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Abstract

In 2013, Coral Cay Conservation established the Monterrat Ridge to Reef Conservation Project (MRRCP) in
partnership with the Montserrat Ministry of Agriculture, Lands, Housing and Environment (MATHLE) and the Royal
Society for the Protection of Birds (RSPB) (and funded, in part, by the Darwin Initiative). A key component of the
MRRCP was the Montserrat Marine Conservation Project (MMCP) that was incepted under the aim of assessing and
monitoring the marine resources of Montserrat’s nearshore environment whilst working alongside stakeholders and
resource managers to build capacity; promoting the sustainable use of the marine environment. A definitive output
of the project was to provide recommendations for the establishment of a Marine Protected Area to protect critical
ecosystems and services. These outputs were designed to facilitate Montserrat’s (and the UK’s) contributions to the
Aichi Targets (Target 11). During the project’s time frame, Montserrat (voluntarily) committed to the United Nation’s
Sustainable Development Goal (SDG) 14 to which the MMCP further contributes.

Data were collected through enhanced Reef Check protocols by teams of trained surveyors from 2013 - 2017 with
bio-physical in-situ surveys conducted along Montserrat’s western coastline. These efforts resulted in a total of 101
individual surveys from Lime Kiln Bay, Old Road Bay, Woodland’s Bay, Isle’s Bay and Carr’s Bay (with additional
baseline and temporal monitoring surveys). Abiotic and biotic variables were recorded including the abundance and
diversity of coral-reef associated communities, commercially important fish biomass (kg) and substrate composition
(%). Impacts, including coral disease and coral bleaching, were also recorded. To present the overall health and
management value of Montserrat’s near-shore environment, a Conservation Management Value (CMV) index was
developed; awarding a maximum value of ’7°. This index produced a ranked spatial distribution of key variables
enabling marine spatial planning to consider areas of high biodiversity, resilience and value for protection.

Throughout the sample period, Lime Kiln Bay and Carr’s Bay consistently presented greater CMVs with 27%
of surveyed locations in Lime Kiln Bay scoring a *6’ and 10% scoring a *7’. 14% of Carr’s bay surveys scored a
CMV of *7°. Each site consistently ranked greater than other surveyed areas in terms of abundance, diversity and
biomass of coral reef-associated fishes, low accounts of disease, high compositions of complex biotic structure and
low indications of overall impact. During the project’s time frame, Lime Kiln Bay was highlighted as an important
social and commercial area, holding high value within the tourism industry (reflected by its "healthy’ reef system and
Alcyonacea plains).

Based on project outputs, Coral Cay Conservation recommends the establishment of a multi-use and zonated Marine
Protected Area protecting 408.10ha of nearshore environment. The recommended marine spatial plan is composed
of a No-Take Area (77.20ha) (enveloping Lime Kiln Bay) and two marine reserves, extending north and south, that
protect 330.90ha. Coral Cay Conservation have also recommended that further discussions are held regarding Carr’s
Bay, placing the bay under ’Special Consideration’, due to the area’s evident ecological value combined with value
from other sectors due to its proximity to Little Bay. There is clear advocation in this report for collaborative discus-
sions regarding the recommendations portrayed to ensure the most effective marine spatial plan is generated for the
prosperity of Montserrat.

Keywords: Montserrat, coral reef, marine spatial management, marine protected area
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1. Introduction

Founded in 1986, Coral Cay Conservation (CCC) is
a UK-based NGO that is dedicated to:

“Providing resources to help sustain livelihoods and
alleviate poverty through the protection, restoration
and management of coral reefs and associated
ecosystems”.

Working in collaboration with government and non-
governmental organisations within a specific host
country, CCC does not receive monetary payment for
the services provided. Operating through a three-tiered
approach, CCC is primarily self-financed through a
volunteer participatory scheme in which international
volunteers are given the opportunity to gain valuable
experience by joining a phase of each project in return
for a financial contribution towards project costs. Upon
arrival, volunteers are entered into a Skills Develop-
ment Programme (SDP). The SDP provides training in
marine fauna and flora identification, underwater visual
census (UVC) methodologies and further data collec-
tion methods. Finances generated from the volunteer
programme allow CCC to provide a range of services,
including data collection, assimilation and synthesis
as well as conservation and environmental education,
technical skills training and other capacity building
programmes not only for international volunteers but
also for local stakeholders.

CCC has been successfully operating volunteer-based
conservation programmes in developing countries since
1986 with several internationally notable accomplish-
ments, including the establishment of several Marine
Protected Areas around the world. This includes but
is not limited to the creation of the UNESCO World
Heritage Site in Belize, the Danjugan Marine Reserve
and Wildlife Sanctuary for Negros in the Philippines
and the development of several no-take areas (NTAs)
and no-take marine parks around Sogod Bay and
Cabalian Bay, Southern Leyte, the Philippines.

CCC established the Montserrat Ridge to Reef
Conservation Project (MRRCP), by request of the
Montserrat Government Ministry of Agriculture, Trade,
Lands, Housing and Environment (MATHLE), in 2013
until 2017, with financial support from the Darwin
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Initiative, UK Government, and in partnership with
the Royal Society for the Protection of Birds (RSPB).
The project focused on marine, shore and terrestrial
environments throughout Montserrat, forming the
Montserrat Marine Conservation Project (MMCP)
and the Montserrat Terrestrial Conservation Project
(MTCP).

The MRRCP aimed to achieve the conservation of
key habitats across Montserrat, that would enhance
food security and promote the sustainable use of
natural resources secured through the development
of a stakeholder agreed Locally Managed Marine
Area (LMMA) and improved management of the
Central Hills forest. By improving the management of
natural resources, the MRRCP aimed to support local
livelihoods by increasing the productivity of fisheries
for local fisherfolk and enhancing opportunities for
sustainable ecotourism.  Such efforts were further
complemented by a comprehensive training programme
provided to Montserratians that would enable the
autonomous management of natural resources; The
CCC Scholarship Programme.

The MRRCP built upon the conservation manage-
ment work already conducted for the Central Hills,
thus contributing significantly to the establishment of a
holistic conservation management plan for Montserrat,
feeding into Montserrat’s Sustainable Development
Plan (2008-2020) which identifies biodiversity conser-
vation as a key strategic goal.

The following report will focus on the key outputs
from the MMCP and provide recommendations for the
protection of the nearshore environment.

1.1. Nearshore waters of Montserrat

The Caribbean is in the northern and western hemi-
sphere with tropical climates around the archipelago.
The Caribbean holds three main coastal habitats: coral
reefs, mangroves and seagrass meadows, all of which
hold importance for the many islands’ biological life,
fisheries and cultural resources. Many marine habitats
have been highly impacted through the use of various
fishing gears such as trawls and dredges, resulting in re-
duced seabed complexity and the removal of coral reefs
(and the related macro-benthic organisms) [55, 13],
in addition to other anthropogenic, environmental and
biological stressors [41]. The resulting loss of reef
structure directly and indirectly impacts complex in-
teractions throughout systems reducing overall habitat



health and ecosystem services [46, 32]. A 2004 study
indicated that the degradation of Caribbean coral reefs
could result in annual losses of up to USD$420.0
million from reduced coastal protection within the next
50 years [8, 16].

