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Figure 2.4-1 Map of Grand Cayman showing all survey sites and protected areas.
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Figure 2.4-2 Map of Little Cayman showing survey sites and Marine Parks
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Figure 2.4-3 Map of Cayman Brac showing survey sites and Marine Parks
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2.5 Data Collection

All surveys were carried out by underwater visual census using SCUBA; data collection for
each survey site required one dive. At each site, three 20m long transect tapes were laid along
adjacent coral spurs. The arrangement of the three transects varied depending on the
topography of the individual site in question, with transects running either perpendicular or
parallel to the shore. Two passes of each transect were made to allow data on benthic
composition and also on bleaching and disease to be collected. On the first pass, percentage
cover of benthic organisms was assessed using the point intercept methodology described by
English et al., (1994). Substrate lying directly under the tape was recorded at 50cm intervals,

classifying benthic organisms into one of 14 categories (see table 2.5-1).

Table 2.5-1 Benthic categories identified on transects.

Substrate
Hard coral (life-form and species recorded)

Soft coral

Fire coral (species recorded)
Macro algae

Turf algae

Blue-green algae
Coralline algae

Sponge

Tunicate

Sand

Rubble

Newly dead coral
Transitional dead coral
Old dead coral with algae

On the second pass of the transect, coral bleaching and disease were recorded. This involved
use of the belt transect method, recording coral bleaching/disease on any colony within a half

meter square area either side of the tape measure. Both bleaching and disease were measured
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using a semi quantitative scale (see table 2.5-2) as has been used in previous rapid
assessments of bleaching status (Marshall & Schuttenberg, 2006). Because the study was
particularly interested in recovery from bleaching, any evidence of bleaching whether mild or
severe was recorded. A colony did not therefore have to be fully white to be included.
Colonies that were still in the process of recovering from the bleaching event of 2009 and
were consequently pale, as well as those that were starting to turn pale due to recent loss of

zooxanthellae were recorded as being bleached.

Table 2.5-2 Semi quantitative scale used to record bleaching and disease prevalence

Category Percent Visual assessment

0 <1 No bleaching observed

Bleached colonies seen occasionally, but <10%

! 1-10 of colonies bleached.
2 10-50 Bleached colonies frequent but constitute <50%
Bleaching very frequent, most corals are bleached
3 50-90
(>50%).
4 590 Bleaching dominates the landscape (>90%),

unbleached colonies are rare (<10%).

Due to the many difficulties in reliable disease identification, disease was simply recorded as
present or absent and no attempt was made to determine individual pathogens. Where there
was ambiguity in whether an observed symptom was caused by a pathogen or was simply a
sign of stress, it was included as disease. This was felt appropriate since regardless of
whether symptoms are caused by infection from pathogenic organisms or not, they
nevertheless reveal a weakening in the coral defences and an increase in vulnerability.
Disease prevalence was recorded using the same semi quantitative scale as was used for

bleaching (see table 2.5-2.)
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2.6 Statistical analysis

2.6.1 The Cayman Islands (pooled data)

Raw benthic data (number of points per transect) from all three islands were initially explored
at the community level using multivariate statistical techniques available within PRIMER
software (Plymouth Routines In Multivariate Ecological Research.) The variables island and
protection level were added as factors within PRIMER (see table 2.6-1) before data were
square root transformed and used to construct a Bray Curtis similarity matrix. Following this,
one way Analysis of Similarity (ANOSIM) tests were performed looking for significant
differences between transects within and outside the marine parks, and also between the three
islands. Results from both multivariate and univariate analysis were considered significant

when p<0.05. ANOSIM was always performed using 999 permutations.

Table 2.6-1 All factors used in PRIMER when analysing across and also within each

island. Levels for each factor are indicated

Factor Levels

Island Grand Cayman, Little Cayman, Cayman Brac
Protection Within or outside Marine Parks

Depth Shallow (approx <12m) or deep terrace (approx >12m)

Northern, southern or western shore (west only Grand

Aspect Cayman)

Mean percentage cover, standard deviation and standard error were calculated for hard
coral/macro algae and were used to produce graphs for display purposes. Raw data from each
transect were entered into Minitab in order to undertake univariate analysis. Before tests were
carried out however, data were checked for normality and homogeneity of variance. In cases
where data were either non normal or heterogeneous, transformations were used in order to
attempt to meet the assumptions of parametric testing. When this was not possible, non-
parametric tests were instead utilised. When data were normal and homogeneous, as was the

case with macro algal abundance, a one way ANOVA was used to test for differences in
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abundance between either protection levels or islands. Tukey tests were used for pair-wise
comparisons between islands. A General Linear Model (GLM) with protection nested within
island was also used to test for differences in macro algal abundance within and outside
Marine Parks once any variation due to location on different islands had been taken into
account. Because coral abundance data were non normal, a Kruskal Wallis test was used as a
non parametric equivalent to a one way ANOVA. Mann Whitney U tests were used to

determine pair-wise comparisons between islands.

Due to observed differences in the data for each island, as well as the fact that the three
islands have previously experienced different impacts of varying intensity, data were then
separated and analysed separately for Grand Cayman, Little Cayman and Cayman Brac.
Statistical methods followed were largely the same for each island so will be described

generally, with any differences highlighted.

2.6.2 Grand Cayman, Little Cayman and Cayman Brac individually

2.6.2.1 Benthic data

Data were used to calculate means, standard deviations and standard errors of each benthic
category. Where appropriate, graphs and tables were produced for display purposes. Transect
data (number of points per transect) were square root transformed within PRIMER and again
used to construct a Bray Curtis similarity matrix after the factors protection level, depth and
aspect had been entered. A one way ANOSIM was used to test for differences between
transects within and outside the Marine Park or between aspects (depending on the
hypothesis being tested.) When this test result was significant SIMPER analysis was
performed to in order to see which benthic categories were responsible for differences
between groups. Because prior knowledge suggested that depth could yield an important
influence on benthic communities, this variable was also included in a two way ANOSIM.
This was in order to test for differences in benthic communities between protection
levels/aspects once any differences due to location on the shallow/deep terrace had been

accounted for.

Multi Dimensional Scaling (MDS) ordination provides a useful way of viewing the data

graphically. MDS plots were therefore constructed based on the Bray Curtis similarities from
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square root transformed data above. Samples were labelled according to either protection
level or aspect, again depending on the hypothesis being tested. This allowed inferences to be
made about whether transects surveyed within one aspect/protection level are more similar to
other transects within that group than they are to transects from an alternative group. Any
plots with stress values of over 0.25 were not included; high stress values indicate that the
relationships between data points cannot adequately be displayed in two dimensions (Clarke

& Warwick, 2001.) In such cases three dimensional plots were instead used.

Univariate analysis was next carried using Minitab software. As before, data were tested in
order to ensure that the necessary assumptions of parametric testing were met. One way
ANOVA’s or Kruskal Wallis tests were used accordingly to test for differences in macro
algal/hard coral abundance between protection levels/aspects. Tukey tests further determined
the results of pair-wise comparisons. As with multivariate analysis it was desirable to include
depth in the model and to make use of statistical elimination. A GLM was therefore
constructed to test the model, abundance = depth + protection level/aspect. Including depth in
the model takes account of any variation due to this factor, therefore reducing the variation
attributed to error. This reduces the error mean square used to calculate the F ratio and hence

gives a more precise test.

