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EXECUTIVE SUMMARY

The coasta waters of Beize condst of a complex set of reefd resources which are
economicaly important for indudtries such as touriam and fishing. Effective management of
these resources can be assisted by data from self-financing volunteer divers. This technique
has been used in Beize by Cord Cay Conservation (CCC) to provide data to the
Department of Fisheries and Coastd Zone Management Project.

Between 1994 and 1998 CCC collected basdline data on the benthic and fish communities
of Turneffe Atall. In addition to this work, CCC undertook Atlantic and Gulf Rapid Reef
Assessment (AGRRA) surveys during September and October 1998. The AGRRA
Programme is an initiaive by an internationa collaboration of scientists and managers amed
a determining the regiond condition of reefsin the Atlantic and Gulf of Mexico. Undertaking
AGRRA surveys a Turneffe Atall provided an opportunity to (1) provide quantitative data
on individua cora heads (eg. Sze-frequency information, amount of dead tissue and
incidents of disease), dgd cover and fish communities and (2) provide a gross comparison
of the hedlth of Turneffe Atoll with the rest of the Caribbean. The study aso incorporated a
criticd assessment, published dsewhere, of the ability of non-professonal researchers to
utilise the AGRRA protocol accurately and consistently.

AGRRA surveys were carried out a a Site known as Harry Jones Resef, which is close to
Blackbird Cay and just north of Calabash Cay (site of CCC's base camp). Benthic surveys
were caried out by CCC's field science saff and fish surveys were undertaken by
volunteers following an intengve training period. The AGRRA protocol surveys the benthos
via ten 10 m transects dong which divers. estimate totd live cora cover; assess each cord
head (> 25 cm wide) by species for width, height, percent of ‘recently dead’ coral, percent
of ‘long dead’ cord, presence of any diseases and presence of bleaching. Alga abundance
(percentage cover of macroadgee, turf dgae, cordline algae and ‘other’) is assessed via five
quadrats directly below each transect line. Finaly a bt transect is svum aong the 10 m
transect line to count Diadema spp. Fish are assessed by (a) a series of 30 m bdt transect
surveys for a defined species list (abundance and sizes) and (b) rover diver censuses where
al fish species are recorded dong with their dendty on a logarithmic scde. Data were
summarised by via univariate satistics and a series of bar-charts and further andysed using
the non-parametric Kruska-Walis test.

The AGRRA data collected during this study are limited both spatidly and tempordly and,
therefore, it is not possible to assess fully the hedth of the fringing reef & Turneffe Atall.
Further surveys are needed at Stes around the aoll for comparison with other areas of
Bdize and with surveys from throughout the Caribbean and Gulf of Mexico. However, the
data do provide a basdine for gross comparisons with future surveys, for instance to assess
the long-term affects of Hurricane Mitch, and for gross comparisons with surveys from other
parts of the region.

Live cord cover was rdatively high (20.6-36.9%) and the dte was dominated by
Montastraea annularis. Areas of cora colonies where the tissue had been long dead were
amost ubiquitous but vaues were comparable with the low to moderate level found in the

Coral Cay Conservation ii



Executive Summary Turneffe Atoll AGRRA report

region. Newly dead tissue was much less common and likely to have been caused by cora
bleaching. Of the colonies surveyed during this study, over 87% had evidence of bleached
tissue but further data are required to assess actual cord mortdity. Disease was relatively
common at the Turneffe Atoll ste and seems dightly greater than many Caribbean reefs
surveyed with the AGRRA protocol. Most colonies were generdly less than 60 cm with the
exception of Montastraea annularis, Colpophyllia natans, Acropora cervicornis and
Sderastrea siderea.

Algd cover is an important independent indicator of, for example, decreased water qudlity.
Data from this study show that most quadrats had abundant macroalgee and agd turf (>
30%) but less cordline adgee (< 15%), consstent with data from south centra Belize,
Honduras, Bahamas, Mexico and Cuba where macroagae were reported as ‘ moderate to
high'. There were no Diadema spp. recorded during the survey at Turneffe Atoll and their
low population, smilarly to the whole Caribbean, is a contributing factor to the subgtantia
coverage of macrodgae and dgd turf.

The fish species ligt used by the AGRRA protocol was developed to focus on ecologicaly
and commercidly important groups. Detals of fish abundance are generaly not included in
exiging qualitative reports for AGRRA dStes so comparisons are difficult but the data are
useful as a basdline for future research and can provide some qudlitative conclusons. Data
from this sudy are conggtent with Belize having relatively hedlthy fish communities Snce, for
example, numerous scarids (parrotfish) and acanthurids (surgeonfish) were recorded. The
Sze-frequency data for al species shows that the moda size is 10-20 cm with only groupers
and snappers larger than 40 cm. Interpretation of data from the rover surveysis even more
difficult than information on size and abundance but the results largely reflect results from the
transects. Fish data from the CCC AGRRA survey must dso be analysed in the context of
known inconsstency of non-professional researchers.

Reaults from al Turneffe Atoll data indicated that the reef is in reasonable condition
compared to the ‘average’ Caribbean reef, probably because of the low population density
of Bedize and rdaivey low fishing pressure. This dudy leads to the following
recommendations.

?? Additionad Beizean personnd to recaive training on AGRRA techniques during ether
internationd or nationd workshops.

?? UCB, the Coasta Zone Management Project or the Fisheries Department to undertake
further AGRRA surveys at both shallow and medium depths at Harry Jones Resf.

?? AGRRA surveysto be extended to other sites on Turneffe Atall, particularly the western
(leeward) reef and data submitted to the regiona database. This will dso improve the
gpatial scae of thelocal data set and provide further evidence for any gpparent trends.

?? Additiond AGRRA surveys should include surveys of cord recruits and idedly coras
less than 25 cm to provide detailed Sze-frequency data.

?? Continue to am to establish a multiple use marine protected area a Turneffe Atoll, with
an integrated monitoring programme to measure its efficacy.

Coral Cay Conservation i
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1. INTRODUCTION
1.1 Belize

The coasta waters of Belize (Centrd America) consst of a complex set of reefa resources,
including the largest barrier reef in the western hemisphere (Figure 1). Belize dso has three
magor aolls of the Caribbean, numerous patch reefs, lagoons, sand and mangrove cays and
forests. The coastd waters of Belize are economicaly important for industries such as tourism
and fishing. In 1990, aware of a growing conflict between the preservation and human
exploitation of the reef environment, Government of Belize (GOB) established a Coastal Zone
Management Unit (CZMU) under the Ministry of Agriculture and Fisheries. The CZMU was
then superseded by a Coasta Zone Management Project (CZMP), funded by the UNDP
Globd Environment Facility (GEF). In 1998, a Coastal Zone Management Bill established a
Coagtd Zone Management Authority and Inditute to provide overdl management of the
coastal zone.

1.2 Coral Cay Conservation

Effective management, including conservation of cora reefs and tropica forests, requires a
holisic and multi-disciplinary gpproach. This is often a highly technicd and costly process
which many developing countries cannot adequately afford. With appropriate training, non
sdientific, sdf-financing volunteer divers have been shown to be able to provide useful datafor
coagta zone management & little or no cogt to the host country. This technique has been
pioneered and successfully applied by Cord Cay Conservation (CCC), a British nonprofit
organisation.

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

Data and technical assstance have been provided to both the Department of Fisheries and
CZMP under the remit of aMemorandum 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 a South Water Cay, Bacaar
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 reserve planning (for example McCorry et d., 1993; Gill et d.,
1995; Gill et ., 1996).
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(1999).

Map of the coastal resources of Belize. Source: modified from Murray et d
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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, sdlf-financing Marine Research

Centre (MRC) of both regiond and internationd standing. The fidd dte was sdected as
Cdabash Cay on Turneffe Atall (Figure 2), the largest atoll in the Caribbean at gpproximately
330 kn? (UNEP/IUCN, 1988). Turneffe Atoll is completely surrounded by an extensive reef
system which encompasses a complex central lagoon and extensive mangrove forested cays.
The principle objectives of the MRC project were identified as protection of the terrestria and
marine resources of Turneffe Atoll, strengthening the capacity of UCB to undertake coastd

marine research and training and providing technica ass stance to the Department of Fisheries.
In August 1994, the agreement between CCC and UCB was endorsed by the GOB through
the signing of aMOU between the three lead agencies. A core component of this MOU was
edtablishing and monitoring a management plan for Turneffe Atoll.

Between January 1994 and early 1997, CCC volunteers carried out surveys around the whole
atoll which have resulted in an extensive database of basdine information. Andysis of these
data and combination with aeria photographs has led to a Turneffe Atoll Habitat Map, the first
draft of which was completed in August 1998. Between March 1997 and December 1998
this basdine database was complemented by surveys to quantitatively document the
abundance of commercialy important fish species.

CCC's survey work a Turneffe Atoll was designed to obtain sufficient data from which
comprehengve habitat and additional resource maps could be cregted in order to assist the
planning of sustainable management initiatives. However, in addition to this primary aim, CCC
has dso initiated basic assessments of reef health close to Caabash Cay via Reef Check and
Atlantic and Gulf Rapid Reef Assessment surveys.
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Figure 2. Map of Turneffe Atoll, showing the location of Caabash Cay which is the site
of the UCB / GOB / CCC Marine Research Centre.
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14  Atlantic and Gulf Rapid Reef Assessment Programme

The Atlantic and Gulf Rapid Reef Assessment (AGRRA) Program is an internationa
collaboration of scientists and managers amed at determining the regiona condition of reefsin
the Atlantic and Gulf of Mexico (Ginsburg et d., 1998). Cord reefs in the region are widey
accepted to have been affected by a range of anthropogenic factors such as overfishing
(Kodow et d., 1988; Bohnsack, 1993), decreasing water quality (Lapointe, 1989; Porter et
a., 1999), cora and Diadema diseases (Lessios, 1988; Gladfelter, 1982; Aronson et d.,
1998) and bleaching (CARICOMP, 1997; McField, 1999). Current and future management
initiatives will be asssted by access to a wide scale assessment of reef hedlth

Over the past four years, a rapid assessment protocol has been developed and tested to
asess the condition of alarge number of cord reefs throughout the western Atlantic. The god
of AGRRA is to provide a regiond perspective of cord condition in the Atlantic and Gulf
Region by the year 2001. The results am to highlight the extent of serious declines in remote
reefs and comparisons with those close to centres of populations, possible locations for marine
protected areas and hypotheses to explain declinesin remote reefs (Ginsburg et d., 1998).

Reef hedth has been assessed by a range of indices including percentage cord cover (for
example Aronson et d., 1994), number of colonies, cora diversity and evenness (Dustan and
Haas, 1987), the degree of dtress experienced by cora heads (reviewed by Brown and
Howard, 1985) and fish populations (Sde, 1991; Reese, 1977). However, the AGRRA
programme is the first attempt to develop a standardised, rapid protocol to study a range of
hedlth parameters for use throughout the Caribbean and Gulf of Mexico and contributing to a
central database. Although primarily designed for marine scientists, the protocol was intended
to be useable by arange of organisations, including those usng non-specidigs.

The rapid assessment protocol focuses on assessing three main factors as signas of decline:
cords, fish and dgae. The vitdity of a reef depends on complex relationships between these
reef taxa and when changes occur in the community dynamics of one of these components the
others are dso affected. Therefore, to evauate the condition of a reef from a one-time
assessment, it is critica that multiple indicators of the cords-agae-fishes rdationships are
examined. The indicators of the AGRRA protocol are: the partid or tota mortality of mgor
reef-building corals by species and size; the rdative abundance of mgor agd types (turf,
macroalgee and crustose cordlines); fish diversty and the abundance and size of key fish
species. Following examination of a large number of reefs, it will be possible to develop a
scae of regf condition and dlow regionad comparisons. Although the approach does not
attempt to digtinguish between cause and effect of reef condition, the data gathered can be
used to develop hypotheses on trends of reef decline, particularly across large spatia scales.

CCC undertook AGRRA surveys in October and November 1998 to provide both data on
reef hedth a Turneffe Atoll and to assess the accuracy and congstency of information
collected by non-professond divers using the protocol. The vaidation exercise, published
elsawhere (Harborne and Turnbull, in prep.), compared volunteer data for benthic surveys
againg those collected by field science staff. This reference data set, known to be correct, is
used in this study as an assessment of reef hedlth a Turneffe and is supplemented by fish data
collected by the volunteers. Field science staff were not able to collect fish data because of

5
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time congraints. The AGRRA survey has adso provided UCB, CCC and the MRC with
increased publicity and heightened awareness of the work on Turneffe Atoll.

15 Report outline

This report ams to present the results of the AGRRA surveys on Turneffe Atoll, an indication
of reef health and management recommendetions. Data are dso summarised for comparison
with future surveys. The specific ams of the report are to:

?? Provide quantitative, species and Size specific data on tissue mortaity on reef building
cord colonies;

?? Provide quantitative data on alga abundance;

?? Provide quantitative data on fish diversity and the size and abundance of target species,

?? Provide a comparison of reef hedth at Turneffe Atoll with other sitesin the region.
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2. METHODS
2.1 Siteselection

The target reef for assessment was the fringing reef of Turneffe Atoll a a Ste directly adjacent
to the Marine Research Centre on Caabash Cay known as Harry Jones Reef (Figure 3). This
section of reef was thought to be representative of a cord rich forereef on the atall. It is also
known to be a popular dive area and suspected of being degraded by diver damage (R.
Malone, pers. comm.). According to the officiad protocol the dives were carried out within the
cord rich area at depths between 8 and 15 m. However, because of time condrictions the
surveys were not repeated at the shalower depth of between 1 and 5m as recommended.
GPS co-ordinates of the survey site were gpproximately 17° 17" 40.6' N and 087° 47" 54.8'
W.

& Bk s

Hrale
Ll 0

¥

Harry Jones

[

Calabash Cay

Schematic representation of reef

Figure 3. Location of the AGRRA study site at Harry Jones Reef on Turneffe Atoll.
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2.2 Surveyors

Volunteer divers in Bdize are co-ordinated by a Project Scientist (PS) and Science Officer
(SO). The primary responghilities of the PS and SO areto train CCC volunteersin marine life
identification, survey techniques and other supporting skills. The PS and SO dso co-ordinate
and supervise subsequent surveys and data collection. Volunteers have a week of intensve
science training and testing (see Harborne, 1999) which enables them to identify species
accurately, therefore ensuring precise and consistent data collection (Mumby et d., 1995).

