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Sumimarny

A threc -month pilo! study of ormamental fish species collected by Walt Smith International Lid
in Fiji was cartied oul in order to examine the sffacts of fish collection pressures on the res!
populationz, A method and species list for underwater visual survey was purpose-designed
and lested.

A comparison was made of:

o Sites whare fish were routinay coliected

© MNeighbouring siles subject o similar siresses but where fish were not collected
o Physicaily similar sites remole from the collection zone

o Physically dissimilar sites remole from the collection zone

Fish populations on Collection sites wers found to be lower than in Noncollected aveas,
indicating that collection pressures may be affecling populations of certain species.
Improvemenis (o the survey lechnique fo improve slatistical significance are recommended.

A revised survey technique is suggesied by which fish on geographically remote and
physically dissimilar reefs across the country could be compared to the family level,

A list of 10-15 key species identified as relevanl to each area could be used as a reasonable
basis for fulure specific area monitoring

It s recommended that closure of a coliection site and subsequant re-surveying be used fo
determine the amoun! of recovery lime needed for populations of key species o retum lo
levels found at nearby Mon-collecied sites. This would be importan! in the formation of a
management plan based on site rotation.
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The giobal trade in omamental marne organisms for aguanum use is a growing one. Many
countries with extensive coral reef systems are exporting corais, fish and other organisms o
developed nations for hobby and public aguariums.

Figu=1 Marine Aguarum Counci map of chief exporiers and importers of Marne

Global Trade in Marine Aquarium Organisms

SUPFLY MAREET
- i L ) .

The major Importing Countres are primarily the USA, Japan and Europe (Biue),
The largest Exporting Countnes are primarily Indonesia and Asia (Dark Oranga)
The lange Exporting Couniries are primarily Ausiralia, Brazil, Florida USA, Hawaii and Fiit (Pink)

The medium to small Exporting Coundries are pimarily Africa, the Middie East, Central and South
Amenca, and other South Pacific Island Nations (Pale Orange)

Whils this Irade is commonly associaied in many pecple’s minds with the Philippines and
Indonesia, it is growing in the South Pacific;, and Fiji is one of the larger exporters in the region,
along with Hawail. Omamental Reef Fish for ratail to the Aquanum Trade overseas have been
collected from Fiji's reefs for over 15 vears (Lovell 2001}



Figure 2 South Pacific. (MAC websile)
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Collection ficenses in Fijl have been basad on fshing permission fron the local landowners and
Fiffs government Fisheres Authority. The limis on amounts of organisms collecled or exporied
have been determined by demang and airline freight avallapiity. Untii recently, there have been
no swdies done !o establish the effect of such colleclion on Fij's reeT popuiations, or the
sustainable limis of such collection. Rlecords of catch and sales have bean the only measure of
populations.

There are now serious concems about the health of the world's coral reefs, and the pressures

being exerted on them (Wilkinson 2000). One of thess pressures ks the collection of orgatisms for

the Aquarium trace, which is coming under scrutiny. (Birkeland 2001, Lieberman el al 2001,

McManus 2001, Moare ot al 2001, Spruill & 21 2001). CITES (the Convention on the International

Trade in Endangered Species of Wild Flora and Fauna) is coming inla play to control the amount

Lhaﬂmﬂﬂﬂﬂmmwmmmmm.m‘ESMnuMmm
fish.

The Marine Aguarium Council (MAC) Is working on voluntary certification to encourage the use of
sustainable collection procedures and fo minimise wasteful practices. Aquarium  trading
comnpanies In Fiji are cumently working lowards MAC certification, and the Depariment of
Fisheries is considering making MAC cerification a requiremen! for coliection licenses. (MAC
website and guarierdy newslatter)

A study and managemen! plan for corals and invertebrale animais is being camied oul by Ed
Lovell on reefs harvested by Wall Smith Intermational. (Lovell 2002)

This study iz a first look at the effects of pollection on the populations of collected fish spedes an
reaf aneas where regular collection iakes place, and a test of effective survey methods.
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Mgthods

The surveyers went I four regions of Fifl over a pedod of three months. Three weara resar
areas where thay wenl out on regular dive excursions. In the region used for fish collection,
they went oul on regular fish collection trips, and on non-collection days they were taken to
reefs used for coral collection, farming, and live rock cullure, where fish wene nol collecied, At
the fish callection siles, fishing took place at the same time as surveys, but in different areas
of the reaf. During the pericd of the study, the surveyors also observed the regular collection
methods used by ithe fish harvesters al Wall Smith Intemational Lid.

Collection methods

Betwean 2 and 4 colleclors usually collected fish 2 3 days a week on SCUBA or Snorkel,
usually no deeper than SN. Divers made two 2-hour collection dives a day. They usualy werg
lold by the warehouse which species lo target 2ach day, but would collect others which were-
regiriaty demanded.

Fish were collected using one of two methods depanding on habitail. Hand nets were used to
collect smafl fish that live close to the sea bed, and larger nels weighted al the boflom with
fNloats at the top to trap fish thal swim more actively. In both cases fish were chased info the
nets using hands or slicks. These methods are not unduly destructive, although there is quite
a high level of hand contact on living coral.

Puisons and blasling are not in use, and the hand collection, when carefully done, did not
appear lo causa undue environmental damage or death of fish.



Eigure 4_Collector wsing hang_ el

This method is used for the majority of
fish enflecied,

Collector lays handgnel against sea bed
and uses hand or slick to chase fish into
netl. Usually only one fish at a bime is
caught thes way.

Figure 3 SCUBA diver fully

Bucket for fish slorage and
acclimatisation after collection.

Float net for collection of free-
SWINMINGG Species

Handnel and pots for collection of
ruibble dwelling species

iing foat pet
(From Philippines, photo by Gary Brasch, MAC
brochure)

Collector herds fish inle semicircular nel laid
betwsen coral heads. Several freeswimming
fish at a time are caughi this way.

The fish remain
in thaese pots
(with holesin
the: sides for
waler
circulation)
inside the nets
1o presvent
aescape wihile
the collectors
continue lo fish.



Figure 7 Undwrwaler slomge during coliection
Fish are transferred lo a bucket with a mesh tap
and a zip closure lo prevent escape while
collection continues. They rermnain in the bucke!
o acclimatisa untii the boat leaves.

Figure 8 Newty caught fish in lank

The fish are slowly raised lo the
surface o allow decompi2ssion, and
poured into tanks on the boal for
transpori hack 1o the wamrehouse.

Figure @ Tanks ai the
WHrehouse

Back in Lauloka, the
fish &re placed into
holding  tanks until
shipmenl.

At this point the catch is
recorded and logged,
and the colleciors are
paid per fish.
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Collection records

Walt Smith intarnational complled collection and salas figures for the year to date. Collection
figures are kepl in a daily log as sach cellector brings in fish. The surveyors also kept records
of fish taken during the days they were on the boats.

Underwater Visual Survey

The main effort was directed lo performing underwater censuses of fish populations along
measured and timed transects on reefs where fish wera regutarly collected (Collection siles),
and mel whare fish coflection was nol done (Non-collection sites).

Surveyors used SCUBA equipment and a list ol species based on the most commonly
collected species, Fish identification guides for use underwater were developed based on this
spacies list. {(Mohajerani et al 2001) The basic method was a modified version of MACTRAQ.

[be?sm 2001) Reaf Check surveys were used to characlerise each reef area. (Hodgson
2002

1



As the majority of fish collection takes place at shallow depths (less than 6M) surveys wers
done between 3 and 5M on most sites, If the site was deeper than thal, surveys were done at
convenen! depths and this fact was recorded.

Surveyors were students from a course in Aguatic Ecotechnology from Hogeschool Zeeland
course, who were in Fiji for 3 months. They were lrained in Reef Check technigues by Helen
Sykes (Fiji Reel Check co-coordinator).

A lamingled sheel with piclures of the species selecied for survey was prepared for
assistance with underwater identification, using lllusirations taken from the Reel Fishes of the
World guide, with the kind permission of the author, Ewald Lieske. Assessing fish sizes and
numbers in a moving school was practiced using the holding tanks al Walt Smith

Internalicnal.

Aller 3 weeks practice surveys and with the assistance of the underwaler sheet, the
surveyors were making identifications with confidence and accuracy. They then spenl 2
weeks moving around ressrs honing thelr skills and making small-scale surveys, before
doing 4 weeks of solid surveying at the collection areas, on which the main pari of this study
is based.

Reef Check characterisation

GPS coordinaies and reef name werne recorded.

Site Descniplion was made - deplh, visibility, currenl, reel type, lemperalure, compass
chirection, azsessment of impacts.

Four replicale Resf Check Transects were mcorded for each sife -

o 20m point fransect for Benthic cover,

@ 20x5m bell ransect for selected invertebrates,

o 20 x 5 x 5 m 3-D corridor beli ransaect for selected fish species.