Bleaching and disease were analysed using Minitab to perform Kruskal Wallis tests (due to
non normality) looking for differences between the prevalence of bleaching/ disease between
protection levels/aspects. Tests made use of the value of bleaching/disease recorded for each
transect (using a semi quantitative scale (values of zero to four.)) The percentage of transects
with a score of at least one (indicating the presence of at least one bleached colony) was also

calculated for the island as a whole and for each protection level/ aspect.

2.6.2.2 Species composition

Transect data were summed for each site when analysing coral community composition. This
was due to the presence of a large number of zero values that resulted from low overall
abundance of the vast majority of coral species. Any coral taxa with no representation at any
site on a given island, was also removed before analysis. Both of these actions act to

minimise the problem of artificial similarities being created due to shared absence of species
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at different sites. On Cayman Brac and Little Cayman however it was felt that low numbers
of samples after summing may limit the ability to detect any existing differences between
groups. Therefore, whilst keeping in mind the issues noted above, data were analysed using
both raw transect data and also summed site totals. Test results for both sets of analysis are
reported in this study. As before, data were square root transformed and used to construct a
similarity matrix. ANOSIM analysis was then carried out to determine whether species
composition varied between protection levels and aspects. Although Millepora (fire coral)
was not included when calculating percent hard coral cover, it was used in all calculations
assessing species composition and diversity following Rogers er al. (1991.) Although
taxonomically it is distinct from hard corals (in the class Hydrozoa) ecologically it occupies a

similar niche and indicates diversity within a functional group.

Summary statistics including species richness, Pielou’s index of evenness (how individuals
are distributed between species) and Shannon Weiner diversity were also calculated for each
site using the DIVERSE function within PRIMER. These statistics were further analysed
using univariate tests available in Minitab software. Again tests were parametric when data
met all necessary assumptions and otherwise were non-parametric. In the present study it is
questionable whether the use of species richness, evenness and diversity is strictly valid due
to the fact that not all taxa were identified to the same level of taxonomic discrimination.
Identification problems are common however within marine ecology and it is not uncommon
to include organisms classified to levels other than species. Past studies have also not
identified corals within the genus Agaricia to species level (see Manfrino et al., 2003, Gall,
unpublished 2009.) Using such statistics can still provide information about differences

between communities as taxa were classified to equivalent levels at all sites.

One way ANOVAs or Kruskal Wallis tests were carried out to examine differences in
individual genera found on transects within and outside the Marine Parks. For Grand Cayman
and Cayman Brac data were converted from raw abundance to percentage contribution to
total coral cover. This therefore allowed differences in the evenness of coral communities to
be investigated more fully. For Little Cayman, raw data were examined for differences in

actual abundance of coral genera between protection levels.

To investigate the composition of coral community in terms of spawning strategy used,

corals were split into those that primarily use a brooding or broadcasting method of
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reproduction. The percentage of corals using a broadcasting strategy on each transect were
entered into Minitab and Kruskal Wallis tests used to look for differences between transects
within and outside the Marine Parks. Graphs were also produced for display purposes using

average percent of broadcasters and brooders in each protection level.

Differences in morphological composition were investigated in the much the same way as
above using percentage contribution of each morphology to total hard coral cover. Millepora
were not included in these calculations. PRIMER was again used to conduct ANOSIMs
looking for differences in morphological composition between reefs within and outside the

Marine Parks.
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3 Results

3.1 The Cayman Islands; Grand Cayman, Little Cayman and Cayman Brac

The benthic composition of Grand Cayman, Little Cayman and Cayman Brac can be seen
in figure 3.1-1. Whilst composition varies significantly between islands (one way
ANOSIM R=0.141, p=0.00, all pair-wise comparisons significant at the 5% level) it is

clear that macro algae dominates on all three islands.

= Coralline algae Turf algae

® Macro algae 1 Blue green algae

M Rubble Sand

B Old dead coral Transitional dead coral
H Newly dead coral B Soft coral

m Sponge M Tunicate

M Fire coral M Live coral

Figure 3.1-1 Benthic composition of reefs on A) Grand Cayman (n=27) B) Little Cayman
(n=16) and C) Cayman Brac (n=12)

A total of 23 species of hard coral (see table 3.1-1) representing five families were recorded
in surveys around the three islands. The genus Agaricia was additionally recorded but could
not be identified to species level. Two species of fire coral (Millepora alcicornis and
Millepora complanata) were also recorded and are included in calculations involving species

richness, evenness and diversity.
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Table 3.1-1 Species, genera and families of hard coral recorded on reefs around Grand

Cayman (n=27) Little Cayman (n=16) and Cayman Brac (n=12) in underwater visual

census from June to August 2010.

Family Genus Species
cervicornis
Acropora
Acroporidae palmata
Agaricia
Agariciidae
Leptoseris cucullata
Madracis decactis
Astrocoeniidae
Stephanocoenia intersepta
Colpophyllia natans
Diploria labyrinthiformis
strigosa
Montastraea annularis
Faviidae
cavernosa
faveolata
franksi
Solenastrea bournoni
Dichocoenia stokesii
Meandrinidae Eusmilia fastigiata
Meandrina meandprites
Mussidae Mycetophyllia lamarckiana
Poritidae Porites astreoides
divaricata
furcata
porites
Siderastreidae Siderastrea radians
siderea
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Across all islands hard coral cover averaged 11.91% +7.28%. The highest coral cover of any
site was found at LC8 (26.67% +5.77%) on the Southern shore of Little Cayman, and the
lowest coral cover was found at CB1 on the Northern shore of Cayman Brac (2.5% +0.0.) It
is notable that macro algae composed a high proportion of the benthos at the majority of sites,
averaging 46.71% +16.25% across all islands. The highest macro algal cover (84.17%
+10.10%) was found at the site of lowest coral cover (at CB1) and the lowest was found

within the Marine Park on Grand Cayman at GCM6 (14.17 + 1.44%.)

In a Kruskal Wallis test comparing hard coral cover between islands, significant differences
were found at the 5% level (H=8.20 d.f=2 p=0.02 (adjusted for ties.)) Mann Whitney U tests
further showed that coral cover was significantly higher on Little Cayman than on Grand
Cayman (p=0.01 (adjusted for ties)) but that coral cover on Cayman Brac was not
significantly different to that found on either Grand Cayman (p=0.17 (adjusted for ties)) or
Little Cayman (p=0.29 (adjusted for ties).) The island with highest average coral cover was
Little Cayman with a mean of 14.17% +7.74%, the lowest was Grand Cayman (10.46%

+6.92%) and Cayman Brac was intermediate with a mean coral cover of 12.15% + 6.84%.

Percent cover of macro algae was also found to be significantly different between islands in a
one way ANOVA (F;16=15.60 p=0.00.) Pair-wise comparisons between islands (Tukey
tests) show significantly higher macro algal cover on Cayman Brac (54.24% + 15.19%) and
Little Cayman (52.19% + 12.55%) compared to Grand Cayman (40.12% + 16.13%) but no

significant difference between Little Cayman and Cayman Brac.

