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Bacalar Chico Marine Reserve and National PBe&glar Chicq forms part of the Belize Barrier Reef Reserve
System, a UNESCO World Heritage Site. Coastal development, primarily the extensive clearing of mangrove
forest, combined with direct oveextraction of marine resources and increased frequencgavél bleaching
diseasesaind hurricane events have caused dramatic decline in reef health, leading to its inclusionlost thie

World Heritage Sites in Danger

In March 2010, Blue Ventures embarked upon a {tavgn coral reef monitoring project within Bacalar Chico. In
2010, the majority of sites were found to be in poor condition, with no evidencenafagementrelated

differencebetweenthe fourzones.

Resultsof monitoringin 2011 show continued decline in reef healthith the averageSimplified Integrated Reef
Health Indexscoreof 2.16 in 2010droppingto 1.90 in 2011 Average hard coral covés 10% and remains
unchanged from 201Qyith fleshy macroalgaand turf algae occupying the majority of the benthos. Commercial
fish biomass is extremely 10¢636.89 + 94.51 to 8996.70 + 3010.30 g 10%),nwith no observed differences

between management zones.

Despite thriving herbivorous fish populationgnse porions of the reef exhibit critically high levels of fleshy
macroalgae, possibly linked to the loss of potential key pishdie reversing species such as the rainbow
parrotfish, Scarus guacamaialdentificationand intensificationof conservation efforts fo recovery of such
species is of critical importance fany futurerecovery ofreef health and functionAs the threshold for phase
shift reversal from an algadominated reef to hard coral dominance is high and compounded by multiple
factors, protection of reefs which have yet to undergo phadsft should be prioritised. Onsectionof the
forereef system, located in the General Use Zone, has been identified as the healthiesidsitaintainingreef

health at this site is essential.
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1.1 History ofBlue Venturee Belize Coral Reef Monitoring Programme

Established iMarch 2010, Blue Venturds o Jéngterm coral reef monitoring programme aims to provide
information on the status of the reefs amakssociated ecosystems in Bacalar Chico Marine Re¢B@®IR)
Ambergris Caye, BeliZEhroughmonitoring andanalysis of reef health, the effectiveness of the marine reserve

in maintaining ecological processes and sustainable fish simaksessed.

Keyfindings ofthe 2010monitoring were

X "lu%ol](l] /VSPES Z (, o8SZ Iv £ ~"NZ,l« + }E (}E;wthth¢s « }u
highest scoe 0of2.75(" & ]f&r asitelocated in the Preservation ZoifeZ)

x Average hard coral cover wa8.5%and fleshy macroalgal cover was 23.1%

x Total average biomass of fish recorded along fish b&fsg(m?) wasnear the lower range of the
regionalnationalaverages (140 263g/m?) (Newmanet al., 2008.

x No patterns in biomass of ecologically or cogrcially significant species were evident

X Scarid abundance and diversitygre positivelyassociated with hard coral cover

X Sightings of invasive lionfisRterois volitansincreased throughout the duration of the study period

x Taking into account thaBacalar Chico had thus far experienced 14 yeamhahagement full benefit

had not yet been achieved.

1.2 The Belize Barrier Reef

The Belize Barrier Reef Reserve System is a UNESCO World Heritage Site and forms the core region of the
AJEo [+ » }v 0 EP 3 E E] E EBarridr RegfSyisten} (MBIR3)he entire reef system

encompasses barrier, atpfaroand fringing eef types, supporting a large diversity of coral and fish species.

A deep offshore continental shelf provides characteristiwironmentalconditions(promontories with nearby
reefs and dropoffs to deep water, with cyclic currentéor the assembly of spwning aggregationsf fishin
numerous locations along the stretch of the Belize Barrier R®eftem (BBR (Shcherbinaet al., 2008)
Fourteenmulti-speciesspawning aggregation sitdgve been identified (Heyman and Kobara, 201dijh the

critically emdangered Nassau groupeEginephelus striatysas well as commercially important dog snapper
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(Lutjanus joch and black grouperMycteroperca bonagi among other species, recordgtHieyman, 2001;

Heyman and Requena, 2002)

Major threats to theBBRinclude storm damage, coastal development and overexploitation of resources (Gibson
et al, 1998; Healthy Reefs Initiative 2010; McField, 2000; Mumby, 1999). To address these concerns, the
Bdizean government has desighated approximatel9oldfits waters as marine protected aresa(MPA (Belize
MNREI, 2005)The fshing of parrotfish gcarids)was madeillegalin 2009 (NERC, 2012)nd in January 2010,
bottom trawling was bannedwithin Belizean waters(Oceana, 2010)Furthermore rapid response and
monitoring programmes for marine mammal and turtle strandings, coral bleaching events, storm damage to

reefs and the management of invasive lionfale operational throughout Belize.

Despiteconservatiorefforts, Belizean coral reef healthirsdecline(Healthy Reefs Initiative, 2010). Overall reef
healthis variable across the country, though the majority of reefs are considered to be in a poor or critical state
(Healthy Reefs Initiative, 2010Fhe ceclining health of theBBRhas led to its inclusion othe List of World
Heritage Sites in Danger 2009(UNESCO World Heritage Committeeecisiont 33 COM 7B:33).

In the early 1990s, hard corabver (HCCwas reported to be between 28nd 84% at barrier and patch reef
sites,dropping to an average dfl%in 2005for all reef typeqgGarciaSalgadaet al., 2008). Such decline iHiCC

has beerattributed to a multitude of factors, including:

x Outbreak of white band disease in 1981, affec#ggoporacorals(Schutteet al., 2010)

X A severe bleaching event in 1998 (Aronseinal., 2002), which acted synergistically with category 5
Hurricane Mitchcausingmass coral mortality throughout the MBR8cdfield, 200Q)

x Reduction in herbivory hencean increa® inthe relative contribution ofmacroalgae to reef benthic
assemblage (GarclBalgadoet al, 200&), outcompeting coral recruits for space (Carpenter and

Edumunds, 2006; Mumby, 2006) and thereby exacerbating decline in coral cover.

Overexploitationand habitat degradatiohasled to an overalldeclinein commercialfish biomass (Healthy Reefs

Initiative, 2010), though recovery afommerciallyimportant fish and invertebratepopulations has been

! The combined effect of regiewide overexploitation of herbivorous fish (Paddaatkal., 2009) and a disease epidemic which caused
mass mortality to herbivorouBiademasea urchins between 1983 and 1984 (Lessios, 1988), from which only limited, patchgryetas
been observed (Carpenter and Edmunds, 2006).
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documentedwithin some Belizean MPABluntingtonet al,, 2011; Shank and Kaufman, 200%ildtracks, 201
Nevertheless, lobster and conatocks which compriseover 90% of capture fisheries in BeliZé/i{dtracks,

2010, are considered to be fulgxploitedto overexploited (Pomeroy and Goetze, 2003).

1.3 Bacalar Chico Marine Reserve and Na@biRark

Bacalar Chico Marine Reserve and National P&&célar Chicp is located at the north of Ambergris Caye,
sharing a border with the MexicailPA,Arrecife de Xcalak. Covering 15,529 acres of coastal waters, the reserve

encompasses a variety of marine ecosystems, including coral reefs, seagrass beds, mangroves and lagoons.

Themarinereserve is divided into five zones, characterised by four differ@ganagement schemes (Figzd).
The Preservation Zon@Z)is completely protected, with ho commercial or recreational activities permitted.
Recreational activities such as snorkelling and SCUBA diving are permitted within Conservati¢@Zlbne
though all forms of fishing are banned. Recreational activities, includingeractive sport fishing, are
permitted within CZ2. Two General Use Zones (GUZ) are located on either side 2f BEXractive fishing is
permitted within the GUZ, witlsomefishing gearprohibited (e.g.gill nets and long lingsand special licence

required for fishermen.

1.4 Ecological Monitoring

1.4.1 Overall Reef Health

As foundation species, the diversity, health arthtive coverof scleractinian corals influences reef bivetsity
and resilience through the provision of habitat, food resources and structural complexity (ARibpez al.,
2011, Paddaclet al., 2009. Whilst not providing insighinto architectural complexitfAlvarezFilipet al., 2011)
percentage cover of scleractinian corasised as dundamental indicatoiof reef health(Healthy Reefs, 2007
Healthy Reefs, 20)0Monitoring of incidence and severity dfleachingand diseasgthe two major drivers for
decline in scleractinian corabeer, facilitates the understanding of specispecific sensitivity, reef sdience

and recovery potentialRogers, 20114ealthy Reefs, 200 McField 200

As key competitors for space on coral reefdiversity andcover of algal functional groupsfluence coral
recruitment and habitat structure, thereby affecting reef fish and invertebrate populati@sne, 1992;
Edmunds and Carpenter, 200Healthy Reefs, 20QMcClanaharet al., 200J). Increasingalgal covehas been

shown tobe driven by chages in water qualityMicClanaharet al., 2002 ,Lapointeet al.,, 2004 anddecreases in
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scleractinian coral coveM(illiamset al, 2001), though theabundance diversityand bomass of herbivore
populations hae been identifiedas the primary drives of changein algal covem the CaribbeariBurkepile and
Hay, 2010Koppet al., 2019 Maciaet al., 2007; Myhre and AcevedButierrez, 200Y.

Therefore,describingthe population structure of key herbivorous fissych asacanthuridsand scarids, enables
identification of factors influencing local reef benthic assembi@gdemby, 2006, 2009; Burkepile and Hay, 2010;
Healthy Reefs, 2007, 2010¥haracterisation of general fish population composition may assighén

identification of less abundant or unrecagad phaseshift reversing species (Bellwoetlal., 2006).

1.4.2 Invertebrates as Early Indicators of Changes in Reef Dynamics

Indicator speciesare selected due to their sensitivity in response disangesin environmental conditions,
therefore acting as earlwarnings forchanges in ecosystem health. dditionally, some environmerdl variables
or populations have complex monitoring requirementgjicator speciesre thereforeselected to enable rapid

and staightforward assessment of specific variables or target species populations.

Diademaantillarum sea urchinsare key reef herbivoreand an outbreak of disease in 1983 resultednmass
mortality of these ecologically significant invertebrates throughdw Caribbean(Lessios, 1998 As herbivores,

the loss of this species has been linked to increases in macroalgalasowetl as an associated decrease in hard
coral covel(Aronson and Precht, 200@jjadiet al., 2006 Lessios, 1998The recovery dDiademapopulations is

of critical importance and matored throughout the Caribbean. Prior to the disease epidemic, populations of
Diademaranged betweend and 25 urchinsim? of reef throughout theMBRS Postepidemic populations had
dropped to less thar®.3 urchinsm™. Population sizes below one urchin pef are considered critichl low

(McField and Kramer, 2007).

Theflamingo tongue snailCyphoma gibbosujrs a predator of gorgoniansvith an expansivelistribution on
reefs throughout the Caribbearits density is influenced by thebandance of predators, with reefs protected
from fishing exhibiting lower densities @&. gibbosunthan heavily fished reefs (Burkepile and Hay, 2007,
Chiapponeet al, 2003) Known predators ofC. gibbosuminclude the commercially significant hogfish

(Lachnolaimus maximislisted as vulnerable on the IUCN Red List, and Caribbean spiny losarsrs

argu9U }v }( o]l [* %o E]|WiE@cKS, 201 ] »
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1.4.3 Megafauna

The Westindian manatee Trichechusnanatus is classified as Vulnerable by the IUCN Red List of Threatened
Species (HiltorTaylor, 2001). The declining population trend is attributed to human activities, with coastal
development leading to theemoval of critical resting and feeding grounds, as well as increased injury and
mortality via boat traffic(CZMAI, 2000; UNESCO, 1996; Waeingl., 2006).There are two suspecies of the
WestIndian manatee(Waring et al., 2006), the Floridian(T. m. latirostris) and Antillean(T. m. manatug

manatee of which the latteris found in the CaribbearThe largest number of Antillean manateasg found in

the coastal waters of northern Belize, forming an integral part of the discrete Mexican and Belizedatipap

ofthe sube% ] ¢ ~K["Z v "~ o0]s WECU i6diV hE » KU 660X dAMursidps ] « }(
truncatug and the Atlantic spotted dolphirStenella frontalis have been sighted ithe BCMR(Joneset al.,

2011).

There have beerivie species of marine turtle documented in Belindth loggerhead Caretta carettd, hawksbill
(Eretmochelys imbricajaand greenChelonia mydgseingthe most common, with known nesting beaches and
foraging grounds (Bonham, 2011; Walker and Walker, 2009ESCO, 1996). In addition, leatherbacks
(Dermochelys coriacg¢dave been sighted in Belizean waters (UNESCO, 1996;elaie®011), and therdas
beenone confirmed sighting of an olive ridleyepidochelys olivacg@ 2011 (Belize Fisheries Departrhgrers

comms).

Many species of sharks and regre known to inhabithe waters of Belize (UNESCO, 1996; Walker and Walker,
2009), includingseverallUCN redisted speciesuch asthe great hammerheadSphyrna mokarranEN and
whale sharkRRhincodon tgus VU). In Bacalar Chico, southern stinggéasyatis americarjaspotted eagle rays
(Aetobatus narinajiand nurse shark€&s{nglymostoma cirratuinare the most commonly sightesflasmobrants

(Joneset al,, 2011).

1.4.4 Invasive Species

Lionfish Pterois volitans? were introduced to the Atlantic in the 1980s, initially in the waters surrounding

Florida, USA, thougtheir population has now spread throughout the CaribbéRuttenberget al,, 2012) The

2 A second specie®. mileswas simultaneously introduced; however the invasion of this morphologically similar species did not expand
beyond Bermuda and the eastern coast of the USA (Benfaaetral., 2011).
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first confirmed sighting of a lionfish in Bek was in 2008Fchofield, 2009), and the species are now well
established throughout the countrdoneset al, 2010; Walker, 2009)

Voracious predators, lionfispredate on over 40 different species of fish and crustac@darris and Atkins,
2009, and have been documented to consume ug#o 8.5 g of prey items per dayrishelson, 1997) ionfish
also have the ability to consume large meals, expanding their stomach sizes to 30 times the original volume,
following which the fish undergoes a fasi period (Fishelson, 199Due to the presence of venomous spines
located on the dorsal, ventral and anal fins, lionfish have few natural pred@ttingis, 2009) Coupled witHfast
recruitment rates, ca. 24 fisha® day" (Fishelson, 1997), lionfishkleibit severalcharacteristicsof successful
invasivespeciesBoth visible and gtential impacts of the establishment of lionfish populations on coral reefs in
the Atlantic includea reduction in fish recruitment (Albins and Hixon, 20@8)d competition vith native
predators (Morris and Whitfield, 2009) Such effects disrupt reef community structurs and food web

interactions, ultimately exacerbating concerns falreadythreatened fish stocks and overall coral reef health.

1.4.5 Birds

Birds are often used as indicatospeciesof ecosystem healtldue to their diversity and the range of ecosystem
services they perform, such gmllination and predation. Furthermore, birds areften conspicuous and
relatively easy to identifyBacalar Chico is a knowrrdbinesting site for species such the roseate spoonbill
(Ajaia ajajg and white ibis (Eudocimus albys(Brown, 2011) a stopover for migratory species such dbe
reddish egret,(Egretta rufescerjsand the wood stork (Mycteria americand (Meadows, 1995)as well as
providing a habitat for Yucatan endemics sues the black catbirdqMelanoptila glabrirostriy and the red

vented woodpecke(Centurus pygmaeligGrimshaw and Paz, 2004).

Regular monitoring of birdpecies will provide information on annualdctuations in bird populations, long term

data on population trends as well as assist in the identificatiocialsites for local and migratory populations.
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2. D}v]s}E]vVvP

2.1 Coral Reef Monitoring

The reef monitoring programme in Bacalar Chico has been appraised and some changes instigated from 2010 to
align methods with the Mesoamerican Barrier Reef System Synoptic Monitoring Program -GWEBRS
methodology, as well as to provide a more detailedwief reef ecology and population distribution of
commercially significant species. These changes were introduced in July 2012, and therefore any sites surveys
prior to that date followed methods used in 2010. For detailed description of corrected 201éysusthods

seeAppendix 1
Key changes to the methods used in 2010 were:

1. In spurandgroove formation reefs, transects were laid along the top of spurs, with no transects

crossing grooves. In 2010, all transewtye laid in a nortksouth direction, regardless of reef formation.