Survey of Omamental Fish Species:

20 x 5 x 5 m belt transects ware surveyed. The initial transect was done along a laid 20m
tape, and timed. Subsequent surveys at thal sile on thal day were carmied oul as timed swims
of the same dumticn, usually 10-15 minuies. (Bohnsack 1995, Cheal and Thimpson 1987,
Howdgson of al, Smith at al 1998)

The surveyor swam slowly along the transect, siopping al regular intervals to count fish and
allew crypiic species to come out of hiding. Size and abundance d sach species on the
survey werg recorded. The number of lransects was determined by the accessibllily of the
site,

if fish collection was going on during the survey time, the survey was done in an area away
from where the colleciors wers working. If the site had just been harvested prior o the survey
time, it was recorded in the site description

When collection had been taking piaca, the fish species, numbers, and sizes of catch wers
recorded.

12



Iable1,  Fish species sunvayed.

This list was bezed upon the list Wall Smith Intemational gives to its collectors. While other
species were occasionally collected, lhis list represents the commonest species that are
taken from the reefs in the Lautoka area. Butlerflyfish were excluded from this survey for two
redsons.
o They are not regulary collected, only when a specific order is made
© They are covered as a group in the Reef Check survey

{" R = Rawiraki, Crystal Divers and Wananavu B sach Resort: M = Mamarucas, Coral Cay
Cansarvation, Subsurface Fiji and Beachcomber |sland Resort; 5 = Savusavuy, Jean Michel Cousleau
Fiii Islaras Resor,
L= Lauyloka, Wak Smith Indarnational Lid.)

Family Speches Actually
Scientific nams Divars Aquarists found on
COMMMo CIam e COMMaN name sSurveys®
Angaifish Carlropyge bicolor Bicolour angel Bicoclor angel R, M. 5
Canfropyge bispinosus &ESpine angel Coraf beauty R.M S5
Centropyge flavissimus Lemon pael a@ Lamon peel R.M 5
Fomacenihus imparaior Emparor ange’ Imperalor angel M, L
FPomacaalhus semicircwlatus | Semicincle angel Koran angel
| Buttertiyfish | Hamiochus acuminatus Longfin banner B/ haniochs .M. L
Hemochus chrysosiomus Pannant bannar Feather fin ML
heniochus
Heniochus vanus Humphead Gannar brown henioehes B M5,
[ Surgnonfiah | Zebrasoma veMerdn iin tang Sailfin tang R, S5, L
" | Acanthiunis pyrofards Mimic surgecn Mimic lang i
Clanochaelus strigosus Goldring brstisiocth False mimic fang RM.S L
“Fabblifsh Siganus Golalus PanciFsireaked raboil lue & goidline M S L
rabbitfish
BigEAUS USH Ulup) rabbir Fiji foxface RMS5. L
Uamaelflsh | Amphipnion cheysoplanis Cranga fin anemoneleh | Blue line cown M5 L
Amphiprion penderaion Pirk anemonelish Pink skurtk ciawn R.S, L
Armphoricn frenaius Tomalo anemaoneiish Tomato clown RMSTLT
Dascylius sp. Asst. damseliish Asst. damsel ]
Chiysiplars taupou South seas devil FHI denal’ R W3
Dascfits Brusnus Humbug dascylius Threestripe damsel | S
Dascyliis melanurus Blacktaled dascyllus Four-sinpe damsal
Amblygtyohidodon While belly damsel Goidfin damsal R.M S L
lalicogasier
Pomacentrus moluccensis Lemon damsel Gold gusky damsal
Chromis virdia Blue-green chromis Green chromis M5 L
Fomacentrus Bankanenss Speckiad darmsel Flame damsal R, L
Ambiyglyphidodon curacao “Staghom damsel Groon damsal 5
Da3cyllus timaculals 3-5pal dascyllus Deming damsel
Hormacantrus caerilous Caerulean damsal Ffi efecind damae! R MS L
Ambfyplyphidodon aureus Guolden darmsal Giant golden damsal | R, M, L
Chrysiptara talboll Talbot's demoiselle Fili yellow head RMS L
gameai |

13



I Dettybacks

FPseudochrmmis
novaeholandize

Multicoloured dotiyback

Red & green
dottyback

- -

Peeudochronns PO reUS

Magenia comyback

Mageania doqﬁ;'-b,adc

Sandperch Paraparels nebulosa Mebulgys sandperch Bar iaced weever M, &
I
Anthlas Seranocirhitys ialus Hawikfish anthias Flalhead bass
Wrasae Coris gaimard Yollow tai cons Rod corig [Juv.) 5
| Lons aygula Clown coris Twinspot wrasse :
o I Peeuduechedinus G-Line wrasse Hexitania wrasse S5, M L
| hexalagnia
I | Mecropharyngodon Leopar wrasse Leopard wrasse S. L
meleairs
| Novaculichthys laeniours Fockmover wiassg Dragon wrasse L
Thalassoma Mardwicke BHar wrazse Harchwicki wrasse R.MS L
| Thalazsoma iunate Moon / crescent wrasse | Lunare wiasse R.M, S, L
| Cheilinus spacies Flaral ‘wasse Loaf wragse _JR. M5, L |
[ Thalagsoma jansem JaEnsen's wrasss Jansan's wrasse R, S L
Steibiojuiis bandanensis Rad shoulder wiasse Maon wrasse R, S L
Epnbidus insidialor Slingjaw wrasse Sfing jaw wrassa R.M. S, L
Halichoarmes melsnurus Pingiriped wrasge Crangeling wrasse A, M.S L
| Hafichoerms nobilosus Mebulous wirasse MNebulous winsse M, 3. L
! Hemigymrws mefapterus Blackedge thicklip Haif & half wrasse M, S5 L
i . WIassa
| Caychedinus diasgrammus Bandcheek wrasse Bandcheek wrasse | S
Parroth sh Cefoscans hicolor Bicoloyr paro] Bicolour pamot M5 L
Goatfish Fanipeneus barberinoides Half and half goat Bicokpur goat M, 5 L
| Jacks ar Gorathenodon speciasus Golden travally Friot fish
i Trevalliox
Triggarfish | Rbinecanihius sculwatus Picassnfish Hurnuhumu Erigosr M, L
“Bream | Scolopsis bilinealtus Z-Line spinechaek Yailow scolopsus RMS. L
Scolopsis frenaius Brdled spinacheek Purpie scolopsus —
L |
Cardinalfish | Apogon yanusoma | Biacksiripe cardinal Orange line cardnal [ R.M, S L |
Sphauramia nematopiera Fajama cardinal Apogon cardina L __%
Pufferfish Canthigaster solarmdn Spotted toby Orange Lail Fij M, L
_ peffar
Aralfiron mapca Map putier Honey comb puffer ]
Arthran nigmpunclatus Biackspotted puffer Doglace puffer R, M, S. L
Divdor RISt Pareupinafish Dalmation puifer M
Lionfleh Plarcis volitans Turkey lipnflsh Volitan lien
| Plercis radiata Clearfin lionfizh Radiata lion M, &
| Bendrochirus zebra Zebra lionlish Dwaid lion

14



"Elennies Salarias fascalis Jewelled Blenny Algas blenny M, 3, L
Melacaminus ovalauensis Yeliow poisoniang Fiji canary TTIRM S L
blenny
Plagiutramus favus Polsonfang blenny Fi[l canary R.M5 L
mimic
| Azfrosalarias fuscus Highfin blenny Black blanay R,M, 5. L
Ecsenius ooulus Ocuiar blanny Evelash blenmy
Egseniys bicolor Bicolour blenmy \ealor blenny R.M 5. L
“Goblia Amblygobius sphyTit “Sphyrx goby Zebra goby M S L
| Gohiogon citrnus Citron goby Clown goby
' Armlilayaiooin: wheelen Wheeler prawn goby Wheeler prawn goby
Ambilygobnes rainford Ciel glory goby Rainford goby M S L
Ambiygehs sp. ed ooby sop. Assorted goby spp.
Vafenciennea sihgata Biuestreak goby Goid head sleepear
Valencieniad Jongipinngs Lenglinnad goby Tiger aleeper
Valenciennea sexguilala | 6-Spol goby Blue dot sleeper B, L
T | Nemalsieotrs fefitichi Helfrich’s darthish | Beifrichi frefish | |5
Arqblygobius phalfaanz Brownbared goby Ciragon goby 8, L
Arriblyeleoins stemiz) “Sieinitz” prawn goby | Orange bar goby M. 5. T

Mol all of these spedes werne lound during the surveys, or coliecied during the year.

A "commonness index™ was prapared by aliocating sach species an index nuimber relating
to the amount of fish that were saen Curing surveys.
1 = highes! number seen during surveys, £ = naxt highest elc,

A “collaction index"” was prepared by allocaling mach species an indax number relating o
the ameund of fish thal had besn collected over the year 2002 (January lo Oclober).
1 = highes! number collectad, 2 = nexi highest etc. Colleclion witnessed by surveyors was
examined in the same way, and found to reflect a similar collection indax rating.

From this, 14 "Key Species” of fish were selecled for indetall anatysis:

11 ware selectad becavse they ranked highly as most commonly seen during the
survays, and were also the most coliected or Fi} endemics.
3 anemoné Bsh species were selecied because they are of sedentary habitat and
villnerable 1o over collection.

o

o

Table 2 Commonngss and Collectinn Indices and Key Species identified.

