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; Robert Di Gillett 
FAO South Pacific Regional Fisheries Development Programme 

Suva, Fiji 

In May 1985, in conjunct ion with t h e C b ^ o r d i n a t o r : o f the UNDP 
I n t e g r a t e d Ato l l Development Pro jec t the a u t h o r p r e p a r e d a l i s t of 
po ten t ia l development projects re la t ing to.the;marine resources of Fakaofo 
a t o l l . One suggestion was that the; Tokelau Department of Agr icu l tu re and 
F i s h e r i e s consider: in t roduc ing t rochus to Fakabfov In January 1986, 
Tokelau a u t h o r i t i e s . i n d i c a t e d tha t they wished to^proceed with such a 
projec t . The subsequent trochus introduction was performed in March 1986, 
funded by the Integrated Atoll Development Project and carried out by staff 
of the South Pacific Regional Fisheries Development Programme with the help 
of the Tokelau Department of A g r i c u l t u r e and F i s h e r i e s and the F i j i 
F isher ies Division. 

Previous attempts to introduce trochus to various Pacific Is lands are 
l i s t ed in Table 1. The transplantat ion from Palau to Truk was observed for 
5 years before i t was judged-to be a success:(McGowan 1958). Based on this 
and other trochus t ransplants , McGowan (1958) s ta tes tha t the "introduced 
animal and the i r progeny musit not be disturbed for a period of at l ea s t 5 
years" . In the Cook Islands about 3 years elapsed before i t was evident 
that the stock transferred to Aitutaki was breeding (Devambez I960)* Eight 
y e a r s l a t e r s t r o c h u s were d e s c r i b e d as p l e n t i f u l (S ims 1 9 8 5 ) . 
T r a n s p l a n t a t i o n s from A i t u t a k i to Palmer-ston Ato l l in 1981 and 1982 
resul ted in "abundant" quant i t i es by 1984 (Sims, pers .comm.) . With the 
exception of the work done by Sims in the Cook I s l a n d s , the technica l 
de t a i l s of'previous trochus transfer operations were not available for the 
present; project . 

Extreme caution should be exercised when considering the in t roduc t ion 
of an exotic species to an area . The decision to proceed with the Tokelau 
t ransplantat ion was based on discussions with trochus experts , a review of 
the l i t e r a tu r e on trochus introductions, and a consideration of h i s t o r i c a l 
information. 

In the preparatory phase of th is project discussions were car r ied out 
with 12 people who were knowledgeable about t r o c h u s a n d / o r t r o c h u s 
introduct ions. Included in th i s group were i nd iv idua l s who have voiced 
concern in the past over the unrest r ic ted movement of b i o l o g i c a l mate r ia l 
between Pacific Is lands. Based primarily on h i s t o r i c a l experience these 
au thor i t ies did not feel that the transfer of trochus 400 miles eastward of 
the limit of i t s na tura l d i s t r i b u t i o n would be b i o l o g i c a l l y harmful to 
Tokelau. 
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TABLE 1: PACIFIC ISLANDS TROCHUS INTRODUCTIONS 

Date Details Source 

Before 1927 

1927-1931 

Palau to Truk 
Palau to Ponape 
Palau to Truk 

1937 

1939 

1939 or 1940 

1939 

Palau to Phoenix Is. 

Palau to Saipan 
Palau to Ponape 

Palau to Satawal 

Yap to Uiithi 

Palau and Yap to various 
sites in Caroline Islands 

1939 

1940s or 
early 1950s 
Early 1950s 

1957 

1957 

1958 
1958 

1959 

1963 

1963 
1964 
1 

1981-1983 

Palau to Jaluit 

Ponape to Kosrae 

Saipan to Guam 

Fiji (Viti Levu) to 
Aitutaki 

Vanuatu to Tahiti 

Fiji to American Samoa 
New Caledonia to Tahiti 

Ponape to Kosrae 

Guam to Hawaii 

Tahiti to Moorea 

Tahiti to Raiatea 
TahititoTuamotu 
and Austral Is. 
Aitutaki to Southern 
Cook Islands 