2. All transects were laid shallower than 15 m. In 2010, transects at Firing Range North and Firing Range

South were deeper than 15;these sites were excluded from surveys in 2011.

3. Duringfish belt surveys the tape was unreeled whilst the diver collected data, preventing survey area
disturbance prior to data collectioThis change was implemented in July 201d9rpto which the
transect tapes were laid and divers then swam away fromstimyey area for two minutes to allow fish

to settle before returning to collect data.

4. As in 2010, the priority fish species list included all those outlined by MEBASmMethods, as well as a
list of additional arbitrary species. As they are so numerdhgsy inclusion in analysis of fish abundance
along transects would lead to an overestimation of average fish abundance, preventing direct
comparison with data reported by other organisations in the region. Although included in the 2010

annual report, the dllowing species were omitted from fish belt data analysis for this report:

Bicolour damselfishStegastes partitus

Sergeant majorAbudefduf saxatilis

Blue chromis@hromis cyanea

Unidentified damselfish (pomacentrid spp.)
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5.

6.

7.

8.

- Creole wrasseQlepticus paae)
- Unidentified wrasse (labrid spp.)

- Unidentified squirrelfish (holocentrid spp.)

The priority fish species list was expanded in 2011 to include three relatively uncommon species due to
their commercial significance. As their abundance is so low, theyotimterfere with fish counting, nor
do they influence mean fish abundance along belts significantly. Whilst their abundance was not
recorded in 2010, the following species are included in fish belt data analysis for this report:

- Tarpon Megalops atlanttug

- Cero Ecomberomorus regalis

- Permit (Trachinotus falcatys

A sighting log for a defined list of target species was introduced in January 2011, providing continuous
monitoring for some commercially significant or endangered species with low populisiosities. The

list of species Appendix6) was produced based on anecdotal fisheries targets, IUCN categorisation
and/or population trends of the species in other parts of the MBRS. Lioafeskan invasive speciés

the Caribbean, with sightings being recorded in Bacalar Chico since August 2010. On every dive, the
location, size, depth and abundance of target species and lionfish were recorded, as well as any
additional information such as sex, behaviour, etc. Clapgth is used for lobster size estimation and

total length for fish.

60 nt invertebrate belts were introduced in February 2011 to determine population density of:
- Longspine sea urchirBjadema antillarum)
- Caribbean spiny lobsteP&anulirus argus)
- Spotied spiny lobsterFanulirus guttatus)
- Spanish lobsterScyllaridesiequinoctialis)
- Flamingo tongue shaiCfyphoma gibossum)
- Queen conchgtrombus gigas)

- Sea cucumbers (Holothuroidea)

Fish recruit belts, following MBFSMP methodology, were introducedJdaly 2011.
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2.1.1 Study Are (Figure 2.}

With the exception of Firing Range North and Firing Range South, all sites surveyed in 2010 were repeatedly
surveyed in 2011. A new forereef site within GUZ 1 (Goliath) was includled 2011 surveys. No backreef site
within CZ 2 has yet been located, nor has a forereef or backreef site within GUZ 2. In total, three backreef and

nine forereef sites were surveyed.

2.1.1aSurvey Site Nomenclature

A standardised system fatefining and amingreef survey sitegn Bacalar Chicwasintroducedin 2011. The
coding system ias followsZone(G= General Use Zone; C1 = Conservation Zone 1; C2 = Conservation Zone 2;
P = Preservation Zonedpeef TypdB = backreef; F = forereef) and a number to differentiate between multiple
survey sites within each locatioRor examplePFland PF2are located on the forereef (F) of the Preservation

Zone (P), whereaS1B1is a backreef (B) site in Conservation Zbr{€1).
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Figure2.1:

Management zones and location of monitoring sites in Bacalar Chico Marine Reserve

10
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Backreef Survey Sites
The backreef sites are shallow patch reefs within close proximity to coastal mangroves and surrounded by

seagrass beds.

GB1tPeccary Patch

Location General Use Zone 1

Depth: 1-2m

Description Large longdead coral colonies dfcropora palmatgrotrude above the surface of the water at
the centre of the patch reef, with newer coral colonies attached to the déagalmataand
successive colonies expanding outwards from this central coherent section. Large colonies of
living A. palmataare present at the south of the reef and a gorgonian bed is present to the
west. Crevices amongst deakl palmataprovide habitat for lobsterLarge aggregations of
haemulids are frequently observed.

2010Surveys 6-8 fish belts, 4 PITs, coral community health characterisation and fish rover.
Surveys performed in March and October.

2011Surveys 8 fish belts, 4 PITs, 4 invertebrate belts, comimunity health characterisation and fish
rover.
Surveys performed in March.

Comments Surveys in 2011 took place before changes to survey methodology were implemented, and

therefore fish belts were laid prior to data collection.

C1B1t Last Resort

Locaton: Conservation Zone 1

Depth: 35m

Description Coherent patch reef close to a large channel, which often affects current and water clarity.
Two large colonies digaricia tenuifoliacover the south eastern side of the reef, and high reef
rugosity has facilitated the formation of a large number of crevices, which shelter all three
species of lobster. Large aggregations of haemulids and lutjanids are frequently observed.

2010Surveys 8 fish belts, 4 PITs, coral community health characterisation and fish rover.
Surveys performed in May and November.

2011Surveys 7 fish belts, 5 PITs, 7 invertebrate belts, 7 fish recruit belts, coral community health

characterisation and fish rover.

11
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Comments

Surveys performed in October.

The size of survey site does not enable the placement of more than 7 transects whilst
maintaining an interval distance of 5 m. Fish belts in 2010 were laid closer together than
specified by the MBRSMP.

PB1tTarpa Patch

Location

Depth:

Description

2010Surveys

2011Surveys

Comments

Preservation Zone

1-2m

Scattered patch reef close to the reef crest with a few large coloniégaficia tenuifolizand
Montastrea annularis though predominantly smaller colonies &iderastrea siderea, S.
radians, Diploria strigosaand D. clivosa Large aggregations of haemulids are frequently
observed. Between coral colonies, large numbers of queen conch are found scattered on sandy
bottoms.

8 fish belts, 4 point intercept transects (PITs), cooahmunity health characterisation and fish
rover.

Surveys performed in May.

8 fish belts, 5 PITs, 5 invertebrate belts, coral community health characterisation and fish
rover.

Surveys performed in February.

No data was collected orbandance ofC. gibbosunalong invertebrate belts.

Surveys in 2011 took place before changes to survey methodology were implemented, and

therefore fish belts were laid prior to data collection.

Forereef Survey Sites

Within the Preservation Zone, the foraskis comprised of a double reef system, separated by a deep sandy

valley approximately 500 m wide. The forereef in CZ 1 and GUZ 1 is predominanéyngguoove formation,

with deep channels providing habitat for large serranids and lutjanids. Theefdrén CZ 2 is comprised

primarily of fringing reef, where the barrier reef meets the land at Rocky Point. To the south of Rocky Point, the

reef reverts to a deep sptand-groove formation.

12
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GF1tGoliath
Location
Depth:

Description

2010Surveys
2011Surveys

Comments

C1F1tAlleys
Location
Depth:
Description

2010Surveys

2011Surveys

Comments

C1F2t Canyons

Location
Depth:

Description

General Use Zone 1

12-15m

Spurand-groove formation reef with consistently high diversity in coral and fish sightings.
Deep grooves provide habitat to many large serranids, including goliath gropirephelus
itajara), Nassau grouperE( striatu3, black grouper Nlycteroperca bonagiand yellowfin
grouper M. venenosa

N/A

8 fish belts, 5 PITs, 8 invertebrate belts, 8 fish recruit belts, coral community health
characterisation and fish rover.

Surveys performed in September.

None.

Conservation Zone 1

10-15m

Spurand-groove reef exhibiting a high diversity in coral species, w#tolymia and
Mycetophylliaspecies frequently observed. Located close to a channel through the barrier
reef, the site often is affected by strong surge and current.

4-8 fish belts, 4 PITs, coral community health characterisation and fish rover.

Surveys performed in March and November.

8 fish belts, 5 PITs, 8 invertebrate bel®, fish recruit belts, coral community health
characterisation and fish rover.

Surveys performed in November.

None.

Conservation Zone 1
10-15m
Spurand-groove reef with deep valleys and extensimterconnected swirtthroughs providing

habitat to large dog snappettjanus jochand tiger grouperMycteroperca tigriz Midnight

13
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parrotfish Scaruscoelestinuy are occasionally seen grazing on algae covering déad
annulariscolonies.
2010Surveys 8fish belts, 4 PITs, coral community health characterisation and fish rover.
Surveys performed in August.
2011Surveys 8 fish belts, 4 PITs, coral community health characterisation and fish rover.
Surveys performed in June.
Comments Surveys in 2011 tooklace before changes to survey methodology were implemented, and

therefore fish belts were laid prior to data collection.

C2F1tRocky Point North

Location Conservation Zone 2

Depth: 10-15m

Description Fringing reef with a steep wall which dropsa@orgonian bed at approximately 20 m. The wall
is characterised by the presence of numerous caves and overhangs, which provide shelter for a
wide variety of fish species, including large black groupdycteroperca bonagi Nassau
grouper Epinephelus s@ius) and cubera snappellL{tjanus cyanoptergsas well as many
lionfish. Large mixed aggregations of acanthurids are typically observed on top of the reef flat,
at approximately 10 m. Surveys take place on the reef flat, where a large col@gndfogyra
cylindrusis distinctive.

2010Surveys 8 fish belts, 4 PITs, coral community health characterisation and fish rover.
Surveys performed in June and November.

2011Surveys 8 fish belts, 5 PITs, 8 invertebrate belts, 8 fish recruit belts, coral commueiithh
characterisation and fish rover.
Surveys performed in November.

Comments None.

C2F2t Rocky Point South

Location Conservation Zone 2

Depth: 8-12m

Description Fringing reef with a steep wall which drops to a gorgonian bed at approximately 20 m. The wall

is characterised by the presence of numerous caves and overhangs, within which large

14
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2010Surveys

2011Surveys

Comments

numbers of lionfish can be found. Surveys take place on the reef flat, wiéaege coral
colony ofDendrogyra cylindruis distinctive.

8 fish belts, 4 PITs, coral community health characterisation and fish rover.

Surveys performed in August.

8 fish belts, 5 PITs, 8 invertebrate belts, 8 fish rechétts, coral community health
characterisation and fish rover.

Surveys performed in July.

None.

PF1tGarden Wall

Location
Depth:

Description

2010Surveys

2011Surveys

Comments

Preservation Zone

7-12 m

Reef flat on the western ridge of the doukleef system, with a steep Mlaalong the east of
the site to a sandy bottom at approximately 20 m deep. Large colonie&. gfalmata
Montastrea faveolataand M. annularisare scattered throughout the area, providing crevices
which support all three species of lobster as well as eagdiversity of fish families and
species.

8 fish belts, 4 PITs, coral community health characterisation and fish rover.

Surveys performed in June.

8 fish belts, 4 PITs, 4 invertebrate belts, coral community heaidracterisation and fish
rover.

Surveys performed in February.

No data was collected on abundancetfgibbosunalong invertebrate belts.

Surveys in 2011 took place before changes to survey methodology were implemented, and

therefore fish bels were laid prior to data collection.

PF2tMoose Country

Location
Depth:

Description

Preservation Zone

58 m

On the western ridge of the doubkeef system, south of PF1 (Garden Wall), the reef flat is
shallower and closer to the crest of the barriecef. Large colonies oA. palmata are

abundant, providing crevices in whiEhademasea urchins are frequently observed.

15



Blue Ventures Belize Annual Report 2011

2010Surveys

2011Surveys

Comments
PF3tHot Point
Location

Depth:

Description

2010Surveys

2011Surveys

Comments

PF4tPig Sty
Location
Depth:

Description

2010Surveys

8 fish belts, 4 PITs, coral community health characterisation and fish rover.

Surveys performed in August.

8 fish belts, 5 PITs, 8 invertebrate belts, 8 fish recruit belts, coral community health
characterisation and fish rover.

Surveys performed in September.

None

Preservation Zone

812 m

Reef flat on the eastern ridge of the doubteef system, with a gentle slope along the west of
the site to a sandy bottom at approximately 20 m deep. Large colonigs. pllmataare
located at approximately 6 m at the rocky pinnacle of the site, and ae laaony of
Dendrogyra cylindruis located on the nortlwestern corner at approximately 12 m.

8 fish belts, 4 PITs, coral community health characterisation and fish rover.

Surveys performed in July.

8 fish belts, 4 PITs, 4 imtebrate belts, coral community health characterisation and fish
rover.

Surveys performed in April.

Surveys in 2011 took place before changes to survey methodology were implemented, and

therefore fish belts were laid prior to data collection.

Preservation Zone

812 m

Reef flat on the eastern ridge of the doubkeef system, with a gentle slope along the west of
the site to a sandy bottom at approximately 20 m deep. Large colonigs. plhlmataare
located at approximately 6 m at the rocky pinnacle of the site, where lobster are frequently
observed.

8 fish belts, 4 PITs, coral community health characterisation and fish rover.

Surveys performed in July.

16



Blue Ventures Belize Annual Report 2011

2011Surveys 8 fish belts, 5 PITs8 invertebrate belts, 8 fish recruit belts coral community health
characterisation and fish rover.
Surveys performed in October.

Comments None

2.2 Lionfish Culls and Stomach Content Analysis

Data collected on abundance and location of lionfish is usedecide locations for targeted lionfistulling
dives. Hawaiian slings are used to spear lionfish, which are then placed into a bucket. The size and depth of

these lionfish are still recorded in the target and invasive species monitoring log.

Equipment
- Ruler
- Scissors
- Fillet Knife

Method

1. Using scissors, the venomous spines are removed. These are located on the dorsal fin, ventral fins and
anal fin.

2. With the mouth closed, the total length (to end of tail) and body length (to end of caudal peduncle) of
the fish are measured.

3. Using a fillet knife, an incision is made along the belly of the fish, exposing the internal organs.

4. Presence or absence of roe is recorded.

5. Stomach is exposed and a small incision made to remove contents and all stomach contents are
E ul}A C Jve E&S]VP (JvP & ]Jvs8} S§Z (]*Z[* ulpuszZ v %opeZ]VP % E
through the incision in the stomach.

6. All prey is identified as accurately as possible and measured.

2.3 Mangrove Fish Population Monitoring

Mangroves arean important habitat and nursery area for a number of fish species. All mangrove areas in

Bacalar Chico are within the GUZ, and as such extractive activities and sport fishing are permitted.

17
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Fish population monitoring in the mangroves takes place as]dBE C u]Jvpus Z(]*Z E}A E[ }uvs]
Creek, a natural channel leading from a shallow lagoon (Crocodile Lagoon), undertaken by Sherébjective
is to identify and count the maximum number of species possible during the search time to thef bestdata

}oo 8}E[e ]Jo]3CU v <} u £Jupu ((JES A « u §} « @& Z A]3Z]v Vv v

along the centre of the channel.

2.4 Bird Monitoring Programme

Monitoring sites were selected to encompass different habitats andapture a variety of different species.

Mangroves, coastal and lagoon areas were explored by boat and foot and all birds encountered were recorded.

Four monitoring sites were selected and each surveyed at least once every six weeks. Cantena Lagoon and
Cracodile Lagoon are both shallow lagoons within the mangrove system. Belize Island is located adjacent to a

cenote and the final survey was conducted along the coastline.

Cantena Lagoois very large and has many small mangrove islands within it. Thesdsisiee known to be bird
nesting sites during the winter months (December to March), and as such bird sightings are particularly relevant

during these months. Surveys took place as stationary point counts.

Crocodile Lagoors much smaller and surrounded lhense mangroves, providing insight into mangrove bird

populations. Surveys took place as stationary point counts.

Belize Islands a small island at the mouth of the main mangrove channel exiting Bacalar Chico, near to San Juan
Ranger Station. Adjacemd Belize Island is a cenote with a great number of fish. During pilot studies many

pelicans were observed feeding at the surface of the cenote. Surveys took place as stationary point counts.