T Spechs [ Commaon-"T Collection | Collectton | Idunilfled as |
Sciantific namg | MaRs on index by index by Koy Species
tranaect witnesssd | warehousa
indax" collection | records
Chrysinters fsupou 1 1 1 3
FPomacenirus caerseus G 10
“Cheysipters lalboll 4 5 == =
Pomagentrus bankanensis 7 34
Amblyglyplidodon aureus 30 ¥ 38
Amblyglyphidedon feucogaster 11 31 !
Ctromis windis ] 8 T j
Amblyghyphidedon curacao 3 25 t 1|




[Chromis widis 2 [:] Li
Ambiyglyphidadon curacao 3 25 T
Daszgyllus 5p. - 27
Novaculichiltys leemiournis 48 46

Chelinus spedes ] 33
Hamigymmns melaplens 13 46
Thalassoma hardwiche a7 B

 Preuduochellinus hexalsenia ] 46

| Thafassoma jansani 43 46
Macrapharyngadon meleagns 47 46
Thalzssoma funare 20 a6
Hallchoores nebulosus 18 27
slethofulls bandanersls 38 46
Halichoeres metanurus 5 3 21 ¥
Epibulus insidiator 36 40
Ecsanius mcolor 24 1
Astrosalarias fuscus 18 14
Meigeanthus ovalauenss i 2 2 t
Salanas lascialisg q 12 2]

"Sijanay daiatus iz 7 5 F
SIGENUS LSt kL= 12 T ]
Grathanodon speciosus - 9
Paraparmis nabulosa - 26
Scofopsis biinealus 10 23
Valanciennea sexguifala 32 ] 13
Valenciennea longipingis - 18 -

alenciennea stigala - ]

| Amblygobius phaiaena 28 24
“Ambiyeleolis slelnliz] 26 ar
Amblygobius minforo 16 4 4 ¥
Amblygobius sphyn 38 28
Amblygobi sp. - 43
Gobiodon oiftrinus - 10 16
Amibigyaleoins whealen - 44

enochaelus singosus 15 4
Zebrasoma velterim 21 17
Henfochus Geuminalus < I a1
Heniochus varias an i
Haniochus chrysosiomus 32 41
Sphasramia nemaicptara 23 22

Apcgon lyanusoma 38 15

| Arcthiron sigrepuncialus 38 31
Arothron mappa - 36 B
Diodan fisteix - a5
Canthigastar solandn 4 k] 3 I i
Parupeneus barberinoides 27 11 14

| Amphiprion chrysopfenss 43 FF . EE—
Amphipron pefderalon 43 38 T

mphipron frenais 33 14 12 T
Rhinecanihus aculealus 28 ;] 20 1
FPomacanihus semicirewalts 4z 48
Caloscanss bicokor 43 4R

[*— = Collected buf nol seen dunng surveys)
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Clgure 13 14 Key species - lilusirations couresy of Ewald Liesks
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South Seas Devil Talbol's Demoisalla Blue-Green Chromis  Staghom Damsel

Fiji Dewvil Fiji ¥Yellowhead Green Chromis Green Damsel

Chrysipters taupou Chrysiptera talboli Chromis viridis Amblyglyphidodon curacac
o

Orange Fin Ancimonefish Tomato Anemonefish Pink Anemoneafish

Blue Line Clown Tomaio Clown Pink Skunk Clown

Amphiprion chrysoplarus Amphiprion frenatus Amphiprion perideraion

————

Yellow Poizon Fang Blenny  Old Glory Orangeline wrassa Spoited Toby
Fiii Canary (and Wimic) Rainford’s Goby Pinstripe wrass Orangetail Puffer
Melacaninus ovalaiensis Amblygobius rainfordl  Halichosres melanurus  Canthigaster

or Plaglotremus favus solandrl

oo A

t/ e
Pencil-Scrawled Rabbit Uspi Rabbit Picassofish
Biue & Gold Line Rabhit Fiji Foxface Humuhumu Trigger
Siganus dolalus Siganus uspi Rhinecanthus aculeatus

ir



Site Sefection

In three regions the major reef users wears tourism concems. These were the subject of small
surveys designed lo examine the populations at siles regularly visited by tourist divers. Such
sites are sublect to a similar amount and type of human (Le. diving) digturbance as the
coltection sites, bul thers i no regular removal of fish or coraly.

Of these three regions, one definitely has no collection for the Aquarium trade |(Savusavu),
ong s i an area where il is thought thal occasiona! imegular collection may lake place
{Rakiraki), and the other is in an area that has specificaily disaliowmed collection, but where
unauihonsed collection sometimes occurs (Mamanucas).

The main survey was carried aul in the collection grounds of Wall. Smith Intemnaticnal, ina
larga area of patch reefs north of Lauloka. Regular collection sites were surveyed, and sites
in a "Buffer zone" nearby where reefs were of a similar physical type, and subject to similar
stresses, bul no fish collaction was being carried oul.

Coral harvesling is carried out in all arcas studied. Some of the "buffer zone" sites are the
sites of coral and live rock culturing.
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Figure 1; The lacation of the Vrali Smith [oteroatioans]
areas for the colleetion of Aquaridm predects (9)
wnd live rock (7).

"‘"'@
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Tropical Fish, Fijl: Live rock q,“mquﬁ?

Walt Smith lntl; tive rock

Clcean 2000: Live rock

% Wall Swith Int'l: Agquarium

16 Yiil Maerl Searchi Live rock

1. RE-L. Walksva Marine [nd.: Aguarinm/Live rock

pappARE-

Companies snd calloction type: B, ° i
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i

-u whadd  dlaidy ‘_} h‘a'
h‘lwl-1I 1

Q

Collecticn of Marine Species of various lypes is carried out along most areas of the coastiine of the main

island of Viti Levu. Different organisms are collected in different areas depending on reel type.
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Eigure 17 Landsat Salellile pholn shiswing survey eefs in Lautoks area (Lovell 2001)
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The numbering syslam used is a continuation of thal used in the siudy of corals and benihic
cover by Ed Loveli (Lovell 2002). Where reefs included in thal siudy were used for fish
surveys, tha same numbers were used. Where reefs nol included in the Lovel! survey were
visited, the reel numbers continued on from bis system. Therefore, i this report s read
alongside the Lovell report (Lovell 2002}, the reef numbers wili coircide.

Tah tion
Rael | Region Reaf name Latitude Longitude Reel typo Fish
i zoll.
e Tavicka | Nahovalase Roel 1716528 | 1/7 21.15 E | Unereel No©~ T
wilh some
reaf patches
Rid | Lauloka Nakubu Reel 17°3100S | 177° 21,60 E | Patch real NG
R4 Lautoka Vunagiligii Reef 7 3822 8 | 1. Line reef o
and patch
~ reel
R15 | Lautnka Savala Reel 17°3481'S | 177 2265 E | Fringing Yes
2 reaf, and
reef flats
Ha4 Lautcka Cakauniciva Reel | i1 2035 5 | 17/ 2815 E | Paich reel Yes
RZ5 Lautoka Ovulavula Reef 1772080 S 177 2415 E | Line reaf No
and patch
reef
[ R2T Savuzavl Mice Reel 16" 4892 S | 179" 1557 E | Palch reel | No
5P Savusavu Cousieau Jefly Real [T674674'S | 179" 17.2T E | Fringing reef | No
R2% Savusavl Golden Nuggets Reef [ 167 46.20°S [ 179 1851 E | Bommie Mo
(shallow)
R0 | Sawsavu Goiden Nuggels Reef | 16 4920 S | 179 1651 E | Bommie No
| (snorkelspal)
A2 Savusavu Shark Alley Resl 16° 49.54°S 179" 1844 E | Bamier reel | No
RdZ | Mamanucas | Jacky's Reel 17739.65S [177° 1506 E_| Fringing reel | No
1K) Mamanucas | Jimmy's Reel TS |17 1535 E_| Fringing reef | No
R34 Mamanucas | Pleasure Poinl Reat 17 38.10°S | 177°10.20 E | Patch real No
'_'-R'.J:S _| Mamanueas Planiation Pinnacles 17 &80 = 1771215 E | Bommie Yas
RIE | Mamanucas | Angels Reef [17°2840°S [177°08.37 E | Patch reel | No
R3f Mamanucas | Castaway PFirnacies T A3BE S [ TTTTOE SR E | Bommie No
"R38~_ | Mamanucas | Mol Reaf 1744255 | 177 OB2E E | Paich reel | No
KT Rakiraki Waly Express Reef | 17 1824 8 | 17B°26.67 E | Palch teel | thmown
Fd0 Fakiral G- Feal 1 i 24, ] miies Uninown
Ra1 Rakiraki ‘Mellow Yellow Real 1716825 |178"27.74 E | Bommic Urshnwn
HEZ | Rakirakl Furple Haze Reef 171678 5 | 178" 27/.67 E | Bommie Unkncwn
R43 | Rakiraki Black Magic 17°16.86'S [ 178" 27.50 E | Bommmie Unknown
Maountain Real
R4 Fakirak Gardon of Eden Reel | 17 16.52 S | 17B° 2/.74 E | Paich reel | Unknown
[ R45__ | Haklaw insiant Heplay Feal 797, | 17787 Z7.44 E | Bommie Unknown
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Within the Lauteka region, six sites were visited and surveyed for omamenial fish
populations. These sites were determined by the regular fish collection scheduie, and so
represent the areas most regularly collected. On days when collection was not taking place,
the surveyors were taken [0 close-by sites where fish were nol collected, but where other
stress factors were similar to the fish collection sites, |.e., regular dives wera made (o collec|
corals or live rock from cullure sites and farms, so that the fish populatipns were regularly
disturbed by divers, bul not removed.