Montserrat is a small island within the Leeward Isles
in the Lesser Antilles and has an area of approximately
102 km? (maritime claim area of 8,120 km? ) [29, 4].
It is located at 16 45.0N, 062’ 12.0W and like most
islands in the region, is volcanic.

Historically, Montserrat had mangrove forests com-
posed of four species located over four bays; Carr’s
Bay, Collin River, Fox’s Bay, and Old Road Bay.
Grazing livestock and coastal development, however,
has resulted in the loss of most of these forests (FAO
2007; Blue Halo, 2015). These mangrove forests,
specifically those located at Carr’s Bay, were known to
be habituated by the red-footed tortoise (Chelonoidis
carbonarius), now considered locally extinct. By 2010,
the FAO reported that Montserrat had no remaining
mangrove habitat [25].

Seagrass meadows are found throughout Montser-
rat’s coastal waters, with three species identified;
shoalgrass (Halodule wrightii), manatee grass (Sy-
ringodium filiforme), and turtle grass (Thalassia
testudinum) [4]. Studies suggest that large storm
events, and boat anchor damage have detrimentally
affected the abundance and health of Montserrat’s
seagrass meadows [31]. There are currently (2018)
large sea grass meadows located between Bransby Point
and Old Road Bluff, including within the Maritime
Exclusion Zone, and smaller patches close found along
the east, south, and west coasts [35, 4].

A variety of surveys have been conducted on
Montserrat’s coral reef communities over the past
decade, including official Reef Check surveys and
surveys by LTS International and Blue Halo [4]. Sedi-
mentation has been highlighted as a significant threat to
the health of reefs, especially on the eastern coast of the
island. However, the south of the island has indicated
healthier reefs due to water currents increasing water
turnover [41]. Coral diseases are also present around
Montserrat: white-band disease has killed most of the
elkhorn and staghorn coral on the Northwest coast of
the island [41]. The increasing numbers of the invasive
Lionfish (Pterois spp.) are also causing ecosystem
disruption through the predation of smaller, juvenile
fishes and invertebrates.

Montserrat’s reef system is perturbed by anthro-
pogenic activities. The estimated true impact of fishing
practices around Montserrat was emphasised with at
least 100 non-licenced fishermen who are unsustainably
fishing around the island, including within the exclu-
sion zone [48]. Further studies identified a variety of
gear types and fishing practices used by Montserratian
fishers, including beach seines, traps, bottom lines,
hand-lines, cast nets, gill nets, long-lines, rod and
reel, and spearfishing. Species targeted were large
fish species available and megafauna such as sharks
and turtles during opportunistic moments. Annotated
responses from fisherfolk described a decreased trend
in total catch and size of individual fishes over the
decade with catches also becoming less frequent. The
conditions described by the Montserratian fisherfolk
are indicative of a system that is overfished, possibly
leading to a change in composition of reef fish [36, 27].
Due to both natural and anthropogenic causes, the reefs
on the western coastline of Montserrat have experi-
enced, and continue to experience degradation. This
is varied along the coastline, exasperated by changing
topography and human population centres [12, 4].

1.2. Mitigating Detrimental Impacts

In order to minimise detrimental threats and remedi-
ate historic impacts, a common solution turned to by
resource managers is the establishment of Marine Pro-
tected Areas (MPA). A key aspect of the establishment
of an MPA is the identification of areas of ecological
significance; value, aggregation, nursery and spawning
grounds [18]. The International Union for the Conser-
vation of Nature (IUCN) defines an MPA as:

“A clearly defined geographical space, dedicated
and managed, through legal or other effective
means, to achieve the long-term conservation of
nature with the associated ecosystem services and
cultural values.”

These protected areas provide areas of reduced human
activities to coral reef and pelagic fishes during their
respective life-stages; essential to the recruitment
and ecological recovery of communities. Adaptive
management within MPAs is an essential aspect when
considering an Ecosystem-based management (EBM)
approach; an approach that recognizes the interactions
between ecosystems and humans and works across
sectors to manage species and habitats, economic
activities, conflicting uses, and the sustainability of



resources. The protection of marine areas can achieve
conservation and resource management targets simul-
taneously and are therefore considered instrumental
to sustainable ocean utilization [47]. As Montserrat
utilises its waters for recreation, tourism and suste-
nance, the necessity for a network of effective MPAs is
increasing and required [18].

2. Quantifying Montserrat’s Marine Resources

The MMCP aimed to promote the sustainable use of
marine resources in Montserrat, resulting in increased
livelihood opportunities through sustainable fisheries
and ecotourism. The project was composed of three
phases over a four year period; systematic baseline
data collection, site-specific ecological surveys, and
Lime Kiln Bay-focused data collection. Collectively,
efforts resulted in biophysical surveys being conducted
along the western coastline of Montserrat enabling the
spatial assessment of ecological status and resource
distribution.

2.1. Study Site

The surveying period from 2013 — 2017 resulted
in a total of n= 101 independent marine bio-physical
surveys being undertaken (Fig. 1). Phase I was a
preliminary baseline study where divers systematically
surveyed every 500m of the western coastline of
Montserrat at 6m and 12m depths, resulting in n=
45 Baseline sites. Phase II focused on site-specific
surveys, identified from Phase I efforts, at Lime Kiln
Bay, Isle’s Bay, Old Road Bay, Woodlands Bay, and
Carr’s Bay where reef was present. Surveys were also
conducted at 6m and 12m depths.

Phase III saw efforts focused on Lime Kiln Bay,
located on the South-West coast of Montserrat
(16°45.0382 N, -62°13.5781 E) (Fig. 1). Phase I and
Phase II highlighted the relative conservation value
of Lime Kiln Bay [18] and therefore, the need was
recognised for higher resolution data.

2.2. Data Collection Protocols

The assessment of the surveyed areas was conducted
through an enhanced Reef Check protocol. CCC
augmented the protocol to reflect the biodiversity of the
focus region with the addition of extra target organisms
to supplement the MMCP’s goals and objectives

(Appendix A.4, Appendix A.S5, and Appendix A.6).

100m transects were laid on benthic substratum at
each survey focus area, parallel to the shoreline, on
a north to south bearing at depths of 6m and 12m.
Each transect was segmented into four 20m sections,
separated by a Sm gap, where no data were collected
to ensure independent samples. This equated to a total
surveyed transect length of 80m per transect. Each
transect was separated by approximately 100m.

Target fish abundance and sample diversity data
were collected through Underwater Visual Census
(UVC) techniques via SCUBA. Data were recorded
using ‘belt’ transects where fish were observed along
each 20m segment within an imaginary 5x5x20m (Wx-
HxL) box, equating to a surveyed volume of 500m?.
Surveyors paused at 5m intervals for one-minute to
allow for fish to return to ’'normal’ behaviour (data
collection continued during this period). In addition,
the abundance and estimated Total Length (TL (cm))
(placed into 10cm size increments) of fishes considered
to be commercially important around Montserrat was
recorded (Parrotfish (Scaridae), Coney (Cephalopholis
fulva), Hind (Epinephelus guttatus and E. adscen-
sionis), Nassau Grouper (Epinephelus striatus) and
other Groupers (Epinephelinae)). The biomass (kg) of
commercially important fishes was estimated through
Length-Weight Relationships (Equation 1).

