that new license applications can be vetted without the need for assistance
from external agencies. One of the biggest danger to the survival of the aguarium trade in
Tongais the entry of untrained and unexperienced operators into the industry.

Vetting procedures need to be established to review license applications that establish how
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much money an applicant is willing to invest in starting an aquarium export fishery, where and
who are the applicant's overseas markets, which species will be targeted, what fishing methods
will be used and what volume of fish etc does the new applicant expect to export each week?
Most importantly, what experience does the new applicant have with the aquarium fish trade?
At least one fisheries officer/biologist should regularly work with the fishermen to record
catch rates and catch composition and liaise with the two companies to learn more about the
industry in terms of marketing and infrastructure. Kailola (1995) made similar
recommendations in her review of fisheries development and management in Tonga and
suggests guidelines for monitoring and management of the Tongatapu aquarium fishery.

Table 3. Summary of the results of UVC estimates of density and biomass
for shallow water reef fish on reefsat Tongatapu. Density and biomass
estimates have been transformed to standing stocksin numbers and
weight using an estimate of 100 km? for coral reef area around Tongatapu.

Families Number Density Biomass Standing  Standing Aquarium % Standing
of species fish/m?  g/m? stock (n) stock (t)  catch (n) stock
Acanthuridae 17 0.3188 14.33 31,880,000  1,433.14 1,042 0.0045
Apogonidae 5 0.0120 0.08 1,200,000 8.48
Aulostomidae 1 0.0051 1.14 510,000 114.29
Balistidae 12 0.0259 0.62 2,590,000 61.89 45 0.0024
Blenniidae 13 0.0331 0.18 3,310,000 18.30
Caesionidae 2 0.0763 8.44 7,630,000 844.04
Carangidae 1 0.0001 0.16 10,000 16.03
Chaetodontidae 24 0.0978 2.40 9,780,000 240.19 1,043 0.0025
Cirrhitidae 4 0.0034 0.07 340,000 7.47 2,956 0.0022
Fistulariidae 2 0.0009 0.17 90,000 17.17
Gobiidae 8 0.0073 0.05 730,000 5.46
Grammistidae 1 0.0002 0.00 20,000 0.12
Haemulidae 1 0.0003 0.21 30,000 20.94
Hemiramphidae 1 0.0001 0.12 10,000 12.09
Holocentridae 7 0.0168 1.06 1,680,000 105.81
Kyphosidae 1 0.0201 13.73 2,010,000 1,373.23
Labridae 50 0.2246 9.37 22,460,000 937.28 5,223 0.0042
Lethrinidae 6 0.0043 1.82 430,000 181.98
Lutjanidae 7 0.0077 131 770,000 131.36
Mugiloididae 3 0.0097 0.42 970,000 41.61
Mullidae 9 0.0348 5.54 3,480,000 554.47
Nemipteridae 3 0.0055 0.29 550,000 28.87
Ostraciidae 2 0.0014 0.16 140,000 15.82
Pempheridae 1 0.0009 0.04 90,000 4.34
Plotosidae 1 0.0039 0.02 390,000 1.60
Pomacanthidae 5 0.0402 0.51 4,020,000 51.29
Pomacentridae 40 1.4641 16.08 146,410,000 1,607.92 39,217 0.0011
Priacanthidae 1 0.0002 0.02 20,000 2.23
Pseudochromidae 2 0.0041 0.01 410,000 0.87
Scaridae 22 0.2516 37.17 25,160,000 3,716.85
Scorpaenidae 1 0.0009 0.01 90,000 0.85 66 0.0009



Serranidae 10 0.0370 1.20 3,700,000
Siganidae 3 0.0186 0.66 1,860,000
Synodontidae 6 0.0070 0.28 700,000
Tetraodontidae 5 0.0192 0.97 1,920,000
Zanclidae 1 0.0092 0.24 920,000
Tota 278 2.7631 11891 276,310,000

119.99
65.81
28.26
96.95
23.83

11,890.83

126

48,676

0.0050

0.0228

Table 4. Density and biomass estimates of reef fish at
stes in French Polynesia, New Caledonia and Tonga
made using the same UVC methods

L ocation Density Biomass
(fish/m?) (g/m?)