Pooling data from all three islands, multivariate analysis finds no significant difference
between the benthic composition of reefs within and outside the Marine Parks (one way

ANOSIM R=0.01 p=0.25.) Benthic composition can be seen in figure 3.1-2.
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Figure 3.1-2 Benthic composition of reefs A) within (n=23) and B) outside Marine Parks
(n=32.)

Univariate analysis, analysing coral cover and macro algal cover separately is more revealing.
Coral cover was found to be significantly higher (Kruskal Wallis test H=7.74 d.f=1 p=0.01)
inside Marine Parks (13.88% =+ 7.65%) than outside parks (10.49% + 6.69%) as can be seen
in figure 3.1-3. In contrast, in a one way ANOV A macro algal cover was found not to differ
significantly between protection levels (F; j¢3=2.23 p=0.14.) When the factor ‘island’ was
included as a second variable in a GLM testing the relationship macro algal cover = island +
protection (island)), both island and protection level (nested within island) became significant
(island F;159=23.68 p=0.00, protection(island) F359=9.48 p=0.00.) The low value of R
squared (28.87%) however indicates that the model leaves a large amount of unexplained

variation in algal cover.
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Figure 3.1-3 Mean hard coral and macro algal cover within (n=23) and outside (n=32) the
Marine Parks around Grand Cayman (n=27), Little Cayman (n=16) and Cayman Brac

(n=12.) Error bars denote standard error of the mean.

Examining data from all three islands, there were six survey sites with mean hard coral cover
of 20% or above. The six sites (listed in table 3.1-2) were spread evenly between the islands,
with two on each island. On Grand Cayman and Little Cayman sites were inside Marine
Parks, whereas on Cayman Brac this was not the case. Since the Marine Park on Grand
Cayman has a westerly orientation, both sites on the island were on the western shore,
however it was interesting to note that the other four sites on Little Cayman and Cayman

Brac were all found on the southern shore.
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Table 3.1-2 The six sites found to have 20% or above mean hard coral cover, showing
percent cover and standard deviation. GCM indicates sites around Grand Cayman, LC
those around Little Cayman and sites around Cayman Brac are coded CB. Aspect and

protection level are also indicated.

Mean hard

Site code Protection Aspect coral cover Star}dgrd
level (%) deviation
LC8 Inside Park South 26.67% 5.77%
GCM9 Inside Park West 25.0% 4.33%
GCM5 Inside Park West 21.67% 5.20%
LC6 Inside Park South 20.83% 10.41%
CB12 Outside Park South 20.83% 5.20%
CB9 Outside Park South 20.0% 6.61%

Due to the fact that significant differences were found between islands in the above analysis,
and also because islands have previously experienced different impacts of varied intensity,

data from each island will now be presented and analysed in more detail separately.

3.2 Grand Cayman
3.2.1 Hypothesis One

3.2.1.1 Benthic cover

Multivariate analysis reveals that there are significant differences in the benthic composition
of reefs within and outside the Marine Park on Grand Cayman (one way ANOSIM, R
statistic=0.09 p=0.01.) This is made clear with reference to the multi-dimensional scaling
(MDS) ordination plot (figure 3.2-1) which clearly shows separation of transects based on the
factor ‘protection level.” SIMPER analysis indicates that macro algae, old dead coral (with
algae), coral rubble and live coral are the four main benthic categories responsible for
differences between protection levels, with a cumulative percentage contribution to

dissimilarity of 57.47%. Accordingly more detailed univariate analysis finds significantly
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more macro algae outside the Marine Park (mean 44.86% +16.06%) than inside the park
(mean=30.65% +11.64%) (one way ANOVA F, 70=16.71 p=0.00.) Although a Kruskal Wallis
test does not show a significant difference in coral cover within (mean= 12.59% +7.39%) and
outside (9.40% %6.48%) the marine park (H=3.31 p=0.07) the trend is indicated, as can be

seen in figure 3.2-2.

@) Inside Park

@ Outside Park

Figure 3.2-1 Three dimensional MDS plot of benthic community compoistition, showing
each transect labelled according to the factor protection level (stress=0.18.) A three
dimensional rather than two dimensional plot is displayed due to the high stress value
associated with the latter (indicating that the relationships between data points cannot
adequately be displayed in a two dimensional plot.) Transects within and outside the
Marine Park clearly seperate and cluster into two groups, showing significant differences

in composition.
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Figure 3.2-2 Mean hard coral and macro algal cover within (n=9) and outside (n=18) the

Marine Park on Grand Cayman. Error bars denote standard error of the mean.

The discovery that macro algae increases in abundance with increasing depth (linear
regression p=0.00) while coral cover is significantly higher at shallow sites than deeper sites
(Kruskal Wallis test, H=6.27 d.f=1 p=0.01 (adjusted for ties)) may be important in light of
the fact that bleaching in 2009 was more severe on deeper reefs. It was also evident however
that abundance of old dead coral (with algae) was significantly higher (Kruskal Wallis test
H=5.31 d.f=1 p=0.021 (adjusted for ties)) on shallow reefs than on deep reefs.

3.2.1.2 Bleaching and disease

Overall evidence of coral bleaching on at least one colony (including coral which is
beginning to pale and that which is still in the process of recovery from previous bleaching)
was recorded on 70.37% of all transects surveyed around Grand Cayman. Only two of twenty
seven sites surveyed were completely free of bleaching. Although there was no significant
difference in the abundance of bleached colonies (using a semi quantitative scale) between
sites within and outside the Marine Park (Kruskal Wallis test H=0.76 d.f=1 p=0.38 (adjusted
for ties)) the percentage of transects showing at least one bleached colony was higher outside
the park (72.22%) than inside the park (66.67%). Despite the increased severity of bleaching

at deeper sites in 2009, there was no significant difference between the abundance of
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bleached colonies at deep and shallow sites (Kruskal Wallis test H=1.04 d.f=1 p=0.31
(adjusted for ties)).

Evidence of coral disease and signs of stress was also seen on the majority of reefs, with only
five sites surveyed completely free from disease. Overall 61.73% of transects contained at
least one coral colony showing signs of stress and disease. As with bleaching, the percentage
of transects showing disease was higher outside the Marine Park (62.96%) than within it
(59.26%). However in a Kruskal Wallis test looking at abundance of diseased coral colonies
(again using a semi quantitative scale) no significant difference was found between reefs
within and outside the Marine Park (H=0.35 d.f=1 p=0.56 (adjusted for ties)). The abundance
of diseased colonies was however significantly higher at deep sites than at shallow sites

(Kruskal Wallis test H=4.40 d.f=1 p=0.04 (adjusted for ties)).