1982 

1984 

Aitutaki to Rakahanga 
and Manihiki 

Yap to Outer Islands 
Yap 

Unsuccessful attempt 

Total of 6 724 shells transferred in bait 
wells of skipjack boats; 5 years elapsed 
before judged successful. First harvest 
1939, greatest annual harvest (1952) 
230 tons 

No details of transfer available; 1986 status 
unknown to Kiribati officials 
2 974 shells transferred; 
6 745 shells transferred; greatest harvest 
(1951) 180 tons; 
5 000 shells transferred; success not known 
Very successful 

Japanese Govt, and private companies 
transferred shells to many islands including 
Ngulu, Ngatik, Mokil, Pulawat. Transfers to 
Sorol, Woleai, lfaluk, Kapingamarangi, and 
Nukuoro not successful 

Shells transferred to other atolls of the 
Marshalls including Majuro and Ailinglaplap; 
transfer to Ebon not successful 

Unsuccessful operation 

Shells transplanted by two fishermen; very 
successful 
2 transfers; one in sea water, other damp in 
crates (40 shells), seaplane used; trochus 
population plentiful in 1965. First harvest 
1981 (200 tonnes). 

1 200 shells shipped in circulatory water 
tanks. 40 survived the 15 day trip 
No details available 
40 shells transferred by aircraft in damp 
sacks. First harvest 1971; greatest annual 
harvest (1973) 261 tonnes 

500 live trochus released at 13 locations 
1967 survey showed trochus surviving, but 
no indication of reproduction observed 
No details available 
No details available 
No details available 

Palmerston Is, 3 000 shells transferred, 
abundant, at date of report. Manuae, 500 
shells, status unknown ;Mitiaro, 300 shells, 
rare/extinct; Atiu, 300 shells, rare/extinct; 
Mangaia, 300 shells, rare; Rarotonga, 200 
shells, rare/extinct 

Shells carried on deck in wet sacks. 
Unsuccessful; all dead before arrival 

12 attempts including air drops; 2 were 
successful; more planned for 1986 

McGowan 1957 

McGowanl957 
McGowan 1958 

Bour et al 1982 
Onorio, per. comm. 
McGowan 1957 
McGowan 1958 

McGowan 1957 
McGowan 1958 
McCoy, per. comm. 

McGowan 1957 

McGowan 1957 
Bour et all 982 

McGowan 1958 

Smith, per. comm. 

Van Pel 1957 
Devambez 1960 
Sims 1984 
Powell, per. comm. 
Yen 1985 
Yen per. comm. 

Bour et a l l 98 2 
Van pel 1957 
Anon. 1972 
Powell 1960 

Gawel 1982 

Kanayama 1967 

Anon. 1972 
Anon. 1972 
Anon. 1972 

Sims 1984 

Sims 1985 

Gawel 1986 

. . . . (continued) 
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TABIJE 1: PASMc KiLANtis TROCHtJS t̂ Tl&DUCTidNS^CONTINUED) 

Date Areas Details Source 

1985 

1985 

1986 ",}i ;:!; 

1986 

Aitutaki to Northern 
Cook Islands 

Fiji (Viti Levu) to 
Funafuti 

Perirhyn, 439 shells, carried 6 days,,in.b,ait .. 
tanks; Manihiki, 398 shells, carried %'days 

•,-!:"',i Mb'ait^ta'nk'; Rika'h^hga, 693 shells, darned' 
;'' •• -10 days iii1 bait tankjPukapuka, all dead, 
'• ' jleSMedl;3jaay:sriiri'bait;tank 

' ' '181 shells transferred in 3 air shipments; 
successful; larger transfer planned 

' \Aittitakito Northern 
" Gook IslandsVi i: J '"'•• 

Fiji (Viti Levu) to 
Tokelau 

, Sims 1985 

Parkinson 1984 
Pita 1985 
'Adams, per. corhm: 
Batty, per. comm. 

:Dashwood, per. co'rhm. :k"200r'trb'chus'shipped using flooded'skiff"' 
!' on domestic vessel/ Very good survival rate' 
. J,Q2,9 ishells transferred.; 5 84 sent by ..ship .via t Present report 

''Western Samoa; 161 flown to Western Samoa 
to join dr-igihl-l-,shiprrieht;284 subsequently ; ' ' 
air-dropped from military aircraft after direct 
flight Suva-Tokelau. 