Reef Characteristics

There was a large variety ol reef types in the smailer resord surveys, and a greater
homogeneity of reefl types in the main survey of the Lautoka reefs. The lypes of reefs were
split inlo & main descriptive groups.

Eigure 14 Fleef types
im
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i (11 S emmenira.
3m
r_\ ¥
5=
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T
10m
{50 Padch pual” [6) Frowne rest”




Where possible, surveys were camied ou! on shallow reel fiats and slopes that best matched
the areas where the majority of omamental fish were collected. \Where sita limitations
disallowed this, surveys were canied out on the most representative zone of the reef.

The reefs ware split into three main zones:

“Shisllow”; the reef flal and gradual siope between 0 and Bm deplh,
“Mid-reaf"; the reef slope baween & and 14m depth, and

“Decp Reef, the reef slope below 14m.

Fioyre 20 Survpy zooes on the Layios reels.

The Lautoka resfs were mosily shallow paich and line reefs, The maijority of surveys were
caried put in the Shallow reef top area, and a few on the Mid-reef slope.

————— e T M

.
e . L

Swwy we

(1) Lautoka

Figure 21 Survey zones on the Mamanuca reefs,

Muost of these reefs were palch reefs or bommies. Most surveys were carmied out on the
Shallow reef which was very simiter to the Lautoka areas. Where surge or dapth made
shailow survays impossible, the Midreef was used.

(2) Mamanucas
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Elgure 22 Survey zones on the Savusavu reafls,

Muos! of the sites surveyed were Shallow reef, either on the top of the reef, orthe Shallow reel
slope between bommies,

(3) Savusavu

Eigure 23 Survey zones on the Rakiraki reels,

These reets were further offshore than others surveyed, and in general wame large bommies
of seamocunis on an outer bamier recl. They wers moslly deeper than the other siles, and
surveys wera divided anongsi Shallow, Midreef and Deep Feef zonaes.

O
Shallow *“-__-..—-------—-h-.._‘_::’.i_—_‘—_n i
m
cs S
— -
Hm
—

(4) Rakiraki Sumvey srm '::-—-\_‘___
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Figures 24 and 25 Aedal photos of fypical reefs belween Lautoka and. Vomo Island.
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Site description of reefs in the Lauioka area

Six sites were surveyed, four of these wara regularly visited, two were less accassibls. While
all six are included in the general resule, only four were usad for specific data analysis. Siles
exchided from analysis were Naitovolase and Ovulavula.

Eish Coligction sites:

Savala Reef (R15) (Fish Collection)

This reef is the only fringing reef surveyed in the Lauloka area. The mel is used for coral
harvesting and fish collection regularly. The surveys look place on the shallow part of the
reefl on two different siles. The sitas are similar 1o each other in ragard to the depth and reef
shiuclure.,

Cakauniciva Reaf (R24) {Fish Collection)
This line reef is divided in two reafl areas. Both are regulary used for corzl harvesting and fish
cofection, The reef is similar in all zones wilh the exception of the weather side of both line
reals. On these sides reef palches are located.

The surveys were all carried oul on the lee side of the resfs.

Makubu Reef (R13) (Fish Non-collaction)

R13 is a large reef used for coral harvesling, coral farming and in certain areas for fish
coliection. The reef is similar in alt reef zones. In contrast to the coral harvesting tha fish
collection takes only place at the Lautoka side (eastemn side) of the reef. The coral farm is
lcated In the western par of 113,

All the surveys were camied out near the coral farm away from the fish collection area in the

shallow paits and mid reef zones,

Vunaqillgili Real (R14) (Fish Nor-collzction)

This reef is quiside the collection area of Wall Smith Intemational Lid, and is used as a site
for coral faming. Material for the establishmenl of the farm has come from the reef arza. This
area is alsa the field venue for the live rock maricultura,

The reet consists of elongate reefs and interspersed reef palches.

All the survays were camied oit on the shaliow zones near the coral farm and around the reef
paiches used for fve mick cullure.

Fish Hon-collection sites nol used in dalg anatysis:

Naitovolase Raef {R3) (Fish Non-collection)

This small Hne reel is regulary used for colfection of colony rock. The reefl is guite

hergmgenecus in &ll zones. Shallow parts are allernaied with deeper real zones. Small coral

heads are localed on both sides ol the major reef zone.

Surveys were carried oul on tha lee side of Ihe reefl, on the deeper zone as well as tha
allow perts,

Ovulavula Reef (R25) {Fish Non-collection)

This small line reefl is used regularly for coral harvesting. There Is one sleap side facing the
prevailing currents and a gentler lee slope. Aimost all the coral harvesling lakes place at the
lee side of the reaf and on the shallow flat. All the surveys were carried oul on the shaliow
parls of the lee side.
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Surveys were made over @ 3 month perod September lo November 2002, Three weeks of
practice suneys at Lautoka were nol included In the data. Resort surveys weve carried out in
Septamber and the main surveys at Lavioks were done over 4 weaks Cclober - November.

Table 4. D tail r
Reaf Arga Date Depth (m) Haef torg Humber of
number transects
R27 Savusav (15-Bpap-02 B Shaliow 5
A Savisavy T0-Sep-TE 2 __ Shallow 4
H29 Savusavu 10-5ep-022 8 Mid reef 2
30 T Bawsav T1Sep? 6 Shallow 4
A3 Savsavy 12-Sep-02 B Mid reaf 4
~ Totai iransecis in the Savusavu area 18
R32 Mamanucas 15-Sep-02 T Mid resi 4
a3 Mamanicas 15-5Sep-0 [} Mid real [ ]
G Mamanucas 16-Sep-2 7 Mid reet &,
Fi5 "Mamanucas 7 Sep-ic I Shallow -
Ra6 Mamanucas 17Sep02 3 Shallow 4
Hal wamanucas 20-Sap-{2 Fi Mid reef 4
CRT] Mamanucas | 20-Sep-2 ] Mid reet 4
ToEl transecs in iho Mamanuca area ]
R3S Rakiraki 23-Sep-2 6 Shallow 4
[~ Ral |  "RakraW 2 Bep-1 :] Mg reai 2
A1 Rakiraki 24 Sep-0z 7 WMid reef ]
=T Rakirak 24 Sep-07 B Shalow 4
R43 Rakiraki 25-5ep-02 14 Ceap Reaf 2
Fad Fakiraki  25Sep- (0 B Shallow 2
R45 Rakiraki 25-Sep-2 & Mid reaf 2
Todal lransecis In tho Hakraki anea 18
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Table s . Dates and details of collectinn ar@a SUveys

Reel Data Dapth (m) Reaf zona Humbar of

number transects
R13 15- Clextl? [ Shallow 4
22-Ciet-02 3 Shailow 5
28-Oct-02 4 Shallow 8
o 01-Now-02 3 Shallow 4
01-Now-02 6 Shallow 4
Totah ransecls at adeplh < & matar 25
R14 17-Oct32 ] 3 Shallow &
28-Oct-12 4 Shallow 12
28-Ocl-02 6 Shallow 4

! 30-Oca-02 4 Shaliow g

' 31-Ock02 4 Snaliow 8
31-Opd-02 [ Shallow 4
Total lransects at a depth = £ meter A4
RS 25!»-2\'_.1-02 | a Shallow T
B DENow02 | F3 Shallow 12
) D7-Now02 | 2 Shailow 8
07-Rov 02| 3 Shallow 4
Telal transects at adepth =< G meler a1
24 14-Oct-02 3 Shallow [
25-0ct-02 2 Shaliow 8
25-0ct-02 4 Shallow 8
05 Now-02 | 2 Shallow 8
Total transects al a depth < & metar a1
R2%5 ] 16-0ct-02 | 4 Shaliow 5
Tolal transecds al & depth < 6 meter [
R 21-Dei-02 15 Deep r=e! 6
04-Now-02 2 Shaliow T
04- Now-02 4 Shallow 1
- Now-002 ] Shallow ]

Tolal trarsects at adepth < 6 meler

T
o
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Statistical analysis

Reef Check characlensations and besic fish population data are presented a3 averages of
fiour transects for each site,

Resont Siles data are also presented as averages withoul further data analysis due to small
sampie size and large vanation in site characteristics.

The Lautoka area was surveyed much more exlensively than the Resort sives. A total of 158
transects were sampled. Some of these were excluded from statistical analysis because of
site variation or in the Interests of pairng surveys of compared sites. A total of 84 tansects
ware used for all Lauvloka results and analysis.

