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EXECUTIVE SUMMARY

The coastd waters of Bdize condst of a complex sat of regfd resources which are
economicdly important for indudries such as tourism and fishing. Effective
management of these resources can be asssted by data collected by sdf-finendng
volunteer divers. This technique has been used in Belize by Cord Cay Conservation
(CCC) to provide data to the Depatment of Fisheries and Coastd Zone Management
Project.

Between 1994 and 1997 CCC collected basdine data on the benthic and fish
communities of Turneffe Atoll in order to produce a habitat map and associated
database. Although data on fish abundance are avalable via this technique, they are
limited by the variable length of each transect and use of an ordind scae. This study,
conducted between 1997 and 1998, amed to provide fully quantitative data on
commercidly important fish and invertebrate species, here defined as jacks, grunts,
snappers, groupers, barracuda, mackerel, tarpon, hogfish, conch and lobster. Such data
could then be used to provide basdine dendties for comparison with future studies,
habitat preferences of individud species, variations in dendties around the atoll and
management recommendations and suggested future research. Managing fisheries in
Bdizés coadd zone, incduding Turneffe Atoll, is vitdly important because the
industry is a key part of the country’s economy (eg. lobster exports were worth
US$8.8 million in 1995).

Daa were collected by volunteers following an intensve training course supervised
by fidd science daff. Teams of four volunteers conducted surveys aong transects
(70m long x 5m wide = 350 n¥) with two volunteers counting fish numbers (haf the
goecies list each). The other two volunteers surveyed the benthos (via a semi-
quantitative scale), to adlow dengties to be linked to habitat type, and counting lobster
and conch. Transects were surveyed a a series of randomly located ‘Sites, each
comprisng of three transects at four depths (21 m, 18 m, 12m and 6m). Sites were
dlocated to one of 13 ‘Study areas around the atoll, deineated to facilitate data
andyss a a spatid scde useful to management. Data were summarised via univariate
techniques and more detaled andyss was conducted usng multivariete protocols
(eg. cuger andyds of benthic data and Kruskal-Walis ANOVA of fish dendties
between habitat types).

This study generated a totd of 908 surveys, each assgned to one of 13 habitat types
(formed from five benthic and three geomorphologica classes). All target fish species
were seen during the study and mean abundances in each habitat type are presented.
These data, dong with andyds of preference for each study area, facilitated a
description of the digribution of each fish on Turneffe Atoll. These patterns highlight
overdl abundance, key habitat types and important study arees. Similar data are
presented for each of the four most diverse families (jacks, sneppers, grunts and
groupers). To summarise overdl habitat and study area preferences of al fish species
combined and for each family, a smple index was cdculated usng mean abundance
data Findly, further andyss indicated an exponentid reationship between each
gpecies abundance and the number of habitats or sudies in which it was found.
Conch and lobster data are also presented as mean abundance in each habitat type,
order of habitat preference and study areas with the highest abundance.
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Data from this sudy provide basdine abundance and didribution vaues for
comparison with future studies and hence a tempora assessment of fisheries impacts.
Furthermore, the ditribution summaries provide information on each species naturd
higory, which is vitd information if gspecies specific management draegies ae
required. The data can dso be used within a Geographic Information System for basic
dock assessment. Results of this study include data supporting the conclusion that,
while fisheries in Bdize are hedthy reative to many Caribbean countries, larger fish
goecies (eg. jewfish), conch and lobster have been dgnificantly exploited. For
example, only 97 lobsters and 151 conch were seen in over 900 dives. Other key
findings were the importance, as assessed by the index of preference, of cora rich
habitats and the south and south-eastern sections of the atoll. The link of fish
abundance to corad cover has been wel established by other researchers but
emphasses the need to mantan a hedthy benthic community for sustainable
fisheries. However, there was variation between species and families, indicating that a
range of representative habitat types must be conserved within any management
plans. The presence of high fish densties around Caye Bokd at the southern tip of the
atoll, probably caused by oceanographic conditions and reef zonation, is known to
divers but data from this sudy provide quantitative evidence and aso highlight other,
less well known aress of importance. Overdl, windward study areas were more
important than leeward aress.

This study led to the following recommendations:

?? There is a need for further fisheries research and the priorities are investigation of
laval ecology, datus of juvenile fish and invertebrate populations, collection of
andogous daa for other species, complimenting the exising database with an
asessment of additiond parameters (eg. biomass), moddling tempord dynamics
and moddling of the role of commercidly important fish soecies in the functiond
ecology of the atall.

?? Edablishing a programme to monitor fisherfolk on Turneffe Atall.
?? Edablish an integrated GIS for the atoll to facilitate detailed spetia andyss.

?? Examining the potentid of extrgpolating the habitat preferences documented in
this sudy throughout Belize viathe nationa habitat map.

?? Any ‘no-take zones on the atoll should integrate the importance of the south and
south-eastern sectors of the reef, preference of many fish species for cord rich
habitats, the need to protect representative areas of each habitat type,
consderation of gpecies specific management for particularly rare species and
management of spawning Sites

?? Continuing to am to edtablish a multiple use marine protected area & Turneffe
Atall, with an integrated monitoring programme to measure its efficacy.
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ABBREVIATIONS

ANOVA Andysis of variance
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CZMP Coastd Zone Management Project
CZMU Coagtd Zone Management Unit

GEF Globd Environment Fecility

GIS Geographic Information System

GOB Government of Bdlize
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The following abbreviations are used for benthic classes discriminated in this studly:

BDF Bedrock/ rubble and dense gorgonians + Fore reef

BDS Bedrock/ rubble and dense gorgonians + Spur and groove
BSE Bedrock/ rubble and sparse gorgonians + Escarpment

BSF Bedrock/ rubble and sparse gorgonians + Fore reef

BSS Bedrock/ rubble and sparse gorgonians + Spur and groove
DEE Dense massive and encrusting coral + Escarpment

DEF Dense massive and encrusting coral + Fore reef

DES Dense massive and encrusting coral + Spur and groove
SE Sand and sparse algae + Escarpment

SF Sand and sparse algae + Fore reef

SEE Sparse massive and encrusting coral + Escarpment

SF Sparse massive and encrusting coral + Fore reef

SES Sparse massive and encrusting coral + Spur and groove

The following abbreviations are used for individua study areas around the atoll:

BC Blackbird Cay
CB Caye Bokel
CC Calabash Cay
CR Crawl Cay

DF Dog Flea Cay
DM Deadmans Cay
GB Grand Bogue
LR Long Ridge
MC Mauger Cay
C Soldier Cay
SP Snake Point
TF Turneffe Flats
TP Tarpon Creek
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1. INTRODUCTION
11 Belize

The coastd waters of Bdize (Centrd Americd) consst of a complex set of reefd
resources, including the largest barier reef in the western hemisphere (Figure 1).
Bdize dso has three mgor aolls of the Caribbean, numerous paich reefs, lagoons,
sand and mangrove cays and foreds. The coastd waters of Belize are economicaly
important for industries such as tourism and fishing. In 1990, aware of a growing
conflict between presarvation and human exploitation of the reef environment,
Government of Belize (GOB) edablished a Coastd Zone Management Unit (CZMU)
under the Minigtry of Agriculture and Fisheries. The CZMU was then superseded by
a Coastd Zone Management Project (CZMP), funded by the UNDP Globa
Environment Facility (GEF). In 1998, a Coastd Zone Management Bill established a
Coagtd Zone Management Authority and Ingtitute to provide overdl management of
the coastal zone.

1.2 Coral Cay Conservation

Effective  management, including conservation of corad reefs and tropicd foreds,
requires a holigic and multi-disciplinary gpproach. This is often a highly technica
and coglly process which many developing countries cannot adequately afford. With
appropriate training, non-scentific, sdf-financing volunteer divers have been shown
to be able to provide useful data for coastd zone management at little or no cost to the
host country. This technique has been pioneered and successfully applied by Cord
Cay Conservation (CCC), a British non-profit organisation.

CCC is an internationd NGO committed to providing resources for the protection and
sugtainable use of tropica coastal environments, CCC does not charge the host country
for the service it provides and is primaily sdf-financed through a pioneering volunteer
participatory scheme. Within the scheme, members of the public are given the
opportunity to join a phase of each project in return for a financia contribution to the
CCC programme. At the expedition dte, volunteers are provided with suitable training
and collect data under the guidance of project scientists. Finances generated from the
volunteer programme dlow CCC to provide conservation education, technicad skills
traning and capacity building, contributing to a strong policy of collaboration with
government and norn-government organisations within the host country.

Data and technicd assistance have been provided to both the Department of Fisheries
and CZMP under the remit of a Memorandum of Understanding (MOU). The MOU was
signed in 1990 and updated and extended in both 1994 and 1998. Since 1990, CCC has
provided data for six proposed or established marine protected areas at South Water Cay,
Bacdar Chico, Sapodilla Cays, Snake Cays, Laughing Bird Cay and Caye Caulker.

These projects have generdly provided habitat maps, the associated databases and
management recommendations to assist resarve planning (for example, McCorry et d.,
1993; Gill et d., 1995; Gill et d., 1996).
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Map of Belize showing the location of Turneffe Atoll. Source: Murray et a
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1.3 Turneffe Atoll project

In 1993 the Universty College of Belize (UCB) entered into a working agreement
with CCC to collaborate towards the establishment of a permanent, sdf-financing
Marine Research Centre (MRC) of both regiond and internationd standing. The field
dte was sdected as Cdabash Cay on Turneffe Atall (Figure 1), the largest atall in the
Caribbean a approximady 330kn? (UNEP/IUCN, 1988). Turneffe Atoll is
completey surrounded by an extensve redf system that encompasses a complex
central lagoon and extensve mangrove forested cays. The principle objectives of the
MRC project were identified as protection of the terrestrial and marine resources of
Turneffe Atoll, strengthening the capacity of UCB to undertake coastd marine
research and training and providing technical assdance to the Depatment of
Fisheries. In August 1994, the agreement between CCC and UCB was endorsed by the
GOB through the dgning of a MOU between the three lead agencies. A core component
of this MOU was establishing and monitoring a management plan for Turneffe Atall.

Between January 1994 and early 1997, CCC volunteers carried out surveys around the
whole aoll, which have resulted in an extendve database of basdine information.
Anayss of these data and combination with aeria photographs has led to a Turneffe
Atoll Habitat Map, the firgt draft of which was completed in August 1998. In order to
provide important information on commercidly important fish and invertebrates,
between March 1997 and December 1998 this basdine database was complemented
by quantitative surveys of these species. Within this study, commercidly important
fish gpecies were classed as jacks (Carangidee), grunt (Haemulidae), snappers
(Lutjanidae), groupers (Serranidee) plus baracudas (Sphyreenidee), mackerd
(Scombridae), tarpon (Megalops atlanticus) and hogfish (achnolaimus maximus and
Bodianus p.). Evidence of the importance of the four key fish families is provided by
data on whole fish prices in San Pedro (Ambergris Cay) in 1991 (R. Gonzalez pers.
comm., cited in Polunin and Roberts, 1993). Snappers, groupers, grunts and jacks
were all sold for between BZ$1.35 and BZ$2.25 per pound. Parrotfish are also fished
in Belize but were excluded from this study because they were judged too difficult to
count accuratedly because of ther &bundance and multiple colour phases
Commercidly important invertebrate species were classed as lobgter (Panulirus
argus) and conch (Strombus gigas).

1.4  Fishing pressurein Belize
141 Overview

Fishing has higoricaly been a primary occupation for Belizeans and dl fisheries are
characterised by smadl-scae commercia operations (Perkins, 1983). Department of
Fisheries datidtics indicate that in 1998 there were approximately 350 boats and 1,900
fishefolk but they are organised into five co-operaives and have dgnificant politicd
influence (McField et d., 1996). Marine products are highly export orientated and the
wild-caught industry was worth gpproximatdy US$19.6 million in 1998, with 80% of
the catch exported and 60% going to the United States of America

The dominant fisheries are lobster (manly Panulirus argus) and conch (manly
Srombus gigas) but dgnificant amounts of finfish are caught, concentrating on higher

3
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qudity species such as groupers and snappers (Gibson et d., 1998). There are aso
andl| fisheries for turtles, shrimp and stone crabs. Mog fishing is conducted in the
shadlow waters on and indde the barrier reef and on the shalow reefs and lagoons of
the atolls (Perkins, 1983).

There are direct thrests to the populations of lobster, conch and grouper from over-
fishing, with touris demand a key factor. These fisheries were dready considered
close to their maximum sudtainable yidds in the early 1980's (Perkins, 1983) but
modelling populations is difficult because caich and effort data are not collected
sysematicdly (McHed et d., 1996) and vidts by illegd dien fishefolk. There is
anecdotal evidence of decreasing catch per unit effort (King, 1997). However, with
the exception of shrimp trawling, snce most fisheries are exploited with traditiond
equipment, indirect damage to benthic habitats is smal scae and limited to breskage
from anchors, skin divers, nets and discarded gear (Gibson et a., 1998). Use of
SCUBA, poisons and explosives is prohibited. Within the Caribbean there is evidence
of over-fishing of herbivorous fish contributing to increased coverage of macro-dgee
but evidence is equivoca in Belize and may be limited because of the concentration
on higher vaue (piscivorous) species.

1.4.2 Lobster

Lobgters have been harvested commercidly in Belize since a least the 1920's when it
was largely controlled by foreign interests. By 1995 fisherfolk were extracting
363,000 kg of lobster with an export market of US$8.8 million (McFidd et d., 1996).
In addition, an estimated 23-45 kg of underszed lobster are caught and consumed
locdly on Caye Caulker done (King, 1997). Most lobsters are caught by either skin
divers usng a hook and sick or traps (Hartshorn et d., 1984). These traps are
generally wooden and based on a 1920's Canadian design but are increasingly made
from oil drums (King, 1997).

1.4.3 Conch

Conch is the second most vauable fishery in Belize with catches around 180,000 kg
(Appeldoorn and Rolke, 1996) worth exports of US$1.15 million (McFidd & 4.,
1996). Most conch are taken by skin divers in the back reef and seagrass beds where
the aggregating behaviour of individuads makes them susceptible to exploitation
(Perkins, 1983). Appeldoorn and Rolke (1996) highlighted the low dengity of adults in
shdlow habitats and there is evidence of increased populations in marine protected
aess, both indicating over-exploitation. However, caiches appear to be reatively
consstent and the paradox could be caused by a deep, unfished stock so that catch
(shdlow water) may be independent of the spawning stock (Appeldoorn and Rolke,
1996).

1.4.4 Finfish

Finfish in Bdlize are gengrdly caught for the domestic market and of the 114,000 kg
caught in 1993-94 approximately 80% were consumed locdly (McField et d., 1996).
Hook-and-line fishing is dominant in Bdize and this gear sdects for pistivores s the
catch is predominantly groupers and snappers (Kodow et a., 1994). There is dso a
seasond fishery for estuarine species such as mullet (Mugil spp.) and some gill nets

4
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for sharks (McFed e a., 1996). The shark fishery is over-exploited but a surplus-
production modd for finfish provides evidence that there is capacity for further
expanson and current effort seems to be only 10% of levels that would maximise
landings (Kodow et d., 1994). However, the authors advise that these results must be
used with caution, paticulaly snce it is difficult to modd the effects of fishing on
spawning aggregations which contributes a sgnificant portion of the caich. At lesst
SX spawning aggregations are known in Belize, located a Rocky Point, Cay Glory,
Gladden Entrance and the north-east corner of the three atolls (Carter and Sedberry,
1997). Fish are often caught before they spawn and some of the areas are thought to
be over-exploited or no longer functiona (McFidd et d., 1996). The smdl continental
shelf may not be able to support an expanded, high-tech fishing industry. However,
there is a rapid expandon of longlining by Asan flegts in the Caribbean and this poses
a threat to stocks of tuna, hillfish and pelagic gamefish (Davidson, 1990). Overdl
catches for Belize since 1987 are preserted in Figure 3 and Table 1.

2000
1800
1600
1400
1200

1000

Catek S ot

1987 1988 1989 1990 1991 1992 1993 1994 1995 1996

Y ear
Figure 2. Nomina catches from all fisheries in Belize. Dashed line represents mean
catch. Data source: FAO. 1996. Fishery statistics capture production. FAO
Y earbook Volume 82.
Table 1. Belize ‘Flag of Convenience' fishing statistics 1994-1997. Source: Adapted
from ICFTU, TUAC, ITF and Green Peace International, 1999.
Y ear 1994 1995 1996 1997 % change (‘94-'97)
Grosstonnes 3878 72809 89977 119,988 209
No. of vessels 69 122 134 161 133

Threats to these fisheries arise from avariety of direct and indirect sources including:
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?? Over exploitation of stocks species specific over exploitation causing effects such
as depletion of large, fecund individuals or widespread depletion of stocks from
commercid and artisand activities.

?? Loss of habitat: ref damage or mangrove loss removes vitd habitats for
spawning, growth, feeding and shelter.

?? Pollution: contaminants from both land-based and marine sources can reduce
water qudity, which may directly and indirectly impact species.

1.45 Turneffe Atoll

Certan dtes around Turneffe are described as important for fisheries with, for
example, Mauger Cay documented as a target fishing area (McFied et a., 1996).
Particular target species include Nassau and tiger groupers and red hinds (Epinephelus
striatus, Mycteroperca tibris and E. guttatus). Pelagic species such as jacks
(Carangidae), mackerd (Scombridae) and barracuda (Sphyraenidee) ae aso
important seasona catches. Furthermore, Caye Bokd has been identified as a
spawning area for cubera and mutton snappers (utjanus cyanopterus and L. analis)
and grouper (Serranidae) are thought to spawn on the north-eastern escarpment
(McFied et d., 1996; Carter and Sedberry, 1997). All these spawning stocks are
exploited by fisherfolk.