Parkinson (1984) d i scusses the concern over the e f fec t that a t r o c h u s 
i n t r o d u c t i o n would have on the, indigenous fauna and e n v i r o n m e n t . On t h e 
b a s i s of h a b i t a t , d i e t , and o t h e r 1 f a c t o r s , he c o n c l u d e s t h a t a , t r o c h u s 
in t roduc t ion , would "not be de t r imenta l , i f . c a r r i e d ou t " . I t was repor ted .by 
McGowan (1958) t ha t in the 1920s the s c i e n t i s t , Asano, " a f t e r several years 
of r e s e a r c h " decided t o p r o . c e e d w i t h a t r a n s p l a n t a t i o n of; t r o c h u s from 
Pala,u to iTruk. McGpwan h imse l f , , af t^rr ,s tudying t rochus fpr^two and a h a l f 
years in Micronesia , ^concluded!: t h a t .^attempts' shou ld be made to i n t r o d u c e 
tf/Ochus t o areas where i t does not ; e x i s t (McGowan 1958). 

T a b l e 1 l i s t s a p p r o x i m a t e l y 4'0 f t r o c h u s i n t r o d u c t i o n s i n c l u d i n g 
t r a n s f e r s : to : t h e n o r t h , s o u t h - e a s t , and w e s t of. Toke l a u i N e g a t i v e 
r epe rcuss ions of thjese . in t roduct ions , , , have not been noted with . the p o s s i b l e 
excep t ion of the suggest ion: by Sims.;' ( 1984) t h a t on A i t u t a k i t r o c h u s may 
compete' w i th - t he green sna iT . Tu tbo ' se tosus ' . This s n a i l s p e c i e s , however , 
i s not u t i l i s e d by Fakabfd r e s i d e n t s ' (Toloa,1 pers.commv). Biscuss ions wi th 
l o c a l r e s i d e n t s ; and f i s h e r i e s o f f i c i a l s in o t h e r , t r o c h u s r e c i p i e n t 
c o u n t r i e s of the Federated 'States; of 'Micro'hesia, French Polynes ia , Guam and 
Tuvalu f a i l e d to uncover addi t iona l f ide t r imenta l e f f e c t s ! Ota ithe c o n t r a r y , 
l oca l enthusiasm for secondary tr.Qch.us, t r a n s p l a n t s w. i th in t h e r e c i p i e n t 
country , , in some case decades a f t e r .the o r i g i n a l ope ra t i on , ;gave support to 
the p ro j ec t t o t r a n s f e r t rochus to Tokelau. . •, 

P l a n s f o r t h e a .c tua l . t r o p h u s t r a n s p o r t a t i o n . w e r e ^ f o r m u l a t e d 
a n t i c i p a t i n g major d i f f i c u l t i e s . I t can be seen tha t many of the p r e v i o u s 
t r a n s p l a n t a t i o n s l i s t e d i n Tab le 1 ended in f a i l u r e . F u r t h e r m o r e , t h e 
Tokelau opera t ion was viewed as being l o g i s t i c a l l y more d i f f i c u l t t h a n any 
ope ra t ion attempted to da t e . There i s no a i r c r a f t s e r v i c e t o Tokelau and 
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the only direct shipping service is to Apia, where t rochus do not occur . 
This would necessi tate a long period of shipboard t r a n s i t for t h j t rochus 
during which they would be subjected to the a d d i t i o n a l trauma assoc ia t ed 
with large sa l in i ty fluctuations in harbours. 

Considering the above d i f f i c u l t i e s , and the pauc i ty of d e t a i l e d 
technical information on previous trochus t ransplants , i t was thought t h a t 
a "buckshot' approach to the Tokelau project would be b e s t . Accordingly , 
i t was planned that the trochus would be t r a n s p o r t e d us ing a v a r i e t y of 
techniques to minimise the r isk of a major d i sas t e r . Another advantage of 
t h i s approach is t ha t i t would give a d d i t i o n a l i n s i g h t i n t o t r o c h u s 
mortality which could be useful for future t rochus t r a n s p l a n t s in o ther 
Pacific Island countries. 