All data collected usng the AGRRA protocol were CCC field science staff (benthic data) or
volunteer divers who had successfully undertaken CCC’'s marine ecology training course (fish
data).

2.3  AGRRA protocol

The following sections provide a summary of the AGRRA protocol followed a Turneffe Atoll.
Full details of the protocol are given in Appendix 1 and further updates can be found on the
website'.

2.3.1 Benthicsurvey

Ten 10 m transects were laid on the reef in a direction that is pardld to the long axis of the
reef. The transects were not overlapped and areas with abrupt changes in dope, deep
grooves, large patches of sand or unconsolidated cord rubble were avoided. Five main
assessments were carried out along each transect.

Live coral

An estimétion of totd live cora cover (cm) along the length of the transect was taken including
dl living stony cords regardless of size or pecies. This was then converted into live cora
cover as apercentage of the total length.

Coral heads

Along the transect line, cora heads (both living and dead) directly underneath the transect line
that were at least 25 cm wide and attached to the substratum were assessed according to the
following criteria

(&) cora name (genus and species);

(b) width (including live and dead aress);

(©) height (including live and dead arees);

(d) percent of coral that was ‘recently dead’ (non-living parts where the cordlite sructures
were white and ether intact or covered by alayer of fine mud);

! http://coral .aoml.noaa.gov/agralrap-revised.html
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(©) percent of cora that was ‘long dead’ (any non-living parts where the coradlite structure was
gone or covered by organisms that were not easly removed);

() presence of any diseases (black band, white band, yellow blotch, red band and unknown);
(9) presence of bleaching as a percentage of the live tissue that was affected.

Only reef-building cords were included in the survey (Appendix 1). The categories of
bleaching (pale, partly bleached and bleached) and the additiond diseases (white plague and
white spots) documented in the recently revised AGRRA protocol were not used in this study.

Algal abundance

Five 25 x 25 cm quadrats were placed at two metre intervals directly below the transect line.
Congpicuous patches of sand, macroalgae and benthic animals were avoided. Where the Ste
for the quadrat did not lie on a suitable area the quadrat was placed 1 m from the mark either
aong or beside the line. If there was no suitable area then the Site was not assessed. The
following were noted for each quadrat:

(8) substratum type;

(b) percentage cover of macroagee;

(c) percentage cover of turf dgee;

(d) percentage cover of living crustose cordline dgae,

(€) percentage cover of any other element (e.g. invertebrates or sand).

Finaly, a plagtic ruler was used to approximate the average canopy height of the macroagee
present within the quadrat.

Diadema count

A belt transect was swum aong the 10 m transect line and every individud of Diadema spp.
counted within 0.5 m of each sde of the transect line.

2.3.2 Fish survey
Two distinct methods for surveying fish were employed at the Ste.
Belt transect counts

Bt transect counts for a defined species list were conducted dong a straight 30 m transect
line which was measured whilst conducting the survey to minimise disturbance. The belts were
located randomly within the survey Site and were estimated a 2 m wide usng a 1 m wide T-
bar. Belt transects were repeeted at the Ste commencing at least 5m lateraly away from a
previous pogtion. Fish were counted dightly aheaed of the divers position whilst swimming
along the transect so as to record fish before they were disturbed. The gpproximate length
(<5, 5-10, 10-20, 20-30, 30-40 and >40 cm) of the fish was recorded as well the abundance
of each species. Juvenile fish (<5 cm) were not recorded for fish from the families Scaridae or
Haemulidee. The defined species list was biased towards those species most likely to be
affected by human impacts (Appendix 1).




Methods Turneffe Atoll AGRRA report

Rover diver census

Rover diver censuses were conducted in the vicinity of the fish bt transects. Surveys were
conducted by divers swvimming continuoudy around the site for approximately 30 minutes and
recording al fish (genus and species). Divers were encouraged to check under overhangs and
other hiding places. The dengity of each species was esimated using the following logarithmic
scde Single (1 fish); Few (2-10); Many (11-100) and Abundant (>100).

24 Data analysis

All data were transferred to field recording sheets and then to standard Microsoft Excel
goreadsheetsin the fied.

Both benthic and fish data were summarised using univariate satigtics. Some results were dso
represented graphicaly to highlight particular trends. Percentage cover data were tregted as
non-parametric and datidtical differences were examined using the Kruska-Walis test
(Kruska and Wallis, 1952).

Data analyss was carried out using Unistat 4.7 for DOS,

10
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3. RESULTS

Raw data from benthic surveys (coras and algee) are appended in Appendix 2. Fish data are
not appended because of the known inaccuracies of data collection (see Discussion).

3.1 Coral heads
3.1.1 Coral head health

From a survey of 10 transects the mean live cord cover for the site was 28.4% (SD 9.3).
These data indicate that the Ste can be classfied as ‘Dense massve and encrusting coras
within the classfication scheme for marine habitats of the Caribbean (Mumby and Harborne,
1999). The characterigtics of this benthic class are a diverse, hard coral cover of greater than
5%. Since the ste is on the foreredf, the AGRRA dte can be classfied as being within a
‘Forereef + Dense massive and encrusting cord’ habitat (Mumby and Harborne, 1999).

The frequency of each cord condition observed on coral heads at the site can be seen in Table
1, dong with Kruska-Wallis andysis of variance between species.

Table 1. Frequency and abundance of tissue conditions on cora heads of each species
seen during the study. Standard deviations given in parentheses and frequency of
occurrence in italics. KS shows result of Kruska-Wallis test: n.s. = not significant
(p>0.05), * = p<0.05, ** = p<0.01.

Species N Per centage cover (when present) Per centage cover (all heads)
Old death New death  Bleaching old New Bleaching
death death
Acropora 5 45.0(335) 10.0(8.7) - 450 6.0
cervicornis 100.0 60.0 (33.5) (8.2
Agaricia 6 20.0(20.0) - 39.0(31.0) 200 - 39.0
agaricites 100.0 100.0 (20.0) (31.0)
Agaricia 2 40.0(28.3) - 20.0(0.0) 400 - 200
tenuifolia 100.0 100.0 (28.3) (0.0
Colpophyllia 5 44.0(37.1) - 90.0(-) 440 - 180
natans 100.0 20.0 (37.2) (40.2)
Diploria 1 - - 50.0(-) - - 50.0
labyrinthiformis 100.0 )
Montastraea 62 359(223 104 (7.2) 459(23.3) 359 32 459
annularis 100.0 30.6 100.0 (22.3) 6.2 (23.3)
Montastraea 2 75(3.5) - 100(-) 75 - 50
cavernosa 100.0 50.0 (35) (7.2)
Porites 2 250(7.0) 75(35) 200(-) 250 75 10.0
astreoides 100.0 100.0 50.0 (7.0 (35) (14.2)
Porites porites 10 50.0 (27.1) 100(7.1) 33.9(24.7) 50 40 305
100.0 40.0 90.0 (27.1) (6.6) (25.7)
Sderastrea 6 38.0(32.7) 5.0(0.0) 63.0 (37.0) 317 17 525
siderea 83.3 333 83.3 (331 (2.6) (419
All cords 101 36.6(24.8) 9.7(6.7) 444 (25.5) 359 29 387
99.0 28.7 87.1 (25.1) (5.8) (28.1)
K Stest n.s. n.s. n.s. n.s. n.s. **
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Table 1 shows that cord tissue which had been dead for along period of time were common
overdl and ubiquitous for al Montastraea spp. and Porites spp. heads which were the
dominant cora species a Harry Jones Reef. The presence of long dead tissue was not just
congrained to massive cord types with branching corals such as Acropora cervicornis aso
having a high frequency of occurrence. Tissue which was newly dead was adso observed on
both the massive and branching cord forms, dthough it was most commonly seen on Porites
astreoides. Bleaching was common, with 87.1% of al colonies affected and there was
ggnificant variation between cora species when dl heads were included.

Although tissue which was long dead was very common it did not on average cover more than
50% of the cord head. However, the standard deviations for these figures are large indicating
that on some heads the coverage of long dead cora was greater than 50%. Newly dead tissue
covered a much smdler proportion of the cora head, but there was one colony of
Colpophyllia natans which had alarge proportion of newly dead tissue.

Theincidents of coral disease on each cora head are summarised in Table 2.

Table 2. Frequency of incidents of disease on each coral species seen during the study.
Species n Incidents of disease (%)
Black Whiteband Ydlowband Redband Unknown
band

Acropora cervicornis 5 - 60.0
Agaricia agaricites 6 -
Agariciatenuifolia 2
Colpophyllia natans 5
Diploria 1
[abyrinthiformis
Montastraea annularis 62 - 6.5 81 - 81
Montastraea cavernosa 2 - - - - -
Porites astreoides 2 - - - - 100.0
Porites porites 10 - - - - 30.0
Sderastrea siderea 6 - - - - 333
All cordls 101 - 6.9 50 - 119

Cora disease was not widespread with only 23.8% of al cord heads exhibiting any kind of
disease. Montastraea annularis coral heads were subject to the greatest diversty of
diseases. The commonest diseases were those that could not be alocated to one of the main
categories and hence were labelled as ‘unknown’. Black band disease and red band disease
were not seen on any coras during the studly.

3.1.2 Sizedisribution of coral heads

Table 3 and Figures 14 (a) — (k) summarise the Sze-frequency information generated by the
AGRRA surveys during this study. Table 3 includes the norma range of sizes for each species
(Humann, 1993) as a comparison. In addition to the size-frequency informetion, the graphs
for Montastraea annularis (Figure 4 (f)) and Porites porites (Figure 4 (i)) aso include the
percentage cover of old dead, newly dead and bleached tissue within each size category. Only
data for these two species are displayed because too few colonies of all other species were
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surveyed to provide useful andysis (n< 10). Colonies less than 25 cm are not surveyed by the
AGRRA protocol.

Table 3. Summary of mean colony heights and widths for each species seen during the
study. Colony widths are compared with the commonly observed range taken
from Humann (1993). Standard deviations are given in parentheses.

Species n Mean colony Mean colony width (cm)
height (cm) Observed  From Humann

Acropora cervicornis 5 24.0(8.2) 43.0 (15.7) 30-240
Agaricia agaricites 6 25.0 (11.0) 32.5(4.2) 10-90
Agaricia tenuifolia 2 32.5(10.6) 40.0 (14.1) 90-370
Colpophyllia natans 5 31.0(7.4) 65.0 (15) 50-210
Diplorialabyrinthiformis 1 25.0(-) 40.0 (-) 30-120
Montastraea annularis 62 52.1 (36.8) 64.6 (35.8) 30-300
Montastraea cavernosa 2 37.5(3.5) 30.0(7.2) 60 — 240
Porites astreoides 2 25.0(7.1) 25.0 (0.0 15-60
Porites porites 10 22.0(9.5) 445 (17.9) 30-120
Sderastrea siderea 6 20.8 (3.8) 35.8(16.9) 30-180

Cord heads were generdly smal, with the mgority of heads lying between 20 and 80 cm
(Figure 4 (K)). However, the mean colony sizes generdly lie within the published range (Table
3), with only Agaricia tenuifolia and Montastraea cavernosa being smdler than the normd
limits. The only species which had heads larger than 80 cm was Montastraea annularis
(Figure 4 (f)). The data for tissue conditions within each Sze category of Montastraea
annularis or Porites porites do not show any obvious trends, such as greater mortality in
andler colonies. There is no ggnificant variaion between the sSze categories for any tissue
condition for elther species (KS; p > 0.05).
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Figure4 (a). Size-frequency distribution of Acropora cervicornis colonies.
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Figure4 (b). Sze-frequency distribution of Agaricia agaricites colonies.
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Figure4 (c). Sze-frequency digtribution of Agaricia tenuifolia colonies.
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Figure4 (d). Sze-frequency distribution of Colpophyllia natans colonies.
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Figure4 (e). Sze-frequency distribution of Diploria labyrinthiformis colonies.
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Figure 4 (f). Sze-frequency didtribution of Montastraea annularis colonies. Bars show
standard deviation.
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Figure4 (g). Sze-frequency distribution of Montastraea cavernosa colonies.
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Figure4 (h). Sze-frequency distribution of Porites astreoides colonies.
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Figure4 (i). Sze-frequency digtribution of Porites porites colonies. Bars show standard
devidion.
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Figure4 (j). Sze-frequency digtribution for Sderastrea siderea colonies.
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Figure4 (k). Sze-frequency distribution for al coral heads sampled.

3.2 Algal quadrats

A tota of 49 agd quadrats were laid under the 10 benthic transects a the study Ste. Table 4
shows the dominant substrate types which were present within the quadrats. Rubble and dead
cord were the dominant substrate types, accounting for over 90% of al quadrats sampled.

Table 4. The frequency of occurrence of dominant substrate types within algal quadrats at
the AGRRA study site.

Dominant substrate n Freguency of occurrence
Rubble 21 42.9
Dead coral 24 49.0
Sand 3 6.1
Rock 1 2.0
Total 49 -
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Table 5 shows the percentage cover of each dgd type and the mean canopy height on each
ubgtrate type. Table 5 dso shows the results of Kruskal-Wallis andyss of variance of each
alga type between substrates.

Table5. Frequency of occurrence and mean percentage cover of each algal category and
mean canopy height per quadrat in each substrate type. Frequency of occurrence
shown in italics and standard deviation in parentheses. Kruskal-Wallis (does not
include ‘dl quadrats): n.s. = not significant (p> 0.05), * = p<0.05, ** = p<0.01.

Substratetype n Per centage cover (all quadrats) Canopy
Macro- Algal turf  Coralline Other height
algae algae (mm)
Rubble 21 36.7(193) 450(204) 124(100 1241549 27.6
100.0 100.0 81.0 66.7 (14.5)
Dead coral 24 302(198) 481(21.3) 125(106) 165(13.8) 19.2
100.0 100.0 70.8 83.3 9.9
Sand 3 233(153) 433(20.8) 8.3(7.6) 28.3(24.7) 233
100.0 100.0 66.7 66.7 (23.)
Rock 1 50.0 (-) 30.0(-) 5.0(-) 20.0 (-) 20.0
100.0 100.0 100.0 100.0 (-)
All quadrats 49 330(19.3) 46.1(204) 120(100) 155(15.2 231
100.0 100.0 75.5 75.5 (13.1)
Kruska-Wadlis n.s. n.s. n.s. n.s. n.s.