Further, quantitative detalls on fishing pressure on Turneffe (eg. catches and Stes
used) seems limited.

15 Report outline

This report ams to present the results of CCC's commercialy important fish and
invertebrate surveys on Turneffe Atoll, an indication of the dtatus of their populations
and management recommendations. Specific ams of the report are to provide:

?? basdine dengties for comparison with future studies;

?? habitat preferences of individual speciesto assg their management;

?? vaidions in dendties aound Turneffe Atdll to asis maximisng the efficiency
of consarvation initiatives,

?? management recommendations and suggested future research.
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2. METHODS

21 Surveyors

All data presented in this report were collected by CCC volunteers between March
1997 and December 1998. Volunteers had a week of intendve science training and
testing (see Harborne, 1999) which enabled them to implement the survey protocols,
incduding messuring given paamaes and identifying species precisdy  and
consgently (Mumby et a., 1995). Volunteer divers in Bdize were co-ordinated by a
Project Scientist (PS) and Science Officer (SO). The primary responsihbilities of the PS
and SO were to tran CCC volunteers in marine life identification, survey techniques
and other supporting skills. The PS and SO dso co-ordinated and supervised
subsequent surveys and data collection.

2.2  Study sites

Data were collected within 13 ‘study areas (Figure 3) which were defined a priori to
assg dructuring the survey work. Furthermore, this facilitated data andyss at the
scde of both the whole aoll and by individud sudy aress, the latter being an
gopropriate spatial scade for management decison-meking (eg. recommending as a
no-fishing zone).

2.3 Survey protocol

Standard CCC transects (Raines et a., 1993) have been used to describe the norn+
cyptic fish communities in each habitat present on Turneffe Atoll (Harborne and
Taylor, 2000). However, this technique does not generate appropriste data for
quantitatively assessng populations because of (i) the semi-quantitative scae it
utilises and (ii) the variable distances of each survey. The survey protocol used in this
study addressed these problems.

Each survey team conssted of two buddy pairs (A and B). Buddy par A was
respongble for the fish census and pair B for a benthic survey (Figure 4). The benthic
survey was included to ensure that each fish count could be related to a habitat type
and Par A led the survey to ensure fish were counted before they were disturbed.
Each survey consisted of a 70 m transect dong a depth contour of either 211, 18, 12 or
6 m to ensure that a range of habitat types were surveyed. Each transect was placed so
that it did not traverse more than one benthic community type or geomorphological
zone. Transects were organised as a series of ‘Sites’, each comprisng of 12 transects
(three replicates a four depths). Although generd Site locations were chosen to
ensure surveys around the whole atoll, replicates within a Ste were randomly placed
snce they were stated wherever the team descended from the boat (rather than
finding a predetermined gart point). Replicates within a Site were separated to ensure
aparticular transect was not re-surveyed by a subsequent team.

1 Occasionally 20m and originally 24 m until CCC's dive profiles were altered for safety reasons
during 1997. However, because the escarpment around Turneffe Atoll generally begins at less than
20 m thisdid not significantly alter the reef zones being surveyed.

7
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Figure 3. Map of Turneffe Atoll, showing the boundaries of the study areas.
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s s
- = - .
Direction of travel
A (BUDDY PAIR A)
Diver 1
Fish
10mrope
os, os,
- = - .
(BUDDY PAIR B)
Diver 3 Diver 4
Hard corals, gorgonians Algae and
and sponges substratum
Figure 4. Schematic diagram of a survey dive team showing the positions and data

gathering responghilities of al four divers. Details of the role of each diver
are given in the text.

Transect length was measured using a 10 m rope. At the start point of each transect,
par B remaned dationary with diver 3 holding one end of the rope, whilgt par A
surveyed away from them on the correct bearing until the line, hed by diver 1,
became Bught. Pair A then remained dationary whilst pair B surveyed towards them.
This process continued for 70m and divers counted fish 25m dther Sde of the
transect line (totd area surveyed: 5m x 70m = 350 m?) and only included fish less
than 5m above the transect line. The start point of each transect was fixed usng a
Globd Pogtioning System (GPS).

Within par A, diver 1 counted numbers of each species of jack (Carangidee),
barracuda (Sphyraenidag), grunt (Haemulidae) and tarpon (Megalops atlanticus).
Diver 2 in par A counted numbers of each species of snapper (Lutjanidae), grouper
(Serranidae), mackerd (Scombridae) and hogfish  (Lachnolaimus maximus and
Bodianus sp.). Divers 1 and 2 aso recorded the presence of any sharks or rays present
on the transect. Each diver had dl the target species listed in their notebook to help
them to log the numbers efficiently and accuratdy. Within par B, diver 3 surveyed
hard cords (including fire cords) species and gorgonians and sponges. Diver 4
surveyed the dga community and substratum (coverage of bedrock, dead cord,
rubble, sand and mud). Sponges and gorgonians were recorded in life form categories
and seaweeds were classfied into three groups (green, red and brown agae) and
identified to a range of taxonomic levels such as life form, genera or species. Diver 4
dso counted numbers of commercidly important lobsters (Panulirus argus) and
conch (Strombus gigas). Pair B survey used a 5 point semi-quantitative scae 1 =
Rare; 2 = Occasiond; 3 = Frequent; 4 = Abundant and 5 = Dominant. This scde is
aso used for CCC transect assessments of reef zonation (Raines et d., 1993; Mumby
e d. 1995). To mantan the accuracy of fish counts, 9zes of individuds were not
edimated during this study. Volunteers are capable of accurate assessments of length

9
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(Darwdl and Dulvy, 1996) but this study used a relatively large number of species
and many were known to be abundant around the atoll. Additiona ‘task loading’ (i.e.
recording both fish counts and sizes) would inevitably lead to decreased data qudity.

Data collected from each transect were transferred to recording forms (Appendix 1),
prior to incorporation into CCC' s database.

24 Datavalidation

In addition to dandard assessments of volunteers  benthic identification  skills
(theoretical and practical tests, Harborne, 1999), a validation exercise was undertaken
by each volunteer to continudly assess the qudity of fish data This was achieved by
measuring consstency between pairs of surveyors, with te assumption that if surveyors
were condgtent they were dso accurate because it was unlikdy that they would
misdentify or miscount fish to the same degree. Therefore, both divers independently
surveyed either jacks, barracuda, tarpon and grunts or snappers, groupers, mackerel
and hogfish The validation exercise was carried out over a distance of 70 m, identicd to
that used during surveys. Each surveyor filled out their own survey form and entered it
onto a gpreadsheet which cadculates condsency via the Bray-Curtis dmilaity
coefficient:

2 P 5 ?

o 72K 7 X 5

Bray - Curtis Similarity ,S; ? 71 ? - 9
ik P ?( 7

? ? D S

2 j=1 jk %

Where X;; is the abundance of the ith speciesin the jth sample and where there are p species overall.

Volunteers were only permitted to collect survey data if their coefficient was grester
than 70%.

25 Dataanalysis
251 Habitat classfication

An overview of the process of assgning each survey to a habitat class is provided in
Figure 5. Each survey form (representing one ‘Record’) generates a multivariate
‘snap-shot’ of the benthic community and substratum present on that transect and
these data can be assigned to a discrete benthic classes by a combination of clugter,
amilarity percentage (SSIMPER) and discriminant andyses. A habitat type can then be
produced as ‘habitat’ is defined as a combination of a geomorphological class and a
benthic class (eg. ‘Reef cret + Branching cords) following the convention of
Mumby and Harborne (1999).

Geomorphological classes

Geomorphological classes were assgned by survey teams in situ. Geomorphologica
classes are taken from Mumby and Harborne (1999) and volunteers are trained to

10
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recognise each one. The only casses used within this sudy were ‘Escarpment’,
‘Forereef’ and ‘ Spur and Groove'.

Cluster analysis

The firda dage of habitat classfication was to identify the gmilarity in benthic
assemblages between Records. Similarities were measured objectively using the Bray-
Curtis amilarity coefficient (Bray and Curtis, 1957). This coefficient has been shown
to have a number of biologicdly desrable properties and to be a particularly robust
meesure of ecologica digance (Fath e d. 1987). Agglomerative hierarchica
classfication with group-average sorting was used to cluster and classfy a sub-set of
untransformed fiddd data snce it is one of the most popular and widdy avalable
dgorithms (Clarke 1993). The andyss can only cluster a maximum of gpproximately
250 Records and, therefore, a sub-set of 200 records was randomly selected.

GEOMORPHOLOGICAL CLASS BENTHIC CLASS

Fied observations Fidd data

l

Clugter andlyss
Interpretation of dendrogram
SIMPER andysis

l
Voo

Discriminant andyds

Assgnment of geomorphologica Assgnment of benthic class labdl
class labdl to each Record to each Record

Voo

Concatenation of geomorphology and benthic classes
= Habitat type

Figureb. Schematic diagram of the steps required to assign benthic survey data to a
habitat type.
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Interpretation and refinement of dendrogram

The dendrogram resulting from cluster andyss was then divided into separate
‘clusters, each representing a distinct benthic class. Clugters were resolved up to a
maximum dmilarity of 60%, snce previous sudies have indicated that separation of
Records beyond this dmilarity reflects intra-habitat heterogendty rather than inter-
habitat differences. Any individua Records that were not included in a cluster were
ddeted removed for clarity and labelled as * Unknown'.

SMPER analysis

Characterigtic pecies or substratum categories of each cluster were then determined
usng Similarity Percentage (SIMPER) andyss (Clarke, 1993) within ‘PRIMER’
(Pymouth Routines in Multivariate Ecologicd Research) software. In order to
highlight characteritic features of a given cluser, SSIMPER cdculates the average
Bray-Curtis amilarity between dl pars of intragroup samples (eg. between dl sStes
of the fird cluser). Since the Bray-Curtis smilaity is the adgebrac sum of
contributions from each gspecies, average smilarity between Records of the firg
cluser can be expressed in teems of average contribution from each species. The
gandard deviation provided a measure of how consgstently a given species contributes
to the samilarity between Records. A good characteristic species contributed heavily
to intra- habitat Smilarity and had a smdl standard deviation.

Discriminant analysis

A multivariate discriminant function (Hand, 1981) was edtablished to assgn Records
not induded in the origind sub-set of clusered data to one of the clusters.
Discriminant andyss used the raw benthic and substratum data of transects included
in the dengrogram to predict the probability that each of the additional Records aso
belongs to one of the benthic classes (eg. ‘there is an 80% probability that Record A
is sufficiently smilar to the Records in cluster X to dso be placed into that dass). To
ensure conservative data andyss, only Records that were assigned to a benthic class
with a probability of grester than 70% were used and the remainder were classfied as
‘“Unknown'.

Assignment of benthic class

The results from SIMPER andyss were then used to assgn benthic dass labels to
each cluser and hence each Record within the data set. Benthic classes used were
taken from a regiond classfication scheme for the Caribbean (Mumby and Harborne,
1999). The benthic classes listed within this scheme are?:

2 Class characteristics are described in detail in Mumby et al. (1998).

12
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Coral classes Algal dominated Baresubstratum Seagrass dominated
dominated

Branching coral Green algae Bedrock/ rubble and | Sparse seagrass
dense gorgonians

Sheet coral Fleshy brown algae and | Bedrock/ rubbleand | Medium density

sparse gorgonians sparse gorgonians seagrass

Ribbon and fire coral with | Lobophora Rubble and sparse Dense seagrass

green calcified algae algae

Sparse massive and Euchema and Sand and sparse Seagrass with distinct

encrusting coral Amphiroa algae coral patches

Dense massive and Mud

encrusting coral
Bedrock

Therefore, for example, if ekhorn cora (Acropora palmata) is highly characteridtic of
acluder, it can belabelled as ‘Branching cord’.

252 Speciesdensities

Univariate datigics were used to provide a gross summay of fish and invertebrate
densties around Turneffe Atoll. Mean abundance for each species was then defined
as ‘Low’ (mean abundance <1.0 per transect); ‘Medium’ (mean abundance >1.0 and
<3.0) and ‘High’ (mean abundance >3.0).

2.5.3 Inter-habitat and inter-study variation of fish species

Kolmogorov-Smirnov normdlity tests (Kolmogorov, 1933; Sokad and Rohif, 1981) of
the tota sample population for each fish and invertebrate species indicated that the
data were non-normally distributed (rgjected at a probability of <0.05), even when a
range of transformations were gpplied. Therefore, non-parametric satistics (Kruskal-
Walis one-way ANOVA'’S) were used to examine differences in abundance between
each habitat type and each study area In the absence of appropriate non-parametric
multiple range tests to compliment Kruska-Wallis tests, mean abundance was used to
rank the ‘preference of each fish and invertebrate species for each habitat type or
study area.

To quantify overdl fish and invertebrate preference for each habitat type or Sudy
aea, a Imple index of preference was caculated. Scores were assgned to each
habitat type or study area based on the ranking of mean abundance i.e. if there were
10 habitat types, the habitat with the highet mean abundance scored 10 and the
lowest 1. The most ‘important’ habitat or study area for dl fish species was then
highlighted via the highest aggregate score.

13
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3. RESULTS

3.1 Datacollection

CCC's survey programme generated a total 1099 transects. Figure 6 shows the depths
at which the transects were conducted.

20-24 m

27%

Figure6. Proportion of surveys at each depth around Turneffe Atoll.

3.2 Benthicdata

Clugter andysis of a subset of benthic data produced the dendrogram shown in Figure
7. Five clusters were highlighted from the 145 Records used. A total of 55 Records
within the subset did not group with the five main clusters and were discarded.

14
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10 20 30 40 50 60 70 80 90 100

Figure?7. Find dendrogran showing the five benthic dusters ddineated by
cluster anaysis. Y-axis represents Bray- Curtis smilarity (%).
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Table 2 displays the key characteristic species and substratum categories of each
benthic cdass, as highlighted by SIMPER anadyss. These characteritic species
fecilitated the assgnment of benthic dass labds These labds followed the
classfication scheme of Mumby and Harborne (1999).

Table 2. Key characteristic species and substratum categories of the five benthic
classes identified during this study. ‘Cluster’ refers to the labels in Figure 7.
Percentage contribution of each species or substratum category shown in
parentheses.

Cluster
3

1 2 4 5

Benthic class|abel
Sand with sparse algae Bedrock/ rubbleand  Bedrock/ rubble and Dense massive and Sparse massive and

sparse gorgonians dense gorgonians encrusting coral encrusting coral
M ost characteristic species and substratum categories

Sand (65.7) Sand (8.7) Sand (8.0) Montastraea annularis (66) Montastraea annularis (4.8)
Penicillus capitatus (9.2) Rubble (4.8) Branching plume (7.2) Branching plume (6.0) Sand (4.4)
Dictyota spp. (5.0) Dead coral (4.8) Dictyota spp. (7.0) Branching rod (4.6) Branching plume (3.8)
Thalassia testudinum (4.0) Gorgoniaventalina (4.8) Montastraea annularis (61) Agaricia agricites (4.5) Bedrock (3.8)
Halimeda incrassata (3.4) Dichocoenia stokesii (4.8) Rubble (5.0) Halimeda tuna (4.5) M. cavernosa (3.6)
Udotea flabellum (3.2) Sidastrea siderea (4.8) Gorgoniaventalina (4.8)  Sand (4.4) Gorgonia ventalina (3.5)
Halimeda monile (2.0) Branching plume (4.0) Halimeda tuna (4.2) M. cavernosa (4.3) Meandrina meandrites (3.2)
Halimeda tuna (1.2) Montastraea annularis (40) Porites asteroides (4.2) Dictyota spp. (4.3) Dictyota spp. (3.1)
Halophila decipiens (1.1) Agariciaagricites (3.9) M. cavernosa (4.1) Bedrock (3.9) Branching rod (3.1)
Udotea wilsonii (1.0) Bedrock (3.5) Branching rod (3.8) Gorgoniaventalina (3.4) Agariciaagricites (3.0)

Table 2 shows that Cluster 1 was eedily identifiable since it was dominated by sand.
Clusters 2 and 3 were dso characterised by a high proportion of sand and sparse
adgae, however, the highly characteristic gorgonian species (eg. Gorgonia ventilina)
and bedrock and rubble indicated ‘Bedrock/ rubble gorgonian’ classes. Note that often
in gorgonian rich areas a thin layer of sand covered areas of bedrock and, therefore,
‘sand’ should actuadly be viewed as ‘sand/ bedrock mix’. Clusters 2 and 3 were
diginguished by the dendty of gorgonians present (generdly higher in cluger 3).
Fndly, cuses 4 and 5 were didinguishable by a diverse community, including
abundant hard cords, paticularly the reef builder Montastraea annularis. Clusters 4
and 5 were distinguished by the dendity of the cord community (higher in clugter 4).

Following cuger and SIMPER andyss, the remaining Records were assigned to a
benthic class via discriminant andyss. A totd of 190 Records (17.3%) were
discarded because the andyss did not assign them to one of the five benthic classes,
representing a conservative agpproach to data anadyss. Figure 8 shows the find
proportion of transects in each of the five benthic classes.