Equation 1. Length-Weight relationship used to deter-
mine the biomass (kg) of individual fishes recorded dur-
ing Underwater Visual Census (UVC) surveys.

W =al? (1)

Where W = mass (g), a = the condition factor, b =
species-specific growth parameter. L= total length (TL)
measured of the individual fish.

Data  were sourced from  Fish Base
(www.fishbase.org) to generate the appropriate al-
lometric coefficients for the commercially important
fishes, with geometric means calculated for each
surveyed family (Table. 1).The abundance and diversity
of selected target invertebrate organisms were recorded
along the same belt transect utilised for fish data
collection. Two divers recorded invertebrates 2.5m
either side of the transect line whilst swimming in a
U-shaped pattern. A total area of 100m? was surveyed
per 20m segment.
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Figure 1: Visual representation of locations surveyed by Coral Cay Conservation from 2013 - 2017

Table 1: Allometric Coefficients for Length-Weight Relationships to determine individual fish mass (g)

Target Fish Common Name a b
Epinephelinae ~ Cephalopholis fulva Coney 0.0162  3.0061
Epinephelus striatus Nassau Grouper 0.0098  3.1306
E. guttatus; E. adscensionis Hind 0.01330 3.0391
Other Grouper 0.0118  3.0625
Scaridae Other Parrotfish 0.0158  3.0433

Within the same area assessed for invertebrates,
divers also recorded observable impacts. The total
percentage (%) of bleached coral cover was estimated
together with an indication of severity through the
percentage (%) of bleaching present on each coral
colony. Coral diseases were identified where present
and recorded as a percentage of the colony infected.
Damage was recorded in three categories; boat/anchor
damage, dynamite, and other. Impacts were graded
on an ordinal scale from 0-3 (0 = none, 1 = low, 2 =

medium, 3 = high). The impact of trash was recorded
on the same scale and sub-categorised into ‘general’
and ‘fish nets/traps’.

Benthic diversity and community composition were
measured by recording biotic and abiotic substrate
categories (Appendix A.6) along a Point Intercept
Transect (PIT). Substrates were recorded directly
beneath each 50cm increment along the same 20m
segment (resulting in 40 recorded points per 20m) and



respective 100m transect.

The Conservation Management Value (CMV) was
calculated to present the level of biological richness
within each site. The CMV for each transect was de-
termined through comparative studies between location
specific and holistic means for the grouping variable.
Seven grouping variables were used: Scleractinian
hard coral composition (%); Alcyonacea abundance;
fish abundance; fish diversity; invertebrate abundance;
invertebrate diversity; and commercially important fish
biomass. The mean was determined for each transect
and was compared to the overall mean of the grouping
variable from the survey area. If the transect mean was
found to be above the overall mean, the transect was
given a score of ‘1’. This was repeated for each of
the grouping variables. As a result, a site may have a
maximum CMV of 7 and a minimum of 0. It must be
noted that due to the method of calculation for CMV,
a low value does not definitively represent an area that
is biologically ‘poor’. This is due to the CMV being a
comparative score for surveyed sites and thus the CMV
for a defined site is of relative value to others.

2.3. Data Analysis

Each 20m belt transect segment was treated as an
independent sample. This produced a total of n= 404
samples throughout the entire survey period, following
data-sorting where data entries with known errors
and/or missing data points were removed. Tests for
distribution (Shapiro Wilks test) indicated the data
deviated from a normal distribution (non-parametric)
[52] and attempts of transformation did not satisfy
parametric testing assumptions (O’Hara and Kotze
2010; Morris et al., 2014). Thus, non-parametric
Wilcoxon-Mann-Whitney U (W) tests were used to
test for statistically significant (p <0.05) median (Mdn)
differences across collected variables between all
transects. To determine diversity for coral reef asso-
ciated communities of target fishes and invertebrates,
Shannon-Wiener Diversity Index (H’) was produced.

In order to assess correlations between two continu-
ous factors, Pearson’s product-moment correlation tests
were deployed. Results reported display the r statistic,
indicating the trend of the correlation and the statistical
significance of the correlation (p <0.05).

Univariate statistical analyses were conducted using
the statistical software ‘R’ [49] and ‘Vegan’ package

[42]. Cluster analysis was conducted through R util-
ising the ‘Vegan’ package. Data were organised into
community matrices for each tested variable and organ-
ised using ‘Jaccard’ indices of similarity. Dendrograms
were then subsequently produced and presented with
the mean ‘Jaccard’ indices. Clusters were taken from
the mean slice (termed the JDI split).

Baseline and permanent transects were excluded
from site-specific analysis and are clearly defined.

3. Results

Throughout the survey period, from 2013 — 2017, a
total of 101 surveys (n= 404 replicates) were conducted
throughout Lime Kiln Bay, Old Road Bay, Woodlands
Bay, and Carr’s Bay including baseline and permanent
transects. Underwater horizontal visibility in relation
to turbidity ranged from 2m to 30m with a mean of
15.71 £ 4.87m. Furthermore, the mean Sea Surface
Temperature (SST) (°C) was 29+1.41°C. No significant
difference in visibility and temperature was observed
between survey sites over time indicating homogenous
turbidity levels and temperatures.

The location of transects relative to human pop-
ulation centres varied considerably along the coast
ranging from 0.5km to Skm. Over the survey period,
two hurricanes were recorded, however, these were not
deemed to be detrimental to the marine environment
with no direct or indirect damage observed.

Surveyed sites experienced overall ’low’ levels
of anthropogenic impact (sewage, live food trade,
commercial fishing, personal consumption and fishing
invertebrates for consumption) throughout the sample
period (Fig. 2). Diving and snorkelling were considered
’low/medium’ impact. Consequently, yacht anchorage
within 1km of study locations was recorded as ‘high’
impact, mostly prevalent within Lime Kiln Bay, Isles
Bay and Carr’s Bay.

3.1. Fish Community Assemblages

A total of 82,661 individual fishes were recorded
with samples varying greatly between survey locations
ranging from O to 1,284.00 500m>®~!' representing a
collective mean density of 203.20 + 205.42 500m>~!
(Mdn = 155; Fig. 3a). Concerning the diversity (H’)
of community assemblages recorded at each survey
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Figure 2: Proportional recorded impact levels (none, low, few,
medium and high) across all surveyed sites throughout the sample pe-
riod

site, samples also varied throughout the survey period,
ranging from 0.00 500m>~! to 2.07 500m> ! (Mean =
0.73 + 0.49 500m>~'; Mdn = 0.82; Fig. 3b).