Macroagee and algd turf were ubiquitous in dl quadrat types with cordline dgae and ‘ other’
present in only 75% of quadrats. The category of ‘other’ included bare substrate and
invertebrates and this was present in the mgority of quadrats and on al substrates. It should
be noted that total algal cover does not add up to 100% because some of the aga types were
overlgpping (e.g. macroagae on coraline agae). There was no sgnificant variation between
any of the dgal categories on the different substrate types.

3.3 Regional comparisons

The AGRRA Programme is regiond but there is currently no widdly avalable database for
detailed comparisons between the data from Belize and the rest of the Caribbean and Gulf of
Mexico. However, generd reports are posted to the AGRRA website'. For comparative
purposes, these reports have been summarised in Table 6. Since this information has been
taken from the internet it is difficult to determine precisdly the parameters which are quoted
and what is meant by each quditative statement but does ad setting the CCC AGRRA
surveys in context.

! http://coral .aoml.noaa.gov/agralfield-reports.html , (M orisseau-Leroy, 1999).
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Table 6. Summary of qualitative results from AGRRA reef surveys around the Caribbean and Gulf of Mexico region. NMS = National Marine Sanctuary.
L ocation and date Old death New death Livecoral Bleaching Macro-algae Turf algae Incidence of disease
Abaco Island, Bahamas, 9.99 Highincidencein Low Highin places Low
Montastrea spp. and
Diploria spp.
Andros Reef Complex, Low to moderate Patchy Good Low to moderate
Bahamas, 97/98 incidence
San Salvador |sland, 15-35% cover <1-2% cover Rare Low Dominant Low
Bahameas, 6.98 algae
South Central Belize, 1.99 Near 100% mortality in 5% on forereef Recoveringand  10-40% Dominant Increased in 4 month
Agaricia tenuifolia region moderate algae period
Bonaire Marine Park, 28% <% 48% Coral recovering Low <15% Dominant Rare except YBD
Bonaire, 2.99 algae (50%) (>2%)
Cayman Islands, 6.99 Low Rare <1% Low, mainly White
Southwest Cuba, date 24-34% 3-10.5% 15-23% Moderate to high Present
unknown
Cayos Cochinos Biological Moderate Moderate to Low to moderate M oderate to high Present
Reserve, Honduras, 9.99 high and pale
Akumal, Mexico, 3.99 28.2% 4.0% 17.3% 9.2% 28% White plague 5%
Xcdak, Mexico, 3.99 284% 4.7% 16.3% 11.5% 24% White plague 0.6%
Horseshoe Reef, Tobago 23-28 1-35 29-44% Partial bleaching Halimeda Low
CaysMarine Park, 6.99 on 5% of dominant at deep
colonies sites
Turks and Caicos Islands, Low Low Maximum30% Rare<1% Rare Low but high
8.99 diversity
US Flower Garden Banks <25% 48.8-53.9% Rare Low Rare
NMS, 8.99
Los Roques National Park, <25% 5% >50% Low incidence <5% Low
Venezuela, 10.99
Thisstudy: Harry Jones 35.9% 9.9% 28.4% 87.1% M oder ate (23.8%)
Reef, Turneffe Atoll incidence

9/10.98
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34 Diademasurveys

No Diadema spp. urchins were found on any of the transects surveyed.

3.5 Fishsurveys
3.5.1 Beélt transect surveys

The results of the belt transect surveys can be seen in Table 7 (common names for dl fish
species are ligted in Appendix 3). In totd, 35 of the different species included in the AGRRA
protocol were observed aong the 60 nf transects. The most abundant species (mean
abundance > 1.0 per transect) were Acanthurus coerulus (blue tang), Haemulon
flavolineatum (french grunt), Ocyurus chrysurus (yelowtail snapper) and Sparisoma viride
(stoplight parrotfish). Table 7 aso includes comparative data from CCC quantitative surveys
for commercidly important species which were undertaken around the whole of Turneffe Atall
between 1997 and 1998 (Gardiner and Harborne, 2000). The quantitative surveys have been
adjusted from a survey area of 350 nf to 60 n¥.
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Table?7. Belt transect counts of fish in fixed size classes and comparative data from CCC
quantitative surveys around the whole atoll. Vaues are mean number of fish per
60 m? transect. Standard deviation in parentheses. n = 25 for AGRRA surveys

and 908 for comparative data.
Species Mean number of individuals per size class Mean Turneffe
<5cm 5-10 cm 10-20 20-30 30-40 >40cm  abundance Atoll
cm cm cm
Acanthurus bahianus 0.0 (0.0) 0.24 0.0(0.0) 0.0(0.00 0.0(0.0) 0.0(0.0 0.24 (0.6) -
(0.6)
A. chirurgus 0.0 (0.0) 0.04 0.0(0.0) 0.0(0.00 0.0(0.0) 0.0(0.0 0.04 (0.2) -
0.2
A. coerulus 0.0 (0.0) 0.84 0.32 0.0(0.0) 0.0(0.00 0.0(0.0 1.16 (1.4) -
(1.5) (0.6)
Anisotremus virginicus 0.0 (0.0) 0.08 0.04 0.04 0.0 (0.0) 0.16 (0.5) 0.10
(0.3) (0.2) (0.2)
A. surinamensis 0.0 (0.0) 0.0(0.0) 0.04 0.0(0.0) 0.0(0.0 0.04 (0.2) 0.003
(0.2)
Balistes vetula 0.0(0.0) 0.0(0.00 0.0(0.0) 0.0(0.0 0.04 0.0 (0.0) 0.04 (0.2) -
(0.2)
Bodianus rufus 0.60 (1.5) 0.14
Caranx ruber 0.84 (1.5) 0.77
Chaetodon capistratus 0.12 0.36 0.0(0.0) 0.0(0.00 0.0(0.0) 0.0(0.0 0.48 (0.7) -
(0.4) (0.6)
C. ocdllatus 0.0 (0.0) 0.12 0.0(0.0) 0.0(0.00 0.0(0.00 0.0(0.0 0.12 (0.4) -
(0.4)
Epinephelus adscensionis 0.0 (0.0) 0.04 0.04 0.0 (0.0) 0.0(0.0 0.04 0.12 (0.4) 0.02
(0.2) 0.2) (0.2)
E. cruentatus 0.04 0.28 0.32 0.0(0.0) 0.0(0.00 0.0(0.0) 0.64 (0.8) 0.12
(0.2 (0.5) (0.6)
E. fulvus 0.0 (0.0) 0.0(0.0) 0.04 0.04 0.0(0.0) 0.0(0.0 0.08 (0.3) 0.19
0.2) (0.2)
E. striatus 0.0(0.0) 0.0(0.00 0.0(0.0) 0.0(0.00 0.0(0.0 0.16 0.16 (0.4) 0.07
(0.4)
Haemulon flavolineatum 0.40 0.48 0.20 0.0(0.0) 0.0(0.0 1.08 (1.0) 0.77
(0.8) (0.9) (0.5)
H. plumieri 0.12 0.44 0.20 0.0 (0.0) 0.0(0.0 0.76 (1.1) 0.31
(0.3) (0.8) (0.4)
H. sciurus 0.08 0.28 0.48 0.04 0.0 (0.0) 0.88 (1.1) 0.39
(0.3) (0.6) (0.7) (0.2)
Holacanthusciliaris 0.0(0.0) 0.0(0.0) 0.12 0.12 0.0 (0.0) 0.0(0.0 0.24 (0.4) -
(0.3) (0.3)
H. tricolor 0.0 (0.0) 0.12 0.16 0.04 0.0(0.0) 0.0(0.0 0.32 (0.6) -
(0.3) (0.5) (0.2)
Lachnolaimus maximus 0.16 (0.5) 0.14
Lutjanus apodus 0.0 (0.0) 0.0(0.0) 0.04 0.16 0.0 (0.0) 0.0(0.0 0.20 (0.6) 0.48
(0.2) (0.5)
L. mahogoni 0.0(0.0) 0.0(0.00 0.0(0.0) 0.04 0.0(0.0) 0.0(0.0 0.04 (0.2) 0.10
(0.2)
Mélichthys niger 0.0 (0.0) 0.16 0.08 0.0(0.0) 0.0(0.00 0.0(0.0) 0.24 (0.6) -
(0.5) (0.4)
Microspathodon chrysurus 0.32 (1.2) -
Ocyurus chrysurus 0.0 (0.0) 0.04 0.68 0.2 (0.6) 0.04 0.12 1.08 (1.4) 2.88
(0.2) (1.3) (0.2) (0.6)
Pomacanthus arcuatus 0.0 (0.0) 0.04 0.0(0.0) 0.0(0.00 0.0(0.00 0.0(0.0 0.04 (0.2) -
0.2
P. paru 0.0 (0.0) 0.04 0.04 0.0(0.0) 0.0(0.0) 0.0(0.0) 0.08(0.4) -
(0.2) 0.2)
Scarus coeruleus 0.0 (0.0) 0.04 0.04 0.0 (0.0) 0.0(0.0 0.08 (0.3) -
(0.2) (0.2)
S croicensis 0.0 (0.0) 0.0(0.0) 0.04 0.0(0.0) 0.0(0.0) 0.04 (0.2) -
(0.2)
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S guacamaia 0.0(0.0)  0.08 0.04 0.0(0.0) 0.0(0.0) 0.12(0.3)
(0.3) (0.2)

S taeniopterus 0.16 0.52 0.08 0.0(0.0) 0.0(0.0) 0.76(1.2)
(0.5) (0.8) (0.3)

S vetula 0.0(0.0)  0.08 0.08 0.0(0.0) 0.0(0.0) 0.16(0.4)
(0.3) (0.3)

Sparisoma aurofrenatum 0.0(0.0) 020  0.08 0.0(0.0) 0.0(0.0) 0.28(0.9)
(0.6)  (0.4)

S rubripinne 0.0(0.0) 0.0(0.0) 012  00(0.0) 0.0(00) 0.12(0.6)
(0.6)

S viride 0.08 0.36 0.44 016  0.0(0.0) 1.04(13)

(0.3) (0.7) (0.8) (0.5)

3.5.2 Sze-frequency digributions

The dze-frequency didribution of each fish family, and dl families combined, are shown in
Figures’5 (a) — (i).
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Figure5 (a). Sze-frequency distribution for all fish species
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Figure 5 (b). Sze-frequency distribution for
surgeonfish. Figure 5 (c). Sze-frequency digtribution for parrotfish.
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Figure5 (d). Sze-frequency distribution for grunts. Figure5 (€). Size-frequency distribution for snappers.
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Figure5 (f). Sze-frequency distribution for groupers. Figure5 (g). Sze-frequency distribution for angelfish.
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Figure 5 (h). Sze-frequency distribution for

butterflyfish. Figure5 (i). Size-frequency distribution for

triggerfish.

Figure 5 (a) shows that the mode size for dl fish combined is 10 — 20 cm and thisis reflected
in al other families, with the exception of butterflyfish and triggerfish which have amode size of
5 — 10 cm. The only fish larger than 40 cm were in the commercidly important families of
groupers and snappers. However, the grouper size-frequency didtribution dso reflects the
range of Szes in the family from small species such as the coney (Ephinephelus fulvus) to the
large groupers such as the Nassau grouper (E. striatus).

3.5.3 Rover survey

Six rover surveys were completed by the volunteers during the AGRRA survey and the results
are shown in Table 8. Sixty seven species were recorded during the rover surveys with a mean
of 33.3 gpecies (SD = 3.1) being recorded per 30 minute dive. The creole wrasse, Clepticus
parrae, was the most abundant fish with a median abundance of 4 (over 100 individuds).
Parrotfish (Scaridae) was the most abundant family with 10 species being recorded.
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Table 8. Abundances of fish recorded during the rover survey. Median abundance is
calculated from the ordinal 0 — 4 scale used during the survey. Range given in
parentheses. n = 6.

Species M edian abundance Species M edian abundance
Ablennes hians 0.1(0-1) H. rufus 0.3(0-3)
Acanthurus bahianus 05(0-2) Hypoplectrus chlorurus 0.1(0-2)
A. chirurgus 15(0-2) H. guttavarius 0.1(0-1)
A. coerulus 33(3-4) H. indigo 0.3(0-2)
Anisotremus virginicus 0.1(0-1) Lachnolaimus maximus 0.8(0-2)
Aulostomus maculatus 03(0-2) Lactophrys polygonia 03(0-1)
Balistes vetula 0.3(0-1) Lutjanus apodus 15(0-2)
Bodianus rufus 15(0-2) L. mahogoni 19(0-2)
Caranx bartholomaei 0.3(0-3) Melichthys niger 18(0-2)
C. latus 0.1(0-1) Microspathodon chrysurus 05(0-2)
C. ruber 25(1-3) Mycteroper ca bonaci 03(0-1)
Chaetodon capistratus 20(2-2) M. tigris 03(0-1)
C. ocellatus 05(0-2) Ocyurus chrysurus 3.0(33-3)
C. striatus 01(0-2) Opistognathus aurifrons 0.1(0-1)
Chromis cyanea 0.1(0-3) Pomacanthus arcuatus 15(0-2)
Clepticus parrae 4.0(4-4) Pseudupeneus maculatus 0.1(0-2)
Decapterus macarellus 0.3(0-3) Scarus coelestinus 0.3(0-2)
Diodon hystrix 0.3(0-2) S coeruleus 0.1(0-1)
Epinephelus adscensionis 12(0-2) S croicensis 15(0-2)
E. cruentatus 19(1-2) S guacamaia 0.3(0-2)
E. fulvus 0.1(0-1) S taeniopterus 18(0-2)
E. striatus 05(0-1) S vetula 0.1(0-2)
Equetus punctatus 0.3(0-1) Scomberomorus regalis 0.3(0-2)
Gobiosoma horsti 01(0-2) Sparisoma aurofrenatum 05(0-2)
Gramma loreto 3.0(0-4) S chrysopterum 03(0-2)
Haemulon carbonarium 01(0-2) S rubripinne 20(1-3)
H. flavolineatum 20(1-3) S viride 28(2-3)
H. plumieri 18(0-3) Stegastes diencaeus 20(0-3)
H. parra 0.1(0-1) S fuscus 28(0-3)
H. sciurus 18(0-3) S leucogtictus 01(0-2)
Halichoeres garnoti 01(0-2) S partitus 03(0-2)
Holacanthus ciliaris 0.1(0-2) S planifrons 0.1(0-3)
H. tricolor 19(1-2) Thalassoma bifasciatum 0.1(0-3)
Holocentrus adscensionis 25(0-3)
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4, DiscuUssION

The AGRRA data collected during this study are limited both spatidly and temporaly and,
therefore, it is not possible to assess fully the hedth of the fringing reef a Turneffe Atall. The
programme of data collection was designed as a pilot study to generate a basdine data set and
examine the ability of nonprofessona divers to utilise the protocol. Surveys are needed at a
shdlow gte (1-5 m) at Harry Jones Reef, a additional mid-depth and shalow sites around the
atoll and at other locations on Glovers Atall, Lighthouse Reef and the Belize Barrier Reef for
comparison. Indeed, the data presented in this report require confirmation since Hurricane
Mitch, which affected Turneffe in late 1998, may have sgnificantly dtered the hedth of the
ref. 1dedlly, these surveys would form part of anational long-term monitoring protocol.

