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Marine Protected Areas (MPAs) are increasingly recognised as a management tool to protect reefs and
increase resilience. This study aimed to determine their effectiveness around the Cayman Islands which have
a 20-year history of Marine Park (MPA) enforcement, are isolated, and lack any major anthropogenic
impacts, making them an ideal research location. Surveys of benthic cover, coral morphology and coral
community structure along four video transects were repeated at 55 sites within and outside the Marine Park
network from June to August 2009. Results were discussed using similarities and differences between
Islands, Aspects (North, South, West), Depths (Deep (20 m), Shallow (10 m)) and Protection Levels (Within,
Outside). Percentage cover of benthic species and categories was determined using Coral Point Count with
Excel Extensions. Small variations were identified between islands, with macroalgae dominating benthic
composition (~ 80%), and coral cover highest on Little Cayman (10.69%). Montastraea spp. and Agaricia
spp. were the most abundant hard coral genera. Corals were assigned to a morphology category and reef
structure was qualitatively analysed using video footage. Massive corals dominated the reefs and structure
varied more with Aspect than Depth. Conservation values (ranks) were assigned to each site by calculating
the number of above average scores for 7 selected variables. 22 sites scored ‘high’ and of these, 50% were
within park sites. 10% of high scoring within park sites were on Grand Cayman, 10% on Cayman Brac and
32% on Little Cayman. Marine parks were not completely successful as reef health was similar outside
parks, but this was thought to be a reflection of the high standard of marine conservation and protection
island-wide. Success of marine parks was most encouraging on Grand Cayman. However, status of reefs on

all islands was lower than expected reflecting the influence of global and regional anthropogenic stressors.
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1. INTRODUCTION

Coral reefs worldwide are in decline, with estimates that approximately 30% are seriously damaged, and
predictions that by 2030 almost 60% may be lost (Hughes ef al., 2003). Due to their high biodiversity and
accessibility, coral reefs are highly valued ecosystems, providing many essential goods and services for the
nations whose waters they inhabit. Their location in tropical environments dictates that many of these nations
are poor and that their economies and peoples have a high dependence on the resources reefs provide
(Hughes, 1994; Hughes et al., 2003; Pomeroy et al., 2004). The high service value of reefs stems not only
from their resource provision, but also their recreational value and importance in coastal protection (Spalding
et al., 2001). This has been equated to US$ 6075 ha''yr”, totalling US$ 375myr" worldwide (Constanza et
al., 1997). While it is widely recognised that reefs are subject to natural disturbances, and that an
intermediate level of disturbance may be important to maintain their high species diversity, the recent
increase in human induced disturbance has caused changes in their ability to recover (resilience), with
concerns that this may now be compromised (Connell, 1978; Hughes & Connell, 1999; Nystrom et al.,
2000).
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Many factors have contributed to this worldwide reef degradation, with issues such as the overuse of
resources, pollution and climate variability thought to be most significant (Hughes et al., 2003; Bellwood et
al., 2004). Concerns regarding the consequences of degradation have prompted research, with studies
highlighting the effectiveness of management techniques such as marine protected areas (MPAs) due to their
ability to help prevent further decline, and increase the ability of reefs to withstand disturbance (Halpern,
2003; Hughes et al., 2003; Hughes et al., 2005). This is of particular importance in the Caribbean where the
majority of reefs are declining following a coral — algae phase shift which began in the late 1970s (Hughes,
1994). The Caribbean region has been described as ‘functionally compromised’ due to its isolated location
and evolutionary history, and consequently it is more susceptible to phase shifts and human impacts than
reefs elsewhere, prompting concerns that the reefs may not recover (Bellwood et al., 2004). There is a need
for further study to determine the resilience of Caribbean reefs and to evaluate whether MPAs can be
successful in enabling a reversal of this phase shift and increasing reef resilience. The Cayman Islands have a
long history of MPA effectiveness and have few anthropogenic impacts, making them an ideal location for

such a study, with the aim of providing data that can aid reef management across the Caribbean.
1.1 Reef resilience

The term ‘reef resilience’ can be defined as the ability of a reef to withstand impacts, resist phase shifts and
recover from disturbance (Bellwood et al., 2004). Resilience will depend on the responses of species within
the ecosystem to the changes that occur, with different species responding in different ways due to variations
in their lifecycles and tolerance levels (Nystrom et al., 2000; Mora, 2007). If the ecosystem is able to recover
and return to its pre-disturbance state, then it can be said to have a high resilience, whereas if it enters a new
state, its resilience is said to be low (Grimsditch & Salm, 2005). This often depends on the abundance and
diversity of species within the ecosystem, with a higher species diversity, richness and evenness dictating a
higher resilience due to the presence of functional redundancy (Bellwood et al., 2004). Functional
redundancy occurs within a functional group; ‘a collection of species that perform a similar function
irrespective of their taxonomic affinities’ as not all species are required to maintain the ecosystem (Bellwood
et al., 2004). However, a loss of functional redundancy through disturbance means that the ecosystem is
reliant on a limited number of species, increasing its susceptibility to further disturbance and leading to a

decrease 1n its resilience.

Reef resilience can be compromised by many factors, such as overfishing, pollution, increased nutrient
loading, bleaching events, increased disease prevalence, ocean acidification, coastal development causing
sedimentation, and increased pressure from recreational activities (Figure 1), (Nystrom et al., 2000; Gardner

et al., 2003; Hughes et al., 2003; Bellwood et al., 2004; Folke et al., 2004; Hughes et al., 2005).
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Figure 1.1 — The change from a resilient to un-resilient reef showing factors that determine reef resilience, cause reef

degradation, and aid recovery

The long term consequences of a decrease in resilience are not yet fully understood, although it is thought
that if the rate of change is such that species are unable to adapt, irreversible changes in reef structure may
occur (Gardner et al., 2003). It is therefore crucial that modern management techniques address reef

resilience and promote reef recovery to prevent irreversible changes occurring.
1.2 Marine Protected Areas

Marine Protected Areas have been recognised globally for their ability to address many different aspects of
marine management effectively, and are thought to be able to increase the resilience of a reef through
management at an ecosystem level. An MPA is ‘a clearly defined geographical space, recognised, dedicated
and managed through legal or other effective means, to achieve the long term conservation of nature with
associated ecosystem services and cultural value’ (Laffoley, 2008). They were originally introduced to
address fisheries management, but are increasingly used for conservation through management of resilience,
trophic structure and biodiversity (Hughes et al., 2005). Increasingly, evidence is proving that they can
successfully fulfil both fisheries and conservation goals within one reserve through the consolidation of
management techniques (Halpern, 2002). However, every MPA is unique in terms of its management
objectives, and the level of protection from exploitative activities can vary from total to partial (Agardy et

al., 2003), with benefits also depending on the length of time since establishment, size, location, and how
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strictly protection is enforced. Despite this, studies have shown their ability to increase resilience through the
reduction of anthropogenic threats to the reef, increased abundance, biomass, size and diversity of species, as
well as increased fecundity, reproductive success and genetic stability of organisms, and an ability to
maintain and restore the ecosystem (Polunin & Roberts, 1993; Coté et al., 2001; Roberts ef al., 2001; Gell &
Roberts, 2002; Halpern et al., 2003; Grimsditch & Salm, 2005; Newman et al., 2006). However, there is a
lack of baseline data, due to the absence of pre-industrial revolution records (Jackson et al., 1997), meaning
that scientists rely on studies such as that of Goreau (1959) in Jamaica, which documents the state of the
reefs prior to the major degradation seen in recent years. This introduces the problem of shifting baselines, as
the gradual decrease in environmental standards means that identifying an original state as a goal for

rehabilitation is difficult (Folke et al., 2004).
1.3 Reef Resilience and Management in the Caribbean

The Caribbean region has a high dependency on the goods and services that are provided by its coral reefs. It
has a population of over 116 million, and more than 25 million tourists visit the area each year, a substantial
amount of whom come for activities such as diving, snorkelling and fishing, meaning that the economies of
many nations are dependent on the health of their coral reefs (Burke & Maidens, 2004). The main threats to
the reefs in this area stem from increasing population density and coastal development, fishing, agriculture
and industrial activity (Burke & Maidens, 2004). In a report compiled by Burke & Maidens in 2004, one
tenth of reefs within the Caribbean were identified to be at a very high level of risk, overfishing was thought
to be threatening over 60%, and of the 285 MPAs established only 6% were found to have effective
management. The history of overfishing, coupled with outbreaks of disease, and hurricane damage has
resulted in a coral — algae phase shift occurring over the last 40 years, and it is not yet known whether these
changes signal the beginning of a new ‘phase’, or whether they are part of a long term pattern of community
shifts (Done, 1999; Aronson & Precht, 2001; Gardner et al., 2003; Rogers & Miller 2006). Regardless, it is
essential that the causes and consequences of this shift are fully understood to enable the correct course of

action to be taken by reef managers across the region to facilitate reef recovery.
1.3.1 The coral-algae phase shift

The coral algae phase shift began in the 1970s with a major decline in corals belonging to the genus
Acropora (Aronson & Precht, 2001). Prior to this Acropora palmata, Acropora cervicornis and Montastraea
annularis were the dominant species on reefs throughout the region, with Acropora spp. sometimes
accounting for more than 99% of total coral cover (Gladfelter, 1982). In the late 1970s, an outbreak of white
band disease caused mortality of Acropora spp. on a region wide scale. This was compounded by the impacts
of hurricanes in many locations, and resulted in a decline in their abundance of up to 89%, changing the
composition of reefs region wide (Woodley et al., 1981; Jackson, 1992; Aronson & Precht, 2001). Following
this decline, macroalgae cover increased due to its ability to colonise new areas of reef faster than coral, and
its subsequent competitive inhibition of coral recruitment (McCook, 2001). In some areas recovery did

occur, however, in 1983 and 1984, the sea urchin Diadema antillarum also suffered a mass mortality due to
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disease which reduced its population by more than 93% (Lessios, 1984). This removal of one of the keystone
herbivore species from reefs Caribbean wide resulted in a significant reduction in herbivory, again causing

increased macroalgae populations (Aronson & Precht, 2001; Edmunds & Carpenter, 2001; Lessios, 2005).

These changes have been compounded by human activities, with problems such as overfishing,
sedimentation from coastal development, nutrient loading and pressure on the reefs from recreational activity
such as SCUBA diving contributing to their deterioration and compromising their ability to recover
(Nystrom et al., 2000; Gardner et al., 2003; Hughes et al., 2003; Bellwood et al., 2004). Although largely
artisanal in nature, the fisheries of the Caribbean have been overexploited throughout the region, often
targeting spawning aggregations and using selective fishing methods such as fish traps which result in a
population dominated by smaller individuals with a low fecundity, therefore reducing the replenishment of
the stock (Burke & Maidens, 2004). The removal of herbivorous fish of the families Scaridae and
Acanthuridae has had particular importance and this, coupled with the mortality of Diadema resulted in a
relatively unchecked increase in macroalgal populations (Knowlton, 1992, Steneck, 1994; Aronson & Precht,

2001).
1.3.2 Hurricanes

The Caribbean region has always been affected by hurricanes, which have, in recent years contributed to the
coral — algae phase shift on many reefs, with those in the north, including areas such as the Cayman Islands
and Jamaica suffering a higher frequency than the south (Lugo et al., 2000). Damage to the reefs is often
substantial, causing large reductions in coral cover and alterations in reef structure. Rogers ef al., (1991)
recorded a 40% decline in hard coral cover following Hurricane Hugo in 1980, and in 1989 Hurricane Allen
caused the mass destruction of Acropora palmata on the reef crest in Jamaica which contributed significantly

to the coral — algae phase shift (Woodley, 1993).

Following a severe hurricane, it is common for a macroalgal bloom to occur as a response to the availability
of bare substrate, and the time taken for the reef to recover from this can provide an indication of its
resilience. On a Caribbean wide basis, other stressors have a greater impact on the reef than hurricanes,
however, in areas with high hurricane frequencies such as the Cayman Islands, it is thought that reefs may
remain in an unstable state due to the frequency of disturbance, implying that their resilience to both natural

and human stressors is reduced (Gardner et al., 2003).
1.3.3 Marine Protected Areas

Throughout the Caribbean the importance of the reef environment has now been recognised, and this has led
to the re-evaluation of management techniques, and the recognition that resource sustainability requires the
rehabilitation of ecosystems (Roberts et al., 2005). The use of MPAs as a management tool is now widely
recognised, and they have been implemented with varying levels of success over the last 20 years throughout
the Caribbean. It has been suggested that through the recovery of functional groups and management of

fisheries, the recovery of herbivores will facilitate an increase in hard coral cover by controlling macroalgae
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populations, and their use throughout the Caribbean may therefore lead to the re-establishment of coral
dominated reefs (Nystrom et al., 2000; Pandolfi et al., 2005; Hughes et al., 2003; Hughes et al., 2005;
Aronson & Precht, 2006).

1.4 Project rationale

Following an extensive literature review it was found that studies that have been conducted to evaluate MPA
effectiveness in the Caribbean have largely focussed on fisheries management (Polunin & Roberts, 1993;
Roberts, 1995; Rakitin & Kramer, 1996; Chiappone et al., 2000; Roberts et al., 2001) with few directly
assessing effectiveness in terms of benthic species composition (Rogers & Beets, 2001; Newman et al.,
2006; Rogers & Miller, 2006). Variation exists between studies in terms of the length of MPA establishment,
effectiveness of enforcement, the use of temporal or spatial comparisons, methods of assessment, and
robustness of results meaning that although a wide range of variables have been investigated, drawing strong
conclusions is difficult. Another focus of research has been the impact of recreational SCUBA diving on the
reefs, with studies providing data regarding the status of benthic communities, often comparing sites within

and outside MPAs (e.g. Dixon et al., 1993; Hawkins ef al., 1999; Tratalos & Austin, 2001).

This review highlighted the lack of knowledge as to the effectiveness of MPAs in relation to their use for the
conservation of ecosystems in the Caribbean. There is a need for further study evaluating success through a
coral community rather than fisheries approach, over both temporal and spatial scales, allowing a
comprehensive assessment of the ability of MPAs to increase reef resilience. The focus of this study was
therefore the effect of long established MPAs on the resilience of the reefs of the Cayman Island using a
coral community approach and a comparison between all three Cayman Islands. The reasons for this choice

of location are discussed below.

1.5 The Cayman Islands

The Cayman Islands; Grand Cayman, Little Cayman and Cayman Brac, are part of the Greater Antilles chain
in the north-western Caribbean and are located on the Cayman Ridge which extends from Cuba to the Bay of
Honduras (Roberts, 1994). They are formed entirely of calcareous marine deposits as a result of tectonic
uplift at the Mid-Cayman Rise and are flat, and very low lying (Jones, 1994). The population of the islands
totalled 53,886 in 2007, the majority of whom live and work on Grand Cayman, the largest of the three
islands. Little Cayman is the least developed, with fewer than 150 permanent residents and only five hotels,
all with under 40 rooms (Coelho & Manfrino, 2007). Finance and tourism are the mainstay of the islands
economy with 683,400 cruise ship visitors and a further 86,800 visitors arriving by air in 2007 (ESO, 2008).
Dive tourism is extremely popular due to the health of the reefs, the clear waters and underwater topography
of the islands, and an estimated 350,000 divers visit the islands per year (Tratalos & Austin, 2001). Due to
their isolation and as the islands have no river systems or runoff from agriculture, anthropogenic impacts are

very limited, meaning that the reefs suffer very few localised stressors (Jones ef al., 2004).
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1.5.1 Marine Protection

A Marine Conservation Law was implemented in 1978 which included the regulation of lobster, conch and
whelk fisheries, introduced closed seasons, regulated the use of spear guns and nets, introduced a law
preventing the discharge of raw sewerage into the sea, and empowered the government to make additional
regulations. This meant that the waters around all three islands were protected, with this becoming the basis
for the creation of a marine parks network (the name they assigned to MPAs) in the 1980s. This included a
zonation system with three main zones, the Marine Park zones (hereafter marine parks), Replenishment
zones, and Environment zones (Table 1.1), and others such as No Diving zones and Designated Grouper

Spawning areas (See Appendix A for full regulations).

Table 1.1 — Rules for Cayman Island Marine Parks Marie Park, Replenishment and Environmental Zones (See

Appendix A for full regulations)

No taking of any marine life, dead or alive
Marine Park Zone Fishing only by rod and line from the shore or in water deeper than 25 m (80ft)

No anchoring except in case of emergency or for boats of less than 60ft in sand

No taking of conch or lobster
Replenishment Zone
Line fishing and anchoring permitted

No taking of marine life dead or alive
No fishing
Environmental Zone

No in water activities or anchoring

Boat speeds of Smph or less

Grand Cayman has one marine park zone which is located on the western shore of the island and known as
West Bay Marine Park, whereas both Little Cayman and Cayman Brac have two, one on the northern and
one on the southern shore (Figures 2.1, 2.2 & 2.3). Although some fishing is permitted within the marine
parks, they have been termed ‘no-take zones’. The marine park on the northern shore of Little Cayman is

known as Bloody Bay Marine Park and, along with West Bay Marine Park is a diving hotspot.

The marine park system has been effectively enforced for much of its history, and, with the status of the reefs
of the Cayman Islands considered to be average to slightly above average when compared to the rest of the
Caribbean, it is thought to be one of the most effective long established marine park networks in the region
(Dixon et al., 1993; Kramer et al., 2003; Pandolfi et al., 2003). However, since its establishment the
population of the islands has increased, from 16,677 in 1979, just before the marine park system was
enforced, to 41,800 in 2000 and again to 53,886 in 2007, the majority of whom live on Grand Cayman,
(Tompkins, 2005, ESO, 2008). There has also been a large increase in tourism over this period, with visitor
arrivals totalling 855,300 in 1992 and 1,856,000 in 2008 (ESO, 2008). Consequently the tourism

infrastructure on Grand Cayman has developed, with construction of many news businesses and hotels.
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1.5.2 Structure of the Reef

The three islands have a very similar reef structure as they were formed by sea level rise and erosion during
the Holocene which has resulted in the formation of two shallow-sloping submarine terraces (Logan, 1994;
Blanchon et al., 1997). The shallow terrace ends at approximately 10m, and the deep at approximately 30 m
(Blanchon & Jones, 1995), (Figure 1.2).
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Figure 1.2 — The structure of the reefs on the southern shore of Grand Cayman. This structure is representative of the
spur and groove reef formation found on all islands and shores with the exception of the northern shore of Little

Cayman where the deep reef terrace is absent (Source: Roberts, 1994).

Spur and groove formations characterise the majority of the reefs, and are high relief (up to 12m) along the
majority of the exposed eastern and southern shores of the islands (Figure 1.2), and low to medium relief
(1-3m) along the more protected western and northern shores (Manfrino et al., 2003). At depths greater than
40 m the reefs drop away into near vertical walls which reach depths greater than 2000 m (Roberts, 1994).

The prevailing winds are from the south east from May to October, and the north east from October and May
meaning that the northern and southern shores of all islands are most exposed. The southern shore is also
subject to the greatest currents and wave action, although fetch is limited as the islands are protected from
open ocean fetch by the Antilles, Hispaniola and Cuba (Stoddart 1980; Manfrino et al, 2003). Grand
Cayman lies east — west and is the only island to have a substantial western shore, which, due to its

orientation, is very sheltered for the majority of the year (Manfrino et al., 2003).

Despite the lack of anthropogenic impacts, the Cayman Islands lie in the Hurricane Belt across the Caribbean
and therefore suffer frequent natural disturbance. Within the last 30 years seven hurricanes of category three

strength or greater have passed within 100 nm of Grand Cayman, with Hurricane Ivan in 2004 and Hurricane
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Paloma in 2008 causing the greatest damage to the reef (http://csc-s-maps-q.csc.noaa.gov/hurricanes /viewer.

html), (Figure 4.1).
1.5.3 Justification for use as a study location

The Cayman Islands represent a location with a history of effectively enforced, long established MPAs
where anthropogenic impacts are minimal. They are therefore are an ideal location to study the ability of
MPAs to increase the resilience of reefs, as with few confounding factors it is possible to directly evaluate
the effectiveness of their marine park system. Few comprehensive scientific studies documenting the status
of the reefs exist prior to the establishment of the marine park system, with most focussing on the terrestrial
environment (UNEP/IUCN, 1988). However, a study undertaken by Raymont et al. (1976a; 1976b, in
UNEP/IUCN (1988)) regarding benthic composition, and Potts (1980) investigated fish assemblages on
Little Cayman. More recently the number of studies regarding the status of the marine environment have
increased, investigating the impacts of human activity on the reefs, and quantifying their status (Shackley,
1998; Tratalos & Austin, 2001; Manfrino et al., 2003; Pattengill-Semmens & Semmens, 2003; Coelho &
Manfrino, 2007). However, no published papers exist documenting temporal changes on the reefs using
repetitive monitoring and established transects, and it is hoped that this study will be the beginning of such

documentation, and will provide a comprehensive overview of the current status of Caymanian coral reefs.
1.6 Aim and Objectives

Aim - To undertake a comprehensive analysis and documentation of benthic species composition and coral
community structure around Grand Cayman, Little Cayman and Cayman Brac to enable the effectiveness of
the long established marine park system to be investigated and to determine the effect that this has had on the

resilience of the coral reefs.

This was achieved through comparison of results between sites within and outside marine parks, and also of
differing Aspect, and of differing Depths which were potential confounding factors. The study also
established permanent transects to enable repeat monitoring in future years and consequently a permanent

record of reef status.

The hypothesis is that the ‘within park’ sites will have a higher reef resilience than the ‘outside park’ sites as
the marine park system was established in 1986 and has been strictly enforced. It is hoped that this research
will support and encourage the use of marine protected areas in other areas of the Caribbean and will

contribute to the wider understanding of the role of MPAs as a management tool for reef conservation.
Following the establishment of the aim, the following objectives were developed:

- Objective 1 - To assess benthic community composition of reefs on Grand Cayman, Little Cayman
and Cayman Brac in terms of species composition, percentage cover, species abundance, diversity,

evenness and richness and prevalence of coral disease and bleaching using data collected between
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July and August 2009 at 55 sites using diver operated video along 20 m transects. Comparisons will

be made between sites within and outside marine parks, of differing Aspects and of differing Depths.

- Objective 2 - To assign conservation values to all sites on Grand Cayman, Little Cayman and
Cayman Brac using data from objective one on live coral cover, species diversity, species richness,
species evenness, species abundance and the presence or absence of disease and bleaching to identify

the sites with higher reef resilience and to facilitate comparisons between sites.

- Objective 3 - To assess the major coral morphology types present on the reefs, and to describe the
reef structure of Grand Cayman, Little Cayman and Cayman Brac using data collected between July
and August 2009 at 55 sites using 20 m transects. Temporal comparisons of reef structure will also
be made qualitatively using photographs taken in 1974 by Dr. John Ogden and Carlton Ray of the

reefs around Grand Cayman.

- Objective 4 - To assess the perception of the health of the reef and the effectiveness of the Marine
Park system on Grand Cayman through the use of questionnaires put to employees of the dive

industry during August 2009.

2. METHODOLOGY

This research was conducted in collaboration with the Department of Environment (DoE), Government of
the Cayman Islands. All equipment was provided, including the use of DoE boats, and data collection was
assisted by DoE staff. Dive safety adhered to the Diving at Work Regulations 1997 (HSE Statutory
Instrument 2776), the Scientific and Archaeological Diving Approved Codes of Practise and Guidance
(ACoPs), the Scientific and Archaeological ACoPs Advice Notes published by the Scientific Diving
Supervisory Committee, and the Bangor University Diving Rules.
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2.1 Study Area

The Cayman Islands are small, isolated islands located in the Caribbean Sea, between 19 and 20 degrees
north and 79 and 82 degrees west. They lie to the South of Cuba, and North West of Jamaica (Davies &
Brunt, 1994), (Figure 2.1). Grand Cayman is the largest of the islands, totalling 197 km?* (Figure 3.2) and is
situated 130 km to the south-west of Little Cayman which is the smallest, totalling 28.5 km? (Figure 3.3) and
Cayman Brac totalling 38 km* (Figure 3.4), which, in turn are 7 km apart (Stoddart, 1980).
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Figure 2.1 — The location of the Cayman Islands within the Caribbean Sea. The enlarged section shows the location of

each island. Maps are not to scale. (Adapted from www.worldatlas.com and www.worldmapsonline.com)

Surveys were completed on all three islands to enable comparisons to be made both between and within

islands and to establish a comprehensive baseline for future monitoring and study.
2.2 Survey Sites

A total of 55 survey sites were monitored on the islands, with 27 located on Grand Cayman, 16 on Little
Cayman and 12 on Cayman Brac (Figures 2.2, 2.3 & 2.4). A full list of site names and numbers can be found
in Appendix B.

The location of these sites was pre-determined by the Department of Environment as the same sites had been
used earlier in the year for a survey of fish biomass. Where possible they were selected for their similar

geomorphological and biological characteristics and were distributed between locations within and outside of
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marine parks as shown in Figures 2.2, 2.3 & 2.4. The number of control (outside park) sites on Grand
Cayman was double that of within park sites to enable the effect of other confounding factors such as Aspect
and Depth to be determined. Due to time constraints it was not possible to survey as many control sites on
Little Cayman and Cayman Brac, but an equal number of within and outside park sites were selected, which

was sufficient to provide high statistical power.
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Figure 2.2 — Location of survey sites on Grand Cayman showing the no-take Marine Parks. For the purpose of this

study the DoE consider site GCM?7 to fall within the no-take Marine Park area

Location was also an important consideration as the effect of Aspect on the abundance and distribution of
species would need to be determined to allow the amount of protection afforded by the marine park system
to be accurately ascertained. Therefore, as far as possible, sites were evenly distributed between the north,

south and in the case of Grand Cayman, west shores of the island.
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Figure 2.3 — Location of survey sites on Little Cayman showing the no-take Marine Parks.

