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Effects of Collection on

Omamental Reef Fish
Populations in Fiji

A Pilot Study of Fish Populations in Collection
and Norn-collection Areas
September - November 2002

A three-month pilot study of ormamental fish species collected by Walt Smith International Lid
in Fiji was carried out in order to examine the effects of fish collection pressures on the reef
populations. A method and species list for underwater visual survey was purpose-designed
and tested.

A comparison was made of: -
O Sites where fish were roufingly collected

o NMNeighbouring sites subject to similar stresses but where fish were not collected

o Physically similar sites remote from the collection zone

© Physically dissimilar sites remote from the collection zone

Fish populations on Collection sites were found to be lower than in Moncollected areas,
indicating that colleclion pressures may be affecling populations of cerlain species.
Improvements to the survey technique to improve statistical significance are recommended.

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

A list of 1015 key species identified as relevant to each area could be used as a reasonable
basis for future specific area monitoring

It is recommended that closure of a collection site and subsequent re-surveying be used to

determine the amount of recovery time needed for populations of key species to refum to
levels found at nearby Non-collected sites. This would be impoertant in the formation of a

managemen! plan based on sile rotation.
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introduction

The global trade in omamental marine organisms for aquarium use is a growing one. Many
countries with extensive coral reef systems are exporting corals, fish and other organisms to
developed nations for hobby and public aguariums.

e

Figure 1 Manne Aguarium Councii map of ¢

—Global Trade in Marine Aquarium Organisms.

MARKET
®

The major Importing Countries are primarily the USA, Japan and Eurcpe {Blue),
The largest Exporting Countries are primarily Indonesia and Asia (Dark Orange)
The large Exporting Counfries are primarily Australia, Brazil, Florida USA, Hawai'i and Fiji (Pink)

The medium to small Exporting Countries are primarily Africa, the Middle East, Central and South
America, and other South Pacific Island Nations {Pale Orange)

While this trade is commonly associated in many people’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 Hawaii. Omamental Reef Fish for retail to the Agquarium Trade overseas have been
collected from Fiji's reefs for over 15 years (Lovell 2001).



Fiqure 2 Map of exporiing nations in the South Pacific. C website
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Collection licenses in Fiji have been based on fishing permission from the local landowners and
Fiii's govemment Fisheries Authority. The limits on amounts of organisms collected or exported
have been determined by demand and airline freight availability. Unfil recently, there have been
no studies done fo establish the effect of such collection on Fiji's reef popuiations, or the
sustainable limits of such collection. Records of catch and sales have been the only measure of
populations. .

There are now serious concemns about the health of the world's coral reefs, and the pressures
being exerted on them (Wilkinson 2000). One of these pressures is the collection of organisms for
the Aquarium trade, which is coming under scrutiny. (Birkeland 2001, Lieberman et al 2001,
McManus 2001, Moore et al 2001, Spruill et al 2001). CITES (the Convention on the International
Trade in Endangered Species of Wild Flora and Fauna) is coming into play to control the amount
of hard corals that can be exported from a signatory country. CITES does not currently cover any
reef fish.

The Marine Aguarium Council (MAC) is working on voluntary certification to encourage the use of
sustainable collection procedures and to minimise wasteful practices. Aquarium trading
companies in Fiji are cumently working towards MAC certification, and the Department of
Fisheries is considering making MAC certification a requirement for collection licenses. {MAC
website and quarterly newsletter)

A study and management plan for corals and invertebrate animals is being carmied out by Ed
Lovell on reefs harvested by Walt Smith International. (Lovell 2002)

This study is a first look at the effects of collection on the populations of collected fish species on
reef areas where regular collection takes place, and a test of effective survey methods.
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The surveyors went to four regions of Fiji over a period of three months. Three were resort
areas where they went out on regular dive excursions. In the region used for fish collection,
they went out on regular fish collection trips, and on non-collection days they were taken lo
reefs used for coral collection, farming, and live rock culture, where fish were not collected. Al
the fish collection sites, fishing took place at the same time as surveys, but in different areas
of the reef. During the period of the study, the surveyors also observed the regular collection
methods used by the fish harvesters at Walt Smith International Lid.

Collection methods

Between 2 and 4 collectors usually collected fish 2 3 days a week on SCUBA or Snorkel,
usually no deeper than 5M. Divers made two 2-hour collection dives a day. They usually were
told by the warehouse which species fo target each day, but would collect others which were
regularly demanded.

Fish were collected using one of two methods depending on habitat. Hand nets were used to
collect small fish that live close to the sea bed, and larger nets weighted at the bottom with
floats at the top fo trap fish that swim more actively. In both cases fish were chased info the
nets using hands or sticks. These methods are not unduly destructive, although there is quite
a high level of hand contact on living coral.

Poisons and blasting are not in use, and the hand collection, when carefully done, did not
appear to cause undue environmental damage or death of fish.



Figure 3 SCUBA diver full
agquipped for fish collection.

Bucket for fish slorage and
acclimatisation after collection.

Float net for collection of free-
sSWimming species

Handnet and pots for collection of
rubble dwelling species

Figure 4 Collector using hand net i r using float net

== (From Philippines, photo by Gary Brasch, MAC
This method is used for the majority of brochure)
fish collected, Collector herds fish into semicircular net laid
Collector fays handnet against sea bed between coral heads. Several freeswimming
and uses hand or stick to chase fish into fish at a time are caught ihis way.
net. Usually only one fish at a fime is
caught this way.

£

The fish remain
in these pots
(with holes in
the sides for
water
circulation)
inside the nets
1o prevent
escape while
the colleciors
continue to fish.




Figure 7 Underwater storage during collection
Fish are transferred to a bucket with a mesh top
and a zip closure to prevent escape while
collection continues. They remain in the bucket

to acclimatise until the boat leaves.

Figure 8 wi ught fish in tank

The fish are slowly raised to the
surface lo allow decompression, and
poured into tanks on the boat for
transport back to the warehouse.

Figure nk t
warehouse

Back in Lautoka, the
fish are placed inio
holding tanks  unti

shipment

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

Walt Smith International compiled collection and sales figures for the year to date. Collection
figures are kept in a daily log as each collector 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 direcied to performing undenwater censuses of fish populations slong
measured and timed transects on reefs where fish were regularly collected (Collection sites),
and reef where fish collection was not done (Non-collection sites).

Surveyors used SCUBA equipment and a list of species based on the most commonly
collected species. Fish identification guides for use underwater were developed based on this
species list. (Mohajerani et al 2001) The basic method was a modified version of MACTRAQ.
{21-6%%?50&1 2001) Reef Check surveys were used to characterise each reef area. (Hodgson

Figure 10
Survey team with si n
fish ideniification guides.

1



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

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

A laminated sheet with pictures of the species selected for survey was prepared for
assistance with underwater identification, using Hlustrations taken from the Reef 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 at Walt Smith
International.

After 3 weeks practice surveys and with the assistance of the underwater sheet, the
surveyors were making identifications with confidence and accuracy. They then spent 3
weeks moving around resorts honing their skills and making smallscale surveys, before
doing 4 weeks of solid surveying at the collection areas, on which the main part of this study
is based.

Reef Check characterisation:

GPS coordinates and reef name were recorded.

Site Description was made - depth, visibility, current, reef type, temperature, compass
direction, assessment of impacts.

Four replicate Reef Check Transects were recorded for each site -

o 20m point transect for Benthic cover, .
o 20 x5 m belt transect for selected invertebrates,

o 20x5 x5 m 3D comidor belt transect for selected fish species.

Survey of Omamental Fish Species:

20 x 5 x 5 m belt transects were surveyed. The initial fransect was done along a laid 20m
tape, and timed. Subsequent surveys at that site on that day were carried out as timed swims
of the same duration, usually 10-15 minutes. (Bohnsack 1995, Cheal and Thimpson 13387,
Hodgson et al, Smith et al 1998)

The surveyor swam siowly along the transect, stopping at regular intervals to count fish and
allow cryptic species to come out of hiding. Size and abundance o each species on the

survey were recorded. The number of transects was determined by the accessibllity of the
site.