Sand and sparse algae
8%

Bedrock/rubble and sparse
gorgonians
4%

Sparse massive and encrusting
coral

49%
ledrock/rubble and dense

gorgonians
10%

Dense massive and encrusting

coral
29%

Figure8.  Digribution of Records between the five benthic classes identified on Turneffe
Atoll.
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3.3 Geomorphological data and habitat types

Geomorphologica data from the field surveys indicated 59.1% of the surveys were
recorded as escarpment, 34% as forereef and 6.9% as spur and groove aress.

By combining geomorphological and benthic classes, each Record was assigned to a
habitat type. The full ligt of habitats obtained during this study are shown in Table 3.

Table 3. Habitat classification results for benthic surveys around Turneffe Atoll. Total
number of surveys = 909.

Benthic class Geomor phological Habitat code  Proportion of surveys

class
Bedrock/ rubble and Escarpment BDE 01
dense gorgonians Fore reef BDF 39
Spur and groove BDS 0.6
Bedrock/ rubble and Escarpment BSE 21
sparse gorgonians Fore reef BSF 72
Spur and groove BSS 0.8
Dense massive and Escarpment DEE 128
encrusting coral Fore reef DEF 139
Spur and groove DES 23
Sand and sparsealgae  Escarpment SE 17
Fore reef Sk 6.6
Spur and groove SS 0.0
Sparse massive and Escarpment SEE 174
encrusting coral Fore reef SEF 276
Spur and groove SES 3.3

‘Bedrock/ rubble and dense gorgonians + Escarpment’ and ‘Sand + Spur and groove
were excluded from any further anadyss because of the low number of surveys in
each (one and nil respectively). Hence a find totad of 908 Records in 13 habitats were
used in this study for describing commercid fish and invertebrate populations. The
number of Records that remained in each sudy areaare shownin Table 4.

Table 4. Proportion of transects in each study area. Abbreviation for each study area
shown in parentheses.

Study area Number of transects Per centage of Number of habitat
transects types
Blackbird Cay (BC) 60 6.6 10
Caye Boke (CB) 79 8.7 11
Calabash Cay (CC) 92 101 8
Crawl Cay (CR) 110 121 7
Dog FleaCay (DF) 29 32 8
Deadmans Cay (DM) 50 55 8
Grand Bogue (GB) 103 113 8
Long Ridge (LR) 31 34 8
Mauger Cay (MC) 7 85 12
Soldier Cay (SC) 113 124 7
Snake Point (SP) 3 36 8
Turneffe Flats (TF) 35 39 10
Tarpon Creek (TP) 9% 10.6 8

17



Results Turneffe Atoll commercial speciesreport

34 Fishdata
34.1 Summary datistics

Table 5 shows the mean abundance of each species surveyed during this study in each
of the habitat types discriminated. All species were seen during the study, dthough
the number of individuds varied from three for jewfish to 15252 for ydlowtall
snappers. Didributions were dso extremey patchy and dl means have reaively high
dandard deviations. Shading within Table 5 provides a indication of which habitat
was the most preferred (i.e. had the highest mean abundance) by each species.
However, these apparent preference are not necessarily datidicadly  sgnificant
because of large standard deviations and variable sample szes of each habitat type.
Table 5 provides evidence that cord or gorgonian rich habitats support higher fish
populations than sand aress.
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Tableb. Mean abundance of each fish species (per 350 n¥) in each habitat type
discriminated in this study. Standard deviations in parentheses. Figures in
itdics indicate mean abundance for whole atoll (al habitats combined).
Shading indicates habitat with highest mean abundance of each species. For
habitat codes see Table 3. Latin name for each species listed in Appendix 2.

Habitat code

BDF BDS BSE BSF BSS DEE DEF DES SE S SEE SEF SES
N 35 5 19 65 7 116 126 21 15 60 158 251 30
T
Bar 19 22 6.1 17 7.3 5.3 2.9 38 0.9 6.2 15 18 3.6
4.5(15.2) (2.6) (17.0) (14.9) (15.7) (11.0) (12.3) (6.3) (6.0) (1.6) (38.7) (10.8) (14.8) (5.2)
Horse-eye 0.0 1.2 1.4 0.1 0.0 0.4 0.1 0.1 0.0 0.0 0.3 0.2 0.7
0.3 (1.9) (0.0) 27 (4.3) (0.2) (0.0) (1.4) (0.7) (0.5) (0.0) (0.0) (3.2) (1.8) (3.1)
Yellow 0.3 0.0 0.0 0.0 0.3 0.4 0.6 0.0 0.0 0.0 0.5 0.2 0.1
0.3 (1.9) (0.9) (0.0) (0.0) (0.3) (0.8) (1.3) 37 (0.2) (0.0) (0.0) (2.8) (1.0) (0.6)
SNAPPENS L L o o o e e e e e e e e e e e e e e e e e e e e e e e
School master 08 3.8 2.0 0.7 2.4 8.6 2.0 3.3 0.0 0.0 3.0 2.3 14
2.8 (11.0) (1.4) (5.8) (3.3) (1.8) (3.6) (26.3) (4.0) (7.4) (0.0) (0.1) (5.6) (8.3) (L7
Mahogany 1.2 0.4 0.1 0.0 1.6 0.7 0.8 13 0.0 0.0 0.8 0.5 1.2
0.6 (2.0) (3.5) (0.9) (0.2) (0.1) (1.9) (1.7 (3.2) (3.6) (0.0) (0.0) (1.6) (1.6) (2.6)
Dog 0.1 6.2 0.1 0.1 0.1 0.2 0.1 0.0 0.1 0.0 0.2 0.1 0.1
0.2 (1.1) (0.3) 133 0.3 1.0 0.4 0.7 05 0.2 0.3 0.1 0.8 0.3 0.4
Gray 0.1 0.0 0.3 0.2 0.7 0.1 0.2 0.1 0.4 0.0 0.3 0.1 0.1
0.2 (1.0) (05) (0.0) (1.2) (1.1) (1.5) (0.5) (1.1) (0.3) (1.3) (0.0) (1.8) (0.4) (0.4)
Mutton 0.3 0.0 0.0 0.1 0.0 0.1 0.1 0.0 0.2 0.0 0.1 0.1 0.1
0.1(0.5) (0.8) (0.0) (0.0) (0.5) (0.0) (0.5) (0.5) (0.0) (0.8) (0.2) (0.7) ©0.6) (0.3)
Lane 0.0 0.0 0.0 0.0 0.0 0.2 0.2 0.4 0.1 0.0 0.2 0.2 0.0
0.2 (1.6) (0.2) (0.0) (0.0) (0.1) (0.0) (1.9) (1.8) (1.7) (0.3) (0.1) (1.1) (2.2) 0.2)
Y ellowtail 18.6 14.2 185 14.3 20.6 19.7 18.0 20.4 7.9 2.1 15.4 19.7 16.8
16.8 (20.3) (15.8) 7.7 (16.1) (17.1) (13.2) (26.1) (17.5) (17.1) (11.8) (5.4) (17.3) (22.9) (24.2)
Cubera 0.0 0.0 0.4 0.0 0.0 0.1 0.0 0.1 0.1 0.0 0.1 0.1 0.2
o104 _____©2 __©Qo___@49___©o___0o___©3y___©0a___©eoy___0©3___0o___0o___049___0©3_
OIUNS L L o e e e e e e e e e e e e e e e e e e e
Biuestriped 138 2.0 17 2.7 2.7 2.4 3.7 33 0.0 0.1 14 2.7 31
2.3 (5.8) 3.7 (2.0) (3.5) (6.4) (4.6) (4.3) (9.0) (4.3) (0.0) (0.6) (2.0) (6.9) (4.8)
Spanish 0.0 0.0 0.0 0.1 0.0 0.0 0.2 0.0 0.0 0.0 0.1 0.1 0.1
0.1 (0.6) (0.2) (0.0) (0.0) (0.7) (0.0) (0.3) (1.1) (0.0) (0.0) (0.0) (0.6) (0.4) (0.3)
Smallmouth 0.2 0.0 0.2 0.1 0.0 0.0 0.1 0.0 0.0 0.0 0.1 0.2 0.1
0.1 (1.1) (1.4) (0.0) 0.7) (0.5) (0.0) (0.1) (0.4) (0.0) (0.0) (0.0) (0.5) (1.9) (0.4)
Striped 0.1 0.8 0.2 0.1 0.0 0.1 0.2 0.2 0.3 0.0 0.4 0.3 0.2
0.2 (1.0) (0.4) (1.3) (0.9) (0.5) (0.0) (0.4) (0.8) (0.6) (1.3) (0.0) (1.3) (1.2) (0.9)
White 1.3 1.2 1.2 1.6 1.7 17 3.1 2.4 0.2 0.7 13 2.0 15
1.8(3.8) (1.8) (1.8) (2.3) (3.6) (1.7) (2.4) (6.7) (2.4) (0.6) (5.2) (2.0) (3.2) (.7
Caesar 0.5 0.2 0.2 0.6 1.9 0.2 0.1 0.2 0.0 0.0 0.2 0.2 0.3
0.3 (1.0) (1.4) (0.4) (0.9) (1.9) @7 (1.0) (0.6) (0.7) (0.0) (0.0) (0.7) (0.8) (1.1)
Cottonwick 0.0 0.0 0.1 0.2 0.0 0.1 0.2 0.0 0.0 0.0 0.0 0.1 0.0
0.1(0.7) (0.0) (0.0) (0.5) (0.9) (0.0) (0.8) (1.4) (0.0) (0.0) (0.3) (0.2) (0.6) (0.2)
French 6.6 128 17 4.3 3.4 4.3 6.8 8.8 0.1 0.0 3.4 4.8 5.8
4.5 (7.5) (7.2) (22.0) (3.1) (8.5) 3.7 (5.3) (11.0) (5.6) (0.3) (0.0) (4.9) (7.6) (7.6)
Tomtate 0.2 0.0 0.1 0.5 1.0 0.1 0.1 1.3 0.1 0.0 0.1 0.2 0.0
0.2 (1.3) (0.6) (0.0) (0.5) (2.5) 7 (0.5) (1.0) (5.1) (0.3) (0.0) (0.7) (1.1) (0.0)
Sailor's choice 0.0 0.0 0.0 05 0.0 0.1 0.1 0.0 0.1 0.0 0.1 0.4 0.2
0.2 (2.0) (0.2) (0.0) (0.0) (3.4) (0.0) (0.5) (0.4) (0.0) (0.3) (0.0) (0.3) (3.9) (0.6)
Margate 0.1 0.0 0.0 0.1 0.0 0.2 0.1 0.0 0.1 0.0 0.1 0.1 0.1
0.1 (0.4) (0.2) (0.0) (0.0) (0.3) (0.0) 0.7) (0.3) (0.0) (0.4) (0.0) (0.5) (0.3) (0.4)
Black margate 0.0 0.0 0.1 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.02 (0.2) (0.0) (0.0) (0.2) (0.3) (0.0) (0.1) (0.1) (0.0) (0.0) (0.0) (0.2) (0.2) (0.0)
Porkfish 0.3 0.0 0.6 0.4 0.7 1.0 0.4 0.6 0.1 0.0 0.9 0.5 1.1
06y _____08 __@o___¢y___09___¢y___ea___¢o___08___@©3y___0y___¢49___@an___@3_
I OUPer S L o o o e e e e e e e e e e e e e e e e e e e e e
Jewfish 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
<0.01(0.6) (0.0) (0.0) (0.0) (0.0) ©0.0) (0.1) (0.1) (0.0) (0.0) (0.0) (0.3) (0.0) (0.0)
Nassau 0.2 0.4 0.4 0.2 0.0 0.8 0.2 0.4 0.1 0.0 0.7 0.2 0.5
0.4 (0.9) (0.4) (0.5) (0.8) (0.5) (0.0) (1.1) (0.5) (0.6) (0.4) (0.1) (1.5) (0.5) (0.6)
Black 0.1 0.0 0.2 0.2 0.1 0.6 0.2 0.2 0.0 0.0 0.2 0.1 0.1
0.2 (0.6) ©.2) (0.0) (0.7) (0.6) (0.4) (1.2) (0.4) (0.4) (0.0) (0.0) (0.5) (0.4) (0.3)
Yellowfin 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.0 0.0 0.1 0.0 0.0
0.04 (0.3) (0.2) (0.0) (0.0) (0.2) (0.0) (0.1) (0.2) (0.4) (0.0) (0.0) (0.5) (0.2) (0.2)
Tiger 0.0 0.0 0.2 0.0 0.0 0.4 0.2 0.3 0.1 0.0 0.3 0.1 0.2
0.2 (0.5) (0.2) (0.0) (0.5) (0.2) (0.0) (0.8) (0.6) (0.9) (0.4) (0.0) (0.6) (0.4) (0.6)
Red hind 0.1 0.0 0.3 0.3 0.3 0.2 0.3 0.4 0.0 0.0 0.4 0.3 0.2
0.3(0.9) (0.3) (0.0) (0.6) (0.6) (0.8) (0.6) (0.7) (0.6) (0.0) (0.0) @7 (0.7) (0.4)
Rock hind 0.1 0.0 0.5 0.2 0.0 0.2 0.3 0.0 0.2 0.0 0.1 0.1 0.2
0.1(0.5) (0.2) (0.0) (1.0) (0.7) (0.0) (0.6) (0.7) (0.2) (0.6) (0.0) (0.4) (0.4) (0.4)
Graysby 0.4 0.4 0.4 0.7 0.0 1.3 0.8 0.8 0.1 0.0 0.9 0.6 0.6
0.7 (1.2) (0.8) (0.9) ©0.8) (1.1) (0.0) (1.6) (1.3) (1.3) (0.3) (0.0) (1.4) (1.1) (1.2)
Coney 2.1 1.4 0.4 13 13 0.5 1.9 3.0 0.1 0.1 0.5 13 1.1
1.1(2.0) (2.9) (1.1) (0.8) (2.0) (1.9) (0.9) (2.6) (4.0) (0.3) (0.3) (1.1) (2.1) @7
OherS o e e e e e e e e e e e e
Barracuda 02 0.0 0.3 0.1 0.1 0.4 0.3 0.4 0.1 0.2 0.4 0.4 0.4
0.3(0.9) (0.7) (0.0) (0.6) (0.3) (0.4) (0.9) (1.2) (0.8) (0.3) (0.7) (0.8) (1.2) (0.7)
Mackerel 0.1 0.2 0.2 0.4 0.1 0.4 0.2 0.2 0.0 0.1 0.8 0.4 0.4
0.4 (2.5) (0.2) (0.4) (0.7) (1.3) (0.4) (0.8) (0.4) (0.5) (0.0) (0.3) (4.8) (2.6) (0.9)
Tarpon 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.01 (0.1) (0.2) (0.0) (0.0) (0.1) (0.0) (0.1) (0.1) (0.0) (0.0) (0.0) (0.1) (0.0) (0.0)
Hogfish 0.6 0.2 0.6 1.0 0.4 0.8 1.0 0.7 2.3 0.3 0.8 0.9 0.8
0.8 (1.5) (0.9) (0.4) (1.0) (2.6) (0.5) (1.3) (1.2) (0.9) (4.5) (0.9) (1.5) (1.4) (1.1)
Spanish hogfish 1.0 0.8 0.6 0.8 0.9 0.9 0.8 0.9 0.1 0.0 1.0 0.8 0.6
0.8 (1.2) (1.1) (0.8) (1.2) (1.2) (1.2) (1.2) (1.2) (1.0) (0.3) (0.0) (1.3) (1.4) (0.8)
Nurse shark 0.0 0.0 0.0 0.0 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1
0.01 (0.1) (0.0) (0.0) (0.0) (0.0) (0.4) (0.0) (0.1) (0.2) (0.0) (0.0) (0.1) (0.1) (0.3)
Spotted eagle ray 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.01 (0.1) (0.0) (0.0) (0.0) (0.0) (0.0) (0.2) ©0.0) (0.0) (0.0) (0.0) (0.1) (0.1) (0.0)
Southern stingray 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.01 (0.1) (0.0) (0.0) (0.0) (0.1) (0.0) (0.0) (0.1) (0.0) (0.0) (0.0) (0.0) (0.2) (0.0)
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3.4.2 Speciesinter-habitat trends

Table 6 shows the results of Kruska-Wallis analyss to assess variation in abundance
of each species between the 13 habitat types. As expected, with the exception of rare
gpecies, mogt of the fish exhibited sgnificant habitat preferences. Table 6 aso shows
these preferences as indicated by mean abundance in each habitat type.

Table6. Results of Kruskal-Walis one-way ANOV A of abundance of each fish species
between each of the 13 habitat types. ** = highly significant variation (p<0.01);
* = ggnificant variation (p<0.05); n.s. = not significant (p>0.05). ?2 gatistics in
parentheses. Table also shows habitats in order of decreasing preference as
assessed by mean abundances. Habitat abbreviations in Table 3. Habitats with
abundances <0.01 omitted for clarity.

Significance Order of habitat preference

Jacks e oo .

Bar % (37.4) BDS-BSS-S>BSESDEE>SEF>BSF>SEE>DESSSESSDEFR-BDFSSE

Horse-eye * (24.4) BSE>BDS>SES>DEE>SEE>SEF>BSF=DEF=DES

Yellow n.s. (20.5) DEF>SEE>DEE>BDF=BSS>SEF>SES

SNapPers: e oo .