Furthermore, for truly rigorous analyss, the results need to be compared with AGRRA
aurveys from throughout the Caribbean and Gulf of Mexico. Such detailed andyss,
accompanied by a widely accessible regional database, is agod for the AGRRA Program
over the next two years (Ginsburg and Kramer, 1999). Similarly, the target date for
completing the assessment of the Western Atlantic and Gulf of Mexico region isthe end of the
year 2001. However, some qualitative reports are dready available at the AGRRA webste
(MorisseaurLeroy, 1999) for 14 locations and a basic summary of trends has been compiled
(Ginsburg and Kramer, 1999). The following sections use these reports and additiona
available data to provide an indication of reef hedth at Turneffe Atoll.

41 Coral health

Live cora cover was rdatively high at the study ste and is comparable to the mean hard cord
cover of 20.6-36.9% found during ‘Reef Check’ surveys in 1997 and 1998 (Taylor and
Harborne, 1999) at sites close to Caabash Cay, dso on Turneffe Atoll. These vaues of cord
cover are likely to be sgnificantly lower than is typicd for ‘naturd’ reefs but the region has
experienced a phase shift from corad dominated to algd dominated reefs because of factors
such as the removd of herbivorous fish and the loss of Diadema urchins (Hughes, 1994).
Hence Reef Check 1997 found a mean cord cover of 20.5% for the Caribbean region
(Hodgson, 1999). Smilarly, with the exception of intermediate / deep reefs of the FHower
Gardens (US), Los Roques (Venezuela) and Bonaire which had cora cover of 40-50%,
vaues for other AGRRA fidd stes were 15-30% (MorisseaurLeroy, 1999).

The ste was dominated by Montastraea annularis (61.3% of al heads) which is the mgor
reef builder in the Caribbean and has been for the past two million years (Budd et ., 1994).
In addition to this acknowledged abundance, M. annularis may aso be a complex of three
species (M. annularis sensu stricto, M. faveolata and M. franksi; Weil and Knowlton,
1994) which were not differentiated in this study. However, dominance of the community by
one relatively dow growing species (or complex of species) may indicate tha the reef is
gpproaching a dimax community. The centra and southern sections of Turneffe Atoll are
sheltered by Lighthouse Reef (Gischler and Hudson, 1998) and there had not been a mgor
hurricane since 1961. Such conditions of limited disturbance can reduce the diversity of a reef
community (Conndl, 1978).

26



Discussion Turneffe Atoll AGRRA report

Areas of cord colonies where the tissue had been long dead were dmost ubiquitous and did
not vary sgnificantly between species. The AGRRA technique does not differentiate between
causes of tissues mortaity but these are likely to be varied and include disease, past bleaching
events, fish grazing, cora-cord competition and bioeroson. Some mortdity is dso natura
since species such as Porites porites, which had the largest percentage cover of old dead
tissue, usudly has branches which are dead at the base and living nearer the tips (ARH, pers.
obs.). Without additiona deta it is difficult to assess whether the old mortdity of reef building
cords a Hary Jones is normd, but is comparable with the low to moderate leve
(approximately 20-30%) reported at most other AGRRA sites (Ginsburg and Kramer, 1999).

Newly dead tissue was much less common than old dead cord sinceit is rapidly colonised by
turf and macroalgae. Much of the newly dead tissue is likely to have been caused by cord

bleaching. Large-scde bleaching, the paing of cord tissue from the loss of symbiotic
zooxanthellae and / or their pigments linked to increased sea surface temperatures and solar
irradiance (Brown, 1997), were not recorded in Belize before 1993 (Glynn, 1993) but since
then there have been mgjor events in 1995 and 1998. During late 1998, at the same time as
this study, there was a strong El Nifio event which caused globd cord bleaching, including the
wider Caribbean region (Wilkinson, 1998). Temperature induced bleaching is not necessarily
linked to mass mortality since following a decrease in seawater temperatures cora polyps can
recover their zooxanthellae and return to anormal metabolism.

Cora bleaching was seen on dl species during this study with the exception of Acropora
cervicornis, dthough only five colonies were surveyed. A. cervicornis seems to be less
susceptible to bleaching and more likely to recover, possibly because of the symbiotic agd
genotypes (Rowan et d., 1997). This conclusion is supported by data from the 1995
bleaching event when al sampled colonies of Acropora spp. in Belize recovered fully
(McFidd, 1999). There was further evidence of inter-specific variation in species susceptibility
from analyss of the percentage of bleached tissue across dl cora heads of each species.
Sderastrea siderea, Diploria labyrinthiformis, Montastraea annularis and Agaricia
agaricites had the largest percentage cover of bleached tissue (39-52.5%). Thisis consistent
with the most heavily affected species from the bleaching event in 1995 (CARICOMP, 1997,
McField, 1999).

Of the colonies surveyed during this study, over 87% had evidence of bleached tissue. Thisis
higher than the 52% of colonies observed in 1995 (McFied, 1999) but further data are
required to assess actual coral mortality. However, it ssems likely that mortaity will be greater
than the 10% of colonies in the 1995 event and may reach 20-25% (Wilkinson, 1998). Such
levels of mortdlity have direct consequences to the cord community and previous studies have
documented a 13% decrease in cora cover in Belizean patch reefs (Burke, 1996) and 20-
35% in Panama following the 1982 event (Lasker et ., 1984). In contrast to Belize, athough
much of the Caribbean experienced a mgor cord bleaching event in 1998, the mgority of

aress surveyed recovered with only minor coral mortality affecting selected species (Ginsburg
and Kramer, 1999). The dtuation on Turneffe Atoll appears to be more smilar to the
Bahamas, south centrd Belize (an average of 80% of Montastraea annularis and Diploria
spp. tissue was severely bleached; Peckol et d., 1999) and Honduras where severe cord

mortality was observed.
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A further effect of devated sea surface temperatures is that corals stressed by bleaching may
become more susceptible to diseases (Williams and Bunkley-Williams, 1990). Thiswill require
monitoring since disease was dready rdaively common a the Turneffe Atoll dte, dthough
many of the incidents could not be assigned to a particular type and were recorded as
‘“unknown’. Of the four actud disease types, which may be complexes of more than one true
disease, tha are surveyed by the AGRRA protocol only white and yelow band were
observed, with the latter restricted to colonies of Montastraea annularis. White band was
also observed on M. annularis but was more common on Acropora cervicornis. Thisis
consgtent with the pathology of the disease which is known thought to be a bacteria and
largely restricted to both A. cervicornis and A. palmata (Peters et a., 1993). White band
disease is known to be an important factor on Belizean reef communities since, for example,
large stands of A. cervicornis on rhomboid reefs were severdly affected in the mid 1980's
and caused the community to shift to one dominated by Agaricia tenuifolia (Aronson et d,
1998). In contrast, the lack of black band disease (Phormidium corallyticum) at the Steis
encouraging since this disease has been recognised in Belize for over two decades (Antonius,
1973). Its absence is more surprising since it is known to be seen nmore frequently in massive
cords, incduding Montastraea annularis and M. cavernosa (Kuta and Richardson, 1996)
which accounted for 63.4% of the colonies surveyed at the Site.

Incidence of disease a Turneffe Atoll seems dightly greater than many Caribbean reefs
surveyed with the AGRRA protocol (MorisseaurLeroy, 1999). However, diseases are known
to be ‘moderate to high' in Bdlize, Honduras and areas of the Bahamas and Cuba (Ginsburg
and Kramer, 1999). In addition, data from south centra Belize indicated tha incidents of
disease were on the increase in January 1999, possibly as a result of the bleaching event
(MorisseaurLeroy, 1999), which could aso have been a causative factor in the levels of
disease observed on Harry Jones Reef. Further data are required to analyse the patterns of
disease in Belize and around Turneffe Atall, induding the identification of the diseases which
were affecting the coral heads but were of an unknown origin.

In addition to low levels of tissue mortdity and incidents of disease, hedthy reefs are
considered to have numerous, large reef-building cords, such are seen in the Flower Gardens
(US), Los Roques (Venezudd) and Bonaire (Ginsburg and Kramer, 1999). Most of the
species sampled during the AGRRA survey had fewer than 10 different colonies greeter than
25 cm in width so meaningful analyss is difficult but, of these species most colonies were
generdly less than 60 cm with the exception of Colpophyllia natans and single heads of
Acropora cervicornis and Sderastrea siderea. However, for the more abundant species
(Montastraea annularis and Porites porites) it is possble to examine the sze-frequency
digributions in more detail. As expected for the magor resf-builder, M. annularis has a
number of large colonies, with a maximum width of 215 cm. Despite these large individuas
the mode size is 46-55 cm, indicating a predominance of younger colonies. Smilarly, the mode
gzeaof P. porites is 25-35 cm with two larger colonies of greater than 66 cm. The mode size
of dl cords combined isalso 25-35 cm.

These data reflect both the natural history of different species but aso the frequency of magor
perturbations such as hurricanes. Cords are generdly dow growing, for example 1cm per
year for Montastraea annularis (Tomascik, 1990) and can take many years to recover from
storm damage. The last mgor hurricane to affect Turneffe Atoll was Hattie in 1961 and thisis
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known to have caused mgor damage to the eastern reefs and |eft virtudly no living cords
(Stoddart, 1963). Stoddart suggested a recovery period of 20-25 years but commented in
1969 (Stoddart, 1969) that recovery was limited by mobile debris, agad competition and
increased turbidity. Therefore, it is possble that coral Szesare till afunction of this, and other,
disturbances and may never reech a community with many large coras such as that seen in
Bonaire, which is away from the hurricane bet. However, the mean surface area of M.
annularis (assuming a semi-spherical shape) is comparable to data from M. flaveolatain
Curacao (6630 and 8847 cn respectively; Bak and Meesters, 1998).

Sze-frequency datistics have been proposed as important tools for monitoring cord reef
hedth since they include a record of prior history of a cord population (Bak and Meesters,
1998). Such interpretations are, however, limited with AGRRA data since colonies less than
25 cm in Sze are not surveyed. Bak and Meesters (1998) indicate that partid mortdity is
correlated to colony size, the modd colony Sze representing a turning int for damage
causng partia as opposed to total mortaity and that degraded reefs have fewer smal
colonies. The lack of variation for amount of long dead tissue between colony sizes and the
mean partid mortaity being within the range documented by Bak and Meesters (1998) for
their largest colony sizes (30-50%) indicates that dl the colonies survey by the AGRRA
protocol are larger than the modal size for each species. Further data are required to assess
the status of smdl colonies and cora recruits on Turneffe Atoll.

4.2  Algal cover

Algd cover is an important independent indicator of reef hedth since, for example, the amount
of macroagae can highlight the effects of decreased water quality and herbivory and cordline
dgee are a 9gn of favourable conditions (Ginsburg et d., 1998). Low aga abundance is
regarded as an indication of a balanced reef system (reviewed by Done et a., 1996).
Abundance of dgee is particularly important on Caribbean reefs snce mogt reefs within the
region have experienced a dramatic decrease in coral cover and concomitant increase in
macroagae over the last two decades. This pattern has been atributed to a number of factors,
particularly the mortaity of Diadema spp. urchinsin the 1980's (reviewed by Lessios, 1988),
remova of herbivorous fish and increased nutrients within the water column. Belize has been
cited as an undisturbed system but data show agd cover increasing from less than 10% to
current levels of over 60% (e.g. McClanahan et d., 1999).

This ecologica shift, however, has not been congstent in Belize and suggests a complex set of
gynergidic factors varying within the coastd zone. For example, on the barier reef and
Glovers Atoll patch reefs the changes pardleed the decimation of Acropora from white-band
disease and show the role of cora mortdity dong with putative changes in herbivory and
nutrients (McClanahan et d., 1999). The physico-chemicd environment must aso have an
important role since the incressed flushing on the forereef a Glovers Atoll seems to have
limited disease and the increase in erect macroadgee is less apparent (McClanahan and
Muthiga, 1998). In contrast, on the rhomboid reefs close to Carrie Bow Cay the result of
Acropora cervicornis death is an dternative community state dominated by Agaricia
tenuifolia (Aronson et d., 1998). Aronson et d. (1998) suggest that this shift seemsto have
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been caused by intense herbivory by the urchin Echinometra viridis, reducing macroagee
and fadliteting Agaricia recruitment.

Data from the AGRRA survey on Turneffe Atoll show that most quadrats had abundant
mecrodgee and agd turf (> 30%) but less cordline dgee (< 15%) and there was no variation
between subdtrate types. Smilarly to the cord information, these deata are difficult to interpret
without additiona temporal and spatid surveys. However, the results are consstent with data
from south central Belize, Honduras, Bahamas, Mexico and Cuba where macroagd
abundances were reported as ‘moderate to high' (generaly >25%; MorisseaurLeroy, 1999;
Ginsburg and Kramer, 1999). This is in contrast to the Flower Gardens (US), Los Roques
(Venezud@) and Bonaire where macrodga abundance was low (generdly < 20%; Ginsburg
and Kramer, 1999). Turf agae were also comparable to the highest coverages in the region,
dthough the cover of 50% in Bonaire, which is conddered a hedthy reef, shows the difficulty
of assgning vaues of reef datus. There are less comparative data for cordline algae but the
frequency of occurrence in 75% of te quadrats and an abundance of approximately 15%
shows there are favourable areas for cord recruitment (Morse et a., 1988). However, more
research is required on the interaction of aga abundance, intra and inter-taxa competition,
water qudity, herbivory and cord recruitment before the AGRRA database can be analysed
fully.

Diadema spp. urchins graze dgd turf and young specimens of macroagae and help to keep
the algal load on a reef low (Lessios, 1988). There were no Diadema spp. recorded during
the survey a Turneffe Atoll and their low populaion, smilar to the whole Caribbean, is a
contributing factor to the substantial coverage of macroagae and dgd turf. Reef Check 1997
and 1998 conducted on a site to the south of Harry Jones Resf, but a the same depth as this
sudy, did find a smal number of Diadema spp. urchins (mean of 0.4 and 1.4 individuals per
100 n respectively; Taylor and Harborne, 1999) and a population increase may occur in the
future.