From the five geographically constrained sites
(Carr’s Bay, Isle’s Bay, Lime Kiln Bay, Old Road Bay,
and Woodland’s Bay), 37,740 individual fishes were
recorded (Mean = 224.64 + 163.43 500m>~'; Mdn
= 216). In comparison to all sites, Lime Kiln Bay
hosted the highest abundance of fishes (237.18 + 162.86
500m*~!) followed by Carr’s Bay (235.61 + 150.99
500m>!). Isle’s Bay and Old Road Bay hosted the
lowest abundant fish communities (98.17 + 146.52
500m*~! and 145.75 + 110.53 500m>~!, respectively).
Despite recording a relatively high mean abundance
of fishes (230 + 242.46 500m3~!), Woodland’s Bay
demonstrated highly variable sample-level abundances
ranging from 0 — 571 alongside a small sample size (n=
4). Further investigation highlighted differences in fish
abundance between Lime Kiln Bay (Mdn = 235) and
Isles Bay Mdn = 12.50) (Wilcoxon Test, W = 1,035.5,
p = <0.05). Additionally, Carr’s Bay (Mdn = 224.50)
also differed to Isles Bay (Mdn = 12.50) (W = 259.5, p
= <0.05).

The most commonly observed target fishes across
the entire sample period were Wrasse (Labridae) with
49,997 individuals (123.75 + 124.92 500m>~!'; Mdn =
89) followed by Damselfish (Pomacentridae) (22,865
individuals; Mean = 56.60 +98.55 500m>~'; Mdn = 15)

and Surgeonfish (Acanthuridae; excluding blue tangs)
(3,489 individuals; Mean = 8.64 + 10.41 500m>~'; Mdn
= 5). Invasive Lionfish (Pterois spp.) were observed
on 8 occasions across the five survey locations, though
others were observed anecdotally outside of survey
parameters. There were no clear trends associated
with fish abundances over time throughout the sample
period.

Fish community assemblages at Lime Kiln Bay
were dominated by Wrasse (152.46 + 114.97 500m>~";
Mdn = 149) and Damselfish (59.31 + 73.91 500m>~!;
Mdn = 36). Isle’s Bay presented the most diverse
(H’) fish communities (0.85 + 0.64 500m>~!, Mdn
= 0.97) however results were highly heterogeneous
at the sample-level with no significance recorded in
comparison to other sites (p >0.05). High levels of
comparative diversity were recorded at Lime Kiln Bay
(0.84 + 0.45 500m*!', Mdn = 0.92) of which were
greater than those recorded at Carr’s Bay and Old Road
Bay (0.73 + 0.28 500m*~!'; Mdn = 0.69 and 0.40 + 0.34
500m>~'; Mdn = 0.39, respectively) (W = 1272.50, p =
<0.05 and W = 96.50, p = <0.05).

3.1.1. Herbivorous fishes

A total of 27,947 individual herbivorous fishes were
recorded throughout all surveys sites with samples
varying greatly ranging from 0.00 500m>~' to 939.00
500m*~! representing a collective mean herbivore
density of 69.18 + 105.15 500m*~! (Mdn = 35; Fig. 4).

When considering the five geographically con-
strained sites, 11,011 herbivorous fishes were recorded
(65.54 + 71.09 500m*!'; Mdn = 51). Herbivorous
fishes were further categorised into seven target
families; Acanthuridae (9.52 + 9.03 500m>~'); Blue
Tangs (Acanthurus coeruleus) (1.83 + 2.49 500m3~!);
Chubs (Kyphosidae) (0.01 + 0.08 500m>~"); Trunkfish
(Ostraciidae) (0.20 = 0.70 500m>~'); Pomacentridae
(53.02 + 67.04 500m>~!); Angelfish (Pomacanthidae)
(0.18 + 0.46 500m>~'); and Scaridae (0.78 + 1.29
500m3-!). Pomacentridae were the dominant herbivo-
rous target family recorded across all five survey sites
with no Hemiramphidae (Halfbeaks) being recorded.

The comparative composition of herbivory communi-
ties can be described through cluster analysis, in which
each site presented highly variable herbivorous abun-
dances. Lime Kiln Bay (71.31 + 76.39 500m>~') and
Woodlands Bay (74.50+89.78 500m>~!) held the largest
similarity of 69%. Isles Bay (32.42 + 54.59 500m*!)
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Figure 3: Spatial distribution of target fish density (a) and sample diversity (H’) recorded from all surveyed locations.

and Old Road Bay (22.75 + 26.09 500m>1) also clus-
tered at 65% (Appendix A.12).

3.2. Community Characteristics of Commercially Im-
portant Fishes

Commercially important fishes were composed of
individual species, genera and families resulting in in-
dividuals from five ‘groups’ being recorded. A total of
1,888 individuals were recorded (4.67 + 9.65 500m>~';
Mdn = 2) from all survey locations. Samples also
varied with a maximum abundance of 138.00 500m>~".
Coneys (Cephalopholis fulva) were recorded in the
greatest abundance with 932 (2.32 + 3.61 500m>™!)
individuals. Parrotfish (Scaridae) were the subsequent
most abundant (2.07 + 8.90 500m>~!) followed by
Other Groupers (Epinephelinae) (0.23 + 1.41 500m>~"),
rock and red hind (Epinephelus spp.) (0.05 = 0.30
500m>~") and Nassau Groupers (Epinephelus striatus)
(0.03 + 0.35 500m>~"). The low density of commer-
cially important fishes is supported by the relatively low
biomass (kg) recorded throughout the survey period
(0.34 + 0.75kg 500m*!) with C. fulva recording a
mean biomass of 0.22 + 0.59kg 500m>~! (total standing
biomass of 89.50kg; Fig. 5). C. fulva were recorded in
their greatest abundances within the size class 11-20cm

(477), with a further 171 individuals recorded >21cm.

The low abundances recorded throughout the sur-
vey period were also apparent when considering site-
specific abundance and biomass (kg), highlighting that
the majority of all large fish were absent from surveys
with 4 commercially important individuals recorded
>50cm and 31 recorded between 31-40cm. C. fulva
were recorded in greater biomass densities at Lime Kiln
Bay in comparison to both Carr’s Bay (W = 2837.50,
p = <0.05) and Isle’s Bay (W = 1215.50, p = < 0.05
) as well as Woodland’s Bay (W = 394, p = < 0.05).
The recorded biomass of Epinephelus spp. was greater
at Lime Kiln Bay in comparison to Woodland’s Bay
(W = 187, p = < 0.05) with Woodland’s Bay hosting
a greater biomass than Carr’s Bay (W =47, p = < 0.05).
Lime Kiln Bay also hosted a greater biomass of Parrot-
fish when compared to Isle’s Bay (W = 452.50, p = <
0.05) whilst Isle’s Bay recorded a greater biomass than
Carr’s Bay (W = 104, p = < 0.05). Three clusters were
indicated, following complete linkage, with a mean sim-
ilarity slice at 0.69% (Appendix A.13).
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Figure 5: Spatial distribution of commercially important fish biomass
(kg) recorded across all locations.

3.3. Invertebrate Communities

A total of 49,210 invertebrates were recorded during
the survey period with all target organisms being
represented. Gorgonians (Alcyonacea) were the most
abundant invertebrate (44,421), however, due to their
dominance throughout the survey area, were analysed
independently (Section 3.3.1).