Schooimaster *% (95.6) DEE-BDSSDES>SEE>BSS>SEF>BSE=DEF>SESSBDFSBSF

Mahogany ** (59.3) BSS>DES>BDF=SES>DEF=SEE>DEE>SEF>BDS>BSE

Dog * (26.2) BDS>DEE=SEE>BDF=BSE=BSF=BSS=DEF=SE=SEF=SES

Gray ns. (13.2) BSS>SE>BSE=SEE>BSF=DEF>BDF=DEE=DES=SEF=SES

Mutton n.s. (10.4) BDF>SE>BSF=DEE=DEF=SEE=SEF=SES

Lane n.s. (6.2) DES>DEE=DEF=SEE=SEF>SE

Y ellowtail ** (112.9) BSS>DES>DEE=SEF>BDF>BSE>DEF>SES>SEE>BSF>BDS>SE>SF

Cubera _ _________ ns(189)_ _______________ BSE>SESDEE=DESTSEZSEE=SEF .

Grunts.

BlUe siriped *% (84.2) DEF>DESSSESBSF=BSS=SEFSDEE>BDS>BOF>BSESSEESSF

Spanish n.s. (9.3) DEF>BSF=SEE=SEF=SES

Smallmouth n.s. (6.0) BDF=BSE=SEF>BSF=DEF=SEE=SES

Striped * (21.7) BDS>SEE>SE=SEF>BSE=DEF=DES=SES>BDF=BSF=DEE

White ** (81.7) DEF>DES>SEF>BSS=DEE>BSF>SES>BDF=SEE>BDS-BSE>S->SE

Caesar * (25.1) BSS>BSF>BDF>SES>BDS=BSE=DEE=DES=SEE=SEF>DEF

Cottonwick n.s. (9.2) BSF=DEF>BSE=DEE=SEF

French ** (170.0) BDS>DES>DEF>BDF>SES>SEF>BSF=DEE>BSS=SEE>BSE>SE

Tomtate n.s. (19.1) DES>BSS>BSF>BDF=SEF>BSE=DEE=DEF=SE=SEE

Sailor’'s choice n.s. (10.3) BSF>SEF>SES>DEE=DEF=SE=SEE

Margate n.s. (14.7) DEE>BDF=BSF=DEF=SE=SEE=SEF=S

Black margate n.s. (11.4) BSE=BSF

Porkfish _________x@4y)_ SES>DEE>SEE>BSS>BSE=DES>SEF>BSF=DEF>BDP>SE

I OURer S e e e e e e e ma s

Jewfish n.s. (5.5)

Nassau ** (107.8) DEE>SEE>SES>BDS=BSE=DES>BDF=BSF=DEF=SEF=SE

Black ** (64.7) DEE>BSE=BSF=DEF=DES=SEE>BDF>BSS>SEF>SES

Yellowfin * (22.7) DES=SEE

Tiger ** (55.1) DEE>DES=SEE>BSE=DEF=SES>SE=SEF

Red hind ** (30.6) DES=SEE>BSE=BSF=BSS=DEF=SEF>DEE=SES>BDF

Rock hind ** (27.4) BSE>DEF>BSF=DEE=SE=SES>BDF=SEE=SEF

Graysby ** (79.5) DEE>SEE>DEF=DES>BSF>SEF=SES>BDF=BDS-BSE>SE

Coney _ _________. aey) DES>BDP>DEF>BDS>BSF=BSS=SEF>SESDEE=SEEBSE>SE

Others:

Baracuda - T ns (159 T T DEE=DES=SEE=SEF=3ES>BSE=DEF>BDF=SF>BSF=BSS=SE ~

Mackerel * (21.7) SEE>BSF=DEE=SEF=SES>BDS-BSE=DEF=DES>BDF=BSS=SF

Tarpon n.s (15.2) BDF

Hogfish ** (32.3) SE>BSF=DEF>SEF>DEE=SEE=SES>DES>BDF=BSE>BSS>SF>BDS

Spanish hogfish ** (61.0) BDF=SEE>BSS=DEE=DES>BDS=BSF=DEF=SEF>BSE=SES>SE

Nurse shark ** (26.3) BSS=SES

Spotted eagle ray n.s. (4.2)

Southern stingray n.s. (4.9)
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3.4.3 Family inter-habitat trends

Table 7 summarises the mean abundance, in each habitat type, of the four mgor
families included in this sudy. Table 8 highlights the variation of abundances and
habitat preferences of each of the families Smilaly to individud species mean
abundances for each family in esch habitat are associated with high standard
deviations. As with fish species Table 8 shows tha each family has ggnificant
variation in abundance between habitats.

Table?7. Mean abundance of each fish family (per 350 nT) in each habitat type
discriminated in this study. Standard deviations in parentheses. Shading
indicates habitat containing highest mean abundance of each family. For

habitat codes see Table 3.
Habitat code

BDF BDS BSE BSF BSS DEE DEF DES SE S SEE SEF SES

N 35 5 19 65 7 116 126 21 15 60 158 251 30

Jacks 21 134 75 4.8 7.6 6.0 3.6 4.0 0.9 6.2 53 52 44
(3 species) (2.8) (16.1)  (17.9) (15.7 (10.7) (13.3) (7.2) (6.2) (1.6) (38.7) (11.9) (15.0) (6.4)
Snappers 211 24.6 21.3 15.6 25.4 29.6 214 25.6 8.7 22 20.2 230 19.8
(8 species) (15.8) (19.2) (19.8) (17.5) (14.2) (35.5) (18.8) (232 (12.2) (5.4) (18.6) (26.4) (25.0)
Grunts 111 17.0 6.1 114 114 10.3 15.2 16.8 0.9 0.9 8.1 115 125
(13 species) (7.6) (21.5) (7.3) (15.9) (8.3) (10.6)  (19.1) (1.0 (1.4) (5.8 (7.4) (15.4) (11.0)

Groupers 29 2.2 24 28 17 41 39 54 0.6 0.1 32 27 30
(9 species) (2.9) (0.8) (3.0) (2.9) (2.1) (3.1 (3.2) (4.1) (0.9) (0.3 (3.4) (2.9) (2.8)

Table 8. Results of Kruskal-Walis one-way ANOVA for variation of abundance of each
fish family between each of the 13 habitat types. ** = highly significant
variation (p<0.01). ?2 datistics in parentheses. Table also shows habitats in
order of decreasing preference as assessed by mean abundances. Habitat
abbreviations in Table 3. Habitats with abundances <0.01 omitted for clarity.

Significance Order of habitat preference

Jacks ** (45.9) BDS>BSS-BSE>SF>DEE>SEE>SEF>BSF>SESSDES>DEF>BDF>SE
Snappers ** (138.4) DEE>DES>BSS>BDS>SEF>DEF>BSE>BDF>SEE>SES>BSF>SE>SF
Grunts ** (194.1) BDS>DES>DEF>SES>SEF>BSS=BSF>BDF>DEE>SEE>BSE>SE=SF
Groupers ** (160.0) DES>DEE>DEF>SEE>SES>BDF>BSF>SEF>BSE>BDS>BSS>SE>SF

3.4.4 Summary of habitat preferences

The relaive importance of each habitat type for dl the fish species was assessed by a
ample index of preference. For each species, scores were assigned to each habitat on
a scde of 13 (highet mean abundance) to 1 (lowest mean abundance). Points were
averaged for tied mean abundances (eg. 125 for each of two habitats with joint
highest abundance). No points were assigned to habitats with a mean abundance of
<0.01 fish per transect. Results are shown in Table 9.

Although smple, this index provides a more sophisticated assessment of habitat
preference than mean abundance for al species combined or each family since it
incorporates information from each individud <species. For example, the index
highlights the overall importance of cord habitats, Snce they represent the top Sx
scores. Gorgonian dominated habitats were less important than cora rich areas but
were more important than sand patches. Table 9 dso highlights variations in
preference between individud families with, for example, ‘Bedrock/ rubble with
gparse gorgonians  having the highest score for grunts. Note that the maximum score
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depends on the number of species included and varies from 546 (42 species x 13
habitats) for al species combined to 39 (3 species x 13 habitats ) for jacks.

Table9. Relative importance of each habitat type for al species combined and each
family, assessed via a smple index of preference. Index score shown in
parentheses. Habitat abbreviations in Table 3.

All species combined Jacks Snappers Grunts Groupers
(max. score = 546) (max. score = 39) (max. score = 104) (max. score = 169) (max. score = 117)
SEE (311) DEE (30) SEE (73.5) BSF (122) SEE (81)
SEF (289) SEE (27) DEE (64.5) SEF (115) DES (79)
DEE (288.5) BDS (25) SEF (64) DEF (114) DEE (71.5)
SES (282) SEF (24) SES (64) SES (96.5) DEF (67)
DEF (280.5) BSE (23) DES (57) SEE (85) BSE (58)
DES (252) DEF (22) BSS (54.5) DEE (83) SES (54)
BSF (248) SES(22) SE (52) BSE (73.5) BSF (51)
BSE (225) BSS (21.5) BSE (48.5) DES (71.5) SEF (48)
BDF (206) BSF (13) BDF (48) BDF (70) BDF (38)
BSS (188) BDF (11.5) DEF (45.5) BSS (58) BDS (24)
BDS (138) DES (11) BDS(33) BDS (42) SE (23.5)
SE (134.5) SF(11) BSF (30.5) SE (40) BSS (22.5)
SF (41) SE (1) SF (14) SF (4) SF (1.5)

345 Inter-study spatial variation

The didribution of each habitat type varies around the aoll as documented in
Haborne and Taylor (2000). Therefore, any comparisons of variation in fish
abundance between study areas must be undertaken for equivaent habitat types. Table
10 shows the results of Kruska-Walis one-way ANOVA for fish abundance between
the 13 study aress (effectively intra-habitat variaion). Table 10 aso shows the most
important study area for each habitat type as neasured by mean abundance. Only fish
which had dgnificant variation between habitat types (see Table 6) were tested. Note
that not al study areas were included in each analyss, as some habitat types were not
present in some study aress.

Also shown in Table 10 is the most important overadl study for each species. This was
cdculated via a smple index, smilar to that generated for habitat preferences. For
each species in each habitat, studies were scored depending on mean abundance. For
example, if habitat type X contained data from al 13 study aress then the study area
with the highest mean abundance of species Y would be assgned a score of 13 and
the lowest a mean abundance a score of 1. However, if habitat Z only contained data
from 6 study aress (i.e. 7 study areas did not have habitat Z), the study areas with the
highest mean abundance would only be scored as 6. This method effectively down-
weights the importance of rare habitats that were only found in a few study areas and
increases the importance of common habitais. This was important since the sudies are
of different szes and larger study areas may be expected to include more habitat types
because of their sze rather than ther intrindc habitat diversity and importance to each
fish species. Hence there was no correlation between order of importance of each
Sudy aea and number of transects or number of habitat types (Spearman Rank
correlation coefficient, p>0.05).

Points were averaged for tied mean abundances (e.g. 12.5 for each of two habitats
with joint highest abundance). No points were assgned to habitats with a mean
abundance of <0.01 fish per transect. The highest scoring habitat for each species is
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shown in Table 10 (i.e. highest total score across dl 13 habitats) and the overdl
rankings of each study for dl species combined and for each family are shown in

Table11.
Table 10. Results of Kruska-Walis one-way ANOVA of abundance of each fish

species between each of the 13 study areas. ** = highly significant variation

(p<0.01); * = dgnificant variation (p<0.05); n.s. = not significant (p>0.05). ?2

statistics in parentheses. Table also shows the most important study for each

species as determined by a smple index (bold) and the study area with the

highest mean abundance for each hebitat type. Study area abbreviations in

Table 4.

Habitat code
BDF BDS BSE BSF BSS DEE DEF DES SE S SEE SEF SES
No. studies 10 3 7 12 4 11 12 6 7 7 13 13 8
(max. 13)

RS o e e o e e e e e e o e e e e e e e e o e e e e e e e e o
Bar ns (42) ns (21) ~ *(146) ns (181 ns (19 ns (105 ns(16.2) ns (10.0)  * (134) ns (12.3) ns (21.0) ns (48) ns (8.8)
MC MC TF cc DF DM MC TF MC CR DM CR cc
Horse-eye - ns. (4.0) ** (179 ns. (9.3) - *(22.4) ns.(38) ns (29 - - ns. (15.1) *(223) ns (15)
DM_ _ _____=C oS _ ¥ ___C oo DM ___MC___SB___-____=C oo bM___F ___DM_
SNADPES o e e e e e e e e e e e e e e e e e m e m e e e o e m e o
Schoolmaster  n.s.(16.3) ns.(22) ns.(7.8) ns.(138) ns. (55 *(225) ns.(93) ns.(87) - *(14.0) **(27.4) *(25.6) n.s.(8.0)
Se C CcC CcB C MC C CcB CcB - LR CcC C TF
Mahogany ns (129) ns.(40) ns (85 ns(83) ns (37) *(232) ns (152) ns. (7.4) - - **(3L1) *(222) **(21.3)
CB CB cC CB P P BC cC - - DM BC, TF DM
Dog ns (132) ns.(40) ns (46) ns(46) ns (600 ns (152) ns (7.9) ns (2.8) **(29.0) ns (11.9) ns (147) ns.(9.4)
CB CR cC CcB Sy MC TP DM BC MC GB LR cC
Yellowtail ns (138) ns (04) ns (61) ns(160) ns (32) **(27.3) ns. (16.6) ns (44) ns (101) ns(151) *(23.8) ns (7.4)
BC TF MC CB LR DF TP CB BC CB TP CB BC
OIUNS L o e o e e e e e o e e e e e e e e e e e e e e e e e e o e e e e —— o
Biue striped ns (85 ns(147) ns (19 **(26.7) ns (159 - * (14.0) ~**(384)  *(238) * (17.6)
CB DF, TF GB DF Sy DM - CcB DM DM TF
Striped ns. (1.7) ns. (12.6) - ns.(93) ns (8.6) n.s. (6.5) - ns. (15.7) ns. (9.7 ns.(33)
DM TP TF - CB,MC CcC CR - TF TF DM
White ns (30) *(242) ns (21) ns(169) ns. (16.1) *(14.0) **(321) ns (151) **(324) ns (8.0)
CB CcB o P DM LR MC CcB DF DM TF
Caesar **(18.0) ns (123) ns. (32) **(245) n.s (10.6) - - **(30.3) n.s. (16.1) n.s (8.9)
S S DF Sy CR - - Sy \
French n.s. (4.9) ns (49) **(242) *(23.1) * (14.0) -
GB CcB TF DM DM CcB -
Porkfish n.s. (9.6) ns (12) *(186) ns. (14.1) ns (28)  **(29.0)
DM TF DF, MC P DM BC MC
LU S L L L L o o e o o o o e e e e e e e e e e e e e e m o = e e m m e m e e m m e e e e mm oo
Nassau n.s. (5.0) - ns. (58) *(16.6) n.s. (7.5) - ns. (14.9) **(27.2) n.s. (10.7)
GB CcB - SC, TP LR DM - CcB TF BC,CC,TF
Black - n.s. (12.4) ns.(25) ns.(154) ns (3.7) - - ns. (20.2) ns. (125) ns.(9.5)
CB - CB TP CC,LR - - GB CB CcC
Yellowfin - - n.s. (3.9) - ns. (44) ns. (16.3) ns (10.7) - - ns. (18.1) **(26.6) n.s. (1.5)
CR - - CR - CB CB,CR DF - - CB LR DF
Tiger n.s. (16.5) - ns. (7.3) **(25.3) - ns (15.2) ns (16.3) ns (7.5) *(14.0) - ns (124) *(242) ns (119)
CcC cCc - Sy BC - TP cCc BC,CB DM,MC - CcB LR cC
Red hind ** (25.7) - ns(33) ns(63) ns (25 ns (168 ns (98) ns. (9.0) - - ns. (15.1) ns (19.0) ns. (6.4)
LR CcC - LR C P LR, SP LR BC - - GB LR BC
Rock hind * (18.2) - ns.(3.6) n.s (8.0) - ns.(86) ns. (96) ns.(L1) ns (6.7) - ns. (11.1) *(25.0) ns.(6.7)
MC CR - P MC - LR LR MC LR - DF MC cc
Graysby ns (139 ns (0.7) ns (80) **(27.2) - ns (158) ns (128 *(112) ns (20) - ns (17.1) *(234) *(17.7)
BC S MC S BC - cCc MC, CB BC S - BC LR cc
Coney ns (7.3) ns (34) *(145) *(227) ns(23) **(240) **(274) *(132) ns (28) ns (61) ns (129 **(39.8) ns (3.9)
£ _______IF___$ __CBGB__& ___MC___S __DEMC __WMC___BC ___CB __ _DE___S ___DF_
OterS o m e o o e m oo o e oo
Mackerel **(220) ns.(40) ns. (85 ns(114) ns (25 ns (165 ns (7.6) ns (10.4) - ns (0.9) ns (151) ns (9.8) *(14.2)
CR CR C CB P P P CR BC,CB - CR BC BC CC, TP
Hogfish ns (36) ns (40) ns (47 ns(152) ns (19 ns (131) ns (158) ns (30) ns. (79) **(21.8) ns.(161) **(37.9) n.s.(3.6)
DM DM ke DF, TF MC MC DM DM CcB MC MC GB LR DM
Spanish hogfish n.s.(19.6) n.s.(28) n.s. (105 **(29.9) ns.(1.2) ns.(141) ns (16.7) ns.(37) ns (29 - n.s. (15.6) n.s. (17.0) ns.(3.4)
So P C DF DF P CcC DF GB BC - TF DM BC,CC
Nurse shark - - - - n.s. (6.0) - ** (66.0) ** (20.0) - - ns.(9.8) ns. (155) ns. (3.1)
MC - - - - MC - DF DF - - TF MC DF
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Table11. Relative importance of each study area for al species combined and each
family, assessed via a simple index of preference. Index score shown in
parentheses. Study area abbreviationsin Table 4.