4.3 Fish abundance

The fish speciesligt used by the AGRRA protocol was developed to focus on ecologically and
commercidly important groups such as herbivores and those targeted by fisherfolk. It is
hypothesised that reduced abundances and small sizes of key guilds are a Sign of over-fishing
(Ginsburg et d., 1998). Smilarly to the benthic surveys, fish data collected during this study
are difficult to interpret without further spatid and tempora replication and comparetive
information from other areas of Belize and the Caribbean region. In addition, detals of fish
abundance are generdly not included in the exiding quditative reports for AGRRA dtes
(MorisseaurLeroy, 1999). Furthermore, the effects of over-fishing are S0 pervasve in the
Caribbean it may never be possible to compare data againgt atruly ‘naturd’ reef (Jackson,
1997). However, the data are useful as a basdline for future research and can provide some
quadlitetive conclusons.

Data from the CCC AGRRA survey must aso be andysed in the context of known accuracy
and consstency of non-professiond researchers. In contrast to the benthic data, which was
collected by fidd science gaff, the fish surveys were undertaken by volunteers. A vaidation
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exercise, caried out in conjunction with this study, showed that dthough volunteers are
relatively accurate with benthic surveys, they are inconsgtent at fish surveys (Harborne and
Turnbull, in prep.). Although non-professonals have been shown to be able to undertake
accurate fish surveys (Darwal and Dulvy, 1996; Schmitt and Sullivan, 1996) it seemsthat fish
aurveys using the AGRRA protocol, which includes identifying soecies and counting and sizing
individuas, is not suitable for collecting congstent data. However, the results presented in this
study are averaged over a number of volunteers and, therefore, should be indicative of the
datus of the site but comparisons with future surveys should be made with caution.

Ginsburg and Kramer (1999) report that abundances of herbivorous fish, such as scarids
(parrotfish) and acanthurids (surgeonfish), appear to be moderate to high in most aress.
Exceptions are low numbers of herbivores in San Salvador, Bahamas, Cuba and Mexico and
low abundances and smaler szes of commercid fishes in both these areas and with &
Vincent. Daa from this dudy are conddent with Belize having redively hedthy fish
communities since, for example, there were 11 species of scarids and acanthurids seen during
the surveys and Sparisoma viride (stoplight parrotfish) was amongst the most common of dl
fish. Abundances are generdly higher than those obtained during CCC's quantitative surveys
of the whole atoll but thisis to be expected since CCC'’s surveys included a range of habitats,
many of which have fewer fish than the cord rich forereef surveyed during the AGRRA study
(Gardiner and Harborne, 2000). The species which were less abundant during the AGRRA
study are generdly those that are known to prefer habitats not present at the survey ste, such
as Ocyurus chrysurus (yelowtail snapper) which are commonly seen on escarpments (ARH,
pers. obs.).

The dze-frequency data for al species shows that the modd size is 10-20 cm and thisis
reflected in the digtributions for each family. Surgeonfish, butterflyfish and triggerfish have a
moda sze of 510 cm but this reflects their norma body sizes rather than any effects of over-
fishing. The only fish larger than 40 cm were groupers and snappers and this is a Sgn of
relatively good reef hedth since hook-and-line fishing, which is dominant in Bdlize, sdects for
piscivores so the caich is predominantly these two families (Kodow et d., 1994). Hedlthy fish
communities are aso predicted by a surplus-production modd which indicates thet there is
capacity for further expansion 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, particularly sSince it is difficult to mode the effects of fishing on spawning
aggregations which contributes a dgnificant portion of the catch. At least Sx spawning
aggregations are known in Belize, including the north-east corner of al 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 functiond (McFied et d., 1996). More surveys around
Turneffe's reefs, research on populations of juveniles in mangrove stands and seegrass beds
and data on fishing pressure is needed before making a fuller assessment of the effects of
fishing.

Interpretetion of data from the rover surveys is even more difficult than information on size and
abundance. However, the results largely reflect results from the transects, with Acanthurus
coerulus (blue tang), Caranx ruber (bar jack), Ocyurus chrysurus (yellowtal snapper) and
Sparisoma viride (oplight parrotfish) the most aundant (median rating of ? 2.5). In
addition, Clepticus parrae (creole wrasse), Gramma loreto (fairy basdet), Holocentrus
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adscensionis (squirrdfish) and Stegastes fuscus (dusky damsefish), which are not surveyed
using the transect protocol, were dso common. The number of species seen during rover
surveys (approximately 33 per dive) shows a diverse community but it is likely that a more
experienced surveyor would have seen more species. The total number of species (67)
compares to alist of 205 and 241 for the whole atoll (CCC and REEF?, unpublished data) but
these were compiled over a larger spaid scde and involved sSgnificantly more time
underweter. Findly, a study of exploited fish species in the Hol Chan Marine Reserve
compiled alist of 47 species (Polunin and Roberts, 1993). Comparison with the list recorded
during both transects and rover surveys a the AGRRA ste on Turneffe Atoll showed there
were 32 species in common which is encouraging for an areawhich is not a protected reserve.

% Reef Environmental Education Foundation, http://www.reef.org/
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5. CONCLUSION AND RECOMMENDATIONS

Collection of AGRRA data during 1998 provides an overview of the hedlth of Harry Jones
Reef but the data are difficult to interpret without additiond spatia and tempora comparisons
from both Belize and the wider Caribbean. However, this study indicates that Turneffe reefs
are reasonably hedlthy, athough there are causes for concern. Cora cover is reasonably high
with a number of larger colonies but there is sSgnificant long dead tissue, bleaching and
incidents of disease. With the exception of bleaching, the incidents of each parameter are
comparable to al but the best reefs in the Caribbean (eg. the Flower Gardens (US), Los
Roques (Venezuela) and Bonaire). The 1998 bleaching event seems to have been more severe
in Belize, dong with Honduras and the Bahamas, than the rest of the region but the long-term
effectswill require further monitoring.

Algd biomass on Turneffe was dso comparable to many other reefs in the region and,
athough higher than ‘naturd’ for the Caribbean, indicates a relatively hedthy area. Coverage
seems unlikely to be more limiting to cord recruitment in Belize than in any other part of the
region but this may ater with, for example, the remova of more herbivores. In contragt, fish
populations may currently be hedthier on Turneffe than much of the Caribbean because of its
remoteness, the low population dendgty of Belize and use of reatively sustainable fishing
techniques. Along with a good diversty of smaler species and the ecologicdly important
parrotfish and surgeorfish, a few large groupers and snappers were recorded during the
aurveys. These results are comparable with a larger study of commercidly important species
around the whole atoll.

Perhaps more importantly the data provide a basdine for comparison with future surveys.
Such repeat surveys are dready necessary to establish, for example, long-term mortdity from
the bleaching event and the effects of Hurricane Mitch. Although AGRRA was not designed as
a monitoring tool these mgor events are certain to have dtered the reefs at Turneffe and
further data collection at a series of Stes is required to provide representative information to
the regiond database. Data can then dso be interpreted locdly in conjunction with udies
such as the CARICOMP surveys carried out by UCB and Reef Check. Such information will
adso provide a basdine for detalled assessments of the effects of future natura and
anthropogenic factors. Belizean personnd have dready atended an AGRRA training
workshop in Akumal, Mexico (May 1999%) and could carry out additional surveys.

Recommendation 1. Additiona Belizean personnd to receive training on AGRRA techniques
during ether internationd or nationa workshops.

Recommendation 2: UCB, the Coastd Zone Management Project or the Fisheries
Department to undertake further AGRRA surveys at both shallow and medium depth at Harry
Jones Resf.

® http://coral .aoml.noaa.gov/agra/mbrs.html
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Recommendation 3: AGRRA surveys to be extended to other stes on Turneffe Atall,
particularly the western (leeward) reef and data submitted to the regiona deatabase. This will
aso improve the gpatid scae of the local data set and provide further evidence for any
apparent trends.

In addition to extra surveys there are a number of important variables that cannot be included
with the AGRRA protocol but are included as optiond surveys. The standard AGRRA
protocol does not include coras less than 25 cm but cord recruits are an important indicator
of reef health. One optiond extra of the AGRRA protocol isto survey cord recruits.

Recommendation 4: Additiona AGRRA surveys should include surveys of cord recruits and
idedlly cords lessthan 25 cm to provide detailed size-frequency data.

Turneffe Atoll is more remote than many other reefsin the Caribbean and seemsto be in good
condition. However, Bryant et d. (1998) estimate the threat to the atoll as ‘ medium’. Although
this threat is lower than many reefs in Centra America, there is some cause for concern and
pressure from fishing, development and diving, combined with effects from naturd events such
as cord bleaching, are likdly to increase. A marine protected area for Turneffe Atoll has been
proposed (Gibson, pers. com.) and this would help to maintain reef headth. Such a reserve
would aso provide additiond ecologica and economic benefits, such asincreased fish catches
and income for local communities (Clark, 1996).

Recommendation 5: Continue to am to establish a multiple use marine protected area at
Turneffe Atoll, with an integrated monitoring programme to measure its efficacy.

34




References Turneffe Atoll AGRRA report

6. REFERENCES

Antonius, A. 1973. New observations on cora dedruction in reefs. 10th Meeting
Association of Island Marine Laboratories of the Caribbean 10: 3 (Abstract).

Aronson, R.B., Edmunds, P.J., Precht, W.F., Swanson, D.W. and Levitan, D.R. 1994.
Large-scale, long-term monitoring of Caribbean cord reefs. smple, quick, inexpensve
techniques. Atoll Research Bulletin 421: 1-19.

Aronson, R.B., Precht, W.F. and Macintyre, 1.G. 1998. Extrinsc control of species
replacement on a Holocene reef in Belize: therole of disease. Coral Reefs17: 223-230.

Bak, R.P.M. and Meesters, E.H. 1998. Cord population structure: the hidden information of
colony sze-frequency digtributions. Marine Ecology Progress Series 162: 301-306.

Bohnsack, JA. 1993. The impacts of fishing on cord reefs. Proceedings of the Colloguium
and Forum on Global aspects of coral reefs; health, hazards and history: C8 - C12.

Burke, C.D. 1996. Cord mortality associated with the 1995 Western Caribbean bleaching
event, Mexico Rocks patch reef complex, Bdize. GSA Abstracts with programs 28(7): A-
274.

Brown, B.E. 1997. Cord bleaching: causes and consequences. Proceedings of 8"
International Coral Reef Symposium 1: 65-74.

Brown, B.E. and Howard, L. 1985. Assessing the effects of stress on reef coras. Advances
In Marine Biology 22: 1-63.

Bryant, D., Burke, L., McManus, J. and Spalding, M. 1998. Reefs at risk. World Resources
Indtitute.

Budd, A.F, Stemann, T.A and Johnson, K.G. 1994. Stratigraphic distributions of genera and
species of Neogene to Recent Caribbean reef cords. Journal of Paleontology 68: 951-977.

CARICOMP. 1997. Studies on Caribbean coral bleaching, 1995-1996. Proceedings of 8"
International Coral Reef Symposium 1: 673-678.

Carter, J., and Sedberry, G.R. 1997. The desgn, function and use of marine fishery reserves
as tools for the management and conservetion of the Belize Barrier Reef. Proceedings of the
8" International Coral Reef Symposium 2: 1911-1916.

Clark, JR. 1996. Coastal zone management handbook. CRC Press, Inc. 694pp.

Conndll, JH. 1978. Diversity in tropicd rain forests and cord reefs. Science 199: 1302-
1310.

35



References Turneffe Atoll AGRRA report

Dawdl, W.RT and Dulvy, N.K. 1996. An evaduation of the suitability of nornspecidist
volunteer researchers for coral reef fish surveys. Mefia Idand, Tanzania — a case study.
Biological Conservation 78: 223-231.

Done, T.J, Ogden, J.C., Wiebe, W.J. and Rosen, B.R. 1996. Biodiversity and ecosystem
function of cora reefs. Pages 393-428. In: Functiond roles of biodivergty. A globd
perspective. (Eds) Mooney, H.D., Cushmon, JH., MedinaE., Sala, O.E. and Schulze, E.D.

Dusgtan, P. and Halas, J.C. 1987. Changesin the reef-coral community of Carysfort Reef, Key
Largo, Florida: 1974 to 1982. Coral Reefs6: 91-106.

Edmunds, P.J. 1991. Extent and effect of Black Band Disease on a Caribbean Reef. Cord
Reefs 10:161-165.

Gardiner, R. and Harborne, A.R. 2000 Summary of Corad Cay Conservation's data on
commercidly important reef fish and invertebrates from Turneffe Atoll, Bdize. Unpublished
Cord Cay Conservation report.

Gill, A.B., Harborne, A.R., Raines, P.S. and Ridley, JM. 1995. Marine research programme
a Turneffe Atoll, Belize. Fina report to Darwin Initiative for the Survival of Species. 62pp.

Gill, A.B., Harborne, A.R,, Vierros, M., Raines, P.S. and Ridley, JM. 1996. Bacalar Chico
Marine Reserve Project. Final report to the European Union. 62pp.

Ginsberg, R. and Kramer, P. 1999. Atlantic and Gulf Rapid Reef Assessment (AGRRA)
Regional Update 1999. Reef Encounter, Newsletter of the International Society for Reef
Sudies, 26 (Dec): 41-43.
Ginsburg, R.N., Steneck, R., Lang, J. and Kramer, P. 1998. Atlantic-Gulf Reef Assessment,
an internationa collaboration. International Society for Reef Studies European Mesting —
Perpignan: 80 (Abstract).

Gischler, E. and Hudson, J. H. 1998. Holocene development of three isolated carbonate
platforms, Belize, Centrd America. Marine Geology 144(4): 333-347.

Gladfelter, W.B. 1982. White-band disease in Acropora palmata: Implications for the
structure and growth of shdlow reefs. Bulletin of Marine Science 32: 639-643.

Glynn, P.W. 1993. Cora Reef Bleaching : Ecologicd perspectives. Coral Reefs12: 1-17.
Harborne, A.R. 1999. Caribbean science staff manual. Unpublished CCC report.

Harborne, A.R. and Turnbull, C.G. In prep.. Ability of non-professiona researchersto collect
quantitative data on the hedlth of cora reefs.

Hodgson, G. 1999. A globa assessment of human effects on cora reefs. Marine Pollution
Bulletin 38: 345-355.