Sites were also distributed between the shallow and deep reef terraces, again to determine the effect of Depth
on species composition. However, this distribution was uneven on Little Cayman and Cayman Brac due to
the need for consistency in site characteristics and because Little Cayman had no deep terrace on its northern

shore.

Sites were surveyed within a two month period, with those on Grand Cayman dived between the 17" June
and the 17" July 2009, those on Little Cayman between the 18" and 22™ July 2009, and those on Cayman
Brac between the 30" July and the 2™ August 20009.
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Figure 2.4 — Location of survey sites on Cayman Brac showing the no-take Marine Parks.
2.3 Data Collection

The aim of the research was to assess benthic composition on the reefs and provide data on species
abundance and diversity, coral morphology and reef structure within a 2 month period to determine the
effectiveness of MPAs on the islands. Video transects were selected as the survey method as they enabled a
large number of sites to be examined in a short space of time. Other benefits of this technique are that it
provides a permanent data archive and enables non-destructive repeat sampling (Jokiel et al., 2005). The
problems associated with video monitoring include a loss of taxonomic resolution as the 3-D structure of the
reef is not recorded, and the time consuming nature of data analysis (Jokiel et al., 2005). However, it was felt
that the benefits associated with the technique outweighed the disadvantages and it was selected as the most
appropriate method for the study. Preliminary testing was carried out during the week of the 15™ to the 21
June to enable familiarisation with the video camera and monitoring technique to ensure consistency in data

collection.
2.3.1 In-water survey method

At each of the 55 sites, four 20 m long transects were used. The start of each transect was randomly selected,

although transects were laid perpendicular to the reef wall along the reef spurs where possible, and at sites
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where the reef was too narrow to allow this they were laid parallel to the wall with a gap of 5 m between the
end of one transect and the beginning of the next. The transects were permanently marked using rebar stakes
measuring 1.27 cm in diameter and 60 cm in length, which were hammered 20 cm into the reef on areas of
substrate free from live coral, using a 1.81 kg maul hammer. Once the rebar was in place it was marked with
fluorescent flagging tape to aid its relocation during future monitoring. The number of pieces of tape
attached to the rebar denoted the number of the transect (i.e. 1 piece of tape for transect 1, 2 for transect 2
etc). Transect 1 was always laid nearest to the mooring buoy, or at sites where no mooring existed was the

site closest to the GPS location.
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Figure 2.5 — Diagram illustrating the survey method. The bottom diagram shows a bird’s eye view of the transect,

giving the area covered by the camera with each frame grab, and the top a side on view of the filming process

To film the transects, a tape measure was laid between the two stakes, and the benthos to the right hand side
of the tape was recorded using a Canon ZR850 miniDV with Ikelite housing. The camera was held at a 15°
angle, 0.63 m above the reef enabling a 0.25 m? area to be filmed. This gave an area of 5 m” per transect and
therefore 20 m” per site. A speed of 0.8 ms” had been identified as the optimum filming speed during
preliminary testing due to the focus on the camera, as when the camera was moved smoothly, this speed
allowed high quality video to be recorded. The total time taken to record one transect was four minutes,

however, as a constant speed was maintained this varied depending on the rugosity of the reef.

Before commencing filming, a slate showing the site name and transect number was filmed, followed by a
360° view of the reef, and a view of a depth gauge to record water depth. A 360° view of the reef was also
filmed on completion of the transect, along with water depth to enable the average depth per transect to be
determined. A general view of the reef was filmed between transects to provide a record of reef

characteristics for use during analysis.
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2.3.2 Diver Questionnaire

Due to the length of time spent diving on the reefs by employees of the dive industry, it was thought that
divers would provide a sound knowledge base regarding changes occurring on the reefs and may have some
interesting opinions on the management of the marine environment of the Cayman Islands. A questionnaire
was developed in collaboration with B. Henshall (unpubl.) who was studying fishing pressure on Grand
Cayman. Consequently not all questions were relevant to this study. However, a total of four closed
questions were included addressing trends in coral and algae abundance on the reef, three open ended
questions focussed on management issues, and a further five statements were included that were relevant to
coral communities where participants were required to indicate their level of agreement. A full copy of the
questionnaire can be found in Appendix C. Approximately 80 questionnaires were distributed to dive shops

on Grand Cayman during July and August 2009, and a total of 38 were returned.
2.4 Data analysis
2.4.1 Video processing

Each site produced approximately 20 minutes of video, which was downloaded using Windows Movie
Maker and saved as a video file (.avi) at the highest resolution possible. This gave a total of almost 19 hours
or 305GB of video data. The video was broken down into clips separating out the sites and transects using
Adobe Premiere Elements 7.0, and these were labelled with the site name, the date and the transect number.
The clips were exported as a series of still images at a rate of three frames per second and saved as TIF files,
which were then converted to JPEG files for analysis and overlapping frames deleted. This resulted in a total
of approximately 70 frames per transect, which were labelled with the sequence number, island, site name
and transect number (e.g. 1 GCM_CC _T4). From each transect 50 frame grabs were randomly selected using
numbers from Random.org (www.random.org), and these were imported into Coral Point Count with Excel

extensions (CPCe) for further analysis.

This software was chosen as it was designed to efficiently analyse a large number of images and provide
meaningful population estimates (Kohler & Gill, 2006). A code file was provided with the software, and this
was adapted to ensure it contained all relevant Caribbean coral species, genera of soft coral and algae, other
organisms, and substrate types (Appendix D). Before analysing each frame, borders were set to exclude the
outer edges for clarity (Figure 2.7), and when the frame include an area to the left of the tape measure the

border was altered to ensure all points used for analysis fell within the transect area.

Preliminary testing was undertaken to determine the optimum number of points required per frame to
provide an accurate representation of the species present on the reef. Four sites were selected, and from
these, transect one was analysed three times using 16 points, 20 points and 25 points per frame. A
cumulative frequency curve was plotted showing the results, which identified the optimum number of points
to be 20, as when 25 points were used per frame the number of species identified was not seen to

substantially increase (Figure 2.6).
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Figure 2.6 — Cumulative frequency curve showing the optimum number of points per frame (20) to provide an accurate

representation of species present on the reef

A stratified random method was used to assign the 20 points to each frame by dividing the frame into five
rows and four columns and randomly placing one point in each box. This gave 1000 points per transect, 4000
points per site and an overall total of 22,000 points for the 55 sites studied. The species or substrate type
falling under each random point was then identified and the file saved as a .cpe file (Figure 2.7). Once a
transect was completed, the results were exported to an Excel spreadsheet detailing percentage cover per
species and per benthic category. Prior to data analysis the results from each transect were pooled giving the

total abundance at each site.

Coral was identified to species level (with the exception of Agaricia spp.), but this was not possible for algae
and soft coral because the video did not always provide a clear enough image. These were therefore
identified to genus level. The remaining species were identified as sponges, zoanthids and tunicates, and
substrates as sand, rubble or dead coral where appropriate. No instance occurred where the point fell on tape,
wand or shadow, and so it was possible to use the video to determine the species or substrate type present.
Identification was aided by guides by Litter et al., (1989), Veron (2000), Humann & Deloach (2007) and
Veron (2002) Coral ID CD-ROM. When a coral species was identified, it was also assigned to one of seven
morphology classes (Table 2.2) according to its shape. A separate excel spreadsheet was created to record
occurrence of diseased and bleached coral as the CPCe software was unable to record this as well as

assigning corals to morphology classes.
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Figure 2.7 — A screen print showing an example of frame analysis using the CPCe software. The category underlying
each point is identified using the table at the bottom of the screen and the ID is recorded in the table on the right hand

side of the screen.

For all analysis, the difference between sites Within and Outside marine parks was of greatest significance.
However, it was also necessary to test for the significance of Island, Aspect and Depth as these were
potential confounding factors. Therefore it would be necessary to determine changes apparent between sites
within and outside of marine parks were attributable to the protection that they afforded only after

determining that Aspect, Depth or island were not having a significant impact.
2.4.1.1 Coral Community Composition

Table 2.1 shows the benthic category types used by CPCe software. Prior to data analysis some alteration of
these standard categories was necessary; Macroalgae was divided into Macroalgae (all algae that projected
>1cm above the substrate) and Turf (all algae that projected <lcm above the substrate); Zoanthids and
Tunicates were combined with Other Live; Sand, Pavement, Rubbles became Sand & Rubble as no
pavement was identified, and Diseased Coral was deleted due to the recording of incidences of disease in a

separate spreadsheet (Table 2.1).

The mean, standard deviation and standard error (SE) for each category at each site was calculated, and
results compared between and within islands in terms of sites within and outside of marine parks, different
Aspects, and different Depths. The abundance of macroalgae and coral was analysed in greater detail to

enable inferences to be made regarding the coral — algae phase shift identified on Caribbean reefs.
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Table 2.1 Standard benthic categories produced by CPCe and how these were modified for data analysis (CPCe

identification code in brackets)

Standard CPCe Categories Modified CPCe Categories
Coral (C) Hard Coral
Gorgonians (G) Soft Coral
Sponges (S) Sponges
Macroalgae
Macroalgae (MA)
Turf
Zoanthids (Z)
Tunicates (T) Other Live
Other Live (OL)
Dead Coral with algae (DCA) Dead Coral
Coralline algae (CA) Encrusting Coralline Algae
Sand, Pavement, Rubble (SPR) Sand & Rubble
Unknowns (U) Unknowns
Tape, wand, shadow (TWS) Tape, wand, shadow

) Included but in a separate
Diseased coral (DC)

spreadsheet

Data was also presented as ‘individuals’; the term applied to the raw data produced by the CPCe analysis as
identification was in reality, to different taxonomic levels, and comparisons again made between sites within

and outside of marine parks, different Aspects and different Depths.
2.4.1.2 Conservation Values

Conservation values are widely recognised for their use in marine conservation and relate to the non-
monetary value of an ecosystem (or its part), (Harding et al., 2006). They are most commonly used for the
determination of areas where MPAs would be most effective through analysis of the biodiversity of corals,
fish and invertebrates (Done, 1995; Edgar et al., 1997; Harding et al., 2006), and have been successfully
adapted for use in areas where reef managers have limited taxonomic expertise, providing a simple yet

effective method of classifying reef health (Edinger & Risk, 2000).

Conservation values were adapted for use in this study, allowing sites to be ranked according to their relative
health. Due to the large size of the data set it was hoped that this process would facilitate site comparisons,

enable visualisation of trends and help to determine the success of the marine park system.
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Conservation values were calculated for each site based on data from Objective one, regarding live coral
cover, species diversity, species richness, species evenness, species abundance, incidence of bleaching, and
disease presence. The mean value for each variable for the combined islands data was calculated, and a value
of zero assigned when the value for a site was below the mean and a one where it was higher. Disease and
bleaching were scored on a presence (zero) / absence (one) basis. The conservation value for each site was
then determined by summing the scores, producing a total between zero and seven. A status of low, medium
or high was assigned, with low a score between zero and two, medium a score between three and four, and
high a score between five and seven. This process allowed the position of the healthiest sites to be identified

(those scoring highest).
2.4.1.3 Coral Morphology

Coral was assigned to one of seven morphology categories (Table 2.2) during data analysis, and comparisons

were made both between and within island using the factors ‘Protection Level’, ‘Aspect’ and ‘Depth’.

Table 2.2 — Morphology categories that coral was assigned to, including examples of species that fall into each one.

(Adapted from www.coris.noaa.gov and https://oceanservice.noaa.gov)

Morphology
Description Example genera
category
Massive Typically uniform ball or boulder shaped, relatively slow growing corals Montastraea, Siderastrea

Submassive | Encrusting base with projections in the shape of wedges, lumps or columns | Stephanocoenia, Agaricia

Encrusting Grow as a thin layer conforming to the shape of the substrate Agaricia
Branching Branches and usually secondary branches Porites, Acropora
Foliose Broad plate like corals with foliose or whorl like growth Agaricia
Digitate Look like fingers or clumps or cigars, no secondary branches Madracis
Table Structures forming broad horizontal surfaces Acropora

Reef structure analysis was purely qualitative, undertaken through observation during data collection and
review of video footage. Photographs were available from 1974, taken by Dr John Ogden and Carlton Ray,
which allowed some comparisons to be made and changes in reef structure and coral morphology to be

described.
2.4.2 Diver Questionnaire

The data was assembled in a spreadsheet for analysis. For closed questions this required the conversion of
answers to numbers. For those where the respondent was asked to choose one answer from a selection,
answers were numbered 1-5 and the number that corresponded to the respondent’s selection was entered.

When fewer choices were available, answers were numbered accordingly. Basic data analysis using

S. Gall, 2009 32




The Effect of Long Established Marine Protected Areas on the Resilience of Caymanian Coral Reefs

Microsoft Excel produced percentages and identified trends in the data for closed questions, and quotes were

taken from open ended questions to allow responses of the respondents to be reported.

Demographic data was used to determine if the responses given were related to either length of time on the
island, age, gender, level of dive qualification attained, country of birth, or dive shop worked for. The
responses given were grouped appropriately to enable analysis to take place. Following this, statistical

analysis was undertaken as reported below.

2.5 Statistical Analysis

For all statistical testing, a statistical significance was reported when p < 0.05.
2.5.1 Video data

Multivariate data analysis was undertaken both for all islands combined, and separately for each island using
average percentage data for each site. The ecological statistical software package Plymouth Routines In
Multivariate Ecological Research (PRIMER) version 6 (Clarke & Gorley, 2006) was used, and data was
square root transformed to down weight the contribution of species with very high abundances to the
similarities identified between sites (Clarke & Gorley, 2006). Resemblance matrices were produced using
Bray Curtis similarity coefficient, and factors were set a priori to enable the interpretation of trends seen,
and to determine which individuals or benthic categories were most responsible for these (Table 2.3). As all
reefs of the Cayman Islands are protected due to the Marine Conservation Law of 1978, the term ‘Protection

Level’ was used, as it would be incorrect to term the sites outside of the marine parks as ‘unprotected’.

Table 2.3 — Factors set a priori in PRIMER V6

Factor Description
Island Grand Cayman (GCM), Little Cayman (LC), or Cayman Brac (CB) — only necessary for
slan
combined data to allow between island comparisons
Protection Level Within or Outside Marine Parks
Aspect North, South or West (West was only applicable to Grand Cayman)
Depth Shallow (~12m) or Deep (~18m)

Multivariate one-way analysis of similarities (ANOSIM) was used to test for significant differences in
abundance between sites according to the pre-defined factors. Multidimensional scaling (MDS) allowed the
comparison of Bray-Curtis similarities between all sites, and an overlay of the similarity groupings identified
by CLUSTER enabled these to be visualised. Any diagrams with stress values > 0.3 were discounted to
avoid false interpretation (Clarke & Warwick, 2001). SIMPER analysis (analysis of contribution to
similarity) was used to identify the individuals that contributed most to the similarities and dissimilarities

between sites for each of the pre-determined factors (Kaiser et al., 2004). Diversity indices were calculated
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using DIVERSE to produce data regarding species number (S), Margalef’s index of species richness (d’),

Pielou’s evenness index (J’) and Shannon-Weiner diversity index (H loge).

Univariate statistics were then used on raw (number of points per site) data where appropriate to further
determine the significance of relationships identified for benthic category and benthic individual data. One-
way ANOVA in SPSS v.16 determined whether significant differences existed between sites using the pre-
determined factors when data met the assumptions of the test. Homogeneity of variances was tested using the
Levene test, and where heterogeneity was found, data was transformed to a maximum of fourth root. In cases
where variances still heterogeneous following this, Mann-Whitney U tests were performed. It was not
necessary to test data for normality prior to performing ANOVA as it has been found to be robust to non-
normality (Underwood, 1981, Underwood, 1997). Nested ANOVA with the factor ‘site’ nested in the factor
‘Protection Level’ determined the variation between sites within each Protection Level. This required the use
of un-pooled (number of points per transect) data to allow between site comparisons, and that the number of
within and outside of park sites were even. This was not the case on Grand Cayman, and therefore sites were
randomly removed from the data set using a list of random numbers generated by www.random.org. If the
variation between sites within each grouping was low or not statistically significant, then a significant
difference between Protection Levels proved that marine parks had an impact. Where data was
heterogeneous, Mann-Whitney U tests were used to test for significant differences in abundance between

Protection Levels.
2.5.2 Diver questionnaires

Initially it had been decided that only data from respondents who had been diving on the island for more than
three years would be used, as those who had spent less time on the island would not have enough experience
to assess changes accurately. However, this was tested using ANOSIM in PRIMER prior to data analysis,
and it was found that no significant difference existed between the answers of respondents who had been on
the island for differing numbers of years (Global R =-0.142, p = 0.962), and responses from all participants
were therefore included in data analysis. However, care was taken when assessing the responses to questions
regarding change in the abundance of algae on the reefs over time. Analysis was undertaken using PRIMER
for questions where the response was 5 part (Likert scale). It was not possible to analyse the questions where
the choice of responses differed in number at the same time, and only two questions were included with four
part answers, it was decided that these would be analysed independently using Microsoft Excel. A
resemblance matrix was produced using Bray Curtis similarity and MDS plots using similarity groupings
determined by CLUSTER to identify the participants who had given similar responses. Demographic data

imported as factors, allowing ANOSIM to identify the significance of the responses between participants.
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3. RESULTS

During July and August 2009, a total reef area of 1100 m? was surveyed using video transects. This included
27 sites on Grand Cayman (540 m?), 16 sites on Little Cayman, (320 m?), and 12 sites on Cayman Brac (240
m?), and provided data on benthic composition, abundance and diversity, and coral morphology.
Questionnaires were conducted during August 2009 with members of the local dive industry to assess their

opinions of the current state of the marine environment on Grand Cayman, and of marine management.
3.1 Coral community composition

A total of 33 species of hard coral, nine genera of soft coral, and ten genera of algae were identified during
the survey (Appendix E). Of the individuals that were identified to genus or species level, representatives
from ten families of hard coral, six families of soft coral, and six families of algae were present (Table 3.1).

Species were also present from the Order Porifera (sponges), Family Zoanthidae and Subphylum Tunicata.

Table 3.1 — Families of hard coral, soft coral and algae identified at sites on the reefs of Grand Cayman (n = 27), Little
Cayman (n =16) and Cayman Brac (n = 12) using four video transects per site between June and August 2009. Number

of species identified within each family is given in brackets. * Agaricia spp. was only identified to genus level

Hard Coral Families Soft Coral Families Algae Families
Acroporidae (2) Briareidae (1) Dictyotaceae (5)
Agariciidae (2)* Gorgoniidae (3) Corallinaceae (1)

Faviidae (11) Plexauridae (3) Halimedaceae (1)
Meandrinidae (2) Pocilloporidae (3) Anadyomenaceae (1)
Milliporidae (2) Alcyonaria (2) Cystoseiraceae (1)
Mussidae (5) Anthothelidae (1) Helminthocladiaceae (1)
Poritidae (5)
Siderastreidae (2)
Astrocoeniidae (1)
Caryophylliidae (1)

3.1.1 Benthic composition by category

A significant relationship was identified between the distribution of benthic categories and island (ANOSIM,
Global R = 0.04, p = 0.019). However, when all sites were combined, no significant difference was found

between benthic category and Protection Level, Aspect or Depth (Appendix F).
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Figure 3.1 — Pie charts showing benthic species composition at sites on Grand Cayman (n = 27), Little Cayman (n =
16), and Cayman Brac (n = 12) recorded by four video transects per site between June and August 2009. The large pie

shows all benthic categories and the small pie shows categories with macroalgae and turf algae removed for clarity

The similarity between islands apparent in Figure 3.1 was confirmed by SIMPER analysis showing it to be
greater than 80%. This was also found when comparing sites within each island, with similarities only falling
below 80% on Grand Cayman. However, this was due to the benthic category distribution of GCM11, the
reasons for which are discussed below. The greatest difference in benthic composition occurred between
Grand Cayman and Cayman Brac (13.67%), with differences in Sand & Rubble, Soft Coral, Sponge and
Hard Coral most apparent (Figure 3.1).

Macroalgae and Turf dominated the benthos of all islands, and together comprised 79.01 +0.83% of total
benthos for Grand Cayman, 78.73 £1.26% for Little Cayman, and 79.99 £1.75% for Cayman Brac, again
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showing their similarity (Figure 3.1). The differences between islands were more apparent when the
remaining categories were considered independently, with Soft Coral and Sand & Rubble abundance greatest
on Grand Cayman (6.22 +0.69% and 1.61 £0.32% respectively), Hard Coral and Dead Coral on Little
Cayman (10.69 £0.98% and 1.46 +0.26%), and Sponges, Encrusting Coralline Algae, and Other on Cayman
Brac (3.52 £1.53%, 1.73 £0.59% and 0.33 +0.12% respectively), (Figure 3.1).

Hard coral cover averaged 9.25%, but ranged from 3.40% to 17.25%. The six sites with the highest coral
cover (LC8, GCM9, GCM27, LC6, LC7 and CB9) were distributed between islands, although three were
found on Little Cayman. With the exception of GCM9 they were all located on the southern shore, were all
shallow sites except for LC8 and CB9, and with the exception of GCM27 and CB9 were all within park sites.

3.1.1.1 Similarities and differences between sites within and outside Marine Parks

When considering the data for all islands combined and each island individually, no significant difference
was found in benthic abundance between Protection Levels (ANOSIM, Appendix F); however, when

considering benthic categories independently, differences were identified.
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B Grand Cayman
2000 - m Little Cayman
B Cayman Brac
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Figure 3.2 — Mean abundance of Hard Coral and Macroalgae at sites within and outside of marine parks on Grand
Cayman (n =9, blue bars), Little Cayman (n = 8, red bars), and Cayman Brac (n = 6, green bars) recorded using four

video transect per site. Error bars are standard error (SE).

Both hard coral and macroalgae abundance varied between sites within and outside marine parks (Figure
3.2), and with the exception of Cayman Brac, the average number of points assigned to hard coral was higher

and the number assigned to macroalgae lower within marine parks than outside.
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Nested ANOVA found a significant difference in abundance of benthic categories between Protection Levels
for Hard Coral, Soft Coral, Sponges and Dead Coral on all islands, (p < 0.001), however, variation between
sites was also significant for all except Dead Coral on Cayman Brac (Table 3.2). Despite the apparent
difference in macroalgae abundance seen in Figure 3.2, it was only found to be significantly different

between Protection Levels on Grand Cayman and Cayman Brac (Table 3.2).

Table 3.2 — Nested ANOVA results showing the significance of the relationships between benthic category and

Protection Level (within or outside marine parks) for Grand Cayman (within, n = 9, outside n = 18), Little Cayman

(within n = §, outside n = 8), and Cayman Brac (within n = 6, outside n = 6) and the variation in abundance between

sites falling within these two groupings. Data was collected using four video transects per site between June and August

2009. Where variance in the data was non-homogenous, Mann Whitney U (MWU) tested abundance against Protection

Level. An asterix (*) denotes a significant result, and bold type shows where abundance was greater within park.

Benthic Grand Cayman Little Cayman Cayman Brac
Categor
y Protection Site Protection Site Protection Site
Level Level Level
Hard F316 = 63.15, Fi654=3.82, Fi,14 = 1237.75, Fraus = 2.95, Fy10=35.27, Fi036=4.92,
Coral
p <0.001% p <0.001% p <0.001% p =0.003* p<0.001* p<0.001*
SOft F2,16 = 7260, F1(,,54 = 838, Fz,14 = 48.67, F14,4s = 2.52, F2,10 = 3221, F[(),}(, = 273,
Coral
p <0.001* p<0.001* p <0.001* p = 0.009* p<0.001* p=0.013*
Sponges Fz,m = 110.55, F16,54 = 2.41, Fz,14 = 60.98, F14’4s = 4.35, Fz,lo = 1203, F10,36 = 1088,
p <0.001* p = 0.008* p <0.001* p <0.001* p=0.002* p<0.001*
Macro- F,16=278.28, Fi654=10.07, MWU, Fy10=67.717, Fio36 =9.01,
algae
p <0.001* p<0.001* p=0.131 p <0.001% p <0.001*
Turf Fz,ls = 117.03, F|6,54 = 11.20, MWU, Fz,lo = 48.90, F10,36 = 8.55,
algae
p <0.001* p <0.001* p=10.286 p <0.001* p <0.001*
Other MWU, MWU, MWU,
Live
p=0.50 p = 0.002* p = 0.156
Dead F2’16 = 48.29, F16,54 = 2.18, Fz,14 = 39.14, F14,4s = 3.11, Fz‘m = 9704, F10,3(, = 094,
Coral
p <0.001% p=0.017% p <0.001* p =0.002* p<0.001* p=0.509
Enc. F2,16 = 6570, F1(,,54 = 222, MWU, MWU,
Coralline
Algae p<0.001* p=0.015% p=0.706 p=0.909
Sand & MWU, F2,14 = 5.49, F|4,4s = 16.53, MWU,
Rubble
p = 0.037* p=0.017*% p <0.001* p=10.370
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3.1.1.2. Similarities and differences between sites with differing Aspects

Benthic category data was found by ANOSIM to be significant with Aspect for all islands combined, sites on
Grand Cayman, and sites on Little Cayman (Appendix E). This was especially significant for Little Cayman
as the trends seen in abundance were most explained by the Aspect of sites (ANOSIM, Global R =0.491, p =

0.001), rather than by Protection Level or Depth (Appendix F).