3.2.2 Hypothesis Two

3.2.2.1 Species composition

A total of 23 coral species, plus the coral genus Agaricia and two species of Millepora (fire
coral) were recorded on transects around Grand Cayman. Reference to figure 3.2-3 clearly
reveals that the genera Agaricia, Montastraea and Porites dominate the coral community,
both within and outside the Marine Park. Looking in more detail, the most common
individual coral species observed in surveys was Porites astreoides. This was closely
followed by Montastraea annularis and M. faveolata. Table 3.2-1 shows the ten most

abundant coral species with mean abundance and standard deviation.
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Porites H Acropora
\ m Diploria H Colpophyllia
: m Dichocoenia M Eusmilia
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Meandrina Solenastrea
B Stephanocoenia Siderastrea

Mycetophyllia m Millepora

Figure 3.2-3 Pie charts showing coral community composition according to genus A)

within (n=9) and B) outside (n=18) the Marine park on Grand Cayman.

Table 3.2-1 The ten most abundant coral species on reefs around Grand Cayman (n=27).
Mean percentage contribution of each species to the total coral cover and standard

deviation are indicated.

Mean percent cover (of

Coral Species total hard coral cover)

Standard deviation

Porites astreoides 15.51 18.99
Montastraea annularis 13.57 28.75
Montastraea faveolata 13.02 20.95
Siderastrea siderea 8.86 16.89
Montastraea cavernosa 4.99 11.22
Millepora alicornis 4.71 10.47
Montastraea franski 3.05 8.51
Colpophyllia natans 3.05 9.88
Diploria stringosa 2.77 8.23
Porites porites 1.94 7.27
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In multivariate analysis of the coral community composition, a one way ANOSIM finds no
significant difference between coral species composition within and outside the Marine Park
(R=0.06 p=0.75). As may be expected, depth appears to be more important in determining
species composition (ANOSIM R=0.23 p=0.00). Despite this, more species of coral were
observed outside the Marine Park (22 when including the species of fire coral) than within it
(15, again including fire coral). In univariate analysis there was however no significant
difference between coral species richness or diversity (using the Shannon Weiner diversity
index) inside and outside the Marine Park (One way ANOVA richness F;»5=0.00 p=0.99,
diversity F 25=0.00 p=0.95). Adding the second explanatory variable of depth into a General
Linear Model (GLM) did not change this result; protection level remained unable to explain
variation in richness or diversity. Evenness (Pielou’s index) was however found to be
significantly higher outside the Marine Park than within it (One way ANOVA, F;,5=5.53
p=0.03). This indicates that a smaller number of species dominate within the Marine Park,
with other species composing only a small fraction of the coral community. This can be seen
graphically with reference to figure 3.2-3. Inside the Park species within the three dominant
genera compose 80.56% of the coral community with less than 20% composed by all other
taxa. Outside the Marine Park in contrast, over 30% of the coral community is composed of

corals other than Porites, Montastraea and Agaricia.

Despite the significance of evenness, univariate analysis reveals only minor differences in the
percentage contribution of individual genera. Eusmilia is found to compose a significantly
higher proportion of the coral community at sites within the Marine Park compared to outside
it, and although not quite significant it is indicated that Agaricia is more dominant within the

Marine Park. Table 3.2-2 displays results for all coral genera.
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Table 3.2-2 Test statistic and significance values for each coral genus, testing for
differences in the percentage contribution of each genus to the coral community within
and outside the Marine Park. Asterix denotes significant results, bold type indicates

results close to significance.

Coral Genus Test statistic P value
Agaricia ANOVA F=3.79 0.06
Montastraea ANOVA F=0.04 0.85
Porites ANOVA F=1.12 0.30
Acropora Kruskal Wallis H=1.62 0.20
Diploria Kruskal Wallis H=2.03 0.15
Colpophyllia Kruskal Wallis H=0.63 0.43
Dichocoenia Kruskal Wallis H=1.04 0.31
Eusmilia Kruskal Wallis H=4.15 0.04*
Leptoseris Kruskal Wallis H=0.50 0.58
Madracis Kruskal Wallis H=2.00 0.16
Meandrina Kruskal Wallis H=0.50 0.48
Solenastrea Kruskal Wallis H=0.50 0.48
Stephanocoenia Kruskal Wallis H=0.50 0.48
Siderastrea Kruskal Wallis H=1.34 0.25
Mycetophyllia Kruskal Wallis H=0.50 0.48
Millepora Kruskal Wallis H=0.50 0.48

3.2.2.2 Reproduction

Splitting hard coral taxa into those that use a broadcast method of spawning and those that
use a brooding method, revealed that while over half of the corals outside the Marine Park are
broadcasters (as might be expected on a Caribbean reef) this is not the case within the Park.
Within the Marine Park, brooding coral species compose 52.94% of the total coral

community. This can be seen graphically in figure 3.2-4. Although some difference is
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indicated, a Kruskal Wallis test found no significant difference between the percentage of
broadcasters inside the Marine Park compared to that outside the park (H=3.02 d.f=1 p= 0.08
(adjusted for ties)).

100% -
5 90% -
2 0,
3 80% -
s 70% -
S  60% -
% 50% - OBrooders
= 40% -
° 30% - W Broadcasters
c
S 20% -
& 10% -

0% -

Inside Park Outside Park

Protection Level

Figure 3.2-4 Percentage of coral taxa that use either a broadcast or a brooding method of
spawning displayed separately according to protection level (within park n=9, outside

park n=18).

3.2.2.3 Morphology/ life-form

Reference to figure 3.2-5 makes clear that the majority of corals displayed either a massive or
an encrusting morphology/life-form; this was the case on reefs experiencing both levels of
protection. Accordingly, morphological composition was similar within and outside the
Marine Park (one way ANOSIM, R=0.02 p=0.56). As with species composition, depth was
more important in determining morphology (One way ANOSIM R=0.15 p=0.01). The
conclusion that protection level was not an important factor was not altered by adding depth
into a two way ANOSIM testing for significant differences in protection level once depth had

been accounted for.

Together the two dominant morphologies composed 78.52% and 80.79% of the coral
community within and outside the Marine Park respectively, with submassive corals making

up a large proportion of the remainder. There is therefore no evidence that reefs outside the
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Park are characterised by more rapidly growing branching and submassive corals than those

within the park.
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Figure 3.2-5 Morphological composition of the coral community within (n=9) and outside
(n=18) the Marine Park on Grand Cayman. Bars display mean contribution of each

morphological class to total coral cover. Error bars denote standard error of the mean.

3.2.3 Hypothesis Three

3.2.3.1 Benthic community

Multivariate analysis of the benthic composition of reefs on different shores of Grand
Cayman finds significant differences between all aspects (one way ANOSIM R=0.24 p=0.00,
all pair-wise comparisons significant at 5% level). This can be seen clearly in an MDS
ordination plot (figure 3.2-6), showing that reefs on the western shore form a distinct cluster,
separate from those on the southern shore, with the northern shore clustering inbetween the

two. SIMPER analysis finds that macro algae is the most important benthic class contributing
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to dissimilarity between aspects. The highest macro algal abundance is found on the southern
shore and the lowest on the western shore. This result is supported by a one way ANOVA
finding a significant difference in macro algal cover between aspects (F,73=17.18 p=0.00).
Although a trend is indicated, pair-wise comparisons using a Tukey test do not find a
significant difference between macro algal cover on the western and northern shore (p=0.08).
Significant differences are evident between the western and southern shore, and the northern

and southern shore however (both p=0.00).