The fourth survey location is tHeoastlinesurvey. Many wadersse the littoral zone to feed, and may not move
for over half an hour. Therefore, a more accurate description of the birds feeding in the littoral zone is attained
$ZE}uPZ §Z ZA ol]JvP E}A E[ § Zv]<p U }A E]JVP ] » &h& contquref%heE } £ Ju

coast. The survey also allows data collectors to observe birds living along the forest edge.

Equipment

- Slate and pencil

18



Blue Ventures Belize Annual Report 2011

- Binoculars

- Bird Identification Guides

Method

1. A minimum two observers are involvetl one observer with binocularspne observer with bird
identification guides and slate.

2. All surveys are conducted shortly after sunrise (approximately 30 minutes).

3. For stationary point counts, observers sat quietly for two minutes upon arrival at the site to allow birds
to settle beforebeginning records. For walking rovers, observers moved slowly and quietly, without
approaching the birds, so as to not disturb the survey area.

4. Start time of survey is recorded and observation made for thirty minutes.

5. Every bird observed during the 30 rate time period is tallied. Birds are identified to the greatest
degree of precision possible (e.g. species, sex, maturity). If unsure, observations are recorded to a more
PvEo $§P}YEC ~ XPX (ulJoCeX hv] VvS8](] <*% ~hv] & "@&X}IEU SeX'I

6. I( |E oo E & }Pv]e USZC E & }E e N, E X dZ]e & ]
each area. As bird calls are not consistently identified (depending on the experience of the survey team),

this data is not usetbr further analysis.

2.5 Megafauna Sightings

All sightings of marine mammals, marine reptiles and elasmobranchs (sharks and rays) are recorded in the
megafauna logbook. Sighting records included as much information as possible, including specissey,size,

depth, time of sighting and location. When possible, the GPS position of the sighting is recorded for population

mapping.

2.6 Data Analysis

2.6.1 The Simplified Integrated Reef Health Index

The use of indicators to evaluate and interpret reef heatthnslates numerical data into distinct,
comprehensible categories. By monitoring these indicators over time the progress of the reef can be assessed
and reefs are placed in one of the following five categories: Very Good, Good, Poor, Fair or Cigicdlbows

trends or spatial comparisons to be made, gaining insights into the most important aspects of an individual site

or over an entire area.
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Healthy Reefs for Healthy People developed an index in 2008 ranking criteria for indicators of reef Health wi
the view to map reef health giving a comprehensive view of the region (Healthy Reefs Initiative, 2008). This was

reviewed and the Simplified Integrated Reef Health Index (SIRHI) was created to monitor 4 specific areas;

X Hard coral cove(%)
X Fleshymacroalgal cove(%)
x Biomass of key herbivorous fistacanthurids and scaridg 100 rif)

x Biomass of key commercial figtutjanids and serranigsgy 100 rif)

The data collected on these four indicators are then graded to give an indication of reef health. The mean data
Aop 3 Z ]Jv] 8}E ]« }VA &S ]v§} PE }JE }v ]8]}v (E}u }v ~A
depending upon specific data rangd=able2.1).

Table 2.1 Threshold values by indicator used to determine the SIRHI
SIRHI Indicators Very Good Good Fair Poor Critical
(Score) (5) (4) 3) (2) (1)

Hard Coral Cover (%)

Fleshy Macroalgal Cover (%)

< C, E JAYE}u* &]*Z ~P
< C }luu E] o &]*Z ~P ii

20.0-39.9 10.019.9  5.09.9
1.05.0 5.1-112.0 12.1-25
28803479 19202879 960-1919
12601679 8401259 420839

Overall Reef Health (Average Score) 3.44.2 2.634 1.82.6

2.6.2 Detailed Reef Health Analysis

Benthic, fish and invertebrate data were grouped according to ecological function and/or taxonomy, with
comparisons made for percentage contribution, abundance, size (estimated length, target species only) and
biomass by site and management zone. Biomass was calculated from publishedwergjth conversions
(Marks and Klomp, 2003; Froesied Pauly2011), using the middle value for fish length in each size class and 50
cm as the fish length for fish recorded >40 cm, according to standard calculations used by the Atlantic and
Gulf Rapid Reef Assessment (Marks and Klomp, 2003). Biomass is reported in §/i®@lign with regional
standards. Hard coral species, fish species, and algal genera, were conlyyapeetcentage contribution,

abundance and biomass by site and management zone.
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Community diversity for hard coral and fish species was determined from PIT and fish belt occurrence and
Hv v 8 X dZ % ] E] Zv *+ Vv ~]u%oe-)wjas deferdiinddOr éach Mansett,/
following which the mean for each site with standard error of the mean was calculated. The SDI was calculated

for each transect using the following formula:

sFaL sF—AJ:JFS;
0:0 Fs;

Where (s F § is SDI,Jis the abundance of a single species, @i the total abundance for all species along

that transect. This index integrates the total species richness as well as the relative contribution of each species

to total abundance. Therefore, a large SDI vajomeximum of 1) indicates a high diversity, with species
composition evenly spread in the community, whereas a low SDI value (minimum of 0) indicates that one or few

species is dominant.

Hard coral community health was compared for the frequency of dieseagperplasm/neoplasm, competition

and overgrowth by tunicates, sponges, gorgonians, fire corals and other species of hard coral by site and year.

An index was developed to compare coral mortality by site and year, and was calculated for each sitk from a

sampled scleractinian coral colonies using the following formula:

/KN P‘H+E]|@.AJF:5?69"; EtL:61?94"; EUL:95?;9"; EVL:u;Q";

w

Where Lis the percentage frequency of colonies recorded to hdavemortality. The index for each site in 2010
and 2011 was transformed using the arcsine transformation before comparison to account for the truncation of
the normal distribution curve at 0 and 80 due to the theoretical minimum and maximum values for #ve ind
Transformed mortality indices for each site were compared from 2010 to 2011 using thpanametric
Wilcoxon Matched Pairls Encounter frequency of mortality (presence or absence) was also compared for sites

between years using th&-test.

Bleachingwas categorised according to the degree of tissue discolouration as well as the percentage of the

colony affected. Any instance of tissue paler than what is considered to be typical colour variation, was classified

21



Blue Ventures Belize Annual Report 2011

e« AW 0 X &}E Jves v thahZ5% of §& catoryeexhibited white, fully bleached tissue, the colony
A 0 +](] « AW E3] 00C o Z _U v (}JE Jved v « AZE PE § E 32
(LooC o0 Z &S]eep U 8Z }o}vC A« 0 «<](] « A&nooC o Z _X

Published trophic level data (Froeaaed Pauly, 20)1what used to calculate the contribution of fish trophic

0 A os 8} Jlu s 3 Z +]8 U A13Z SE}%Z] o A o G 1-2Qudduivalenstosgn Z &E
omnivorous diet dominated byegetal matter, 2.98.7 equivalent to an omnivorous diet dominated by animal
matter, 3.74.0 equivalent to a carnivorous diet dominated by invertebrates, and a trophic level > 4.0 equivalent

to a carnivorous diet dominated by fish.

Fish rover surveys werev 0Ce+ (}oo}A]JvP 8Z Z ( VvA]J]E}vu vd o p S8]}v &}uv §
fii6eX pv v § AGE o0 +e](] Jv& (QRE & P} WUADMNNRA)dridicU "&
A uv vE_ ~EiiisU 00}AJVP §Z o po 3]} 3{ antPZ&dnsRy index&uANtoChe

calculated for each species and family using the following formulae:

) SE(E/ E#
5(L————— Hsrr

SSEt( Eu/ Ev#

&AL
J

Where 5 (, / and #are the number of times the species/family is recorded into theegaties Single, Few,
Many and Abundant, andis the number of sampling occasions.5 (greater than 50 and& A values greater
than 3.00 are considered to be high (REEF, 2007). The produicbdfand & A was calculated to portray an
overview of fsh family composition by site, with the maximum value of 400 indicating that the family is
} o EA e~ puv v3_ }v A EC * u%o0]vP } «]}vX

2.6.3 Megafauna

Marine turtle size was estimated as Standard Carapace Length (SCL), the straigtgagsuzement from the

middle anterior of the carapace to the postergrost marginal scute (Wyneken, 2001). Sex was determined
only in adults, when a male is recognised by an elongated tail (Wyneken, 2001). As there is no obvious external

sexual dimorphisnin juveniles (Wyneken, 2001), to prevent an oestimation of the adult female population
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the upper limits for local records of size of maturity were used for each species where they were avadhlde (
2.2.

Table 22: SCL for each species used to classify turtle sightings as immature or adult

Species Common Name Species Latin Name SCL at First Maturity Reference

Hawkshill Eretmochelys imbricata 80 cm Moncadaet al, 1999
Loggerhead Caretta caretta 92 cm Parham and Zug, 1997
Green Chelonia mydas 99 cm Goshe, 2009

Average adult size for the Floridian manatee is 350 cm and the minimum size at sexual maturity is 275 cm (U.S.
Fish and Wildlife Service, 1999). However, mother measuring 260 cm with calf (200 cm in length) was observed
in Belize (Caryn SeHullivan, persnal communication), suggesting thAntillean manateesnature at smaller
lengths relative to theFloridian sukspecies Given the lack of specific information fibre Antillean manateg

data was not interpreted in terms of maturity.

Dolphins are consided to reach sexual maturity at 8% of mean adult body length (Whitehead and Mann,
1999). Stoleret al, 2006, found that bottlenose dolphins reach asymptotic length at 250 cm, and Whitehead
and Mann (1999) reported that mean adult body length of Atlasgtiotted dolphins was 200 cm. Based upon
this information, size of first maturity was conservatively estimated at 238 crhdttlenosedolphinsand 190

cm forAtlantic spotted dolphins

A correction factor was calculated for each zone to account far thiee to unequal diving effort throughout the

reserve, using the following formula:

JEd g6
¥,

% KN N A PP ERKREC=ES
4830 0¢Dx

Where Jg ¢ = g sisghe number of dives conducted in that zone, alds 5 ¢ ¢ isghe total number of dives that

would have been conducted in that zone had diving effort been equal, that is:

; ) 6KPERI>ANBERAO
3/4éé®0‘?]'@6Q|>AH\\IKKJﬁBCEOEPA@

The corrected sighting frequendg therefore actual sighting frequency divided by the correction factor.
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3.1 Coral Reef Monitoring

3.1.1 Simplified Integrated Reef Health Indices (SIRHI)

In 2011 hard coral percentage coWgtCCyvas lower at nine sites (rang8.33% to-10.83%) and greater at two
(range 1.00 to 5.67) than in 2010. Conversely, percentage contribution of fleshy macroalgae to benthos was
greater at nine sites (range 0.42% to 20.42%) and lower at two (r&n§®8 to-10.30). The overall difference

was that in 2011 hard coral contributed 3.12% less and fleshy macroalgae 3.79% more to the benthos than in
2010 Table 3.}

Similarly, in 2011 biomass of key herbivorous was lower in nine sites (faBgR4 t0-2209.69) and greater in
two sites (range 166.87 to 2530.90), representing an overall chaneg®4df31 g/100rf. Key commercial fish
biomass was lower in fivsites (range83.75 t0-1076.02) and greater in six sites (range 150.57 to 1093.63),
representing an overall change of 13.35 g/10bgfable 3.}

Site GF1 was not surveyed in 2010.

Table 3.1. Change in reef indicators from 2010 to 2011. NA denotes no data available from 2010

Reef Site Hard Coral Fleshy Key Herpivorous Key Co.mmercia

Type Zone Code Cover (%) Macroalgae Fish Blo,r‘n‘ass FlshBlome}ss
Cover (%) ~PXiiiu ¢ ~PXiiiu ¢
v o GeneralUsel GB1 -2.06 -10.30 -1638.98 -281.36
8 8 Conservation1l Ci1B1 -2.44 5.64 -1600.90 1093.63
@ = Preservation PB1 -5.97 1.70 166.87 -83.75
General Use 1 GF1 NA NA NA NA
Conservation1 C1F1 5.67 4.23 -2114.95 763.96
C1F2 -1.46 8.75 -2209.69 -1076.02
§ Conservation 2 C2F1 1.00 2.23 2530.90 481.09
) C2F2 -3.08 -0.95 -703.35 504.21
£ Preservation PF1 -8.75 11.04 -1223.24 150.57
PF2 -6.04 0.42 -598.87 175.17
PF3 -10.83 20.42 -537.24 -709.31
PF4 -0.33 -1.52 -1357.94 -871.33
Overall Difference -3.12 3.79 -844.31 13.35
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Figure 3.1. Coral reef condition: (a) backreef, (b) forereef and (c) throughout Bacalar Chico
Table 3.2. SIRHI scores for each indicator and overall coral reef condition of sitBaaalar Chico
Reef Site  Hard Coral Fleshy Key . Key . Overall
Type Zone Code Cover Macroalgae  Herbivorous Commercial Reef
Cover Fish Biomass Fish Biomass Condition
« . GeneralUsel GB1 Critical Critical Critical Critical
& & Conservation1 Ci1B1 Critical Poor
@ Preservation PB1 Critical Critical _
General Use 1 GF1 Fair
Conservation1l CI1F1 Critical Poor
" C1F2 Critical Critical Critical Critical
$ Conservation2 C2F1 Critical Very Good Fair
3 C2F2 Critical Critical _Critical
e Preservation PF1 Critical Poor
PF2 Critical Critical
PF3 Critical Critical Critical
PF4  Critical Critical

Three sites had critically low HGGBL1, in the backreef of the GUZ, as well as PF3 and PF4, both located on the
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Key herbivorous fish ¢anthurid and scarid) biomass was generally low throughout Bacalar Qlasibte (3.2

'&iU Jv 32 (JE & (}( 8Z 'heU Z HHofndsE ThB e \VAS GB§ pleorfly«t&o sites found to

ZA Z& |JE[ }JA E oo }E 0 E (Z 03ZX Kv }(38Z (JE E ( *]8 v - iU
biomass, whilst the neighbouring survey location, C2F2, was found to have criticallyefbworous fish
biomass. Acanthurids were frequently observed in large schools at C2F1, and were the greatest contributor to

key herbivorous fish biomass at this site.

Biomass of key commercial species (lutjanids and serranids) was critically lovgitdsalh the PZT@ble 3.2

KvoC }v ]S U iiU o} § v §Z IE ( }( <«iU Z Z'}} [ Yuu E ] o (]
composed ofopdi v] «X i&iU A]3zZ]v 82 (JE E (}( + iU Z Z& ]JE[ I C }luu G
]38« AE ]3Z & ZW}}E[ }E Z E]8] o[X

3.1.2 Benthic Composition

Overall HCC at Bacalar Chico was 10.12% + 1.02, varying greatly across reef locatiamayement zone
(Figure 3.2 There was no significant difference between HCC in 2010 (10.46% + 0.76) and 201:W(Ntaeg
U=2111.0P=0.215)

HCC was greatest on the forereef (11.65% = 1.25), though the two sites on the eastern ridge of the PZ had
extremely low HCC (PF3, 3.96% + 0.52 and PF4, 2.17% Eiduo4 8.3.

The forereef of the GUZ had the greatest overall HCC (20.33% =Figb8 3.2, followed closely by CZ 1

(19.72% + 2.10Figure 3.2 The site with the greatest HCC was C1F1, located on the forereef of CZ 1 (22.33% =*
2.96;Figure 3.3
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Figure 3.2. Benthic composition of coral reefs in each management zone of Bacalar Chico, separated by reef type
0f —
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Figure 3.3. Benthic composition of coral reef survey sites in Bacdlduico, separated by management zone and reef
type
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Benthic macroalgae were dominant along all benthic transe€igu(e 3.2and Figure 3.3, with turf algae
occupying the majority of the benthos (32.21% + 5.03 in the backreef and 26.01% + 2.25 in the forereef). Fleshy
macroalgae were also conon (16.37% * 3.53 in the backreef and 25.08% + 1.72 in the forereef), and crustose

coralline algae occupied a large proportion of the benthos on the forereef (10.48% + 1.33).

Backreef sites in the GUZ and PZ had patchy distribution of benthos, withegplaqgortion recorded as sand,

rock or rubble Figure 3.3 Both forereef sites on the eastern ridge of the PZ (PF3 and PF4) appeared to have
beendamaged by hurricanes, and exhibited a high proportion of sand, rock or rubble (14.58% + 3.73 and 15.67%
+ 6.19 respectively).