Comparisons between the northern and southern shores of the islands (Table 3.3) show that for all three,
abundance of Hard Coral and Encrusting Coralline Algae was greatest on the southern shore and abundance
of Soft Coral and Sponge was highest on the northern shore. A greater similarity occurs between Little
Cayman and Cayman Brac, and these also have a higher proportion of categories where abundance is

significantly different between shores (Table 3.3).

Table 3.3 — Mean abundance (number of points) from sites on the northern and southern shores of Grand Cayman

(North, n = 10, South n = 8) Little Cayman (North, n = 8, South n = 8) and Cayman Brac (North, n = 6, South, n = 6)

falling into each benthic category with standard error (+ SE). Data was collected using four video transects per site

between June and August 2009. Bold type denotes the higher abundance, and an asterix (*) a significant difference in

abundance between Aspects (See Appendix G for p values)

Benthic Grand Cayman Little Cayman Cayman Brac
Category North South North South North South
296.40 343.38 346.88 508.13 249.67 472.83
Hard Coral
+26.87 + 59.64 +44.76 +52.18* + 30.72 + 38.88*
324.40 228.88 227.50 151.63 197.83 178.83
Soft Coral
+43.27* +34.43 +25.31* +21.21 + 40.02 +29.14
79.90 73.63 102.75 48.75 201.50 47.83
Sponge
+13.69 +20.04 + 15.77* +12.09 + 118.85* +9.09
2011.10 1931.50 1896.25 2244.50 2064.67 1737.33
Macro-algae
+ 88.25 +229.93 +101.75 +127.18* +162.98 +263.97
Tucf 1134.80 1259.38 1239.13 918.63 1192.00 1405.67
ur
+87.43 + 189.57 + 48.08* +117.34 +97.17 + 238.04
5.50 6.38 2.38 15.25 5.17 21.00
Other
+2.07 +2.58 +1.08 + 8.92 +3.02 +7.92%
36.70 27.00 74.00 42.63 28.00 30.50
Dead Coral
+5.54 +14.59 +16.04* +12.07 +7.90 +10.11
Enc. Coralline 47.60 81.38 18.38 58.50 38.50 99.83
Algae +10.47 + 37.09 + 3.66* +10.02 +22.80 +39.76
63.60 48.50 92.75 12.00 22.67 6.17
Sand & Rubble
+27.92 +18.90 + 55.76* +2.12 + 8.48* +3.91

Notably, the large difference in Sand & Rubble between shores on Little Cayman could be attributed to site
LC2 where abundance (460 points) was well above average (56.36 points), with all 460 points identified as
Rubble with Turf. It is interesting to note that this site was located inside Bloody Bay Marine Park on the
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northern shore of the island. The large difference in sponge abundance, on Cayman Brac was also due to

high abundance at site CB7 (792 points compared to an island mean of 124.67), (Table 3.3).

Grand Cayman was the only island to have sites located on its western shore, and the significance of this was
further investigated using ANOVA which found a significant difference to occur between all shores for Soft
Coral (Fy,10s = 7.842, p = 0.001), where abundance was greatest on the northern shore, and Dead Coral (F, 05
= 4.066, p = 0.020), abundance was greatest on the western shore. Macroalgae, Turf and Encrusting
Coralline Algae abundance differed significantly between northern and western shores (p = 0.006, p = 0.011
and p = 0.011 respectively), and Encrusting Coralline Algae also differed between the southern and western
shores (p = 0.001), (Appendix G). This was due to a greater abundance of Macroalgae on the northern shore,
of Turf on the western shore, and of Encrusting Coralline Algae on the southern shore. It was therefore clear
that the western shore was significantly different to the northern and southern, and that these differences

were more pronounced than those between the northern and southern shores.
3.1.1.3. Similarities and differences between sites with differing Depths

In terms of benthic category abundance, Depth was found to be significant on Grand Cayman and Little
Cayman (ANOSIM, Appendix F). Although not significant, hard coral cover was greater at deep sites across
all islands (mean = 393.78, shallow, mean = 337.43), and soft coral was significantly more abundant at
shallow sites (mean = 256.74, deep = 190.78), (Table 3.3), (Appendix G). Macroalgae abundance was
significantly greater at shallow sites (mean = 2064.17, deep, mean = 1875.38), as was turf (mean = 1303.34,
deep = 1087.43), (Figure 3.3), (Appendix G).

When the islands were considered individually, it can be seen that again the trends of macroalgae abundance
on Grand Cayman and Little Cayman were reversed on Cayman Brac, and that variations occurred in most

categories between islands (Figure 3.3).

On Grand Cayman, site GCM11 was identified as an outlier in the data as it was dissimilar from all other
sites, and further analysis was conducted to determine the reasons for this. Encrusting Coralline Algae and
Turf were found to be the categories whose abundance differed most from all other sites (84 points compared
to a mean of 12.32, and 537 compared to a mean of 313.61 respectively). Both differences were found to be
significant (ANOVA, Encrusting Coralline Algae - Fys1 = 7.233, p < 0.001, Turf — Fyg = 17.191, p <
0.001), with Encrusting Coralline Algae at GCM11 significantly different to all other sites (Tukey’s p <
0.001), and Turf significantly different from 20 of the 27 sites tested (Tukey’s p < 0.001).
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Figure 3.3 — Mean benthic category abundance by Depth (deep or shallow terrace) for Grand Cayman (deep, n = 14,
shallow, n = 13), Little Cayman (deep, n = 5, shallow, n = 11) and Cayman Brac (deep, n = 4, shallow, n = §). Data was

The most pronounced difference between terraces on Little Cayman occurred between the abundance of
macroalgae and turf (Figure 3.3), although within the deep terrace, variation was high (Figure 3.4). Mean

abundance of all other categories was fairly even between the terraces (Figure 3.3).

Sites LC11 and LC2 were least similar to other sites, which could be explained by differences in their
composition, most notably a higher coverage of Sponges and Turf for LC11, and a lower coverage of Soft

Coral and higher abundance of Sand and Rubble for LC2 (Figure 3.4).

Although Depth had no significant effect on benthic category abundance for Cayman Brac, some differences

were apparent when considering individual categories. Abundance was greater for all categories at shallow

collected using four video transects per site between June and August 2009

sites with the exception of Other, and this was found to be significant for Hard Coral (Appendix G).
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Figure 3.4 — Benthic category abundance (%) for sites on Little Cayman showing variations between sites on the
shallow (LC7,8,11,15 and 16) and deep (LC1,3,4,5,6,9,10,13 and 14) terraces. Data was collected using four video

transects per site between June and August 2009
3.1.2 Benthic composition by Individual type

Not all organisms were identified to species level. However, as the same code file was used in CPCe
(Appendix D) to identify the organisms and substrate types (termed ‘Individuals’ for the purpose of this
analysis) for all transects, at all sites studied, direct comparison between sites and islands was possible.
While still directly comparable between sites and islands, the individuals macroalgae and turf cannot be
compared to other algae identified to genus level as macroalgae included any algae species greater than 1cm
in size that could not be identified to genus level, and turf was all algae less than lcm in size, and

corresponds directly to the benthic category Turf.

The most abundant ‘individual’ was turf, accounting for 30.33% of total abundance. The most abundant
genus was the macroalga Dictyota, (20.81%), and the hard coral Montastraea faveolata was the most
abundant species (1.68%). ANOSIM identified a significant relationship between all individuals and islands
combined, and found Aspect to be the factor that most influenced abundance of individuals within each

island (Appendix F).

Similarity between islands and between sites within each island was high (>60%), with variation greatest on
Grand Cayman and Cayman Brac. Groupings of sites which were >80% similar to one another were also
seen, and could be best explained by Aspect. The individuals identified as most responsible for the

dissimilarities both between and within islands were turf, and macroalgae species Microdictyon spp.,
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Lobophora spp., and Dictyota spp. all of which were within the top eight most abundant species, comprising

30.33%, 1.80%, 20.81% and 6.21% of benthic composition respectively.

When coral species were considered alone, a significant difference was found in species composition
between islands (ANOSIM, Global R =0.138, p = 0.002). Greater variability between sites was suggested as
a lower level of similarity was found between islands and within island groups than for all individuals
combined. The genus Montastraea was the most abundant on all islands (Figure 3.5), with Montastraea
faveolata accounting for 48.27% of its abundance. Little Cayman was found to have the greatest mean
abundance of all genera with the exception of Diploria, and Grand Cayman the lowest with the exception of
Porites (Figure 3.5). The genera Dendrogyra, Isophyllia, Oculina and Tubastraea were absent on all
transects at all sites. However, Isophyllia sinuosa was sighted on Little Cayman and individuals from the

black coral genera Cirrhipathes were also visually identified on the reef wall.
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Figure 3.5 — The mean abundance (number of points) of the top five hard coral genera on Grand Cayman (n =27,
blue), Little Cayman (n = 16, red) and Cayman Brac (n = 12, green). Data was collected using four video transects per

site between June and August 2009

The abundance of the top ten coral species is shown in Table 3.4, and it can be seen that the top five species
dominated the reefs. For subsequent analysis coral genera was used as Agaricia spp. was more abundant than
any individual species and it was therefore felt that to continue with analysis by species would lead to an

inaccurate representation of coral composition.
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Table 3.4 — Mean abundance and standard error (SE) for the top ten most abundant coral species at sites on Grand
Cayman (n = 27), Little Cayman (n = 16), and Cayman Brac (n = 12) listed in order of total abundance from largest to

smallest. Data was collected using four video transects per site between June and August 2009

Grand Cayman Little Cayman Cayman Brac
Coral Species

Mean SE Mean SE Mean SE
Montastraea faveolata 42.52 9.42 103.13 26.09 75.33 19.89
Siderastrea siderea 37.63 5.34 43.94 6.45 39.92 13.25
Montastraea franksi 39.11 8.03 40.69 12.46 30.08 14.14
Montastraea annularis 34.67 10.60 37.94 7.71 27.08 8.88
Porites astreoides 36.48 4.12 21.56 2.82 29.33 3.95
Diploria strigosa 14.48 3.67 18.06 6.04 29.33 14.22
Montastraea cavernosa 17.89 2.50 18.94 5.51 8.50 2.44
Colpophyllia natans 12.30 3.52 5.13 1.88 6.17 2.80
Diploria labyrinthiformis 4.15 1.18 8.69 3.02 3.00 1.93
Porites porites 4.70 1.09 7.44 1.85 0.42 0.26

The composition of algae was found to be significantly different between islands (ANOSIM, Global R =
0.209, p = 0.001). Of the algae identified to genus level, Dictyota spp. was the most abundant on all islands,
with Lobophora spp., Halimeda spp., and Schizothrix spp. also dominating the algal composition (Figure
3.6). No species of the genera Porolithon or Sargassum were identified on any transect, and abundance of
the remaining five genera was low (Figure 3.6). Microdictyon spp. was not present on Grand Cayman or
Little Cayman, but was highly abundant on the northern shore of Cayman Brac, and therefore its presence
can explain a large percentage of the differences seen between islands (SIMPER, 23.54% with Grand
Cayman and 19.82% with Little Cayman). The abundance of Lobophora spp. appears to be influenced by
that of Microdictyon spp. as the proportion of algae composition that it filled on the other islands is replaced
by Microdictyon spp. on Cayman Brac (Figure 3.6).
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Figure 3.6 — Abundance of algae genera for sites on Grand Cayman (n = 27), Little Cayman (n = 16) and Cayman Brac
(n =12). For clarity the genera Liagora, Turbinaria, Stypopodium, Padina and Amphiora were grouped as ‘Other’ due

to their very low abundance. Data was collected using four video transects per site between June and August 2009

A significant relationship was also identified between soft coral and island (ANOSIM, Global R =0.112, p =
0.011), and Aspect was the factor found to have the greatest effect on its abundance (Appendix F).
Pseudopterogorgia and Gorgonia were the two most abundant genera on all islands, however, the abundance
of other genera varied with island (Table 3.5). No species were present from the genera’s Iciligorgia,

Muricea, Muriceopsis or Pterogorgia. Two individuals were unable to be identified.

Soft coral genera were also found to be the individuals whose abundance caused the greatest dissimilarities
between sites, with SIMPER analysis finding a similarity of only 40% between all sites on Grand Cayman
and Cayman Brac, and of > 20% on Cayman Brac. The exception to this was site GCM9 which was
identified as an outlier in the data having < 20% similarity both to all other sites on Grand Cayman, and to all
islands combined. This was as only ten points fell on soft coral over the entire site, and all but the genera

Briareum and Erythropodium were absent.
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Table 3.5 — Mean abundance of soft coral genera (number of points) with standard error (SE) at sites on Grand Cayman
(n=27), Little Cayman (n = 16) and Cayman Brac (n = 12) listed in order of total abundance from largest to smallest.

Data was collected using four video transects per site between June and August 2009

Soft Coral Genera Grand Cayman Little Cayman Cayman Brac
Mean SE Mean SE Mean SE
Pseudopterogorgia 160 24.78 90.7 15.8 108 28.3
Gorgonia 23.44 4.342 32.1 6.52 30.4 9.42
Pseudoplexaura 16.19 5.886 14.4 2.63 10.5 5.25
Eunicea 16.67 4.307 12.8 2.8 7 2.1
Plexaura 5.963 2.394 20.1 5.09 15.8 6.3
Erythropodium 3.148 1.346 12.1 5.98 15.3 8.7
Briareum 13.22 3.423 5.81 1.29 0.92 0.47
Plexaurella 10.22 2.684 1.44 0.58 0 0

3.1.2.1 Similarities and differences between sites within and outside Marine Parks

Although Protection Level was not found to significantly impact total individual abundance for the combined

island data, (Appendix F), trends were seen when considering them separately.
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Figure 3.7 — Average abundance of the species for which abundance differed most with Protection Level (Turf
(TURF), Dictyota spp. (DICT), Macroalgae (MACA), Lobophora spp. (LOBO), Encrusting Coralline Algae (CALG),
Montastraea annularis (MOA), Agaricia spp. (AGS), and Montastraea franksi (MOFR)) at sites within (blue) and
outside (red) marine parks. Data was collected using four video transects per site (n = 55) between June and August

2009. An asterix (*) denotes a significant difference in abundance (See Appendix G for p values)
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Of the eight individuals identified by SIMPER whose abundance differed most between the within and
outside park sites (turf, Dictyota spp., macroalgae, Lobophora spp., encrusting coralline algae, Montastraea
annularis, Agaricia spp. and Montastraea franksi), the five types of algae had greater abundance outside the
parks, and the three types of coral inside (Figure 3.7). Nested ANOVA showed that there was a significant
difference in abundance of these individuals between Protection Levels (All p < 0.05), and that within these
groupings, no significant variability occurred (All p > 0.05), (Appendix G). However, no significant
difference was found for abundance of encrusting coralline algae between sites within or outside parks (p =

0.214), (Appendix G).

As previously shown, coral cover was greater inside the marine parks on Grand Cayman and Little Cayman.
The significance of this was investigated, and abundance of coral between Protection Levels on both islands

was found to be significant (MWU, Grand Cayman, p = 0.041, Little Cayman, p < 0.001).

The number of coral species present at each site was tested for each island independently to determine
whether significant differences occurred with Protection Level. Nested ANOVA showed that although a
significant variation was seen between the sites within the two different levels of protection, the number of
coral species found within the marine park was significantly different (higher) than outside the marine park

for Grand Cayman and Little Cayman, and significantly different (lower) for Cayman Brac (Table 3.6).

Table 3.6 — Nested ANOVA results showing the significance level of relationships between coral species abundance
and Protection Level (within or outside marine parks) for Grand Cayman (within, n =9, outside n = 18), Little Cayman
(within, n = 8, outside, n = 8) and Cayman Brac (within, n = 6, outside, n = 6) and the variation in abundance between

the sites falling within these two groupings. Data was collected using four video transects per site between June and

August 2009. Bold type and an asterix (*) denotes a significant result.

Grand Cayman Little Cayman Cayman Brac
Protection Level F2,16 =290.230, p < 0.001* F214=315.556, p < 0.001*% | F1,=128.000, p <0.001*
Site F|6,54 = 1.943, P= 0.036* F14,1s = 1.948, P= 0.044* F10,36 = 3.273, P= 0.004*

When considering the top five genera of coral (Agaricia, Diploria, Montastraea, Porites, and Siderastrea),
abundance was found to be significantly higher inside marine parks for Agaricia spp. and Montastraea spp.
for all islands combined and Little Cayman, and for Agaricia spp., for Grand Cayman, (p < 0.05), (Appendix
G). Abundance of Diploria spp. was found to be significantly lower inside marine parks, and no species on

Cayman Brac was significantly different in abundance within and outside the parks (Appendix G).

As total macroalgae abundance had also been identified to vary between sites within and outside marine
parks, the significance of this was tested for all islands. No significant difference was found with Protection
Level on Grand Cayman (MWU, p = 0.130), or Cayman Brac (MWU, p = 0.071) but abundance outside
marine parks on Little Cayman was significantly higher than abundance within parks (MWU, p < 0.001). As

so few algae genera were identified, it was not possible to test for differences using nested ANOVA as data
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was not homogenous. However, no significant difference was found between number of genera present and
Protection Level (MWU, Grand Cayman, p = 0.121, Little Cayman, p = 0.134, Cayman Brac, p = 0.675), or

between the abundance of the top five most abundant algae genera and Protection Level (Appendix G).

The relationship between soft coral genera and Protection Level was found to be significant for all islands
combined and for Grand Cayman (Appendix F). On Grand Cayman the most notable difference was in
Pseudopterogorgia which accounted for 93.5% of soft coral abundance inside the marine park. When the
five most abundant genera were tested against Protection Level, a significant difference was found only for
abundance of Eunicea, Gorgonia, and Pseudoplexaura on Grand Cayman which was higher within the
marine parks (p < 0.05), and no significant difference was apparent for any genera on Little Cayman or

Cayman Brac (Appendix G).

For interest, the differences between dived and un-dived sites were also investigated within West Bay
Marine Park on Grand Cayman. However, as only two of the survey sites were not recreational dive sites
(GCM2 & GCM7), statistical analysis could not be performed. Coral cover, species abundance, diversity,
evenness and richness was found to be higher at dived sites than at un-dived, and macroalgae abundance was

lower, showing no positive effect of closing these reef areas to diving.
3.1.2.2. Similarities and differences between sites with differing Aspects

Aspect was the factor that best determined abundance of benthic individuals on all islands. Unlike benthic
category data, the greatest difference in abundance of individuals was seen between the western and southern

shores of Grand Cayman (30.01%).

Table 3.7 — Results of SIMPER analysis showing the three coral species whose abundance differed most between
Aspects on Grand Cayman (west, n = 9, south, n = 8), Little Cayman (north, n = 8, south, n = 8) and Cayman Brac
(north, n = 6, south, n = 6). Data was collected using four video transects per site between June and August 2009.

Average dissimilarity in abundance and contribution to the overall dissimilarity is given

- Average Contribution to
Aspect Individuals dissimilarity dissimilarity (%)
Grand Cayman
Montastraea franksi 4.06 9.75
West & South ; ; ;
(41.64%) Diploria strigosa 3.74 8.98
Agaricia spp. 2.87 8.57
Little Cayman
Montastraea faveolata 4.29 11.15
North & South :
(38.50%) Montastraea franksi 3.81 9.89
Montastraea annularis 2.40 6.22
Cayman Brac
Montastraea faveolata 5.21 11.53
North & South .
(45.20%) Montastraea franksi 4.19 9.28
Diploria strigosa 3.84 8.51
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There were also some pronounced differences between northern and southern shores of all islands, with
Microdictyon spp. abundance on Cayman Brac ranging from an average of 15.95 £ 5.59% of total benthic
composition on the northern shore to 0.55 + 0.34% on the southern shore, and Acropora cervicornis,

Madracis mirabilis and Solenastrea bournoni only found on the northern shore.

ANOSIM found a significant difference in total abundance of coral species between Aspects for Grand
Cayman, Little Cayman, and all islands combined, but not for Cayman Brac (Appendix F). Table 3.7 shows
the species whose abundance most accounts for the dissimilarities seen between Aspects, with the genera
Montastraea found to contribute the most. Despite no significant difference being identified for Cayman

Brac, its northern and southern shores had the highest dissimilarity in terms of coral species (45.20%).

When considering coral genera, a significant difference in abundance was seen with Aspect for Agaricia,
Diploria, and Montastraea for the combined island data, for Agaricia and Diploria for Grand Cayman, and

for Montastraea on Little Cayman and Cayman Brac (p < 0.05), (Table 3.8), (Appendix G).

Table 3.8 - Mean abundance and standard error (SE) of the top five coral genera at sites with differing Aspects on
Grand Cayman, (north, n = 10, south n = §, west, n = 9) Little Cayman (north, n = 8, south n = 8) and Cayman Brac
(north, n = 6, south, n = 6). Data was collected using four video transects per site between June and August 2009. For
‘All Islands’ mean values are only reported for the north and south shores due to absence of sites on the west coasts of

Little Cayman and Cayman Brac. Bold type and an asterix denotes a significant result (for p values see Appendix G)

Island Agaricia Diploria Montastraea Porites Siderastrea
slan

Mean SE Mean SE Mean SE Mean SE Mean SE

All Islands

North 80.00* 4.65 16.67* 3.57 111.08* 13.60 39.46 3.88 35.83 5.65

South 64.82* 9.58 38.95* 8.85 208.36* 21.24 40.68 4.03 50.17 7.51

Grand Cayman

North 73.50* 9.27 17.10* 5.60 111.00 13.11 30.70 5.95 39.30 7.19

South 34.88* 5.34 33.75* 9.86 139.25 33.89 47.50 8.08 46.88 13.07

West 110.56* 8.78 6.89* 3.41 163.00 29.72 53.78 8.62 28.67 7.92

Little Cayman

North 84.25 4.13 20.25 7.38 130.63* 33.26 50.88 5.58 47.00 12.42

South 88.13 21.07 33.25 10.55 281.25* 33.54 37.50 7.94 42.13 5.75

Cayman Brac

North 85.17 9.14 11.17 5.37 85.17* 24.23 38.83 7.27 15.17 4.57

South 88.13 16.08 33.25 29.49 281.25* 25.24 37.50 3.57 42.13 22.34

Aspect was also found to be significant with algae abundance for all three islands (Appendix F). On Grand
Cayman, turf was most abundant on the western shore, Lobophora on the northern shore, and Dictyota on the
southern, while the abundance of Halimeda remained fairly constant between shores. On Little Cayman, turf

was most abundant on the northern shore, and Lobophora on the southern, while other genera remained
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fairly even between the two. However, on Cayman Brac, due to the additional genera of Microdictyon,
differences were more pronounced, with a significantly higher abundance of Microdictyon on the northern
shore (ANOVA, F, ;0 = 14.910, p = 0.003) appearing to result in a reduction in Lobophora, and also in turf
and Dictyota.

Of the five most abundant genera of algae, a significant difference was only identified in the abundance of
Lobophora on Grand Cayman (F,», = 15.303, p < 0.001) between the northern and southern shores (Tukey’s,
p < 0.001) and the northern and western shores (Tukey’s, p = 0.001) as abundance was greatest on the
northern shore (mean = 648.90 compared to an island mean of 369.96). As Lobophora grows close to the
substrate, it was thought that its abundance may be related to that of encrusting coral species such as
Agaricia due to competition for space on the reef. However, no trends were identified in the data suggesting

that this was the case.

Aspect also had a significant impact on the abundance and distribution of soft coral genera on the islands.
The sites on the western shore of Grand Cayman were heavily dominated by Pseudopterogorgia as
previously identified, as these sites were all within the marine park. Differences were apparent between the
northern and southern shores, with mean abundance of soft coral on the northern shore of Grand Cayman
(24.94) higher than that on the southern shore (17.61), and the abundance of Briareum, (MWU, p < 0.001)
Eunicea, Gorgonia and Plexaura significantly higher on the northern (p < 0.05), (Appendix G). On Little
Cayman, despite obvious dissimilarities in the abundance of genera between shores, a significant difference
was only identified with Aspect for Gorgonia and Pseudopterogorgia with abundance on the northern shore
higher than on the southern shore (p < 0.05), (Appendix G). Differences between the northern and southern
shores of Cayman Brac were more pronounced, with Pseudopterogorgia abundance again very high on the
northern shore, and this, together with Gorgonia, accounting for 96.12% of total abundance. The genera
Pseudoplexaura was absent from the northern shore, and a significant difference was found for Eunicea (F, 1o

=14.066, p = 0.004) as it was very low in abundance here.
3.1.2.3 Similarities and differences between sites with differing Depths

Depth had a significant impact on the abundance of benthic individuals for all islands with the exception of
Cayman Brac, and similarities between sites were lower when considering Depth compared to Aspect or
Protection Level (>70%). The individuals that contributed most to the dissimilarities between Depths were

again found to be algae (Lobophora, 2.09%, Dictyota, 1.72% and Macroalgae, 1.27%).