Transects indicated as used In analysis were used for all graphs and analyses for the

Lautoka Arsa.
"6 Sites over lLautoka Area
A Non-Callection sites 7 Collection sites
Naltovalase | W Gvaluvalu
Site P
R3 R25
b el =
i
Transects 22 5
6 Deep A Shallow 1«
Reafl 20ne 8 Mid:lie reaf roef
depih
B Shallow
reaf
MNotes on Whrole site Whaota site 4
ransecis exciuded excioded sites
seiecied dua o due Lo %~
for physical ehysical ud'ed
slalislical | remoleness remoleness | dua
analysis from nest of and srmal to
silas, and sample depth
amall number
number of |
shallow =ies |
Tranaacis - - -
used in

analysis

a




The data generated by the surveys were testad with SPSS and PRIMER.

SP5S

In SPSS all the dala are analysed via univariate statistics (ANOVA) (Dytham 1989) |

The nomal distibuwiion is tested with the KolmogorowSmimov Test (K-S) and the
homygensity with the Levena’s Test for Homogeneity of Variances.

Analysis of Variance was not found 1o be the most useful method of analysis,

Therefore analysis using PRIMER was used to hesl the data.

PRIMER

(Flymouth Routines in Multivariate Ecological Research)

PRIMER soitware was specificaily developed for the analysis of non-parameiric datain
community structure ecological sludies. it consists of @ range of univariate, graphical and
mullivariate routines for analysing malrices of species by sample abundances. The metheds
make few, If any, assuvmplions abou! the fomn of the data and concentraie on lechnigues thal
ara siraightforward 10 understand and explain.

In PRIMER the MDS (Mulii Dimensional Scan) plot and SIMPER procedure were used 1o tast
the similarity and dissimilarity belween the coflection and non-collection dala.
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Resulls

Collection records

Mumbers of each species milected over the year 2002, up to October 2002, were recorded
trom the warehouse colleclors’ logs, and any collection wiltnessed by the surveyors during
their work was recorded.

The top 4 mos! collected species were the same over the entire year as was witnessed in the
5 collection days.

Theo other fish varied slightly in eallection “rank”, but overall, the fish mosl seen lo be
collected in the time surveyors wilnessed collection was accurately reflected in the

warehause abnual records,
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< Table? Collection and sales of ¥he "Top Ten" most collected fish Jan - Qgt 2002,
Collaclicn Rank Scientific Divers' Gommon Aquarists’ Common
name name name
Warehouvsa | Winessed
Reconds

1 1 Chiyalotera South Seas Devl! FIji Devil
Taupou

2 z Melacaninus Yeiiow Poison Fang | Fiji Canary
ovalatensis Blanny

3 3 Canthigastar Spotled Toby Fiji Qrangetail Puffer
sofandn

4 4 AmblyGobiles Cid Glory Rainford's Goby
salnfordr

5 i Siganus Pencil-Scrawled Fabbi! | Blue & Goid Line Rabkil

s chialus

& 5 Chrysiplere Talbot's Damoisedie Fiji Yellowhead
tatbati

7 Skyanus Uspi Rabbit Fifi Foxface
s _

8 Chromis Blue-Graen Chromis Green Chromis

] Salarias Jewelled blenny Algas blenmy
fasciatus

10 Pomacenirus Caerulean damsel Fiji electric damsel
caerufsus




(froin Warshouse records

Top 10 sold and collected individuals Jan-Oct 2002
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Figure 27 "Top Ten" fish collecied as withessed by surveyors Oct/Nov 2007
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Underwater Visual Survey
Reef Check Site Characterisation

Flgure 28 Percentage Benthic Cover ai gach sits
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Figure 29 Average numbers of Standard invertebrates at sach site (scale 1-40%
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Figyre 30 Average numbers of Standard Figh at each sile (scale 1-&().

& Parrofiish (>20cm)
] Sutterfiy Fish

B Grouper

] Sweetlips

[ Snapper

W Woray Exl

B Humphead Wrasse
M Eumphead Parroffish

Avkrage number of fish par iransect

Average nurmbar of lsh per trannect

Standard fish Savusavu

A

-]

2

Madiath et __

ol [[sh par
&M

!:!_'kll'lal l:'.;ﬁ:

=]
5

B B

=]

=

Averwge numbar of flah per iransect
o

ar

R39 A48 Y g, A2 Ry Fas RAS
Standard fish Lautoka
——— =
R Ri3 R4 Ghies A5 R2# ¥




Survey of Ormamental Fish Species:

Surveys of Omamenial fish were analysed at three levels for each region:
A) Tolals of all fish surveyed

B} Fish grouped into families

C) Key species

hiole — a5 previously discussed, sample size in the resort reglons was less than at the
Lautoka sites. Because of this, and the high site varation in the resorl siles, Standard
Devizlion was nol calculated or used in these graphs.

Table B  MNumber of transecls included from sach regon

(Resgrt regions had lower numbers of Iransects than the Lauloks areas)

Resorl regions Lautoka region
" Mamanucas | Rakirakl | Savusavu Non-callecton Collection
] 18 18 42 42
Al Al fizh surveved grouped per region. )
Figure 31: Average numbers ap I i
Comparison of abundance and size classes of all
Average fish in each area
abundance
per transect
160 W~ 20cm
[ﬁ 0 17-200m{ |
140 Lo W 1318 _..
1207 Og12em |
4 i _— B 58cm
100 YibE ﬁ 8 2-4cm
80 —
60T
) i ==
20 : X3 {
0 T T T T 1
Marnanucas Rakiraki Savusavuy Lautoka Mon- Lauvtoka
collection Collection
Areas
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8] Eish groupad into families cer region
Figures used are averages of all lransacts al all siles in each area. Two sets of graphs
are presentad — one sel wilh ail families, and the second set with damsel fish excluded.
This was done because the large numbers of damse! fish dominated the graph so much
Inal ather families could not be examined using the same scale.

Flgure 32. Comparison of family abundapce in all regions

Comparison of abundanca of fish families in each region

140.00
i 120.00
. : : —
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8000 , | |8 Feabdraki
| @ s
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A0 G0 4 = - —— A= XLr— _— e — A Cualiewction
E 20.00 =
0.00 - PR C— l,

Comparison of abundance of fish families WITHOUT DAMSELFISH in aach

regian
14.00 - 12 Savusavu
! 12.00 .| Rakiraki
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E. 1000 A 183 NenCollsction
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600
4,00 -
ﬂ 2.00 7
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Fur he fedliowing graphs the Key Species are referred lo by the Aguarisis’ common name
for simphcity and ease of distinction.

Tabte 9; Scienlific ang Common names of Key Specias,

Sclentific name Divers' Common name Aguarista’ Common Notes
nama
DAMSELFISH
Amphiprion chrysopierus Orange Fin Anemuonefish Blue Line Clown Analysod 28
ofie group
Amphiprion frenatus Tomate Anemonefish Tomals Clown
“Aramonefish®
Arnphipron penderaion Pink Ansmonefish Pink Skunk Clown
Chrpsiplers faupou South Seas Devil Fijl Deyil
Chanysiplera tafbot Talbot's Demoisalle il Yelkzwhead
Chrornis viridis Blue-Green Chromis CGrean Chromis
Ambhiygiyphidodan curgcao Slaghorn Damsat Groen Damsa!
OTHER SMALL SPECIES
Meiacanihus ovalauansis Yellow Poison Fang Analysed as
Elenny Fijl Ganary one species
Fiagiotremus Ravus Yellow Fang Blenny Mimic “Fiji Canary”
Amblygobius rainfordi Oid Glory Rainford's Goby

Halietiveras mslanrs

Pinstripe wrasse

Crangeline wrasse

Fiji Orangetail Puffer

Canthigasier sclandr Spofted Toby

LARGER SPECIES

Siganiis vspi Uspi Rabbit Fiji Foxiace
Siganus doliatus Pencil-Scrawled Rabbil m Goid Line

Rhinocanthys atweatus

Picazsofish

Humuhumu Trigger
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Angmons
fizh

Fiji Devl

Yallowhaad
damael

Gresn
chromis

Grean
damsei

Rainfords
gobyr
Fij} Canary

Orangetall
Puffar

Orangellna
wriaae

Fiji foxface
rabbit

Bluallred
Rabbkt

Humuhumu
Lrigper

Figures are presented as avarage numbers counted on all transects. On surveys of the three
resort regions, sample size was smail, ang site varigiion high, so no statistical analysis
beyond cafcuiation of mears was done. bautoka surveys were more numensus and more
evenly matched. Standard Deviation and Standard Error for these sites are shown here.