Excluding Alcyonacea from analyses, the mean
abundance of invertebrates throughout the sample
period and across all sites was 11.85 + 20.76 100m>~!
(Mdn = 4.5), with Pencil Urchins (E. tribuloides) being
the most abundant (8.04 + 14.07 100m>'). Samples
were highly heterogeneous throughout the sample
period ranging from 0.00 100m>~! to 178.00 100m>~".
When considering constrained sites, the mean abun-
dance increased (16.40 + 20.17 100m>~!; Mdn = 10)
with Lime Kiln Bay presenting the greatest proportion
(7.12+£23.74 100m>™"). E. tribuloides was also the most
abundant invertebrate (11.90 + 14.79 100m2~!, Mdn
= 6) and was recorded in significantly greater abun-
dances at Lime Kiln Bay (Mdn = 10) when compared to
Carr’s Bay (Mdn = 1.5) (W = 685, p = < 0.05) (Fig. 6a).

Location also influenced the diversity of target inver-
tebrate community samples at each of the five surveyed
sites (Fig. 6b). The diversity (H’) of invertebrate
communities assessed at Carr’s Bay were the most
diverse (0.55 + 0.43 100m>~!, Mdn = 0.66), greater
than those recorded at Isles Bay (0.17 + 0.40 100m>~!,
Mdn = 0) (W = 970, p = < 0.05) and Lime Kiln Bay
(0.32 + 0.32 100m>~!, Mdn = 0.28) (W = 2230.5, p =
<0.05).

3.3.1. Gorgonian (Alcyonacea) Abundance

Throughout the survey period, 44,421 individual Al-
cyonacea colonies were recorded, equating to 109.95 +
162.22 100m>~' (Mdn = 38). (From all surveys sites,
including baseline and permanent sites). Account-
ing for site-specific mean abundance (123.83 + 99.93
100m?~!, Mdn = 130.50), Lime Kiln Bay held the
highest (158.28 + 92.01 100m>~'), followed by Carr’s
Bay (52.04 + 67.83 100m>~!). Isles Bay presented the
lowest abundance of Alcyonacea colonies (1.50 + 3.45
100m>!).  Wilcoxon tests further indicated a signifi-
cantly greater Gorgonian abundance recorded at Lime
Kiln Bay (Mdn = 160.50) in comparison to Carr’s Bay
(Mdn = 32) (W =T719.5, p = < 0.05), Isles Bay(Mdn
=0) (W =120, p = < 0.05 ), Old Road Bay (Mdn =
24) (W = 386, p = < 0.05), and Woodlands Bay (Mdn
=29.50) (W =405.5, p = < 0.05).
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Figure 6: Spatial distribution of target invertebrate density (a) and sample diversity (H’) recorded from all surveyed locations

3.4. Benthic Substrate Composition

From 2013 — 2017, a total of 16,160m of substrate
was surveyed along the western coastline of Montserrat,
from all survey sites. Sand (SD) was the dominant
substrate recorded, composing 48.10 + 38.97% 20m™!
(Mdn = 41.25%) of transects, followed by Rock (RC),
15.81 + 20.90% 20m~' (Mdn = 5%) and substrates
that did not conform to a specific criterion (Other),
14.33 + 30.05% 20m~' (Mdn = 2.50% ; Fig. 10). Hard
Coral (HC) was recorded in a relatively low compo-
sitions throughout the survey period (2.90 + 4.74%
20m~!; Mdn = 0%). Nutrient Indicator Algae (NIA)
was recorded with a mean composition of 9.52+14.00%
20m~! (Mdn = 1.25%) throughout all surveyed sites
(Appendix A.15).

When considering spatially restricted sites, Sand
(47.92 + 36.60% 20m~'; Mdn = 42.50% ) and Rock
(18.76 + 19.70% 20m~'; Mdn = 12.50%) continued
to dominate, however, ‘Other’ substrates decreased
(4.14 + 9.23% 20m~'; Mdn = 2.50%) whilst NIA
increased (14.38 + 15.60% 20m~': Mdn = 10%),
becoming the third most represented substrate. Hard
Coral continued to be poorly represented amongst
survey sites (3.53 +4.91% 20m~!; Mdn = 0%).
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The composition of NIA at Lime Kiln Bay (Mdn
= 15%) was significantly greater than that recorded at
Carr’s Bay Mdn = 3.75%) (W = 1096, p = < 0.05),
Isles Bay (Mdn = 0%) (W = 235.5, p = < 0.05) and Old
Road Bay (Mdn = 0%) (W =52, p = < 0.05). Similarly,
HC showed a significant difference at Lime Kiln Bay
(Mdn = 2.5%) compared to Carr’s Bay (Mdn = 0%) (W
= 1000, p = < 0.05), Isles Bay (Mdn = 0%) (W = 276,
p = < 0.05) and Old Road Bay (Mdn = 0%) (W = 92
p = < 0.05), with no significance between Woodlands
Bay.

The composition of Sponge (SP) was also found to
vary between surveyed sites. Carr’s bay (Mdn = 0%)
indicated significantly more SP composition than Isles
Bay (Mdn = 0%) (W = 100, p = < 0.05). Lime Kiln
Bay (Mdn = 2.5%) also hosted a significantly greater
SP composition than Isles (W = 1082, p = < 0.05) and
Old Road Bay (Mdn = 0%) (W = 374, p = < 0.05).
Furthermore, Lime Kiln Bay (Mdn = 17.5%) indicated
significantly more RC composition than Isles (Mdn =
0%) (W = 1117.5, p = < 0.05), Old Road Bay (Mdn =
0%) (W =391.5, p = < 0.05) and Woodlands Bay (Mdn
=0%) (W =414, p = < 0.05). No differences between



Bleached
Colony
(% Colony -")

+ Absent

1-10%
10 - 20%
20 - 30%
30 - 40%
40 - 50%
50 - 60%

@®0O00O

Bleached
Population
(% 20m)

0%

O<—o

Figure 7: The recorded bleaching (%) per sample population of Scle-
ractinia hard corals throughout the sample period with a severity of
bleaching indicated by bleaching (%) per colony.

sites were observed regarding the remaining substrates.

Considering the complete benthic structure in its en-
tirety, two clusters were identified through JDI at the
mean 50% slice ( Appendix A.14). Carr’s Bay and
Lime Kiln Bay were 48% similar. The sub-cluster
between Old Road Bay and Woodlands Bay illus-
trated a similarity of 89%. Considering benthic im-
pacts, bleached coral colonies were observed on 24%
of all samples surveyed throughout the survey period,
with 35.24 + 27.45% of each individual colony being
bleached (Fig. 7). Black band and white syndrome
disease were recorded in low incidences throughout the
survey period (present on 1% and 2% of all samples, re-
spectively) (Fig. 8). Regarding Gorgonians, 36% of all
surveyed samples recorded incidences of Aspergillosis
(Fig. 8).

3.5. Community Characteristics and Benthic Substra-
tum

Where geographically constrained sites are consid-
ered, there was a strong positive correlation observed
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between hard coral composition and the abundance
of coral reef associated fishes (r; = 0.55,p =< 0.05)
(Fig. 9; 2). Hard coral composition was also observed
to influence the community assemblage of fishes (H’)
(rg = 0.31, p =< 0.05) as well as the biomass of com-
mercially important fish species (ry = 0.40, p =< 0.05).

Coral reef associated fishes also demonstrated
a positive correlation with Gorgonian composition
(rs=0.60, p = < 0.05), H (r;=043, p = < 0.05)
alongside biomass of commercially important fishes
(rs=0.61, p = < 0.05) (Fig. 9). The variance of H’ could
be greater described by the abundance of Gorgonian
substrates (r>= 0.43%) in comparison to the compo-
sition of HC (2 = 0.31%) at any sampled site (Table. 2).