All species combined Jacks Snappers Grunts Groupers
(max. score = 2712) (max. score = 226) (max. score = 452) (max. score = 678) (max. score = 904)
CB (1141.5) CB (95) CB (219) DM (326.5) CB (351)
DM (947.5) MC (89) DM (187) CB (305) GB (316.5)
BC (945) BC (83) GB (175) TP (267) CC (307.5)
TP (921) CC (78) BC (174.5) BC (260.5) TP (302.5)
GB (904.5) SC (73.5) MC (169.5) MC (245.5) BC (282.5)
MC (891) DM (73) SC (160.5) SC (244.5) SC (260)
CC (878.5) CR (62) CC (160) TF (233) MC (239.5)
SC (865) TF (58.5) TP (159.5) GB (228.5) DM (236)
TF (712.5) GB (58) TF (143.5) CC (214.5) CR (234)
SP (642.5) TP (56.5) SP(92.5) CR (167.5) SP(221)
CR (642) SP (49) CR (83.5) SP (161.5) LR (219)
DF (567) DF (44.5) LR (76) DF (159.5) DF (191)
LR (512) LR (22) DF (71.5) LR (94.5) TF (180.5)

3.4.6 Factorsredated tofish mean abundance

Fish mean abundance on Turneffe Atoll ranges from <0.01 fish per 350 nt for species
such as jewfish (Epinephelus itajara) to 16.7 for ydlowtall sngpper (Ocyurus
chrysurus). This range of abundance can be rdated to a range of factors including
fishing pressure, life history and the extent of preferred habitats. Figure 9 shows the
corrdlaion of mean abundance with the number of habitat types and studies where
each fish species was recorded.

¢ Habitats
A studies
Expon. (Habitats)

ean tish uhindance:

0 2 4 6 8 10 12 14

Number of habitatsor studies

Figure9. Relationship between mean abundance for each fish species and the number
of habitats or studies in which it occurs. Trend lines are exponentiad and
defined via the following formulae: Habitats - y = 0.001e>*** (R* = 0.80);
Studies - y = 0.0018e>** (R? = 0.47).
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3.5 Invertebratedata
351 Summary satistics

Table 12 shows the mean abundance of lobster and conch in each of the habitat types
discriminated. Overal abundances for all habitat types combined were 0.1 (SD = 0.4)
for lobster and 0.2 (SD = 1.1) for conch. Table 12 highlights the preference of lobster
for cora dominated escarpment habitats and of conch for sandy forereef aress.

Table 12. Mean abundance of lobster and conch (per 350 nY’) in each habitat type
discriminated in this study. Standard deviations in parentheses. Shading
indicates habitat containing highest mean abundance of each species. For

habitat codes see Table 3.
Habitat code
BDF BDS BSE BSF BSS DEE DEF DES SE  SF  SEE  SEF SES
n 35 5 19 65 7 116 126 21 15 60 158 251 30

Cobser 00 00 01 00 00 02 01 00 01 00 02 01 o0l

(02) (00 (03) (02) (00) (05 (04 (00) (03 (03) (06) (04) (0.4)
Conch 02 00 00 01 00 00 01 02 01 21 01 02 00
(06) (00 (00) (04 (00) (02) (0.3) (07) (04 (38 (05 (06 (02

3.5.2 Speciesinter-habitat trends

Table 13 shows the results of Kruska-Wallis analysis to assess variation in abundance
of lobster and conch between the 13 habitat types. Table 13 aso shows these
preferences asindicated by mean abundance in each habitat type.

Table13. Results of Kruska-Wallis one-way ANOVA of abundance of lobster and conch
between each of the 13 habitat types. ** = highly significant variation (p<0.01);
n.s. = not significant (p>0.05). ?2 dtatistics in parentheses. Table also shows
habitats in order of decreasing preference as assessed by mean abundances.
Habitat abbreviations in Table 3. Habitats with abundances <0.01 omitted for

clarity.
Significance Order of habitat preference
L obster n.s. (15.9) DEE=SEE>BSE=DEF=SE=SEF=SES
Conch ** (67.1) SF>BDF=DES=SEF>BSF=DEF=SE=SEE

3.5.3 Inter-study spatial variation

The didribution of each habitat type varies around the aoll as documented in
Harborne and Taylor (2000). Therefore, any comparisons of variation in lobster and
conch abundance between study areas must be undertaken for equivadent habitat
types. Table 14 shows the reaults of Kruska-Wadlis one-way ANOVA for
invertebrate abundance between the 13 study aress. Table 14 dso shows the most
important study area for each habitat as measured by mean abundance. Note that not
al sudy areas were included in each analyss as some habitat types were not present
in some study aress.

Smilaly to each fish species (Section 3.4.5), Table 14 shows the most important
overdl study area for each species. This was caculated via a Smple index where for
each species in each habitat, studies were scored depending on mean abundance.
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Points were averaged for tied mean abundances (eg. 125 for each of two habitats
with joint highest abundance). No points were assigned to habitats with a mean
abundance of <0.01 animals per transect.

Table 14. Results of Kruskal-Walis one-way ANOVA of abundance of each fish
species between each of the 13 study areas. ** = highly significant variation
(p<0.02); * = ggnificant variation (p<0.05); n.s. = not significant (p>0.05). ?2
gtatistics in parentheses. Table aso shows the most important study for each
species as determined by a smple index (bold) and the study area with the
highest mean abundance for each habitat type. Study area abbreviations in

Table 4.
Habitat code
BDF BDS BSE BSF BSS DEE DEF DES SE Sk SEE SEF SES

No. studies 10 3 7 12 4 11 12 6 7 7 13 13 8

(max. 13)
Lobster n.s. (3.4) - n.s. (4.6) ns.(7.6) - ns. (11.3) n.s. (7.6) - n.s. (2.0) n.s. (0.4) n.s. (16.9) n.s. (7.6) n.s. (5.1)
CB cc - CB CB - TP LR, TP - P CR LR DF BC
Conch n.s. (7.9) - - n.s. (17.0) - n.s. (5.8) ns. (13.0) ns.(2.3) * (14.0) n.s. (12.5) n.s. (16.8) n.s. (13.3) **(29.0)
MC MC - - MC, sC - DM, MC MC BC CR MC C TF TF

3.6 Summary of distribution patterns

The following sections are a quditative account of the didribution patterns of fish
gpoecies and invertebrates surveyed in this study. Patterns are drawn from both inter-
habitat and inter-sudy andyses. All mean abundances refer to number of fish per
transect (350 nf). Overal importance of study aress (al habitats combined) refers to
the smple ranking index (Table 11). Significant refers to the results of Kruskd-Walis
one-way ANOVA'’s at p<0.05. Abbreviations for each habitat type are shown in Table
3.

3.6.1 Fish species

Jacks (Carangidage)

?? Bar jack (Caranx ruber)

Bar jacks are known to be common on reef aress in the Caribbean and swim in small
to large groups (Humann, 1994; Lieske and Myers, 1994). During this study they had
a high mean abundance (4.5). Although ubiquitous around the aoll, there was
ggnificant variation between habitat types with BDS having the highet mean
abundance (12.2). However, BDS, adong with BSS and BSE which dso had high
mean abundances (>6), providing evidence of a preference for gorgonian rich areas
dthough they dl had rdatively low sample szes (<20). Bar jack were dso common
in sandy aress, where they are known to follow goatfish and stingrays as they feed in
the sand (Humann, 1994). DEE dso had a mean abundance of >5 fish per transect,
which is conagent with fish seen in large schools in deegper water, paticulaly dose
to dusk (ARH, pers. obs.).

Bar jack were seen in dl study areas, but the most important was Mauger Cay (for dl
habitat types combined), which is consgent with the extensve gorgonian plains
known to be present in that area (Harborne and Taylor, 2000). However, only the
mean abundance in habitats BSE and SE showed sgnificant variation between study

26



Results Turneffe Atoll commercial speciesreport

areas. Both these habitais have smal sample szes (<20) and were admogt certainly
biasad by schools swimming aong the escarpment.

?? Horse-eye jack (Caranx latus)

Horse-eye jacks had a low abundance around the atoll, athough this may in part be
caused by the fct that they swim in open water over reefs (Humann, 1994) and hence
may not have crossed the transect line if present. The highest mean abundance was in
BSE and BDS and, dthough they had reatively low sample szes (<20), this provides
further evidence of jacks showing a preference for gorgonian rich aress.

Sonificant inter-habitat varistion was seen within habitat types BSE, DEE and SEF.
Both the escarpment habitats had the highest mean abundance in south-western study
areas (Caye Bokd and Deadmans Cay) where the reefs are known to have long, steep
drop-offs (Harborne and Taylor, 2000) and jacks are known to congregate. For al
habitat types, Deadmans Cay was the most important habitat for horse-eye jacks.

?? Ydlow jack (Caranx bartholomaei)

Yedlow jacks had a low mean abundance (0.3) across the atoll, consstent with
(Humann, 1994) which refers to ther solitary behaviour and preference for outer
(deepwater) reefs. There was no dgnificant variation of abundance between habitat
types, but the cord rich escarpments and forereefs of DEF, SEE and DEE had the
highest mean abundances (>0.5).

Since this species had a low mean abundance and no sSgnificant variation between
habitat types, inter-study analysis was not conducted.

Snappers (Lutjanidae)

?? Schoolmaster (Lutjanus apodus)

Schoolmasters were common on the atoll, with a medium abundance of 2.8. They are
known to drift in smdl to medium Szed groups (Humann, 1994). There was
ggnificant variaion in abundance between habitat types, with the cord rich DEE
having the highest mean abundance (8.6). However, dong with drifting close to large
cord dructures, schoolmasters are also known to prefer the shade of large gorgonians
(Humann, 1994; Lieke and Myers, 1994) and this is supported by the number of
gorgonians present in both cora rich areas and adso BDS, which had the second
highest mean abundance (3.8). Schoolmagters are found in most reef zones, including
shdlow Acropora palmata fiedds and upper and lower reef dopes and adults are
generdly found in contact with the reef (Nagelkerken, 1981).

Soldier Cay was the most important study area for schoolmasters when dl habitats
were combined. This area is known to have areas with some of the highest cord cover
on the atoll (ARH, pers. obs). Hence, Soldier Cay was dso the most important study
aea for two of the habitat types which showed dgnificant variation between studies
(DEE and SEF). Of the other two habitat types, adjacent Calabash Cay was the most
important study areafor SEE and Long Ridge for SF.
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?? Mahogany snapper (Lutjanus mahogoni)

Mahogany snappers had a low overdl abundance (0.6), condgtent with ther rating as
occasond to common by Humann (1994) and being solitary or in smadl groups. There
was dgnificant variation between habitat types with BSS having the highes mean
abundance (1.6). Indeed, three of the four most important habitat types (BSS, DES
and SES) were in spur and groove aress, indicating a preference for this type of reef
geo-morphology. Mahogany snappers are known to like areas close to gorgonians,
coral heads and ledges (Humann, 1994; Lieske and Myers, 1994) and spurs and
grooves provide exactly this environment.

There was dgnificant variation in mahogany sngpper abundance between study aress
for habitat types DEE, SEE, SEF and SES. Within each of these habitats, the highest
mean abundance was in sudy areas on the eastern (windward side): Blackbird Cay,
Deadmans Cay and Turneffe Hats. Smilarly, the most important area for al habitats
combined was Caye Bokd.

?? Dog snapper (Lutjanus jocu)

Dog snappers were reatively uncommon around the atoll, with a mean abundance of
(0.2). They are known to prefer mid-depth reefs and tend to move sangly (Humann,
1994; Lieske and Myers, 1994). During this study, dog snappers exhibited sgnificant
variation between habitat types, with BDS having the highest mean abundance (6.2).
However, this habitat has a very smdl sample sze (n = 5) and the gpparent preference
for cord rich escarpments (DEE and SEE, mean abundance 0.2) is likely to represent
the species’ true habitat requirements.

Only the rdatively unimportant hebitat of SF showed sgnificant variation between
Sudy aress. For dl habitats combined, Caye Bokd was the most important for dog
snappers. Thisareais known to have extensive cora rich escarpments.

?? Gray snapper (Lutjanus griseus)

Gray snappers were uncommon around the whole aoll, with a mean abundance of
(0.2). Although the species is only occasiond to common in the, the low abundance is
dso likely to be related to the surveys being conducted on the reef and gray snappers
preferring shalow inshore areas, especidly near mangroves and under docks
Caribbean (Humann, 1994). There was no dgnificant variaion between habitat types
but BSS had the highest mean abundance (0.7).

Since this species had a low mean abundance and no Sgnificant variation between
habitat types, inter-study anadysis was not conducted.

?? Mutton snapper (Lutjanus analis)

Mutton snappers were uncommon around the atoll, with a mean abundance of (0.1),
conggent with Humann's (1994) rating as occasond. There was no sgnificant
variaion between habitat types, but BDF had the highest mean abundance (0.3). SE
was the next most important habitat (mean abundance 0.2) and this is congstent with
the species’ preference for sandy areas (Nagelkerken, 1981; Humann, 1994).
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Since this species had a low mean abundance and no dgnificant variation between
habitat types, inter-study analyss was not conducted.

?? Lane snapper (Lutjanus synagris)

Lane snappers were uncommon around the atoll, with a mean abundance of (0.2),
conggent with Humann's (1994) raing as occasond. There was no sgnificant
variaion between habitat types, but DES had the highest mean abundance (0.4). Lane
snappers are known to prefer shalow reefa areas (Humann, 1994).

Since this species had a low mean abundance and no dgnificant variation between
habitat types, inter-study anadysis was not conducted.

?? Ydlowtal snapper (Ocyurus chrysurus)

Yelowtal snappers were by far the most abundant fish seen during this study, with a
high mean abundance of 16.8. Indeed, this species is known to be abundant
throughout the Caribbean (Humann, 1994). There was highly dgnificant variation
between habitat types, with the highest mean abundances seen in BSS and DES (20.6
and 20.4 respectively). BSS and DES have relatively smal sample sizes (<25) and a
preference for DEE and SEF seems likely and consstent with its presence on cord
forereefs and juveniles feeding on plankton which are concentrated on escarpments
(Nagelkerken, 1981). However, with the exception of the sandy habitat SE and SF
(mean abundances <8), mean abundances were relaivey consgent in al habitat
types are varied only between 14.2 and 20.6 and highlight its ubiquitous distribution.

Smilarly, ydlowtal sngppers were common in al sudy aress with only DEE and
SEF showing ggnificant variation in abundance. Within the DEE habitat type, Tarpon
Creek had the highest mean abundance and Caye Boked for the SEF. However, for dl
habitat types combined, Blackbird Cay was the most important Sudy area.

?? Cubera snapper (Lutjanus cyanopterus)

Cubera snapper has been described as being a solitary species (Humann, 1994) and
furthermore is known to be shy and hence unlikely to be recorded by divers during a
transect. Therefore, the mean overdl abundance was low (0.1). The species is known
to prefer deep reef, in areas of rocky ledges and overhangs and hence the highest
mean abundance was seen in habitat BSE (0.4). Smilarly, DEE, SE and SEE were
aso important habitats (mean abundance 0.1).

Since this species had a low mean abundance and no sgnificant variation between
habitat types, inter-study analysis was not conducted.

Grunts (Haemulidag)

?? Bluedtriped grunt (Haemulon sciurus)

Bluestriped grunts are common in the Caribbean (Humann, 1994) and indeed they had
a medium abundance in this dudy (2.3). The species exhibited dgnificant variation
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between habitat types, with the cora rich habitats of DEF, DES and SES being the
most important (mean abundance >3). This is conagtent with their known behaviour
of drifting in schools on the reef, especidly near escarpments (Humann, 1994). The
aress at the top of escarpments often had a high cord cover.

Bluestriped grunts varied between study aress for five habitat types (DEE, SF, SEE,
SEF and SES). The most important study area for these habitat types was generdly in
the western and southreastern sections of the atoll (Caye Bokd, Deadmans Cay and
Turneffe Hats). Smilarly, the most important study area overal was Caye Bokd.

?? Spanish grunt (Haemulon macrostomum)

Spanish grunts are uncommon to occasiona in the Caribbean and wary of divers
(Humann, 1994) and hence had a low mean abundance in this study (0.1). There was
no ggnificat variaion between habitat types but the cord rich DEF had the highest
mean abundance (0.2).

Since this species had a low mean abundance and no sgnificant variation between
habitat types, inter-study analysis was not conducted.

?? Smdlmouth grunt (Haemulon chrysargyreum)

Smdlmouth grunts are only occasond in the Caribbean and wary of divers (Humann,
1994) and hence had a low mean abundance in this study (0.1). There was no
ggnificant variation between habitat types but BDF, BSE and SEF had the highest
mean abundances (0.2).

Since this species had a low mean abundance and no sgnificant variation between
habitat types, inter-study analysis was not conducted.

27 Striped grunt (Haemulon striatum)

Striped grunts are uncommon to occasond in the Caribbean and wary of divers
(Humann, 1994) and hence had a low mean abundance in this study (0.2). There was
dgnificant variation between habitat types with BDS having the highes mean
abundance (0.8). However, this habitat has a smal sample size (n = 5) and the sparse
cord habitats of SEE and SEF are likely to be a least equaly important, especidly
SEE since the abundance of this species is known to increase with water depth
(Humann, 1994).