Tabie 10; Means, Standard Devial A Gt e 1 thi
Means of 42 transects
Mon-collection Collection
9- 13- 17- 9 13- 17-
24cm  S58cm  12an 16em  20cm 2-4cm S5-8cm  12em 16cm 200m

Maan 002 0.05 0.02 n.05

Sidey 0.15 0.2z G6.15 0.3

St Em 002 4.03 0.0 0.05

Mean 11.12 13.90 4. 81 11.49

Sidey a.70 4,81 4.02 6.49

Stk 1.50 1.51 0.62 1.00

Mean .83 7.81 021 88

Sldav 360 1020 n.68 443

StEm (.59 1.56¥ 0.11 1 )

Meaan 5.55 4,53 0.33 2.00

Sidey 8.96 13.24 1.57 546

StEm 138 2.04 0.24 0.84

Mean 0.28 562 264 1.88 2.05 1.74

Stdey [ 1205 418 465 1144 a4

S1 Err 012 1.86 084 072 1.77 0.58

Maan 0.24 047 0.26 0.36

Sidev 0.69 058 0.70 0.82

Sl Emr 0.11 G.09 0.11 0.13

Maan 0o 125 0.02 1.36

Sigey .15 142 .15 154

&1 Er Doz o022 0.02 o1

Maan 0.02 17 0.14 0.10

Sidev 0.15 0.54 0.47 0.43

51 Er 0.02 008 0.07 0.07

Mean 079 195 0.69 0498 410 0O¥E

Stdoy 2.10 1.719 120 077 4,21 1.16

SLEmr 032 028 Q.19 212 0.685 018

Mezit 007 0.28 0.02 014
Sidev 028 0.82 0.15 0.68
Sl Em 0.04 0.13 0.02 0.11
Mran 0.68 0.62 418 083 0.2&
Stdev 1.3 127 086 1.53 0.1
S1Em 020 Q.20 0.13 {124 L[ |
Mazn 0,02 0.12 0.10 0.02 0.02
Sidev 018 023 0.30 0.15 0.15
&t B 0.02 0.05 0.05 0.02 0.02
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arison of Key Species shown by Region and Species
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The previous graph demonstrates the relative numbers and sizes of each speces.
Damselfish dominated the numbers of key species seen during surveys by a factor of
10.

Due to this scale difference, the same information is presenled here in three separate
bar charls o enable examination of the delails of size and abundance of key species in

each region.

Note differences in scale between groups -
o Damselfish 0 - B0

o Other small species 0—6

¢ Larger species0-1.4

Frqure 36. Camsetish

Comparison of numbers and size of all Key Damseifish
in each region
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Elpue 37: Olher small species.

Comparison of size and numbers of other Small Key Species
in each region

-
i
1

Mean numbers per transect

Region and Specigs

Elgure 38 Other lamer species

Comparison of numbers and size of Larger Key Species
in each region

140 — —

Wl =F0om
O 17-20cm
W12 16om
EI9-12cm
W 5-50m

1 |[@2-4em

Fijl foodace Brhuz anud gokiiing rabiifish Humuhiemu iriguoer
Region and Specles
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Stalistical Analysis

Resultu: SPSS

The results of the Katmogomow-Smirnoy Test (K-5) showed a non-normaility for most of the
data. The Analysis of Variance (ANOVA) was quile robust - in other words, the oulcome and
interpretaton are not affected by the non-narmality of the data (Underwood, 2001).

The Levenc's Test for Homogeneity of Variances also showed no significant result for most o
the data. Transformation of the dala by square-oot and log did not give & significant resuli,
For neteregeneous expenments the recommendalicn was (o do the analysis of variancas
anyway (Underwood, 2001).

Analysis of variance showed no significanl difference betwsen the Collection and Mon-
collection areas, considering the Iotai abundance, families and key species. Only the Gobies
and a few key specins (Chiomis vikdis and Siganus uvspid hed a p<0.005 or 0.05 = 85%,
ingdiating a significant differerce i the abundance beétween the two ancas. Analysis of
Variance alse showed no sgnificent difference between the fish size classes for 2ach Kay
species, except the Chromis vindis,

This lack of statistical significance s aitributed [0 the small sample siza oblained for many of
the species under investigation, | has been staled {Hodgson 2001) that for sitistical
analyss, 200 individuals of each spacias under survey should be counted.

It should be noied that even in a total of 84 surveys done in the Lawloka area, only 6 species
attalnod the desired sample size of 200 individuals counied. In many ather cases, less than
20 fish were recorded, (Soe foligmng table),

n the light of this sampling difficulty, ANOVA was nol considered the best way to analyse this
data, and Primar MDS was used.
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Jable 11, Samele numbers of ail tish gblatned on non-colircion and collection sites

In B4 transects, miy the lasi 6 reached the desired total of 200 individuals.

SclentHfic nama Hon-collection tion
Celoscants Dicolor 1 G

mphiprion chrysoplerus 1 0
Macropharyngoedon meleagrs 1 0
Epibulus ingidiaior 1 4]
FPomacanihus sermcicolains B i
Hemochus vanius 0 3
| Thalassoma jansani 3 ]
Stethojulis handanensis 4 0
Arofhron sigropunciatus Z 2
Remochus chiysosicmus 4 3
1Ambiyalyphidodon sureus 5 0
CArGhDncn frenalds |2 |
Amblygobitis sty C 1
[Amblygobius phalaena i L3
Hentochus acuminglus 12 0 =
[Rhinecantfus acuiealus i[1] 2
Ephyeramis nomatopiers 12 [i]
[Valenciannisa sexgutiate d 15
[Ambiystectnis steimtz i 5
Canthigasiar scfandn [ 10
Cusanius bioolor iG 3
Fampengus barbenngldes 14 5

hellinus Spaces K| i)
[Zehrasoma veliferum 13 12
Siganus LS jedi] T
Halichoeres nehulosus i 24 1 ==
Amblygobius rainfordl 17 26
Asirosatanas fuseus T 34 14
Cranschasius SWgoss 32 24
Hamigyminus melaplerus a1 36
[Amblyglyphidodon iaucogasior 68 4

Flaras lasciatus 25 45
Sigartus dolighis 55 54

elacanihis oralavensis 55 L
Soolcpsis bilireatys 66 59
Preuduocheiihus hexalaania 29 714
Pomacenirug bankanensis 147 38 ..J
FOnACenmiiug Cosrticus i 0 =icy
Halichoares malamuus 145 218
Chrysiplera 1aiboh 426 L7
AMBIT ppIvCodon CUracac = 358 544
Chromig viddis o0 103

Rryspiars [aupoy 1064 T

3942

217

IT“I:IHII
(" Note SCoTE of D Jor Pomacenirus caamlieus on Ihe Collechion siies was a [rue observalion, )
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Results: Primar

Each puoinl represenis data fram one survey. Grey points are from Non-collection sites. Black

points from Collection siles.

The "Stress” figure In the top rght of each plol indicates the level of disturbance from normmat
communily spread. The higher the stras s feclor, the more deviatlon from the expected noem,

and Ihe higher the indication that there is a disturbing elemant present.

Eigure 30: MDS plot comparison of total abundance of all spacies between Coliactiop

|h Siress: 0.18
Fa
Mori-
8 A v Fa caliecticn
A oa b .-fhﬂﬁ 3 {_.,. ﬁ;ﬁ. A areas
Sl wt Bl a
A ) Fa ey B A
W v vy Yy ¥y '; v
Te¥ ' v
AR " y_v ff;’_“f“””"
v v L 4 L e
v b 4 b
L 4

Each point reprasents {otgl fish abundance dala from one survey,

There is a clear indication that the two types of siles ara grouped, rather than randomly
mixed. This grouping. and the high stress factor (0.18), show & dissimilarity in tosd fish

abundance betwean Colleclion and Non-Collection sites,

From the zame dais, (he SIMPER pmxedure provided a list of species thatl had the highest
avarage dissimilarily batween sites.

v

Sclantific name Avarage Average Average
abundance non- abundance disaimilarity
collection area collaction ara batwegn
coilection and
non-colection
area (%]
Chramis vindiz 21.52 245 1427
Chrysiplera faupau 7533 15.24 1168 ]
Amblighohdodon ouracan B.52 12.88 EEE]
Chrysiplars {8l HVRE] 219 654
FPomaoaninus coondeus 5493 000 72

These 5 species showed the greatest differences between Collecton and Non-colfection

silas. They are all damsaifish,
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Elgure 40: MDS plol compangon of lamilies between Collection and Non-Collectior rgioas.

A
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v
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L J L 4
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B \ 4
v v

Stress 0.2
Mo -
collection
aregs
¥
Collection
hd areas

Each point represents {amily abundance data from one survey.

There i again an indication that the twn types of sites are grouped, rather than randomly
mixed. This grouping, and the high stress factor (0.2), show a dissimilarity between Collection

and Mon-Collection sies for famifies of fish.

From the same dala, the SIMPER procedure provided a fis! of families thal had the highest

dverage diggimilatity between sites.