As seen for the differences between Aspects, ANOSIM found the relationship between coral species and
Depth to be significant, and that the species whose abundance varied most between deep and shallow sites
were Montastraea franksi (11.50% difference), Montastraea annularis (8.81% difference) and Montastraea
faveolata (8.16% difference). Of the five most abundant genera, the relationship with abundance on Grand
Cayman was only significant for Siderastrea (F,ps = 22.743, p < 0.001), with a higher mean abundance at
shallow (20.79 points) than deep (56.54 points) sites. On Little Cayman a significant difference was found

for Porites (F14= 5.858, p = 0.030) with abundance greater on the shallow terrace (deep terrace mean =
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51.27, shallow terrace mean = 28.60), however, on Cayman Brac, no significant differences were found with

abundance for any genera.

Sites GCM11 and GCM12 were identified by Multi-Dimensional Scaling (MDS) to be outliers in the data as
they only had a 40% similarity to the other sites. This was due to the presence of Acropora palmata at
GCM11, and GCM12 had a larger percentage cover of Diploria strigosa than other deep sites (29.45%
compared to a mean of 5.86%). LC11 was also an outlier which could be explained by the presence of

Solenastrea bournoni, which was only present at one other site on the island.

The distribution of algae genera between the deep and shallow terraces varied with island, and was only
found to be significant for Grand Cayman (ANOSIM, Global R = 0.128, p = 0.021). The greatest difference
seen between islands was in the proportion of Dictyota, as on Grand Cayman a greater abundance was found
at deep sites, and on both Little Cayman and Cayman Brac, a greater abundance was seen at shallow sites. A
significant difference in abundance of the top five most abundant algae genera was identified for Lobophora
for the combined island data and on Little Cayman, for turf for the combined island data, on Grand Cayman
and on Little Cayman, as abundance of both was greater on the shallow terrace and for Macroalgae on Little

Cayman where abundance was again greater on the shallow terrace (p < 0.05), (Appendix G).

Depth was found to have a significant impact on the abundance of soft coral genera on Grand Cayman, and
for all islands combined, but a significant difference was only identified on Grand Cayman for the genera
Pseudopterogorgia as mean abundance was significantly higher at deeper sites (244.29 points) than at
shallow (69.15 points), (Fi»s = 23.026, p < 0.001). Little Cayman also had a greater abundance of

Pseudopterogorgia at deeper sites; however, abundance was fairly even on Cayman Brac.
3.1.3 Diversity Indices — Species Abundance, Species Diversity, Species Richness and Species Evenness

Diversity indices were calculated using the Benthic Individuals data, as, although not all individuals were
identified to species level, it was felt that as the same code file of individuals had been used, this was
adequate for comparative purposes. Shannon-Weiner diversity, and species richness were highest on Little
Cayman, Pielou’s evenness was equal on Grand Cayman and Little Cayman, and Cayman Brac reefs were

poorest in terms of all indices measured (Table 3.9).

A significant difference was found between all islands for Shannon-Weiner diversity (ANOVA, F, s, = 5.829,
p = 0.005), and species richness (F.»s; = 5.367, p = 0.08) with post hoc testing identifying the differences to
occur between Grand Cayman and Little Cayman (Tukey’s, p = 0.024, and p = 0.028 respectively), and Little
Cayman and Cayman Brac (Tukey’s, p = 0.007 and p = 0.011 respectively), (Table 3.9). However, no
significant difference was found between islands for Pielou’s evenness (ANOVA, F,s5, = 1.21, p = 0.3006).
The relationships between diversity indices and the factors Protection Level, Aspect, and Depth were also
investigated, and while some significant differences were found for Grand Cayman and Little Cayman, none

were found for Cayman Brac (Table 3.9).

S. Gall, 2009 51



The Effect of Long Established Marine Protected Areas on the Resilience of Caymanian Coral Reefs

Table 3.9 — Average Species abundance (S), Shannon-Weiner Diversity index (H’ loge), Species Richness (Margalef),

(d), and Pielou’s Evenness (J’) on Grand Cayman, Little Cayman and Cayman Brac for Protection Level (within, GCM,
n=9,LCM, n= 8§, CBR, n = §; outside, GCM, n = 18, LCM, n = 8, CBR, n = 6), Aspect (north, GCM, n= 8§, LCM, n =
8, CBR, n = 6; south, GCM, n = §, LCM, n = §, CBR, n = 6; west, GCM, n = 9) and Depth (deep, GCM, n = 14, LCM,
n =15, CBR, n =4; shallow, GCM, n = 13, LCM, n = 11, CBR, n = 8). Data was collected using four video transects per

site between June and August 2009. Totals are shown for each island in brackets () following its name. The significance

of within factor differences was tested using One-way ANOVA or Mann-Whitney U (MWU) and p values are provided.

Post hoc test results are given for Aspect on Grand Cayman. Bold type and an asterix (*) denotes a significant result

Protection Level Aspect Depth
Island

Within Outside North South West Deep Shallow
Species Abundance (S)
Grand Cayman 32.00 35.11 35.60 34.50 32.00 32.93 35.31
(34.07) Fi2s=3.199, p=0.086 Fios = 1.698, p = 0.204 Fios=2.014,p=0.168
Little Cayman 38.88 36.13 38.25 36.74 - 36.20 38.09
(37.50) Fiis=4.162, p=0.061 Fi14=1.024, p=0.329 Fiia=1.437, p=0.250
Cayman Brac 34.50 31.00 30.83 34.67 - 33.00 32.63
(32.75) Fii0=2.492, p=0.146 Fii0=23.145p=0.107 Fi10=0.020, p = 0.889
Shannon-Weiner Diversity (H’ loge)
Grand Cayman 2.61 2.67 2.70 2.64 2.61 2.63 2.67
(3.02) Fii06=5.638, p=0.019% | Fy0s=4.52,p=0.013* N& Wp=0.010) | F,06=2.814, p=0.096
Little Cayman 2.80 2.68 2.74 2.73 - 2.72 2.74
(3.13) Fis = 13.908, p < 0.001* Fie:=0.089, p=0.766 Fie=0.189, p = 0.665
Cayman Brac 2.59 2.60 2.61 2.58 - 2.64 2.57
(2.97) Fis=0.011,p=0916 MWU, p =0.536 Fi4=2.833,p=0.099
Species Richness (d)

437 4.70 4.80 4.59 437 4.45 4.75

Grand Cayman
(6.05)

F]’]()ﬁ = 7.459, P~ 0.007*

Fz.10s = 4.85, p = 0.010* (N &W, p = 0.007)

Fi,106= 6.747, p = 0.011*

Little Cayman 5.26 4.79 5.15 4.80 - 476 5.15
(6.62) Fie2 = 7.454, p = 0.008* Fireo=1.869,p=0.176 Fis = 4.233, p = 0.044*
Cayman Brac 4.40 4.42 4.43 4.39 - 4.58 432
(5.83) Fi4=0.015, p=0.902 Fia6=0.053, p=0.818 Fias=2.074,p=0.157
Pielou’s Evenness (J')

Grand Cayman 0.846 0.840 0.841 0.837 0.838 0.841 0.837
(0.86) Fii06=0.043, p = 0.835 Fa10s = 0.491, p=0.613 Fiie=1.157,p=10.284
Little Cayman 0.848 0.837 0.838 0.847 - 0.851 0.834
(0.86) Fie = 7.207, p = 0.009% Fi = 4.276, p = 0.043* Fie = 9.116, p = 0.004*
Cayman Brac 0.834 0.835 0.838 0.831 - 0.838 0.832

(0.85)

Fii=0.014, p = 0.908

F1,46 = 2012, pP= 0.163

Fius = 1.223,p=0.275
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On Grand Cayman, sites outside marine parks had significantly higher species diversity and species richness
than those inside. However, this was not the case on Little Cayman, where sites within the marine parks had

a significantly higher species diversity, species richness and species evenness than sites outside (Table 3.9).

Aspect was only seen to affect species richness on Grand Cayman, with the richest sites located on the north
shore, and the poorest on the west (corresponding to those inside the marine park), and evenness on Little
Cayman with the southern shore showing the most even distribution of species (Table 3.9). When
considering Depth, no significant difference was found with species abundance or diversity, but deeper sites
on Grand Cayman and Little Cayman were significantly richer than shallower sites, and shallower sites on

Little Cayman had greater species evenness than deeper (Table 3.9).

When considering coral species across all islands, no significant difference was seen in species diversity,
although it was slightly higher within the marine parks (mean = 2.48) than outside (mean = 2.44), (ANOVA,
F,5=0.616, p=0.436). However, a significant difference was seen for species richness, with a mean of 4.41
inside the parks and of 3.94 outside (ANOVA, F,s5; = 6.693, p = 0.012), and for species evenness, with a
mean of 2.48 inside the parks and of 2.44 outside (F;s; = 12.686, p = 0.001). Significant differences with
Protection Level were found on Grand Cayman for species evenness which was higher within the parks, and
for species richness and species abundance on Little Cayman which were also higher within the parks

(Appendix G). No significant differences were identified for Cayman Brac (Appendix G).
3.1.4 Coral Disease, Bleaching and Predation

Incidence of disease, bleaching and predation on transects was low, occurring at fewer than half the sites on
each island and affecting few colonies. Grand Cayman had the largest number of colonies affected by
disease, but when considering mean abundance, Little Cayman had the highest incidence of disease and

bleaching (Table 3.10). Predation was highest on Grand Cayman.

Table 3.10 — Total incidence of disease, bleaching and predation (number of colonies affected) at sites on the reefs of
Grand Cayman (n = 27), Little Cayman (n = 16) and Cayman Brac (n = 12), and incidence at sites within marine parks
(Grand Cayman, n = 9; Little Cayman, n = 8; Cayman Brac n = 6). Data was collected using four video transects per

site between June and August 2009. Numbers in bracket () are mean abundance

Disease Bleaching Predation
Total Park Total Park Total Park
Grand Cayman 27 (0.70) 7 (0.78) 6 (0.22) 2(0.22) 15 (0.56) 6 (0.67)
Little Cayman 17 (1.06) 9 (1.13) 7(0.44) 2 (0.25) 8 (0.50) 6 (0.75)
Cayman Brac 10 (0.83) 7(1.17) 4(0.33) 2(0.33) 4(0.33) 4(0.67)

The diseases that were identified were white plague, dark spot, and white band, although as identification
was made from the video evidence rather than in-water, it was difficult to always make a positive
identification. For this reason, the abundance of each disease type has not been included here. The species

that were most commonly affected by disease were the Montastraea annularis species complex, Agaricia
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spp., and Siderastrea siderea, with others including Colpophyllia natans and Diploria strigosa. On Little
Cayman and Cayman Brac the affected species were more varied, including Solenastrea bournoni, Porites
furcata, Porites astreoides, Dichocoenia stokesii and Stephanocoenia intersepts. Only one incidence was
recorded of white band disease affecting an Acropora cervicornis on Grand Cayman, and one incidence of

total bleaching on Little Cayman. Siderastrea siderea was the most commonly bleached coral.

When considering the location of affected sites it can be seen that incidence of both disease and predation
was higher inside marine parks than outside. Disease did not vary as much between sites inside and outside
the parks, and incidence was lower inside parks on Little Cayman. Many corals with dead patches were seen,
with some patches substantial in size. It is thought that these were likely due to predation; however, no

evidence of this was seen so a positive identification could not be made.
3.2 Conservation Values

Conservation values highlighted the sites which could be termed the healthiest, and were used primarily for
comparison between sites, islands, and to aid the evaluation of the success of the marine park system. Scores
for each variable were calculated using the mean score of all islands combined to facilitate between island

comparisons. Results are presented below, and raw data can be found in Appendix H.

The proportion of sites falling into each conservation class varied between islands (Table 3.11). Sites on
Grand Cayman and Cayman Brac were fairly evenly spread between the high, medium and low status
categories, but Little Cayman had many more sites scoring high. Little Cayman was also the only island to

have a site that scored the highest possible conservation value of 7 (LCS).

Table 3.11 — Summary of the number of sites per island that fell within each status category for conservation values.
High status indicates sites scoring between 5 & 7 out of 7, medium status those scoring 3 or 4 and low those scoring

between 0 and 2. Values in brackets () indicate the number of sites within marine parks for each status category

High 9(2) 10 (7) 3(2) 22 (11)
Medium 10 (3) 4(1) 5(2) 19 (6)
Low 8 (4) 2 (0) 4(2) 14 (6)

When considering all islands combined, 50% of the sites falling into the high status category were within the
marine parks, however, as can be seen from Table 3.9, this is biased by the results from Little Cayman. It is
interesting to note that despite having many more sites scoring high than Cayman Brac, Grand Cayman had

the lowest number of high scoring sites within marine parks.

The effect of Aspect was not as pronounced, although a greater number of high status sites were found on the

southern than the northern shore. However, Depth had a far greater effect, with shallow reefs containing

S. Gall, 2009 54



The Effect of Long Established Marine Protected Areas on the Resilience of Caymanian Coral Reefs

three times the number of high and medium scoring sites, and six times less low scoring sites than deep

reefs.
3.2.1 Grand Cayman sites

As seen in Table 3.11, the split of sites between each status category was fairly even on Grand Cayman, and

only one site scored zero.

Table 3.12 — Conservation value calculations for Grand Cayman sites showing data for coral cover, Shannon-Weiner
diversity (H’(loge)), species richness (Margalef), (d), Pielou’s evenness (J’), species abundance (S), bleaching
incidence, and prevalence of disease. Data was collected using four video transects per site (n = 27) between June and
August 2009. A ‘1’ is assigned where the value for the site is above the mean for all sites, and a ‘0’ where it is below.
High status is assigned to sites with a CV between 7 and 5, Medium to sites with a CV of 3 or 4, and Low to sites with a

CV between 0 and 2. The highlighted rows are sites that are within the marine parks

Site Coral H'(loge) d J' S Bleaching | Disease Conservation Status
cover Value

GCM>5 1 1 1 1 1 1 0 6 High
GCM11 0 1 1 1 1 1 1 6 High
GCM27 | 1 1 1 1 0 | 6 High
GCM9 1 1 1 0 1 1 0 5 High
GCM14 0 1 1 1 1 1 0 5 High
GCM15 0 1 1 0 1 1 1 5 High
GCM19 1 1 1 1 1 0 0 5 High
GCM20 0 1 1 0 1 1 | 5 High
GCM23 0 1 1 1 1 0 1 5 High
GCM1 0 0 1 0 1 1 1 4 Medium
GCM12 0 1 0 1 0 1 1 4 Medium
GCM13 0 1 0 1 1 1 0 4 Medium
GCM16 0 1 1 1 1 0 0 4 Medium
GCM17 1 0 0 1 0 1 1 4 Medium
GCM22 0 1 1 0 1 1 0 4 Medium
GCM24 0 1 0 1 0 1 1 4 Medium
GCM26 0 1 0 1 0 1 1 4 Medium
GCM7 1 0 0 0 0 1 1 3 Medium
GCMS8 0 0 0 1 0 1 1 3 Medium
GCM4 0 0 0 0 0 1 1 2 Low
GCM6 1 0 0 1 0 0 0 2 Low
GCM18 0 0 0 0 0 1 1 2 Low
GCM21 0 0 0 0 0 1 1 2 Low
GCM2 0 0 0 0 0 1 0 1 Low
GCM3 0 0 0 0 0 1 0 1 Low
GCM25 0 0 0 1 0 0 0 1 Low
GCM10 0 0 0 0 0 0 0 0 Low
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The sites within West Bay Marine Park were distributed between all statuses, and included one of the top
scoring sites, however 4 of the 9 were assigned a low status (Table 3.12). The location of these sites is very
interesting, with those scoring four or more located towards the northern and southern boundaries of the
park, and those scoring three or less located towards the centre, in close proximity to George Town, Seven

Mile Beach and the cruise ship anchoring area.

Of the sites on Grand Cayman, seven scored lower than average for coral cover, species diversity, species
richness, species evenness and species abundance; all of which fell into the low status category and were
located on the deep terrace. Of those classified with a low status, only site GCM6 was a shallow site, and had

above average coral cover and species evenness.
3.2.2 Little Cayman Sites

As already noted, Little Cayman had a large proportion of high status sites, and only 2 sites with low status,
(Table 3.11). The highest scoring site LC8 (CV=7), was located on the southern shore within the marine
park, as were high status sites LC4 and LCS5, however, the fourth site located within this park was of medium

status (LC7).

Table 3.13 — Conservation value calculations for Little Cayman sites showing data for coral cover, Shannon-Weiner
diversity (H(loge)), species richness (Margalef), (d), species evenness (J°), species abundance (S), bleaching incidence,
and prevalence of disease. Data was collected using four video transects per site (n = 16) between June and August
2009. A ‘1’ is assigned where the value for the site is above the mean for all sites, and a ‘0’ where it is below. High
status is assigned to sites with a CV between 7 and 5, Medium to sites with a CV of 3 or 4, and Low to sites with a CV

between 0 and 2. The highlighted rows are sites that are within the marine parks

Site g:::;:i H'(loge) d J' S Bleagchin Disease C(;lni]e:l\; aetio Status
LC8 1 1 1 1 1 1 1 7 High
LC12 0 1 1 1 1 1 2 6 High
LC3 1 1 1 1 1 0 1 6 High
LCS 1 1 0 1 1 1 1 6 High
LC6 1 1 1 1 1 1 0 6 High
LC14 0 1 1 1 1 1 1 6 High
LC16 1 1 1 1 1 0 1 6 High
LC1 1 1 1 1 1 0 0 5 High
LC2 1 1 1 1 1 0 0 5 High
LC4 0 1 1 0 1 1 1 5 High
LC7 1 1 1 0 1 0 0 4 Medium
LC9 0 1 1 0 1 1 0 4 Medium
LC10 0 0 1 0 1 1 1 4 Medium
LC13 1 0 1 0 1 0 1 4 Medium
LC15 0 0 0 0 0 0 1 1 Low
LC11 0 0 0 0 0 0 0 0 Low
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By comparison, the marine park on the northern shore did not contain such high scoring sites, with LC1 and
LC2 only scoring 5 out of 7. However, both sites scored above average for all variables, and the loss of the 2

points was due to the presence of corals affected by both disease and bleaching at the site (Table 3.13).

The lowest scoring site was LC11 which had previously been identified as an outlier in the data. It scored
below average for all variables and had a very low percentage cover of hard coral (5.10%) and the greatest

percentage of dead coral of all sites (2.88%).
3.2.3 Cayman Brac Sites

Only three sites were assigned a high status on Cayman Brac, with half the sites studied scoring lower than
average for coral cover, species diversity, species richness, and species abundance (Table 3.14). However,
unlike both Grand Cayman and Little Cayman, no site had a conservation value of zero. An equal split was
seen between high, medium and low status for the within park sites, and, as seen on Little Cayman, the

higher scoring sites were located on the southern shore.

Table 3.14 — Conservation value calculations for Cayman Brac sites showing data for coral cover, Shannon-Weiner
diversity (H’(loge)), species richness (Margalef), (d), species evenness (J°), species abundance (S), bleaching incidence,
and prevalence of disease. Data was collected using four video transects per site (n = 16) between June and August
2009. A ‘1’ is assigned where the value for the site is above the mean for all sites, and a ‘0’ where it is below. High
status is assigned to sites with a CV between 7 and 5, Medium to sites with a CV of 3 or 4, and Low to sites with a CV

between 0 and 2. The highlighted rows are sites that are within the marine parks

Site (C:::i::_ H'(loge) d J S Bleagchin Disease Czn\s,i:i:;::io Status
CB3 1 1 1 1 1 1 0 6 High
CBI12 1 1 1 1 1 1 0 6 High
CB6 1 1 1 0 1 0 1 5 High
CB2 0 1 1 0 1 1 0 4 Medium
CB4 1 1 0 1 0 1 0 4 Medium
CB9 1 0 0 1 0 1 1 4 Medium
CB7 0 0 0 1 0 1 1 3 Medium
CBl11 0 0 0 1 0 1 1 3 Medium
CBI10 0 0 0 0 0 1 1 2 Low
CBl1 0 0 0 0 0 0 1 1 Low
CB5 0 0 0 0 0 1 0 1 Low
CB8 0 0 0 1 0 0 0 1 Low

3.3 Coral Morphology & Reef Structure
3.3.1 Coral Morphology

The distribution of coral between morphology categories was similar for all islands, as shown by Figure 3.8.

Massive corals dominated, with submassive, encrusting and branching corals also occurring in substantial
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numbers (Tables 3.15, 3.16, & 3.17). The abundance of table corals and digitate corals was very low,

reflecting that few species fit these categories, and that these are species that are in low abundance on the

reefs.
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Figure 3.8 — Percentage abundance of coral in different morphology categories (Table coral, orange; Submassive coral,
dark green; Massive coral, light blue; Foliose coral, yellow; Encrusting coral, red; Digitate coral, dark blue; and
Branching coral, purple) for sites Grand Cayman (n = 27), Little Cayman (n = 16) and Cayman Brac (n=12). Data was

collected using four video transects per site between June and August 2009

The relationship between morphology and island was found to be significant (ANOSIM, Global R = 0.128, p
= 0.011), although, as suggested by Figure 3.8, SIMPER analysis found all islands to be similar (>82%),
with the greatest dissimilarity occurring between Little Cayman and Cayman Brac (16.15%).

Variation between sites within islands was also low, however, on Cayman Brac CB9 was identified as an
outlier in the data as massive corals accounted for 90.53% of the sites morphological make up. Site GCM11
was again identified as an outlier on Grand Cayman as it was the only site on the island to have Table coral,

and had very few submassive corals (12 compared to an average of 56.93).
3.3.1.1 Similarities and differences between sites within and outside marine parks

The morphological distribution of corals was similar within and outside marine parks on all islands.
Differences did occur, but were only significant for submassive corals on Grand Cayman and massive corals

on Little Cayman, as abundance was higher inside the parks (Table 3.15), (Appendix G).
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Table 3.15 — Mean abundance (number of points) of the seven coral morphology categories at sites within and outside
marine parks on Grand Cayman (within, n = 9; outside, n = 18), Little Cayman (within, n = 8; outside n = 8), and
Cayman Brac (within, n = 6; outside n = 6). Data was collected using four video transects per site between June and
August 2009. Mean abundance is used due to the uneven distribution of sites within and outside the parks on Grand

Cayman. Bold type and an asterix (*) denotes where an abundance is significantly higher (see Appendix G for p values)

Branching Digitate Encrusting Foliose Massive Submassive Table
Grand Cayman
Within 11.67 1.44 28.00 9.56 221.56 84.67 * 0
Outside 10.61 0.94 20.56 5.78 230.06 43.06 2.39

Little Cayman

Within 34.25 0.88 39.75 19.75 355.00 * 69.75 2.63

Outside 19.75 0.13 35.75 4.88 217.63 56.25 0

Cayman Brac

Within 7.33 0.83 40.17 3.33 225.33 75.33 0

Outside 10.67 0.83 46.33 3.67 248.83 58.50 2.50

3.3.1.2 Similarities and dissimilarities between sites of differing Aspects

ANOSIM found that Aspect had a significant relationship with morphology for Grand Cayman and Little
Cayman (Appendix F).

Table 3.16 — Mean abundance (number of points) of the seven different coral morphology categories at sites with
differing Aspects on Grand Cayman (north, n = 10, south, n = 8, west, n = 9), Little Cayman (north, n = 8, south = 8),
and Cayman Brac (north = 6, south = 6). Data was collected using four video transects per site between June and
August 2009. Mean abundance is used due to the uneven distribution of sites between shores. Bold type and an asterix

(*) denotes where an abundance is significantly higher (see Appendix G for p values)

Branching Digitate Encrusting Foliose Massive Submassive Table
Grand Cayman
North 10.80 1.30 21.20 6.90 190.50 55.10 0
South 10.38 0.50 19.75 4.38 279.50 * 28.00 5.38
West 11.67 1.44 28.00 9.56 221.56 * 84.67 0

Little Cayman

North 30.50 0.75 29.50 4.88 215.00 67.13 0

South 23.50 0.25 46.00 19.25 357.63 * 58.88 2.63

Cayman Brac

North 10.83 1.33 35.17 3.33 138.17 60.83 0

South 7.17 0.33 51.33 3.67 336.00 * 73.00 2.50
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On Grand Cayman, dissimilarity was most apparent between sites on the western and southern shores, and
when considering morphology categories individually, it was found that this was due to the abundance of
massive coral, which was significantly higher on the southern shore than the western (Table 3.16).
Encrusting and Submassive corals were also much lower in abundance on the southern shore than the

western, although this was not found to be statistically significant.

On Little Cayman and Cayman Brac, Aspect was also found to have a significant relationship with massive
corals, with abundance higher on the southern than northern shore (Table 3.16). LC11 was identified as an
outlier in the data, which could be explained by the percentage of Foliose coral it contained. This was higher
than all other sites, but was only found to be significantly different from sites LC4, LC9, LC10, LC12 and
LC14 (MWU, p <0.05).

3.3.1.3 Similarities and differences between sites of differing Depths

Despite no significant relationship being identified between morphology and Depth on any island,
differences were identified when considering morphology categories individually. These were significant
only for Branching and Foliose corals on Grand Cayman, with a greater proportion of Branching corals
found in shallow water, and Foliose in deeper water (Table 3.17). Branching corals were also more abundant
in shallow water on Little Cayman, and Encrusting corals were more abundant in shallow water. On Cayman

Brac the differences in abundance between shallow and deep sites for all morphology types was very low.