None of the habitat types showed sgnificant variation between study aress, adthough
Deadmans Cay was the most important overdl. More spatid variation is likely to be
present amongst deeper populations.

?? White grunt (Haemulon plumieri)

White grunts are common in the Caribbean (Humann, 1994) and had a medium
abundance n this sudy (1.8). The species often drifts in smdl to large schools, often
in the shade of large cord formations (Humann, 1994). This is condgent with the
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obsarved preference for DEF, DES and SEF (mean &bundance ?72.0). These
preferences reflected sgnificant variation between habitat types.

Andyss of vaiation beween dudy aess showed dgnificant variation within the
habitat types BSF, SE, SF and SEF. Within these habitat types, the most important
study areas were those on the northern and southern ends of the atoll, and on the
eastern side (Soldier Cay, Mauger Cay, Caye Bokd and Deadmans Cay). Overdl,
Caye Bokd was the most important study areafor white grunts.

?? Caesar grunt (Haemulon carbonarium)

Caesar grunts are uncommon to occasond in the Caribbean and very wary of divers
(Humann, 1994) and hence had a low mean abundance in this study (0.3). There was
ggnificant varidion between habitat types with BSS having the highet mean
abundance (1.9). However, this habitat has a smdl sample sze (n = 7) and the
gorgonian rich forereef habitats of BDF and BSF are likely to be a least equdly
important (mean abundance of 0.5 and 0.6 respectively).

Habitat types BDF, BSE, DEE and SEE showed sgnificant variation between study
aress and the most important habitat type was generdly Snake Point. Similarly this
sudy was the most important overdl.

?? Cottonwick (Haemulon melanurum)

Cottonwicks are uncommon to occasond in the Caribbean and way of divers
(Humam, 1994) and hence had a low mean abundance in this sudy (0.1). There was
no dgnificant variation between habitat types but DEF and BSF had the highest mean
abundances (0.2).

Since this species had a low mean abundance and no dSgnificant variation between
habitat types, inter-study analysis was not conducted.

?? French grunt (Haemulon flavolineatum)

French grunt, dong with bar jack, was the second most abundant species in this study,
with a high mean abundance of 4.5. The species is dso common throughou the
Caribbean (Humann, 1994). French grunts drift in smdl to large schools and prefer
cord reefs (Humann, 1994), an obsarvation that is supported by the high mesan
abundances in cora rich habitats DES and DEF (mean abundances of 8.8 and 6.8
respectively). There is dso evidence tha BDS is an important habitat (mean
abundance 12.8) but this is based on a limited sample (n = 5). There was sgnificant
variation in abundance between habitat types.

Numerous habitat types (BSF, DEE, DEF, SE, SEE and SEF) had sgnificant variaion
between study aress, but the highest mean abundance for dl these habitats were on
the eastern sde (Soldier Cay, Deadmans Cay and Dog Flea). Similarly, Grand Bogue
was the most important study area overdl.
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?? Tomtate (Haemulon aurolineatum)

Tomtates are uncommon to common in the Caribbean and wary of divers (Humann,
1994) and hence had a low mean abundance in this study (0.2). There was no
ggnificant variation between habitat types but the cord rich DES had the highest
mean abundance (1.3).

Since this species had a low mean abundance and no dgnificant variation between
habitat types, inter-study anadysis was not conducted.

?? Sadlors choice (Haemulon parra)

Salors choice are common to occasond aong the continentd coasts of Centra
America and wary of divers (Humann, 1994) and hence had a low mean abundance in
this study (0.2). There was no significant variation between habitat types but BSF had
the highest mean abundance (0.5).

Since this species had a low mean abundance and no dgnificant variaion between
habitat types, inter-study analysis was not conducted.

?? Margate (white) (Haemulon album)

Margates are occasona in the Caribbean and wary of divers (Humann, 1994) and
hence had a low mean abundance in this sudy (0.1). There was no dgnificant
vaidion between habitat types but the cord rich DEE had the highet mean
abundance (0.2).

Since this species had a low mean abundance and no sgnificant variation between
habitat types, inter-study analysis was not conducted.

?? Black margate (Anisotremus surinamensis)

Black margates are occasond in the Caribbean and shy when approached by divers
(Humann, 1994) and hence had a low mean abundance in this study (0.02). There was
no dggnificant vaiation between habitat types and only the gorgonian dominated
habitats of BSE and BSF had a mean abundance of ?0.1.

Since this species had a low mean abundance and no dgnificant variation between
habitat types, inter-study anadysis was not conducted.

?? Porkfish (Anisotremus virginicus)

Porkfish are occasond to rare in the Caribbean and are usudly solitary or in amdl
groups, except in the FHorida Keys where they are abundant and in large schools
(Humann, 1994). The species had a low abundance in this sudy (0.6). There was
ggnificant variation between habitat types and porkfish gppeared to prefer cord rich
habitats such as SES, DEE and SEE (mean abundance ?0.9).

Habitat types BDF, DEE, SF, SEF and SES showed ggnificant variation between
sudy aress. There were no obvious patterns to the study areas with the highest mean
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abundance in these habitats since the were Deadmans Cay, Snake Point, Mauger Cay,
Tarpon Creek and Turneffe Flats. However, for al habitat types combined, the most
important study area was Deadmans Cay.

Groupers (Serranidae)

?? Jewfish (Epinephelusitajara)

Jewfish, the largest fish on the reef, are uncommon in the Caribbean and its numbers
have been further reduced by fishing (Humann, 1994). The mean abundance in this
sudy was <0.01 and indeed a totd of only 3 individuds were seen. These were on
cora rich escarpments in Blackbird Cay and Tarpon Creek and a cord rich forereef in
Grand Bogue. Since the species is territorid near to big holes or caves (Nagelkerken,
1981; Lieske and Myers, 1994) these are likely to be separate individuas but, given
the number of surveys completed, the population seems criticdly low. Obvioudy no
habitat type had a mean abundance of >0.01.

Since this species had a low mean abundance and no dgnificant variation between
habitat types, inter-study analyss was not conducted.

?? Nassau grouper (Epinephelus striatus)

Nassau were found at low levels of abundance during this study (0.4), condggtent with
it beng a normdly abundant species that has been reduced sgnificantly by human
fishing pressure eg. spear fishing (Humann, 1994; Suka et d., 1997). Nassau
groupers exhibited dgnificant variation between habitat types, with the cord rich
DEE, SEE and SES having the highest abundances (?0.5). Nassau groupers favour
shdlow to mid-range reefs (Humann, 1994) so the importance of escarpment habitats
was unexpected. However, in many areas of Turneffe Atoll, the escarpment darts at
15-20 m (ARH, pers. obs) and the tops of such walls are likely to key aress for the
goecies. The preference for sour and groove aress is more typica since they are
known to prefer high-relief coral reef habitats (Sukaet d., 1997).

Only DEF, SEE and SEF had ggnificant variaion between study areas, with Long
Ridge having the highest abundance for DEF and Deadmans Cay for the latter two
habitats. However, for al habitat types combined, Grand Bogue was the most
important study area for Nassau grouper.

?? Black grouper (Mycteroperca bonaci)

Black groupers are known to be common to occasond in the Caribbean and shy of
divers (Humann, 1994) and hence the species had a low mean abundance in this study
(0.2). Abundance varied ggnificantly between habitat types, with three escarpment
habitats (DEE, BSE and SEE) being among the most important habitats (mean
abundance ?0.2). This is typica for a species known to favour open water above reef
dopes or off walls (Nagekerken, 1981; Humann, 1994).

Only habitat type BDF showed ggnificant variation in abundance between study
aees. Within this habitat type, Snake Point had the highest mean abundance.
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However, for dl habitats combined, the most important study area was Caye Bokd,
where groupers are known to congregate by the extensive escarpments.

?? Ydlowfin grouper (Mycteroperca venenosa)

Ydlowfin grouper are known to be occasond in the Caribbean and had a low
abundance in this study (0.04). The gpecies exhibited dgnificant variation between
habitats, dthough only DES and SEE had a mean abundance of 0.1. These habitat
types are condstent with the yelowfin grouper's known preference for reef tops and
walls (Humann, 1994). Ydlowfin groupers are reported to undertake a shift in habitat
type from shallower reefs to deeper reefs as they become older (Nagelkerken, 1981).

Habitat types BDF and SEF showed dgnificant variation between study aress, with
Crawl Cay and Long Ridge having the highet mean abundance. For dl habitats
combined, the most important study aea was Crawl Cay, perhaps indicating a
preference for leeward reefs.

?? Tiger grouper (Mycteropercartigris)

Tiger groupers are reported as being common in the Caribbean but had a low mean
abundance during this study (0.2). There was ggnificant variation in abundance
between habitat types, with the cord rich habitats of DEE, DES and SEE having the
highest abundances (?0.3). This is consgtent with the species preference for upper
and lower reef dopes and lying near corals and sponges (Nagelkerken, 1981).

Only habitat types BSF, SE and SEF exhibited sgnificant variation between study
aeas. The most preferred study areas in these habitats types were varied and
incorporated Blackbird Cay, Deadmans Cay, Mauger Cay and Long Ridge.

?? Red hind (Epinephelus guttatus)

Red hinds are common in the Caribbean (Humann, 1994) but had a low mean
abundance in this sudy (0.3). The gpecies is known to inhabit a range of depths and
habitat types (Humann, 1994) but exhibited sgnificant variation between habitats in
this sudy. Red hinds were most commonly found in the cord rich habitats of DES
and SEE (mean abundance = 0.4). The preference of this species for spur and groove
habitats in this study supports previous work indicating it favoured cord patches in
sandy zones (Nagelkerken, 1981).

Only habitat type BDF showed sgnificant variation between study areas. Within this
habitat, Cadabash Cay was the most important, but for al habitats combined Long
Ridge was the mogt important sudy area. The importance of this study area may
indicate a preference by red hinds for leeward reefs.

?? Rock hind (Epinephelus adscensionis)

Except for the eastern Caribbean, rock hinds are known to be rare in the Caribbean
(Humann, 1994) and indeed in this study had a mean abundance of only (0.1). The
gpecies is known to inhabit shdlow, rocky inshore areas and often deep reefs
(Humann, 1994), favouring sand under or near coras (Nagelkerken, 1981), which is

34



Results Turneffe Atoll commercial speciesreport

conggtent with the preference in this study for the relatively cord poor BSE habitat.
There was Sgnificant variation between habitat types.

The habitat types BDF and SEF showed dgnificant variation between study aress,
with Crawl Cay and Mauger Cay having the highest abundances. Smilarly, Mauger
Cay was the most important sSudy area for dl habitat types combined. This may
indicate a preference for the gorgonian rich, exposed reefs present in the area
(Harborne and Taylor, 2000).

?? Graysby (Epinephelus cruentatus)

Graysbys are common in the Caribbean (Humann, 1994) and dthough they had a low
abundance in this study (0.7), they were more abundant than many species. Grayshys
prefer cord reefs with smal ledges and caves (Humann, 1994) and are known to be
cordated with the a&bundance of Montastraea annularis and Agaricia sp.
(Nagelkerken, 1981). These observations are consstent with its observed preference
for habitat types DEE, SEE, DEF and DES (mean abundance ?0.8) in this sudy.
Graysbys are adso known to recruit to deeper, low-relief habitats offshore (Sluka and
Sullivan, 1996). There was sgnificant variation between habitat types.

The habitat types BSF, DES, SEF and SES exhibited dgnificant variation between
dudy areas. The most important study aress in these habitats were generdly on the
eadern dde of the atoll (Blackbird Cay and Cdabash Cay). Smilaly, the most
important study area for dl habitat types combined was Blackbird Cay.

?? Coney (Epinephelus fulvus)

The coney is common in the Caribbean (Humann, 1994) and indeed had a medium
abundance in this sudy (1.1). There was dgnificant variation between habitat types
and the highest abundances were seen in ether sour and groove or forereef habitats
supporting dense cords or gorgonians (DES, BDF, DEF and BDS; mean abundance
?1.4). The coneys preference for spur and groove zones was consstent with their
behaviour of favouring cord patchesin asandy zone (Nagelkerken, 1981).

Numerous habitat types exhibited dgnificant variation between dudy aress BSE,
BSF, DEE, DEF, DES and SEF. Within these habitats, the highest mean abundances
were in study areas on the eastern sde (Caye Bokd, Grand Bogue, Soldier Cay, Dog
Flea Cay and Mauger Cay). Smilarly, the most important study area for dl habitat
types combined was Soldier Cay.

Barracuda (Sphyraenidag)

?? Barracuda (Sohyraena barracuda)

Baracuda are common in the Caribbean but are generdly solitary (Humann, 1994)
and hence had a low abundance in this study (0.3). There was no sgnificant variation
between habitat types but the species appeared to prefer the cord rich habitats of
DEE, DES, SEE, SEF and SES (mean abundance of 0.4).
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Since this species had a low mean abundance and no Sgnificant variation between
habitat types, inter-study analysis was not conducted.

Mackerd (Scombridag)

?? Mackerel (Scomberomorus sp. but mainly S regalis (cero))

Spanish mackerd (Scomberomorus maculatus) and king mackerel (Scomberomorus
cavalla) are rare to occasional in the Caribbean but cero are known to be common
(Humann, 1994). Therefore, a low abundance (0.4) was expected in this study.
Mackerel are generdly open-water species and this was supported by the habitat with
highest mean abundance being SEE (0.8). There was ggnificant variaion between

habitat types.

Habitat types BDF and SES exhibited dgnificant variation between sudy aress. In
these instances, Crawl Cay, Cdabash Cay and Tarpon creek were the most important
dudies. Smilarly, for dl habitat types, Crawvl Cay was the most important study area
overdl.

Tarpon (Elopidae)

?? Tarpon (Megalops atlanticus)

Tarpon are only occasond in the Caribbean (Humann, 1994) and had a very low
abundance in this sudy (0.01). There was no dgnificant variation in abundance
between habitat types and BDF was the only one with a mean abundance of 0.1.
Tarpon are known to prefer secluded areas and generadly in relatively shdlow water
(Humann, 1994).

Since this species had a low mean aundance and no dgnificant variation between
habitat types, inter-study analysis was not conducted.

Wrasse (Labridag)

?? Hogfish (Lachnolaimus maximus)

Hogfish are common to occasiond in the Caribbean (Humann, 1994) and had a mean
abundance of 0.8 in this sudy. They are known to prefer aress away from cord
formations in order to dig for food (Humann, 1994) and indeed SE had the highest
abundance of al habitat types (2.3). There was dgnificant variation between habitat
types and BSF, DEF and SEF were dso important for hogfish (mean abundance
?0.9).

Habitat types SF and SEF showed Sgnificant variation between study aress, where
Mauger Cay and Long Ridge were the most preferred. However, for al habitats
combined, Deadmans Cay was the most important study area.
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?? Spanish hogfish (Bodianus rufus)

Spanish hogfish are common to occasiona in the Caribbean (Humann, 1994) and had
a mean abundance of 0.8 in this study. Spanish hogfish prefer reef areas and the most
preferred habitats in this study were BDF, SEE, BSS, DEE and DES (mean
abundance ?0.9). There was sgnificant variation in abundance between habitat types.

Only habitat type BSF had sgnificant variation between study areas, and Dog Flea
Cay had the highest abundance. However, for al habitats combined, Soldier Cay was
the most important study area.

Carpet sharks (Rhincodontidag)

?? Nurse shark (Ginglymostoma cirratum)

Nurse sharks were the only species of shark seen during this sudy and are the only
goecies seen reatively regulaly in Beize (ARH, pers. obs). However, only 10
individuals were seen during this study (mean abundance 0.01). Although sample
gzes were smdl, there was Sgnificant variation in abundance between habitats. Only
BSS and SES had a mean abundance of ?0.1. This preference for the spur and groove
geo-morphology is conssent with nurse shark’s known behaviour of lying on sand,
under ledges and overhangs (Humann, 1994).

Sample sizes were smdl for testing variation in abundance between study aress but t
was dgnificant in habitat types DEF and DES. In both cases, Dog Hea Cay was the
mogt important study areas, where there are known to be numerous spur and groove
zones (Harborne and Taylor, 2000). Smilarly, Mauger Cay was the most important
study areaoverdl.

Eagle rays (Myliobatidae)

?? Spotted eagle ray (Aetobatus narinari)

Spotted eagle rays are common to occasond in the Caribbean and are known to
cruise wals and sandy aress, occasondly in pars or schools. Only sx individuds
were seen during the whole study (mean abundance 0.01). These sx fish were seen on

the escarpment a Calabash Cay and Deadmans Cay (a pair) and on forereef in Crawl

Cay (two occasions) and Deadmans Cay.

There was obvioudy no significant variation between habitat types or study aress.

Stingrays (Dasyatidae)

?? Southern gingray (Dasyatis americana)

Southern stingrays are common in the Caribbean and lie on the bottom in sandy areas
(Humann, 1994). Only Sx individuads were seen during the whole study (mesn
abundance 0.01). These six fish were seen on the forereef at Mauger Cay, Soldier Cay
and Caye Bokd (two pairs).
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There was obvioudy no significant variation between habitat types or study aress.
3.6.2 Invertebrate species
?? Caribbean spiny lobster (Panulirus argus)

Caribbean spiny lobsters are common in the Caribbean but have been over-harvested
in many aess (Acoda, 1999). Furthermore, they generdly hide during the day in
protective recesses (Humann, 1992) and both these factors led to low mean abundance
in this sudy (0.1). This represents a total of 97 individuas. There was no sgnificant
varidaion in abundance ether between habitat types or study aess. However, the
highest mean abundances were in cora rich escarpment areas (DEE and SEE; mean
abundance 0.2), indicating a possible preference for these aress.