West North A | South ¥

Figure 3.2-6 Three dimensional MDS ordination plot of benthic community abundance
data showing transects labelled according to aspect (stress=0.18). A three dimensional
rather than two dimensional plot is displayed due to the high stress value associated with
the latter (indicating that the relationships between data points cannot adequately be
displayed in a two dimensional plot). The key displays the results of pair-wise
comparisons between aspects; shared letters indicate no significant difference between
groups. This can also be seen by examination of the plot as each aspect group appears to

form a cluster of points which are closer to one another than those of another group.

Hard coral cover was found to be highest on the western shore of Grand Cayman (12.59%
+7.39%) (corresponding to the location of the Marine Park) and lowest of the southern shore
(8.85% +7.07%). The northern shore had an intermediate coral cover of 9.83% +6.05%. This

can be seen graphically in figure 3.2-7. In a Kruskal Wallis test however hard coral cover was
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found not to be significantly different between reefs located on different shores of Grand

Cayman (H=3.78 d.f=2 p=0.15 (adjusted for ties).)
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Figure 3.2-7 Mean percent cover of hard coral and macro algae on the western (n=9)
northern (n=10) and southern (n=8) shores of Grand Cayman. Error bars denote standard

error of the mean.

3.2.3.2 Bleaching

As with protection level, differences were seen in the percentage of transects showing at least
one coral colony with signs of either bleaching or disease. The southern shore showed the
lowest percentage of transects containing both bleached and diseased colonies, as can be seen
in figure 3.2-8. The northern shore in contrast had the highest percentage of transects with
bleached and diseased corals. Despite these observations, there was however no significant
difference between abundance (using a semi quantitative scale) of bleaching or disease with
varying aspects (Kruskal Wallis test, bleaching H=4.48 d.f=2 p=0.11 (adjusted for ties)
disease, H=0.35 d.f=2 p=0.84 (adjusted for ties)).
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Figure 3.2-8 Percentage of transects containing at least one bleached/diseased coral
colony displayed for reefs on the western (n=9) northern (n=10) and southern (n=8)

shores of Grand Cayman.

3.3 Little Cayman

3.3.1 Hypothesis One

3.3.1.1 Benthic cover

Benthic composition of reefs within and outside the Marine Parks on Little Cayman can be
seen in figure 3.3-1. In contrast to the results from Grand Cayman, multivariate analysis does
not find a significant difference between the benthic community within and outside the
Marine Parks around Little Cayman (one way ANOSIM R=0.03 p=0.13). Adding depth as a
second factor in a two way ANOSIM however, reveals that protection level is significant
once differences resulting from location on either the shallow or deep terrace have been
accounted for (protection R=0.08 p=0.05, depth R=0.14 p=0.03). The factor protection level
becomes more highly significant when aspect is taken into account; a two way ANOSIM
testing protection and aspect finds both factors significant (protection level R=0.09 p=0.03,

aspect R=0.43 p=0.00). This model also takes account of some of the above differences due
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to depth since on the northern shore of Little Cayman all but one of the survey sites are

located on the shallow terrace (due to absence of a deep terrace).
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Figure 3.3-1 Benthic composition of reefs within (n=8) and outside (n=8) the Marine
Parks on Little Cayman. Data are displayed separately for the northern (n=8) and southern

(n=8) shore.

In univariate analysis hard coral cover was found to be significantly higher inside the Marine
Parks (17.71% +7.48%) than outside (10.63% =£6.35) (one way ANOVA F;4=13.05
p=0.00). The low R squared value of 22.10% indicates however that a large amount of
variation remains unexplained. Adding depth into the model in a GLM is unable to increase R
squared since depth is found not to be a significant explanatory variable. Aspect in contrast is
found to increase the explanatory power of the model as both variables are significant in an

additive model (GLM, aspect F; 45=4.16 p=0.05 protection F; 45=13.94 p=0.00).

Macro algal cover was found to be lower inside Marine Parks (48.44% +8.99%) than outside

parks (55.94% +14.56%). In a one way ANOV A however the result was found to be close to
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but not significant (F; 4=3.50 p=0.07). Once aspect was statistically eliminated in a GLM
(aspect + protection), protection level was then able to able to explain some of the remaining
variation in macro algal cover (aspect F;45=27.47 p=0.00, protection F;45=7.27 p=0.01). It
was additionally noted that cover of blue green algae (cyano-bacteria) was significantly
higher outside the marine parks than within (Kruskal Wallis test H=3.97 d.f=1 p=0.05
(adjusted for ties)) though there was no significant difference in cover of turf algae. Percent

cover of hard coral and macro algae can be seen in figure 3.3-2.
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Figure 3.3-2 Mean hard coral and macro algal cover within (n=8) and outside (n=8) the

Marine Parks on Little Cayman. Error bars denote standard error of the mean.

3.3.1.2 Bleaching and disease

Overall at least some degree of bleaching (including paling and/or ongoing recovery from
bleaching) was recorded on 29.17% of all transects surveyed on Little Cayman. This clearly
indicates a much lower prevalence of bleaching compared to that observed on Grand
Cayman. More similarly to Grand Cayman, fewer transects showed signs of bleaching within
(12.5%) than outside (45.83%) the Marine Parks. Interestingly, when considering the
abundance of bleaching on each transect (using a semi quantitative scale) a significant
difference was found between reefs experiencing different levels of protection (Kruskal
Wallis test, H=6.32 d.f=1 p=0.01 (adjusted for ties)) with bleached colonies less abundant

within the Marine Parks.
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Similar results were found for the presence of disease. Disease and signs of stress were
recorded in at least one coral colony on 75% of all transects surveyed around Little Cayman.
A greater number of transects contained diseased colonies outside the parks (87.5%) than
within the parks (62.5%) and there was also a significant difference between the average
level of disease recorded within and outside the marine parks (Kruskal Wallis test H=4.50

d.f=1 p=0.03 (adjusted for ties)).

As may have been expected given the nature of the 2009 bleaching event, significantly more
bleached corals were recorded on the deep terrace than on the shallow terrace (Kruskal Wallis
test H=9.83 d.f=1 p=0.00 (adjusted for ties)) however there was no significant difference in
the abundance of diseased colonies (Kruskal Wallis test H=1.36 d.f=1 p=0.244 (adjusted for
ties). It must be noted however that it is difficult to determine whether this result is
influenced by aspect as much as depth given the lack of shallow terrace on the northern

shore.

3.3.2 Hypothesis Two

3.3.2.1 Species composition

Including two species of Millepora, 19 coral species were recorded on surveys around Little
Cayman. As was the case on Grand Cayman, the genera Agaricia and Montastraea dominate
coral communities on reefs within and outside the Marine Parks. As is clear from figure 3.3-3
the genus Porites however appears to be less dominant on Little Cayman than on reefs
around the larger sister island, most notably so on reefs outside the Marine Parks.
Accordingly outside the parks, it is apparent that Siderastrea, Millepora and Diploria
contribute an almost equally large proportion of total coral cover as does Porites. Since this is
not the case within the park, differences between protection levels are indicated. Despite the
perceived lower abundance of the genus Porites on Little Cayman, Porites asteroides still
ranks as the joint third most abundant coral species overall (together with Siderastrea
sideria). The most abundant species is Montastraea faveolata followed by and M. annularis.