Tabie 13 Result of the SIMPER pmcedure,
Famiiios Avarage Average Average disslmilarity |
ibundsncs abundance batwsan collecthon
non-coleaction collaction area and non-collsction
araa ara {5}
Damseffishes JRAT 33,73 10.78
Wrasses EL 929 4.01
Rabhitlishies 1.78 1.45 a.35
Breams e 1.57 1.40 3.17
Gobies T oE 1.33 2.76

In the SIMPER print-out the Damselfishes, Wrasses, Rabbilfishes, Breams and Gobies are

mainly responsible for this dissimilasity.
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Figure 41; MDS plot of comparison of kev spegies between Chlleclion and Non-coliection
Iegions.,

Strosa 002
v
INon -
coliection
2 Fay
. v arsas
v vTYYy
A O vy¥ew
& Fal v 4 PwIvr, o
AW Y?\ v A% 2 Callection
sy Pt P v O Fa s v
Fa) A 6 areds
N a aa
< ' Ly,
P oY N Fay Af\

ch point represents the apundance of the twelve key specins from one survey.

Although there appears (0 be some grouplng of the types of siles, il is nol as clearly defimed
25 In the wo previous piots. The Collection arsas amna mome Yghily growped than the Hor
callection, sugoesiing that the abundance of the key species was more similar over them
than over the Non-collection sites, which show a wider spread of paints.

The stress faclor remains high (0.2). showing a dissimilarily in key species batween
Collection ang Mon-collection sites, and again Indicaling that there has been a disiurbing
factar infroduced.

From the same data, the Simper procedure provided a list of the particular key species {hal
had tne highesi average dizsimilarity between sites,

Table 14: Result of the SIMPER procedurs.

Sclenlific nams Avarags Averags J’ Average oissimilarity
abundanca abundarnce batwean codlectfon
non-coliection | collpcilon arsa and non-collaction
area | arsa (%)
Chrysinlerd taupou 2533 1524 2321
Chrysiplera 1aiboh 4 218 1517
Hallchoeres melaniures 3.40 518 547 ]
Slganus dolialrs 7.31 105 275 ==

The SIMPER procedure shows the particular kay species that had the greales! differeance
between Cdlection and Noncollection sites. Other species showed very small differences,

St



Eigure 42; Compgoison hetween lish size classes in Non-coilaction
and (blleclion rgqlors

Numbersd points shuw specific fish size classes (see kay). The same fish size dasses from
both areas are paired (e.g. 1 and 7, 2 and 8, 3 and 9, etc.). The closer the paired points are
togather, the more similarity there is betwean the types of sites.

Fish size clusses o the
6 Stress: 0.03 Non-colloction arca
24 cm

5-Ecm

9-12cm

13-16cm

1 7-20cm

=2em

12 .

Ol el =

& Fish size classes io the

1 Cllexe hon area
1 F 2-dcm
S5-Bem
9.12cn
13-16cm
17-20em
=2em

1¢t 9

— e o WD EBE o)

BB’

Most size clazses wera similarly abundant on both typos of sites.
Only the largest and smaliest fizsh (clesses 1/ 7 and 6 / 12} showed any dissimilarity.
For other size classes, the pairs are almost similar witl regard to sach other.

This signifies a dissimitarity in the smallest and larges! groups between he Collection and
Non-collection areas.
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Discirssion

Fish collection methods

In general, the handcoliection meihods being used are the leasl destructive avallable.
Cyanide or hblast fisking s nol in use. When hand-colleciion methods are used by
conscisntious colleciors, very lile damage is susialned to the fish or o the surmounding
emvirenmenl. There can ba post-coliection death in the hoiding tanks, which is nol covered in
this text, as it appears 1o be more due o tank design and lengih of time before shipping than
to collection methods.

Fish coliection amounts

As the collaciors get paid by the fish brought in, their log Is aliways up 10 date, and appears o
ber an accurate and reliable indicabar of the fish being remeowed from the reef. Tha colleclions
withesged during survey dayvs reflected the yearly records kepl by the coflection .

Collection was wery much dominaled by a Tew species, with very smail numbers of olhers
belng taken. OF the 78 species on the original survey list, only 48 were seen during surveys,
and 51 appeared in the vearly collection records. Fijl endemics and variants are the largest
group of species collecied, as obvicusiy there s a demend for fish that cannol e found
glsawhere. Most of the heavily collecied species are from the damsel and gobyitlenmy
famities, plus fwi rabbithsh ard one smal puffer. Damselfish in particular make up a huge
propartion of all fish coliected.

Underwater Visual Survey

With adequale training, and in-waler identificalion gulces, volunieer surveyors can make
acourate evalualions of a limited target species. (Several volunteer programmes alrsady sxis
in Fifi, including Reaf Chack, Coral Cay Conservation and Greanforce, also see Darwell at al
1556}, In this case, the surveyars had speciaily designed underwaier identification guldes lo
the specific Species urder survey, and three weeks fraining survaying before undertaking
data eollaction. This was found to be adequate o ensure positive identification of a limited
number of species.

Reef Check site characterisation.

Subslrate definiions used were as per the Reel Check methadology:

o Racantly Killed Coral = Coral dead for less than 12 monihs (good skeleial definiiion shill
EXISES)

o Ruock = Coral dead over 12 months (Lack of skelelal definition although shepe may still
be ciearly visibie) or solid substrate over 15cm in size

o Rubhle = Pieces of mock, or coral dead for over 12 monthe between 0.5 lo 15cm in size.

Thatelore, a sile with a large proportion of mck or nubble may aciually have a large propartion

of gead corai which was, for example, killed in the mass bleaching event of 2000

Tha banthle {g8a bed) cover ol mosl slles was dminated by rock - probably corals thal
diet in the 2000 bieaching. 10-40% of Fiji's corals died during this event (Cumming 2000).

The Savusavu, Mamanuca and Lautoka sites all had around 20% Live Hard Coral, while tha
Rakiraki sites had an averzge of 40% of Live Hard Coral. Soft Coral was alsg more pravalent
in the Rakiraii sites, and oid not make up a lange proporticn of the other regiong, This raflecs
the differance between the Rakiraki siles which are in deeper waier in the Valud-Ra passage,
and other regions where sites are closer o shore and in shallower water. Mosl branching
corals were small re-growing coloniss, #nd so did nol make up a high proportion of the sea
bed, although they appeared lo be i good healih,
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The Mamanuca sites had the larges! proportion of fleshy seaweed, reflecting high nuirient
levels in the water, The neighbouring Laulcks sites did not show the same amount of algal

Cavar,

The popuiations of standard fish species of all regions were dominated by butterfyfish
and pamotffish. Mo sites had significant populatiors of larger food fish such a3 snapper o
sweatlips, A few small groupar wete saen al some sites, All regions (herafore appear o be
subject 1 similar fishing pressures, probably subsistence and perhaps small commercial
operalions,

Within regions there were a few site variations thal bear discussion.

Savusavy siles were generaily iow in the fish populations being recorded (wlthough they ane
the highest in Aquarium fish species as discussed laler). This is probably due lo focal
subsislance fisting

In Rakiraki sites R42 and R43 were very high in buttarfyfish, and this refates wall lo the high
live ¢oral populations of these sites (Mmany bullerfylish species feed on coral polyps).

In {he Mamanucas, sites R32 and R33 are resfs off the shova al Beachcomber laland Resort,
where a small no-fishing resernve and regular fish feeding may have resulted in the larger
amouents of snapper and grouper,

in (he Laukeka region, sites R15 and R24 are regular Aguarium Fish Colleclion siles, R15 has
lowsr everall fish populations than the other sites. As the Reef Check species are not those
coflected by the Aguarum Yrade. Wnis may reflact either habital change, or other fishing
practices coeneentrating on this maef

The populations of standard Invertebrates in all ragions were dominated by Diadema
{black spiky} Sea Urchins, and Sea Cucumbers (mostly of the species Holothuria atra ot H,
edufis, locally known as Loli or Pinkfish and of low commercial value). A few small Giant
Clams {ridachng species) ware sean. There were very faw Crown of Thoms Sea Stars
{Acantriaster plancl) seen in any region.

Savusawvs and Rakiraki were lowest in invertebrale populations, which may be due to site
type in Rakiraki and fishing pressures in Sawisavu.

The Mamanuca sites showed similar low populations except at the itwo siles neaer

Beachcomber which were in the nofishing protected area, and =0 less affecied by reef
walking and fishing.

In coniras!, the Lauvloka sites were much richer in inveriebrate life, espacially Diadema
urchins, and had quile a tew small Tridachna giant clams which were nol seen at all in other
regicns. Also seen, but not recorded, was a surprisingly high populations of Linkai laevigata
blue sea stars at Ihe same sites.

Overall, the Lautoka sites are not significanily dizsimilar to the other sites examined, and are

most chsely comparable to ke Mamanuca sitas, with the exception of the higher alga! cover
sgen in the Mamanucas.
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Survey of Omamental Fish Species.
Sampla size

The reefs are dominated by a2 small numier of fish species, while olhers vccur quite rarely.
This made o difficult to obtain large sample numbers for many species. It has baen suggesiadg
(Hodgson 2001) that surveys should be done wntil af least 200 of each species are counted.

The lotal fish counted during 42 transects on Non-coliection sites and 42 surveys on
Collection sites in the Lautcka mgion aa shown in Table 11. From ihis table it can be seen
that only 6 of the survey species reached the suggesied minimum number of 200 in the
survey lime available. [t would 12ke considerably more surveys b reach the minimum samele
size lor many of the spacias under survey,

Out of the & soecies thal reached satisfaciory numbsrs for analysis, & had been identified as
key species for survey; 9 other key species did not reach adaguate numbers in over BO
transects. Consequenily although thase data showed certain trends, the small sample size
for many speces made the data difficult to analyse with Analysis of Varlance, and this
lirnitation of the pilol study s recognizsed. .