Table 3.17 — Mean abundance (number of points) of the seven coral morphology categories at deep and shallow sites
on Grand Cayman (deep, n = 14, shallow n = 13), Little Cayman (deep, n =5, shallow, n=11), and Cayman Brac
(deep, n = 4, shallow, n = 8). Data was collected using four video transects per site between June and August 2009.
Mean abundance values are used due to the uneven distribution of sites between the deep and shallow terrace. Bold

type and an asterix (*) denotes where an abundance that is significantly higher (see Appendix G for p values)

Branching Digitate Encrusting Foliose Massive Submassive Table
Grand Cayman
Deep 7.64 1.43 18.36 9.50 * 195.93 52.93 0
Shallow 14.54 * 0.77 28.08 4.38 260.92 61.23 3.31

Little Cayman

Deep 21.40 0 58.20 28.60 268.60 71.20 0

Shallow 29.55 0.73 28.45 4.55 294.36 59.27 1.91

Cayman Brac

Deep 11.25 1.25 42.0 4.25 218.50 62.25 3.75

Shallow 7.88 0.63 43.88 3.13 246.38 69.25 0

S. Gall, 2009 60



The Effect of Long Established Marine Protected Areas on the Resilience of Caymanian Coral Reefs

3.3.2. Reef Structure

The structure of the reef was fairly constant between sites on the deep and shallow reef terraces; however,
some variation was seen with Aspect and island. Most notably, the deep terrace was absent on the majority

of the northern shore of Little Cayman.
3.3.2.1 Deep reef structure:
There were two main differences between deep reef sites (Figure 3.9):

a) Spur and groove reef with steep sided, very tall, narrow spurs and deep, narrow sandy grooves. The
end of the spurs formed buttresses and dropped away to join the wall. The grooves gradually sloped

down to join the wall.

b) Spur and groove reef with wider, almost flat spurs and wide sandy grooves. The spurs became
slightly more pronounced towards the end of the reef and formed buttresses before dropping away to

join the wall, and the grooves dropped gradually down to join the wall.

a) b}

Figure 3.9 — Photographs showing the structure of deep reefs on Grand Cayman a) & b) show steep sided spurs and

narrow grooves, and c) flatter grooves with wider sand patches. (Photo credit: Dr. J.R. Turner, July 2008)
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Only one deep reef site existed on the northern shore of Little Cayman (LC11), and this site differed to the

usual structure as it was very flat with the spurs only slightly defined.
3.3.2.2 Shallow reef structure
The structure of shallow reefs was more varied, with three main types (Figure 3.10):

¢) Spur and groove reef with very shallow spurs, either wide or narrow, with narrow grooves either

filled with sand, or a continuation of reef substrate.
d) Fairly flat gorgonian garden interspersed with small coral bommies.

e) Fairly flat reef with very large coral bommies and some spur like sections. The bommies were often

caused by very large colonies of Montastraea annularis species complex.

Figure 3.10 — Photographs showing the structure of shallow reef on Grand Cayman a) & c) show shallow spur and

groove structure, b) shows gorgonian garden, and on Little Cayman d) shows fairly flat reef with large coral bommies.
(Photo credit: a), b) & c¢) Dr. J.R. Turner, July 2008 & d) S. Gall, July 2009)

The shallow reef usually ended with a slope down to the deep reef terrace. This was either a continuation of

the reef, with spurs joining the deep terrace, or terraces separated by a sand patch interspersed with coral
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islands. On Little Cayman, the sites within Bloody Bay Marine Park were mostly on narrow strips of reef
before the wall dropped away. Due to the absence of a proper reef flat at LC3, the transects were laid on the

slope between the very shallow reef area and the sandy terrace where the reef dropped to join the wall.
3.3.2.3 Structure of the reefs in 2009 compared to 1974

Figure 3.11 shows the structure of the reef in 1974, and it is clear through comparisons with figures 3.9 and
3.10 that coral cover has decreased, and macroalgae has increased substantially. A total of 39 photographs

were taken by Dr J. Ogden and C. Ray around Grand Cayman, and Figure 3.11 shows a selection from these.

a)
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Figure 3.11 — Photographs taken in 1974 showing the structure of the reefs of Grand Cayman and providing evidence
of high coral cover and low macroalgae cover. Photographs a) and b) are from unidentified locations and c), d) and e)

were taken at Eden Rock, a site just south of George Town harbour (Photo credit: Dr J. Ogden & C. Ray)

There are very few areas on the reef in the pictures in Figure 3.11 that are without coral coverage, compared
to the large areas of substrate, dead coral or algae that exist on the reefs in 2009. The cover of Acropora
palmata on the reef in photograph b shows it to have a very high abundance, whereas now it is absent from
the majority of reefs. Photographs c, d and e are of the reef at Eden Rock, a site located just to the south of
the harbour at George Town which, although not monitored as part of this study is likely to have had
substantial negative impacts from commercial shipping, cruise ship activity, recreational SCUBA diving, and
the development of the George Town area. Quantitative comparisons were not possible as no data was
collected in 1974, however, it is thought that had surveys been done, the results would likely be close to the

reverse of the current 75% macroalgae coverage and 10% hard coral coverage.
3.4 Diver Questionnaire

A total of 37 questionnaires were completed by employees of the dive industry on Grand Cayman. Results
from PRIMER analysis found no significant differences in the response of participants for any of the pre-
determined factors, and that with the exception of four, all participants gave very similar responses (> 60%),
showing that they were of the same opinion regarding both the condition of the reef and the effectiveness of

its management.
3.4.1 Reef condition

When asked to rate the diversity and condition of coral species on the reef, the majority (33.33%) of
participants gave a score of 6 out of 10, and while 47.22% felt that condition was average or below (a score

of 5 or less), 52.78% felt that it was above average.
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Figure 3.12 — Results from a diver questionnaire completed by employees of the dive industry on Grand Cayman in
August 2009 showing the percentage of respondents (n = 38) who rated land based nutrient runoff, overfishing of
herbivorous fish, human activity on the reef and global climate change as the most important reason behind the change

in abundance of algae cover on the reefs during the time they had been diving on the island

Twenty five respondents thought that algae coverage on the reef had increased since their arrival on the
island. When asked to rank possible reasons for this, answers were fairly evenly spread between the four
choices although more people felt that human activity on the reefs had the greatest impact (Figure 3.12). The
majority (75.00%) of respondents reported that they saw bleached coral either ‘occasionally’ or ‘frequently’

and (42.86%) diseased corals ‘occasionally’.

The majority of respondents *40.54%’ selected ‘Neutral’ when asked whether ‘the condition and diversity of
the coral communities in West Bay Marine Park is better than the rest of the island’. However, this was
skewed by the number of divers who did not have sufficient experience of diving in West Bay, and when
combining the answers of those who selected ‘Strongly Agree’ or ‘Agree’ and those who selected ‘Disagree’
or ‘Strongly Disagree’, it was interesting to see that more people disagreed (37.84%) than agreed (10.82%).
Related to this, an interesting comment was that as ‘you get (further) from the main port areas such as
George Town, you see vast improvements in the health of the reef and fish life’, which corresponds to the
findings of this study. Over half of respondents (56.76%) felt that diving activity was damaging the coral
reef environment, with two participants commenting that some sites were ‘boring’, or had ‘nothing
interesting to see’, especially on the west coast, and that divemasters would avoid taking customers to these
areas. Concern was also expressed that diving activity was ‘especially damaging the most accessible areas

(of reef) that are frequented by the least experienced divers’.
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As was expected, all respondents either ‘strongly agree’ or ‘agree’ that ‘conservation of the coral reefs is
important for Grand Cayman’ and that ‘the marine environment of the Cayman Islands is a valuable asset
that should be conserved’. All except two either ‘Disagree’ or ‘Strongly Disagree’ that ‘the sea is not at risk
from human activity on Grand Cayman’. It was thought that those who ‘Agree’ or ‘Strongly Agree’ misread

the question as the answers given to all other questions indicated that they should have disagreed.
3.4.2. Reef Management

When asked how effective the marine park zonation system of the Cayman Islands is at managing coral
communities sustainably, although no respondent answered ‘very effective’, 43.24% answered ‘effective’
and only 5.41% (2 people) answered ‘very ineffective’. Support for management was positive, although the
majority of respondents felt that while it was ‘good in theory’; generally enforcement of laws was ‘poor’ due
to enforcement teams being ‘under-funded and under staffed’. Other interesting comments included ‘the
marine environment management is being hampered by backwards government policies’ and ‘the people are
hardworking and well meaning in the DoE but they don’t appear to have much support from the police or
judiciary’. Suggestions of methods to improve current management focussed on having more enforcement

boats patrolling and better education of local people in the need for, and importance of marine conservation.

As an interesting side note, comments relating to fishing pressure revealed that the dive community felt
strongly that enforcement of fishing laws was essential, with comments mentioning a ‘lack of respect’ for the

marine environment and that illegal fishing within marine parks was common.

4. DISCUSSION

The aim of the study was to undertake a comprehensive analysis of the benthic composition of Caymanian
coral reefs, detailing percentage cover, species abundance, diversity, and coral morphology. This was to
enable the effectiveness of the long established marine park system to be investigated, with the hope that this
research would contribute to the wider understanding of the role of MPAs as a management tool for reef

conservation.
4.1 Coral Community Composition

It was found that hard coral cover was low, averaging only 9.25% on Caymanian reefs, with the benthic
composition dominated by macroalgae and turf, accounting for almost 80% of cover. Of the remaining live
categories, soft coral was most abundant, followed by sponges and encrusting coralline algae. Dominant
algae genera were identified as Dictyota, Lobophora, and Halimeda, and dominant coral genera,
Montastraea, Agaricia, and Porites. This composition is representative of reefs Caribbean wide, where shifts
in dominant species have occurred following disturbance since the 1970s (Hughes & Tanner, 2000; Gardner,

2003). This has led to coral cover on many reefs shallower than 20 m decreasing from a mean of 50% to a
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current mean of 10% (Hughes & Tanner, 2000; Williams & Polunin, 2001; Gardner et al., 2003), and a
change in framework building coral species through the loss of Acropora spp. to disease (Gladfelter, 1982;

Aronson & Precht, 2001).

Although a detailed documentation of change on the reef is not available for the Cayman Islands as it is in
areas such as Jamaica, the earliest published study documenting benthic species composition on Caymanian
reefs was completed in 1974/75 by Raymont et al., (1976a, 1976b, in UNEP/IUCN (1988)) as part of the
Natural Resources Study. Unfortunately the data collected was not available for comparison with this study,
and the earliest data found was that of Ghiold ef al., (1994) who recorded benthic composition at five sites
on Grand Cayman, monitoring both the shallow and the deep terrace. They recorded a mean hard coral cover
0f 29.00% (ranging from 4.1- 45.3%) on the shallow terrace and of 34.3% (ranging from 21.4 — 43.1%) on
the deep terrace in the early 1990s (Ghiold et al., 1994). Since this time a pattern of decline has been
documented on the island, with coral cover reported to be 25.7% in 1997 and 15.4% in 2001 (Jones et al.,
2004), and a similar decline recorded on Little Cayman from 26.5% in 1999 to 16.3% in 2004 (Coelho &
Manfrino, 2007). The decrease shown by these studies from a mean of 31.65% in the early 1990s (Ghiold et
al., 1976) to 9.25% in 2009 along with the current benthic species composition leads to the assumption that

Caymanian reefs have declined in a similar manner to those throughout the Caribbean.

Dominance of the main framework builder Montastraea is now commonplace on many reefs following the
80-98% loss of Acropora spp. due to white band disease in the 1980s (Gladfelter, 1982; Kojis & Quinn,
1994 (in Bruckner & Bruckner, 2006); Aronson & Precht, 2001; Klomp & Kooistra, 2003). Montastraea
dominated at sites during this study, however, it is encouraging to note that healthy colonies of Acropora
spp. were recorded on transects, and more observed during dives. The majority of these colonies had no sign
of infection by disease, or of bleaching, suggesting that some recovery is taking place. Other coral species
are known to have increased in abundance following the decline of Acropora including individuals from the
genera Agaricia and Porites which are known to be among the first to colonise reefs following disturbance,
are highly abundant on reefs throughout the Caribbean (Rogers et al., 1984; Smith, 1992; Aronson & Precht,
2001; Edmunds & Carpenter, 2001), and were both highly abundant here. These corals are small,
opportunistic species that are more susceptible to disturbance than reef building corals such as Montastraea,

and their increasing abundance may reflect a reduction in the resilience of Caymanian reefs (Gardner, 2003).

The most abundant algae was turf, which can be described as a filamentous usually green algae less than 1
cm in size which is cropped by grazing fish. It has been suggested that turf is dominant on reefs that have
low nutrient inputs and a low level of grazing (Aronson & Precht, 2001), both of which may be true for the
Caymans due to the lack of runoff from land and as fishing pressure targets herbivorous fish. Similar genera
were found to dominate Caymanian reefs as elsewhere, for example Panama and Cuba, with Dictyota
dominating and a high abundance of Lobophora (Shulman & Robertson, 1996; Alcolado et al., 2003). On
Panamanian reefs the cover of these two genera increased from 2 to 28% from 1987-1990 following a major
decline in the abundance of Agaricia spp., suggesting their ability to colonise rapidly following disturbance

(Shulman & Robertson, 1996), which here could be applied to the impact of hurricanes.
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The current state of Caymanian reefs confirms that they have undergone the coral-algae phase shift that
occurred across the Caribbean. The key reasons for this have been identified as a low abundance of
herbivores and high coral mortality. No Diadema were identified on transects during this study, and although
this could be a result of the survey method used, (videography does not adequately record the 3-D structure
of the reef (Jokiel et al., 2005)), other studies, and general observations made on the reefs during survey
dives showed their abundance to be very low (McCoy et al., 2009). Although fishing pressure is low in
Caymanian waters (Jones et al., 2008), both recreational and artisanal fishers target herbivorous fish species,
and a recent study investigating fish biomass concluded that recreational fishing alone may be enough to
alter the composition of fish populations due to its targeting of specific species, resulting in an imbalance of
herbivores and carnivores (McCoy et al., 2009). Further to this, even a small decrease in the numbers of
herbivores may have an effect that is multiplied up the food chain through the disturbance of functional
groups. The effects of the Caribbean wide overexploitation of fish stocks may also be felt indirectly through
a reduction in the larval population supply and consequently a decrease in recruitment to the reefs. The
proximity of the Caymans to the island of Jamaica, one of the most overfished areas in the Caribbean
increases this potential (Hughes, 1994), and the combination of decreased urchin and herbivorous fish

abundance is likely to have resulted in an increase in macroalgae populations.

As Jamaica and Cuba are the Caymans nearest neighbouring islands, they can provide a comparison to help
determine the status of Caymanian reefs. In Jamaica, the coral-algae phase shift was instigated by Hurricane
Allen in 1980 causing the mass mortality of Acropora spp., following which, Agaricia agaricites and Porites
astreoides were seen to almost double in abundance on reefs (Hughes & Connell, 1999). However, following
the death of Diadema in 1983-84 (Lessios, 1984), and the subsequent increase in macroalgae cover,
Jamaican reefs are now dominated by stress tolerant massive corals such as Montastraea annularis and
Colpophyllia natans (Hughes & Connell, 1999). Rapid reef assessment in 2007 recorded coral cover ranging
from 2.2-37.5% with a mean of 15%, indicating that reefs are recovering from the 5% cover recorded in the
early 1990s (Creary et al., 2008). Cuban reefs also underwent rapid assessment in 1999 when coral cover
was found to be 15.5-23.5% and dominant species identified as Montastraea annularis, Montastraea franksi,
Siderastrea siderea and Montastraea faveolata (Alcolado et al., 2003). By 2007, coral cover ranged from
10-50% on monitored reefs, attributable to damage from Hurricane Dennis is 2005 (Creary et al., 2008).

Like Caymanian, both Cuban and Jamaican reefs are still dominated by macroalgae (Creary ef al., 2008).

There are many differences in anthropogenic impacts between Jamaica, Cuba and the Caymans, as both
Jamaican and Cuban reefs are heavily impacted by overfishing, nutrient inputs and coastal development
(Hughes, 1994; Creary et al., 2008). However, similarities occur in the benthic composition of their reefs,
and mean coral cover on the Cayman Islands is surprisingly, slightly lower. This could be a reflection of the
study sites used on both Jamaica and Cuba and that the islands are both substantially larger than the Cayman
Islands. However, this difference suggests that as the Caymans have no major anthropogenic impacts, it is
possible that hurricane damage over the last 30 years, particularly the last five, and impacts on a regional or

global rather than a local level, are having a significant effect (Figure 4.1).
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Figure 4.1 — Hurricane map showing the routes of category 3, 4 and 5 hurricanes passing within 100 nm of the Cayman
Islands from 1960 - 2008. The land masses of Little Cayman and Cayman Brac were absent from the map and their

approximate position is shown by the star. (Map adapted from http://csc-s-maps-q.csc.noaa.gov/hurricanes/viewer.html)

Hurricanes Ivan, Emily, Gustav and Paloma have all passed within 100 nm of George Town since 2004, with
impacts from Ivan and Paloma particularly destructive. It is known that hurricane force waves can cause
destruction on reefs to a depth of approximately 20 m, and that they play an important role in determining
density, structure and community composition of coral assemblages (Massel & Done, 1993; Sheppard ef al.,
2009). Rogers et al., (1991) reported that following Hurricane Hugo on St John, U.S. Virgin Islands in 1989,
it was possible for a serious hurricane to cause a loss of up to 40% of coral cover, and in a meta-analysis of
hurricane impacts across the Caribbean, Gardner et al., (2003) found that in the year immediately following a
hurricane, macroalgal abundance increased by an average of 17% before stabilising and declining in
subsequent years. It is therefore assumed that hurricanes have had a significant effect on the benthic
composition of Caymanian reefs, and as they have been seriously affected within the last five years, they

may still be recovering.

Incidence of disease and bleaching was low on all islands, showing that recovery has taken place following
the mass bleaching event of 1998 (Figure 4.2). White plague, dark spot and white band were the only
diseases for which positive identification could be made. However, while affected corals were located on
transects, a greater abundance was observed during monitoring dives, and it was especially surprising to see
that incidence of disease was highest on Little Cayman where the reefs had the highest abundance and

diversity of species.
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Figure 4.2 — Photographs showing the extent of bleaching at GCM?7, a site within West Bay Marine Park in 1998

following the mass bleaching event (Photo credit: C. McCoy)

A high abundance of infected colonies on Little Cayman was also identified between 1999 and 2000 by
Manfrino et al., (2003) who carried out a rapid reef assessment finding diseased stony corals, predominantly
infected by white plague at over 90% of sites, and an average of 5.5% of corals affected by disease per site.
It has been suggested that disease may be a consequence rather than a cause of reef degradation due to the
increased susceptibility of corals to infection on reefs degraded by anthropogenic stressors (Lesser et al.,
2007). It is also known that following bleaching events, corals are more susceptible to disease, which could
explain the results of Manfrino et al., (2003). However, no such event preceded the current study and as
Little Cayman reefs have virtually no anthropogenic impacts it is thought that this highlights disease as a

regional or global issue which cannot be effectively controlled by localised marine management.

Despite variations between islands, the level of similarity between sites was generally found to be greater
than 80%, showing that while significant differences did occur due to variations in Protection Level, Aspect
and Depth, these were small, and overall it can be said that the status of the reefs of the Caymans is relatively
uniform. This was also evident from the results of measures of diversity, most notably for species evenness
which had a very low level of variation between islands showing the distribution of species within the
benthic communities of all islands to be similar. However, the significance of some of the variations is
important in determining the success or failure of the marine park system, and these findings are discussed

below.

4.1.1 Comparisons between sites within and outside Marine Parks
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As no significant difference was found between sites within and outside marine parks for the majority of
variables, it could be said that the protection afforded by the marine parks of the Cayman Islands has not had
a significant effect. However, it could also be said that this shows that areas outside the marine parks are
sufficiently protected by the Marine Conservation Laws, and although not for Grand Cayman, for both Little
Cayman and Cayman Brac that there are not enough local anthropogenic stressors for further protection to be
required. Despite this, when considering the factors that have been identified as most important in
determining the success of an MPA, namely species abundance and diversity, along with those important in
determining the resilience of reefs; cover of hard coral, algae abundance and incidence of bleaching and
disease (Coté et al., 2001, Roberts ef al., 2001, Halpern & Warner, 2002, Halpern, 2003), the results of this
study suggest that the marine parks have had some success, most notably on Grand Cayman and Little

Cayman.

Sites within the marine parks on both Grand Cayman and Little Cayman had significantly higher species
diversity and richness than those outside, and those on Little Cayman also had higher species evenness.
Cayman Brac was the exception to this, showing a high similarity between sites with species abundance,
diversity, richness and evenness not significantly affected by Protection Level, Aspect or Depth. When coral
species abundance was considered independently, although it was found to be significant with Protection
Level for all islands, the variation in abundance between sites within each Protection Level grouping was
also significant, suggesting that the difference cannot be attributed solely to the protection afforded by the
marine parks. On both Grand Cayman and Little Cayman the significance of variation within the Protection
Level grouping was low, and, although not totally responsible for the differences seen, it is thought that
marine parks do have an influence. Diversity indices for coral species alone showed that species richness and
evenness was higher at sites within marine parks on Little Cayman, and species evenness was greater within
marine parks on Grand Cayman. However, although both Little Cayman and Cayman Brac had a higher

coral species diversity within the marine parks, this was not the case for Grand Cayman.

Grand Cayman sites within marine parks are only significantly higher in terms of total species diversity and
richness, and coral species evenness. Their success has therefore been limited, but it is thought that this is a
reflection of the poorer condition of sites in the centre of the park which was highlighted by the use of
conservation values, and likely explained by the number of anthropogenic stressors present in this area
together with the impact of recreational diving. Another important consideration is that the location of the
West Bay Marine Park was chosen because the lee of the island was most suitable for diving and watersports
activities, and therefore the reefs here may not necessarily have been in better health prior to protection. The
lack of any control sites on the western shore due to the size of the park has meant that it has not been
possible to determine whether the status of the reefs within the marine park here is significantly higher than
that of sites outside the park. It is therefore suggested that the current status of the West Bay Marine Park

may be due to its location rather than the limited success of the marine park protection.

On Cayman Brac, the similarities between sites Within and Outside parks is thought to reflect the low level

of anthropogenic impacts as it is unlikely that the level of recreational SCUBA diving and fishing pressure
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inside parks have had a high enough impact to cause reef deterioration. Cayman Brac was badly affected by
Hurricane Paloma which, for the reasons previously stated, could explain why its reefs are in worse

condition than those of Little Cayman, where despite their proximity, damage was much lower.

Due to the influence of stressors causing the Caribbean wide phase shift, it is suggested that reef resilience is
lower on an algae dominated reef, and that MPAs can help to decrease algae and increase coral abundance
through the management of the ecosystem (Nystrom et al., 2000; Pandolfi et al., 2005; Hughes et al., 2003;
Hughes et al., 2005; Aronson & Precht, 2006). Therefore, despite the obvious dominance of algae, it is
encouraging to note that the sites within the marine parks on both Grand Cayman and Little Cayman had a
significantly higher mean hard coral cover and a lower macroalgae cover than those outside. For the eight
most abundant individuals (three hard coral species and five algae genera), the finding of a significant
difference between Protection Levels and no significant difference within each Protection Level grouping
suggests that the differences are caused by the protection afforded by the parks. As abundance of the three
hard coral species was higher within the parks and abundance of the five algae species was lower, it is likely
that herbivory is greater within marine parks enabling some management of the macroalgae population. This
was confirmed by the findings of a fish biomass study completed between January and April 2009 on the
reefs of Grand Cayman as both total fish biomass and herbivorous fish biomass was greater within the
marine parks (McCoy et al., 2009). This has also been seen in other areas, with Newman et al., (2006)
finding a negative correlation between herbivorous fish biomass and macroalgae abundance during a study

that included sites across the north-western Caribbean.

However, despite its lower abundance within marine parks, macroalgae cover was high across all three
islands. This is likely to be the result of a combination of many factors, although it may primarily be a
reaction to hurricane disturbance following the major destruction caused by Hurricane Ivan in 2004 and
Paloma in 2008. Macroalgae blooms following hurricanes are common due to the creation of new space on
the reef, and recovery may be slow due to the competitive inhibition of coral recruitment, particularly in
areas where fishing pressure affects the populations of herbivorous fish (McCook, 2001). Gardner et al.,
(2003) discovered that on reefs that had suffered hurricane damage, macroalgae had not declined to pre-
hurricane levels as much as eight years later, and Stoddard (1974, in Aronson & Precht, 2001) found that
reefs in Belize with very low fishing pressure and virtually no anthropogenic impacts (therefore similar to
reefs of the Cayman Islands) were dominated by macroalgae for ten years following the destruction caused
by Hurricane Hattie in 1961. Recreational and artisanal fishing pressure is also likely to contribute to the
high abundance of macroalgae, as on Grand Cayman it was found by McCoy et al., (2009) to have led to a

smaller size of fish and an imbalance in the community structure.