None of the habitat types exhibited sgnificant variation between dudy aress, but
Caye Boke was the most important study area based on the smple index score.

?? Queen conch (Strombus gigas)

Queen conch are abundant to uncommon in the Caribbean but have been over-
harvested in many areas (Humann, 1992). During this sudy conch had a low mean
abundance (0.2), representing a total of 151 individuds. There was Sgnificant
variation in abundance between habitat types, with by far the highest concentration in
SF (mean abundance 1.1). This is congstent with their known preference for seagrass
beds and sand flats (Humann, 1992).

Only SES exhibited dgnificant variaion between dudy areass, with Turneffe Hats
having the highes mean abundance. However, for dl habitat types combined, the
northernmost area of Mauger Cay was the most important study area based on the
smpleindex score.
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4, DiscuUssION

41 Overview

This study was designed to provide (@) an assessment of docks of commercidly
important fish and invertebrates around Turneffe Atoll to facilitate comparisons with
future data and (b) a summary of the distribution of these species spatialy around the
atoll and in terms of variation between mgor habitat types. These assessments can
then be used to judtify the importance of a marine protected area on Turneffe Atall
and desgn management initigtives. Some of the results presented in this report are
currently difficult to interpret, as this would require further knowledge of specific
management gods. For example, the digtribution patterns documented in Section 3.6
would be paticulaly useful if there were species specific management ams. In this
case, knowing the favoured habitats and areas of eg. Nassau grouper (Epinephelus
striatus) would alow the mog effective location of non-fishing zones. However, this
sudy aso provides a number of generd conclusons which, dong with other data sets
and condderdtions, can dgnificantly improve the efficacy of marine protected area
design on Turneffe Atall.

4.2  Benthic and geo-mor phological data

The habitat types didinguished in this sudy were al typicd of Caribbean reefs
recognisable as those described with a regiond classfication scheme (Mumby and
Harborne, 1999) and were known to be common on Turneffe Atoll (Harborne and
Taylor, 2000). Furthermore, discarding 17% of the transects represented a
conservative gpproach to data andyss and ensured that fish data could be clearly
assigned to a well defined habitat type. There are a number of habitat types that are
known to be present on the atoll that were not surveyed during this study, mainly
because of the depth limits (6 to 24 m). For example, the geo-morphological zone
‘Back reef’, present in shalow water behind the reef crest, was not surveyed and the
benthic class ‘Sheet cord’ was not found since it is generdly found on escarpments in
deeper water. Perhaps the only benthic class that might have been expected was
‘Heshy brown agae and sparse gorgonians but this is difficult to distinguish from the
other gorgonian classes when using a semi-quantitative scale (ARH, pers. obs.).

The number of transects associated with each habitat is a gross indicator of its spatid
extent around the atoll, dthough since the transects were not located systemdticaly
the sample sizes are biased towards habitats that are common close to CCC's base at
Caabash Cay. However, the ‘Sparse / Dense massve and encrusting corals classes
are common on al Caribbean reefs and their predominance was expected. The high
percentage of ‘Sparse massve and encrugsting coras is likely to have been caused by
the digtribution of transects since it commonly occurs in shdlower waters (<12 m). It
should be noted that because of the reduced sengtivity of a semi-quantitative scale,
compared to percentage cover data, the terms ‘sparse and ‘dense’ in this study amost
certanly relae to a higher cord cover than documented in Mumby et d. (1998).
Mumby et a. (1998) reports ‘Sparse massve and encrusing cords having a cord
cover of 1-5% and ‘ Dense massive and encrusting coras as being >5% cover.
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4.3  Speciesdistribution patterns

The summary of species didribution petterns provided in this report are largey
intended to improve knowledge of the naturd higory of commercidly important
goecies on Turneffe Atoll. Such information is of particular importance if species
specific management drategies are intended. A review of the literature indicates that
there is dill a paucity of quantitative data on the habitat preferences of many fish
gpecies surveyed in this study and there are no data related to digtribution patterns
around Turneffe Atall.

If required, the species didributions provided in this report can be andysed and
summarised in more spatia detal, particulaly via a Geogrgphicd Information
Sysem (GIS), but this is beyond the scope of this study. However, the reationship
between mean abundance of each species and the number of study areas or habitat
types in which it was present has been examined. These graphs highlight a strong
exponentia relationship between abundance and number of habitais (R* = 0.8) and a
wesker relationship with study areas (R*> = 0.5). Such a pattern is a clear indication
that abundant species (such as yelowtall snappers and bar jacks) are both more
generd in ther habitat preferences and didribution around the atoll. This pattern
reflects a series of ecologicd and anthropogenic factors, including foraging behaviour
and prey requirements, reproductive drategies, body sze, home range and differentia
fishing pressures. However, in terms of consarvation these patterns show that there
are a dgnificant number of species which have a low abundance and a high degree of
habitat or study area specificity (i.e. are found in only a few habitat types or study
aess). By definition, rarer species (such as jewfish) will be a primary target for
consarvation. Data shown here emphasse tha such species will require a highly
focused protective strategy and a good knowledge of its naturd history. By contragt,
more aoundant species, which might ill  require protection to avoid further
population declines, will amost certainly be conserved by no-fishing aress in any
habitat type or study area.

Didribution patterns detailed in this sudy ae likdy to be robust because of the
number of surveys completed and the spatid and tempord scdes. Fish visud
censuses are never 100% accurate (Sale and Douglas, 1981) and there is a large body
of literature devoted to reducing biases among even specialist researchers (see Brock,
1982; Sde and Sharp, 1983; Lincoln Smith, 1988; Watson et a., 1995; Sae, 1997).
Hence complex assessments of reef fish communities may be beyond volunteers.
However, vdidaion exercises during each volunteer traning course in this sudy
indicated high levels of conggtency between surveyors because of the reaively smal
species ligt, the limited number of species known to have numerous colour phases
(eg. paticulaly common in wrasse and parotfish) and by excluding estimates of fish
gze. Szing fish undewater is known to be a difficult skill (Bel a d. 1985),
epecidly when combined with an extensve species lig and swimming a transect,
dthough it can be achieved by volunteers (Darwdl and Dulvy, 1996). Not collecting
such data during this study, while reducing the power of the database, increases the
vaidity of the results that are presented.

The difficulty of szing fish by volunteers was shown by a vdidation of the fish
counts collected during CCC surveys usng the Atlantic and Gulf Rapid Reef
Assessment (AGRRA) protocol. As documented in Harborne and Turnbull (in
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preparation), these counts, which included an extensve species list and assigning each
individud to one of 9x Sze categories, were highly inconsstent between surveyors.
However, the abundances recorded during the AGRRA surveys were regarded as
reliable and were generdly higher than those obtained during this study (Turnbull and
Harborne, 2000a). However, this is to be expected since this study included a range of
habitats, many of which have fewer fish than the cord rich foreresf surveyed during
the AGRRA sudy (eg. ‘Sand with sparse dgae’). Species which were less abundant
during the AGRRA dudy ae generdly those that are known to prefer habitats not
present a the survey Ste, such as Ocyurus chrysurus (yellowtall snapper) which are
commonly seen on escarpments (Nagelkerken, 1981). Since this study incorporated a
wider range of habitat types and more surveys, the vaues presented here should be
viewed as the most accurate.

In addition to not generating fish Sze data, a further limitation of this sudy was that
fish are known to exhibit seasond vaidions in spawning, food acquistion and fat
storage (Robertson, 1991) and each study area could not be surveyed concurrently.
For example, mackerd are pelagic species and seasond migrants which travel widely
(McFdd et a., 1996) and hence inter-study patterns could have been influenced by
which dudies were surveyed at which point during the migration cycle. Fish are dso
known to have diurnd behaviour paterns and during this sudy bar jack (Caranx
ruber) were seen a dusk swimming in large shods dong escarpments. However, this
vaiaion seems unlikdy to change the overdl results and indeed the habitat
preferences in this study appear to support the quditative descriptions given by
naturd history and identification guides (eg. Humann, 1994; Lieske and Myers,
1994) while providing much more quantitative information.

Furthermore, these didribution patterns are unlikely to have changed since the end of
CCC's survey work (December 1998). Habitat preferences are largely governed by
food and shdter requirements which are fixed on ecologica times scdes but can be
dtered by fishing pressure, which is reaively light around the atoll. Hurricane Mitch
which affected Belize in late-1998 may have caused some changes in fish digtribution
by diffeentidly dtering reef integrity between dudy aess but further data are
required to test this hypothess. Findly, vaiation in annud recruitment of juvenile
fish to the reef will affect abundances but the relationship between adults and number
of recruits is complex and varies between species and patidly and tempordly (see
Cdey & d., 1996 for a review). The supply of fish larvae is unequivocdly an
important factor in fishery conservation (Swearer et d., 1999; Cowen et d., 2000) but
beyond the scope of this studly.

It should aso be noted that Caribbean reefs have a true deep-reef fish fauna, some of
which are commercidly important, but are not documented in this sudy, dthough
some of the juveniles of these species can be found at less than 50 m (Colin, 1974).
Working on Glovers Atoll, Colin (1974) also bund 60 species of reef fish between 50
and 305 m. There are aso important, degpwater pelagic species that are commercialy
important but not included here.
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4.4  Statusof fishery specieson Turneffe Atoll
441 Fish

Reefs in Bdize are genedly regarded as being rdatively unaffected by anthropogenic
impacts because of, for example, low population densty and distance between the
barrier reef and coastal development (Gibson et d., 1998). Impacts are particularly
low for the three offshore atolls, including Turneffe Atoll, because of the limited land
aea for devdopment and surrounding deep water which dilutes pollutants (Hall,
1994). Smilarly, fishing pressure on the atoll reefs is reativey light and finfish are
thought to be exploited below ther maximum yidd (Kodow et d. 1994). This
combination of reatively low fishing pressure and hedthy reefs seems to have
maintained good fish populations on Turneffe Atoll and indeed Carter and Sedberry
(1997) conclude that stocks are hedthy throughout the country compared to other
Caribbean nations.

Despite  having rdaivey hedthy populaions of commercidly important fish,
compared to other reefs in the Caribbean, there is Hill a need to manage remaining
gocks on Turneffe Atdll. There is little quantitetive informetion available on fishing
on the atoll (eg. catches and target species) but CCC’'s own data does indicate that
pressure is light, with only 160 fishing boas (generdly atisand) seen during over
1200 surveys (Turnbull and Harborne, 2000b). However, this database does not
include information on larger boats fishing pelagic stocks in deeper water and fishing
islikdy to increase with increasing population and tourism.

Furthermore, dthough it is difficult to assess what naturd fish abundances should be
present, there seems little doubt that, because of their low abundances, the larger
oecies have been dgnificantly exploited. This is condgtent with other research which
has edtablished that piscivorous species (generdly the largest individuas) are the
mogt vulnerable fish caegory to impacts from heavy fishing pressure, followed by
invertivores and then herbivores (eg. McClanahan, 1995). Other studies have aso
shown that species & higher trophic levels, are generdly good indicators of fishing
pressure (Russ, 1991; Hastings and Botsford, 1999). Indeed Jennings et a. (1999) has
shown tha maximum dSze is a good indicator of vulneradility to fishing. Many of
these species are characterised by long lives, with dow growth and later eproductive
maturity, meaning that they are dower to recover from the impacts of fishing
(McClanahan, 1995).

During this sudy, for example, only three jewfish and 10 nurse sharks were seen in
over 900 dives. Jewfish are the largest grouper found on the reef and a particular
target for fishermen (Humann, 1994). Although there were higher numbers of other
large groupers, species such as Nassau grouper are a vauable catch and populations
are likey to be declining as they are in many areas of the Caribbean (Suka et 4d.,
1994; Roberts, 1995). There is some evidence for this trend in Belize from fishery
datistics which show that grouper catiches in 1994 were approximately 38,000 Ibs
compared to over 100,000 Ibs in the 1950's (McFidd et d., 1996), although catch per
unit effort data are not avalable. Smilaly, the shark fishery is dmogt certainly over-
exploited. Shark are targeted for ther highly vaduable skin, fins, ol and meat and
anecdota reports indicate that there are fewer shark sightings now than previoudy
(McField et d., 1996). In contrast, snappers are likely to be less susceptible to over-
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fishing because of ther faster growth rates, shorter lives and younger age at sexud
maturity (McFed et d., 1996). However, for dl species, this sudy provides
previoudy unavailable basdine abundances for comparison with future data

Population dynamics will dso be dggnificatly afected by fishing of spawning
grounds. Six spawning Stes are known in Belize, including Mauger Cay (Carter and
Sedberry, 1997). Fish are often caught before they spawn and some of the areas are
thought to be over-exploited or no longer functiond (McFed e d. 1996). In
addition, data are needed on populations of juvenile species in nursery aress to alow
afull assessment of the Turneffe fin fishery.

442 Lobster

Quditative and quantitetive data indicate that lobster populations have been
sgnificantly reduced throughout the Caribbean (Acosta, 1999). Although no tempord
comparisons are possble, data from this study seems to support this trend with mean
abundances generdly less than or equal to 0.1 per survey and only 97 animads
recorded in tota. Only cord rich escarpments had abundances of 0.2, probably
because fishermen are unable to fish these areas rather than a true habitat preference.
Under Belizean law, lobsters can only be collected by skin divers (not SCUBA) and
few fisheemen are ale to reach the degp wadls. Lobser fishing is common on
Turneffe and fishermen were often seen in back reef aress close to Cadabash Cay
(ARH, pers. obs). Similarly to fish, Caye Bokd was the most important study area
ovedl for lobgters, presumably because of the same factors (reef zonation and
geomorphology, oceanography and primary productivity) and dso spatid variation in
fishing pressure.

Smilaly to fish counts, surveying lobgers has intrindc inaccuracies, mainly caused
by them remaning hidden in crevices during the day. However, while a few
individuds were certanly missed, it seems unlikdy that the actud abundances are
dramaticaly higher. Further observations a night would be beneficid for increased
data accuracy.

In addition, further research is required to fully assess the fishery since lobsters have
complex life higories, induding an extensve pdagic lavd phase and ontogenetic
shifts in habitat requirements (Herrnkind and Butler, 1986; Acoda et d., 1997). For
example, surveys are required in complex shdters where young lobsters shelter and
mangroves where older juveniles are found. The full status of the lobster population at
Turneffe is important snce it is pat of the country’'s s most vaudble fishery with
1995 exports of US$ 8.8 m (McField et d., 1996).

443 Conch

Similarly to lobsters, conch data from this study supports the hypothess hiat numbers
have been affected by fishing. Only 151 individuds were seen in totd, dthough the
low abundances in cord rich areas were expected because of the species naturd
history. However, sandy forereef only had a mean abundance of just over one per
transect and this was sgnificantly influences by a count of 29 animas on one transect
adone. A higher dendgty was expected in gorgonian rich areas snce Appeldoorn and
Rolke (1996) documented the shift in the preferred habitat of conch as they got older
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from very sparse seagrass and algae to sparse and moderate seagrass and agee to
gorgonian plains. The extensve gorgonian plains around the northern part of the aoall,
combined with the lack of cays separaing the reef from the seagrass beds, are likdy
to be a key factor in the preference of conch for the Mauger Cay study area. It is aso
important to note that further surveys are required in seagrass beds and patch reefs,
known to be a key habitat for the species (Appeldoorn and Rolke, 1996), to assessthe
fishery fully. The full saus of the conch population & Turneffe is important since it
is part of the country’s second most vauable fishery with 1995 exports of US$ 1.15 m
(McField et d., 1996).

Quadlitative reports that conch are being over-collected have been in existence since at
least the early 1960's (Stoddart, 1962). More quantitative conch abundance surveys
have previoudy been conducted in Belize by the Fisheries Depatment and the
CARICOM Fisheries Resource Assessment and Management Program (CFRAMP).
This work was underteken to edtimate conch abundance and to identify juvenile
nursery grounds throughout the coastal zone (Appeldoorn and Rolke, 1996) and
should be combined with data from this study. The Fisheries Depatment and
CFRAMP documented the abundance, sze and age dructure of conch in a range of
habitats, along with their depth preferences and utilised fishery modds to esimate a
maximum sugtainable yield. However, the study was unable to link conch dendty to
accurate estimates of the extent of each habitat type and the confidence limits on
population sze were large.

Conch are known to have specific habitat preferences and it is thought that food
avalability may be the most important factor (Well and Laughlin, 1984). Adult conch
feed on macroalgae and seegrass detritus (Randall, 1964; Stoner and Waite, 1991) and
Stoner et d. (1994) correlated juvenile conch density to algd growth. Stoner et 4.
(1996) dso suggested that tidd channds were important because of ther role in
determining larval recruitment patterns and nutrient cycling for food (lverson et 4d.,
1987; Stoner et a., 1994).

45 Relativeimportance of each habitat type

In addition to habitat preferences for each species this study presents a smple
ranking index for overdl preferences. Although reatively crude, this index is based
on assgning a score usng mean abundances and weights the contributions from each
species. Further, more sophisticated indexes could be applied but are outsde the
scope of this report. Since the index is relatively crude, the finad coefficients should be
used only as guiddlines.