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

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

12
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This list was based upon the list Walt Smith Intemational gives to its collectors. While other
species were occasionally collected, this list represents the commonest species that are
taken from the reefs in the Lautoka area. Butterflyfish were excluded from this survey for two
reasons:

o They are not reguiarly collected, only when a specific order is made

@ They are covered as a group in the Reef Check survey

(* R = Rakiraki, Crystal Divers and Wananavu Beach Resort; M = Mamarucas, Coral Cay
Canservetion, Subsurface Fifi and Beachcomber [sland Resort; 5 = Savusavu, Jean Michel Coustaau
Fiji Islands Resort;

L = Lautoka, Walt Smith Intemational Ltd.)

~ Family e B . Species . T ‘Actually |
' Scientific name ] Diverg Aguarisig’ | foundon
SR e e : common name | common name surveys*
Angeifish Centropyge bicolor Bicolour angel Bicolor angel R,M. S
Cenfropyge bispinosus 2-5pine angel Coral beauty RMS
Centropyge flavissimus Lemon peel angel Lemon pesl R.MS
Pomacanthus imperator Emperor angel Imperator angel M. L
Pom&canmus samicfmuiams Samicinﬂ& ange! Horan angel
: T i e A e T A e e
Buttarﬂyﬁsh Heniochus acuminatus Lungf i banner B/W heniochus R, M, L
Heniochus chrysosiomus Pennant banner Feather fin N, ML
nemiochus
Heniochus varus Hump‘ﬁead banrrer Brown hemncl‘rua R,MS. L
FE TR bR st s S R R T RE AT DA S T AR
Surgmnﬁsh Zebrasoma ver‘rfe:um ﬁs_lﬁ’_lr‘l tang Sallfin fang R S.L
Acanthurus pyroferus Mimic surgeon Mimic tang = =
Ctanochaefus stngusus Gmdﬁng brisﬂetnuﬂa False mimic tang RMS L
& * }":‘-. _.E.?_!l;:?__ o :-_ } r—-. R -'--.-IE _.-_I_._ .:-:! 1?'?"::.»4 ”_ i _; ‘3_ e ” * | ._ ‘_.' __..__....;. e ...__ ol A ;L_; _;?-QE‘
"Rabbiifish Srganus dm.'atus F'Encsl-stmaked rabbit Biue & gnidhne M.S. L
rabbitfish
Siganus uspi _USDE rabbit Fiii foxface R.MS, L
' ; M il e i T ‘,;1;,, eu\;: ¥k i gt ,:.'_ : __m T "_‘r,_.h_&“ i ""‘""‘. = s 5 £ "3"3"31"‘150'71 ik L‘J:r-{f‘i’ﬂ.:“"ﬁ
"ﬁamsdﬁsh Ampmpncrn cﬁrysapfams Drange fin anemonefish | Blue fine clown R.M, 5, L
Amphigron perideraion Fink anemonefish Pink skunk clown R, S, L
Amphipnon frenatus Tomato anemanefish Tomato clown R.M S, L
Dascyllus sp. Asst. damselfish "Asst. damsel
Chrysiptera taupou South seas devil Fiji dewil R, MSL
Dascyllus arvanus Humbug dascyllus Threestripe damsel | S
Dasgyllus melanurus Blackiailed dascyllus Four-stripe damsel
Amblyglyphidodon White belly damsel Goldfin damsel " M S L
levcogaster
Pomacentrus moluccensis Lemon damsel Gold dusky damsel
Chromis vinidis Blue-green chromis Green chromis R.MEL
Pomacentrus bankanensis | Speckied damsel Flame damsel R, L
Amblyglyphidodon curacao Staghom damsel Green damsel M, S, L
Dascyllus timaculatis 3Spaot dascyilus Domino damsel
Fomacentrus caerulaus Caerulean damsel Fiji electric damsel R, M S, L
Amblyglyphidodon aureus Golden damsel Giant golden damsel | R, M, L
Chrysiptera [alboli Talbot's demoiselle Fiji yellow head R.MS L
damsel
R e A e e e B T e T (P E R

13



Dottybacks | Pseudochromis Multicoloured dottyback | Red & green
novaehellandiae dottyback
Fseudmhmm.‘spomhyrsus Magenta si::}i'tyback Mag:enta dottyback
TS e, S e e N T L T e ) P R
Sandperch Paraperc:s nebuh:asa Nebulnus sandperch Ear iaced weever M S .
= 7 SRR R e R e g e R AR e e e - R
Anthms Senanumrrh:rus Fatus Hawldish anthias Flathead bass
fl._".'}'-.*'g“:..ﬂ\. :'i",l R e I o" JA T e :' e :-:.-'-'-"' "f_;!’ \ '::.:}",?".-'i.!:f. s ?}-1':"\-l‘*.:-:.55-'. ,%-, i f" ?h&i- o g I'h‘.::: El!- ;.' Ak ‘:' i'-f:?ﬁ
Wrasse Coris gaen'iard Yellow tail coris Red coris (Juv.} ]
Cons aygula Clown coris Twinspot wrasse
Pseuduocheilinus o-Line wrasse Hexitania wrasse S, M, L
hexataenia
Macropharyngodon Leopard wrasse Leopard wrasse S L
meleagris
Novaculichthys tagniourus Rockmover wrasse Dragon wrasse L
Thalassoma hardwicke f-Bar wrasse Hardwicki wrasse R,MS, L
Thaiassoma lunare Moon/ crescent wrasse | Lunare wrasse R,M, S, L |
Cheilinus species Flaral wrasse Leaf wrasse R.M S L
Thalassoma jansenii Jansen's wrasse Jansen's wrasse RS, L
Stethojulis bandanensis Red shoulder wrasse Meon wrasse R, S, L
Epibulus insidiator Slingjaw wrasse Sling jaw wrasse LM S L
Halichoeres melanurus Pinstriped wrasse Orangeline wrasse | R M. S, L
Halichosres nebulosus MNebulous wrasse Mebulous wrasse M S, L
Hemigymnus melapterus Blackedge thicklip Half & half wrasse M S, L
Wrasse
nycher!mus d:a mmus_ Eandc:heek wrasse Bandcheek wrasse )
R T P e e R R e
Cetoscarus bacobr B4mlcaur pam::t Blm'h:ur parrnt R,M, S, L
NATEETE o e B e e e R TR
F'arupeneus b&rbennmdes Half and haif goa Bamlﬂur goat MS. L
BN EEET et kT SR S S R L R R
Jaclu or Gnathanodon Speciosus Golden trevaily Pilot fish
Travallms
e A e S £ LTl i e e T e e e e L e e e R T R
Tﬂggerﬂsh Rhinecanithus acufeaﬂ:s F'icassuﬁsh Humuhumu trigger M, L
TR .,-‘ s ,r :I-i' A _-.., -;_-: _“: T e P e .-_;_:u:_;-_ R rf ﬁw‘-n:w:_----é- e L,;.LJ""‘F;'@!
Bream Scolopsis bmneatus 2Lline spheﬂheek‘ Yellow scolopsus R.M, S, L
Sco!opslrs frﬂnarus Bridied s;unechaek Purple smicpsus
g e P e S e T B O W s TR PR MI sl :f_, :;_rl .I.}
Cardinalfish Apngon lyanusoma Blacksm;:e cardinal Dranga ine cardnal | R, M, S, L
Sphaaram!a nematoptera Pajama cardinal Apogon candinal L
N T e e e s e e T L R e T
Canthigaster sofandr Spotted toby Orange tail Fiji M, L
puffer
Arothron mappa Map puffer Honey comb puffer ]
Arothron nigropunctatus Blackspotted puffer Dogface puffer R,M S L
Diodan h.-'sm'x Porwmneﬁsh Dalmation puffer ]
St i T ':r i B A EE R S e m-_h-i-.;i- L'- i -'“-‘:‘-:5’r-":ﬁ}.'-'??sfé.'}"_."'.'*':i.”": R R LT N
Lmr!fish “Plerois vo!:tans Turkey Unnﬁsh Volitan lion
Ptarois radiata Clearfm lionfish Radijata lion M,S
Dendrochirus zebra Zebra lionfish Dwarf lion