The ten most abundant species can be seen in table 3.3-1.
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Agaricia B Montastraea

Porites H Acropora
M Diploria H Colpophyllia
m Dichocoenia M Eusmilia
M Leptoseris W Madracis
Meandrina Solenastrea
m Stephanocoenia Siderastrea

Mycetophyllia H Millepora

Figure 3.3-3 Pie charts showing coral community composition according to genus A)

within (n=8) and B) outside (n=8) the Marine parks on Little Cayman.

Table 3.3-1 The ten most abundant coral species on reefs around Little Cayman (n=16).
Mean percentage contribution of each species to the total coral cover and standard

deviation are indicated.

Mean percent cover (of

total hard coral cover) Standard deviation

Coral Species

Montastraea faveolata 21.13 28.86
Montastraea annularis 16.90 19.41
Porites asteroides 5.63 9.44
Siderastrea siderea 5.63 10.65
Montastraea cavernosa 4.23 8.18
Diploria stringosa 3.87 8.71
Montastraea franski 3.87 9.38
Millepora alicornis 3.87 8.71
Siderastrea radians 2.82 7.26
Porites divaricata 2.11 8.27
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Despite the apparent differences in species composition between reefs within and outside the
Marine Parks indicated in figure 3.3-3, multivariate analysis does not find this difference
significant (one way ANOSIM R=0.11 p=0.13). When data from each replicate transect are
used rather than summed into site totals however, this conclusion changes (one way
ANOSIM R=0.05 p=0.04). SIMPER analysis indicates that a large proportion of the
difference can be attributed to a higher abundance of Montastraea faveolata, Agaricia and M.
annularis inside the parks (corresponding to a higher abundance of other taxa outside parks).
Adding depth and aspect into two way ANOSIM’s is unable to explain any further variation

in species composition, since while protection remains significant, depth and aspect are not.

Although figure 3.3-3 indicates differences in the evenness of species composition between
reefs within and outside Marine Parks, a Kruskal Wallis test does not support this (H=1.86
d.f=1 p=0.17). In a GLM (which is more robust to non normal data), statistically eliminating
the affect of aspect alters this conclusion, since both variables are found to be significant
(aspect F; 13=12.36 p=0.00, protection F; ;3=5.26 p=0.04) with evenness found to be higher
outside the Marine Park. This can also be deduced from the observation that Agaricia and
Montastraea together compose 75% of the coral community within the park, meaning that all
other coral taxa therefore contribute only 25% of total coral cover. This is in contrast to
outside parks where taxa other than Agaricia and Montastraea account for almost half of total
coral cover. There is no significant difference between species richness or diversity inside
and outside Marine Parks however (One way ANOVA richness F; 14=1.14 p=0.30, diversity
F;14=0.11 p=0.75). This conclusion is not altered by adding aspect as a second explanatory

variable into an additive GLM.

Univariate analysis looking at raw abundance of individual genera finds few differences
between reefs experiencing different levels of protection. As can be seen from table 3.3-2 the
only coral genus to show a significant difference in abundance is Montastraea which has a
significantly higher abundance inside Marine Parks. Agaricia also has higher mean
abundance inside the Marine Parks, while Millepora has higher abundance outside the parks.

The latter two results are close to, but not significant, however a trend is indicated.
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Table 3.3-2 Test statistic and significance values for coral genera, testing for differences
in the raw abundance of each genus within and outside the Marine Parks. Asterix denotes

significant results, bold type indicates results close to significance.

Coral Genus Test statistic P value
Agaricia ANOVA F=3.80 0.072
Montastraea ANOVA F=8.61 0.011*
Porites ANOVA F=0.03 0.864
Acropora Kruskal Wallis H=1.00 0.317
Diploria Kruskal Wallis H=1.15 0.283
Colpophyllia Kruskal Wallis H=0.01 0.927
Eusmilia Kruskal Wallis H=0.01 0.927
Solenastrea Kruskal Wallis H=1.00 0.317
Stephanocoenia Kruskal Wallis H=1.00 0.317
Siderastrea Kruskal Wallis H=0.00 1.000
Mycetophyllia Kruskal Wallis H=2.14 0.143
Millepora Kruskal Wallis H=3.48 0.062

3.3.2.2 Reproduction

In contrast to the reefs on Grand Cayman, examination of figure 3.3-4 reveals that reefs both
within and outside Marine Parks on Little Cayman are dominated by broadcast spawning
corals. Accordingly a Kruskal Wallis test finds no significant difference in the percentage of
broadcast spawners on reefs experiencing different levels of protection (H=0.53 d.f=1 p=0.47

(adjusted for ties)).
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Figure 3.3-4 Pie charts displaying the percentage of coral taxa that use either a broadcast
or a brooding method of spawning displayed separately for reefs A) within (n=8) and B)

outside (n=8) the Marine Parks on Little Cayman.

3.3.2.3 Morphology/ life-form

Reference to figure 3.3-5 indicates that as on Grand Cayman, the majority of corals both
within and outside the Marine Parks displayed either a massive or an encrusting
morphology/life-form. These two morphologies together composed 75.37% of the total coral
cover, with submassive forms accounting for a further 13.97%. Unsurprisingly, multivariate
analysis finds no significant difference in the morphological composition of reefs
experiencing different levels of protection (one way ANOSIM R=0.00 p=0.45). This
conclusion is unaltered when depth and aspect are added into the model in two way

ANOSIM’s.
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Figure 3.3-5 Morphological composition of the coral community within (n=8) and outside
(n=8) the Marine Parks on Little Cayman. Bars display mean contribution of each

morphological class to total coral cover. Error bars denote standard error of the mean.

3.3.3 Hypothesis Three

3.3.3.1 Benthic community

As was expected from visual observations, multivariate analysis revealed significant
differences in the benthic composition of the northern and southern shores of Little Cayman
(one way ANOSIM R=0.37 p=0.00). This can be seen clearly in an MDS ordination plot
(figure 3.3-6) which shows separation of transects into two well defined clusters relating to
aspect. SIMPER analysis indicates that differences are driven largely by macro algal cover,
which is higher on the southern shore than on the northern shore. This can again be seen by
referring back to figure 3.3-1. Accordingly a way ANOVA finds that aspect is highly
significant in explaining variation in macro algal cover (F;46=24.18 p=0.00). Hard coral
cover in contrast is not found to be significantly different between the northern and southern
shores (one way ANOVA F, 46=2.78 p=0.10). Figure 3.3-7 displays mean hard coral and

macro algal percentage cover on each shore.
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Figure 3.3-6 Three dimensional MDS ordination plot (stress value 0.18) of benthic
community abundance data showing transects labelled according to aspect. A three
dimensional rather than two dimensional plot is displayed due to the high stress value
associated with the latter (indicating that the relationships between data points cannot
adequately be displayed in a two dimensional plot). The key displays the results of pair-
wise comparisons between aspects; shared letters indicate no significant difference
between groups. This can also be seen by examination of the plot as each transects from

northern and southern shores form distinct clusters.
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Figure 3.3-7 Mean hard coral and macro algal cover on the northern (n=8) and southern