Ouvea 3.70 259
Moorea 254 172
NC SW lagoon intermediate reef 4.00 150
Chesterfields 2.25 145
NC SW lagoon barrier reef 2.40 120
Tonga 2.76 119
NC SW lagoon coast 4.00 108

Table 5. Density and biomass estimates of shallow water reef
fish in the tropical Pacific. Estimates summarised from
Kulbicki et al (1994) and Dalzell et al (1996). nd = no data.

L ocation Density Biomass
(fish/m?)  (g/m?)

Moorea (French Polynesia) 3.6 nd
Mataiva (French Polynesia) 0.5 nd
Fangataufa (French Polynesia) 1.64 nd
Muroroa (French Polynesia) 1.88 nd
Midway (North West Hawaiian |lands) 5.85 nd
Papua New Guinea 3.3 nd
Ouvea 3.7 259
Moorea 1.45 240
Great Barrier Reef (GBR) intermediate reef 84 237
GBRidet 17 195
Moorea 254 172
GBR outer reef 3.2 156
Tonga 4.8 153
NC SW lagoon intermediate reef 4 149.5
Chesterfields 2.25 145
NC SW lagoon barrier reef 24 120
Tikehau 3.65 109

11
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NC SW lagoon coast 4 108
Hawaii 31 106
Hawaii 2.6 102
GBRinternal reef 7 92
Papua New Guinea (Kavieng) nd 435
Enewetak nd 42.5
Fiji nd 25.1

Hookah gears were used in the aquarium trade to fish in deeper waters (10-15 m) to catch
valuable species such as the flame hawk (on the outer reef dope) and the bicolor angel fish (in
the lagoon). However, the use of hookah gear was proscribed for al fishing activities
following several deaths and injuries in the Tonga beche-de-mer fishery. Without hookah gear,
fishermen have had to concentrate their fishing effort in shallow waters on the reef and range
over a wider area to catch an economic quantity of fish. However, shortly following this
survey a recommendation was given to the Ministry of Fisheries that the aquarium trade be
exempted from the ban on hookah gear. Instead, a compromise agreement was reached
between the the Ministry and the aguarium exporting companies which permitted the
aquarium-fish fishermen to use SCUBA gear. The Government was thus able to keep the
hookah ban in place to regulate beche-de-mer harvesting, while at the same time freeing up the
aquarium trade to be able to fish at depths beyond range of free diving.

The initial study of the aquarium trade in Tongatapu conducted by SPREP did not make any
estimate of the abundance or density of the target species, however, alimit of 100,000 fish per
exporter was recommended (Oliver & Smith 1994). This study has shown that this would
represent a negligible fraction of the target species biomass on the reefs of Tongatapu.
Further, 100,000 fish per exporter is higher than the current total export levels of agaurium
fish by both the companies active in Tongatapu at present. There also appear to be no
sustainability issues related to the harvest and export of dead coral rock encrusted with algae,
nor with the harvest and export of soft coras. The base of lagoon reefs around Tongatapu
have large accumulations of dead coral rock due to wave action and storms. SPREP
recommended a limit of 100 t per exporter in their report (Oliver & Smith) and this is a
sensible limit and significantly higher than the amount currently being exported by both
companies in Tongatapu. There is an abundance of soft coral on the Tongatapu reefs,
particularly the 'yellow leather' species which is in demand for the aquarium trade. The trade
reguires small new growths of this species and these are removed carefully from the reefs with
minimal damage.