14



Blennies Salarias fasciatus Jewelled blenmy Algae blenny

Meiacanthus ovalavensis Yellow poisonfang Fiji canary
blenny
Plagiotrermus favus Poisonfang blenny Fiji canary
mimic

Astrosalanes iuscus Highfin blenny Black blenny
Ecsenius oculus Coular blenny Eyelash blenny
Ecsenius bicolor Bicolour blenmy Bicdlor blenny

o iha *‘l’f:* e ¥ o e s S el e R e A e R P

Gobies Amblygobius sphynx Sphynx goby Zebra goby
Gaobiodon citrinus Citron goby Clown goby
Ambleyeleotris wheeleri Wheeler prawn goby Wheeler prawn goby
Ambi ius rainfordi Oid glory goby Rainford goby M. S, L
Amblygobi sp. Asszorted goby spp. Assorted goby spp.
Valenciennea strigata Bluestreak goby Gold head sleeper
Valenciennea langipinnis Longfinned goby Tiger sleeper 5
Valenciennea sexgutiata 8-Spot goby Blue dot steeper S.L
Nematelectris heffrichi Heffrich's dartfish Helfrichi firefish 5
Amblygobius phalaena Brownbarred goby Dragon goby Sels
Amblyelectnis sleinitzi Stefnitz’ prawn goby Orange bar goby M. S, L

Mot all of these species were found during the surveys, or collected during the year.

A "commonness index™ was prepared by allocating each species an index number relating
ta the amount of fish that were seen during surveys.

1 = highest number seen during surveys, 2 = next highest etc.

%

A “collection index" was prepared by allocding each species an index number relating to

the amount of fish that had been collected over the year 2002 (January to October).

1 = highest number collected, 2 = next highest etc. Collection witnessed by surveyors was
examined in the same way, and found to reflect a similar collection index rating.

From this, 14 "Key Species" of fish were selected for in-detail analysis:
o 11 were selected because they ranked highly as most commonly seen during the

o

surveys, and were also the most collected or Fiji endemics.
3 anemone fish species were selected because they are of sedentary habitat and

vulnerable to over collection.

—
5

Table 2 Commonness and Collection Indices and Key Species identified.

~ Species | “Common- | Collection | Coltection | Identified as _

" Scientific name nesson |indexby | indexby | KeySpecies
ar : fransect | witnessed | warehouse | = . .- 1

. .. _ index* collection | records ' ¥

Chrysiptera faupou 1 1 1 i3

Fomacenirus caerufeus 5] 10

Chrysiptera talboti 4 ] B8 t

Pomacenirus bankanensis 7 34

Amblyglyphidodon aureus 30 38

Amblyglyphidodon leucogaster 11 31

Chromis viridis 2 8 T

Amblyglyphidodon curacao 3 25 t




Chromis viridis 2 8 ¥
Amblyglyphidodon curacao 3 25 ¥
Dascyllus sp. - 27
Novaculichthys taeniourus 48 46
Cheilinus species 27 33
Hemigymnus melapterus 13 46
Thalaszomsa hardwicke ar 45
EPseuduocheilinus hexataenia 9 46
Thalassoma jansenii 43 48
Macropharyngodon meleagrns 47 46
Thafassoma lunars 20 46
Halichoares nebulosus 19 27
Stethojulis bandanensis 38 46
Halichoeres melanurus 5 B 21 T
Epibulus insidiator 36 45
Ecsenius Bicolor 24 11
Astrosalanas fuscus 18 19
Meiacanthus ovalavensis 8 2 2 T
Salarias fasciatus 14 12 g
Siganus dafiatus 12 7 5 T
Siganus uspi 16 1 i T
Gnathanodon speciosus — ]
Parapercis nebulosa - 26
Scolopsis bilineatus 10 23
Valenciennea sexgutiala 32 7] 13
Valenciennea longipinnis - 18
Valenciennca strigaia = 38
Ambiygobius phalaena 28 24
Amblyelecins sleinitzi 76 37
Amblygobius rainfordi 16 4 4 T
Amblygobius sphynx 38 29
Amblygohi sp. - 43
Gobiodon cilrinus - 0 16
Ambleyeleotris wheeler - 44
Cltenochaetus strigosus 15 46
Zebrasoma veliferum 21 17
Heniochus acuminatus 33 41
Heniochus varius 30 46
Heniochus chrysaostomus 35 41
Sphaeramia nematoptera 23 e
Apogon lyanusoma 38 15
Arothron nigropunclalus 38 3

| Arothron mappa = 36
Diodan histrix - 35
Canthigaster solandr 24 3 3 ¥
Parupeneus barberinoides 27 11 14
Amphiprion chrysoptens 43 44 T
Amphiprion perideraion 43 38 T
Amphiprion frenatus 33 14 12 T
Rhinecanthus aculeatus 28 8 20 T
Pomacanthus semicirculatus 42 15
Cefoscarus bicolor 43 46

[* — = Collected but not seen dunng surveys)
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cies - illustration of Ewald Lieske

South Seas Devil Talbot's Demoiselle Blue-Green Chromis  Staghom Damsel

Fiji Devil Fiji Yellowhead Green Chromis Green Damsel
Chrysiplera laupoi Chiysipters falboli Chromis viridis Amblvglvphidodon curacao

4
de

Orange Fin Anemonefish Tomato Anemonefish Pink Anemonefish
Blue Line Clown Tomato Clown Pink Skunk Clown
Amphiprion chrysopterus Amphiprion frenatus Amphiprion perideraion

Yellow Poison Fang Blenny  Old Glory Orangeline wrasse Spotted Toby
Fiji Canary (and Mimic) Rainford's Goby Pinstripe wrass Orangetail Puffer
Meiacanthus ovalauensis Amblygobius rainfordi Halichoeres melanurus  Canthigaster

or Plagiotremus flavus solandri

Pencil-Scrawled Rabhbit Uspi Rabbit Picassofish
Blue & Gold Line Rabbit Fiji Foxface Humuhumu Trigger
Siganus dofiafus Siganus uspi Rhinecanthus aculeatus
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Site Selection
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In three regions the major reef users were tourism concems. These were the subject of small
surveys designed to examipe the populations al sites regularly visited by tourist divers. Such
sites are subject to a similar amount and type of human (Le. diving) disturbance as the
collection sites, but there is no regular removal of fish or corals.

Of these three regions, one definitely has no collection for the Agquarium trade (Savusavu),
one is in an area where it is thought that occasional imegular collection may take place
(Rakiraki), and the other is in an area that has specifically disallowed collection, but where
unauthorised collection sometimes occurs (Mamanucas).

The main survey was carried out in the collection grounds of Walt Smith Intemational, ina
large area of patch reefs north of Lautoka. 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, but no fish collection was being carried out.

Coral harvesting is carried out in all areas studied. Some of the "buffer zone" sites are the
sites of coral and live rock culturing.
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related trades (Lovell 2001).

Figure 1: The location of the Wait Smith Interpational
areas for the collection of aguarium prodocts (%) ;
and live rock (7L u 2 Lar b
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Com panies and collection type:

1. Seaking Tradiog Co.: Cartio
2. Acropora Int'E3 Curia
3. Ocean 200{: Aquariom o
4. Watertife, Fifi: Aquariam end five rock ‘bﬁ"d_,é :-:3
5. Aquarium Fish, Fiji: Aquarum . * s =h
6. Tropical Fish, Fiji: Live rock tgﬁ' —ﬂg
7. Wall Swsith [nt'l: Live rack "

8. Ocean ZINM: Live rock

9. 'Walt Smith Int'l: Aquarium
10, Vit Mari Search: Live rock
11. R.E.L. Waikava Marine Ind.: Aqeariom/Live rock

Collection of Marine Species of various types is carried out along most areas of the coastline of the main
isiand of Viti Levu. Different organisms are collected in different areas depending on reef type.
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Figure 17 Landsat Satellite photo showing survey reefs in Lautoka area (Lovell 2001)
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The numbering system used is a conlinuation of that used in the study of corals and benthic
cover by Ed Lovell {Lovell 2002). Where reefs included in that study were used for fish
surveys, the same numbers were used. Where reefs not included in the Lovell survey were
visited, the reef numbers continued on from his system. Therefore, if this report is read
alongside the Lovell report (Lovell 2002), the reef numbers will coincide.