(n=8) shores of Little Cayman. Error bars denote standard error of the mean.
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3.3.3.2 Bleaching and disease

Differences were observed between the percentage of transects that contained at least one
bleached/diseased colony on the northern and southern shores of Little Cayman. With regards
to the former, a higher percentage of transects contained bleached colonies on the southern
(41.67%) compared to the northern (16.67%) shore. The difference in abundance of bleached
colonies (on a semi quantitative scale) was found to be close to but just short of significance
(Kruskal Wallis test H=3.55 d.f=1 p=0.06 (adjusted for ties)) with a higher bleaching
prevalence on the southern shore. Again however this result could be influenced by the
deeper depths of reefs surveyed on the southern shore. Results for disease appeared to
contrast this, with a higher percentage of transects containing diseased colonies found on the
northern shore (87.5%) compared to the southern shore (62.5%). Abundance of diseased
colonies followed a similar pattern with significantly more diseased/stressed colonies on the
northern shore (H=4.50 d.f=1 p=0.03 (adjusted for ties).) Results are displayed graphically in
figure 3.3-8.
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Figure 3.3-8 Percentage of transects containing at least one bleached/diseased coral
colony displayed for reefs on the northern (n=8) and southern (n=8) shores of Little

Cayman.
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3.4 Cayman Brac
3.4.1 Hypothesis One

3.4.1.1 Benthic cover

Multivariate analysis looking at the benthic community of Cayman Brac, finds that in a one
way ANOSIM there is no significant difference between reefs within and outside Marine
Parks (R=0.01 p=0.39). When variation due to the factor aspect is accounted for however, the
p value of protection drops markedly, falling just short of significance (two way ANOSIM
aspect R=0.31 p=0.00, protection R=0.09 p=0.06). Clearly location on the northern or
southern shore has a large influence on benthic community, independent of any differences

due to protection level. This can be seen more clearly in figure 3.4-1.
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Figure 3.4-1 Benthic composition of reefs within (n=6) and outside (n=6) the Marine
Parks on Cayman Brac. Data are displayed separately for the northern (n=6) and southern

(n=6) shore.

Univariate analysis produces similar results. Although there appears to greater hard coral
cover outside the Marine Parks (13.61% compared to 10.69% inside parks), in a one way

ANOVA protection level is found not to be significant (F; 34=1.67 p=0.21). Once aspect has
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been statistically eliminated in a GLM however, protection level becomes more able to
account for remaining variation, again falling just short of significance (aspect F;33=42.0
p=0.00, protection F;33=3.67 p=0.06). In contrast the importance of protection level in
determining macro algal cover is clear both in a one way ANOVA (F,; 34=5.91 p=0.02) and in
a GLM including aspect as a second explanatory variable (aspect F;33=8.72 p=0.01,
protection F;33=7.26 p=0.01). The result is in conflict with traditional MPA theory however
since macro algae is more abundant within the Marine Parks than outside them (60.00%
inside compared to 48.47%). Mean percentage cover of hard coral and macro algae can be

seen in figure 3.4-2.
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Figure 3.4-2 Mean hard coral and macro algal cover inside (n=6) and outside (n=6) the

Marine Parks around Cayman Brac. Error bars denote standard error of the mean.

3.4.1.2 Bleaching and disease

As with Little Cayman, bleaching incidence appeared to be very much lower on Cayman
Brac than was observed on Grand Cayman. Overall at least some degree of bleaching
(including paling and/or ongoing recovery from bleaching) was recorded on 25.0% of all
transects surveyed, making Cayman Brac the island least affected by bleaching. As was
found on the two sister islands, fewer transects showed signs of bleaching within (22.2%)

than outside (27.78%) the Marine Parks. There was however no significant difference in the
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abundance of bleached colonies (using a semi quantitative scale) between reefs experiencing

different levels of protection (Kruskal Wallis test, H=0.14 d.f=1 p=0.70 (adjusted for ties)).

Incidence of disease and signs of stress was high however with 80.56% of transects showing
at least one affected colony. A greater number of transects contained diseased colonies within
the parks (88.89%) than outside the parks (72.22%) again contrasting with standard resiliency
theory. As with bleaching, there was however no significant difference in the abundance of
diseased colonies within and outside the Marine Parks (Kruskal Wallis test H=0.60 d.f=1
p=0.44 (adjusted for ties)).

Abundance of bleached colonies did not differ significantly between the deep and shallow
terrace (Kruskal Wallis test H=2.59 d.f=1 p=0.11 (adjusted for ties)) however
diseased/stressed colonies were found to be more abundant on the deep terrace (Kruskal

Wallis test H=6.32 d.f=1 p=0.01 (adjusted for ties) than on shallower reefs.

3.4.2 Hypothesis Two

3.4.2.1 Species composition

Nineteen species of coral (including two species of fire coral) were recorded on surveys
around Cayman Brac, making Brac the island with the fewest number of species. Much like
on the sister islands, Agaricia and Montastraea dominate coral communities on reefs
experiencing both levels of protection. As can be seen from figure 3.4-3 however these two
genera appear more dominant within the Marine Parks than outside parks since Porites
composes and almost equally large proportion of the community on reefs outside the parks.
Stephanocoenia and Acropora appear more abundant outside the parks, while Millepora and
Siderastrea compose larger proportions of the coral community within parks compared to

outside parks.
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Agaricia B Montastraea

Porites B Acropora
H Diploria B Colpophyllia
H Dichocoenia M Eusmilia
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A B Mycetophyllia B Millepora

Figure 3.4-3 Pie charts showing coral community composition according to genus A)

within (n=6) and B) outside (n=6) the Marine parks on Cayman Brac.

The above observations are not supported by multivariate analysis however; when site totals
are used, the factor protection level is found not to be significant in explaining variation in
coral community composition (R=0.04 p=0.33). This conclusion is not altered when aspect is
added as a second factor in a two way ANOSIM. Using data from each individual transect
rather than site totals does not alter the result since both one and two way ANOSIM’s

continue to find that protection level is not a significant factor.

Univariate analysis produces similar results, with no significant difference found in the
species richness, evenness or diversity between reefs within Marine Parks compared to those
outside parks (one way ANOVA richness F;;0=1.30 p=0.28, evenness F; ;p=0.05 p=0.84,
diversity F;0=0.00 p=0.97). This conclusion is not altered by statistically eliminating the
variable aspect in a GLM.

Looking at individual species, as was found on Little Cayman, the most abundant individual
coral species was Montastraea faveolata which composed on average 20.00% +24.39 of the
total hard coral cover on reefs around Cayman Brac. This species was almost twice as
numerous as the next most abundant species which was M. annularis (10.27% +15.06). The
nine most abundant (due to ties) coral species can be seen in figure 3.4-4, and are broadly
similar to those found on the sister islands, as was suggested from the multivariate analysis

above. Cayman Brac is however the only island to have Millepora complanata within the top
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ten abundant species. Results from univariate analysis of coral taxa can additionally be seen

in table 3.4-1.
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Figure 3.4-4 The nine most abundant most abundant coral species on reefs around
Cayman Brac (n=12). Bars represent mean percentage contribution of each species to the

total coral cover. Error bars denote standard error of the mean.