The harvesting of living corals is clearly a sensitive issue and the bans on harvesting of live
corals from decorative purposes or for medical purposes should remain in place. The aqurium
trade exporters, however, wish to harvest small pieces of new-growth coral which is also in
demand by US aquarium hobbyists. We note, however, that the report by SPREP had no
serious objections to this form of live cora harvesting (Oliver & Smith 1994), and that the
concerns about this form of cora harvesting expressed in the SPREP report concerned the
abundance and distribution of the target cora species, the ability of the Ministry of Fisheriesto
monitor this activity and the potential expansion of this form of coral harvesting if more than
two operators become active in this industry. The SPREP report also stated that neither of the
current aquarium trade exporters are heavily reliant on live coral exports for financial success.
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However, the aquarium traders in Tongatapu suggest that the ability to supply live cora gives
the Tonga aguarium trade a competitive edge with other exporting countries. The aguarium
trade in Tonga has a good reputation for high quality net-caught fish with minimal mortality
rates on delivery. However, the industry in Tonga has to compete with other suppliers, notably
in Southeast Asia, who can supply at lower prices a greater range of reef fish and invertebrate
species, including those found in Tonga,. According to the aguarium traders, the export of
small pieces of living hard cora will attract buyersin the USA to focus on Tonga, and improve
the marketing of the fish and invertebrates currently sold by the two exportersin Tongatapu. It
would be useful to check on the accuracy of this statement, perhaps by contacting other
aquarium exporters in the Pacific who operate without collecting corals and by checking with
importersin the US aquarium trade.

Interviews with the aquarium exporters in Tongatapu suggested that they would like to export
between 200 to 300 pieces of live coral per week, with the pieces ranging in size from between
5to 15 cm. In our initial recommendations to the Ministry of Fisheries we suggested that the
scale of coral harvesting for the aquarium trade would amount to a tiny fraction of the total
coral cover at Tongatapu. We recommended an initial export maximum of up to 200 pieces of
live coral per week per company, with the possibility of a limited increases of between 10 and
20 per cent of this maximum after a one year period, subject to review by the Ministry of
Fisheries. We further recommend that the cora pieces be no larger than 12 cm in width or
maximum diameter. To put the live coral harvest in perspective, the total reef area around
Tongatapu is at least 100 ki’ in extent. If both export companies harvested the maximum 200
pieces of coral per week, than this would represent an area of around 0.002 kim?/yr or 0.0043
kn” if all five export licenses were currently active.

Our information on reef composition at the 45 stations where transects were conducted is
restricted to observations on the percentage of coral cover over the underlying substrate and
will be reported on in detail in a supplementary report. According to a conservative estimate
from preliminary figures extracted from the data, live coral cover ranged from O to 75 per cent
with an overall mean of 13 per cent (Appendix 11). We do not have any information on the
composition of the coral species forming the reefs at Tongatapu, not or the densities,
abundance and distribution of these component species. This is important as the extensive reef
areas to the north of Tongatapu are used not only by the aquarium industry but by fishermen
and by tourists who come to dive and snorkel among the cora formations. As this level of
detail on the reef structures at Tongatapu is lacking it is understandable if the Ministry of
Fisheries may be reluctant to permit live coral harvesting, without having information available
to respond to any concerns about live coral removal and to manage the harvesting of live
coral.

We would therefore strongly recommend that a follow up survey be conducted at or near the
stes where transects were conducted in this survey by a cora biologist so that more
quantitative information on coral composition, densities and distribution can be obtained.
Further, the areas that are used by the tourist industry for diving and snorkeling should be
clearly defined so that coral collecting activities, should they be permitted, will be proscribed
from those locations. Other guidelines for the harvesting of corals are given in the publication
"Environmental Guidelines for Reef Cora Harvesting Operations' published by SPREP (Wells
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et a 1994). We recommend that the guidelines listed in this document for safe coral
harvesting form the basis for management of aguarium coral harvests on Tongatapu.
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Figure 1. Map of Tongatapu Island and associated reefs showing sampling locations for
UWC transects Sampling locations overlap areas most frequented by
afquarium-fish fishermen
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Figure 2. Monthly export volume of fish, invertebrates and 'live rock'
by the aquarium trade in Tongatapu
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Figure 3. Per cent composition of aquarium-fish exports by
number from Tongatapu between 1995 and 1996
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