The most commonly encountered genus of macroalgae as$yota (11.60% =+ 1.02Figure 3.4, though
macroalgal abundance and composition differed between zones and location (backreef or forleobef)hora

was only recorded in the forereef at three sites, and never recowigitin the PZtigure 3.4.

80.00 - m Articulated Coralline Alga

m Halimeda
< 70.00 - T Other Fleshy Macroalgae
= 60.00 - m Lobophora
é‘ 50.00 - m Dictyota
S 40.00 - l
% 30.00 -
© 20.00 -
S 10.00 # I I
g 10.00 -
“ 0.0 - A=
GB1| CiB1 PB1 GFl‘ ClFl‘ ClFZ‘ C2F1‘ CZFZI PFl‘ PFZ‘ PFB‘ PF4
GUZ‘ CZl‘ Pz ‘ GUZ‘ Cz1 ‘ Cz2 PZ ‘
Backreef Forereef ‘
Survey Site and Location
Figure 3.4. Fleshy and coralline macroalgal composition by management zone of Bacalar Chico, separated by reef
type
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3.1.2a Hard Coral Community Diversity
Hard coral species richness and diversity was greatest in forereef sites of then@0Z 1Kigure 3.5. At each
of these sites, the most frequently encountered species Wgaricia agaricitesDiversity of coral species was

also high at sites C1B1 (CZ 1, backreef) and PF3 (PZ 1, eastern ridge of the forereef).

m Mean Species Richness

[72]
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8 - 0.90 &
9 25.00 - $ 3 s % 3 { L 0.80§
© L =
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S 15.00 - - 050 @
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z W & - " RS
0.00 - #0500
GBl‘ClB PBl‘ GFl‘ClF C1F C2F C2F PFl‘ PFZ‘ PFS‘ PF4
GUZ‘ 021‘ PZ ‘ GUZ‘ cz1 ‘ cz2 ‘ PZ
Backreef Forereef

Survey Site and Location

Figure 3.5. L, E JE 0 *% ]+ E] Zv e+ v Nhdék (SDI] for ¢dchGEte] 5 C

3.1.2b Coral Community Health

A total of 41 species of coral were encountered during coral community health surveysAwibaricites
(24.67%),Porites astreoide$18.54%) andSiderastrea siderefl6.89%) as the most frequently encountered
species. The next most frequently encountered species Masatastraea cavernosg5.63%) and all other

encountered species each contributed less than 5.00% to total encounters.
There was no significant changeadverall scleractinian coral mortality between 2010 and 2011 (Matched Pairs

=-0.947, df = 10, P = 0.36Bigure 3.5, however there were signdant sitespecific changes in coral mortality

between 2010 and 2011 at six of the eleven sites that were surveyed in both years.
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The encounter frequency of coral mortality was significantly lower in 2011 at two backreef sites, @%B1 (
28.582, df = 2, R 0.01) and PBI5(= 5.145, df = 1, P < 0.05), whilst it was significantly higher in 2011 at three
forereef sites, C1FIG= 14.031, df = 2, P < 0.01), C262 0.181, df = 1, P < 0.01), and RE8 (15.417,df =1, P

< 0.01). Furthermore, there was agrsficant difference between encounter frequencies at site PF4 for surveys
in 2010 and 20113 = 20.413, df = 2, P < 0.01), with a higher frequency of coral mortality in April 2010 (Series

ATl ~ E£SE «_« 3Z v ]v K §} & TFiguleB.pK 8} E Tiii ~
35.00 - m 2010 (Extra
= 30.00 - m 2010
< m 2011
2 25.00 1
£
> 20.00 -
8 15.00 -
o
= 10.00 - I
_ Z
GB1|C1B1 PB1| GF1 ClF ClF C2F C2F PFl‘ PFZ‘ PF3 PF4
GUZ‘ CZl‘ Pz ‘ GUZ‘ Cz1 ‘ Cz2 ‘
Backreef ‘ Forereef ‘

Survey Site and Location

Figure 3.6. Comparison of mortality indices for scleractinian coral at sites in each management zone of Bacalar
Chico between 2010 and 2011. Threites, C1B1, C1F1 and PF4, were surveyed twice in 2010, depicted by an additional
EW ~ E] » Miil ~ £SE «_X E} 8§ ]« A]Jo o (}E ~]8 '&i Jv 1iii

Predation on corals existed predominantly as scars from scarids and algal farming by pomacentrmsngcc
only small surfaces of the coral colonies. Predation was greatest at C1F2 (36.00%), on the for&2g&f of

(Figure 3.7. It was also high at PB1 (24.39%) and PF3 (32.56%).

Competition to scleractinian corals existed primarily in the form of macroalgal shading. In addition, scleractinian
corals were occasiofig found overgrown by hydrocorals or the tunicateididemum solidumas well as one
instance of overgrowth by a gorgonian. The greatest encounter frequencies of competition were recorded at
PF2 (8.00%), PF3 (6.98%), C2F1 (6.12%) and C2F2 (Bi08)3(J.
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Orange icing spongéVif/cale laevis was encountered at every site except PB1, C2F1, andFRfute( 3.7.
Encounter frequency d¥l. laeviswas greatest at PF1 (22.00%), where it associated Mithtastraea annularis
M. franksi,Agariciaagaricites A. tenuifolia andP. astreoidesAt other sites,M. laevisalso associated witM.

faveolatg S. sidereandDiploria strigosa

40.00 - ® Predation

> 35.00 - m Competition
S 30.00 -

;.,-)_ 2500 - Orange Icing
(L 20.00 - Sponge

S 15.00 -

10.00 - |

| mnr
0.00 - I Il
GBl‘ClB PBl‘ GFl‘ ClF]l C1FJ C2F czFﬁ PFl‘ PFZ‘ PF3‘ PF4‘
GUZ‘ 021‘ PZ ‘ GUZ‘ cz1 cz2 PZ

Backreef Forereef ‘
Survey Site and Location

Figure 3.7. Percentage frequency of predation, competition and orange icing sponge by site and management zone
at Bacalar Chico

In total 4.48% (n = 26) of hard coral colmivere recorded with diseasEigure3.8), which was not significantly
different from 2010 (1.88%, n = 1Bigure 3.8 Matched Pair$ =-1.369, df = 10, p = 0.201). The most frequently
affected species in 2011 wekdeandrina meandrite$20.00%, n = 1LAcropora palmatgd16.67%n = 2),Diploria
clivosa(14.29%, n = 1%. sidere#12.75%, n = 13) ardontastraea faveolatd11.76%, n = 2).

Dark spot was the most frequently encountered disease in 2011 (2.24%, rFgai 3.8 This was equivalent

to a frequency of 1.05% + 1.05 for each survey site, which was not significantly different when sites were
compared to data from 2010 (0.63%, n = 5, for all sampled colonRadalar Chico; 4.91% * 2.90 frequency for
each survey site; Matched Pairs -1.483, df = 10, p = 0.169). Of the diseased colonies, 50.00% (n = 13.were
sidereainfected with dark spot disease. No other coral species displayed signs of dark spo¢ digection, nor

did anyS. sidereahow signs of infection with any other disease.
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Only a single colony d@. strigosawas infected with black band disease; no otli®rstrigosasurveyed were
infected with any other disease, nor was black band disease recorded on any other species. 23% (n = 6) of
diseased colonies were infected with white plague, affecAnggaricitesMontastraea faveolataandD. clivosa
Yellow blotch diseaswas observed in 11.54% of colonies (n = 3), affediindaveolataand Montastraea
cavernosaPatchy necrosis was observed on two colonie&.gfalmata One colony each @&fl. meandritesand

A. agaricitedisplayed signs of disease in the form of atypitzak, patchy colouration.

PF3 exhibited the greatest percentage frequency of disease, with 23.26% (n = 10) of scleractinian coral colonies

displaying signs of infectiofrigure 3.8. No colonies were recorded with disease at this site the previous year.

2010 Other
25 00 - Patchy Necrosis
>
S 20.00 - | YeII_ow Blotch
© 15.00 White Plague
g White Band
"\'; 10.00 1 m Black Band
= 95.00 - I a = m Dark Spot
0.00 Za —
2011
25.00 +
20.00 -
15.00 -
10.00 - [] -
5.00 -
0.00 -
GB]lClBJrPBl‘ GFl‘ClFiClF;*ZCZFiCZF‘{JZPFl‘ PFZ‘ PF3‘ PF4‘
GUZ‘ CZl‘ PZ GU Cz1 Cz2 PZ
Backreef Forereef ‘
Survey Site and Location
Figure 3.8. Percentage frequency of disease on scleractinian corals by site and management zone in Bacalar Chico,

surveyed in 2010 and 2011. No dateas available for Site GF1 in 20{RD).
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colonies at C1B1, C1F1 and C2F1 all exhibiting partial or full bleaEmgnge(3.9. The greatest incidence of
bleaching was encountered in the backreef at C1B1 during October, where 20.00% (n = 10) of colonies displayed
partial bleaching (less than5% of bleached tissue). Full bleaching (greater than 75% of bleached tissue) was
encountered in December at site C2F1, on the forereef, where 6.12% (n = 3) of colonies displayed full bleaching

and 10.20% (n = 5) of colonies displayed partial bleaching.
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Figure 3.9. Percentage frequency of bleached colonies at survey sites, arranged by date of survey

In total, eight species of scleractinian coral exhibited either paling or bleaching during the si8iyagtrea
siderea, Montastrea franksi, M. annularis, Bavernosa, Porites porites, P. astreoides, Agaricia agarmités
Eusmilia fastigiata The most frequently bleached species vaderastrea sidereavith over half (57.84%, n =

59) of sampled coloniesxhibiting signs of bleaching.

3.1.3 Fish CommunitfComposition

Fish abundance and biomass was variable across sites and Eugee (3.1Gand Figure 3.1) The greatest fish

abundance was recorded on the forereef@Z2 at C2F1 (total abundance 84.17 + 45.17 fish 1039, the
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majority of which were acanthurids (48.33 + 32.38 fish 10%), mhich were present in large schools on two of
the transects. Lowest fish abundance was recorded on the eastern ridge of the forereefRY #tdPF3 and PF4
(22.71 + 3.86 and 22.92 + 5.73 fish 106G raspectively). Abundance and biomass of priority fislre

consistently low at all sites on the forereef within tRZ(Figure 3.10Figure 3.1}L

Fish biomassHigure 3.1l was exceptionally low at site C1F2 (536.89 + 94.51 g T)Qanforereef site withirCZ
1. Fish abundance at this site was also low (29.17 + 6.70 fish )00 m

Greatest fish biomass wagcorded on the backreef of th®Z(8996.70 + 3010.30 g 1003n though fish
abundance at this site (41.46 + 10.89 fish 10¢) mas approximately average for records at all sites in 2011.
Over 80% of fish biomass was made up of haemulids (7313.13 #24y300 r1f), with the remaining biomass
made predominantly of scarids (537.33 + 280.33 g 100 and balistids (669.42 + 669.42 g 106)nBalistid

biomass was entirely contributed by one lafgalistes vetulaecorded on one transect.

Scarid biomaswas greatest at GF1, on the forereef of tB&Z with 1748.17 + 557.02 g 1004rLionfish were
recorded at two sites only GF1 (General Use, Forereef) and PF2 (Preservation, Forereef, WesterntRialge)

contributed less than 1% of the biomass.
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Figure 3.10. Mean abundance of priority fish species by family
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Figure 3.11. Mean biomass of priority fish species by family

Omnivores, predominantlifaemulon sciuruandH. flavolineatumwere the largest contributor to biomass in all
backreef sites. On the forereef, herbivorous species (scarids and acanthurids) were the greatest contributor to
the biomass at all sites, except in t#JZ and at one site each i@Z1 (C1F1) and i€22 (2F2) Figure 3.12

GF1 represents the site with the greatest heterogeneity in fish trophic guilds. Biomass of piscivorous carnivores
is greatest aall sites inCZ1 and in C2F2. At C1B1, this biomass is almost entirely compoketjasfus apodus

andL. mahogoniAt C1F1, the piscivorous biomass is composed primaililyagfodusand two largeEpinephelus
striatus Two species composed the entiret§ piscivorous biomass at both ClR2afangoides rubeand

Scomberomorus regajiand C2F2A( apodusind Cephalopholis fulya
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Figure 3.12. Percentage contribution of fish trophic guilds to biomass

3.1.3a Fish Community Diversity

"% ] e E] Zv ¢ v Dipushyelhdégx (SDI) were calculated using fish belt data of priority species
(Figure 3.13 The greatest species richness was found on the forere€¥ih (C1F1, 26 species) and tG&Z

(GB1, 26 species). The lowest species richness was recorded at site PF4 (13 species), closely followed by PF:

C1F2 and GBL1 (all 14 species).

The greatest diersity of species was observed in the backre€@ai (C1B1, SDI = 0.84 £ 0.02). The least diverse
site was C2F1 (SDI = 0.68 + 0.10), located on the forer€2RifFigure 3.13
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In fish rover surveys, the greatest number of families was observed at C1F2 (21 families) and C2F1 (20 families).
The greateshumber of species was observed in the foreree€dikl and 2 (C1F1, 53 species; C1F2, 52 species;
C2F1, 49 species; C2F2, 52 spediagli(e 3.14
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Figure 3.14. Number of fish species and families observed during fish rover surveys
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Labrids and scarids were consistently observed in high densities (greater than 3.00) at all sites during fish rovers
(Figure 3.1% Pomacentrids, haemulids and acanthurids were also consistently observed, typically at high
densities. Pomacentrid density was lowest at site PF3 (Den = 2.50), Haemulid density was |G¥éstGAB1,

Den = 2.67; C1F1, Den = 2.75; C1F2, Den = 2.25) and in the backreeB0Z{l&B1, Den = 2.60). Acanthurid
density was lowest on the forereef of tiRZ(PF2, Den = 2.75; PF4, Den = 2.80).

Kyphosids were seen at only two sites, C2F1 and Gili&e they were consistently seen at intermediate

vel§] » ~Z& A[ v ZD VC[*X %Z]% %] *+ A E }ve]ed v30C } » EA § Ivi
Tetraodontids, specificall@anthigasterostrata, were observed at all sites except PB1. T\yi0@. rostratawas
observed in low densities (0.2500), though on the eastern ridge of the forereef of the Preservation Zone they
were present in high densities (PF3, Den = 4.00; PF4, Den = 3.00). Elasmdipaciegssbserved on fish rovers

werethe spotted eagle raandsouthern stingraysighted at low densities and infrequently.
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Figure 3.15. Fish family prevalence at each site for the ten most frequently encountered fish families during fish
rover surveys, expressed as a product of a measure of abund@édea) and the sighting frequency (BF

The most commonly encountered species wasinthurus coeruleusyhich was sighted on every survey and at
every site. Density of individual species varied between sitablé 3.3 with A. coerulusand Sparisoma iserti

most frequentlyobserved at high densities.
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Table 3.3. Fish species observed witben A op « PE § E $Z v iXiiU [X X u}*3 }Juul@®oZ @Ev }E] « ZD v(C|[
Reef Type: Backreef Forereef
Management Zone: GUZ CZ1 Pz GUz Cz1 Cz2 PZ
Species Site: GB1 CiB1 PB1 GF1 ClF1 C1F2 C2F1 C2F2 PF1 PF2 PF3 PF4
A. coerulus 3.00 3.00 3.00 3.00 3.00 3.00 3.00
A. bahanus 3.00 3.00 3.00 3.25
Haemulon sciurus 3.00 3.00 3.00
H. flavolineatum 3.00 3.00 3.00 3.00 3.00
H. plunierii 3.00 3.00
Chromis cyanea 3.00 3.00 3.00 3.00 3.00
Stegastes partitus 3.00 3.25 3.00 3.00 3.00
Mycrospathadon chrysurus 3.00 3.00
Lutjanus mahogoni 3.00
L. apodus 3.00
Clepticus parrae 3.25 3.00 3.25
Thalassoma bifasciatum 3.75
Sparisoma iserti 3.00 3.00 3.00 3.00 3.00 3.00
S. aurofrenatum 3.00 3.00 3.00 3.00 3.00
S. virdae 3.00 3.00
Kyphosus sectatrix/incisor 3.00
C. rostrata 4.00 3.00
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3.1.3b Fish Recruitment

Not all fish recruitment abundance data met criteria for parametric testing (Sh&jdillo test for normality, p <
iIXiAV > A v [e 8§58 (JE <po A E]v U %pabametridkeuska\Kalls Qhel/ay ARNOVA v
on ranks was performed to compare differences across all sites andviz&ircomparisons made using the

Mann-Whitney rank sum test to test for site specific differences.
There was a significant difference between the numbefigif recruits on the forereef between management
zones CZ1 and 2) in NovembelJ A iXAiiU % G iXiiieU A]3Z §Z u ] WCZ2ghan®Z1 PE 3§

(Figure 3.1%

The median abundance of fish recruits at C1F1, on the forere€Zdfin November, was significantly different

to all other sites, with a lower median abundance at this site (H = 25.411, df = 5, p < 0.05).