36



References Turneffe Atoll AGRRA report

Hughes, T.P. 1994. Catastrophes, phase shifts, and large-scae degradation of a Caribbean
coral reef. Science 265: 1547-1551.

Humann, P. 1993. Reef Coral Identification, Florida, Caribbean, Bahamas. (Ed) Ned
Deoach. New World Publications, Inc. Florida

Jackson, JB.C. 1997. Reefs since Columbus. Proceedings of the 8" International Coral
Reef Symposium 1: 97-106.

Kodow, JA., Hanley, F. and Wicklund, R. 1988. Effects of fishing on reef fish communities at
Pedro Bank and Port Roya Cays, Jamaica. Marine Ecology Progress Series 43: 201-212.

Kodow, J. A., Aiken, K., Auil, S. and Clementson, A. 1994. Catch and effort analysis of the
reef fisheries of Jamaicaand Belize. Fishery Bulletin 92(4): 737-747.

Kuta, K.G. and Richardson, L.L. 1996. Abundance and distribution of black band disease on
cord reefsin the northern FloridaKeys. Coral Reefs15: 219-223.

Lapointe, B.E. 1989. Macrodga production and nutrient relations in oligotrophic aress of
Florida Bay. Bulletin of Marine Science 44: 312-323.

Lasker, H.R,, Peters, E.C. and Coffroth, M.A. 1984. Bleaching of reef codlenterates in the
San Blas Idands, Panama. Coral Reefs 3: 183-190.

Lessios, H.A. 1988. Mass mortality of Diadema antillarum in the Caribbean: what have we
learned? Annual Review of Ecology and Systematics 19: 371-393.

McClanahan, T.R., and Muthiga, N.A. 1998. An ecologicd shift in a remote cora atoll of
Belize over 25 years. Environmental Conservation 25: 122-130.

McClanahan, T.R., Aronson, R.B., Precht, W.F. and Muthiga, N.A. 1999. Feshy dgee
dominate remote cord reefs of Bdize. Coral Reefs18: 61-62.

McCorry, D., Mumby, P.J,, Raines, P.S. and Ridley, JM. 1993. South Water Cay Marine
Reserve draft management plan. CZMU/CCC.

McField, M.D. 1999. Cord response during and after mass bleaching in Bdize. Bulletin of
Marine Science 64(1): 155-172.

McField, M.D., Wells, SM and Gibson, J.P. (Eds). 1996. State of the Coastal Zone Report.
Bdlize, 1995. Coastd Zone Management Programme and Government of Belize.

Morisseau-Leroy, G. 1999. AGRRA Field Reports: http://coral.aoml.noaa.gov/agralfiel d-
reports.html

37



References Turneffe Atoll AGRRA report

Morse, D.E., Hooker, N., More, A.N.C. and Jensen, R.A. 1988. Control of larva
metamorphosis and recruitment in sympatric agariciid cords. Journal of Experimental
Marine Biology and Ecology 116: 193-217.

Mumby, P. J., Harborne, A. R, Raines, P. S. and Ridley, J. M. 1995. A criticd assessment
of data derived from Cord Cay Conservation volunteers. Bulletin of Marine Science 56(3):
737-751.

Mumby, P.J. and Harborne, A.R. 1999. Development of a systematic classfication scheme of
marine habitats to facilitate regional management and mapping of Caribbean cord reefs.
Biological Conservation 88: 155-163.

Murray, M.R., Zisman, SA. and Minty, SA. 1999. Soil-plant relationships and a revised
vegetation classfication of Turneffe Atoll, Belize. Atoll Research Bulletin 464, 32pp.

Peckol, P., Curran, H.A. and Greengtein, B. 1999. South Centra Belize AGRRA field report:
http://coral .aoml.noaa.gov/agralfie d- scheize html

Peters, E.C., Oprandy, J.J. and Yevich, P.P. 1983. Possible causal agent of “White Band
Disease” in Caribbean Acroporid corals. Journal of Invertebrate Pathology 41: 394-396.

Polunin, N.V.C. and Roberts, C.M. 1993. Greater biomass and vaue of target cora-reef
fishes in two smal Caribbean marine reserves. Marine Ecology Progress Series 100: 167-
176.

Porter, JW., Lewis, SK. and Porter, K.G. 1999. The effect of multiple stressors on the
Florida Keys cora reef ecosystem: A landscepe hypothess and a physiologica test.
Limnology and Oceanography 44: 941-949.

Reese, ES. 1977. Coevolution of cords and cord feeding fishes of the family
Chaetodontidae. Proceedings, Third International Coral Reef Symposium, University of
Miami 1: 267-274.

Rowan, R., Knowlton, N., Baker, A. and Jara, J 1997. Landscape ecology of alga
symbionts creates variation in episodes of cora bleaching. Nature 388:265-269.

Sde, P.F. (Ed). 1991. The ecology of fishes on coral reefs. Academic Press, Inc. San Diego.
745pp.

Schmitt, E.G. and Sullivan, K.M. 1996. Andyss of a volunteer method for collecting fish
presence and abundance data in the Florida Keys. Bulletin of Marine Science 59(2): 404-
416.

Sheppard, C.R.C. 1982. Cora populations on reef dopes and their mgjor controls. Marine
Ecology Progress Series 7: 83-115.

38



References Turneffe Atoll AGRRA report

Stoddart, D.R. 1963. Effects of Hurricane Hattie on the British Honduras reefs and cays,
October 30-31, 1961. Atoll Research Bulletin 95: 1-142.

Stoddart, D.R. 1969. Post-hurricane changes on the British Honduras reefs and cays. re-
survey of 1965. Atoll Research Bulletin 131: 1-25

Taylor, D. and Harborne, A.R. 1999. Summary of Coral Cay Conservation’s Reef Check
Data (1997 and 1998) from Turneffe Atoll, Belize. Unpublished CCC Report.

Tomascik, T. 1990. Growth rates of two morphotypes of Montastrea annularis along a
eutrophication gradient, Barbados, W.1. Marine Pollution Bulletin 21: 376-381.

UNEP / IUCN. 1988. Cord reefs of the world. Volume 1; Atlantic and Eastern Pacific.
UNERP regional sees directories and bibliographies. IUCN, Gland and Cambridge / UNEP,
Nairobi.

Weil, E. and Knowlton, N. 1994. A multi-character andlysis of the Caribbean cora
Montastraea annularis (Ellis and Solander, 1786) and its two sbling species, M. faveolata
(Ellis and Solander, 1786) and M. franksi (Gregory, 1895). Bulletin of Marine Science 55:
151-175.

Wilkinson, C. 1998. The 1997 — 1998 mass bleaching event around the world. 1n: Status of
cora reefs of the world: 1998. Wilkinson, C (Ed). Austrdian Inditute of Marine Science. 15
38.

Williams, E.H. I and Bunkley-Williams, L. 1990. The world-wide cord reef bleaching cycle
and related sources of cord mortaity. Atoll Research Bulletin 335, 71pp.

39



Appendices Turneffe Atoll AGRRA report

APPENDIX 1

Full details of AGRRA protocal.
Source: http://coral.aoml.noaa.gov/agr a/r ap-revised.html
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1 Background

We know there are serious declines in reef-building cords a a number of locations in the
Western Atlantic and Gulf of Mexico. We know that reef fish stocks are depleted at a number
of specific gtes. What we do not know is the regiona extent and severity of these declines,
how much of them are naturd vs. anthropogenic, and especidly the condition of reefs remote
from centres of human impacts. The Atlantic and Gulf Reef Assessment (AGRRA) has been
developed to provide this much-needed information. It is an internationa collaboration of reef
scientists and their associates to assess the condition of reef-building corals and fishes
throughout the Western Atlantic Ocean and Gulf of Mexico. A well-developed and tested
Rapid Assessment Protocol (RAP) is being used to evauate the condition of alarge number of
reefs. The results will provide new information on the extent and distribution of declines, they
can contribute to the distinction between anthropogenic vs. natural impacts, and they can
identify those reefs that deserve specia conservation efforts.

Rapid assessment of marine communities, like public health surveys, is mogt successful when it
addresses gpecific questions: incidence of disease, premature mortality, and geography of
declinesin hedth. For cora reef communities, RAP is not a subgtitute for long-term monitoring
which ams to identify sgns of decline on the decadd scale. Indead, as concelved for
AGRRA, RAPisamed at developing answersto specific questions:

What is the digtribution and extent of reefs in serious decline? Serious decline means a high
mortdity of reef-building cords with gpparently little potentia for recovery and/or the absence
of key dements of the fish populations.

How does the condition of fringing reefs impacted by large populations compare with thet of
reefs remote from centres of populations?

Where are those reef's whose condition and location makes them special candidates for marine
protected areas or parks?

These questions can be answered by a one-time application of RAP to alarge number of cord
reefs even though no previous data are available.

2. Equipment

The following eguipment is required for each diver in addition to basc snorkeling gear and
SCUBA gear (including depth gauge):

Corals, Algae, and Diadema:

Underwater data templates.

Attach the data template onto an underwater date or writing cylinder (see below). Section 6
has an example of the datasheet template designed for the benthic surveys. An inexpensive
way to use the data template is to photocopy it onto a clear acetate overhead transparency,
over which clear contact wallpaper is affixed to preserve the acetate template in the weter.
Then record data on semi-trangparent, frosted (=single matte) plagtic, mechanical drafting
paper (eg., Mylar) that you atach to the template with dectrical tape. Alternatively you can
photocopy the data template onto both sides of white underwater paper (contact J.L. Darling
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Corporation, phone: 206-922-5000, fax: 206-922-5300; address. 2614 Pacific Hwy East,
Tacoma, WA 98424-1017). This approach is more expensive (about $52.00 U.S./100
sheets), but data are more likely to be entered in the correct column since the template is
reproduced on every data sheet.

A 10 mlong transect line.
A 10 m polypropylene line marked at the 1, 3, 5, 7, and 9 m intervas (with cables-ties,
eectricd tape or permanent ink) to which a smdl dive weight has been attached at each end.

A 1 mlong measuring device,

A polypropylene line marked a 10-cm intervas (as above), plus a loop at one end to go
around the wrigt of your non-writing hand. Alternatively, a short metric measuring tepe or a
PV C stick marked in 10-cmintervals can be used.

A 25 x 25 cm quadrat (for algae and small coradls).

Congtruct quadrats usng meta materiad such as giff, 12 gauge copper wire, which works well,
packs well and only requires a pair of wire cutters to congtruct; or aternatively use /2" PVC
water pipe and dbows (with holes drilled in them to let the air out). String can be used to
make a grid on the quadrat.

A smdl pladtic ruler tied to the date or writing cylinder (for algee).
Trim the ruler to have a narrow, tapered point, but till be legible, a the basd 5 cm.

Fish

Underwater data templates.
An underwater date or writing cylinder on which the date template has been accurately
trandferred. Section 6 has an example of the datasheet designed for the fish transect surveys
and the roving diver census.

At least two 30m fibreglass transect lines with a 3 |b. weight attached at one end of each line.
Commercidly available PV C surveying tapes are suitable for the transect line, or 230 m nylon
cord attached to a home-made red will work. A clip can be attached to the red and
suspended from the diver's belt, which dlows for the tape to deploy fredly asthe diver swims.

A graduated T-bar or other measuring device (for fish community counts).

Construct a Tbar usng 1" diameter PVC pipe and a T connector available at hardware
gtores. It hasa 60 cm long handle and two equd length arms providing atotd width acrossthe
top of 1 m. Use PVC dectricd tape or paint to create a scale along one of the arms showing
5, 10, 20, 30, 40 cm lengths.

Wkiting cylinders
A writing cylinder is a"thick walled" (1/4" thick) PVC pipe thet is 4" interna diameter x ~18

cm long, and may have 3 holes drilled near one end through which surgicd tubing can be
strung to fit over your wrist. The advantage of the writing cylinder isthat it keeps hands free to
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hold other surveying equipment and to hold on in strong surge or waves. A data template is
usualy attached to the cylinder with tape.

3. Fidd methods for AGRRA-RAP
Sl ection of reefs and sites

For the purposes of AGRRA, a REGION is defined as the coarsest scale category (100-km
scale); followed by an AREA (10-km scale); a REEF (1-km scale); and a SITE (0.1-km
scae). We recognise that reefs vary greetly in size, complexity, depth, profile, and coverage
per km of coastline throughout the region. What follows are our recommended procedures for
sdlecting survey stes, however we fully understand that it will be necessary to modify these
procedures to accommodate the specia conditions a any single Ste. It is vitd for the success
of AGRRA that these procedures be followed as closely as possible, and that al modifications
to them be carefully noted when the data are compiled.

Reef Salection

For the purposes of AGRRA, a REGION is defined as the coarsest scale category (100-km
scae); followed by an AREA (10-km scale); a REEF (1-km scale); and a SITE (0.1-km
scale). We recognise that reefs vary greatly in size, complexity, depth, profile, and coverage
per km of coastline throughout the region. What follows are our recommended procedures for
selecting survey stes, however we fully understand that it will be necessary to modify these
procedures to accommodate the specid conditions a any single Site. It is vitd for the success
of AGRRA that these procedures be followed as closdy as possible, and that al modifications
to them be carefully noted when the data are compiled.

Depending on the methods and resources available for your use, REEFS that are selected will
generdly fdl into one of three categories:

1. Unbiased - chosen without local knowledge or published reports,

2. Representative- chosen with the aid of local knowledge to be representative of reefs in that
areg,

3. Strategic - chosen with locd knowledge because they are threatened, suspected to be
degraded, or in particularly good condition.

For regiond comparisons, it is best to have REEFS that are chosen by ether (1) or (2).
REEFS that are chosen by (3) can ill be assessed, however, they should be clearly flagged
as such.

Ste Selection

A SITE isdefined as an area of habitat that is more or less homogeneous and accessble from
a boat anchored or moored in one place. In this initid phase, we are suggesting that you
concentrate your efforts on aress of maximum resf development. Generdly, this will be in the
1-5 m depth interval (shdlow Acropora palmata zone) and in the 815 m depth interva
(shalow fore-resf of maximum cora growth).
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Beyond these generd depth intervas, it is up to the assessors to locate their SITES. For each
REEF that is chosen, you should try to survey one SITE within each chosen depth interval.