Tabl tions of surv ite:
Reaf | Region '{ Reef name Latitude Longitude Reef type . | Fish
no. ; ' g coll.
[=%] Lautoka Naitovalase Reef ir 1652'5 [ 17 2115 E | Line reef No
with some
reef patches
R13 Lautoka Makubu Reef 177 31.00°S 177" 2150°E Patch reef Mo
R14 Lautoka WVunagiligili Reef 17 3522'5 177 21.0Z E | Linereef No
and patch
reef
R15 Lautoka Savala Reef 17° 34.81'S 177" 2265 E Fringing Yas
reef, and
reef flats
R4 Lautoka Cakauniciva Reef 177 20.35'S 177° 28.15° E | Patch reef Yes
R25 Lautoka Ovulavula Reef 17°20.80°S [177 2415 E | Line reef No
and patch
reef
R27 Savusavu Alice Reef 16°4892°S |[179° 1551 E | Patch reef. | No
RZ8 Savusavu Cousteau Jetty Reef [ 16748.74°S | 179° 1721 E | Fringing reel | Mo
RZ25 Savusavu Golden Nuggets Reef | 16 49.20° 5 179° 1851 E gommia Mo
{shallow) WL
Ra0 Savusavu Golden Muggets Reef | 16" 49.20'S | 179" 1851'E | Bommie No
(snorkelspat)
R31 Savusavu Shark Alley Reef 16" 49.54'5 | 179 1844'E | Barrierreef | No
R32 Mamanucas | Jacky's Reef 17°39.05'S | 177 15.06°E | Fringing reef | No
R33 Mamanucas | Jimmy’'s Reef 17°38.30'S [ 177" 15.15° E | Fringing reef | No
R34 Mamanucas Pleasure Point Reaf 17 38.10'S [ 177 1020°'E | Patch reef No
R35 Mamanucas Plantation Pinnacles 17 48.07" S 1777 12.15" E | Bommie Yes
R36 Mamanucas | Angel's Reef 17°39.40°'S | 177 08.33°E | Patch reef | No
Ra7 Mamanucas | Castaway Pinnacles | 17°43.66'S | 1/7 "06.53 E | Bommie No
Ra8 Mamanucas | M+M Reef 17 44.25'8 | 1777 08.28'E | Patch reef No
R39 Rakiraki Walu Express Reef | 17 18.24'S | 178" 26.87 E | Paich reef | Unknown
R40 Rakiraki G-5 Feef 17°16.98'S [ 178° 28.27 E | Bommie Unknown
R4 Rakiraki Mellow Yellow Reaf 17" 16.92'8 178" 27.74' E | Bommie Unknown
R4Z Rakiraki Purple Haze Reef 17718.76°S | 178" 276/ £ | Bommie Unknawn
R43 Rakiraki Black Magic 17°16.86S |1/8° 2750 E | Bommie Unknewn
Mountain Reef
Rd4 Rakiraki Garden of Eden Reef | 17 16.92'S [ 178° 27.74 E | Patch reef | Unknown
R45 Hakiraki Instant Replay Reef 17703 S | 17827 44 E | Bommie Uriknown

23




Within the Lautoka region, six sites were visited and surveyed for omamental fish
populations. These sites were determined by the regular fish collection schedule, and so
represent the areas most regularly collected. On days when collection was not taking place,
the surveyors were taken to close-by sites where fish were not collected, but where other
stress factors were similar to the fish collection sites, i.e., regular dives were made to collect
corals or live rock from culture sites and farms, so that the fish populations were regularly
disturbed by divers. but not removed.

Reef Characteristics

There was a large variety of reef types in the smaller resorl surveys, and a grealer
homogeneity of reef types in the main survey of the Lauloka reefs. The types of reefs were
split into & main descriptive groups.

(1) Seamaut §

3

; 15m

II

E' Thm

i

| 1 Baerress

|

[

|

|

i

| S

| o =

I o

| £ 100

‘ (5 Pach reef 16) Fringing resd

24



Where possible, surveys were carmied out on shallow reef flats and slopes that best matched
the areas where the majority of omamental fish were collected. Where site limitations

disallowed this, surveys were carmed out on the most representative zone of the reef.

The: reefs were split into three main zones:

“Shallow”; the reef flat and gradual slope between 0 and 6m depth,
“Mid-reef™; the reef slope baween 6 and 14m depth, and

“Deep Reef”, the reef slope befow 14m.

Figure 20 Survey zones on the Lautoka reefs.

The Lautoka reefs were mostly shallow patch and line reefs. The majority of surveys were
carried out in the Shallow reef top arez, and a few an the Mid-reef siope.

I
Shalioar e Survey area
i o
*
e
Mz

(1) Lautoka i

Figure 21 Survey zones on the Mamanuca reefs,

Most of these reefs were paich reefs or bommies. Most surveys were caried out on the
Shallow reef which was very similar to the Lautoka areas. Where surge or depth made
shallow surveys impossible, the Midreef was used.
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Eigure 22 Survey zones on the Savusavu reefs,

Most of the sites surveyed were Shallow reef, either on the top of the reef, orthe Shallow reef
slope between bommies.

(3) Savusavu

on the Rakiraki reefs

These reefs were further offshore than others surveyed, and in general were large bommies
or seamounts on an outer barrier reef. They were mostly deeper than the other sites, and
surveys were divided anongst Shallow, Midreef and Deep Reef zones.
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Site description of reefs in the Lautoka area

Six sites were surveyed, four of these were regularly visited, two were less accessible. While
all six are included in the general resulls, only four were used for specific data analysis. Sites
exciuded from analysis were Naitovolase and Ovulavula.

Fish Collection sites:

Savala Reef {R15) (Fish Collection)

This reef is the only fringing reef surveyed in the Lautoka area. The reef is used for coral
harvesting and fish collection regularly. The surveys iook place on the shallow part of the
reef on two different sites. The sites are similar to each other in regard to the depth and reef
struciure.

Cakauniciva Reef (R24) {Fish Collection)

This line reef is divided in two reef areas. Both are regularly used for coral harvesting and fish
collection. The reef is similar in all zones with the exception of the weather side of both ling
reefs. On these sides reef patchas are localed.

The surveys were all caried out on the lee side of the reefs.

Fish llect] i i

Nakubu Reef {R13) (Fish Non-collection)

R13 is a large reef used for coral harvesting, coral farming and in cerfain areas for fish
collection. The reef is similar in all reef zones. In contrast to the coral harvesting the fish
collection takes only place at the Lauioka side (eastern side) of the reef. The coral farm is
located in the wastem part of R13.

All the surveys were carried out near the coral farm away from the fish collection area +in the
shallow parts and mid reef zones.

Vunaqiligili Reef (R14) (Fish Non-collection)
This reef is oulside the collection area of Walt Smith International Lid. and is used as a site
for coral faming. Material for the establishment of the farm has come from the reef area. This
area is also the field venue for the live rock mariculture.

The reef consists of elongate reefs and interspersed reef patches.

All the surveys were carried out on the shallow zones near the coral farm and around the reef
paiches used for live rock culture.

Fish Non-collection sitesnot used in data analysis:

Naitovolase Reef (R3) (Fish Non-collection}
This small fine reaf is regularly used for collection of colony rock. The reef is quite
hererogeneous in all zones. Shallow parts are alternated with deeper reef zones, Small coral

heads are located on both sides of the major reef zone.
Surveys were carried out on the lee side of the reef, on the deeper zone as well as the

shallow parts.