No significant diffeence was detected among the remaining sites.
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C2F2 ‘ PF2 GF1 ‘ PF4 ‘ ciB1 ‘ ClF1 ‘ C2F1 ‘
Survey Site and Date

Figure 3.16. Median and mean (z standard error) abundance of fish recruits along 3beits, presented
chronologically
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3.1.3c Target Commercial Species

The most commonly sighted target commercial species 8 @s/raenabarracudg with 339 sightings in 354.9
hours of diving. The majority &. barracudaightings were within the backreef €Z1 (1.02 £ 0.17 per hour)
(Figure 3.17.

Megalops atlanticusvas the least frequently sighted species, with a total of 23 sightings in 354.9 hours of

diving. It was only sighted in the forereef@Z1, at a frequency of 0.12 + 0.06 per hokigure 3.1Y.

Target species of the family Serranidae were sighted most frequently in the forer€10{1.95 + 0.28 per
hour, Figure 3.1Y. Most of target serranid sightings (48.84%) wbtgcteroperca bonaciwith a mean size of
66.1 + 2.6 cmRjgure 3.18 The critically endangerdgpinephelus striatusomprised 37.79% of target serranid
sightings, with a mean size of 51.3 + 1.4 éngyre 3.18 The remaining 13.37% of target serranid sightings
were M. tigris, with a mean size of 55.5 + 2.6 drigure 3.18

Target species of the family Lutjanidae were sighted most frequently in the forereef &4fie34 + 0.21 per
hour). Mean frequency of lutjanid sightings@Z2 was the second highestithin Bacalar Chico, though with a
high degree of variation around the mean (1.15 + 1.02 per hdwitjanus analigmean size 41.3 £ 1.4 cnh),
jocu (mean size 54.2 + 2.2 cm) ahdcyanopterugmean size 68.2 = 2.5 cm) sightings were relatively evenly

spread, comprising 39.20%, 33.80% and 26.99% respectively.

Lachnolaimus maximusas sighted most frequently on the forereef 6GZ2 (0.84 + 0.20 per houFigure 3.1Y,
with a mean size of 34.9 £ 1.2 ciFigure3.18). Sighting frequency was lowest on the backreef (GUZ = 0.28 £
0.14 per hour; CZ= 0.10 + 0.04 per hour), and none were sighted within the backreef ¢tZhe

Most sightings ofScomberomrorus regalisere on the forereef, with the greatest sighting frequencyd@2
(1.52 £ 0.29 per houFigure 3.1Y. Mean size 08. regalisvas 39.0 + 1.0 cni{gure 3.18 Trachinotudalcatus
was almost exclusively sighted in the forereef, most frequently inGk&(0.49 + 0.35 per houfigure 3.1Y.
There was only one sighty of T. falcatuson the backreef, in a total of 156.15 hours. Mean siz& .ofalcatus

was 55.2 + 3.8 cnirigure 3.18
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Figure 3.17. Sighting frequency of taget commercial species of finfish
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Figure 3.18. Mean size of target commercial species by common fishing method
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3.1.4 Invertebrate Populations

3.14a Commercially Significant Species

Lobsters Ranulirus argusP. guttatus Scyllarides aequinoctidlisvere rarely seen along invertebrate belts
(Figure 3.19 The site with greatest mean abusmte of lobster was C1B1 (CZ 1, backreef), with 2.57 + 0.95
individuals per 100 fa Complementing invertebrate belt data, population distribution was analysed using target
species sightings data, showing that lobster were most commonly sighted in thedbadrthe PZ (1.25 + 0.28
per hour of divingFigure 3.2p. P. argusvas the most sighted lobster species (81.36%).

Queen conch was more abundamm the backreef than on the forereef. Only one site on the forereef, C2F1 in CZ
2, had conch recorded along invertebrate beRsglure 3.19 Suppating these findings, target species log for
sighting frequency on all dives shows the majority of conch sightings to be on the backreef and the forereef of
CZ 2Figure 3.2D PB1 on the backreef of the PZ was the site with the greatest number of conch (3.00 + 0.97
individuals per 100 fFigure 3.19 however the greatest sighting frequency was on the backreef of CZ 1 (0.72 +
0.13 perhour; Figure 3.2D

& 4.50 -
£ m Lobster
S 4.00 -
= 3.50 - m Conch
8 3.00 -
g
8 250 -
S 2.00 -
o
< 1.50 -
c
© 1.00 -
= 0.50 -
0.00 -
GB1 | CiB1 PB1 | GF1 ‘ ClFl‘ C2F1 CZFZ‘ PF1 ‘ PF2 ‘ PF3 ‘ PF4 ‘
GUZ‘ Cz1 ‘ Pz ‘ GUZ‘ Cz1 Cz2 Pz
Backreef . _ Forereef ‘
Survey Site Location
Figure 3.19. Mean abundance of lobster and conch recorded along invertebrate belts by survey site and reef type
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Sighting frequency of lobster and conch

3.1.4b Ecologically Significant Species

Generally, Cyphoma gibbosunand both adultand juvenile Diadema antillarumhad low abundancesC

gibbosumwas rare in most sites with greatest mean abundances of 0.04 + 0.02 and 0.02 + 0.01 individuals per

m?, recorded at PFPZ forereef, western ridge) and C1B14L, backreef) respectivelfFigure 3.2 No surveys

were made for this species at sites PBZ packreef) and PFPZ forereef). Abundances of adult and juvenile

Diadema anitlarumwere greatest at PF2, both at densities of 0.03 + 0.01 individuals peitimlow abundance

at GB1, PB1 and GHidure 3.2L
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Figure 3.21. Mean abundance ofC. gibbosunand D. antillarum (adult and juvenile) by survey site, location and reef
type

3.1.5 Megafauna

3.1.5a Marine Turtles

There were 126 marine turtle sightings in total in 2011, of which 87 individuals were sighted while diving.

61.11% (n = 77) of the individuals were hawksbills, 18.25% (n = 23) were loggerheads and 15.08% (n = 19) were

green turtle. The remaining 5.56% (n7¥ of the turtles sighted were not identified to species level. The

frequency of sightings per diving hour was 0£29.03 mdividuals, which was greater than the frequency
observed in 2010 (0.19 £ 0.02 individuals per hdeigure 3.22
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Figure 3.22. Total number of marine turtle species encountered in Bacalar Chico in 2010 and 2011, with mean turtle
sighting frequency (x standard error) per hour of diving

Averagestandardcarapace length (SCL) for hawksbill turtles was 60.33 £ 2.30 cm. For the individuals for which
size was determined, 75% (n = 55) were immature, and 100% (n = 17) of adults for which sex was determined

were female.

Of the 77 hawksbill tiles sighted, 61% (n = 47) were observed on the backreef, the majority of which (77%, n =
36) were at Barracuda Patch, a large patch ree€id. 39% (n = 30) of the sightings occurred forereef, where
Garden Wall (PF1) and Firing Range (a deep;amligroove formation site ir©Z2) accounted for 50% (n = 15),

and therefore the majority, of the forereef sightings.

Loggerhead turtles were sighted 23 times and average carapace length was 105.75 + 6.19 cm. A relatively small
proportion (15.00%, n = 3) t¢iie animals for which size was determined were immature. Of the adults, 41.18%

(n = 7) were female, 29.41% (n = 5) were male and 29.41% (n = 5) had their sex undetermined. Loggerhead
turtles were observed all year round, except for the months of Octoloer Becember. Most of the sightings

were concentrated on the forereef of theZ2g48%, n = 11, in CZ2 and 26%, n = 6, in the CZ1).

The least frequently sighted species of marine turtle was the green turtle. With 19 sightings over the course of

the year, 8333% (n = 15) of those for which size were determined were immature. Green turtles were observed
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all year round, except for the months of August and September. It was encountered most frequently in October
(31.58%, n = 6). 31.58% (n = 6) of sightings oedun the mangroves.

A furthersevenmarine turtles were sighted for which the species was not determined.

3.1.5b Marine Mammals

Antillean manatees were observed in all months of the year except January, comprising of a total of 59
individual sightingsin February, March, April and December, 97.62% of sightings were in the mangroves,
whereas in September, October and November, 90.91% of sightings were on the backreef. There were six
sightings of Antillean manatees between May and August, two of whicke we the backreef and four in the

mangroves.
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Figure 3.23. Manatee sightings in 2011. Backreef sightings refer to individuals sighted either swimming on the reef
proper or the perimeter, over the surrounding seagrass beds

When encountered feeding in the seagrassideall sightings were of one or two individuals, however in the
mangroves they were frequently seen in groups of two to five individuals. Calves aadisitdwere observed

from February to April, and again in October to December. For 15 individuelsyasznot determined.

Two species of dolphin were encountered in Bacalar Chico in 28&1Atlantic spotted dolphin and the
bottlenose dolphin Furthermore, the species of dolphin was undetermined for 15 encounter occasions

(29.17%) comprising 46 indiduals.69.39% (n = 23) of dolphin sightings occurred in front of Blue Ventures Dive
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Camp in Bacalar Chico, which is situated on the border of the GUZ 1 and CZ 1. Dolphins were also observed on
the forereef of CZ 2 (14.29%, n = 7), the backreef of CZ2%6r1= 3), the forereef of CZ 1 (4.08%, n = 2), in the
mangroves (4.08%, n = 2), and on the backreef of GUZ 1 (2.04%, n = 1).

The majority of dolphin encounters were bottlenose, with 72 individuals seen over 33 encounter occasions
throughout the year. A mother and calf (estimated body lengths 230 cm and 150 cm respectively) were seen
whilst diving off Rocky Point, a dive site thie forereef of CZ 2. One group ®@individuals, one of which was
young (approximately 100 150 cm in length), was seen very frequently in the seagrass beds of CZ 1 and GUZ 1
in October. The average size of the individuals for which the size was estimate181.78 £ 4.74 cm. 100% (n =

45) of the individuals where size was determined were immature.

S. frontaliswas only observed on one occasion in July, when four individuals were observed together on the

forereef in CZ 1.

3.1.5c Elasmobranchs
A total d 281 ray sightings, comprising five species, and 79 shark sightings, comprising three species, occurred in

Bacalar Chico in 201T4dble 3.4Figure 3.2

Table 3.4. Total number of individualsr(), mean size and standard error for each species of shark and ray
encountered in Bacalar Chico in 2011

Species Common Name Species Latin Name n  Mean Size (cm) Standard Error

of the Mean

Southern Stingray Dasyatis americana 228 79.75 1.71
Spotted Eagle Ray Aetobatus narinari 32 97.07 7.06

% Caribbean Round Ray Himantura schmerday 17 76.47 7.05

@ Lesser Electric Ray Narcine bancroftii 2 2250 14.50
Yellow Stingray Urolophus jamaicensis 1 30 -
Unidentified Ray - 1 100 -

I Nurse Shark Ginglymostoma cirratum 71 158.31 4.84

c;U Blacktip Shark Charachinus limbatus 5 220.00 12.25

9 carribean RegBhark Charachinus perezi 3 153.33 3.33
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Figure 3.24. Total (a) ray and (b) shark individuals sighted in Bacalar Chico Marine Reserve in 2011

The majority of shark and ray sightings occurred whilst diving (70.83%), therefore a correction factor to account
for uneven diving effort was applied before comparing sighting frequency of individuals sighted during dives
between zonesTable 3.5. The correctiorfactor was not applied to noedive sightings to prevent exaggeration

of results due to uneven sampling effort through unlogged snorkel and boat journeys.

Table 3.5. Diving effort and correction factor for each management zone.

Management Zone Number of DivegActual)  Number of Dives (Expected) Correction Factor
General Use Zone 1 65 82.8 0.78
General Use Zone 2 2 82.8 0.02
Conservation Zone 1 239 82.8 2.89
Conservation Zone 2 87 82.8 1.05
Preservation Zone 99 82.8 1.20
Mangroves 5 82.8 0.06

Total 492 492 5

The highest corrected sighting frequency (%$6t sharks and rays was in the backreef>é&fZ1 (40.84% and

48.15% respectively). Rays were observed in all management zones of Bacalar Chico in 20GQUZcept

The most frequently sighted species of ray was the southern stingray, which was most commonly observed in
the backreef ofGUZL (%SE= 42.93) and on the backreef 6#1 (%SE= 32.26). The next most common species
was the spotted eagle ray, for which theajority of sightings occurred in the forereef of tR&(%SE= 40.80)

and the backreef of General Use Zone 1 (%3R2.43).
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Caribbean round stingrays were most frequently observed in the mangroves (n = 7), though never during dives.
The greatest cormeted sighting frequency for Caribbean round stingrays was in the backrég)al (%SE=
39.02). Lesser electric rays were observed on the forere€fZsf and the backreef o5UZ1, though never on

dives, and the single sighting of a yellow stingragon the backreef oGUZ1L.

Nurse sharks were most frequently sighted on the backre@G# (%SE= 53.54), of which over half (50.99%)

were at one location (Saraweh Patch, a shallow patch reef in the backreef aedazaj.

Caribbean reef sharks wembserved on two occasions in 2011: 2 individuals were sighted at the Spawning
Aggregation Site No Take ZofTZ) nested within the forereef o€Z2, and the third sighting of the species
happened on the forereef of théZ Three individuals of bladip sharks were observed together at the

Spawning Aggregation SiTIZ and two were observed on one dive in the forereeCaP.

3.1.5d Finfish
There was one sighting of the critically endangegetiath groupenEpinephelus itajafeon the forereef of GUZ
1.

3.1.6 Invasive Species

Lionfish were most frequently observed on the forereleigure 3.2% Sightings on the forereef were lowest in

the PZ(1.46 + 0.19 per hour), and greatest in CZ 2 (4.56 £ 0.64 per hour). Sightings on the backreef were
greatest in CZ 1, with 0.34 + 0.08 sighted per h&igufe 3.2% Mean size of observed individuals was 22.0 +
0.26 cm.
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Figure 3.25. Sighting frequency of lionfish in 497 dives (356.42 hours of diving) conducted by Blue Ventures
throughout 2011

For the entire year, mean sighting frequency of lionfish was 3.212% individuals per hour of diving on the
forereef, and 0.32 + 0.06 per hour of diving on the backreef. Mean sighting frequency of lionfish was greatest in

August, with 5.74 + 1.29 individuals seen per hour on the forefagti(e 3.25
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Figure 3.26. Monthly mean sighting frequency of lionfish and total culling effort
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Maximum sighting frequencies were 22.80 individuals per hour observed on one dive faréheef in August,

and 19.57 individuals per hour observed on one dive on the forereef in Novefrigerd 3.2Y.
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Figure 3.27. Number of lionfish sighted pehnour for each dive conducted by Blue Ventures in Bacalar Chico in 2011

Blue Ventures began participating in lionfish culling dives in March 2011. Presence or absence of roe, stomach

content analysis and morphometrics has been recorded for 254 lioffftenlargest lionfish caught was 38.0 cm

total length, and average total length was 26.04 £ 0.29 cm. On average, individuals contained 2.16 + 0.18 prey

items within their stomachs, though some individuals had up to 19 prey items within their stomachs.