Index scores for al fish gpecies combined provide unequivocal evidence for the
importance of cora rich habitats. All sx habitats characterised by high cord cover
(‘Dense massive and encrusting cords and ‘Sparse massve and encrugting cords in
three geomorphologica zones) had higher scores than the five habitats dominated by
gorgonians. Both the cord rich and gorgonian dominated habitats had higher scores
than ‘Sand with sparse adgae€ habitats. The results are consstent with a wedth of
literature documenting the reationship between cora cover and rugodty and fish
abundance (for example Luckhurst and Luckhurst, 1978; Bel and Gazin, 1984;
Roberts and Ormond, 1987). Even the cover of a single cora species, such as elkhorn
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(Acropora palmata) has been shown to influence fish abundance (Lirman, 1999). This
is intuitively obvious, dnce a cord rich forereef will offer more food and shdter than
a sandy aea However, the conservatiion implication is that there is a clear link
between mantaning high cord cover and hedthy populations of commercidly
important fish species Along with over-fishing, anthropogenic threats to reef hedth,
induding cord bleaching, hurricanes and decreasing water qudity, will have effects

on thefishery.

Two ‘Sparse massve and encrusting cord’ habitats (SEE and SEF) had the highest
scores, but given the proven relaionship between cord cover and fish populations, it
seems unlikey that these are truly preferable to ‘Dense massve and encrusing
cords. As discussed in Section 4.2, use of a semi-quantitative scde reduces the
sendtivity of the data for diginguishing habitat types and hence benthos actudly
present on the transects may not be as dissmilar as the labels suggest. Furthermore, it
is difficult to assess whether the fish differentiate between the two benthic classes and
both may be treated equally within the home range. Combined with the crudeness of
the ndex, the preference between ‘dense’ and ‘sparse’ areas may, therefore, contain a
ggnificant sochagtic dement. Such preferences will be further complicated by home
range dze, habitat Sze and the spatia arangement of habitat types. For example,
Chapman and Kramer (2000) showed that a 20 m wide area of sand and rubble was an
effective barrier to movement between reefs.

In contrast to differences between benthic classes, for al fish species combined, there
seams little evidence of dgnificant differences between geomorphologica zones. This
was not surprisng snce escapments, doping forereefs and spur and groove aress
often occur in close proximity to each other. The only apparent trend was a preference
for escarpments, which had the highest and third highest score among the sx cord
dominated habitats. Many of the fish surveyed in this sudy are piscivores and the
relatively high numbers in this zone might be explained by the presence of numerous
prey species, atracted to the high cora cover in ntermediate depth zones (Sheppard,
1982) or the accesshility of plankton (Hobson, 1991). This preference was
paticularly apparent for jacks, which are known as strong-swimming predators of the
open sea (Humann, 1994) and have relatively large home ranges (Chapman and
Kramer, 2000). The two cora dominated escarpment habitats adso had the highest
scores for sngppers, dthough this result probably reflected the very high numbers of
ydlowtals, which svim above reefs and over wals (Humann, 1994), rather then the
preferences of other species.

At the fish family levd, the indexes dso highlighted variaions from the generd
pattern of cora rich habitats supporting the highest abundance of fish. While some of
this variation is likey to have been caused by smadler sample szes and hence less
robust scores than for adl species combined, these results dso indicate actud habitat
preferences. For example, ‘Bedrock / rubble with sparse gorgonians had the highest
score for grunts and the top three scores were all forereef habitats. This reflects the
preference seen for gorgonian rich aess a the leve of individud species.
Furthermore, grunts are nocturna predators that leave the reef after sunset to forage in
seagrass beds and sandy areas (Burke, 1995) and hence would not be expected to
congregate on escarpments during the day, necesstating longer swims to the feeding
grounds. Such results among families support the need for marine protected aress to
include representative examples of every habitat type (for example Sdm, 1984; Gray,

45



Discussion Turneffe Atoll commercial speciesreport

1997). This requirement is made even more important by subtle preferences at the
goecies levd, ontogenetic shifts of habitat and prey preference within individua
gpecies (for example Eggleston et d., 1998) and the role of mangrove creeks, seagrass
beds and sand-rubble zones as nursery habitats (Sedberry and Carter, 1993). However,
while conserving representative habitats is ided, there is evidence from Nassau
groupers in the Central Bahamas that it is more important to protect resfs from fishing
than to protect the * correct’ type of reef (Sukaet a., 1997).

The desre to include representative examples of each habitat type in the desgn of a
marine protected area for Turneffe Atoll will require use of a benthic habitat map,
which is avalable via the use of aerid photography (Harborne and Taylor, 2000).
However, there is adso consderable scope for linking data from this study to the
habitat map, within a GIS, to undetake much more sophidicated spatid andyss.
Data gathered in this sudy are dl gpatidly referenced and avaldble in a GIS
compatible database and could be integrated with the habitat map and indeed other
available data sats. For example, work in Forida has used habitat maps and key
oceanographic parameters to edtablish a Habitat Suitability Index and hence the
geographic digribution of fish and invertebrate species by life stages (Rubec et 4.,
1998).

Furthermore, remote sensing can be used for stock assessment. However, use of
remote sensng in stock assessment has been limited and most sudies ae
experimental and have focused on commercidly important molluscs which  are
thought to have clear habitat preferences. Stock assessment relies on (a) that the
specified habitats can be mapped usng remote sensing and (b) the dendty and weight
of the gpecies can be determined per unit area of habitat. An edimation of the
population can then be generated within a GIS via a summation of dendty in each
habitat multiplied by the area of each habitat. This approach has been used for
Trochus, a vauable source of mother-of-pearl, in New Caedonia (Bour et d., 1986;
Bour, 1988). Generdly fisheries stock assessment, and management, is inadequate on
cora reefs dnce obtaning large data sets is often prohibitively expensive and time
consuming meaning that the precison of population estimaes is often low. Such a
paucity of data may lead to an unsudtaindble fishery with sgnificant ecologicd and
economic consequences. One am of this study was to generate a database that
provides at least some of the data necessary for stock assessment. Data presented here
adso have the advantage of representing mean abundances in a series of habitat types,
known to be an important factor controlling species digtributions. Stock assessment is
usualy based on crude measures of the extent of ‘fishing grounds, taking no account
of habitat type (Appeldoorn and Rolke, 1996). Therefore, predicted population
edimates often have large confidence intervas.

Within the Caribbean, the use of remote sendang for assessng queen conch
populations has dso been investigated, for example a study by Stoner et a. (1996)
who amed to use Landsat TM to identify nursery aress on the Great Bahama Bank.
This sudy predicted nursery habitats but dthough 90% of persstent aggregations
were found in such a habitat only about 10% of the habitat was occupied by juvenile
conch. Thus assessment of nursery areas from remotdy sensed imagery would
generate a gross overestimate. Furthermore, the habitat maps were seven years out of
date and based on sparse data Addition of further parameters to Stoner’s model
within a GIS (Jones, 1996) did not dgnificantly improve the assessment. A more
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sophigticated assessment for conch, dong with lobgster and fin fish, might be possible
in Belize gnce this sudy cdlassfies habitats that are vidgble with remote sensng and
provides mean abundances per 350 n.

46 Relativeimportance of each study area

In addition to the smple index of habitat preference, the same technique was used to
summarise the importance of each of the study aeas for both dl fish species
combined and each individud family. The index has the same limitations when
goplied to study areas as when used for habitat types, i.e. it is rdatively crude, but
provides a generd indication of preferences. Furthermore, it did display the key
property of not being overly biased by the number of transects or habitat types in each
study area.

For al species combined, Caye Bokel was highlighted as the most important study
area. Deadmans Cay was the second most important study area, indicating a clear
preference of commercidly important fish for the south and southreast sector of the
aoll. This is conggent with the southern tip of the atoll (a dive ste known as ‘The
Elbow’) widdy regaded as being an excdlent area for high fish populations
(Bradbury, 1994). The reasons for this high aundance in Caye Bokd are complex,
possbly include spdia variation in fishing pressure and require further research.
However, the southern tip of the atoll is an area of condggtent currents and possibly
upwelling from deeper water. Additiond primary producers in the area from increased
nutrients would encourage more herbivores and planktivores and subsequently their
commercidly important predators, athough data are currently scarce. Perhgps more
importantly, planktivores rey on currents to bring new prey items into the feeding
area (Hobson, 1991). Reef geomorphology, zonation and the spatial arrangement of
habitat types is dso likdy to be important. For example, the whole of Turneffe Atall
is within a wave regime modified by Lighthouse Reef (Gischler and Hudson, 1998).
This modification is particularly goparent in the south of the aoll and the lower
disturbance regime might increase habitat complexity via the intermediate disturbance
hypothesis (Conndll, 1978; demonstrated on Belizean reefs by Aronson and Precht,
1995). Caye Bokd has dso been identified as an important spawning ground for
mutton and cubera snappers (McField et al., 1996).

For studies with lower scores than Caye Bokd and Deadmans Cay, the pattern of
importance is less clear. Eastern (windward) study aress (eg. Blackbird Cay, Grand
Bogue and Cdabash Cay) seem to be generally more important that western (leeward)
dgtes. This pattern is likely to be a function of factors such as disturbance increasing
habitat complexity and hence avalable ecologicd niches vaiaions in zonation
caused by geologica history and the increased nutrients available from wind driven
mixing of the water column. However, there were exceptions to this pattern, including
Tarpon Creek having the fourth highest score. This importance contrasts with the low
score for Long Ridge, which is the study area directly south of Tarpon Creek. This
area is shdtered from the prevailing wind and waves and may lack sufficient habitat
complexity to support large numbers of commercialy important species (disturbance
too low). At the other end of the disturbance spectrum, it seems that the northern
study arees (eg. Dog Hea Cay, Crawl Cay and Snake Point) dso generdly have
relatively poor fish populations. These sudy aress are not within the modified wave
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regime from Lighthouse Reef (Gischler and Hudson, 1998) and possbly the high
disurbance levels have reduced habitat complexity. For example, the reefs a Dog
Flea Cay lack an escarpment within CCC's safe diving depths (28 m) and have
relatively homogenous low relief spurs and grooves and a bedrock ‘gorgonian plain’.
One exception to this overdl trend was Mauger Cay, which had the sixth highest
score. Reasons for its reatively high importance are again likely to be functions of
zonation and habitat complexity and indeed the area is known as a spawning ground
for groupers (Carter and Sedberry, 1997). It is possble that landscape ecology
approaches within a GIS could be used to address these issues of spatid complexity of
habitat types (Moss, 1988). Further data on reative fishing pressures around the atoll
are do vitd to fully interpret the results.

As might be expected, the pattern of importance of the different study areas for dl
gpecies combined was generdly mirrored by those of individua families. However,
there was variation with, for example, Mauger Cay being the second most important
sudy area for jacks, adthough this is based on only two species. This preference for
the tips of the aoll (the most important sudy area was Caye Bokel) may be a function
of the east-west currents, compared to the north-south currents on the eastern and
western sdes, and their affects on prey dendties. Equaly, the apparent preference for
habitats dominated by dense gorgonians, known to be present around the north of the
atoll (Harborne and Taylor, 2000), is dso likey to be an important factor. Jacks aso
seem to prefer the centrad section of the eastern sde (Blackbird Cay, Caabash Cay
and Soldier Cay) compared to south-eastern Deadmans Cay.
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5. CONCLUSION AND RECOMMENDATIONS

This study has generated an extensive database on the abundance and ditribution of
commercidly important fish and invertebrate species around Turneffe Atoll. It
provides data on key habitats and aeas of the atoll and previoudy unavalable
information on the species natural history. Data are dso important as a basdine for
comparison with future surveys and will facilitate monitoring of population declines
and recoveries. In summary, the main findings from this sudy are (1) a generdly high
abundance of commercidly important species compared to many pats of the
Caribbean but with evidence of decline, egpecidly the biggest species and
invertebrates (2) the importance of cora rich habitats for fish species and (3) the
importance of the south and south-eastern sectors of the atoll for fish populations.

However, fully assessng the datus of the fishery on Turneffe Atoll will benefit from
further research and data, dl of which were beyond the scope of CCC's work with
volunteer divers.

Recommendation 1: Priorities for future fisheries reseerch on Turneffe Atoll should

be:

?? Invedtigation of larva ecology, particularly the aoll's role as a source or snk of
recruits eg. the extent to which the aoall is ‘sdf-seeding’ as opposed to receiving
larvae from other reefs in the region.

?? Status of juvenile fish and invertebrate populations in habitats not surveyed during
this study (e.g. mangroves and seagrass beds).

?? Collection of andogous data for other species, particularly ecologicaly important
species such as parrotfish (Scaridag).

?? Complimenting the exising database with an assessment of additionad parameters
eg. biomass, fish Sze and age structures and community trophic structures.

?? Tempord dynamics and modelling of adult populations with respect to factors
such as seasona and annud variation.

?? Moddling of the role of commercidly important fish species in the functiond
ecology of the aodll eg. via the mass-baance trophic models constructed by the
‘ECOPATH’ software, which is available within ReefBase®.

Asessng the fishery on Tumneffe Atoll and generaing efficdent management
techniques dso rdlies on data to document fishing pressure, including catches, species
taken and gStes used. These data are currently limited and more detailed monitoring
would be extremely beneficid.

Recommendation 2: Establish a programme to monitor fisherfolk on Turneffe Atoll.
Such a programme should focus on species caught, weights landed, sites used and
idedly catch per unit effort. Such a programme should incorporate both artisanal and
commercia operations.

Data presented in this report are dl spatidly referenced and could be integrated with
other information available for the aoll with a GIS. These data can aso be combined
with anationd GIS sysem.

3 http://www.isnar.org/iclarm/reefbase/
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Recommendation 3: Establish an integrated GIS, including data from this study and a
series of additiond coverages such as the benthic habitat map. These data layers could
then be used for detailed spatial andysis.

Recommendation 4: Examine the potentid of extrgpolating the habitat preferences
documented in this study throughout Belize viathe nationd habitat map.

Despite the rdatively hedthy reefs and fish populations on Turneffe Atall, there is a
need to establish management initiatives. Such initistives may be ether preventeaive
(i.e. protecting species before their stocks are threatened) or reective (i.e. facilitating
the recovery of dgnificantly affected species). Both are required on the atoll and it
seems that the latter is needed urgently for species such as conch, lobster and the
larger groupers.

Preventative or reactive measures can be achieved usng the same approach since
tropica aress represent complex multi-species fisheries that are generdly managed as
a whole. This is commonly via ‘no-take€ areas where fishing is excluded and there is
an extensve body of literature dedicated to the theory of fisheries management on
coral reefs (see Roberts and Polunin, 1991; Roberts and Polunin, 1993; Bohnsack,
1998 for summaries). It is intuitivdly apparent that establishing no-take zones to
protect rare species will aso conserve more abundant species. No-take zones aso
have the advantage that they can be effective without requiring growth and mortdity
datigtics for each species that are necessary for conventiona management options
(Munro and Williams, 1985; see dso Mahon, 1997). Protection from fishing has
dready been shown to increase the numbers of commercidly important species
compared to fished areas in Bdize (eg. Polunin and Roberts, 1993; Cater and
Sedberry, 1997).

Recommendation 5: No-take zones on Turneffe Atoll should integrate the following

factors:

?? Importance of the south and south-eastern sectors of the reef.

?7? Preference of many fish species for cord rich habitais The corollary of this
consderation is to integrate measures to protect cora cover on te aoll, incuding
avoiding damage from fishing traps, nets and boats.

?? Protection of aeas incorporating each habitat type, including mangroves and
seagrass beds, in order to dlow for nursery areas, ontogenetic shifts and species
that rely on non-coral rich habitats.

?? Condderation of species specific management may be required for particularly
rare species, such as jewfish.

?? Spawning stes, known to be present in the north-eastern and southern sectors of
the atoll should be carefully managed, idedly with seasonal closure of these areas
to fishing. Egablishing functioning spawning dtes is a key condderation for
establishing a sustainable fishery for species such as the Nassau grouper.

Turneffe Atoll is more remote than many other reefs in the Caribbean and seems to be
in good condition. However, Bryant et d. (1998) estimate the threat to the atoll as
‘mediunt. Although this thregt is lower than many reefs in Centrd America, there is
some cause for concern and pressure from fishing, development and diving, combined
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with effects from natura events such as cord bleaching, are likdy to increese. A
marine protected area for Turneffe Atoll has been proposed (Gibson, pers. com.) and
this would help to maintain reef hedth. Such a reserve would aso provide additiond
ecological and economic benefits, such as increased fish catches and income for loca
communities (Clark, 1996).

Egtablishment of a marine protected area should not be assessed purely in terms of
gpecies abundance. Other natural and anthropogenic factors need to be incorporated,
induding loca socio-economic needs such as atisand fishing and tourist resorts. All
the different and potentidly conflicting factors need to be considered and discussed
between stakeholders before any management plan can be developed. Tools such as
GIS can be usad to help manage a variety of biologica, economic and political data
A paticipatory approach to decison making is crucid and workshops or public
meetings can be used to provide an open forum for stakeholders. Such mesetings can
be further structured using management decision making software such as SmCoast”.

Recommendation 6: Continue to am to establish a multiple use marine protected area
a Turneffe Atall, with an integrated monitoring programme to measure its efficacy.

4 SimCoast is a fuzzy logic expert decision-making tool which functions in a workshop environment
bringing together stakeholders and consultants to define, prioritise and incorporate the many, and
potentially conflicting, user and resource systems (McGlade, 1995).
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