Ovulavula Reef (R25) {Fish Non-coliection)
This small line reef is used regularly for coral harvesting. There is one steep side facing the

prevailing currents and a gentler lee slope. Almost all the coral harvesting takes place at the
lee side of the reef and on the shallow flat. All the surveys were carried out on the shallow
parts of the lee side.
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Surveys were made over a 3 month pericd September to November 2002. Three weeks of
practice surveys at Lautoka were not inciuded in the data. Resort surveys were carried out in
September and the main surveys at Lautoka were done over 4 weeks October - November,

Table 4. Date and details of resort surveys

Reef Area Date Depth (m) |  Reefzone Mumber of |
number transects

R27 Savusavu (5-Sep-02 5 Shallow 5
RZ28 Savusavu 10-5ep-I 2 Shallow 4
R29 ~ Savusavu 10-Sep-02 2] Mid reef 2
R30 Savusavu 11Sep02 ] Shallow i
R31 Savusavu 12-Sep-02 8 Mid reef 4
Total transects in the Savusavu area ; 19
R32 Mamanucas 15-Sep-02 7 Mid reef 4
R33 Mamanucas 15-5Sep-2 8 Mid reef 4
R34 Mamanucas 16-Sep-02 T Mid reef 4
R3S Mamanucas 17-Sep-( B Shallow 2
R36 Mamanucas 17Sep02 ) Shallow 4
R37 Marmanucas 20-Sep-(2 ki Mid reef 4
R38 Mamanucas 20-Sep-02 9 Mid reef 4
e . Total transects in the Mamanuca area : 26
R3g Rakiraki 23-Sep-2 5 Shallow 4
40 Rakiraki 24-Sep-02 ] Mid reef bl
R41 Rakiraki 24-Sep-02 7 Mid reef 2
R42 Rakiraki 24-Sep-UE [ Shallow 4
R43 Rakiraki 25-Sep-02 14 Deep Reef 2
R44 Rakiraki 25-Sep-02 5 Shallow 2
R45 Rakiraki 25-Sep-02 8 Mid reef 2
: Total transects in the Rakirak area L 18
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Table s Dates and details of collection area surveys

Reef Date Depth (m) Reef zone Number of

number : transects

R13 15-0ct-02 4 Shallow 4
22-0ct-02 3 Shallow 5
28-0ct-02 4 shallow B |
01-Now-02 3 Shallow 4 |
01-Now-02 (5] Shallow 4

Total ransects at a depth < 6 meter 25

R14 | 17-Octoz ﬂ 3 Shallow a
28-Oct-02 | 4 Shallow 12
28-0Oct-02 3 Shallow 4
30-Oct-02 4 Shallow 8
31-Oct-02 4 Shallow a8
31-0Oct-02 i Shallow 4

Total ransects at a depth < 6 meter 44

R15 23-0ct-02 3 Shallow 7
06-Mow-02 2 Shallow 12
G7-Now02 2 Shallow 8
O7-Now-02 3 Shallow 4

Tolal transects at adepth < 6 meter 31

R24 14-Oct-02 3 Shallow 7
25-0ct-02 2 Shallow 8
25-Qct-02 4 Shallow 8
05-Now-02 2 Shallow 8 i

Total fransects at a depth < 6 meter ] S 31

R25 |  16-Oct-02 | 4 | Shallow 5

Total lransecis at a deplh < 6 meter - 5

R28 21-0ct-02 15 Deep reef [ |
04-Now-02 2 Shallow 7 |
Od-MNow-02 | Shallow 1
04-Now-02 5 Shallow 8

Total transects at a depth = & meler 16
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Statistical analysis

Reef Check characterisations and basic fish population data are presented as averages of
four transects for each site.

Resort Sites data are also presented as averages without further data analysis due to small
sample size and large variation in site characteristics.

The Lautoka area was surveyed much more extensively than the Resort sites. A total of 158
transects were sampled. Some of these were excluded from statistical analysis because of
site variation or in the interesis of pairing surveys of compared sites. A total of 84 transects
were used for all Lautoka results and analysis.

Table Detailz of number of transe n sites u X ed nalysi
Transecls indicated as used in analysis were used for all graphs and analyses for the
Lautoka Area.
6 Sites over Lautoka Area
4 Non-Collection sites 2 Collection sites
Nailovalase | Vanagiign Ovaluvalu Nakubu Total
Site ' 7
R3 R25 a5
= -
Transects 22 5 158
6 Deep All Shallow
Resf zone 8 Middle reef
depth
8 Shallow
reef
Notes an Whole site Whole site
fransects excluded excluded
selectad due to due o
for physical physical
statistical | remoteness remoteness
analysis | from rest of and small
sites, and sample
small rniumber
number of
shallow sites
Transects - =
used in 84
analysis J
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The data generated by the surveys were lested with SP5S and PRIMER.

SPES

In SPSS all the data are analysed via univariate statistics (ANOVA) (Dytham 1993) _

The normal distribution is tested with the KolmogorowSmirnov Test (K-3) and the
homogeneity with the Levene's Test for Homogeneity of Variances.

Analysis of Variance was not found to be the most useful method of analysis.

Therefore analysis using PRIMER was used to test the data.

FRIMER

(Plymouth Routines in Multivariate Ecological Research)

PRIMER software was specifically developed for the analysis of non-parametric datain
community structure ecological studies. It consists of a range of univariate, graphical and
mullivariate routines for analysing matrices of species by sample abundances. The methods
make few, if any, assumptions about the form of the data and concentrate on techniques that

are straightforward fo understand and explain.

In PRIMER the MDS (Multi Dimensional Scan) plot and SIMPER procedure were used to test
the similarity and dissimilarity between the collection and non-coliection data,
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Resulis

Collection records

MNumbers of each species mllected over the year 2002, up to October 2002, were recorded
from the warehouse collectors’ logs, and any collection wilnessed by the surveyors during
their work was recorded.

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

The other fish varied slightly in collection “rank”, but overall, the fish most seen to be

collected in the time surveyors witnessed collection was accurately reflected in the
warehouse annual records.

Table 7 Collection and sales of the “Top Ten" most collected fish Jan - Oct 2002,
Ccllection Rank Sciantific Divers’ Common Aquarists’ Common
name name namae
Warehouse | Witnessed
Records

1 e | Chrysiptera South Seas Davil Flji Dewvil
taupou ; : '

2 2 | Meiacanthus Yeliow Poison Fang Fiji Canary

] ovalatensis Blenny

3 3 Canthigaster Spotted Toby Fijl Orangetail Puffer
sofandri : ol ;

4 4 Ambiygobilis Oid Glory Rainford's Goby
rainfordi

8 7 Siganus Pencil-Scrawled Rabbit | Blue & Gold Line Rabbit
doliatus

B 5 Chrysiptera Talbot's Demoiselle Fiji Yellowhead
talhati

Fi Siganus Uspi Rabbit Fiji Foxface
LS

g Chromis Blue-Green Chromis Green Chromis
vindis

9 Salanas Jewelled blenny Algae blenny
fascialus

10 Pomacentris Caerulean damsel Fiji electric damsel
caenileus
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Parcenage saver

Porcentage cover

Underwater Visual Survey
Reef Check Site Characterisation

Figure 28 Percentage Benthic Cover at each site

Other Reef Check Categories:

B Sponge

[ Sand "Recently Coral dead less than

B Rubble Killed Coral” 12 months

] Fleshy Seaweed “Rock” Coral dead for over a year,

M Recently Killed Coral pieces over 15cm

E EGELE: “Rubble" Pieces 0.5-15cm

ngd ggf;l “Sand" Grains under 0.5¢m
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R32 R33 R34 R35

35

Percentagje cover

Percantage cover

R3g R4l R41 R42 Fes

Siles

Benthic cover Lautoka

R3 R13 R14 RS
Sites

Rds  Rad

R24 R25



Figure 29 Average num of Standard In brates ch site (scale 1-40).