E. tribuloides held the strongest correlation with NIA
composition (r,=0.54, p = < 0.05) (Table. 2). The
abundance of Diadema spp. also exhibited a positive
correlation with NIA composition (r;=0.38, p = <0.05).
Subsequently, out of the seven herbivorous target fish
recorded during the survey period, only a significant
positive correlation occurred between NIA composition
and Pomacentridae (r,=0.57 p = < 0.05) and Acanthuri-
dae (r;=0.49 p= < 0.05).

3.6. Conservation Management Values

The Conservation Management Values (CMV) is
an index developed to exemplify the categorisation of
locations based on seven key parameters measured in
relation to other locations. Of all the locations surveyed
(n=101), 8 were categorised with the highest (7) CMV
(Carr’s Bay n= 1, Lime Kiln Bay n= 3, Permanent Sites
n= 4) (Fig. 15). No sites surveyed in 2017 presented
a CMV of 7. The most represented CMV was 0 (n=
29) with a median CMV of 2 across the survey period.
n= 15 locations were classified with a CMV of 1,
subsequently followed by CMV 5 and 6 (n= 14 and n=
13, respectively) (Fig. 10).

27% of all surveyed locations within Lime Kiln Bay
were categorised with a CMV of 6 with 20% classified
as 5 and 13% as both 4 and 0. 10% of Lime Kiln Bay
was considered to hold the highest conservation value
(7). In addition, Carr’s Bay held the greatest (excluding
Permanent Sites) composition of locations categorised
by the highest CMV (7), 14%, however no 5 or 6 CMVs
were recorded.
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affected Alcyonacea from surveyed locations throughout the sample time frame

4. Discussion

This study provides MATHLE with a holistic review
of the ecological status of the coral reefs and associ-
ated systems surveyed between 2013 — 2017 along the
western coastline of Montserrat, Caribbean. The report
expands on previous assessments and reports submitted
by CCC during occupancy in Montserrat ([18]).

4.1. Coral reef associated target fish species and resul-
tant community impacts

The abundance of coral reef associated species
surveyed across the survey period, in comparison to
other studies [44] was, in general, moderate, with
spatially independent sampled bays presenting high
transect and site-level variation.

Over 60% of all transects were dominated by shallow
depth reef-associated fishes; Labridaec and Pomacentri-
dae. This observation is supported by previous studies
from Montserrat that demonstrated 90% of fishes
recorded during UVCs were within the upper water
column (0-10m), indicating the regulatory processes
that define reef assemblages. Conversely, this supported
dominance of reef-associated fishes may simply be
influenced by the protocols utilised throughout the
study. Deployed protocols resulted in biophysical
transects placed at maximum depths of 12m between
08:30 and 16:00. Therefore, it is unsurprising that the
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Figure 9: Plotted relationships between abundance (N), Diversity (H’,
and Biomass (kg) of recorded target fishes and the composition (%)
of Scleractinia corals and Alcyonacea (Gorgonian) counts.

aforementioned dominance within samples is witnessed
with minimal influence of more mobile, nocturnally
active and/or pelagic (and mesophotic) fishes.

The community characteristics recorded at Lime Kiln
Bay were expected due to the bay’s levels of recorded
complexity and substrate composition, as well as the



Table 2: Results obtained from Spearman’s Rank Correlation Test to visualise relationships between benthic substrate variables, hard coral (HC)
and Gorgonian abundance (GO) in correlation with three coral reef community variables. Coral reef associated fish communities are described with
abundance (N) and Shannon-Weiner Diversity Indices (H’) with biomass (kg/500m3) of commercially important fish species (B). Data are grouped
by the five survey sites located along the western coastline of Montserrat, Caribbean.

X y r? af p c
HC N 0.55 030 166 174x107"“% +
H’ 0.31 0.10 166 565x107° +
B 040 0.16 166 8.03x10°% +
GO N 0.60 036 166 220x 1071 +
H’ 0.43 0.19 166 424x107° +
B 0.61 037 166 220x 107 +
NIA  Diadema spp. 0.38 0.14 166 481x1077 +
Eucidaris tribuloides 0.54 029 166 232x107"4 +
Tripneustes spp. -0.14 0.02 166 0.08 -

dominance of Alcyonacea colonies ([57, 30]), further
supported by correlation outputs. This result also
followed previous studies that quantified Montserrat’s
western coastline’s ecological characteristics [18]. The
relationship between structural complexity and coral
reef associated fish abundance and community diversity
is well publicised (E.g. [30]). However, throughout this
study, the presence of Scleractinian corals could only
account for 30% of the observed transect-level variation
recorded. With Alcyonacea abundance accounting for
36% of transect-level variation, the importance of Al-
cyonacea within Montserrat’s coastal waters in driving
fish community assemblage diversity is highlighted in
this study. This result contrasts previous studies that
have quantified the effect of Alcyonacea on fish abun-
dance in the Caribbean suggesting that Alcyonacea do
not provide the same levels of refugia for small bodied
fishes that is observed in coral dominated systems [60].

Within coral reef systems, structurally complex reef
building corals are often highlighted for their role in
supporting highly diverse communities. Other studies
within the Caribbean found that some components of
reef fish assemblages were influenced by the abundance
of smaller individuals (8-20 cm), including juvenile
reef fish species. This suggests that fish presence holds
a dependency to coral diversity, especially providing
important habitat for the abundance of smaller juvenile
fish recruits [19]. However, Lime Kiln Bay, despite
holding the highest HC composition, was lower in
comparison to other Caribbean reefs [1].

When considering herbivorous fishes, samples
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presented high levels of variability within, and be-
tween, sites most likely driven by the benthic substrate
composition and three-dimensional complexity [57].
Herbivorous density within reef systems can often
be associated with high biomass and intensive graz-
ing resulting in spatial variation, especially within
heterogeneous systems [21]. The presented results
are further supported by the spatial variation and
general topographic composition of Montserrat’s reefs
with Hard Coral exhibiting great variability between
samples. This variability is most likely generated by
reefs that are separated by large sandy areas, providing
a network of patch reefs and coral bommies, as well as
the presence of Alcyonacea plains [59].

4.2. Commercially important target fishes

Following the exclusion of permanent and baseline
surveys, it is highly likely that the commercially
important target fish families recorded showed higher
preference to shallow, coastal waters, where the ma-
jority of smaller, juvenile fish resided. The size-class
of Epinephelinae surveyed across the five locations
illustrated a dominance of individuals <10cm through-
out the survey period. The size and abundance of
Epinephelinae recorded, in comparison to other studies
within Caribbean waters was low [4]. However, these
comparative studies were conducted in waters adjacent
to an uninhibited island that experienced low fishing
pressure, and in deeper waters that were inhabited by
larger, mature individuals. It can be suggested that the
establishment of large MPAs have the potential to drive
the recruitment of fishes such as Epinephelinae through



Figure 10: Calculated Conservation Management Values (CMV) for all sampled locations throughout the sample period with larger bubbles
indicating a greater CMV for respective sites.
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growth and spawning aggregations, increasing the
fishery capacity around Montserrat and subsequently
result in a spill-over. Throughout the study period, there
were no MPAs established within the survey area, and
as such no influence occurred during data collection.