Two si tes in F i j i were chosen for the t rochus c o l l e c t i o n o p e r a t i o n . 
Nukubuco Passage and Namuka Passage are located r e spec t ive ly two n a u t i c a l 
miles southeast and six miles west of Suva point . The areas were s e l ec t ed 
more for their proximity to the main wharf a t Suva than for the abundance 
of trochus. Diving was carried out during four expeditions; the f i r s t was 
a two-day t r i p by seven divers using the M/V Sasalu ni Waitui (11 GRT) and 
an eight metre ski f f both belonging to the F i j i F i s h e r i e s D i v i s i o n . 
Subsequently, eight to fourteen divers made three day-tr ips uBing only the 
skiff. During the f i r s t diving t r i p , 584 trochus were collected (7 trochus 
per man-diving-hour) and during the l a t t e r t r i p s , 161, 160 and 124 t rochus 
were collected (5, 4, and 3 trochus per man-diving-hour). 

•* 

Figure 1: Trochus shells in wet tanks 
on route to Tokelau. 
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,.•;-;, The i f i r s t ) ind ica t ion : .that the ;1958 Cook >l&lrand •fcrqchuia t r a n s p l a n t was 
a uguccese 'came from i e n g t h .firequeincy.; i n f o r m a t , ion ; :i(iD;e,vambezi-i960i.)^ 
Accordingly al^-;,slielIs - co l l ec teda in t h e p r e s e n t opera t ion . ,we r e ' m e a s u r e d ; 
tw ice . Only those l a rge r than „ 8cm were re ta ined^, ; ->j ;H ^J.\'\\ •••:,.• i:.-'i'••;•. 

ThesiM/Wi "Wair.ua "j a. passenger /cargo? vesse l sof; 617 tonnes is . ; r o u t i n e l y 
cha i r t e r ' ed ihy t h e Ttokelaul A d m i n i s t f a t i o T t i t o ; p r o v i d e ; s h i p ttransporit , ; t o 
T^okeiauV aBased in:^Biji;,i theo'^air jua " /normal ly d e p a r t s ;Suva!;.pf i o f ot-ovthe 
contract : ; pe r iod , -Arr ives ; in /Apia* embarks >pass:engerS)^and;5 cairgOjianiuthein 
proceeds, tohlokeliau^ With jfchecoqperatioii iof the vessel,^owners;,, t he v e s s e l 
schedule; was Al t e red ;to: a l lowia [ c o n v e n i e n t c o n n e c t i o n w i t h A h e a i r c r a f t 
Service- between; ' F i j i and Apia-:.; :•.-•. Ji;"1 -• o': I;!.iv:::; v?.l / i .;-'• •...; . .f ""..; .- ;-•(-• 

In March, s i x d i f f e r e n t methods of t r a n s p o r t i n g t h e t r o c h u s were 
u t i l i s e d r s i m u I t a n e p u s l y a ; JFour of.: t h e methddsj-ut i l iz 'ednjshiip t r a n s p o r t 
e x c l u s i v e l y ir t i i iertVo invo lved /a .;c.omhina£io;naof airmahd ^ s h i p p i n g s e r v i c e . 

l)i . The. alumitiium sk i f f iof \the ;Mairua"^w#s::vigOrous;ly cleaned by •<•• 
;, ajwork gang. for severa l ;ho,urs.j-placed-on decki and flooded by the 

••••., ' s h i p ' s 'f ire'jhos,e^ ; ! Tlie w^ter . f low of '• about 2 5 ^ l i t r e s per ;m'inu.teij • 
, .; continuous; thrQughoutj, the, e n t i r e - v'oyrage j ; was d r a i n e d by -brothia 

plug a t the base of! ther-tSransom and by J lowi over; the ; ; gunwales ; 
. , ; One group of itjroqhus was ,placed i n - t h e skiff during the voyage. 