A SITE description should be prepared for each Ste surveyed. It is critica to explain how
your Site was sdlected and an explanation of if and, if so, why you needed to deviate from the
recommended selection protocol. The site description should aso include information on:

location (GPS co-ordinates)

approximate Sze and shape

relief features (e.g., Sour and groove)

position relative to shordline

orientation as to windward or leeward (or both, if wind direction changes seasonally)
depth range corrected for tidd variaions

where possible, an outline map of reef showing location of SITES, nearby land, etc.

Corals, algae, and Diadema

1. At each SITE, haphazardly lay the 10-m transect line just above the reef surface in a
direction that is pardld to the long axis of the reef. Make sure the lineistaut.

Note: Be sure to avoid any other transects that are being set by your companions, and stay
away from the edges of the reef. Also try to avoid areas with abrupt changes in dope, deep
grooves, large patches of sand or unconsolidated cora rubble. Unusua reef festures should
only be included to the extent gppropriate to their relative abundance at the dte. If the reefs
are too small for you to avoid sandy patches, record how much of the transect line crosses
sand, to dlow alater caculation of the number of cord heads encountered/m of reef surface.

2. Approximete live cora cover by swimming aong the transect line with your 1 m measuring
device and roughly estimate how many meters of the line is underlain by living cord (to the
nearest 10 cm). Be sure to include dl live stony coras below the line, regardiess of sze or
Species dengity. Record thistotd.

3. Swim towards the other end of the transect and stop at the first cord head, cluster, or
thicket of the appropriate species thet is located directly beneath the transect ling, is a least 25
cm wide, and which is dther in origind growth postion or which has falen and become
reattached to the substratum. Record each of the following:

A. Name (genus and species)

B. Record the water depth at the top of the cords at the beginning and end of each transect.
In cases where bottom topography is very irregular, or the size of the individud cordsis very
variable, record the water depth at the top of each cora beneeth the transect line at any major
change in depth (>1 m).

C. Usng a measuring device, measure to the nearest 10 cm, its maximum projected diameter
(live + dead aress) in plan view and maximum height (live + dead areas) above the substratum.
The diameter should be measured perpendicular to the axis of growth. The height should be
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measured pardld to the axis of growth. Plan view is assessed from an angle that is pardld to
the axis of growth.

D. Edtimate the percent (%) of the cora that is "recently dead" and the % of the cord that is
"long dead". "Recently dead" is defined as any nontliving parts of the cord in which the
corallite structures are white and ether ill intact or covered over by a layer of agae or fine
mud. "Long dead" is defined as any nontliving parts of the cord in which the cordlite
sructures are either gone or covered over by organisms that are not easily removed (certain
dgee and invertebrates). Remember to only estimate mortaity as viewed from above in "plan”
or "map" view. If it is entirely "long dead", indicate this on your data sheet as 100% "long
dead".

E. Quickly scan over the surviving portions of the ENTIRE cora colony and note if there are
any diseases and/or bleached tissues present. Characterise any diseases by the following
colour categories:

BB = Black band

WB = White band

WP = White plague

WS = White spots, patches or pox

YB = Yédlow blotch (sometimes caled yelow band)
RB = Red band

OT = Unknown

Underline any of these sources of disease (not bleaching) that are visble in plan view and
which contributed to your estimate of "% recently dead”. For more information about cord
diseases see the disease cards (Bruckner 1998) or vist McCarthy and Peter's web Ste:
http://ourworld.compuserve.com/homepages/mccarty _and_peters/coradis.htm

Characterise any bleaching as gpproximate severity of discoloration:

P = Pale (discoloration of cord tissue)
PB = Partly Bleached (patches of fully bleached or white tissue)
BL = Bleached (tissue istotaly white, no zooxanthalae visble)

Severely bleached cord tissues in many species are tranducent, but you can till see the polyps
above the skeleton. Bleached tissues should not be included with the "recently dead"
esimates.

Note: Some surveyors may want to decrease the minimum size of measured coras to 10 cm
(max. diameter) on reefs on which large colonies are scare. They are encouraged to do so on
a subset of the transects used to located the 100 large (>25 cm) corals.

F. Whenever possible, record any other sources of recent mortaity that can ill be
unambiguoudy identified: posshilities include sediments, sorm damege, parotfish bites,
damsdfish bites and/or dga gardens, predation on the soft tissues by snails like Coralliophila
abbreviata or the bristle worm Hermodice carunculata, various effects of adjacent benthic
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algee, and any other spatial competitors (e.g., Erythropodium caribaeorum, other stony
coras). Underline any of these sources that contributed to your estimate of "% recently dead".

G. While examining the entire cora head, count and record the number of damsdfish or the
total number of damsdlfish agd gardens on each head.

4. Go to the next appropriate cora and repeat the measurements above. Continue eval uating
each cora head (>25 cm) until you reach the other end of the transect.

5. Reswim the transect with the 25 X 25 cm quadrat to estimate relative adga abundance.
Place the quadrat every two meters directly below the transect line starting at 1 m (1, 3, 5, 7,
9 m). If a suitable area is not available at this mark, place it on the nearest available space
within in a 1m radius of the mark (generdly, a suitable place is consdered to have grester than
80% of the area covered by agae). Avoid conspicuous patches of sand, macroalgee and
benthic animds (other stony corals, gorgonian holdfasts, sponges, ascidians, etc.). If there are
dill no suitable areas available, draw a line through the space on your data sheet. Use your
hands to lightly "wave away" any thin layers of sediment that could cover crustose cordline
algae (do not scrape). For each quadrat, record each of the following:

A.

I. Substratum type (as pavement or dead coral).

ii. The % of macrodgee (dl larger erect dgae, >1 cm in height, both fleshy and cdcareous,
essentidly any dgathat you can pick up with your fingers).

iii. The % of turf dgee (modtly tiny filaments, <1 cm in height). Include any that are below the
canopies of macroalgee.

iv. The % of living crustose cordline dgae (solid, cacareous encrusters that are pink or
reddish in colour; Include any that are visble below turf dgee, macroagae, or athin layer of
sediment even though your tota will exceed 100%).

v. The % other (e.g. invertebrates, sand, or bare areas)

Note: For those who find it easier to measure relative dga percentages, draw a line through
the "% other" category and smply record the relative (rather then absolute) % of each of the
three algd groups.

B. Use the pladtic ruler to gpproximate the average canopy height of the macroagae present
within the quadrat.

C. Optiond: Count and record the number of smdl (up to 2 cm maximum diameter) cordsin
the quadrat (see Cord recruitment in Optional Components). Identify any as you can to the
genus levd.

6. Continue placing and assessing quadrats until you reach the other end of the transect. Under
usua conditions, 5 quadrats should be measured adong each 10 m transect. If you will be
setting more than 10 transecty/site, you may want to scale back on the number of quadrats per
transect so that you don't end up with more than 50 quadrats/SI TE.

7. Using the 1 m measuring device for scale, swim a belt transect aong the 10 m line. Count
every Diadema that you can see within 1/2 m of each sde of the transect line. Because this
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gpecies is caryptic, you must ingpect dl sheter-providing spaces adong the transect. (Be
prepared to poke your head under the bases of large corals or into crevices.)

8. After you complete atransect, collect the line and haphazardly reset the next transect line, a
leest 1 m lateraly away from its previous postion. Remember to avoid other lines, and
whenever possible, abrupt changes in dope, large areas of sand and rubble, and any other
unusud reef features. Try to ensure that the transects are distributed around the SITE, not
concentrated together.

9. Repeat the above steps for each transect.

10. You can continue to reset transects in new positions as many times as safe diving practices
permit during any given dive. However, a bare minimum of 50 quadrats and 100 cord heads
should be assessed a each SITE. Obvioudy, appropriate sample sizes will depend on the
variancein the local habitats--so we cannot prescribe "aone szefitsal protocol”.

Note: In some cases, cora dengity extremes will require modifying the number of transects
laid. If cora dengty is low, lay enough transects to evauate 100 individua cords (you maey
have to conduct additional dives). For example, if a Site averages 2 coras per 10-m transect
line, you need to set 50 transects at that Site. If cord dendty is unusudly low, be sure that you
are working on a reef rather than an assemblage of corals on a pavement. If cord dengty is
unusualy high, set enough transects to evauate about 200 cords. For example, if you average
20 corals per 10-m transect, you should lay 10 transects per site. Evaluate every cord adong
the transect (dont skip any). Again, space the transects to ensure that you have a
representative sample of the Site.

11. After surveying, enter data into a database, then check and verify their accuracy. Back up
dataregularly and ore in a safe place.

Note: We suggest using a standard point-count method to assess large clusters or thickets in
which colony boundaries are not distinguishable. There are many point count methods in
common use. For example, you can haphazardly lay transects (using either a tape measure or
rope with every 25 cm marked off) over the cluster or thicket and identify recent deeth, old
death, or living cord tissue every 25 cm. The maximum diameter and height should be
determined for the entire cluster or thicket.

Fish

The AGRRA protocol for fishes includes two distinct methods that should both be applied at
each dte. All transects used for fish assessment should be located within the same depth
intervals specified for the benthic assessment (1-5 m and 8-15 m). Transects for fish will tend
to be further gpart and may range deeper and shalower than transects for benthic organisms.
The integration of fish and benthic sampling, while beneficid, will require close co-ordingtion
between team members for the two parts. It is recommended that the fish observations be
conducted between 1000 and 1400 hours if at dl possible, when vishility underweter is a a
maximum due to overhead sunlight. Many fishes are wary of humans, hence it is necessary to
keep away from other people while making these observations.
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Method |: Belt transect counts for defined specieslist.

1. Lay a30 mtransect line by firgt placing the weighted end of the line on the bottom, and then
svimming in agraight line while releasing it from the red as you count the fish. This minimises
the disturbance to the fishes prior to their being counted. Periodicdly fixing on an object in the
distance as you swim will help you swim in a graight line. (You can dip the transect tape to
your weight belt to allow for easy release of the tape).

2. As you swim out the full 30 m transect line, count and record fish found within a2 m wide
visudly estimated belt transect. Carry a data sheet in standard format, and a 1-m wide T-bar
to ensure accurate monitoring of the 2m wide bet. Hold the T-bar ahead of you angled
downward at about 45 degrees, and try to focus your gaze on the severd meters of the
transect ahead of the T-bar. Count only those SPECIES listed below and do not count
juvenile parrotfishes or grunts less than 5cm in tota length. Thislist of pecies has been chosen
to provide coverage of a number of the species most likely to be affected by human impacts,
while preserving a rdatively consstent search image. This should enhance the precison of
transect data.

SELECTED FAMILIES- indude EVERY SPECIES within the following families

Surgeonfish (e.g., Acanthurus bahianus, A. chirurgus, A. coeruleus)

Parrotfish (e.g., Sparisoma viride, S. aurofrenatum, S rubripinne, Scarus taeniopterus, S
iserti)

Grunt (eg., Haemulon flavolineatum, H. chrysargyreum, H. sciurus, H. plumieri, H.
aurolineatum)

Snapper (e.g., Lutjanus griseus, L. apodus, L. mahogoni, Ocyurus chrysurus)

Grouper (e.g., Epinephelus guttatus, E. fulvus, E. cruentatus, E. striatus, Mycteroperca
bonaci)

Angdfish (eg., Pomacanthus paru, P. arcuatus, Holocanthustricolor, H. ciliarus)
Butterflyfish (eg., Chaetodon capistratus)

Triggerfish (eg., Balistes vetula, Melichthys niger)

ALSO COUNT the following five species:

Y dlowtail damsdlfish (Microspathodon chrysurus)
Hogfish (Lachnolaimus maximus)

Spanish hogfish (Bodianus rufus)

Barracuda (Sphyraena barracuda)

Bar jack (Caranx ruber)

3. Edimate the Sze of each fish and assgn them to the following sze categories (<5 cm, 5-10,
10-20, 20-30, 30-40, >40cm) using a 1 m T-bar with 5 cm increments to assist in estimating
Szes. Large groups of individuds of a species will be classfied by atempting to put them into
one or more Size categories as necessary. By remembering to keep effort equivaent on al

segments of the transect, you can limit the tendency to count al members of a school crossing
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the transect, instead of just those members which happen to be within the transect as counting
of that segment takes place.

Note: Sample the transect belt giving uniform attention to each successive 2-m segment. This
requires svimming & a more or less congtant rate, while looking consstently about 2 m aheed
of your current pogtion. You may pause while recording data, and then start swimming again.
It is important to swim in a uniform manner at a speed that covers each 30-m transect in 6-8
minutes should be atempted. High dendties of counted species will dow this rate in some
cases. The diver will be tempted to count al members of a school as they swim across the
transect unless he/she concentrates on  giving equd effort to sampling each successive portion
of the transect. Only those school members thet are actudly within the 2 m wide grip of that
segment of the transect a a given time is included in the census. Fish doservers should be
traned to edimate fish lengths by usng consstency training methods both on land and
underwater.

4. When you reach the end of the transect line, stop the survey and recoil the transect tepe.

5. Continue conducting haphazardly-positioned 30 m transects at least 5 m lateraly away from
the previous position. Repest the above steps for each transect.

Modifications: Some workers may want to census other species of fish. This is encouraged,
provided that these other species are counted on a SEPARATE pass over the transect, after
the AGRRA run. Otherwise the census method is substantialy changed, and your data may
not be directly cross-comparable with other AGRRA assessments.

Method |1. Rover Diver census

After finishing the bdt transects (or concurrently depending on the number of surveyors),
conduct aroving diver census of ALL SPECIES of fishes following the methodology of Reef
Environmental Education Foundation (REEF) (http:/Amww.reef.org/) and briefly explained
below.

1. The Rover diver censusis conducted in the same generd area as the belt transects are .

2. Swim around the reef SITE for approximately 30 minutes (preferably 45-60 min - the
longer the better) and record ALL fish species observed. Use dl knowledge you have of fish
habits, and search under overhangs, in caves, and so on. The objective isto find the maximum

number of speciesthat you can in during your search time.

3. Edimate the dengity of each species by using logarithmic categories: Single (1 fish), Few (2-
10 fishes), Many (11-100 fishes), or Abundant (> 100 fishes).