7] Diadema Urchin

Ij Sea Cucumber

B Giant Clam (Tridachna)
[ Triton Shell

B Pencil Urchin

B L obster
Crown-of-Thorns Seastar
Banded Coral Shrimp

Average number of inverlabrates

Average number of invartebrates por

per transect

fransect

“ Invertebrates Savusavu Invertebrates Rakiraki
1 o A - _ A0 i — = ———
38 — S
2
30 +— e
£
25 ————— —_— g B — —
£%
20 + g2 - —
> St ISl 08
£ 15 s —_ —
g
10 +— =——————— g 10 - _— -
=
9 i R ML e 2 —
R27 A28 Ro9 R30 Ra1 RI0  R40 R4t Rez  R43 R4 R4S
Sites Sites
Invertebrates Mamanucas
Standard invertebrates Lautoka
| T== = = 4 ———— — ==
35
e — E m_
Fid
F=l
e e —— 2 _ 251
=8
e %E 20
25
 — ES 15
=
- % 10
| I e
= M. ﬂ_ N

R3z Rz Hﬂ-ﬂ Rﬂ-ﬁ R36  RGT



Figure 30: Average numbers of Standard Fish at each site (scale 1-60).
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Survey of Omamental Fish Species:

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

B) Fish grouped into families

C) Key species

Note — as previously discussed, sample size in the resort regions was less than at the
Lautoka sites. Because of this, and the high site variation in the resort sites, Standard
Deviation was not calculated or used in these graphs.

Table 8 MNumber of transects included from each region
(Resort regions had lower numbers of transects than the Lautoka areas)

Resort regions Lautoka region
Mamanucas | Rakiraki | Savusavu MNon-collection Collection |
26 19 18 42 42

Al All fish surveyed grouped per region.

Figure 31: Average numbers and size classes of all fish surveyed in each reqgion.

Comparison of abundance and size classes of all

Average fish in each area
abundance
per transect
160 —— - | m>20cm | |
lm‘r-zﬂc:m: i
140 b =0 A “ET bR 'i13-15cml_-
1201+— WS lom
|l 5-8cm
80
B0
40+—
20 -
0- . T e -
Mamanucas Rakiraki Savusavu Lautoka Non- Lautoka
collection Collection
Areas
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B) Fish grouped into families per region

Figures used are averages of all fransects at all sites in sach area. Two sets of graphs
are presented — one set with all families, and the second set with damsel fish excluded.
This was done because the large numbers of damsel fish dominated the graph so much

that other families could not be examined using the same scale.

Figur - Comparison of family abundance in all regions

Comparison of abundance of fish families in each region

140.00 : —
E 120.00
g 10000 B Savusawvy
E. 50.00 b= . [ E Rakiraki
| [BEMamanucas

&0,00 O NonCollection

40.00 | 'l — B Collection
g 20.00 | ﬂ—
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Figure 33; mparison of fami noewithout damselfi w other fish speci

Comparison of abundance of fish families WITHOUT DAMSELFISH in each
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Gl Key Species per ragion.

For the following graphs the Key Species are referred to by the Agquarists' common name
for simplicity and ease of distinction.

Table 9: Scienti nd Comm mes of K "
Sripntific name | Divers' Common name Aguarists’ Common Motes I
name
DAMSELFISH
Amphiprion chrysopterus Orange Fin Anemonefish Biue Line Clown Analysed as
——{ one group -
Amphiprion frenatus Tomato Anemonefish Tomato Clown bi )
“Anemonefish™
Amphiprion perideraion Pink Anemonefish Pink Skunk Clown
Chrysiptera faupou South Seas Devil Fiji Devil
Chrysiptera talboti Talbot's Demoiselle Fiji Yellowhead
Chromis viridis Biue-Green Chromis Green Chromis
Ambilyglyphidodon curacao Staghorn Damsel Green Damsel
OTHER SMALL SPECIES |
Meiacanihus ovalavensis Yellow Poison Fang Analysed as
B,-I ~ it 1

enny Fiji Canary one species
Plagiotremus flavus Yellow Fang Blenny Mimic “Fiji Canary”
Amblygobius rainfordi Old Glory Rainford's Goby

Halichoares melanurus

Pinstripe wrasse

Orangeline wrasse

Canthigaster solandri Spotted Toby Fiji Orangetail Puffer #
LARGER SPECIES

Siganus uspi Uspi Rabbit Fiji Foxface

Siganus dofiatus Pencil-Scrawled Rabbit Blue & Gold Line

Rabhit

Rhinecanthus acuwleatus

Picassofish

Humuhumu Trigger
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Anemone

Fiji Devil

Yellowhead

damsel -

Green
chromis

Green
damsel
Rainfords
goby

Fiji Canary

Crangetall
Puffer

Orangeline
wrasse

Fiji foxface
rabbit

Bluiﬁnad
Rabbit

Humuhumu
trigger

Figures are presented as average numbers counted on all tfransects. On surveys of the three
resort regions, sample size was small, and site variation high, so no statistical analysis

beyond calculation of means was done. Lautoka surveys were more numerous and more
evenly matched. Standard Deviation and Standard Emror for these sites are shown here,
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The previous graph demonstrates the relative numbers and sizes of each species.
Damselfish dominated the numbers of key species seen during surveys by a factor of
10.

Due to this scale difference, the same information is presented here in three separate
bar charts to enable examination of the details of size and abundance of key species in
each region.

Mote differences in scale between groups —
o Damselfish 0-80

o Other small species 0 -6

o Largerspecies0-1.4

Figure 36: ifish
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Statistical Analysis

Results: SPSS

The results of the Kolmogorow-Smirnov Test (K-S) showed a non-normality for most of the
data The Analysis of Variance (ANOVA) was quite robust - in other words, the outcome and
interpretation are not affected by the non-normality of the data (Underwood, 2001).

The Levene's Test for Homogeneity of Variances also showed no significant result for most of
the data. Transformation of the data by square-root and log did not give a significant resuit.
For heterogeneous experments the recommendation was to do the analysis of variances
anyway (Underwood, 2001).

Analysis of variance showed no significant difference between the Collection and Norn-
collection areas, considering the total abundance, families and key species. Only the Gobies
and a few key species (Chromis virdfis and Siganus uspi] had a p<0.005 or 0.05 = 85%,
indicating a significant difference in the abundance between the two areas. Analysis of
Variance also showed no sgnificant difference between the fish size classes for each key
species, except the Chromis viridis.

This lack of statistical significance is attributed to the small sample size obtained for many of
the species under investigation. i has been stated (Hodgson 2001) that for statistical
analysis, 200 individuals of each species under survey should be counted.

It should be noted that even in a total of 84 surveys done in the Lautoka area, only © species
attained the desired sample size of 200 individuals counted. In many other cases, less than
20 fish were recorded. (See following table).

In the light of this sampling difficulty, ANOVA was not considered the best way lo analyse this
data, and Primer MDS was used.
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: e num f all fish obtai lection llection
In 84 transects, oly the last 6 reached the desired total of 200 individuats,

Sclentific name Non-collection  [Collection
Cetoscarus bicolor 1 0
Amphiprion chrysopterus 1 0
Macropharyngodon meieagns i U
Epibulus insidiator 1 0
Fomacanthus semicirculatus 1 1
Heniochus varius 0 3
Thalassoma fansenif 3 0
Stethojulis bandanensis 3 a
lArothron migropunctatus 2 2
Hentochus chrysostomus 4 ]

[ Ambiyglyphidodon aureus 5 0
IAmphiprion frenatus 2 Fl
\Amblygobius sphynx 5 1
Amblygobius phalaena 1 g
Heniochus acuminatus 12 a
Rhinecanthus aculeatus 10 2z
Sphaeramia nematoptera 12 0
Valenciennea sexguttata o 15
Amblyeleotris stainitzi 11 5
Canthigaster solandri a8 10 8
Ecsenius bicalor 16 3
Parupeneus barbennoides 14 5
Cheilinus species 11 10
\Febrasoma veliferum 13 12
Siganus uspi 20 7
Halichoeres nebulosus 24 12
Amblygobius rainfordi 17 26
Astrosalarias fuscus 34 14
Ctenochaetus strigosus 33 24
Hemigymnus melapterus 31 36
Amblyglyphidodon levcogaster 68 4
Salarias fasclalus 26 46
Siganus doliatus 55 54
Meiacanthus ovalauensis 55 59
Scolopsis bifineatus 66 59
Fseuduocheilinus hexataenia 21 114
[Pomacentrus bankanensis 147 32
Pomaceninis casruleus. TSR] i 0 {sic}™™
Halichoeres mefarnurs ¢ T 1145 R P
Chrysiptera falboti =~ . 426 o
Amblygiyphidodon curacao R R L |5
Chromis virdls : a04. wcu H103
Chrysipiera taupou ] ' 1064 - 840 -
Total 3942 2171

(™" Note: The score of U for Pomacentrus caeruleus on the Collection sites was a frue observation.)
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Results: Primer
Each paint represents data from one survey. Grey points are from Non-collection sites, Black

points from Collection sites.
The "Stress” figure in the top right of each plot indicates the level of disturbance from nomal
community spread. The higher the stres s factor, the more deviation from the expected norm,
and the higher the indication that there is a disturbing element present.