2) A second group of jtrochus, was c a r r i e d iri four shallow wooden 
boxes (100cm x 100cm x 20cm), l i n e d w i t h t h i c k p l a s t i c shower 
c u r t a i n m a t e r i a l and f l o o d e d w i t h w a t e r u s i n g t h e s h i p ' s f i r e 
hose a t a flow r a t e somewhat r educed from No . l above . Water 
flowed out over the top edges . 

3) As t h e r e was some c o n c e r n over t h e e f f e c t t h a t the s h i p s 
bronze plumbing system would have on the t r o c h u s , a t h i r d group 
of an ima l s w e r e p l a c e d on 3 p l a s t i c t r a y s (60cm x 60cm, 
per fo ra ted on the bottom with 0.5cm diameter h o l e s ) . The 3 t r a y s 
were p l a c e d i n a s p e c i a l l y c o n s t r u c t e d box . Each t r a y was 
covered with a bur l ap sack and, a l t h o u g h r e f e r r e d t o a s " d r y ' , 
was soaked a t l e a s t once per hour by w a t e r o b t a i n e d by p l a s t i c 
bucket d i r e c t l y from the sea (not from the s h i p ' s plumbing). 

4) Recognizing tha t the new plywood used to; c o n t r u c t t h e above 
box may c o n t a i n p r e s e r v a t i v e s t o x i c t o t r o c h u s , one t r a y of 
t rochus ( i d e n t i c a l to. those above) was kept on deck s e p a r a t e l y . 

5) Because of- the long ship t r a n s i t pe r iod , ( f ive and h a l f days 
from Suva t o Fakaofd,) t h r e e p l a s t i c t r ay s Of t r o c h u s were s e n t 
by a i r c r a f t tp Apia. These t rochus were c o l l e c t e d 3 t o 4 days 
a f t e r t h o s e Which d e p a r t e d Suva aboa rd t h e " W a i r u a " . Upon 
a r r i v a l in Apia t h e y were p l a c e d i n t h e f l ooded s k i f f of t h e 
"Wairua" w i t h t h e o t h e r t r o c h u s . One hou r t h e r e a f t e r t h e 
"Wairua" depar ted Apia for Fakaofo. 

http://Wair.ua
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6) Aquarium f i sh are r o u t i n e l y shipped from F i j i t o Nor th 
America and Europe, after being placed in p l a s t i c bags (33 x 22 
cm) containing seawater and oxygen. Using the same technology, 
one group of trochus was a i r f re igh ted along with No.5 above to 
the Wairua in Apia and was l iberated from the p l a s t i c bags j u s t 
prior to placement on the reef at Fakaofo. 

During the above ope ra t ions personnel f ami l i a r with t r o c h u s b i o l o g y 
selected the precise reef areas most appropriate for the placement of these 
t r ochus , and of any fu ture l oads . I t was t he re fo re p o s s i b l e to take 
advantage in June of an offer by the New Zealand High Commission and the 
Royal New Zealand Air Force to airdrop trochus at Fakaofo. Late in May the 
author was notified that a Cl30-Hercules a i rcraf t would be made a v a i l a b l e 
to fly trochus d i rec t ly from Suva to Tokelau. Trochus, both on "dry" racks 
and in aquarium bags, were packed in to a padded c r a t e (90 x 90 x 90 cm) 
which fully loaded weighed 200 kg. The load was dropped using two T7-Alpha 
parachutes at an a l t i tude of 100 metres while flying at an airspeed of 125 
knots. Twenty three men in three boats were awaiting the crate at the drop 
s i t e . 

Both the a i r and surface shipments were accompanied by the au thor and 
other personnel involved in the project . All con ta ine r s were covered to 
reduce the detrimental effect of sunshine, r a i n , and dust con tamina t ion . 
The trochus were r e g u l a r l y i n spec t ed . Dead t rochus were removed upon 
detection and measured before being d i sca rded . S a l i n i t y was monitored 
using two hand-held refractometers. In the event of a l a rge decrease in 
s a l i n i t y , common in both Apia and Suva h a r b o u r s a f t e r r a i n s t o r m s , 
contingency plans were formulated which involved carrying large amounts of 
oceanic seawater aboard the "Wairua" in p las t ic bins . 
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Figure 3: The transport scheme from Fiji to Samoa and Tokelau^ 
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Table 2: Mortality of trochus during transport to Tokelau. 