Total fiah

Comparisen of ihe abundance of smamacintal fish species in all regions showad a  distinatly
smaller amounl of fish in the Lavloha Collection zone than in any of the four other regions
whiere fish were not being collected.

This was particularfy true of the smalier size groups, which are the most collected. The size
clags 2-4om was much less abundant in the Collection sites than any of the athers,

The slatistical anaiysis by Primer MDS piol of these data showed a dislinc! dissimilarity i
tolal ish numbers and size between Lautoka Non-Colisclion and Collection aneas.

Savusavu, the region with the lowest populations of Res{ Chesk standard fish species, had
ihe highesl population of amall marine pmamental species, indicating thal locai subsistence
fishing does nol adversely affec! the species which are collected for the Aguarium trade, and
may actually help increase thair populations by removing predalory animals.

It Iz suggested thal there is an overall defeterious effect of collection on some {argeted fish
poputations and size. Further siudy and data cobeciion would be required o firmly astaklish
fms.

Family groupings

When the fish were grouped into famifies, it could be clearly seen that the populations wera
heavily doiminated by damselfish. This is also reflected In the species mos! colected. Many of
the species 1hal are collected most by the aquarium fishennen are the most common on he
Shallow reef.,

There was a clear indication that damselfish wese less numerous on the Lauloka Collection
siles than in any of The other regions where Sish wers not roulinety collected. Figure 4 shows
that the Lautoka MNon-Coflection zongs, and the thied other regions examined, all had at least
twice 28 many damselfish as the Collection sites.

Oiher specias wirs less affecled by collection: wrasse were aclually more plentiiul In the

Lautoka Collection zone than elzewhere, while olher species did nol show an appreciable
difference. This may be due to lower sample numbers, as previously discussed.
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Primer slalisfical anzlysis showad a dissimiarty between Lautoka Mon-Collscion and
Cullection sites, but not such a distinct one as was seen with he total fish numbens. Theme s
a suggeslion hat some families may be affeclsd by coilection, and the SIMPER procedare
identties the damselfish lamily as being the most affected.

Kay Species

Whan the 12 Key Species (counting the three Anemonefish species as one group) were
examingd, similss paltems could be saon,

Figure 34 compares the Key Species by region and size class, and Figure 35 by region and
species. These graphs clearly indicata that two of the damselfish species In the size range 2
4 angd 58cm are mos! affected by collection.

Cther species are hard (o evaluate from thase graphs becavse of the dominance of these two
species. The foliowing three bar chiarts, Figures 36, 37 and 38, show the same dala at
diffgreni svales to compensate for the domination of the damsal fish species.

From Fgure 36, it can be seen Ihat the two damasaifieh specles which appear to be
significantly lower in abundznce in the Collection zones ars the Green Chromis (Chromis
wirldis} which is wery much (ess abundant in tha Collecticn 2ones than elsewhereand the Fiji
Yoliowhead Damszel {Chrysiplera fafboti), which is slighlly less comman in the Collection
zonas, Table 12, the SIMPER anslysis. of the tilal fish data, also idenifhes hase as two of the
species which show significant dissimilarities ebween the Lauloka Collection and Mo
Colleciion sites,

Howerver, as can be sgen in Figures 34 and 36, the Green Chromis also varigs considerably
batwaen regions wilhoul Cosection pressures, and this may be due o the abuendance of
suitable hakétai. Green Chromis are found mosily withim branching corals, and are less
comrtgn on fow rellel rubble areas, whereas (he Fil Yelliowhead s a rubbls-oweller and
appears 10 have suilable babilal at most siles invesiigated. Both the Lavioka Collection and
Men-Collaction sites werz lower in Grean Chromis than the resort sites, and the Coliection
sie was much lower than ihe NorCoileclion, bul this may relate to the coral collection
praciices in the area ral her than fish colleclion pressures,

A further study refaling abundance to prevalent coral fypes woold be necessary lo eslabiish
wheather Ihis difference is & direct resull of fish celiection, or of lack of branching coral habitat
in Ihe collection zones,

The other three damselfish spacies. the Anemonefish (Amghiprion sep), the Green Damge|
{Ambiygliphidodon curacaa), and the Fiji Devil (Chrysiptera taupow), whict s by far the mosl
collected of ali lhe species) do not appear 1 fe signficantly different in the Lautoka
Caltection 2one than in any of the Non-Collection regions

When other Key Species ane examined (Figures 37 and 38) the only one thal appears o
have been lowered by collection is the Fiji Foxtace (Siganus usp), an endemic rabbatfish, The
olher species do nol show any consislent pattern of lower numbers in the Coliection zones.

The statistical anajysis showed no definite dizsimilarity between Lautoka Collection and Mor
Colection zones for the Key Species, and the differences between regions eeomes lesa
distinct at this level of anaiysis,

Figure 42 shows thal where there are differences between the Lautoka Collectinn and Non
Callection regions, they are most significant in the size classes 2-4crn and aver 20em.



Conclusions and Recommendations
Methodology

c Reel Check was found lo be a smple and effective way of making site
charactenzations which were comparabie between ragions

The underwater visual survey of omamental fish species proved to be viable but time
consuming. 1t weould probably take at leasl 6 months of constant surveying the
CallectionMon-Collection regions to get stalistically significant data for most species
under investigation

4}

o it indicated that a list of 10-15 key speces could be identified for the region. This
speces bst needs to be designed far local applications, as many of the tish most
calected arg local vadants or endemics Survey of only these apecies would be lass
time-consuming, and jusi as significant.

o Future work towards management plans will require many more aurvey':s to be done,
and should concantrale on {ha key speces untl samplas of at least 200 are reached.

o Student velunleers siudying marine soiences were used o perform most of thess
surveys. They wera highly educated but initially nexpenenced in underwater survey
techniques. They quickly achieved a high level of proficiency, due lamely lo the
developrient of underwaler fish identification guides, which indicates that the use of
non-specialists 1o monitor a concise species list can be extremnely useful. It Is
emphasised thal these surveyors spent 3 months doing nothing but Ihis survey, and
that data from the first 3 weeks were regarded as practice dala and niot used

v Sites thal ware disparate gecgraphically and physically were stili comparabie ai the
level and size of total omamentzl fsh popuialion and abundance of familes.
However, individual specias cannot be comparad between sites very different from
each other due to varatizns in habitat type

o A survay could be designed lo counl all ornamental fish (o family level and size class
that would be useful all over the country, while 3 more detaiied key species survay
wiould be needad fo establish the affects of collection inside and bordering collection
ZOMEs.

Site Character

There was quite a lot of vanation between types of reaf surveyed al the resors, whie
the Lauloka sites were selected o be more homogenous. Of the four regions, the
Mamanuca reefs were much more similar to those in Lauicka area than the reefs at
Savusavu or Rakiraki, although the Mamanucas had a much higher amount of aigal
cover than the Lauloka sites



Ornamental Fish Survey

Hize and abundance of fish surveyed ware seen to be slightly lower in the Lauloka
Collection zone Ihan in the Lautoka Norn-Collection Zona, and than in any of the other
regions examined. and it was smaller fish that were most afacted.

Of the 12 Key Species examined, two species of damsalfish showed a direct
reduction in numizers in the Collection zones under study, the: rest of the Key Species
did not appear to be significantly affecled.

The mos! frequently collected fish are damselfish and a few locally endemic species.
Mos! of {he species being collected are locally abundant, and their populations do not
appear to he heing immedialely radused.

Az local vanants and endemics are under much greater collzclion pressuras thian fish
cammon eisewhere, thasa nasd to be investigated carafully to establish population
regeneration times, and would be suitable candidates for quota confrol.

Although this work did rot specifically study coitecton of fish from static: and limied
habitals such as snemones, or habilals whaere collection eniais coral oreakage, I s
fait thal ihese praciices are mos! lkely to be unsustainable, and should probatly be
avoided where possible. Further work should ba done on these specias

It would make zense to cose a Cellechon zone and establish how jong it lakes for
poputation lEvels o returm o Ihese found on the Non-Coliection sites. This could form
the basis of a managemenl plan utiising site rolation o maintain species levels

This survay provided a valuable basalng set of figures. Walt Smith Intemationai
intends to fund fulure surveys to establizh whether populalions continue to chamga or
remain stacke on the two types of site

Susiainable barvesting of manne omamentals is possible in theory, but requires a
considerable input of resowces to establish and maintain. Collection firms should o
be encouraged 10 set up peopulstion moniloring and management plans for
sustainable use of the marine resource. Manne Agquarum Coundl (MACZ) Cartification
s ane way o do this Wall Smih Intemationa! is committing resources o ass58ss and
ronitor the reel papuiations over a long lerm penod, and is Toning collechion areas 10
reduce the impact of collection. This practice should be continued and promoted.
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