The results imply that the marine park system is most effective on Little Cayman and least on Cayman Brac.
However, as the sites outside the marine parks are also protected by the Marine Conservation Law, their
apparently limited success could be a reflection of the effectiveness of protection on all reefs on the islands.
Grand Cayman has the greatest pressure from anthropogenic impacts such as development, tourism and

fishing, and consequently success of the marine park system here is of prime importance. The finding that
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parks have greater species abundance, species diversity and hard coral cover, and lower macroalgae
abundance suggests that they have been successful. However, it is essential that these results are put into
context using examples from other long established MPA systems in the Caribbean. The majority of studies
have focussed solely on abundance and distribution of fish populations, and due to a lack of published
studies it was not possible to directly compare results with a similar MPA system in the northern Caribbean.
However, the island of Bonaire in the Netherlands Antilles has been well documented, and its marine park
system has been enforced since the 1980s (Hawkins ef al., 1999). Hawkins et al., (1999), using sites distant
from anthropogenic pollution sources and with similar characteristics, found that hard coral cover averaged
50% on reefs within reserves and 40% outside in 1994. Another more recent study by Sandin ef al., (2008)
used sites on both Bonaire and neighbouring Curacao and reported a mean hard coral cover of 26.6%, and
mean algae abundance of 58.6% (macroalgae + turf). These figures show hard coral cover higher than on
Caymanian reefs, and therefore the reefs of Bonaire and Curacao appear to be in a more stable state and not
as badly affected by the coral — algae phase shift. However, it is thought that these different results can at
least in part be attributed to the fact that Bonaire and Curacao are oceanographically distinct from the
northern Caribbean, are subject to the strong flow of the Caribbean current, and lie outside of the usual path
of hurricanes, with the last major damage caused by Hurricane Lenny in 1999 (Bouchon et al., 2008; Sandin

et al., 2008).

It is interesting to note however, that the 10% difference in hard coral cover between sites inside and outside
marine parks on Bonaire was largely attributed to diving pressure, as the park sites were in an area where
diving was prohibited (Hawkins et al., 1999). In contrast, the sites within the marine parks on the Cayman
Islands are thought to be among the most dived in the world, raising concerns that diving pressure may result
in the loss of the expected benefits associated with the protection of the reef (Tratalos & Austin, 2001). Due
to the calm conditions afforded by its location on the leeward side of the islands, diving is possible nearly
365 days a year in West Bay Marine Park on Grand Cayman. As both heavily dived and un-dived sites
(located towards the northern end of the bay), were included in the study, comparisons were also made to
determine whether there was any evidence to suggest that diving was having a significant impact. Species
abundance, diversity, richness, and hard coral cover were greater at dived sites, and macroalgae abundance
was lower. Therefore, it is thought that SCUBA diving has not negatively impacted species composition at
these sites. In contrast, a study undertaken in 1996 by Tratalos & Austin (2001) into the effects of diver
damage in West Bay Marine Park, although using different sites, found that sites dived with high intensity
had a significantly lower hard coral cover than low intensity and un-dived sites, and that hard coral cover and
abundance of massive corals increased with distance from the mooring buoy. While it is not possible to
determine whether hard coral cover and abundance of massive corals altered with distance from the mooring
buoy in the current study, a large discrepancy in results is apparent. It is thought that this partly reflects the
location of the study sites, and the lack of statistical power in the current study which was not designed to
determine the effects of recreational SCUBA diving. However, it also suggests that reefs may have
deteriorated during the time between the two studies, with their current condition influenced by a wider

range of factors, masking some of the effects of SCUBA diving.
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Recreational diving pressure on the reefs of Little Cayman is also high, with the majority of diving taking
place within the Bloody Bay Marine Park on the northern shore. Despite Little Cayman reefs being in the
best condition of all the islands, the sites within Bloody Bay were not of such high quality as those within the
marine park on the southern shore. They also had a higher incidence of disease and bleaching, suggesting
that recreational SCUBA diving could be causing damage to the reef. Further to this, Manfrino et al., (2003)
recorded that in 1999 the percentage of diseased corals within Bloody Bay was almost double that of the
island as a whole and suggested that the mass bleaching event of 1998 had caused high coral mortality. Diver
damage on reefs has been known to cause an increase in disease incidence due to abrasion with damaged
tissue more susceptible to infection (Hawkins, 1999), and it is possible that this has been the case within
Bloody Bay. As with West Bay Marine Park, Bloody Bay is relatively sheltered, lying on the north-western

shore of the island, allowing access throughout the year.

A carrying capacity for Caribbean reefs of 4000-6000 dives per year has been widely recognised (Dixon et
al., 1993; Barker & Roberts, 2004). When this is applied to the Cayman Islands it can be seen that there is
the potential for this capacity to be exceeded on some reefs, which could negatively impact reef health.
Currently there are approximately 300 dive sites, and the number of dive tourists visiting the islands per year
is in excess of 350,000 (Tratalos & Austin, 2001). If diving pressure was equal across all sites, then the total
number of dives per site per year would be approximately 1167, which is well under the carrying capacity.
However, some sites are rarely used and diving is concentrated in the most accessible and popular areas such
as the West Bay Marine Park, suggesting the possibility of considerably more than 4000 dives per year
occuring at these sites. Measures have been taken to minimize diver damage following the findings of
Tratalos & Austin (2001), such as prohibiting the use of gloves whilst diving (Marine Conservation Law,
2007), and the marine park system including areas closed to SCUBA diving. It is clear that further action,

such as limitation of diver access may be needed.
4.1.2 Comparisons between sites with differing Aspects

Aspect was the factor which was found to have the greatest impact in determining species composition on
the reefs. Coral reefs favour high energy environments (Sheppard et al., 2009), and the prevailing wind and
waves in the Cayman Islands are from the south east, causing abundance of hard coral and encrusting
coralline algae to be greatest on the exposed southern shore of all three islands, and soft coral and sponge
abundance to be greatest on the less exposed northern shore. Five of the six sites with the highest hard coral
abundance were located on the southern shore, and four of the six with the highest soft coral abundance were
located on the northern shore. Diversity indices showed that the more leeward northern shore had a greater
species diversity and richness on all islands, including higher species abundance for Grand Cayman and

Little Cayman and higher species evenness on Cayman Brac.

The distribution of hard coral species between shores reflected their structures and tolerance of exposed
conditions. More tolerant massive corals of the genera Montastraea and Diploria, and of encrusting corals of

the genus Agaricia were significantly more abundant on the southern than the northern shore. Acropora
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palmata was also mainly present on the southern shore, reflecting its preference for high energy areas on the
reef crest, whereas the more fragile branching coral Acropora cervicornis was found only on the more
sheltered northern shore, as it is best suited to protected fore reef habitats (Aronson & Precht, 2001). The
presence of Acropora palmata on the southern shore is an encouraging sign, although their low numbers
suggest that hurricanes have restricted their recovery. Aside from the destructive force of hurricanes it is
possible that being broadcast spawners they are subject to the Allee effect where their numbers are currently

too low for high reproductive success (Knowlton, 1992).

The abundance of macroalgae and turf was not found to be determined by Aspect. However, a significant
difference was identified for Lobophora on Grand Cayman where abundance was higher on the northern
shore suggesting that its abundance could be significantly affected by wave action and storms causing some

inhibition of its growth.

Microdictyon spp. was the algae genera for which variation in abundance was greatest. It was absent on
Grand Cayman and Little Cayman, very abundant on the northern shore of Cayman Brac, and almost absent
from the southern shore of Cayman Brac. The reasons for this are not clear, but it is thought that a seasonal
algae bloom was occurring, as when divers visited the same sites on Cayman Brac earlier in the year,
abundance was much lower (C. McCoy, Pers. Obs.). Observations during data collection identified that the
coverage of Microdictyon was so dense in some areas that it was overgrowing coral species, something that
it is known to do, often causing bleaching and some mortality on the outer edges of coral colonies (Kramer
et al., 2003). A similarly high abundance has also been seen at San Salvador in the Bahamas where
Microdictyon spp. dominated the leeward reef during a study conducted in June 1998 (Pekhol et al., 2003).
At that time, San Salvador was relatively un-impacted by human activities and had very good water quality
(Pekhol et al., 2003), suggesting a similar marine environment to that of Cayman Brac. The restriction of the
bloom mainly to the northern shore of the island may therefore be the result of the calmer water conditions,
and as both studies took place in the summer months (June & July), it is likely that both have identified the

occurrence of a seasonal bloom.
4.1.3 Comparisons between sites of differing Depths

Diversity is known to be greatest at an intermediate depth due to the favourable combination of light
availability and low wave energy (Sheppard et al., 2009), and it could be said that on Caymanian reefs, the
majority of shallow terrace is at an intermediate depth with the mean depth being 10.12m. Conforming to
this assumption, and with the exception of Cayman Brac, species diversity, richness and evenness were
greater on the shallow terrace. Four of the six sites with the highest coral cover occurred on the shallow reef
terrace, and of four of the six with greatest macroalgae abundance occurred on the deep reef. Mean hard

coral cover was greater at deeper sites, and macroalgae at shallower sites.

Depth is known to determine the distribution of coral species due to differing light intensity requirements
and their tolerance of wave action which results in a zonation pattern on the reef (Sheppard et al., 2009).

Species such as Porites astreoides and Acropora cervicornis have a range from less than 1 to greater than 25
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m depth, whereas others such as those of the genus Mycetophyllia are limited to deeper waters (Corredor,
2000). Abundance of the top five coral genera was greatest on the deep terrace, although that of Agaricia
was only slightly higher than on the shallow terrace. This can in part explain the differences seen between
terraces, with deeper sites likely to have a higher abundance and distribution due to wave intensity at shallow

sites limiting colonisation to tolerant species.

Soft coral abundance was significantly higher on the shallow terrace which may suggest that soft corals have
replaced hard coral species on the reef due to their higher growth rates following disturbance from

hurricanes.
4.2 Conservation Values

Although a basic and largely unused method for determining the health of reefs, conservation values have
provided a very useful means by which to compare sites both across islands, and within and outside marine
parks. They have facilitated the identification of areas where reefs are likely to have a higher resilience, and

areas where protection is not working as well as intended.

The distribution of sites between the high, medium and low statuses was seen to vary with Protection Level,
Aspect and Depth, suggesting some variability on the reef determined by other factors. However, a greater
number of high scoring sites were located on the southern shore, and the proportion of high and medium
scoring sites located on the shallow reef terrace was far greater than on the deep. These findings agree with
the trends previously identified of high species diversity and abundance on shallow reef exposed shore

environments.

The proportion of high scoring sites was uneven between islands and Little Cayman had a greater amount
than either Grand Cayman or Cayman Brac, suggesting that Little Cayman marine parks are more effective
in improving the health of the reef. However, the reasons for this may not simply be a case of Little Cayman
marine park success, as regardless of Protection Level, only two Little Cayman sites scored low enough to
fall within the low status category, showing that the reefs in general are in a better condition than those on
Grand Cayman and Cayman Brac. This is almost certainly due to the near absence of any local impacts to the
reef. Little Cayman has a very low resident population (approximately 150 people), and tourism is restricted
by the lack of large hotels and resorts. The island also has very low fishing intensity, with the greatest
anthropogenic stressor coming from recreational SCUBA diving. It could therefore be said that the reefs are
protected simply by the nature of their location. However, as discussed above and shown by the lower scores
of sites within Bloody Bay Marine Park, it appears that recreational SCUBA diving may be having a

negative impact.

Anthropogenic pressures are greater on Cayman Brac, and as discussed, the reefs appear to have been
significantly impacted by Hurricane Paloma and a seasonal bloom of Microdictyon spp., explaining the

lower proportion of high status sites. The majority were of medium status. However, the proportion of high
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and medium status sites was very similar to that of Grand Cayman, where anthropogenic pressures and

therefore reliance on the protection afforded by the parks are greatest.

Although overall species diversity, richness and mean coral cover was greater inside the parks on Grand
Cayman, conservation values also highlighted the below average condition of sites located in the central area
of the West Bay Marine Park. This area is in close proximity to the harbour at George Town where the
islands cargo and transport shipping docks; where the cruise ship anchoring area is located; and where the
main area of businesses and hotels has established. It is therefore the centre of the tourist trade on the island,
and this appears to have had some negative impacts on the reef. As discussed above, West Bay Marine Park
is also where the majority of the islands SCUBA diving is concentrated, potentially exacerbating other

impacts.
4.3 Coral Morphology & Reef Structure
4.3.1 Coral Morphology

As seen for benthic species assemblages, coral morphology was similar for all three islands. Massive corals
were dominant, and there was also a high abundance of submassive, encrusting and branching corals. Some
differences were seen with Protection Level, with a dominance of massive and submassive corals within the
parks. However, as a significant difference was only identified for submassive coral abundance on Grand
Cayman and massive coral abundance on Little Cayman, it is thought that overall, the marine parks had little

impact.

The greater abundance of massive corals on the southern shore and branching corals on the northern shore
reflects the difference in exposure, as corals with a high structural strength such as massive, and submassive
corals are known to favour high energy shores (Sheppard et al., 2009). Significant differences were only
identified between Aspect and massive corals, again suggesting that Aspect does not have a great influence.
It is thought that this is because the Cayman Islands are relatively sheltered as fetch from the Atlantic is
blocked by the Antilles, Hispaniola and Cuba (Manfrino et al., 2003), and therefore waves are generated by
the trade winds for much of the year meaning that even the exposed southern shore is sheltered in

comparison to reefs in areas such as the Pacific (Sheppard et al., 2009).

Depth was also seen to have some effect on the morphological distribution of corals, as a significant
difference was identified on Grand Cayman for branching and foliose corals. As expected, foliose corals
were more abundant at deep sites, and branching corals at shallow. The absence of any other significant
differences between depths is likely to reflect that the reefs here are not particularly deep, with any major

changes in morphology likely to occur on the deeper reef wall.
4.3.2 Reef Structure

Due to the relative proximity of all three islands, their similar geological make up, and similar reef structures

it is unsurprising that Caymanian reefs are very similar in benthic species composition. As discussed, they
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have undergone a phase shift from a state of coral to one of macroalgae domination since the 1970s, and by
comparison of present day video footage and photographs with photographs taken in 1974 by Dr John Ogden
and Carlton Ray this is very apparent. Coral cover appears to be much greater in 1974, and it can be seen that
much of the space formerly occupied by coral has now been replaced by macroalgae. Unfortunately the sites
photographed in 1974 did not correspond to those analysed in this study. However, it is assumed that had
Eden Rock been monitored in 2009 coral cover and macroalgae cover would have been found to be similar
to that reported for other sites, therefore showing a significant change in benthic composition with time. In
the absence of scientific records from the time before the coral — algae phase shift began, these photographs
provide qualitative evidence of the changes that have occurred. They also provide evidence of the state of the
reef prior to the establishment of the marine parks in the early 1980s. However, as they date from the early
1970s, they precede the mass mortality of Acropora in the late 1970s and Diadema in 1983-84 which
occurred prior to the establishment of the marine parks in 1986. This means that it is very likely that the
structure of the reefs had already undergone a significant transformation before the marine parks were
established. Therefore whilst a useful comparison for coral and macroalgae dominance, the state of the reef
as shown by these photographs cannot be used as an indicator from which to measure the success of the

marine parks.

4.4 Diver Questionnaire

As expected, responses to the diver questionnaire did not differ greatly, showing that the majority of
participants had similar opinions regarding the status of the coral reefs of the Cayman Islands, and the
effectiveness of their management. The main findings and how they compared to the results of this study are

shown in Table 4.1.

Table 4.1 — Summary of the main findings from the diver questionnaire and where relevant, how these compare with

the findings of this study

Main Findings Comparison to Study Results
Coral condition and species diversity is Caymanian reefs have a mean coral cover and macroalgae abundance
slightly above average, and algae cover is that is average for the Caribbean. According to studies over the last 10
increasing years coral cover has decreased and macroalgae cover has increased.

Algae cover is increasing due primarily to

human activity on the reef

The condition of the coral reef within West On average, the status of sites within West Bay Marine Park was better
Bay Marine Park was not thought to be better | as they had a higher mean coral cover, lower mean macroalgae cover

than that of reefs around the rest of the island | and a greater species diversity, and richness than sites outside.

No negative effect of diving activity was identified, although the
Diving activities were thought to be having a ) ) ) ) )
findings of this study did not agree with those of Tratalos & Austin

negative impact on the reef
(2001)

The marine environment of the Cayman

Islands should be conserved
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The marine park zonation system is effective Mean coral cover, species diversity and species richness were greater
in terms of managing coral communities within the marine parks on Grand Cayman and Little Cayman

effectively suggesting that overall management is succeeding in meeting its aims

Marine management is good although

enforcement is poor and requires more

funding and a larger staff

In comparison to the data collected, these findings show that the members of the dive industry have provided
an accurate insight into the current status of Caymanian coral reefs. The greatest contradiction between the
opinions of participants and the study results related to the condition of reefs inside West Bay Marine Park.
It is thought that this is due to the presence of sites in the centre of the park that were below average in terms
of coral condition. However, comments that the sites were ‘boring” with ‘nothing to see’ are thought to relate
to the topography of the reef more than to benthic species composition. Reefs in the centre of the marine
park were of low relief with few swim throughs and canyons, whereas reefs on other shores, especially the

southern, had a more interesting topography.

It was hoped that a greater number of participants would have been working on the island for longer than ten
years, providing a long term insight into the changes that have occurred over time but unfortunately, this was
not the case. However, as answers both from respondents diving on the island for more than 15 and less than

3 years were very similar, it can be seen that the length of time on the island had no effect on opinion.

The questionnaire also provided a useful insight into opinions regarding the management of the marine
environment, highlighting the need for increased enforcement of marine laws, and the expansion of the
marine enforcement team. Suggestions made to improve adherence to these laws by the local community

included more enforcement patrols on the waters, and marine education in schools and local communities.

Although dependent on the attitudes of those asked, it is suggested that this kind of questionnaire can be used
to compliment a survey of the reef. It has proved a valuable method of evaluating opinions regarding marine
management. However, it must be recognised that these only represent the opinions of one group of
stakeholders, and although participants were from dive shops across the island, of a range of ages and of
nationalities, it is essential that if this technique was to be used prior to alterations of management methods,

their comments must be combined with those of other stakeholders.
4.5 Summary of findings

1. All islands were very similar in terms of benthic composition, and this was representative of reefs across

the Caribbean showing that a coral — algae phase shift has occurred on Caymanian coral reefs.

2. Hurricane damage is thought to have been a major contributor to the current state of the reefs, with the
high abundance of macroalgae likely to be in part due to Hurricanes Ivan and Paloma but also to the

impact of the recreational and artisanal fisheries and regional and global stressors
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3. Incidence of disease and bleaching was low on all islands, and reefs appear to have largely recovered

from the mass bleaching event of 1998 and disease outbreaks in 1999 and 2000

4. Species diversity, richness and mean coral cover were greater within parks on Grand Cayman and Little
Cayman, and mean macroalgae cover lower. On Little Cayman species evenness was also greater. On

Grand Cayman this was supported by the increased abundance of herbivorous fish McCoy et al., (2009)

5. Species abundance, diversity, richness and evenness were not significantly different at sites within and

outside marine parks on Cayman Brac. Within parks, mean coral cover was lower and macroalgae higher

6. The influence of Aspect and Depth was as expected due to the influence of exposure, wave action and

light availability, meaning that their influence as confounding factors could be eliminated.

7. Conservation values highlighted the greater health of Little Cayman sites and the poor health of sites in
the centre of West Bay Marine Park on Grand Cayman

8. Coral morphology did not differ substantially with Protection Level, Aspect or Depth, reflecting the

sheltered nature of the reefs and that they were shallow, falling within the depth zonation of most species

9. The diver questionnaire identified that while management of the marine environment of the Cayman

Islands is effective, greater enforcement of marine laws is needed.

4.6 Recent Bleaching Event

Following the completion of the study, a bleaching event occurred on the Cayman Islands in September
2009, with 99% of coral colonies exhibiting signs of bleaching ranging from partial to total (C. McCoy,
Pers. Comm.). This was caused by an increase in sea surface temperatures to above 31°C at the end of

September, when in previous years temperatures have decreased (Figure 4.3).
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Figure 4.4 — Sea Surface Temperature (SST) and Coral Bleaching Degree Heating Weeks (DHW) from 01.01.01
-16.11.09 for the Cayman Islands. 2009 is shown by the thick black line, and the increase in temperature that triggered
the bleaching event at the end of September 2009 is shown by the red oval. A degree heating week is a cumulative
measurement of the intensity and duration of thermal stress. Hotspots greater than 1°C are accumulated over a 12 week
window showing how stressful conditions have been over this time. (Source:

http://coralreefwatch.noaa.gov/satellite/virtual stations/greater caribbean.html)

Temperatures of above 31°C were reported at depths of up to 46 m causing corals to bleach both on the reef
terraces and on the reef wall, with Remote Operated Vehicle (ROV) data revealing that bleaching occurred at
depths of over 90 m (C. McCoy, Pers. Comm.). However, following the reduction of temperatures until mid

November, the bleaching now appears to have stabilised and it is hoped that recovery will occur.

This very recent event highlights the value of this study as the results provide documentation of the status of
Caymanian reefs immediately preceding it. Repeat monitoring of the sites will enable documentation of the

recovery following the event, and will allow the resilience of the reef to be further investigated.

4.7 Implications for Future Management
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This study has shown that the marine park on Grand Cayman has been successful in increasing hard coral
cover and decreasing macroalgae cover within its boundaries. These findings are supported by those of
McCoy et al., (2009) and as improvements are occurring both within fish and benthic populations; it is
assumed that the health of the reefs will continue to improve with time due to the recovery of functional
groups. However, while anthropogenic stressors are limited, the increasing development of Grand Cayman is
likely to result in increased pollution and pressure on the reefs from tourism. It is therefore essential that
management continues to be successful, not only in terms of restricting fishing pressure, development and
waste management, but also in controlling diving pressure, to ensure that their carrying capacity is not

exceeded.

Currently, Little Cayman and Cayman Brac appear to be well protected by the nature of their location and
due to their relative under-development. However, with tourism predicted to increase in the future, it is

essential that management of these reefs also continues to be effective and enforced.

This study has highlighted that the stressors having the greatest impact on Caymanian coral reefs are those
which cannot be controlled by management of the marine environment at a local level. While it is not
possible to prevent hurricanes, their increased severity and frequency has been linked to global climate
change, and this, along with bleaching events and increasing disease prevalence, requires management on a
region-wide or global scale. While local management is proving to be effective, this study suggests that, as
concluded by Coelho & Manfrino (2007), the management of the marine environment in the Cayman Islands

requires more than locally enforced MPAs.
4.8 Limitations of the Study

While this study has been as comprehensive as possible, there are some aspects that would improve future
work to enable a more comprehensive overview of the status of Caymanian reefs and their resilience. The

limitations of the current study have been identified as follows:

1. The absence of baseline surveys prior to the establishment of the marine park system has meant that no
quantitative comparison was possible with the status of the reef prior to its protection, or the coral —
algae phase shift. However, this study has established permanent transects for use by the DoE in future
monitoring, and this, along with the use of videography allows the development of a comprehensive and

archival data set.

2. As time was limited it was not possible to compare the results of the current study with data collected by
the DoE in 1997. It would have been very interesting to use this to examine reef recovery following the

mass bleaching event of 1998 to provide a quantitative indication of reef resilience.
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3. It was not possible to conclusively determine whether reef resilience has increased within marine parks
as this would require thorough and detailed experimentation over a longer period of time. However, the
objectives and results analysis were designed to allow differences between sites within and outside

marine parks to be identified, and therefore an increase in reef resilience due to protection to be inferred.

4. Due to time constraints, and the necessity to use pre-determined DoE study sites set up for the fish
biomass survey, it was only possible to monitor more outside than within park sites on Grand Cayman.
The ability to also do this on Little Cayman and Cayman Brac would have further increased the

statistical power of the results and enabled a more comprehensive survey of Caymanian reefs.

5. The use of a survey technique that required out of water species identification meant that some problems
were encountered with identification of species that were only half in the frame or seen from a bird’s eye
view. However, these were overcome through use of the video data and detailed reference to the
identification books. Where a positive identification was not possible, the individual was identified as

unknown to eliminate the possibility of incorrect data.

4.9 Future Recommendations

This study has provided a comprehensive overview of the benthic composition of the reefs of the Cayman

Islands. However, the following improvements would be beneficial for future studies.

As discussed above, increasing the number of outside park sites on Little Cayman and Cayman Brac would
increase the robustness of the results. Further to this, an extension of the study to include some transects on
the reef wall would provide an interesting depth comparison and allow the effect of depth to be further
explored. In other locations it has been found that deeper reefs have a greater resilience as anthropogenic
stressors are largely confined to the surface layers, and it has also been suggested that deep reefs provide a
source of larvae to allow recovery of corals in shallow waters (Hughes & Tanner, 2000). It would therefore
be useful to establish whether this is the case on the Cayman Islands to determine whether reef recovery
would be possible following major disturbance of the shallow reefs. The development of detailed current

maps would also help to determine from where larvae is sourced.

It would also be interesting to compare results with water quality data to determine if there is a significant

variation in this between and within islands that could help to explain the results.
4.10 Conclusion

The aim of this study was to determine whether long established marine protected areas have increased the

resilience of Caymanian coral reefs. On all islands, the status of the reefs, and therefore their resilience was
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found to be lower than expected for islands with few anthropogenic impacts. It is thought that this is a
reflection both of the level of hurricane damage that has occurred in recent years, and the influence of

regional and global stressors, the impacts of which cannot be effectively controlled on a local level.