Method 

Shipboard: Flooded skiff (1) 
Flooded boxes (4) 
'Dry' tray in box (3) 

'Dry' tray on deck (1) 

Air/Ship: 'Dry' tray/ " 
flooded skiff (3j 
Plastic bags 
(water & Oxygen) (21) 

Air: 'Dry' tray (2) 
Plastic bags 
(water & oxygen) (80) 

Total 

Approximate 
number of 

shells 

153 
285 
108 

38 

140 

21 

204 

80 

1029 

Time 
held 'dry* 

6hrs 
6hrs 

133 hrs 

133hrs 

13 hrs 

4 hrs 

28 hrs 

3 hrs 

Total-time 
from capture 

to release 

134 to 164 hrs 
134 to 164 hrs 
None released 
alive 
None released 
alive 

66 to 69 hrs 

66 to 69 hrs 

SO to 80 hrs 

50 to 80 hrs 

Number 
dead 

3* 
7* 

108 

38 

0 

0 

1 

0 

159 

Mortality 
in percentage 

1.9 
2.4 

100 

100 

0 

0 

0 4 

0 

15.4 

* Some additional mortality may have occuied due to escape and/or poaching. 



43 

Figure 3 depicts Tokelau in r e l a t i o n to Western Samoa and F i j i and 
shows deta i ls of the transport u t i l i zed between these areas . Table 2 gives 
de ta i l s on the trochus mortality during transport to Tokelau. In summary, 
methods which involved car ry ing t rochus in f lowing wa te r were v e r y 
successful. Only 10 of these animals died and t h i s was p o s s i b l y due to 
escape onto lead-based paintwork. The 21 t rochus t r a n s p o r t e d "aquarium 
fish s ty le" survived the 35 hours in the p l a s t i c bags wi thout m o r t a l i t y . 
93 per cent of the trochus held "dry" in t r ays survived 72 hours out of 
water. The remainder of these animals died between 72 and 96 hours. 

The s i te for trochus implantation in Fakaofo^ known as Tulua Fatu, was 
selected considering the presence of typical trochus habi ta t , distance from 
the population centre, reef and currents . Trochus were placed on smooth 
coral areas both on top of the reef f l a t and deeper in the surf zone in 
approximately two to three metres of water. 

Concluding Remarks 

In the project over 800 l ive trochus were t r ansp l an t ed from F i j i to 
Fakaofo. The number to survive the journey was in excess of twenty times 
the amount to survive previous transfers to the Cook Islands and to French 
Polynes ia , both of which r e s u l t e d in t h e e s t a b l i s h m e n t of t r o c h u s 
f i she r ies . 

F i s h e r i e s o f f i c a l s in o t h e r P a c i f i c I s l a n d c o u n t r i e s who a r e 
contemplating a s imi la r t r a n s p l a n t a t i o n should make an i n d e p e n d e n t 
assessment of the des i rab i l i ty and impact of such a p r o j e c t . They should 
also be careful not to underestimate the amount of work involved. Several 
weeks of advance prepara t ion were necessary and for the ac tua l t rochus 
col lect ion, over 195 man hours were expended on diving. 

Transportation of trochus aboard non-specialized vessels using simple 
flooded tanks appears pract ica l for fu ture voyages of l e s s than 6 days. 
Trochus transport on "dry" trays is not recommended for t r i p s in excess of 
2 days. The use of p las t i c bags and oxygen is promising and has advantages 
with respect to quarantine regulations when t ransi t ing other countr ies . If 
the placement s i te can be selected beforehand, if re l iab le ground crew are 
avai lable, and if transport is provided free of charge, parachute dropping 
is idea l . 

A complete r e p o r t of t he t r a n s p l a n t a t i o n w i t h b i b l i o g r a p h i c 
information is available from: South Pacific Regional Fisheries Development 
Programme, UNDP Private Mail Bag, Suva, F i j i . 
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