The greatest proportion of lionfish diet consisted
identify further Figure 3.28 X ZKSZ[ (kv &]uZ

and bothids. A large proportion of lionfish diet consisted of shrimp (31%), with other crustaceans and molluscs

contributing the remainder of observed prey.

of fish (68%), the majority of which were too digested to
VESZUE] *U %}u VvSE] U PE uu 3]

52

U



Blue Ventures Belize Annual Report 2011

1%

m Partially Digested Fish
m Wrasse

m Filefish

m Parrotfish

m Other Fish

m Shrimp

m Other

2%

3%
3%

Figure 3.28. Stomach contents of cultelionfish

Presence or absence of roe was also recorded for culled individuals. Generally, the number of lionfish without
roe exceeded the number of lionfish with roe, except in June, when 63.3% of individuals containEijuwe (
3.29.
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Figure 3.29. Presence and absence of roe in culled lionfish
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3.2 MangroveMonitoring

Basic information on mangrove fish populations was obtained by fish rovers. Lutjamdaie most prevalent
family, sighted on every occasion at high densities (Den = @f)re 3.3Q)Haemulids and gerreids were also
sighted on every sampling occasion, at intermediate to high densities (Den = 2.97 and 2.93 respfeitpeby)
3.30)

The most frequently encountered species wéngjanusgriseus(Den.SF = 365.52),apodus(Den.SF = 282.76),
Haemulonsciurus(Den.SF = 286.21) arn@errescinereus(Den.SF = 286.21Figure 3.3Q) The commercially
significantL.cyanopterusandL. analisvere observed infrequently and at low densities (Den.SF = 16.05 and 9.16
respectively) (Figure 3.3Q) JuvenileChaetodoncapistratus and Pomacanthus arcuatusvere sighted only
occasionally (both Den.SF = 0.(Rgure 3.3Q)

m Lutjanidae

m Gerreidae

m Haemulidae

m Poeciliidae

m Labridae

m Belonidae

B Scaridae

m Atherinidae / Clupeidae / Engraulididae

m Carangidae

m Sphyraenidae

m Pomacentridae
Dasyatidae
Cichlidae
Pomacanthidae
Chaetodontidae

Figure 3.30. Fish family prevalence (De8F) within a small channel and lagoon system in the coastal mangroves of
Bacalar Chico

3.3 Bird Monitoring

A total of 72 species of birds were identified during surveys in Bacalar Chico. The number of sightings per species
often varied by site. For exarg at Cantena Lagoomhite ibis(Eudocimus albysvere sighted on every survey,

whilst they were never sighted on the Coast. At Belize Island and on the QGuwasin pelicans Pelecanus

occidentaluy were sighted on almost every occasion, though nesigihted at Cantena or Crocodile Lagoon. At
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all sites,double-crested cormorantg¢Phalacrocorax auritysand magnificent frigate birdsHregeta magnificens

were sighted frequently.
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Figure 3.31. Total abundance of birds sighted during dawn surveys at four locationBacalar Chico

Bird sightings were initially high at Cantena Lagoon, dropping from February to April, followed by a gradual
increase for the remainder of the yedfigure 3.3}, with the small peak in bird numbers in August accounted
for by a unique encounter of 2Barn swallowqHirunda rusticq Sightings along the coast remained relatively

constant for the majaty of the year, though they showed some signs of decrease after September.

At Crocodile Lagoon surveys did not start until March. Bird sightings increased throughout the year, peaking
between September and October, after which total sightings droppagli(e 3.3). Sightings at Belize Island
decreased gradually until September, at which point there was a dramatic increase in sightings. Total abundance

at this site then dropped to almost the same leyak at the beginning of the ye&igure 3.3

ul@E §]Jo Al A}( ]JE «]PZ8JvPe JA] + & + Jv8} « A vv(WyvZB]}Ew @ &§)
Z PEReronlU ]38 EV[U Z" "%}V ]60[ % |ZWE&HA G Ofkr] dirds- sighted included

woodpeckers, warblexand orioles (not shown on graphs).

No spoonbills or ibises were observed during the coastal surveys, while sightings of all other functional groups

were more or less constan@), Frigats, pelican and cormorastwere seen flying offshore, travelling along the
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coast rather than feeding. Wading birds (plovers, sandpipers, egrets and herons) typically used the coastline to

feed.

At Belize Island digings of egrets and herons were initially high, dropping for the majority of the year and
peaking again in October. The peak of egret and heron sightings in October coincided with a peak in ibis
sightings. No plovers or sandpipers were seen, and sposnlidre seen only on one survey in November
(Figure 332).

Ibis sightings at Cantena Lagoon were very high in January, after which numbers dropped with only one or few
individuals sighted on each survey for the remainder & year. Abundance of egrets and herons was high in
January, after which few were sighted on each survey until August, when numbers again climbed. In December,
abundance of egrets and herons equalled that observed in January. No pelicans were sightadra Cagoon

and all other functional groups were consistently low throughout the yEmyufe 332).

Surveys at Crocodile Lagoon started in March, therefore there was no abundance data for birds earlier in the
year. FromMarch to October, no spoonbills were sighted, and they were seen in low numbers in October and
December. No ibis were sighted until September, after which sightings were low but consistent. No pelicans,
plovers or sandpipers were sighted at any time inylear. Egret and herons were observed in small abundance

initially, climbing through the year to a peak in Septemibégre 3.32

56



Blue Ventures Belize Annual Report 2011

0O
3 8
-

—

Abundance

I
o
|

N
o
I

—e—Frigate —e—Pelican
Cormorant —e—Egret, Heron, Bittern
Spoonbill Plover, Sandpiper
—e—|bis

BELIZE ISLAND

Abundance

60 -

S
o
|

N
o
!

o
|

CANTENA LAGOON

Abundance

60 -

N
o
|

N
o
!

CROCODILE LAGOON

Abundance

60
40 -

20 ~

P P4

) —

o ——

0

I v | |

1-Jan-11 22-Feb-11 15-Apr-11 6-Jun-11 28-Jul-11 18-Sep-11 9-Nov-11 31-Dec-11

Date

Figure 3.32.

Chi

Co.

Total abundance of bird functional groups sighted during dawn surveys at four locations in Bacalar

57



Blue Ventures Belize Annual Report 2011

4. e Hee]}v
4.1 Overall Reef Health
/v }§z tiii v 1ifiu A EP & (Z 08Z ]v o E Z]} A+ E vithe s ZW}}

introduction of one new and removal of two previously surveyed sites, as welhasges made to improve
monitoring methodology, it is not possible to make a direct comparison between the years. Despite this, results
from 2010 and 2011 both show thagee&f condition in Bacalar Chico is below the regional average, with low HCC,

high macroalgal cover and low fish biomass.

/v T1iiU 16X169 }( E (+ A E (}uv 3} when inte@pieidd usiphg the $iérdiified Integrated

Reef Health Index [BHI, Healthy Reefs 2010). However, in 2010 transect location and data collection may have
biased the results towards an overestimation of HCC and fish bidmas2011, transect placement and data
collection were standardised to match regional methodZ TE <pode *Z}A §Z § AOXii9 }( & (° §}

condition.

Poor reef health such as this is typical on both global and regional scales. Globally, over 75% of coral reefs are
threatened by rising sea surface temperatures and local anthropogenicitees such as fishing and coastal
development (Burkeet al., 2011). Throughout the Mesoamerican region (MAR) 62% of sites included in the
Healthy Reefs Initiative 2010 report displayed declines in reef health between 2006 and 2009. Specifically, the
BBZ A « Jv op v §Z ~>]e8 }( t}E&o0 , E]JS P ~]§ ¢ ]Jv vP & _ ]v :pv Ti
Committee t Decisiont 33 COM 7B:33) due to the continuation of decline in reef health, primarily related to

unsustainable coastal development (Gibson, 2011)

Hard coral cover within Bacalar Chico (10.1%) is considerably lower than the reported average for Belizean reefs

in 2008 (26%, Garclaalgado et al 20@8, instead aligning more with Caribbeaide HCC averages (Gardmér

al., 2003; Schutteet al.,, 2010). GarciaSalgadcet al. (20083) reported an increase in HCC in Bacalar Chico from

less than 19% in 2004 to 33% in 2008. Such increases are not reflected in our results; instead HCC has declinec
C ou}+3 69 (E}u AZ § A+ lve] E Gacidssgadesal: 20081110

3
In 2010:
x  Only four point intercept transects were completed for each site, decreasing the accuracy of estimates.
X Some transects were placed deeper than 15 m on the forereef, where hard coral cover is greater.

X  Fish belts crossed grooves in sfaund-groove reefs, potentially introducing a bias due to the increase volume of water surveyed
as well as the tendency for fish to hide within the grooves.
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The Belize Fisheries Department (BFD) also monitors coral reef condition in Bacalar Chico, reporting average
coral coverof 16.%6 (Brown, 2011). All sites surveyed by BFD are located Wi#grexcluding areas within the
PZ of critically lowHCCThe data presented in this repad the result of thirteen survegites,covering different

habitat types and CZs and is more representative of the ecological sta@acalar Chico.

Whilst large, healthy colonies of criticatpdangeredAcroporapalmataare locally common at some sitahe

most commonly encountered species of hard coral wAgaricia agaricitesSiderastrea sidereand Porites
astreoides species recognised as eitheging opportunistic with fast growth and encrusting life foonbeing
particularly tolerant of relatively stressful conditions (Grestral., 2008; Huntingtoret al., 2011; McFielet al.,

2008). Over half of thé. sidereacolonies encountered showedgsis of bleaching and 12.75% exhibited
evidence of infection with dark spot disease. This raises concerns of reef resilience, specifically with regard to
the ability of colonies to withstand 1) the introduction of new stressors, 2) the amplification dingxétressors

or 3) the lack of alleviation of current stressors. All three scenarios may individually or collectively affect growth

rates and thus reduce hard coral competitive ability.

Of particular concern is the general status of the PZ, whidh extremely poor health. Of the four survey

o} &]}ve A13Z]v 8Z WeU }v ] ]v ZW}}E[ }v I18]}v v 8ZE E €& vl o 2
is critically low PF3,3.96% %= 0.52 and PF4, 2.17% + 1.01), which may be a la$fing of turricane

]*SHE v X ,uEE] v D]§8 Z ]Jv i6606 A+ E %}ES 3§} Z A e Nep o3 V§’
Chico (Grimshaw and Paz, 2004), with dramatic decline in scleractinian coral cover and an increase in bare rock,
encrusting coralline algaand turf algae (McField, 2000). Coral cover throughout the MAR remains low following
the combined impact of Hurricane Mitch and a severe bleaching event in 1998, which caused mass coral
mortality throughout the region (McField, 2000; Aronsetral., 2009. Affected reefs have shown little evidence
of recovery (McFiel@t al., 2008).

Despite poor overall reef health, lobster populations within the forereef of the PZ are of greatest abundance
throughout the reserve, particularly on the eastern ridge. Théy be due to the fact that the site is difficult to
locate without prior knowledge of its location or use of GPS, and causing fishing incursions into the PZ to not

target this region of the reef.
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Commercial fish biomass is critically low at all sitekiwithe PZ. The results indicate the reserve is ineffective in
enhancing recovery of total biomass or biomass of ecologically key fish populations, nor maintaining ecological

processes and fisheries.

4.2 Population Distribution of Commercially SignificaBpecies

The biomass of important commercial fish species (lutjanids and serranids) was not linked to reserve zonation or
to overall reef health. Fish biomass was greatest within the backreef of the PZ, where haemulids were the major
contributor to fish bbmass. Whilst haemulids are consumed locally and are recognised as commercially
significant throughout the MBRS region, their value within Belize i$da the fishery is considered to be one

of subsistence or artisanal value. Given that there is no conity directly buffering BCMR, it is unsurprising

that haemulid populations have flourished. Furthermore, Hawkins and Roberts (2004) have shown that

haemulid biomass is not affected by artisanal fishing pressure.

In 2011, total fish biomass wasceptionally low at C1F2 (536.89 + 94.51 g 160 though abundance at this

site (29.17 * 6.70 fish 1009nwas low to average for all records (range 22.71 + 3.86 to 84.17 + 45.17; median
value = 39.06 fish 100 ) implying the majority of fish obseed along fish belts belonged to small size classes.

This site was reported to have had high abundance and biomass of priority species along fish belts in 2010. The
significant difference in fish biomass and SIRHI between years at this site can be dxplaihe change in
methodology t in 2010 transects were laid crossing grooves, where many large serranids and lutjanids dwell. To
align methods with regional standards, transects are now laid along spurs, meaning fish within grooves no
longer fall within Ish belt areas. During recreational dives serranids were sighted most frequently at C1F2,
*U% %o} ES]VP §Z £ %0 v S]}v §Z2 8§ 8Z & pu S]}v]v riz,] & S]vP (E}lu ZW}]

change in methodology, rather than a dramatectine in reef health at this site.

As free diving is the most common method to capture lobster and conch, the shallow lagoon area is more
frequented by fishers than the forereef sites. Therefore, these shallow areas are most relevant to analysis of

managment effectiveness of reserve zoning in terms of retaining commercial invertebrate stocks.

* Haeumlids are not bought by the National Fishermen Cooperative, and are the lowest value figtt bpuhe Northern Fishermen
Cooperative. Lutjanids and serranids, however, are target species, carrying the highest profit for fishermen sellingradivespés a
result, the majority of fishermen do not target haemulids when fishing commerciallyl@et Management Departments, Northern and
National Fishermen Cooperatives, pers. comm.).
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Density of conch was greatest in the backreef of the PZ (3.00 + 0.97 per’),G0h@n surveyed in February, in

the middle of the open season for corichlowever this density is far less than reported in other Belizean MPAs.
For example, a density of almost 20 individuals per 16@as reported from Laughing Bird Caye National Park

in 2008 (Wildtracks, 2010). No conch were encountered during surveys conductéa @ztti, however this site,

a heterogenous patch reef, does not provide much suitable conch habitat. During dives at this site, conch are

occasionally observed at the reef perimeter on the seagrass bed, which is outside of survey area boundaries.

Lobsterare absent from the backreef survey location in the PZ, this site is a patchy reef habitat with low reef
rugosity and few crevices, providing less habitat. Therefore, the absence of lobster is not necessarily indicative

of ineffective reserve management.

Backreef sites in CZ 1 and the GUZ both provide suitable lobster habitat. Throughout the year, lobsters were
observed in the backreef of the GUZ at a frequency of 0.64 + 0.38 per hour of diving, however none were
observed within invertebrate belts. Survegs this site took place shortly after opening of the lobster fishing

seasofiand therefore may indicate localised overexploitation of stocks.

Within the backreef of CZ 1, lobsters were observed at a frequency of 0.95 + 0.22 per hour of diving, and at
densities of 2.57 + 0.95 per 100°nSurveys took place in Octobéthe middle of the lobster fishing season.
Although fishing incursions into the zone were occasionally observed, the density of lobsters relative to the
adjacent GUZ indicates relative suc@s zone boundary maintenance. However, such populations are lower

than populations reported from other Belizean MPAs (Carballo and Cantun, 2008efFai¢i2008).

Surveys conducted by Greenreef in 2004 (Grimshaw and Paz, 2004) indicated lobstatigrupwere greatest

on the forereef in the southern portion of the reserve, which is not evident from our da&ch shares and
managed access, fisheries management tools with proven success in preventing fishery collapse éCastello
2008), were imp u v8 ]v '0}A E[*+ Z ( v W}ES ,}Jv uE « D E]Jv Z « EA « ]Jv 1i
conch fisheries (EDF, 2011, Foley, 2012) These could be applied in Bacalar Chico and assist in ensuring extractiol

does not fully deplete stocks.

® Conch season is open frorff October to June 3
® Lobster season is open from"18une to 14 February
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Although Bacalar @to is primarily utilised for tourism and not extractive fishing (Walker and Walker, 2009), the
data indicates that finfish, conch and lobster fisheries are severely depleted. It is therefore possible that an
interruption of broader ecological processesynae influencing the commercial fish stocks within the reserve to

a greater extent than direct extraction. It is of critical importance to implement more effective monitoring of

lobster and conch populations to improve understanding of population dynaniib the reserve.

4.3 Reef Ecology

Fish recruitment is known to be affected by habitgpe and seasonality of larval delivery (Shima, 2001), with
peak fish recruitment in the Bahamas occurring in July and August (Albins and Hixon, T2@08)gnifican
difference between sites within the same month suggdith recruitment within Bacalar Chicosge specific.
However,no sites were survesd more than once in the year and so itsvaot possible to determine whether

fish recruitmentin Bacalar Chicexhibits seasonalariations.