Overall, fish biomass presented smaller observa-
tions comparative to other Caribbean studies [11, 4],
possibly indicating evidence of overfishing throughout
Montserrat’s coastal waters. To classify this justi-
fication further, the home ranges and dispersion of
larger, adult commercially important fishes must be
considered. Epinephelinae occupy large home ranges
(1.8ha) during adult phases and are diurnally active,
measuring migrations of over 2km [56]. This increased
home range directly influences surveyor/fish exposure,
reducing the probability of recording larger individuals.
Therefore, although larger, commercially important
individuals were present in lower abundances within
survey parameters, this does not conclude their absence
due to a reduced exposure rate [17]. Smaller and
sexually immature Epinephelinae tend to habituate
more restricted and local home-ranges [54], increasing
exposure rates. In contrast, Epinephelinae within the
21-30cm size class were recorded which indicated the
potential presence of mature adult species contributing
to the observed biomass, however due to the broad
criteria applied to some ’target organisms’, species-
specific life-histories cannot be derived for general
Epinephelinae.

In contrast, where specific species counts were
recorded, direct species information could be called
upon and subsequently translated to the ecological
status of Montserrat’s reefs. C. fulva were the most
frequently recorded commercially important species,
with most individuals up to 40cm. E. guttatus were
recorded infrequently with eight counts throughout the
sample period and therefore not common. However,
Blue Halo (2016) recorded a mean length of 35cm
from fishery length sampling and have recorded hind
species as deep as 100m. Epinephelinae found in
warm-temperate and tropical regions have experienced
intense fishery exploitation. Indicators of intense
fishing include declines or change in abundance, size,
spawning aggregations, and species composition [11].
Intense fishing pressure often leads to a decrease in
the abundance and mean size of fish also resulting
in the decline in spawning individuals. Intensively
fished areas exhibited lower species richness, reflecting
a dominance by smaller, non-fished targeted species
[11]. Previous studies expressed how benthic features
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tend to hold an important role in structuring coral reef
communities [53] with relationships existing between
reef habitat and Epinephelinae abundance [18]. C. fulva
are greatly influenced by community structure, and
their respective presence is an indicator of the removal
of direct carnivorous competition, such as Epinepheli-
nae overfishing [15]. C. fulva in high abundance and
biomass around Lime Kiln Bay is a clear indicator of
overfishing referring to behavioural competition and
predation or larger, target species being eradicated.

The majority of Scaridae individuals were under
10cm with minimal individuals recorded over 30cm. It
can be assumed that a large proportion of these sized
Scaridae individuals were sexually immature, however
as species-specific counts were not taken, this cannot
be concluded. Other studies on Montserrat fish biomass
such as Acanthuridae, Lutjanidae and E. guttatus con-
cluded that individuals are below the species-specific
length of first maturity (L,,) which is heavily indicative
of a system experienced medium/high levels of fishing
pressure [5]. The size distribution of Scaridae is not
only a trend throughout survey locations in Montserrat,
but also globally [2]. It is known that Scaridae species
are fished on Montserrat [4], though intensity is still
being studied. Scaridae are known to hold an important
functional role on coral reefs by facilitating and pro-
moting coral recruitment, growth and fecundity [40].
With Scaridae removing high levels of sediment, algae
(including macro and turf-algae) and coral tissue, the
results obtained in this report concur and highlight the
need for the conservation of herbivorous species and
subsequent HC areas; namely Lime Kiln Bay.

4.3. Coral reef invertebrate assemblages

Within coral reef communities, invertebrates occupy
important functional roles, supporting food webs and
providing a trophic link between corals and associated
fishes [18].

Eucidaris tribuloides occupy low trophic levels
due to their algivorous and spongivorous feeding
traits [51, 33, 18]. E. tribuloides were recorded in
greatest abundance (when not considering Gorgonians)
throughout the sample period, with Lime Kiln Bay
holding the greatest density. Although other studies
present greater populations of E. tribuloides within
the Caribbean (E.g. [6]), it must be noted that some
species of Echinodermata are more nocturnally active
[24] when considering grazing behaviour, and could
therefore explain the seemingly lower populations as a



product of CCC’s deployed protocols.

Diadema antillarum were the second highest
recorded invertebrate found through the survey period.
Alongside E. tribuloides, D. antillarum were recorded
in greatest densities at Lime Kiln Bay. However, no
studies were conducted on grazing pressure, therefore
extensive analysis on invertebrate behaviour and graz-
ing impact was not included. The mass die-off of D.
antillarum in the 1980’s within the Caribbean is well
documented [37, 7, 40, 26]. Whilst some populations
have shown signs of recovery following the impacts
from the Soufriere hills eruption [23, 50], populations
are still yet to recover and not at original numbers
prior to the estimated abundance before the 1980’s.
Throughout the Caribbean, and most likely Montserrat,
the reduction of D. antillarum as a primary grazer
on complex coral reef systems resulted in increases
of NIA. As NIA composition was not deemed to be
dominating, in comparison to other Caribbean locations
[34, 6], the reduction of supportive habitats may be
hindering the ability of said populations to recover and
overtime become outcompeted by other urchin species
such as E. tribuloides and Tripneustes spp. [18, 26].
Their role can be especially important on reefs where
other herbivores around Montserrat’s reefs have been
depleted. Carpenter and Edmunds (2006) provide
evidence that with increased densities of Diadema
spp. in the Caribbean, coral recruitment increases by
providing areas for colonization after algal grazing.

It must be considered that management decisions
are implemented to benefit the recovery of urchin
species within Lime Kiln Bay and around Montserrat
for the promotion of natural coral reef recovery [18].
Furthermore, through designation of marine reserves,
natural predation recovers, eventually evening out
trophic levels such as urchin abundance and grazing
impacts [45]. Some studies conversely suggest that
restricted fishing activities result in an increase in
urchin predation, increasing respective recruitment
[14]. Other studies have stated that when urchin popu-
lations reach outbreak densities, the scraping effects of
urchin feeding can remove new coral recruits, reducing
cover of HC and important coralline algae, leading
to unsustainable bio-erosion [43]. It is suggested that
populations can recover through the implementation
of an MPA, as HC cover increases and NIA presence
reduces, returning the system to a highly complex coral
reef community ([6]. However, more specific studies
on other target invertebrates is required for further un-
derstanding on individual composition of invertebrate
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populations around the coastline of Montserrat.

4.4. Benthic Substrate Composition

Coral reefs were considered patchy around Montser-
rat and were considered to be present at depths between
2 — 30m, excluding seagrass meadows which were
observed at deeper depths. The substrate recorded in
greatest abundance was sand (SD). The high levels
of NIA recorded during the survey period from 2013
- 2017 suggest it as a consequence of anthropogenic
land-based pollution from factors such as run-off and
volcanic ash [48]. There are no previous studies that
investigated the type of sedimentation in Montserrat
waters and its effect on reef health, however, NIA
presence has been known to boost coral metabolism
and skeletogenesis [22]. Furthermore, higher levels of
NIA cover illustrated a positive correlation with the
abundance on algal grazers such as D. antillarum and E.
tribuloides. The presence of algal grazers can decrease
the rate of post-settlement mortality of coral species,
and increase overall reef health [39]. The highest levels
of HC and SC were present at Lime Kiln Bay and
Carr’s Bay. Studies have suggested that coral mortality
events such as coral bleaching, sedimentation or space
competition can increase the colonization space for
algae, decreasing shelter and food abilities for fishes
[20].