4. Record your observations on the standardised REEF data entry shest.

5. Contact REEF to submit your datasheet for the regiona database.
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Soecieslist of major Caribbean reef-building corals

Acropora cervicornis

Acropora palmata

Agaricia agaricites

Agaricia lamarcki

Agaricia tenuifolia

Colpophyllia natans (OR Colpophyllia amaranthus, C. breviserialis & C. natans)
Dendrogyra cylindrus

Diploria clivosa

Diploria labyrinthiformis

Diploria strigosa

Madracis decactis

Madracis mirabilis

Montastraea annularis

Montastraea faveolata

Montastraea franksi (OR Montastraea annularis f. annularis, M. annularis f. faveolata
& M. annularisf. franksi) (OR Montastraea annularis complex) *
Montastraea cavernosa

Porites astreoides

Porites furcata

Porites porites (OR Porites poritesf. furcata, Porites poritesf. porites)
Sderastrea siderea (OR Sderastrea radiansf. siderea)

Solenastrea bournoni

Solenastrea hyades

Sephanocoenia inter septa

Millepora complanata

Participants are encouraged to try to discriminate among the morphs of the M. annularis
complex, snce their mortdity rates are morph-dependent.
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APPENDIX 2

Raw data from benthic surveys collected by CCC field science staff.

Coral species. Acer = Acropora cervicornis; Aaga = Agaricia agaricites; Aten=
Agaricia tenuifolia; Cnat = Colpophyllia natans; Dlab = Diploria labyrinthiformis;
Mann = Montastraea annularis; M cav = Montastraea cavernosa; Past = Porites
astreoides; Ppor = Porites porites;, Ssid = Siderastrea siderea.

* = disease present. Diseases: BBD = black band; WT =whiteband; YBD = ydlow
band; RBD =red band; UK =unknown.
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Transect 1.

Transect # 11% Live Coral Cover 11| Depth Start m 12
Diadema# Endm 12
Head Number 1 2 3 4 5
Species Mann |Ssd Ppor Aaga Ssid

Width cm 215 25 40 35 70
Height cm 180 20 20 25 25
% Old 60| 50 60 20
% New 5

% BBD

%WT

% YBD

% RBD

% UK *

% Bleached 30 100 30 40 80
Quadrat No. 1 2 3 4 5
Substrate Rubble |Dead Coral |Dead Cora |Dead Coral |Sand

Macro 10 30 40 50 40
Turf 50 30 50 30 60
Coradline 10 20 20 10 10
Other 40 20 10 10

Height mm 10 20 30 30 50
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Transect 2.
Transect # 2|% Live Cord 27.9|Depth|Start m 13
Cover
Diadema# Endm 13
Head Number 1 2 3 4 5 6 7] 8 9 10 11 12
Species Mann [Man |Aaga |Cnat Mann|Mann [(Mann{Mann |[Ppor [Ssid |[Mann [Mann
n
Width cm 1100 100 40 70 40 45 70 40 45 30 500 130
Height cm 1350 40 30, 30 30 30 50 40 25 20 55 150
% Old O 70 10 10 10 10 40 30 40 20 70, 40
% New 5 20 5 10
% BBD
%WT
% YBD
% RBD
% UK * * * *
% Bleached 100 25 50, QO 20 55 10 30, 50,
Quadrat No. 1 2 3 4 5
Substrate Rubble |Dead |Dead |Rubble |Sand
Coral |Cord
Macro 30 19 30, 20 20
Turf 600 80 40 10 20
Coraline 10 10 15
Other 100 10 30, 60 45
Height mm 30 19 10 10 10
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Transect 3.
Transect # 3% Live Cora 24{Depth  |Start m 15
Cover

Diadema# End m 14
Head 1 2 3 4 10 5 6 7 8 9
Number
Species Mann |Dlab Mann |Mcav ([Mann |Mann ([Mann [Acer Mann |Mann
Width cm 60 40 50 35 25 30 70 40 50 50
Height cm 60 25 40 40 35 40 45 35 50 30
% Old 50 30 10, 10 20 40 50 25 10,
% New 10 5
% BBD
% WT *
% YBD *
% RBD
% UK
% Bleached 50 50 60, 10 10, 40 60 80
Quadrat 1 2 3 4 5
No.
Substrate |Dead |Dead |Dead [Rubble |Rubble

Coral |Coral |Cord
Macro 30 10 30 30 50
Turf 40 60 10 20 50
Coralline 10 10 20
Other 30 20 50 30
Height mm 30 40 30 50 20




Appendices

Turneffe Atoll AGRRA report

Transect 4.
Transect # 4|% Live Cora 479 Depth |Start
Cover m

Diadema# End m
Head 1 2 3 g 6 7 8 9 10 11 12 1 2
Number
Species Mann |Mann|Mann |Acer |Mann |[Aaga [Mann [Mann|{Mann |Mann|Mann |Mann |Ppor
Width cm 30[ 160 60, 7q 80, 30 50 30 80, 60 50, 50 50,
Height cm 25( 150 25 30 55 30 45 34 60, &a 35 29 30
% Old 20 K’ 30, 6Q 20 10 20 2 40 10 20 40 60,
% New 20 10 2 10 10
% BBD
%WT * *
% YBD *
% RBD
% UK
% Bleached 40 54 70, 60| 10 50 7q 40 40 20 30 30
Quadrat 1 2 3 4 5
No.
Substrate |Rubbl |Dead [Sand [Dead |Dead

e Cora Cora |Coral
Macro 60 10 10 19 10
Turf 20 4 50 8Q 50
Coralline 10 2q 10
Other 10 4 40 10 40
Height mm 40 10 10 19 30
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Transect 5.
Transect # 5% Live Corad 28 Depth|Start

Cover m
Diadema# End

m

Head 1 2 3 4 5 7 8 9 10 11 12 3 4 4
Number
Species Cnat [Ppor [MannMann{Aaga|Mann[Mann|Acer |Mann|Acer |Ppor |Aten |Mann|Ppor
Width cm 700 29 79 90 30 30 30 3 5 4 25 30 9% 40
Height cm 40 100 30 40 100 200 30 290 50 200 200 29 45 10
% Old 500 600 83 60 100 100 50 § 40 90 600 20 200 10
% New 10 10,
% BBD
% WT
%YBD
% RBD
% UK *
% Bleached 40 20 40 4 90 10 60, 100 20 700 90
Quadrat 1 2 3 4 5
No.
Substrate |Rubble|DC Rubble| Rubble| DC
Macro 70, 100 30 50 40
Turf 300 8] 49 50 60
Coraline 0 0 19 19 15
Other 0 100 19 0 0
Height mm 40 100 43 50 20
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Transect 6.
Transect # 6|% Live Cora Cover 25Depth  |Startm
Diadema# Endm
Head 1 2 3 4 5 6 7] 8 9
Number
Species Cnat Mann |Cnat Mann Ssid Ssid Mann Ssid Mann
Width cm 40 7d 65 100 30 30 25 K0 45
Height cm 35 4q 30 60 2Q 25 35 15 25
% Old 10 10 100 30 5Q QO 40 10 60,
% New 5
% BBD
%WT
% YBD
% RBD
% UK *
% Bleached 0O 7d 60 5Q 5 50, 8Q 35
Quadrat 1 2 3 4 5
No.
Substrate [Rubble |Rubble |Rubble [Dead Dead
Cora Cora
Macro 30 50 10 10 2q
Turf 50 10 80 60, 7q
Coralline 10, 20 20 30
Other 10 10
Height mm 30 50 20 10 2
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Transect 7.

Transect # 7|% Live Cora Cover 315/Depth  [Start m 15

Diadema# Endm 14.5

Head 1 2 4 5 g 7 8 9 10
Number

Species Mann Mann Mann Mann Mann Past Mann Mann |Aaga
Width cm 35 35 30 35 55 25 60 60 30
Height cm 30 3 20 10 45 20 RO 5Q 15
%Old 10 10 5 40 30 20 15 20 10
% New 5 25 10 10 10 5

% BBD

%WT * *

% YBD *

% RBD

% UK 10 10

% Bleached 60 65 20 50 60 20 80 80 0
Quadrat 1 2 3 4 g

No.

Substrate |DC Rubble Rubble |DC

Macro 35 29 10 29

Turf 60 40 80 50

Coralline 15 30 10 Qg

Other 5 20 10 25

Height mm 30 10 10 3
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Transect 8.
Transect # 8(% Live Coral 26.9Depth |Start m 14.1

Cover
Diadema# Endm 14.6
Head 1 2 4 5 6) 7 8 9 10 11 12
Number
Species Cnat |Mann [Acer |Ppor |Mann [Mann |Mcav (Mann |Mann |Aaga |Mann
Width cm 80 50 30 30 120 8d 25 50 60 30 40
Height cm 20 80 15 15 180 45 35 35 20 40 20
% Old 50 0 20 30 QO 40 5 50 30 20 10,
% New 2 5 K0
% BBD
% WT *
% YBD *
% RBD
% UK
% Bleached 8 40 10 60 10 15 60 40 Q0
Quadrat 1 2 3 4 5
No.
Substrate |Rubble [Rubble |Rubble [Rubble |Dead

Corad

Macro 50 30 50 25 30
Turf 50 60 30 40 50
Coralline 19 10 40 40
Other 10 20 20
Height mm 40 30 10 1Q 10
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Transect 9.

Transect # 9 % Live Coral Cover 26 Depth Start m

Diadema# End m

Head 1 2 4 g 7 8 9
Number

Species Mann Mann Ppor Mann Ppor Mann Mann
Width cm 80 70 30 160 80 40 35
Height cm 65 150 20 8( 20 2Q 60,
%Old 50 60 80 40 80 4 10
% New 5 10

% BBD

%WT

% YBD *

% RBD

% UK

% Bleached 50 35 10 50 5 60 10
Quadrat 1 2 3 4 5

No.

Substrate |DC DC R DC R

Macro 80 20 30 45 50

Turf 20 70 65 40 40

Coralline 20 10 20 20 10

Other 10 5 5 5

Height mm 20 5 30 15 20
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Transect 10.
Transect # 10/% Live Cord 36.5|Depth |Start m 14
Cover

Diadema# End m 14
Head 1 1 3 4 5 6 7] 8 9 19 11
Number
Species Mann |Mann |Past |Aten [Mann [Mann |Mann |Mann |Mann (Ppor (Ppor [Mann
Width cm 50, 50, 25 50 110 70, 5 45 60) 70, 34 80
Height cm 30 40 30 40 40 60, 30 25 45 40 30 80
% Old 40 60, 30 60 30 20 60 10 60j 10 8Q 50,
% New 5 5 5 5
% BBD
%WT *
%YBD
% RBD
% UK * *
% Bleached 50, 10 20 70, 40 40 80 40 40 2 40
Quadrat 1 2 4 5
No.
Substrate [Dead [Rubble (Dead (Bed [Dead

Cord Coral |Rock [Cord
Macro 20 30 7q 50 60|
Turf 60, 70, 10 30 15
Coraline 20 20, 5 10
Other 20 2 20 20
Height mm 10 30, 2 20 10
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APPENDIX 3

Common names of reef fish
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Species Common name Family
Acanthurus bahianus Ocean Surgeonfish Acanthuridae
A. chirurgus Doctorfish Acanthuridae
A. coerulus Blue Tang Acanthuridee
Aulostomus maculatus Trumpetfish Aulogtomidae
Balistes vetula Queen Triggerfish Bdidtidee
Melichthys niger Black Durgon Bdidtidee
Ablennes hians Flat Needl€efish Beonidae
Caranx bartholomael Ydlow Jack Carangidee
C. latus Horse-eye Jack Carangideae
C. ruber Bar Jack Carangidae
Decapterus macarellus Mackerel Scad Carangidee
Chaetodon capistratus Foureye Butterflyfish Chaetodontidae
C. ocellatus Spotfin Butterflyfish Chaetodontidae
C. striatus Banded Butterflyfish Chaetodontidae
Gobiosoma hor ti Y dlowline Goby Gobiidae
Gramma loreto Fairy Basdet Grammétidae
Anisotremus surinamensis | Black Margate Haemulidae
A. virginicus Porkfish Haemulidae
Haemulon carbonarium Caesar Grunt Haemulidae
H. flavolineatum French Grunt Haemulidae
H. parra Sailors Choice Haemulidae
H. plumieri White Grunt Haemulidee
H. sciurus Bluestriped Grunt Haemulidae
Holocentrus adscensionis | Squirrelfish Holocentridae
H. rufus Longspine Squirrdfish Holocentridae
Bodianus rufus Spanish Hogfish Labridae
Clepticus parrae Creole Wrasse Labridee
Halichoeres garnoti Y ellowhead Wrasse Labridae
Lachnolaimus maximus Hogfish Labridae
Thalassoma bifasciatum Bluehead Labridee
Lutjanus apodus Schoolmaster Lutjanidae
L. mahogoni Mahogany Snapper Lutjanidee
Ocyurus chrysurus Y elowtall Snapper Lutjanidae
Pseudupeneus maculatus | Spotted Goatfish Mullidee
Opistognathus aurifrons Y dlowhead Jawfish Opistognathidae
Lactophrys polygonia Honeycomb Cowfish Odraciidae
Holacanthus ciliaris Queen Angdfish Pomacanthidae
H. tricolor Rock Beauty Pomacanthidae
Pomacanthus ar cuatus Grey Angdfish Pomacanthidae
P. paru French Angdifish Pomacanthidae
Chromis cyanea Blue Chromis Pomacentridae
Microspathodon chrysurus | Yedlowtall Damsdfish Pomacentridae
Segastes diencaeus Longfin Damsdfish Pomacentridae
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S fuscus Dusky Damsdlfish Pomacentridae
S. leucostictus Beaugregory Pomacentridae
S partitus Bicolor Damsdfish Pomacentridae
S. planifrons Threespot Damsdlfish Pomacentridae
Scar us coel estinus Midnight Parrotfish Scaridae

S coeruleus Blue Parrotfish Scaridae

S croicensis Striped Parrotfish Scaridae

S guacamaia Rainbow Parrotfish Scaridae

S taeniopterus Princess Parrotfish Scaridae

S vetula Queen Parrotfish Scaridae
Sparisoma aurofrenatum | Redband Parrotfish Scaridae

S. chrysopterum Redtail Parrotfish Scaridae

S rubripinne Ydlowtail Parrotfish Scaridae

S viride Stoplight Parrotfish Scaridae
Equetus punctatus Spotted Drum Sciaenidae
Scomberomorus regalis Cero Scombridae
Epinephelus adscensionis | Rock Hind Serranidae

E. cruentatus Grayshy Serranidae

E. fulvus Coney Serranidae

E. striatus Nassau Grouper Serranidae
Mycter oper ca bonaci Black Grouper Serranidae

M. tigris Tiger Grouper Serranidae
Hypoplectrus chlorurus Ydlowtall Hamlet Serranidae

H. guttavarius Shy Hamlet Serranidae

H. indigo Indigo Hamlet Serranidae
Diodon hystrix Porcupinefish Tetraodontidae
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