EBresa: 018
AN
Non-
i v o collection
L oA L Faty 7 A areas
Fa
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¥ - vy :! v Collection
- v ¥ areas ¥
b J
v v vy ’
v
Each point represents total fish abundance data from one survey.
There is a clear indication that the two types of sites are grouped, rather than randomly
mixed. This grouping, and the high stress factor (0.18), show a dissimilarity in totd fish
abundance between Collecion and Non-Collection sites.
From the same data, the SIMPER procedure provided a list of species that had the highest
average dissimilarity betwean sites.
Tabl I 4 IMP | fish
" Scientific name | Average Average _ |  Average
... | sbundancenon- | abundance |  dissimilarity
e E s _ collectionarea | collectionarea. |  between
g : sl o e dnd
S * non-collection
AR o ! ' % 3 I area (%)
Chromis vindis 21.52 245 14.27
Chrysiptera taupou 2533 1624 11.96
Ambliglyphidodon curacao 8.52 12.88 9.23
Chrysiptera talboli 10.74 2.19 6.84
Pomacantrus casruleus 5.83 0.00 3.72

These 5 species showed the greatest differences between Collection and Mon-collection

sites. They are all damseifish.
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Each point represents family abundance data from one survey.

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

and Non-Collection sites for families of fish.

From the same data, the SIMPER procedure provided a fist of families that had the highest

average dissimilarity between sites.

Table 13: Result of the SIMPER procedure.

~ Families

Average ~Average Average dissimilarity
abundance abundance between collection -
non-collection collection area and non-collection
- s ‘area : area (%)
Damselfishes 78.17 379 10.78
\Wrasses 5.71 9.29 4.1
Rabbitfishes 1.79 1.45 3.35
Breams 1.57 1.40 317
Gobies 0.81 1.33 2.76

In the SIMPER print-out the Damseffishes, Wrasses, Rabbitfishes,
mainly responsible for this dissimilarity.
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Fish collection methods

In general, the handcollection methods being used are the least destructive available.
Cyanide or blast fishing is not in use. When handcollection methods are used by
sonscientious collectors, very litite damage is sustained to the fish or to the surrounding
environment. There can be postcollection death in the holding tanks, which is nol covered in
this text, as it appears to be more due to tank design and length of fime before shipping than
to collection methods.

Fish collection amounts

As the collectors get paid by the fish brought in, their log is always up to date, and appears o
be an accurate and reliable indicator of the fish being removed from the reef. The collectiors
witnessed during survey days reflected the yeardy records kept by the collection firm.

Collection was ery much dominated by a few species, with very small numbers of others
being taken. Of the 78 species on the original survey list, only 48 were seen during surveys,
and 51 appeared in the yearly collection records. Fiji endemics and variants are the largest
group of species collected, as obviously there is a demand for fish that cannot be found
elsewhere. Most of the heavily collacted species are from the damsel and goby/blenny
families, plus two rabbitfish and one small puffer. Damseifish in particular make up a2 huge
proportion of all fish collected.

Underwater Visual Survey )
With adequate training, and in-water identification guides, volunteer surveyors can make
accurate evaluations of a limited target species. (Several volunteer programmes already exist
in Fiji, including Reef Check, Coral Cay Conservation and Greenforce, also see Darwell at al
1986). In this case, the surveyors had specially designed underwater identification guides to
the specific species under survey, and three weeks' training surveying before undertaking
data collection. This was found fo be adequate to ensure positive identification of a limited
number of species.

Reef Check site characterisation:

Substrate definiticns used were as per the Reef Check methodology:

o Recently Killed Coral = Coral dead for less than 12 months (good skeletal definition still
exists)

o Rock = Coral dead over 12 months (Lack of skeletal definition although shape may still
be cleary visible) or solid substrate over 15cm in size

o Rubble = Pieces of mck, or coral dead for over 12 months between 0.5 to 15cm in size.

Therefore, a site with a large proportion of rock or rubble may actually have a large proportion

of dead coral which was, for example, killed in the mass bleaching event of 2000.

The benthic (sea bed) cover of most sites was dminated by rock - probably corals that
died in the 2000 bleaching. 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 the
Rakiraki sites had an average of 40% of Live Hard Coral. Soft Coral was also more prevalent
in the Rakiraki sites, and did not make up a large proportion of the other regions. This reflects
the difference between the Rakiraki sites which are in deeper water in the Vatu4-Ra passage,
and other regions where siles are closer to shore and in shallower water. Most branching
corals were small re-growing colonies, and so did not make up a high proportion of the sea
bed, although they appeared io be in good health.
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The Mamanuca sites had the largest proportion of fleshy seaweed, reflecting high nutrient
levels in the water. The neighbouring Lautoka sites did not show the same amount of algal

cover,

The populations of standard fish species of all regions were dominated by butterflyfish
and parrotfish. Mo sites had significant populations of larger food fish such as snapper or
sweetlips. A few small grouper were seen at some sites. All regions therefore appear to be
subject to similar fishing pressures, probably subsistence and perhaps small commercial
operations.

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

Savusavu sites were generally low in the fish populations being recorded (although they are
the highest in Agquarium fish species as discussed later). This is probably due to local
subsistence fishing.

In Rakiraki sites R42 and R43 were very high in butterflyfish, and this relates well to the high
live coral populations of these sites (many butterfiyfish species feed on coral polyps).

In the Mamanucas, sites R32 and R33 are reefs off the shore at Beachcomber Island Resort,
where a small no-fishing reserve and regular fish feeding may have resulted in the larger
amounts of snapper and grouper.

In the Lautoka region, sites R15 and R24 are regular Aguarium Fish Collection sites. R15 has
lower overall fish populations than the other sites. As the Reef Check species are not those
collected by the Aquarium trade, this may reflect either habitat change, or other fishing
practices concentrating on this reef.

The populations of standard invertebrates in all regions were dominated by Diadema
{black spiky} Sea Urchins, and Sea Cucumbers (mosfly of the species Holothuria atraor H
edulis, locally known as Loli or Pinkfish and of low commercial value). A few small Giant

Clams (Tridachna species) were seen. There were very few Crown of Thoms Sea Stars
{Acanthaster planci) seen in any region.

Savusavu and Rakiraki were lowest in invertebrate populations, which may be due to site
type in Rakiraki and fishing pressures in Savusavu.

The Mamanuca sites showed similar low populations except at the two sites near

Beachcomber which were in the nofishing protected area, and so less affected by reef
walking and fishing.

In contrast, the Lautoka sites were much richer in invertebrate life, especially Diadema

urchins, and had quite a few small Tridachna giant clams which were not seen at all in other
regions. Also seen, bul not recorded, was a surprisingly high populations of Linkai laevigata
blue sea stars at the same sites.

Ovwerall, the Lautoka sifes are not significantly dissimilar to the other sites examined, and are

most closely comparable to the Mamanuca sites, with the exception of the higher algal cover
seen in the Mamanucas.
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Survey of Omamental Fish Species:
Sample size

The reefs are dominated by a small number of fish species, whiie_ others occur quite rarely.
This made it difficult to obtain large sample numbers for many species. It has been suggested
{Hodgson 2001) that surveys should be done until at least 200 of each species are counted.

The total fish counted durng 42 transects on MNon-collection sites and 42 surveys on
Caollection sites in the Lautcka region are shown in Table 11. From this table it can be seen
that only 6 of the survey species reached the suggested minimum number of 200 in the
survey fime available. it would take considerably more surveys to reach the minimum sample
size for many of the species under survey.