Table 3.4-1 Test statistics and significance values for each coral genus, testing for
differences in the percentage contribution of each genus to the coral community within

and outside the Marine Parks around Cayman Brac. All results are non significant.

Coral Genus Test statistic P value
Agaricia ANOVA F=0.00 0.970
Montastraea Kruskal Wallis H=0.43 0.514
Porites ANOVA F=1.17 0.304
Acropora Kruskal Wallis H=2.18 0.140
Diploria Kruskal Wallis H=0.29 0.592
Colpophyllia Kruskal Wallis H=1.00 0.317
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Eusmilia Kruskal Wallis H=1.00 0.317

Stephanocoenia Kruskal Wallis H=0.02 0.902
Siderastrea Kruskal Wallis H=2.16 0.142
Mycetophyllia Kruskal Wallis H=1.00 0.317
Millepora Kruskal Wallis H=0.18 0.673

3.4.2.2 Reproduction

As was the case on Little Cayman, broadcasting species of coral dominate reefs both within
and outside the Marine Parks on Cayman Brac, composing 66.23% and 57.14% of the total
coral community respectively. In univariate analysis a Kruskal Wallis test finds no significant
difference in the percentage of broadcast spawners on reefs experiencing different levels of

protection (H=0.72 d.f=1 p=0.40 (adjusted for ties).) Figure 3.4-5 displays this graphically.
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Figure 3.4-5 Percentage of coral taxa that use either a broadcast or a brooding method of
spawning displayed separately according to protection level (within park n=6, outside

park n=6).
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3.4.2.3 Morphology/ life-form

Morphological community composition appears to be similar on Cayman Brac to that
observed on the two sister islands. As can be seen in figure 3.4-6 massive and encrusting
forms again dominate, with a large proportion of remaining colonies taking a submassive life-
form. Again multivariate analysis finds no significant difference between the morphological
composition of reefs within and outside Marine Parks (one way ANOSIM R=0.01 p=0.36).
Adding depth and aspect into the model in two way ANOSIM’s does not alter the conclusion

since protection level remains non significant.
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Figure 3.4-6 Morphological composition of the coral community within (n=6) and outside
(n=6) the Marine Parks on Cayman Brac. Bars display mean contribution of each

morphological class to total coral cover. Error bars denote standard error of the mean.

58



3.4.3 Hypothesis Three

3.4.3.1 Benthic community

Multivariate analysis of the benthic community of Cayman Brac reveals that there are
significant differences between reefs on the northern and southern shores of the island (one
way ANOSIM R=0.22 p=0.00). This can be seen clearly by examining figure 3.4-7 where it
is evident that transects separate forming two clusters dependent upon aspect. SIMPER
analysis indicates that differences between groups are largely driven by macro algal and hard
coral cover, with macro algae showing higher abundance on the northern shore and coral

being more abundant on the south of the island.

North A | South ¥

Figure 3.4-7 Three dimensional MDS ordination plot of benthic community abundance
data showing transects labelled according to aspect (stress=0.13). A three dimensional
rather than two dimensional plot is displayed due to the high stress value associated with
the latter (indicating that the relationships between data points cannot adequately be
displayed in a two dimensional plot). The key displays the results of pair-wise
comparisons between aspects; shared letters indicate no significant difference between

groups.
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Univariate analysis supports the above results since aspect is found to be highly significant in
a one way ANOVA looking at hard coral cover (F; 34=38.94 p=0.00). An R squared value of
53.38% indicates that this factor alone is able to explain more than half of the observed
variation in coral abundance around Cayman Brac. Hard coral averages 17.08% +5.30 on the
southern shore while only 7.22% +4.10 on the north. This can be seen graphically in figure
3.4-8. Similarly, in a Kruskal Wallis test, aspect is found the be highly significant in relation
to macro algal cover (H=8.10 d.f=1 p=0.00). Mean percentage cover of macro algae reaches
60.56% +17.44 on the north of Cayman Brac while on the southern shore it accounts for

47.92% +9.29 of total benthic cover.
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Figure 3.4-8 Mean percent cover of hard coral and macro algae on the northern (n=6) and

southern (n=6) shores of Cayman Brac. Error bars denote standard error of the mean.

3.4.3.2 Bleaching and disease

Incidence of bleaching and disease on reefs around Cayman Brac appeared to follow a similar
pattern to that seen on Little Cayman. Abundance of bleached colonies was again found to be
higher on the southern shore, as bleaching was in fact entirely absent from the north of the
island. This result was therefore found to be highly significant in a Kruskal Wallis test

looking at bleaching abundance (H=11.67 d.f=1 p=0.00 (adjusted for ties). Accordingly the
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number of transects containing at least one bleached colony was markedly higher on the

southern shore (50% compared to 0%).

Again, following Little Cayman, trends in disease and signs of stress appeared to be in the

opposite direction to the patterns observed for bleaching. Abundance of diseased colonies

was found to be significantly higher on the north of Cayman Brac than on the south (Kruskal

Wallis test H=5.98 d.f=1 p=0.02 (adjusted for ties). The percentage of transects containing at

least one affected was also higher on the northern shore (88.89%) than on the south (72.22%).

Figure 3.4-9 displays this graphically.
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Figure 3.4-9 Percentage of transects containing at least one bleached/diseased coral

colony displayed for reefs on the northern (n=6) and southern (n=6) shores of Cayman

Brac.
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4 Discussion

4.1 Caymanian Reefs

One of the most striking results to come out of the study is that macro algal abundance and
incidence of disease are higher inside the Marine Parks around Cayman Brac than outside
(60% algal cover compared to 48.5%). Clearly this is in stark contrast to the hypothesised
results and appears to either contradict traditional protected area theory, or prove very
conclusively that the Marine Parks around Brac are ineffective. On closer examination it is
however evident that at the heart of this result, are differences in the northern and southern
shores of the island. While the northern shore of Brac is characterised by degradation, with
high cover of calcified algae and only small sized, stressed and diseased corals present (see
figure 4.1-1), the southern shore has live coral cover to rival the best reefs on Grand and
Little Cayman and even boasts recovering and re-sheeting colonies of Acropora palmata.
Details of Park location are revealing however since the location of the northern Marine Park
at the western most corner of Brac means that it is relatively sheltered (the location was in
fact originally decided on with little background information and was somewhat of an
afterthought in establishment of the protected area network, (John Turner, pers. comm.)).
Reefs situated further east and on the southern shore of Brac are in contrast more exposed.
This may go some way to explaining the observed high algal abundance and incidence of
disease on the North. Seasonal algal blooms around Cayman Brac in particular have long
been observed by scientists working in the Cayman Islands (Croy McCoy pers. comm.).
Traditionally however, algae would be removed and the reef essentially cleaned up by
frequent natural disturbance regimes. In the summer months, tropical storms moving in from
the South-East would remove algae from the southern shore, while in the winter months cold
North Westerly fronts would sweep in (McCoy, unpublished 2004), causing waves of up to
4.5 m. Such storm surges removed the build up of algal biomass on the northern shore

annually, washing the debris onto land, as can be seen in figure 4.4-2.
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