Despite this, success of marine park protection has been identified, with reef status within parks on Grand
Cayman and Little Cayman higher than that outside the parks. On Little Cayman, it is likely that this is in
part a coincidence of their location, and their success on Grand Cayman is more significant in terms of
resilience as these reefs suffer most from local anthropogenic stressors. The finding that hard coral cover was
higher and macroalgae cover lower within the parks on both islands suggests that the parks are allowing reefs
to recover and resilience to increase. Despite this, as the absence of baseline data prior to the establishment
of the marine park system did not allow temporal comparisons to be made, no definite conclusion can be
drawn. However, there is little evidence to suggest that the marine park system is not effective, and as both
benthic and fish assemblages (McCoy et al, 2009) have improved within the parks, some recovery of
functional groups is suggested. It is hoped that with time and the continuation of effective management,

some reversal of the coral — algae phase shift may occur within the parks, and across all reefs.

The permanent transects that this study has established will enable regular repeat monitoring to take place. A
baseline has now been established to which the future status of the reef can be compared in order to
document changes, determine the resilience of the reef and evaluate the success of the marine park system

over time.
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APPENDIX B — Site Information

Name, Number, Latitude & Longitude (Universal Transverse Mercator), Mean Depth, Protection Level

and Aspect of sites on Grand Cayman, Little Cayman and Cayman Brac

Grand Cayman

Site Name Site ID | Latitude | Longitude | Depth (m) | Protection | Aspect
Big Tunnels GCM1 19.36828 | -81.41653 18.38 Within Park | West
Deep Control GCM2 19.34778 | -81.39389 17.13 Within Park | West
Caribbean Paradise GCM3 19.33213 | -81.39167 17.25 Within Park | West
Holiday Inn Dropoff GCM4 19.33777 | -81.39185 17.67 Within Park | West
Eagle Ray Rock GCMS5 19.27407 | -81.39520 17.00 Within Park | West
Victoria's Secret GCM6 19.35578 | -81.39467 11.13 Within Park | West
Shallow Control GCM7 19.35754 | -81.39607 7.88 Within Park | West
Oro Verde Stern GCMS 19.33857 | -81.39048 10.14 Within Park | West
Seaview Reef GCM9 19.29133 | -81.38967 9.50 Within Park | West
Deila's Delight GCMI10 | 19.35895 | -81.24530 15.13 Outside Park | North
Grouper Grotto GCMI11 | 19.29628 | -81.08598 8.50 Outside Park | South
Pallas Reef West GCMI12 | 19.26215 | -81.37842 9.29 Outside Park | South
Main Street GCM13 | 19.39088 | -81.34327 19.88 Outside Park | North
White Stroke Canyon GCM14 | 19.38143 | -81.28830 18.63 Outside Park | North
Fish Tank GCM15 | 19.35675 | -81.10697 12.25 Outside Park | North
Waypoint 13 GCM16 | 19.35383 | -81.19901 11.88 Outside Park | North
Waypoint 15 GCM17 | 19.29224 | -81.20589 11.00 Outside Park | South
Waypoint 16 GCMI18 [ 19.26583 | -81.30801 21.25 Outside Park | South
Andy's Reef GCM19 | 19.36397 | -81.25381 10.00 Outside Park | North
McKenny's Canyon GCM20 | 19.29343 | -81.09037 17.29 Outside Park | South
Pallas Pinnacle West GCM21 | 19.25972 | -81.37670 22.75 Outside Park | South
Pinnacle Reef GCM22 | 19.37942 | -81.29390 8.50 Outside Park | North
Conch Point GCM23 | 19.39362 | -81.40012 9.63 Outside Park | North
Black Rock Canyon GCM24 | 19.35760 | -81.10542 16.88 Outside Park | North
Waypoint 12 GCM25 | 19.35395 | -81.19702 18.63 Outside Park | North
Waypoint 14 GCM26 | 19.29154 | -81.20350 18.63 Outside Park | South
Spotts Reef GCM27 | 19.26862 | -81.31138 10.13 Outside Park | South
Little Cayman
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Site Name Site ID | Latitude | Longitude | Depth (m) Protection Aspect
Three Fathom Wall LClI 19.68492 | -80.07800 10.13 Within Park North
Jackson Bright LC2 19.69072 | -80.06942 11.25 Within Park North
Bus Stop LC3 19.68886 | -80.07081 9.38 Within Park North
Randy's Gazebo LC4 19.68378 | -80.08297 10.88 Within Park North
Windsock Reef LC5 19.65731 | -80.09189 8.00 Within Park South
Pirate's Point Reef LC6 19.65658 | -80.09781 11.00 Within Park South
Black Hole LC7 19.65600 | -80.09206 17.00 Within Park South
Patty's Place LCS8 19.65506 | -80.09744 18.63 Within Park South
Waypoint 9 LC9 19.70406 | -80.02973 10.88 Outside Park North
Sailfin Reef LC10 19.70683 | -80.01219 | 9.75 Outside Park North
Booby Pass LCI11 19.70803 | -80.01339 17.25 Outside Park | North
Waypoint 20 LC12 19.70260 | -80.04984 10.25 Outside Park | North
Coral City LC13 19.68075 | -80.02331 10.63 Outside Park South
Luca's Ledges LC14 19.66883 | -80.04244 12.88 Outside Park South
Rockhouse Wall LC15 19.66736 | -80.04217 | 23.25 Outside Park South
Diggary Point LC16 19.68914 | -79.99508 19.13 Outside Park South

Cayman Brac

Site Name Site ID | Latitude | Longitude | Depth (m) Protection Exposure
Grunt Valley CBl1 19.70019 | -79.87428 10.00 Within Park North
Charlie's Reef CB2 19.69731 | -79.87767 11.25 Within Park North
Cayman Keys CB3 19.68628 | -79.85561 9.29 Within Park South
Butterfly Reef CB4 19.68139 | -79.87603 | 20.00 Within Park South
Cemetery Reef CB5 19.69847 | -79.87797 | 22.50 Within Park North
Seafeather Wall CB6 19.67931 | -79.87489 10.25 Within Park South
Bert's Brother CB7 19.75819 | -79.74094 | 9.63 Outside Park North
Shark Hole CBS8 19.72382 | -79.82494 17.88 Outside Park North
Waypoint 41 CB9 19.70617 | -79.80350 | 8.63 Outside Park | South
Tarpon Reef CB10 19.67986 | -79.88911 22.88 Outside Park | South
Jan's Drop CBI1 19.72344 | -79.82761 9.50 Outside Park North
Waypoint 42 CB12 19.69349 | -79.82884 10.50 Outside Park South

S. Gall, 2009
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APPENDIX C - Diver Questionnaire

Questions 5, 6, 7, 8, 9, 10, 12, statements in bold type from question 13, and all demographic
questions were relevant to this study

This survey is part of scientific research investigating the characteristics of recreational fishing on Grand
Cayman. We are students at Bangor University, UK, and this research will contribute to our master’s thesis.
The answers are anonymous, confidential, and only aggregated data will be used for analysis. Your
cooperation in answering these questions is greatly appreciated.

Today’s Date.......ccoceevniiiiiiiiiiiiiiian,
Dive Shop Location..............cccooeiiiiinnannn...

THE FISH POPULATIONS OF GRAND CAYMAN

1. From your first experience of diving on Grand Cayman, how has the abundance of the following species
changed in your opinion?

Species Increased | Increased a | Remained | Decreased | Decreased | Don’t
greatly small the same a small greatly know
amount amount
Tiger grouper

Nassau grouper

Mutton snapper

Mangrove/Gray/Laguna snapper

Queen triggerfish

Parrotfish

Barracuda

Any species of Jack

Any species of Surgeonfish

Any species of Grunt

Conch

Lobster

2. How would you rate the diversity of reef fish species in the marine environment on Grand Cayman a
scale of 1-10 (1 being very poor and 10 being outstanding)

1 - Poor 10 - Outstanding

| Rating out of 10 | |

3. Do you think reef fish species on Grand Cayman are:

Under-exploited
Moderately exploited
Fully exploited

Over exploited

Don’t know
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4. Which of the following fishing methods do you think is the most damaging to the fish populations of

Grand Cayman? (please specify only one method)

Spear guns

Fish pots

Hook and Line

Seine nets

Spawning aggregation fishing
(i.e. mutton snapper, Nassau
grouper)

THE CORAL COMMUNITIES OF GRAND CAYMAN

How would you rate the diversity and condition of coral species on a scale of 1-10 (1 being very poor
and 10 being outstanding)

1 - Poor 10 - Outstanding

| Rating out of 10 | |

Since your first time diving on Grand Cayman do you think the proportion of algal coverage on the reef
has changed?

Yes, it has increased
Yes, it has decreased
No

Don’t Know

Please rate the following factors in terms of the importance of their contribution to changing algal
coverage (Assign 1 to the most significant factor and 4 to the least significant factor)

Rating Factor

Land based nutrient runoff
Overfishing of herbivorous fish
Human activity on the reef
Global climate change

From your experience diving the coral reefs of Grand Cayman how often do you see corals that have
been affected by disease and bleaching? (please choose 1 option for disease and 1 for bleaching)

Very Frequently Occasionally | Rarely Never
Frequently

Bleaching
Disease

THE MANAGEMENT OF THE MARINE ENVIRONMENT

How do you perceive the current management of the marine environment of Grand Cayman?
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Cayman?

11. How effective do you think the marine park zonation system is at managing fish populations

sustainably?
Very effective
Effective
Ineffective
Very ineffective
Don’t know
A7 1 2 R

12. How effective do you think the marine park zonation system is at managing coral communities

sustainably?
Very effective
Effective
Ineffective
Very ineffective
Don’t know
WHY? ettt ettt et e bt e tt e bt e bt e bt e bt e bt e bt e bt e st e bt e bt e st e te e teerstenteersaenstans

13. Please indicate the extent to which you agree or disagree to the following statements (please tick one box
for each statement)

Neither
Statement Strongly agree or SFrongly
Agree Aoree disagree Disacree disagree
© g ® g ®

The sea is not at risk from human
activity on Grand Cayman

Diving activity is damaging the coral
reef environment of Grand Cayman

Some species on the Cayman Islands are
overfished

Areas closed to all fishing will improve
fishing elsewhere around Grand Cayman
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Strongly
Statement Agree

©

Agree

Neither
agree or
disagree

&)

Disagree

Strongly
disagree

®

Conservation of coral reefs is important
for Grand Cayman

The condition and diversity of coral
communities within the Marine Park in
West Bay is better than the rest of the
island

The marine environment of the
Cayman Islands is a valuable asset that
should be conserved

SOCIO-DEMOGRAPHICS

14. Gender

Male
Female

15. Age

18-24
25-34
35-44
45-54
55-64
65-74
Over 75

19. Where Were YOU DOTN? .. ...iuii it e eaeaaaaas

Do you have any other comments?

S. Gall, 2009

101




The Effect of Long Established Marine Protected Areas on the Resilience of Caymanian Coral Reefs

APPENDIX D — CPCe Code File

"C" "Coral"

"G" "Gorgonians"

"S" "Sponges"

"Z" "Zoanthids"

"T" "Tunicates"

"MA" "Macroalgae"

"OL" "Other live"

"DCA" "Dead coral with Algae"
"CA" "Coralline Algae"

"DC" "Diseased corals"

"SPR" "Sand pavement rubble"

"U" "Unknowns"

"TWS" "Tape wand shadow"
"ACC" "Acropora cervicornis" "C"
"ACP" "Acropora palmata" "C"
"ACPR" "Acropora prolifera" "C"
"AGS" "Agaricia species" "C"
"LC" "Leptoseris cucullata" "C"
"CN" "Colpophyllia natans" "C"
"DCY" "Dendrogyra cylindrus" "C"
"DSTO" "Dichocoenia stokesii" "C"
"DSTE" "Dichocoenia stellaris" "C"
"DIC" "Diploria clivosa" "C"
"DIL" "Diploria labyrinthiformis" "C"
"DIS" "Diploria strigosa" "C"

"EF" "Eusmilia fastigiata" "C"

"FF" "Favia fragum" "C"

"IS" "Isophyllia sinuosa" "C"

"IR" "Isophyllastrea rigida" "C"
"MAS" "Madracis species" "C"
"MAD" "Madracis decactis" "C"
"MAF" "Madracis formosa" "C"
"MAM" "Madracis mirabilis" "C"
"MAP" "Madracis pharensis" "C"

"MAR" "Manicina areolata" "C"
S. Gall, 2009

"MILA" "Millepora alcicornis" "C"
"MILC" "Millipora complanata" "C"
"MILS" "Millipora squarrosa" "C"
"MOS" "Montastraea species" "C"
"MOA" "Montastraea annularis" "C"
"MOC" "Montastraea cavernosa" "C"
"MOFA" "Montastraea faveolata" "C"
"MOFR" "Montastraea franksi" "C"
"MUS" "Mussa angulosa" "C"
"MYA" "Mycetophyllia aliciae" "C"
"MYD" "Mycetophyllia danaana" "C"
"MYF" "Mycetophyllia ferox" "C"
"MYL" "Mycetophyllia lamarckiana" "C"
"OD" "Oculina diffusa" "C"

"PS" "Porites species" "C"

"PA" "Porites astreoides" "C"

"PB" "Porites branneri" "C"

"PD" "Porites divaricata" "C"

"PF" "Porites furcata" "C"

"PP" "Porites porites" "C"

"SC" "Scolymia species" "C"

"SR" "Siderastrea radians" "C"

"SS" "Siderastrea siderea" "C"

"SB" "Solenastrea bournoni" "C"
"SH" "Solenastrea hyades" "C"

"STI" "Stephanocoenia intersepts" "C"
"TA" "Tubastraea aurea" "C"
"CORAL" "Coral (general)" "C"
"CORJU" "Coral juvenile" "C"

"BRI" "Briareum" "G"

"ERY" "Erythropodium" "G"

"EUN" "Eunicea" "G"

"GORG" "Gorgonian" "G"

"ICIL" "Iciligorgia" "G"

"MOPS" "Muriceopsis" "G"
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"MME" "Meandrina meandrites" "C"
"PAURA" "Plexaura" "G"
"PRELA" "Plexaurella" "G"
"PSDP" "Pseudoplexaura" "G"
"PSPT" "Pseudopterogorgia" "G"
"PTER" "Pterogorgia" "G"
"UOC" "Unknown octocoral" "G"
"CALG" "Encrusting Coralline algae" "CA"
"AMP" "Amphiroa" "MA"
"DICT" "Dictyota" "MA"
"HALI" "Halimeda""MA"
"LIAG" "Liagora" "MA"
"LOBO" "Lobophora" "MA"
"MACA" "Macroalgae" "MA"
"MIC" "Microdictyon" "MA"
"PAD" "Padina" "MA"

"POR" "Porolithon" "MA"
"SCHIZ" "Schizothrix" "MA"
"SARG" "Sargassum" "MA"
"STY" "Stypopodium" "MA"
"TURB" "Turbinaria" "MA"
"TURF" "Turf" "MA"

"SPO" "Sponge" "S"

"CLSP" "Cliona sponge" "S"
"PAL" "Palythoa sp." "Z"

"ZO" "Other Zoanthid" "Z"

"TU" "Tunicate" "T"

"ASC" "Ascidian" "OL"

"P" "Pavement" "SPR"

"R" "Rubble" "SPR"

"RWT" "Rubble with turf" "SPR"

HS" "Sal’ld” "SPRH
"UNKH "Unknown" "U"
lIO" "Other" "OLII

"DCOR" "Diseased coral" "DC"

"DG" "Dead gorgonian" "DCA"
"DCA" "Dead coral with algae" "DCA"
"RDC" "Recently dead coral" "DCA"
"ODC" "Old dead coral" "DCA"
"TAPE" "Tape" "TWS"

"WAND" "Wand" "TWS"

"SHAD" "Shadow" "TWS"
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"MUR" "Muricea" "G"

NOTES NOTES NOTES

"M" "Massive coral" "NA"

"SM" "Submassive coral" "NA"

"D" "Digitate coral" "NA"

"T" "Table coral" "NA"

"F" "Foliose coral" "NA"

"E" "Encrusting coral" "NA"

"B" "Branching coral" "NA"

"DFP" "Damselfish predation" "NA"

"PFP" "Parrotfish predation" "NA"

"INP" "Invertebrate predation" "NA"

"BBD" "Black band disease" "NA"

"CCI" "Caribbean ciliate infection" "NA"
"ASP" "Aspergillosis" "NA"

"PS" "Purple spots" "NA"

"RBD" "Red band disease" "NA"

"WBD" "White band disease" "NA"

"WP" "White plague" "NA"

"WPD" "White patch disease" "NA"

"CWS" "Caribbean white syndromes" "NA"
"DSD" "Dark spots disease" "NA"

"YBD" "Caribbean yellow band disease" "NA"
"GAN" "Growth anomalies" "NA"

"CHC" "Compromised health in hard corals" "NA"
"CHO" "Compromised health in octocorals" "NA"
"CO" "Competition overgrowth" "NA"

"BL" "Bleaching" "NA"

"UA" "Unidentified abnormality" "NA"
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APPENDIX E - Species List

Coral species, algae genera and soft coral genera identified on the reefs of Grand Cayman, Little Cayman

and Cayman Brac

Coral Species
Acropora cervicornis
Acropora palmata
Agaricia species
Colpophyllia natans
Dichocoenia stokesii
Diploria labyrinthiformis
Diploria strigosa
Eusmilia fastigiata
Favia fragum
Isophyllastrea rigida
Leptoseris cucullata
Madracis decactis
Madracis mirabilis
Manicina areolata
Meandrina meandrites
Millepora alcicornis
Millepora complanata
Montastraea annularis
Montastraea cavernosa
Montastraea faveolata
Montastraea franksi
Mussa angulosa
Mycetophyllia aliciae
Mycetophyllia lamarckiana
Porites astreoides
Porites divaricata
Porites furcata

Porites porites
Scolymia species

Siderastrea radians
Siderastrea siderea
Solenastrea bournoni
Stephanocoenia intersepts

Soft Coral Genera
Briareum
Erythropodium
FEunicea

Gorgonia

Plexaura
Plexaurella
Pseudoplexaura
Pseudopterogorgia
Pterogorgia

Algae Genera
Amphiroa
Dictyota
Halimeda
Liagora
Lobophora
Microdictyon
Padina
Schizothrix
Stypopodium
Turbinaria

APPENDIX F — Analysis of Similarity(ANOSIM)

Results of ANOSIM showing the significance of the factors Protection Level, Aspect and Depth in determining species

composition at sites for all islands combined (n = 55), Grand Cayman (n = 27), Little Cayman (n = 16) and Cayman

Brac (n = 12). Data was collected using four video transects per site between June and August 2009. An asterix (*)

denotes a significant result and bold type is used to highlight the factor for which significance was greatest. (G.R =

S. Gall, 2009

Global R)
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Island Relationship tested Protection Level Aspect Depth
Benthic categories G. R=10.005,p=0.334 G.R=0.166, p = 0.001* G.R=10.048, p=0.083
Benthic individuals G.R=0.034,p=0.137 G.R=0.178, p=0.001* G.R=10.089,p=0.012%*
Coral species G.R=10.038, p=0.096 G.R=0.157, p=0.002* G.R=0.184, p =0.001*
Al Algae species G.R=-0.044,p=0949 | G.R=0.028,p=0.247 G.R=0.044, p=0.108
Soft Coral species G.R=0.075,p=0.033* G. R=10.283,p=0.001% G.R=0.095,p=10.016*
Morphology G.R=-0.001,p=0.587 | G.R=0.094, p=0.016* | G.R=0.053,p=0.069
Benthic categories G.R=0.118,p=0.101 G.R=0.115,p=10.024 * G.R=0.169, p=0.004 *
Benthic individuals G.R=0.185,p=0.019* [ G.R=0.372,p=0.001* | G.R=0.385,p=0.001 *
Grand Coral species G.R=0.201,p=0.013%* G. R=10.309,p = 0.001* G. R=0.465,p =0.001*
Cayman | 41046 species G.R=-0.099,p=0.907 | G.R=0.191,p=0.002% | G.R=0.128,p=0.021*
Soft Coral species G.R=0425,p=0.001* | G.R=0.364,p=0.001* [ G.R=0.290, p=0.002*
Morphology G.R=-0.041, p=0.649 G.R=0.228,p=0.001* | G.R=0.047,p=0.134
Benthic categories G.R=0.048, p=0.248 G.R=0.491,p=0.001* [ G.R=0.392,p=0.001%*
Benthic individuals G.R=-0.071,p=0.776 G.R=0.415,p=10.001 * | G.R=0.477,p=0.004*
Little Coral species G.R=0.036,p=10.287 G.R=0.259,p=0.015% G.R=0.254,p=0.043*
Cayman | 4100 species G.R=-0.123,p=0.979 | G.R=0.247,p=0.032* | G.R=0.083,p=0.189
Soft Coral species G.R=-0.084, p=0.899 G.R=0.166, p = 0.018* G.R=-0.008, p=0.459
Morphology G. R=-0.045, p=0.261 G.R=0.204, p=0.026* G.R=0.059,p=10.302
Benthic categories G.R=-0.096, p=0.833 G.R=0.172,p=0.087 G.R=0.172,p=0.087
Benthic individuals G.R=-0.159, p=0.948 G.R=10.320,p=0.030 * | G.R=-0.206, p=0.945
Cayma Coral species G.R=-0.130,p=0.883 G.R=0.106,p=10.160 G.R=-0.182,p=0.905
nBrac | Ajsae species G.R=-0.154,p=0916 | G.R=0.317,p=0.032* | G.R=0.966,p=0.213
Soft Coral species G.R=-0.115,p=0.833 G.R=10.402, p =0.013* G.R=0.079, p=10.240
Morphology G.R=0.011,p=0.398 G.R=0.007,p=0.411 G.R=-0.119,p=0.745

APPENDIX G — Analysis of Variance (ANOVA)

Benthic Category, Aspect & Depth

Results of One-way ANOVA and Mann-Whitney U tests used to identify significant differences between benthic
category, Aspect and Depth for sites on all islands combined (north, n = 24, south, n = 22; deep, n = 23, shallow, n =
32), Grand Cayman, ( north, n = 10, south, n = 8, west, n = 9; deep, n = 14, shallow, n = 13) Little Cayman (north, n =
8, south, n = &; deep, n = 5, shallow, n = 11), and Cayman Brac (north, n = 6, south, n = 6; deep, n = 4, shallow, n = 8).
Data was collected using four video transects per site between June and August 2009. Bold type and an asterix (*)
denote a significant result. Protection Level was not included as this had been tested using Nested ANOVA (Results,

Table 3.2)
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Aspect Depth

All Islands

Hard Coral Fi44=2.633,p=0.112 Fi5=2.957,p=0.091
Soft Coral F144=15.814, p = 0.020* Fi5=6.914,p = 0.011%
Sponge Fi4=3.352,p=0.074 Fi53=0.379,p = 0.542
Macroalgae Fi44=3.773, p=0.059 Fis3=5.749, p = 0.020*
Turf F14s=4.818, p = 0.033* Fi5="7.742, p=0.007*
Other Fi44=0.539, p=0.467 Fis3=0.105,p=0.747
Dead Coral Fixa=1714,p=0.197 Fi53=0.624,p=0.433

Encrusting Coralline Algae

F144=2.576,p=0.116

F]‘53 = 0125, p= 0725

Sand & Rubble Fi44=2.707,p=0.107 Fi5=0.978, p=0.327
Grand Cayman

Hard Coral Fo0=1.109, p=0.346 Fi25=6.124, p = 0.020*
Soft Coral F224=2.708, p = 0.087 Fi25=5.563,p=0.026
Sponge F,24=0919,p=0.413 Fi,5=0.252,p=0.620
Macroalgae F.24=0.642,p=0.535 Fi25=6.743, p = 0.016*
Turf F.24=0.823, p=0.451 F125=9.066, p = 0.006*
Other F224=0.544,p=0.588 Fi25=1.099,p=0.304
Dead Coral F.24=2.791, p=0.081 Fi25=1.099, p=0.304

Encrusting Coralline Algae

F2,24 = 1956, pP= 0.163

F1,25 = 0921, pP= 0.347

Sand & Rubble

F2,24 = 0441, p= 0648

F]st :2116, pP= 0158

Little Cayman

Hard Coral F114=5.500, p = 0.034* Fi.=0.117,p=0.737
Soft Coral F1,14=5.279, p = 0.038* Fi14=10.004, p=0.950
Sponge F1,14=7.379,p =0.017* Fi14=0.576,p=0.460
Macroalgae Fi14=4.572,p=0.051 F1,14=9.296, p = 0.009*
Turf MWU, p = 0.083 F1,14=18.740, p = 0.001*
Other Fi14=2.049,p=0.174 Fi14=0.599, p = 0.452
Dead Coral Fi14=2.443,p=0.140 Fi14=0.100, p = 0.756

Encrusting Coralline Algae

F1,14 = 18.037, p = 0.001*

F1’14 = 0429, P= 0.523

Aspect

Depth

Sand & Rubble

MWU, p = 0.382

F1,4=10.039, p=0.846

Cayman Brac

Hard Coral F1,10=20.280, p = 0.001* F1,0=19.112, p = 0.001*
Soft Coral Fi10=10.147,p=0.709 Fi10=0.421,p=0.531
Sponge Fi10=2.540,p=0.142 Fi10=0.374,p=0.554
Macroalgae Fi0=1.113,p=0.316 Fi110=0.165,p=0.693
Turf Fi10=0.691, p=0.425 Fi10=0.331,p=0.578
Other Fi110=10.038, p=10.849 Fi10=1.790,p=10.210
Dead Coral Fi10=0.012,p=0.916 Fi10=0.206, p = 0.660

Enc. Coralline Algae

Fi10=1.048, p=0.330

F1,0=0.747,p=0.408

Sand & Rubble

F1’10 = 3605, pP= 0.087

Fl,lO = 0142, P= 0.714
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Benthic Individuals & Protection Level

Nested ANOVA results showing the significance level of the relationships between the eight individuals identified by
SIMPER whose abundance differed most between within (n = 23) and outside (n = 32) park sites (turf, Dictyota spp.,
macroalgae, Lobophora spp., encrusting coralline algae, Montastraea annularis, Agaricia spp. and Montastraea
franksi), and Protection Level, and also variation between sites falling within these two groupings (Site (Protection)).
Data was collected using four video transects per site between June and August 2009. Where the variance in the data
was non-homogenous, Mann Whitney U tests (MWU) were used to test abundance against Protection Level. Bold type

and an asterix (*) denotes a significant result.