Out of the 6 species that reached satisfactory numbers for analysis, 5 had been identified as
key species for survey; 9 other key species did not reach adequate numbers in over 80
transects. Consequently although these data showed ceriain trends, the small sample size
for many species made the data difficult to analyse with Analysis of Variance, and this
limitation of the pilot study is recognised.

Total fish

Comparison of the abundance of ormamental fish species in all regions showed a distinctly
smaller amount of fish in the Lautoka Collection zone than in any of the four other regions
where fish were not being collect=d.

This was particularly true of the smaller size groups, which are the most collected. The size
class 2-4cm was much less abundant in the Collection sites than any of the others.

The stafistical analysis by Primer MDS piot of these data showed a distinct dissimilarity in
total fish numbers and size between Lautoka Non-Collection and Collection areas.

Savusavu, the region with the lowest populations of Reef Check standard fish species, had
the highest population of small marine omamental species, indicating that local subsistence
fishing does not adversely affect the species which are collected for the Aquarium trade, and
may actually help increase their populations by removing predatory animals.

It is suggested that there is an overall deleterious effect of collection on some targeted fish
populations and size. Further study and data collection would be required o firmly establish
this.

Family groupings

When the fish were grouped into families, it could be clearly seen that the populations were
heavily dominated by damselfish. This is also reflected in the species most collected. Many of

the species that are collected most by the aguarium fishermen are the most common on the
shallow reef.

There was a clear indication that damselfish were less numerous on the Lautoka Collection
sites than in any of the other regions where fish were not routinely collected. Figure 4 shows

that the Lautoka Non-Caollection zones, and the three other regions examined, all had at least
twice as many damselfish as the Collection sites.

Other species were less affected by collection: wrasse were actually more plentiful in the

Lautoka Collection zone than elsewhere, while other species did not show an appreciable
difference. This may be due to lower sample numbers, as previously discussed.
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Primer statistical analysis showed a dissimilarity between Lautoka Mon-Collection and
Collection sites, but not such a distinct one as was seen with the total fish numbers. There is
a suggestion that some families may be affected by collection, and the SIMPER procedure
identifies the damselfish family as being the most affected.

Key Species

When the 12 Key Sneciss (countfing the thres Anemonefish species as one group) were
examined, similar pattems could be seen.

Figure 34 compares the Key Species by region and size class, and Figure 35 by region and
species. These graphs clearly indicate that two of the damselfish species in the size range 2
4 and 58cm are most aifected by coliection.

Other species are hard to evaluate from these graphs because of the dominance of these two
species. The following three bar charts, Figures 36, 37 and 38, show the same data at

different scales to compensate for the domination of the damsel fish species.

From FRgure 38, it can be seen that the two damselfish species which appear to be
significantly lower in abundance in the Collection zones are the Green Chromis (Chromis
viridis} which is very much less abundant in the Collection zones than elsewhere and the Fiji
Yellowhead Damsel {Chrysiptera tafboti), which is slightly less common in the Caollection
zones. Table 12, the SIMPER analysis of the total fish data, also identifies these as two of the
species which show significant dissimilariies between the Lautoka Collection and Norr
Collection sites.

However, as can be seen in Figures 34 and 386, the Green Chromis also varies considerably
between regions without Collection pressures, and this may be due to the abundance of
suitable habitat. Green Chromis are found mostly within branching corals, and are less
common on low relief rubble areas, whereas the Fiji Yellowhead is a rubble-dweller and
appears to have suitable habitat at most sites investigated. Both the Lautoka Collection and
Non-Collection sites were lower in Green Chromis than the resort sites, and the Collection
site was much lower than the Non-Collection, but this may relate to the coral collection
practices in the area rather than fish collection pressures.

A further study relating abundance to prevalent coral types would be necessary to establish
whether this difference is a direct resull of fish collection, or of lack of branching coral habitat
in the collection zones.

The other three damselfish species, the Anemonefish {Amphiprion spp), the Green Damsel
{Amblygiiphidedon curacac), and the Fiji Devil [Chrysiptera taupou), which is by far the most
collected of all the species) do not appear to be significantly different in the Lautoka
Collection zone than in any of the Non-Collection regions.

When other Key Species are examined (Figures 37 and 38) the only one that appears to
have been lowered by collection is the Fiji Foxface (Siganus uspi], an endemic rabbitfish. The
other species do not show any consistent patiem of lower numbers in the Collection zones.

The statistical analysis showed no definite dissimilarity between Lautoka Collection and Nor
Collection zones for the Key Species, and the differences between regions tecomes less
distinct at this level of analysis.

Figure 42 shows that where there are differences between the Lautoka Collection and Mo
Collection regions, they are most significant in the size classes 2-4ecm and over 20cm.
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‘Conclusions and Recommendations
Methodology

o Reef Check was found to be a simple and effective way of making site
characterizations which were comparabie belween regions. )

o The underwater visual survey of omamental fish species proved to be viable but fime
consuming. It would probably take at least 6 months of constant surveying the
Collection/Mon-Collection regions to get statistically significant data for most species
under investigation.

o It is indicated that a list of 10-15 key species could be identified for the region. This
species list needs to be designed for local applications, as many of the fish most
collected are local variants or endemics. Survey of only these species would be less
time-consuming, and just as significant.

o Future work towards management plans will require many more surveys to be done,
and should concentrate on the key species until samples of at least 200 are reached.

o Student volunteers studying marine sciences were used fo perform most of these
surveys. They were highly educated but initially inexperienced in underwater survey
techniques. They quickly achieved a high level of proficiency, dus largely to the
development of underwater fish identification guides, which indicates that the use of
non-specialists to monitor a8 concise species list can be exiremely -usefyl. It is
emphasised that these surveyors spent 3 months doing nothing but this survey, and
that data from the first 3 weeks were regarded as practice data and nof used.

o Sites that were disparate geographically and physically were still comparabile at the
level and size of total omamental fish population and abundance of families.
However, individual species cannot be compared between sites very different from
each other due to varations in habitat type.

& A survey could be designed fo count all ornamental fish to family level and size class
that would be useful all over the country, while 8 more detailed key species survey
would be needed fo establish the effects of collection inside and bordering collection
Zones.

Site Character

o There was quite a lot of variation between types of reef surveyed at the resorts, while
the Lautoka sites were selected 1o be more homogenous. Of the four regions, the
Mamanuca reefs were much more similar to those in Lautoka area than the reefs at
Savusavu or Rakiraki, aithough the Mamanucas had a much higher amount of algal
cover than the Lautoka sites.



Ornamental Fish Survey

Size and abundance of fish surveyed were seen to be slightly lower in the Lautoka
Collection zone than in the Lautoka Mon-Collection Zone, and than in any of the other
regions examined, and it was smaller fish that were most affected.

Gf lhe 12 Rey Spedes examined, two species of damseifish showed a direct
reduction in numbers in the Collection zones under study, the rest of the Key Species
did not appear to be significantly affected.

The most frequently collected fish are damselfish and a few locally endemic species.
Most of the species being collected are locally abundant, and their populations do not
appear to be being immediately reduced,

As local variants and endemics are under much greater collection pressures than fish
commion elsewhere, these need o be investigated carefully fo establish population
regeneration times, and would be suitable candidates for quota control.

Although this work did not specifically study collection of fish from static and limited
habitats such as anemones, or habitats where collection entails coral breakage, it is
felt that these practices are most likely fo be unsustainable, and should probably be
avoided where possible. Further work should be done on these species.

It wouid make sense to close a Collection zone and estabiish how long it takes for
population levels to retum to those found on the Non-Collection sites. This could form
the basis of a management plan utilising site rotation to maintain species levels.

This survey provided a valuable baseline set of figures. Walt Smith Intemational
intends to fund future surveys to establish whether populations continue to change or
remain stable on the two types of site.

Sustainable harvesfing of marine omamentals is possible in theory, but requires a
considerable input of resources to establish and maintain. Collection firms should to
be encouraged to set up population menitoring and management plans for
sustainable use of the marine resource. Marine Agquarium Council (MAC) Certification
is one way to do this. Walt Smith Intemational is committing resources to assess and
monitor the reef populations over a long term period, and is zoning collection areas to
reduce the impact of collection. This pracfice should be continued and promoted.
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