Longterm monitoring and increased frequency in surveys are neetleddetect speciesspecific peak
recruitment seasons as well as identify areas which act as key recruitment sites within the rdsshve.
recruitment has beershown to be negatively affected by the presence of lionfish (Albins and Hixon 2008). Thus,
continuedmonitoring of lionfish and fish recruitment population trends is important to facilitate understanding

of longterm ecological impacts of lionfish.

Hard oral cover is critically low (less than 5%) on the eastern ridge of the forereef of the PZ, where the benthos
is composed predominantly of turf algae, and a large proportion of it is occupied by fleshy macroalgae and
cyanobacteria. Such conditions are likéo impede or prevent recovery as there is little free substrate available
(}JE }E o E Ep]Su vsX /v 131}vU Z & JA}E}ue- (]PadepjaantiMarumidéms}} E[ v

absent, affording little prospect for reduction in algal cover.

Diademaantillarum have been shown to be critical in reversing algal domindltjadiet al., 2006; Maciat al.,

2007), thereby promoting recruitment of hard corals (Edmunds and Carpenter, 2001; Carpenter and Edmunds,
2006). Results showed thBliademaare rare, having only been encountered at four of the thirteen survey sites,
and that when present they exist at densities far lower than what is considered to be critical to exert pressure

on macroalgae (McField and Kramer, 2007). Similarly, Dahlgren (20108} Diademato be absent from all
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surveys in Bacalar Chico in 2007. It is uncertain if local population recovery Hdisprdbance (disease

outbreak) densities (Belize: 1.06°rLessios, 1988) will occur.

As key reef herbivores, diverse and abundant populations of acanthurids and scarids are able to graze
sufficiently to maintain reefs in a state of hard coral dominance (Mumby, 2006; Mamnaly, 2007; Burkepile

and Hay, 2008; Burkepile and Hay, 2010). elmw, whilst many reef herbivores will graze on turf and-low
canopy height erect macroalgae, few species graze on late succession, high canopy height macroalgae
(McClanaharet al., 2001; Bellwooet al., 2006). Therefore, typical reef herbivore populationay play a critical

role in preventing a phase shift to macroalgal dominance, but not reversing it (Bellwbal, 2006;

McClanaharet al., 2002, 2011; Mumby, 2006; Mumby and Harborne, 2010).

Phase shifts on Caribbean reefs from scleractinian coral dominance to macroalgae dontiasnoeen
ultimately attributed to coral mortality (Aronson and Precht, 2006), resulting fromricane disturbances
(Hughes, 1994; Gardnat al, 2005; Garca-Sal@gdo et al., 2008) bleaching eventgQuinn and Kojis 2008;
GarciaSalgadeet al., 200&) and coral disease outbreaks (Schudteal., 2010).The effects of these events have
been compounded by further stress factors (Gardegral, 2003), particularly t@ overexploitation of fish
populations(Hughes, 1994jacksoret al., 2001),the mass mortality oDiademaurchins in the 19808 djadiet
al., 2006; Lessios 1988) armdher local stressors such as pollution and sedimentation (LaPeintd. 2004;

Coelhoand Manfrino, 2007; McManuasnd Polsenberg004)

As thirteen years have passed since the combined hurricane and bleaching disturbances of 1998, there has been
sufficient time to expect reefs to exhibit steady recovery toward-gisturbance benthic asseblage (McField,

2000; Stoddart, 1974). It is therefore proposed that reefs located along the eastern ridge of the forereef of the
PZ have undergone a macroalgal phabk#t, possibly initially triggered by hurricane disturbance in 1998, though

exacerbatel and maintained by depleted herbivore populations (bBiademaand fish).

Reefs located on the forereef of CZ 2 also exhibit critically high coverage of macroalgae, though they were not

affected by Hurricane Mitch (Grimshaw and Paz, 2004), nor are Voedois fish populations significantly

"One year before the 1998 hurricane and bleaching ditoce events, meahlCOn affected areas of Bacalar Chico was 35% and fleshy

u E}oP o }AEA-.«i69 ~D &] 0 U 1ilieX D &] 0o ~Tiiis =« E] §Z ¢ ¢]3 ¢ oppliady }u% E
Stoddart (1974) when categorising damagestime reefs in Belize affected by Hurricane Hattie in 1961. Stoddart (1974) reported full
recovery of tlose reefs within eleven years of disturbance.
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depleted. Diademawere absent from all sites surveyed. Hard coral cover continues to persist, though the

majority of the benthos is occupied by fleshy macroalgae, turf algae, coralline algae and gorgonians.

Although G & ( *]8 + Jv « T A E (}uv 8} cu% %} ES o EP vpu &E }( ]¢(
Diversity Index values were low. Specifically, six scarid speees encountered at low densities, and all three
acanthurid species were encountered at hidggnsities. Burkepile and Hay (2010) demonstrated that grazing by
acanthurids on early successional algal communities prevents community development to a macroalgal
dominated assemblage. However, within established,-$atecessional algal communities largcarid species

such asS. aurofrenatunplay a more significant role in removing upright stands of fleshy macroalgae (Burkepile

and Hay, 2010).

Diversity in herbivore populations is essential to prevent macroalgae outcompeting corals for space (8lumby
al, 2007; Burkepile and Hay, 2008; Burkepile and Hay, 2010), but even more so to facilitatshifiassck to a
coraldominated state. This is because the tipping point away from a macroalgal dominated state requires
greater herbivory rates, as well dhe presence of key phasshift reversing species (Hughes al, 2010;
McClanaharet al, 2011).

It seems that fleshy macroalgae in the forereef of CZ 2 have exceeded the canopy height fed upon by
acanthurids, and other herbivore populations are not @idfit to prevent the gradual change in benthic
assemblage macroalgal dominance. The ultimate cause for decline in HCC in this specific area cannot be
attributed to a single acute disturbance event. Regional decline in general reef health, limiting getegh r
competitive strength and recruitment must also be considered, as well as the effect of reduced herbivory
resulting from direct overexploitation and destruction of nursery grounds such as mangroves (Muraby

2004).

4.4 Megafauna

Hawksbillsvere the most commonly observegharineturtle species in Bacalar Chico, with observations spread
throughout the year.The majority of thehawksbillsobserved werdikely to have beermmature, whichcould

suggest that Bacalar Chico provides important developaleas well as foraging groustbr the species.

8 Scarusserti, S. taeniopterusSparisoma aurofrenatun®. viridaeS. chrysopterumandS. rubripinne
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Maturity and therefore sex of marine turtles should be interpreted cautiously, as the majority of species and
populations exhibit a great deal of variation and are poorly determined, particularly withdegdoggerheads
(BrownMcNeillet al., 2008).

The sighting frequency of bottlenose dolphins in 2011 was consistent with the observations in 2010, however,
given that98% of the individualsvhere size was determinedvere immature it is likely that sig of individuals

was underestimated. Thétlantic spotted dolphinwas more frequently observed in 201@5 individuals
observed on 7 occasiont#)an in2011 (4 individualsobserved on one occasion)hd coloration ofthe Atlantic
spotted dolphincan resemble that athe bottlenose dolphirin certain life stages, when spots are mditviousor

absent (Herzing, 1997), therefongisidentification may have occurred, biasing results towards the more familiar

bottlenose dolphin

Bacalar Chico has beadentified as a potentially important area for manatees, primarily due to its close
proximity to the Corozal Bay Wildlife Sanctuary (Belize) and Chetumal Bay (Mexico), which is known to have a
healthymanatee population (Morale¥elaet al., 2000). The Gozal Bay Wildlife Sanctuary has been purposely
enacted to protect local manatee populations as the area is considered to be a population stronghold (Auil,
1998).. In 2011, four motheand-calf pairs, as well as a potentially pregnant female, were obseMadatees

have been known to travel long distances to mate (Selfivan, pers comms.), and the possibility that Bacalar

Chico may act as a biological corridor or breeding ground should be explored.

The total umber of manatee sightings increased in 20ftom 2010 (59 in 2011 versus 15 in 2010)he
majority of observationsreported occurred on the seagrass k®df the mangroves or backreef, supporting the
conclusions of Alegria and Majil (2004), thigdcalar Chico Marine Reserpmovidesfeeding ground for the
Antillean manatee Anecdotal evidence from fishermen suggests that manatees use the mangroves of Bacalar
Chico to shelter from strong winds and currents during the Norte season (November to February). All manatee
sightings inDecember, January dnFebruaryof 2011 were in the mangroves. Furthermore, sightings during

those months comprise over a third (36%) or all manatee sightings for the year, supporting this hypothesis.

4.5 Conclusions and Recommendations

Despite public perception that Bacalar Chico retains healthy reefs, literature and research have demonstrated

that management zones appear to be ineffective and that reef health is in decline (Grimshaw and Paz, 2004;
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Dahlgren, 2009; Ateweberhaet al; 201]). Frequent extractive and neextractive fishing incursions (e.g. sports
fishing) have been observed by Blue Ventures personnel, undermining current management structure and
making it difficult to determine whether the current zonation could theoreticallpport healthy fisheries and

reef ecology.

Despite this, it appears that coral reefs within BCMR are in poor health as a result of global change in sea
conditions and historical and persistent interruption of ecological processes, rather than dirécopogenic

activity such as fishing.

McClanaharet al. (2011) found herbivore populationsadnot affect macroalgal oHCCon postdisturbance

coral reefs, concluding that protecting areas which currently retain high hard coral cover may be more
important in retaining functional andhealthy reef systemsThe healthiest site in Bacalar Chico is found on the

(JE E (}('he iU JVvP §Z }voC ] AJ3Z viv }(8Z & (]Jv] **}E Z (
sighting of the critically endangerd#l itajaraand Z'}} [ }@& o }A EX D ®E}30¥Zps & ]+ Z2& ]C

scarid biomass is the highest recorded throughout the reserve.

In the Revised Bacalar Chico National Park and Marine Reserve Manageme(ERtashaw and Paz, 2004), it

was recommended to revise the zonation of the resetwemove the PZ away from the Mexican border
(preventing transboundary incursions), and to nest it within a CZ, followed by General Use. Should zonation be
revised, it is proposed that the forereef of GUZ 1 should be placed under complete protectioshere$
closures are considered to be most effective when applied to reefs with high herbivore abundance, low

macroalgal levels and high hard coral cover (Mumby and Harborne, 2010; McClantahag011).

Furthermore, in order to make informed and effe® management decisions, it is of critical importance to
identify key habitat and nursery sites for commercially and ecologically significant species, as well as identify
which species may be instrumental in instigating phsisié reversal. In additionwater quality monitoring

would enable further identification of factors affecting coral reef condition.

Such information can be ascertained by the development and implementation of:
1. Comprehensive monitoring programmes of lobster and conch in seagraseeimfeas;
2. Herbivory assays within disturbed sites to ascertain which species may be instrumental in reversing

phasechange on coral reefs;
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3. Improved mangrove and seagrass fish population monitoring to identify nursery areas;
4. Basic scheduled water qualityonitoring as well as permanent water temperature logs;

5. Manatee population mapping to investigate population connectivity and use of the area.

It is important to recognise that rdesignation of zones would be ineffective in precipitating chaimgecef

health and fish stock sustainability if enforcement of the managemiennhot concomitantly increased.
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6. %0 %0 V ] /e
Appendix 1:Survey Methods 2011

1.1 Site Selectiont Manta Towing

The Manta Tow Technique is used to cover a large area of reef quickly, providing a general description of reef

location and topography. This information can then be used to select sites fulfillingacfaereef surveys.

Equipment
- Manta Board
- Boat
- Rope
- GPS
- Underwater Slate and Pencil

- Mask and Snorkel

Method
1. Attach the manta board to the stern of the boat with a rope approximately 20 m long.
Ensure conditions are suitable and visibility is aboven10
Before entering the water record the name of the data collector, date, time and the GPS location.
One data collector equipped with mask, snorkel and slate swims to the manta board.
Once the data collector is ready, he/she should signal and mark thidtation using GPS.
Tow data collector at a speed of approximately 4 km/hr for 2 minutes.
Researcher signals to the boat if tow path begins to deviate from the reef.

Record end location of tow with GPS

© © N o o~ 0N

The data collector then records the data for thawto
a. Description of topography (e.g. spandgroove formation reef, steep wall to sandy bottom,
etc.)
b. Depth estimation
c. Estimation of hard coral cover
d. Commentst megafauna sightings, unusual features, etc.

10. Repeat procedure for more tows until the entire tatgeea has been covered.
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11. Once potential sites have been identified conduct an exploratory dive to identify an area of the reef for

surveying.

1.2 Belt Transects

Populations of priority fish and invertebrate species are identified within haphazardly chasesects (30 m in
length and 1 or 2 m in width). Eight tapes are laid haphazardly within a 2G@rea. Along transects, there
should be no dramatic changes in depth and at no part should be deeper than 15 m. {angmroove
formation reefs the tapesi laid along the top of the spurs. To optimise surveys, it is most efficient for a buddy
pair to comprise of an individual trained on fish belts, and an individual trained on fish recruits and
invertebrates. Therefore, the sequence for surveys is to fisshplete the fish belt. Following 2 m behind, the
second data collector completes the invertebrate belt. Following completion of these two activities, the buddy
pair must ensure the survey area is undisturbed for a further two minutes before embarkingthedish

recruit belt. Repeat belts must be laid at least 5 m from one another.

1.2.1Priority Fish Species

The complete species list can be found in Appendix 2.

Equipment
- 30 m Tape Measure
- Weight
- Compass
- Underwater Slate and Pencil
- SCUBA Equipment
- Bottom Timer
- Dive Computer or Thermometer

- GPS
Method

1. Slates prepared prior to diy@able Al1.1)

2. GPS point for survey location is located and divers enter the water.
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Survey areas must not be disturbed prior to the start of data collection. If a diver sniona survey
area that area cannot be sampled for 30 minutes.
Transect start point is selected to ensure survey area fulfils requirements outlined above. Transects
must be at least five metres apart from one another.
Data collector checks buoyancy, takesaring and checks reference point in distance, records start
depth, start temperature and start time.
Data collector advances slowly, unravelling tape whilst recording data.
Data collector tallies abundance of priority fish species present within anlane&ither side of transect
tape, and 2 m in front. Dive buddy follows 2 m behind.
Data collector may pause to record fish if they are in great abundance. The entire 30 metres must be
covered in six to eight minutes.
Upon completion of the 30 m transectheé data collector secures the tape, records end depth, end
temperature, and checks time to ensure that the transect was completed within time.

- If the transect was completed too quickly or too slowly, the data is considered invalid and the

method is repeatd on an undisturbed portion of the survey site.

10. All data are entered into data entry books immediately after the dive.

Table A1l Slate layout for priority fish species belt transect

Site: Name: Start: m °C
Date: Transect # End: m °C
Species <5cm 6-10 cm 11-20 cm 21-30 cm 3140 cm >40 cm

1.2.2Fish Recruitment

The complete species list can be found in Appendix 3.

Equipment

30 m Tape Measure

Weight

Compass

Underwater Slate and Pencil

SCUBA Equipment
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- Dive Computer or Thermometer

Method

1. Slates prepared prior to div8¢le A12)

2. GPS point for survey location is located and divetsrethe water.

3. Following completion of a fish belt, all data collectors swim away from the transect, ensuring they are
outside of the survey area, for two minutes

4. After the two minute wait, fish recruit data collector swims slowly back along the 30 nsecan
searching for fish recruits within a 1 m belt (0.5 m on each side of the tape). As these are small,
demersal and difficult to spot they should search thoroughly with no time limit.

5. All data entered into data entry books immediately after the dive.

Table A12 Slate layout for fish recruit belt

Site: Date: Name:
Species Max Size (cm) T1 T2 T3 T4 T5 T6 T7 T8
Ocean Surgeon 5.0
Blue Tang 5.0
Banded Butterfly 2.0
Foureye Butterfly 2.0
Fairy Basslet 3.0
Spanish Hogfish 3.5
Slippery Dick 3.0
Yellowhead Wrasse 3.0
Clown Wrasse 3.0
Rainbow Wrasse 3.0
Bluehead Wrasse 3.0
Puddingwife 3.0
Blue Chromis 35
Longfin Damselfish 2.5
Dusky Damselfish 2.5
Beaugregory 2.5
Threespot Damselfish 2.5
Cocoa Damselfish 25
Sergeant Major 3.0
Striped Parrotfish 3.5
Princess Parrotfish 3.5
GreenblotchParrotfish 3.5
Redband Parrotfish 3.5
Stoplight Parrotfish 3.5
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1.2.3Priority Invertebrate Species

The complete species list can be found in Appendix 4.