Individual Protection Site (Protection)

Turf

F24=192.309, p <0.001*

F4,30 = 1167, pP= 0.345

Dictyota spp.

Fa4 = 49.057, p = 0.002*

F430=1.910,p=0.135

Macroalgae

F14= 63.679, p = 0.001*

F4,30 = 2343, p= 0.077

Lobophora spp.

F24=23.959, p=0.006*

F4,30 = 2058, p= 0.111

Encrusting Coralline Algae

MWU, p = 0.214

Montastraea annularis

F24= 15.660, p = 0.013*

F4,3o = 0859, pP= 0.500

Agaricia spp.

Fas = 99.658, p < 0.001*

F4,30 = 1141, p= 0.356

Montastraea franksi

F24=40.908, p = 0.002*

F430=10.648, p=0.632

Coral genera and Protection Level, Aspect & Depth

Significance of the relationship between the five most abundant coral genera and the factors Protection Level, Aspect
and Depth for sites on Grand Cayman (within, n =9, outside, n = 18; north, n = 10, south, n =8, west, n=9; deep, n =
14, shallow, n = 13), Little Cayman (within, n = 8, outside, n = §; north, n = §, south, n = 8; deep, n = 5, shallow, n =
11) and Cayman Brac (within, n = 6, outside, n = 6; north, n = 6, south, n = 6; deep, n = 4, shallow, n = 8). For ‘All
Islands’ Aspect tests were only carried out between north and south due to absence of sites on the west coasts of Little
Cayman and Cayman Brac. Data was collected using four video transects per site between June and August 2009. Tests
were carried out using one-way ANOVA except where data was non homogenous and in this case Mann-Whitney U

test (MWU) was used. Bold type and an asterix (*) denotes a significant relationship.

Protection Level Aspect Depth

All Islands
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Agaricia Fis=21.504, p <0.001* MWU, p =0.016* Fis53=0.004, p=10.947
Diploria Fis3=2.211,p=0.143 F144=5.390, p = 0.025% Fis3=1.715,p=0.196
Montastraea F15 =6.030, p=0.017* Fi44=14.302, p <0.001* Fis3=0.475,p=0.494
Porites Fis3=1.361,p=10.249 Fi44=0.046, p = 0.831 Fis53=2.253,p=0.139
Siderastrea Fis3=0.002, p=0.966 Fi44=2.288,p=0.138 F15=9.610, p = 0.003*
Grand Cayman

Agaricia F125=20.502, p <0.001* F224=19.574, p < 0.001* Fi2s=1.020,p =0.322
Diploria Fi25 =4.499, p = 0.044* F>,4=4.075, p = 0.030* Fi25=1.479,p=0.235
Montastraea Fi,5=1.588,p=0.219 F24=1.016,p=0.377 MWU, p =0.685
Porites Fi2s=2.719,p=0.112 Fy24=2.674,p = 0.089 Fi25=0.140,p=0.711
Siderastrea Fi25=1.548, p=0.225 F.24=0.917,p=0.413 Fi25=22.743, p < 0.001*

Little Cayman

Agaricia F1,14=5.204, p = 0.039* MWU, p =0.442 MWU, p=0.510
Diploria Fi14=0.172,p = 0.684 Fi14=1.020, p =0.330 Fi14=0.109, p=0.746
Montastraea Fi14=5.727,p=0.031* F114=10.167, p = 0.007* Fi14=0.-69,p=0.797
Porites Fi14=0.107,p=0.748 Fi14=1.899, p=0.190 F1,14=5.858, p = 0.030*
Siderastrea Fi14=1.805,p=0.201 F1,14=0.127,p=0.727 Fi14=0.638, p=0.438

Cayman Brac

Agaricia Fiio=0.342, p=0.572 Fiio=0.387, p=0.548 Fiio=0.011,p=0.917
Diploria Fiio=0.535,p=0.483 Frio=1.994,p=0.188 Fiio=0.456,p=0.515
Montastraea Fi0=0.897, p=0.932 Fii0 = 11.403, p = 0.007* Fii0=0.136, p=0.720
Porites Fiio=0.339, p =0.574 Fiio=0.137,p=0.719 Fiio=0.021, p = 0.888
Siderastrea Fiio=0.010, p = 0.921 Fii0=4.903, p = 0.051 Fii0=0.348, p = 0.568

Results of post hoc tests and Mann-Whitney U tests between species abundance and Aspect on Grand Cayman (north,
south and west). Results are reported where there was a significant difference between two Aspect groups.

All Islands

Agaricia MWU, North & South, p=0.016, North & West, p =0.006, West & South, p =0.003
Diploria North & South, p =0.041, South & West, p =0.026

Montastraea North & South, p =0.001

Grand Cayman

Agaricia North & South, p = 0.009, North & West, p = 0.009, South & West, p < 0.001
Diploria South & West, p=0.024

Algae genera and Protection Level, Aspect & Depth

Significance of the relationships between the five most abundant algae and the factors Protection Level, Aspect and

Depth for sites on Grand Cayman, (within, n =9, outside, n = 18; north, n = 10, south, n = 8, west, n =9; deep, n = 14,

shallow, n = 13), Little Cayman (within, n = 8, outside, n = 8; north, n = 8, south, n = §8; deep, n =5, shallow, n=11)

and Cayman Brac (within, n = 6, outside, n = 6; north, n = 6, south, n = 6; deep, n = 4, shallow, n = 8). Data was

collected using four video transects per site between June and August 2009. Tests were carried out using one-way

ANOVA except where data was non homogenous and in this case Mann-Whitney U test (MWU) was used. An asterix

S. Gall, 2009
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Protection Level Aspect Depth
All Islands
Dictyota Fi53=0.081,p=0.777 F.5.=1.055,p=0.356 Fi53=0.146,p=0.704
Halimeda Fis53=0.728,p=0.397 F,5.=0.932, p = 0.400 Fi53=0.094,p=0.761
Lobophora Fis3=2.081,p=0.155 F,5x=1.711,p=0.191 Fis5=11.352, p=0.001*
Macroalgae Fi53=0.078,p=10.781 F,5.=2.571, p=0.086 Fi53=0.083,p=0.774
Turf Fis3=0.414,p=0.523 MWU, p=0.750 Fi53=7.742, p = 0.007*
Grand Cayman
Dictyota Fi25=0.003, p =0.960 F,24=0.553, p=0.582 Fi25=0.743,p=0.397
Halimeda Fi,s=0.877,p=0.174 Fo20=1.145,p=0.335 Fi25=10.054,p=0.818
Lobophora Fi25=2.002,p=0.169 F224=15.303, p < 0.001* Fi25=3.766, p = 0.064
Macroalgae Fi125=0.139,p=0.712 F224=0.890, p=0.424 Fi125=0.052, p=0.821
Turf Fi2=1.289,p=0.267 F,,4=0.823,p=0.451 F125=9.066, p = 0.006*

Little Cayman

Dictyota Fru=0.277,p=0.607 Fiu=0.566, p = 0.464 Fiu=1.516,p=0.239
Halimeda Fiis=0.003, p=0.955 Fiiu=3.978,p = 0.066 Fiu=2.675,p=0.124
Lobophora Fiuu=0.300, p = 0.592 Fiiu=4.593,p=0.050 Fris=49.192, p < 0.001*
Macroalgae Fiu=0362,p=0.557 Fiu=0.098, p = 0.758 Fiu=5.685,p=0.032*
Turf Fiiu=0.459, p = 0.509 MWU, p = 0.083 Fuis = 18.740, p = 0.001*

Cayman Brac

Dictyota Fi10=0.001, p=0.970 Fi10=0.709,p=0.419 Fi10=0.065, p =0.804
Halimeda Fi10=0.232, p = 0.640 Fi10=1.399,p=0.264 Fi10=0.489, p = 0.500
Lobophora Fi10=0.138,p=0.718 MWU, p =0.818 Fi10=10.629, p=0.446
Macroalgae Fi10=0.244,p =0.632 F110=0.140,p=0.716 Fi,10=0.004, p=0.953
Turf Fi10=10.221,p=0.648 Fi10=0.691, p=0.425 Fi10=0.331,p=10.578

Results of post hoc tests between algae abundance and Aspect on Grand Cayman (north, south and west). Results are

reported where there was a significant difference between two of the Aspect groups.

| Tukey’s post hoc test results

Grand Cayman

Lobophora | North & South, p <0.001, North & West, p=0.001

Soft coral genera and Protection Level, Aspect & Depth

Significance of the relationship between the five most abundant soft coral genera and the factors Protection Level,
Aspect and Depth for sites on Grand Cayman, (within, n = 9, outside, n = 18; north, n = 10, south, n = 8, west, n=9;
deep, n = 14, shallow, n = 13), Little Cayman (within, n = 8, outside, n = 8; north, n = 8, south, n = 8; deep, n =15,
shallow, n = 11) and Cayman Brac (within, n = 6, outside, n = 6; north, n = 6, south, n = 6; deep, n = 4, shallow, n = 8).
Data was collected using four video transects per site between June and August 2009. Tests were carried out using one-
way ANOVA except where data was non homogenous and in this case Mann-Whitney U test (MWU) was used. Bold

type and an asterix (*) denotes a significant relationship.
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Protection Level Aspect Depth
All Islands
Eunicea Fis3=1.642,p=10.206 F,5=0.910, p=0.409 Fis53=0.000, p=0.995
Gorgonia Fis53=3.740,p =0.058 F,5»=0.873,p=0.424 Fi53=0.745,p=0.392
Plexaura Fis3=0.001, p=0.976 F,s5.=0.480, p=0.622 Fis3=0.118, p=0.732
Pseudoplexaura Fi55=2.515,p=0.119 F.5.=0.942, p=0.396 Fi53=0.035,p =0.852
Pseudopterogorgia Fi53=0.135,p=0.715 F,5,=0.400, p=0.673 Fi53=10.065, p=10.800
Grand Cayman
Eunicea Fi25=12.509, p = 0.002* F224=9.245, p = 0.001* Fi25=0.985, p=0.331
Gorgonia F125 =45.028, p < 0.001* F224=28.859, p < 0.001* Fi25=1.059,p=10.313
Plexaura Fi25=3.800, p=0.063 MWU, p < 0.05* (see below) | Fi»s=1.637,p=0.212
Pseudoplexaura MWU, p =0.003* MWU, (see below) Fi25=0.798, p=0.380
Pseudopterogorgia Fi25=0.094,p=0.794 F.,4=0.338,p=0.716 Fi25 =23.026, p <0.001%

Little Cayman

Eunicea Fi14=0.665,p=0.428 Fi14=1.210,p=0.290 Fi14=1.764, p=0.205
Gorgonia Fi14=0.802,p=10.386 F1,14=7.082, p 0.019* Fi14=1.602, p=0.226
Plexaura Fi,14=0.068,p=10.797 Fi14=3.953,p=0.067 Fi,4=0.183, p=0.675
Pseudoplexaura Fi14=0.636,p=0.439 Fi14=1.583, p=0.229 Fi14=0.828,p=0.378
Pseudopterogorgia Fi114.=0.058,p=0.813 F114=6.098, p = 0.027* Fi14=2.286,p=0.153

Cayman Brac

Eunicea Fi10=0.023, p=10.883 F1,10=14.066, p = 0.004* Fi10=0.163, p=0.695
Gorgonia Fi10=0.569, p=0.468 Fi110=0.052,p=10.824 Fi110=10.198, p=0.665
Plexaura Fi10=10.498,p=0.497 MWU, p =0.132 Fi10=2.721,p=0.130
Pseudoplexaura Fi.10=10.000, p=1.000 MWU, p = 0.015* Fi10=1.024,p=0.336
Pseudopterogorgia Fi110=0.117,=0.740 Fi10=3.767,p = 0.081 Fi10=1.476,p=0.252

Results of post hoc tests between soft coral genera abundance and Aspect on Grand Cayman (north, south and west).
Results are reported where there was a significant difference between two of the Aspect groups.

MWU & Tukey’s post hoc test results

Grand Cayman

FEunicea North & West, p=0.001, South & West, p=10.010

Gorgonia North & West, p <0.001, South & West, p <0.001

Plexaura MWU, North & South, p =0.696, North & West, p=0.113, South & West, p = 0.093
Pseudoplexaura MWU, North & South, p=0.173, North & West, p = 0.043*, South & West, p = 0.002*

Morphology Category and Protection Level, Aspect & Depth

Significance of the relationship between morphology category and the factors Protection Level, Aspect and Depth for
sites on Grand Cayman, (within, n =9, outside, n = 18; north, n = 10, south, n = 8, west, n = 9; deep, n = 14, shallow, n
= 13), Little Cayman (within, n = 8, outside, n = 8; north, n = 8, south, n = 8; deep, n = 5, shallow, n = 11) and Cayman
Brac (within, n = 6, outside, n = 6; north, n = 6, south, n = 6; deep, n = 4, shallow, n = 8). Data was collected using four

video transects per site between June and August 2009. Tests were carried out using one-way ANOVA except where

data was non homogenous, where Mann-Whitney U test (MWU) was used. Bold type and an asterix (*) denotes a

significant relationship.
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Grand Cayman

Little Cayman

Cayman Brac

Protection Level

Branching coral

F1,25 = 0107, pP= 0747

F1’14 = 2010, pP= 0178

F1,10 =0.496, p = 0.498

Digitate coral

Fi,5=10.869, p=0.360

MWU, p =0.161

F1,10 =0.000, p=1.000

Encrusting coral

Fios=2.504, p=0.126

F1,14 = 0169, pP= 0.687

F1,10=0.130,p=0.726

Foliose coral

F1,25 = 2968, pP= 0.097

Fiuu = 4.086, p = 0.063

F1,10=0.034, p = 0.856

Massive coral

Fi25=0.039, p=0.845

F 1,14 = 5.520, p = 0.034*

F1,10=0.078, p=0.786

Submassive coral

F125=17.631, p <0.001*

F1$14 = 1034, pP= 0326

F1,10=1.495,p=0.249

Table coral

Fi.s = 0.490, p = 0.490

MWU, p =0.721

MWU, p =0.699

Aspect

Branching coral

Fas = 0.057, p=0.944

Fi1,.=10.482,p=0.499

F1,10 = 0.606, p = 0.454

Digitate coral

Fy24=1.293,p=10.293

Fiu=1.556,p=0.233

F1,10=2.368,p=0.155

Encrusting coral

F2,24 = 1293, pP= 0.308

MWU, p=0.161

F1,10=0.966, p = 0.349

Foliose coral

Fass= 1973, p=0.161

F1§14 = 2299, pP= 0.152

F1,10=0.034, p = 0.856

Massive coral

F2,24 = 1776, pP= 0191

F114=6.139, p = 0.027*

F1,10 =12.139, p = 0.006*

Submassive coral

F224=14.288, p < 0.001*

Fiis=0.369, p=0.553

F1,10 =0.206, p = 0.659

Table coral

MWU, p = 0.696

MWU, p = 0.721

MWU, p = 0.699

Depth

Branching coral

Fi2s = 6.388, p = 0.018*

Fi,14=0.006, p =0.938

Fi,0=10.986, p=0.344

Digitate coral

F]’25 = 1755, pP= 0.197

F14’14 = 0103, pP= 0754

Fly](): 2051,1): 0.183

Encrusting coral

Fi25=5.278, p=0.030*

Fi,14.=0.258,p=0.620

Fi10=0.544,p=0.478

Foliose coral

Fias = 7.288, p = 0.012*

F1’14 = 2463, pP= 0.139

Fl,lO = 0157, pP= 0.700

Grand Cayman

Little Cayman

Cayman Brac

Massive coral

Fi2s=2.871,p=0.103

Fi,14=0.608, p =0.448

F1,0=0.002, p=0.969

Submassive coral

F],25 = 0471, pP= 0.499

Fiu=0.824,p=0.379

Fi10=0.4893, p=0.051

Table coral

MWU, p = 0.756

MWU, p = 0.583

MWU, p = 0.808

Results of post hoc tests between coral morphology and Aspect on Grand Cayman (north, south and west). Results are
reported where there was a significant difference between two of the Aspect groups.

Aspect, Grand Cayman

Submassive coral North & South, p =0.039, North & West, p=0.019, South & West, p <0.001

Coral species Abundance, Diversity, Richness & Evenness and Protection Level, Aspect and Depth

Table 3.8 — Average Species abundance (S), Shannon-Weiner Diversity index (H’ loge), Species Richness (Margalef),
(d), and Pielou’s Evenness (J°) for Protection Level, Aspect and Depth for sites on Grand Cayman, (within, n =9,
outside, n = 18; north, n = 10, south, n = §, west, n = 9; deep, n = 14, shallow, n = 13), Little Cayman (within, n =8,
outside, n = 8; north, n = 8, south, n = §; deep, n =5, shallow, n = 11) and Cayman Brac (within, n = 6, outside, n = 6;
north, n = 6, south, n = 6; deep, n = 4, shallow, n = 8). Data was collected using four video transects per site between
June and August 2009. Totals are shown for each island in brackets () following the island name. The significance of

within factor differences was tested using One-way ANOVA or Mann-Whitney U (MWU) and p values are provided.
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Post hoc test results are given for Grand Cayman identifying the Aspects between which significant differences lay. An

asterix (*) denotes a significant result

Protection Level Aspect Depth
Island
Within Outside North South West Deep Shallow
Species abundance (S)
15.33 14.61 15.10 14.00 15.33 14.36 15.38
Grand Cayman
F],zs = 0471, p= 0499 F2,24 = 0634, pP= 0539 Fl,zs = 1096, pP= 0305
18.00 15.38 17.13 16.25 - 15.60 17.18
Little Cayman
F114=8.411, p = 0.012% F1,14=10.609, p =0.448 Fi.=1.857,p=0.194
15.17 13.50 13.33 15.33 - 14.25 14.38
Cayman Brac
Fi10=0.903,p=0.364 Fi10=1.353,p=0.272 MWU, p=0.933
Shannon-Weiner Diversity (H’loge)
242 2.46 2.48 2.44 242 241 2.48

Grand Cayman

Fi25=0.280, p = 0.602

F2,24 = 0222, p= 0802

F],25 = 1185, pP= 0287

2.60 2.49 2.60 2.49 - 2.47 2.58
Little Cayman
Fi14=2.446,p=0.140 Fi14=3.229, p=0.094 Fi14=2.442,p=0.140
2.41 2.33 2.31 2.43 - 2.38 2.37
Cayman Brac
Fi10=0.640, p = 0.442 Fi10=1.662, p=0.226 MWU, p = 1.000
Protection Level Aspect Depth
Island
Within Outside North South West Deep Shallow
Species Richness (d)
4.19 3.92 4.07 3.74 4.19 3.89 4.15
Grand Cayman F2 2= 0.973 =0.392
- - , 212, p= U - -
Fi25=10.920, p =0.347 (South & West, p = 0.004) Fi,5s=1.018, p=0.323
4.86 4.15 4.58 4.43 - 0.90 0.91
Little Cayman

F1,14 = 10.137, P= 0.007*

F1,]4 = 0276, pP= 0608

F]’14 = 1628, pP= 0223

4.15 3.69

3.66 4.18

0.90 0.90

Cayman Brac

F110=10.956,p=0.351

Fi10=1.266,p=0.287

F110=0.001,p=0.975

Species Evenness (J°)

0.89 0.92 0.91 0.93 0.89 0.91 0.91
Grand Cayman
F1.25=9.882, p = 0.004* F224 = 6.530, p = 0.005* Fi25=0.010, p=0.920
0.90 0.91 0.92 0.90 - 4.24 4.62
Little Cayman
Fiu=1.677,p=0.216 MWU, p=0.105 F114=0.158, p=0.697
0.89 0.90 0.90 0.90 - 3.91 3.93

Cayman Brac

F],]O = 0973, pP= 0347

Fl,]O = 0232, pP= 0640

Fi,10=0.001, p=0.980
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APPENDIX H - Conservation Value Calculation

Mean Values

Coral cover

Shannon-Weiner Diversity

Margalef Species Richness

Pielou’s Evenness

Species Abundance

H’ (loge) d J’

370.15 3.04 9.29 0.86 34.80

Grand Cayman
Coral Shannon-Weiner | Margalef Species Pielou’s Species . )
Site cover Diversity Richness Evenness Abundance | Bleaching | Disease
H’ (loge) d J’ S

GCM1 240 2.99 9.78 0.83 36 1 1
GCM2 302 2.74 6.80 0.85 25 1 0
GCM3 297 2.92 9.23 0.83 34 1 0
GCM4 290 2.89 8.18 0.85 30 1 1
GCMS5 556 3.15 10.25 0.86 39 1 0
GCM6 395 2.84 7.35 0.86 27 0 0
GCM7 378 2.99 8.89 0.85 33 1 1
GCMS 354 2.88 7.58 0.87 28 1 1
GCM9 661 3.05 9.61 0.85 36 1 0
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GCM10 194 2.87 8.81 0.83 32 0 0
GCM11 266 3.16 10.74 0.86 40 1 1
GCM12 275 3.08 9.08 0.87 34 1 1
GCM13 256 3.08 9.25 0.87 35 1 0
GCM14 323 3.15 9.42 0.88 36 1 0
GCM15 259 3.04 9.62 0.84 37 1 1
GCM16 313 3.14 9.78 0.87 37 0 0
GCM17 551 3.02 8.88 0.86 33 1 1
GCM18 144 2.77 7.41 0.84 27 1 1
GCM19 514 3.17 9.71 0.88 37 0 0
GCM20 338 3.12 10.66 0.85 40 1 1
GCM21 232 2.87 8.19 0.84 30 1 1
GCM22 288 3.18 11.45 0.85 43 1 0
GCM23 277 3.07 9.64 0.86 36 0 1
GCM24 295 3.08 8.93 0.87 34 1 1
GCM25 244 2.93 8.08 0.86 30 0 0
GCM26 296 3.14 8.62 0.90 33 1 1
GCM27 645 3.15 10.30 0.86 39 0 1
Little Cayman
Coral Shannon-Weiner | Margalef Species Pielou’s Species
Site cover Diversity Richness Evenness Abundance | Bleaching Disease
H’ (loge) d J’ S
LClI 398 3.27 10.69 0.88 41 0 0
LC2 509 3.14 10.03 0.86 38 0 0
LC3 544 3.26 10.70 0.88 41 0 1
LC4 258 3.08 10.19 0.85 38 1 1
LC5 557 3.10 9.26 0.87 35 1 |
LC6 628 3.27 10.68 0.88 41 1 0
LC7 591 3.13 10.36 0.85 39 0 0
LC8 691 3.27 9.77 0.90 38 1 1
LC9 257 3.13 10.40 0.85 39 1 0
LC10 257 3.01 9.48 0.85 35 1 1
LCI11 204 2.97 8.88 0.85 33 0 0
LCI12 348 3.18 10.93 0.86 41 1 2
LCI13 548 3.02 9.41 0.85 35 0 1
LC14 296 3.07 9.38 0.86 35 1 1
LCI5 292 2.95 8.61 0.85 32 0 1
LC16 462 3.17 10.24 0.86 39 0 1
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Coral Shannon-Weiner | Margalef Species Pielou’s Species
Site cover Diversity Richness Evenness Abundance | Bleaching Disease
H’ (loge) d J’ S
CBI 136 2.68 7.83 0.80 28 0 1
CB2 259 3.08 10.22 0.85 38 1 0
CB3 553 3.12 9.85 0.86 37 1 0
CB4 415 3.04 9.15 0.86 34 1 0
CBS5 288 2.95 9.17 0.84 34 1 0
CB6 463 3.05 9.62 0.85 36 0 1
CB7 278 2.95 8.30 0.86 31 1 1
CB8 347 2.95 8.02 0.87 30 0 0
CB9 584 3.00 8.35 0.87 31 1 1
CBI10 323 2.99 9.19 0.85 34 1 1
CBI11 190 2.73 6.58 0.86 24 1 1
CB12 499 3.12 9.50 0.87 36 1 0
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