Equipment
- 30 m Tape Measure
- Weight
- Compass
- Underwater Slate and Pencil
- SCUBA Equipment

- Dive Computer or Thermometer

Method
1. Slates prepared prior to diva §ble A13)
2. GPS point for survey location is located and diveterethe water.
3. Data collector swims slowly along the transect searching for and tallying priority invertebrates within a 2
m belt (1 m on each side of the tape). As these are often cryptic or hidden and therefore difficult to spot,
they should search thorgghly with no time limit.
4. Data collector may complete the invertebrate belt whilst swimming one to two metres behind the data

collector for the priority species fish belt or fish recruit belt.

Table A13 Slate layout for inverébrate belt transect

Site: Date: Name:

Species T1 T2 T3 T4 T5 T6 T7 T8

DiademaSea Urchin

JuvenileDiadema

Queen Conch

Sea Cucumber

Flamingo Tongue

Caribbean Spiny Lobster

Spotted Lobster

Spanish Lobster

1.3 Point Intercept Transects

The complete list, with standard codes, can be found in Appendix 5.
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Equipment
- 30 m Tape Measure
- Weight
- Compass
- Underwater Slate and Pencil
- SCUBA Equipment

- Dive Computer or Thermometer

Method

1. Slatesprepared prior to diveTable Al14)

2. GPS point for survey location is located and divers enter the water.

3. Five 30 m tapes are laid haphazardly, vétich end secured, within a 200F survey area defined by the
GPS point. Along transects, there should be no dramatic changes in depth and at no part should it be
deeper than 15 m. At sptand-groove reefs, tapes should not cross grooves.

4. Data collector swis along the tape, identifying the organism or substrate directly beneath the tape
every 25 cm for the entire 30 m (i.e. 120 points).

5. All data entered into data entry books immediately after the dive.
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Table Al14 Slate layout br PITs

Site: Name: Start: m °C
Date: Transect # End: m °C
Distance | ID Distance | ID Distance | ID Distance | ID
0.25 8.25 16.25 24.25
0.50 8.50 16.50 24.50
0.75 8.75 16.75 24.75
1.00 9.00 17.00 25.00
1.25 9.25 17.25 25.25
1.50 9.50 17.50 25.50
1.75 9.75 17.75 25.75
2.00 10.00 18.00 26.00
2.25 10.25 18.25 26.25
2.50 10.50 18.50 26.50
2.75 10.75 18.75 26.75
3.00 11.00 19.00 27.00
3.25 11.25 19.25 27.25
3.50 11.50 19.50 27.50
3.75 11.75 19.75 27.75
4.00 12.00 20.00 28.00
4.25 12.25 20.25 28.25
4.50 12.50 20.50 28.50
4.75 12.75 20.75 28.75
5.00 13.00 21.00 29.00
5.25 13.25 21.25 29.25
5.50 13.50 21.50 29.50
5.75 13.75 21.75 29.75
6.00 14.00 22.00 30.00
6.25 14.25 22.25

6.50 14.50 22.50

6.75 14.75 22.75

7.00 15.00 23.00

7.25 15.25 23.25

7.50 15.50 23.50

7.75 15.75 23.75

8.00 16.00 24.00
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1.4 Coral Community Characterisation

This survey aims to monitor the health of scleractinian corals and hydrocorals, as well as supplementing hard
coral species diversity dateollected during PITs. Monitoring incidence and severity of bleaching and sea
temperature facilitates the understanding of specgzecific sensitivity, reef resilience and recovery potential.

This survey is undertaken only by advanced survey members.

Equpment
- 30 m Tape Measure
- 2 m Tape Measure
- Weight
- Compass
- Underwater Slate and Pencil
- SCUBA Equipment

- Dive Computer or Thermometer

Method

1. Slates prepared prior to dive (Table 2.5)

2. GPS point for survey location is located and divers enter the water.

3. One 30m tape are laid haphazardly within the 207 survey area, with each end secured, ensuring
there is no dramatic changes in depth along the tape and that at no part it is deeper than 15 m.

4. Start and end depth and temperature are recorded for each transect.

5. Two data collectors work together to record species, health descriptors and morphometrics of every
coral colony greater than 10 cm in diameter laying directly underneath the transect line. Fifty hard coral
colonies are observed. If 50 colonies are notamtered along one tape, further tapes may be laid
haphazardly within the 200 hsurvey area, at least 2 m away from any other tape.

6. Siderastrea radiangSRAD)Agaricia humilis(AHUM) andFavia fragum(FFRA) should always be
recorded if encountered, regdless of size, as colonies of these species rarely grow larger than 10 cm.
These are recorded in addition to the 50 hard coral colonies greater than 10 cm.

7. For each coral encountered the following data is recorded:

- Species
- Size
i.  Greatest heighperpendicular to direction of growth. Height = 0.5 cm for encrusting corals
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ii. Widest diameter perpendicular to height.
- Mortality
i. Estimate percentage cover (0%, <25%5R%, 5075%, 75100%) of recently killed coral
and long dead coral from plan view.
- Bleacling
i. Estimate percentage cover (0%, <25%;50%, 5075%, 75100%) of pale and full
bleaching from plan view.
- Disease
i. Record incidence and type of disease.
- Comments
i. Any additional information affecting health of coral colony, including, though not
restricted to, evidence of competition or predation, presence of orange icing sponge,
cause for mortality if able to be determined, etc.
8. Once 50 hard coral colonies have been encountered, the total distance covered is recorded.

9. All data entered into data entry boeskmmediately after the dive.

Table A15 Slate layout for coral conmunity characterisation survey
Site: Name: Start: m °C
Date: Transect # End: m °C
HC Species| Height | Diameter | Mortality Bleaching Disease | Comments
(>10cm) (cm) (cm)
1
2
3
Fire | Species| Height | Diameter | Mortality Bleaching Disease | Comments
(>10cm) (cm) (cm)
1
2
3
FFRA, | Species| Height | Diameter | Mortality Bleaching Disease | Comments
AHUM, (cm) (cm)
SRAD
1
2
3

85




Blue Ventures Belize Annual Report 2011

1.5Fish Rover

This technique was developed by Reef Environmental Education Foundation (REER)Ww.reef.org) to

rapidly attaininformation on abundance and diversity of fish species on reefs. The dive takes place within the
200 nf limits of the survey site as specified by GPS Coordinates. Only one data collector is required to fulfil the

minimum requirements of the method, howevdata is enhanced by multiple observers.

Equipment
- Compass
- Underwater Slate and Pencil

- SCUBA Equipment

Method
1. Slates prepared prior to dive (
Table A16)

GPS point for survey location is located and divers enter the water.

W N

Buddy pairs assemble and set their compasses fshdped search patterns around the site, enabling
each team to cover &ferent portions.

5. For 30 minutes data collectors actively search for fish (including under overhangs, in caves, etc.),
identifying and tallying abundance for all species encountered using the best of their knowledge and
ability. Fish should only be recomléf the observer is confident in their identification. Recording fish to
family level is acceptable.

6. All data entered into data entry books immediately after the dive.

Table A16 Slate layout for fish rover survey

Site: Date:
Name: Time Start:
Species Tally Species Tally
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1.6 Target and Invasive Species Monitoring

Due to the low population densities of some commercially significant or endangered species, belt transects do
not produce accurate estimatesf abundance. A target list of species (Appendix 6) was produced based upon
anecdotal fisheries targets, IUCN categorisation and/or population trends of the species in other parts of the
Mesoamerican Barrier Reef. LionfidPtdrois volitangare an invase species in the Caribbean, with sightings

being recorded in Bacalar Chico since August 2010.
On every dive, including survey dives, the location, size, depth and abundance of target species and lionfish are

recorded as well as any additional commestgh as sex, behaviour, etc. For lobster species, size estimation is

based on cape length and for fish tbtangth (mouth to tip of tail)
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Appendix 2 Priority Fish Species List

Common Name Species Trophic Comments
Level
Surgeonfish: Acanthuridae Blue Tang Acanthurus  coeruleus 2.0
Ocean Acanthurus  bahianus 2.0
Surgeonfish
Doctorfish Acanthurus  chirurgus 2.0

Wrasse: Labridae Hogfish Lachnolaimus maximus 3.9

Spanish Hogfish  Bodianus rufus 3.4

Creole Wrasse Clepticus parrae Not included
on MBRS
SMP priority
list; excluded
from
analysis

Wrasse sp. - - Not included
on MBRS
SMP priority
list; excluded
from
analysis
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Angelfish:

Filefish:

Pomacanthidae

Monacanthidae

Common Name Species Trophic Comments
Level

Grey Angelfish Pomacanthus arcuatus 2.9
French Angelfish Pomacanthus paru 2.8
Queen Angelfish Holacanthus ciliaris 3.0
Blue Angelfish Holacanthus bermudensis 3.3
Rock Beauty Holacanthus tricolor 3.0
Cherubfish Centropyge  argi 2.0

Scrawled Filefish Aluterus scriptus 2.8
Whitespotted Cantherhines macrocerus 3.0
Filefish
Orangespotted Cantherhines pullus 2.6
Filefish

Never
sighted

Never
sighted
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Common Name

Genus

Species

Trophic Comments

Level

Mackerel:

Squirrelfish:

Grunt;:

Scombridae

Holocentridae

Haemulidae

Cero

Squirrelfish

French Grunt
Cottonwick

Bluestriped Grunt

Caesar Grunt
Spanish Grunt

White Grunt
White Margate
Black Margate

Sailor's Choice

Black Grunt
Tomtate

Smallmouth Grunt

Porkfish
Striped Grunt

Pigfish

Scomberomor regalis

us

Haemulon
Haemulon
Haemulon
Haemulon
Haemulon

Haemulon
Haemulon
Anisotremus
Haemulon
Haemulon
Haemulon
Haemulon

Anisotremus
Haemulon

Orthopristis

flavolineatus
melanurum
sciurus
carbonarium
macrostomu
m

plumierii
album
surinamensis
parra
bonariense
aurolineatum

chrysargyreu
m

virginicus
striatum

chrysoptera

4.5

3.3
2.2
3.4
3.3
3.3

3.6
3.2
3.3
3.5
3.5
3.2
3.3

3.4
3.4

3.4

Not included
on MBRS
SMP priority
list;
commerciall
y significant;
included in
analysis

Not included
on MBRS
SMP priority
list; excluded
from
analysis

Never
sighted
Never
sighted
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Grouper:

Serranidae

Common Name

Black Grouper
Tiger Grouper

Goliath Grouper

Yellowmouth
Grouper

Yellowfin Grouper
Marbled Grouper

Nassau Grouper

RedGrouper

Scamp

Graysby

Coney
Red Hind
Rock Hind

Genus

Mycteroperca
Mycteroperca
Epinephelus

Mycteroperca

Mycteroperca
Epinephelus

Epinephelus
Epinephelus

Mycteroperca

Cephalopholis

Cephalopholis
Epinephelus
Epinephelus

Species

bonaci
tigris
itajara
interstitialis

venenosa
inermis

striatus
morio

phenax

cruentatus

fulva
guttatus
adscensionis

Trophic Comments

Level

4.5
4.5
4.1
4.5

4.5
4.5

4.1

Unkno
wn

4.5

Unkno
wn

4.1
3.9
3.5

No
confirmed
sightings

Used 4.1 as
trophic level
due to
similarity of
Red Grouper
to Nassau
Grouper

No
confirmed
sightings
Used 4.0 as
trophic level
in analysis
dueto
similarity of
Graysby with
Coney and
Red Hind

No
confirmed
sightings
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Common Name  Genus Species Trophic Comments
Level

Scorpionfish: Scorpaenidae  Lionfish Pterois volitans 4.5
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Appendix 3 Fish Recruits

Common Name Genus Species Max Size (cm)
Ocean Surgeon Acanthurus bahianus 5.0
Blue Tang Acanthurus coeruleus 5.0
BandedButterfly Chaetodon striatus 2.0
Foureye Butterfly Chaetodon capistratus 2.0
Fairy Basslet Gramma loreto 3.0
Spanish Hogfish Bodianus rufus 3.5
Slippery Dick Halichoeres bivittatus 3.0
Yellowhead Wrasse Halichoeres garnoti 3.0
Clown Wrasse Halichoeres maculipinna 3.0
Rainbow Wrasse Halichoeres pictus 3.0
Bluehead Wrasse Thalassoma bifasciatum 3.0
Puddingwife Halichoeres radiatus 3.0
Blue Chromis Chromis cyanea 3.5
Longfin Damselfish Stegastes diencaeus 2.5
Dusky Damselfish Stegastes adustus 2.5
Beaugregory Stegastes leucostictus 2.5
Threespot Damselfish | Stegastes planifrons 2.5
Cocoa Damselfish Stegastes variabilis 2.5
Sergeant Major Abudefduf saxatilis 3.0
Striped Parrotfish Scarus iserti 3.5
Princess Parrotfish Scarus taeniopterus 3.5
Greenblotch Parrotfish | Sparisoma atomarium 3.5
Redband Parrotfish Sparisoma aurofrenatum 3.5
Stoplight Parrotfish Sparisoma viridae 3.5
Other juvenile Specify size observed
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Appendix 4 Priority Invertebrates

Common Name Genus Species
Caribbean Spiny Lobster Panulirus argus
Spotted Spiny Lobster Panulirus guttatus
Spanish Lobster Scyllarides aequinoctialis
Longspine Sea Urchin (Adult) Diadema antillarum
Longspine Sea Urchin (Juvenile) | Diadema antillarum
Queen Conch Strombus gigas
Flamingo Tongue Cyphoma gibbosum

All Species of Sea Cucumber - -
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Appendix 5 Benthic Identification

Hard Corals
Family Genus Species Code Common Name
Acroporidae Acropora palmata APAL Elkhorn

Acropora cervicornis ACER Staghorn

Siderastreidae Siderastrea siderea SSID Massive Starlet
Siderastrea radians SRAD Lesser Starlet

Astrocoeniidae Madracis decactis MDEC 10 Ray Star
Madracis formosa MFOR 8-Ray Finger
Madracis auretenra MAUR Yellow Pencil

Stephanocoenia intersepta SINT Blushing Star

Meandrinidae Dichocoenia stokesi DSTO Elliptical Star
Meandrina meandrites MMEA Maze
Dendrogyra cylindrus DCYL Pillar

Mussidae Isophyllia sinuosa ISIN Sinuous Cactus
Isophyllastrea rigida IRIG Rough Star
Mycetophyllia lamarckiana MLAM Ridged Cactus
Mycetophyllia aliciae MALI Knobby Cactus
Mycetophyllia ferox MFER Rough Cactus
Mussa angulosa MANG Spiny Flower

Artichoke/Solitary

Sl SPp- SCoLihilis Disk/Atlantic Mushroom

9
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Fire Corals

Gorgonians

Order Gorgonacea SROD Gorgonian Sea Rod
SPLUM Gorgonian Sea Plume
SFAN Gorgonian Sea Fan

ENGOR Encrusting Gorgonian

Other Anthozoans

Algae

Phaeophyceae Dictyota spp. DICT Y-Branched Algae
Lobophora variegata LOBO Encrusting Faheaf Algae

Chlorophyta Halimeda spp. HALI Halimeda

Rhodophyta ARTIC Articulated Coralline Algae

Others
ClassAscidiacea TUNI Tunicate

Class Angiospermae SG Seagrass

9
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Appendix 6 Target Species List

Family- Common  Family- Latin Common Name Species

Commercially Significant

Wrasse Labridae Hodfish Lachnolaimus maximus

Grouper Serranidae Black Grouper Mycteroperca  bonaci
Tiger Grouper Mycteroperca tigris
Nassau Grouper Epinephelus striatus

Mackerel Scombridae Cero Scomberomorus regalis

Barracuda Sphyraenidae  Great Barracuda Sphyraena barracuda

Invasive

Invertebrates
Palinuridae Spiny Lobsters Caribbean Spiny Lobster Panulirus argus
Spotted Spiny Lobster Panulirus guttatus

Strombidae Conchs Queen Conch Strombus gigas

Sharks, Rays, Reptiles, Mammals
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