Alcyonacea were the most abundant structure found
on reef systems around the five survey locations. The
presence of Alcyonacea occurred in areas of increased
flow movement, beneficial for colonies, and likely con-
tributed to the respective dominance. The abundance
of Alcyonacea has been postulated to directly regulate
primary production and indirectly regulate secondary
production in littoral food chains [28], supported
by the abundance of herbivorous fishes. The results
presented within this study support these findings, with
strong positive correlations observed between both fish
abundance and diversity with increasing Alcyonacea
presence. Additionally, Alvarez et al. (2011) presented
that juvenile Scaridae showed a greater dependence
on benthic complexity on reef systems than adult
individuals, which is supported by the results obtained
for Carr’s and Lime Kiln Bay. Scaridae abundance and
biomass was found to be greater at Lime Kiln Bay and
Carr’s Bay, of which both locations presented relatively
high abundances and composition of Alcyonacea
and hard corals. This indicates a dependence on the
complex habitat found at these reef systems, offering
explanation to the relative high levels of diversity and



abundance at Lime Kiln Bay; providing factors such as
refuge and sustenance for species.

Williams et al. (2015) highlight the importance of
habitat differentiation when understanding the role of
Alcyonacea within reef communities. Due to the low
abundance of Scleractinian corals through Lime Kiln
Bay and other sites coupled with abundances of Alcy-
onacea, it plausible to accept theses locations as ’Gor-
gonian Plains’; a habitat that confers a very different
structure to their Scleractinian dominated reef coun-
terparts. Due to this potential new characterisation of
habitat within Montserrat’s coastal waters, it is recom-
mended that, during future surveys, care is given to un-
derstanding the varying habitats within the focus region,
giving specific attention to Scleractinian reefs (Orbi-
cella spp.) and Gorgonian Plains on fore reefs

4.5. Conservation Management Values

Dallison and Ferguson (2017) highlighted that
baseline locations contributed the greatest composition
of CMV = ’0’. CMVs do not demonstrate that sites
with low values would not benefit from conservation-
driven actions, but highlights areas that hold a greater
possibility of success in the light of limited resources to
local managers than others.

Lime Kiln Bay was considered to hold the greatest
conservation value with 57% of all transects holding
a CMV of 5 and upwards. This excludes permanent
transects where 79% scored over five (but are spa-
tially distributed throughout the coastline). Baseline
transects, as well as Isle’s Bay, hosted the greatest
composition of CMV 0; inline with results obtained
in 2016 [18]. Furthermore, no transects within Isle’s
bay presented a value above 2 which is a result of the
poorly represented fish and invertebrate communities,
compounded by poor substratum composition and
fishery capacity; despite hosting the most diverse fish
communities. As such, Isle’s Bay does not provide
adequate opportunity for the Montserrat’s limited
resources, in this instance, and it is recommended that
resources are placed into more advantageous locations
such as Lime Kiln Bay and Carr’s Bay.

It is surmised that the abundance of lower CMVs
found around Old Road Bay and Woodlands Bay, in
combination with the previously discussed community
parameters, is due to the Soufriere Hills eruptions,
with the communities and substrate found within these
locations showing attenuated signs of recovery. Though
it is predicted that reefs are still recovering due to
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low grazing species, sedimentation presence, and NIA
blooms [44, 50, 48]. It must be noted, however, that
CMV results are likely to be heavily influenced by
heterogeneous sampling effort between, and within,
locations and over time due to various inhibitions
experienced over the sample period.

4.6. Study Limitations

Although this study contextualizes a detailed account
of the abundance and diversity of coral reef commu-
nities within Bays of Montserrat, there are limitations
within the utilized methodology.  UVC transects
invoke a relatively small soak time through the various
limitations of SCUBA based protocols and therefore
any semi-diurnal changes in species-specific behaviour
could not be accounted for [17] as many exploited reef
fishes undertake diurnal intra and inter-reef migrations
including those with large territories across entire bays
[10]. The limitations of conducting UVC during the
day are supported with studies stating that fish activity
is minimal between 09:00 and 16:00 [38], therefore
making the full community structure difficult to assess
due to the differential species-specific behaviours influ-
enced by abiotic factors. As such, CCC’s protocols and
citizen science methodologies in place made addressing
these limitations challenging and unfeasible.

4.7. Marine Management Recommendations

Montserrat

for

This report presents the spatial distribution of
Montserrat’s coral reef communities through a high
density of samples collected from localised focus areas.
As such, the results presented should be utilised in
combination with previous and on-going ecological
assessments of Montserrat’s coastal waters to guide
management efforts.

The results, discussion and recommendations pre-
sented in this report should be coupled with the values
placed upon these systems by stakeholders whether
through social and traditional contexts or for livelihood
support. Social support for marine spatial management
from community members, stakeholders and resource
managers must be present alongside strategies that
consider capacity building and gender, aiming to
empower stakeholders whilst instilling social responsi-
bility and providing the necessary tools to allow for the
sustainable use of marine resources. Numerous studies
[3, 9] have demonstrated the importance of stakeholder



engagement throughout the planning processes of
Marine Spatial Management. Each stakeholder or
stakeholder group hold a diverse set of values with
regards to the reef systems of Montserrat, and as such,
a transparent, community-driven planning processes is
required to prolong management support.

Lime Kiln Bay and Carr’s Bay are highlighted
as two key locations that would highly benefit from
management efforts. In order to protect these key areas
along the western coastline of Montserrat, CCC have
provided three recommendations for protection (Fig.
11). Each option promotes varying multi-use zones
and extent of protection (all zones are in addition to
the already existing exclusion zones of the island). As
a result of the increased density but reduced spatial
area of CCC surveys, the recommendations are able to
protect key areas of high biodiversity and productivity
that risked exclusion from previous recommendations
for spatial planning (e.g. [58]). It is important to
highlight that due to the nature of spatial assessments
deployed by Coral Cay Conservation, these recom-
mendations can only be applied to nearshore reefs.
These assessments span a small area in comparison to
Montserrat’s EEZ and therefore, any planning acting
upon these recommendations should coordinate with
other active organisations such as Blue Halo and JNCC
to establish a network of active, and effective, protected
areas.

Considering the perceived levels of fishing effort
and other detrimental impacts from this study, the
establishment of a multi-use zonated area that includes
a No-Take Area (NTA), buffered by a marine reserve, is
the most favourable recommendation presented (Option
C) (Fig. 11; Table. 3). The NTA should provide a
sanctuary for coral reef associated species, increasing
recruitment, driving complexity and thus increasing
capacity for fishery and tourism sectors.

Throughout each recommendation, Carr’s Bay has
been highlighted as an area of Special Consideration.
Despite the areas high level of conservation value, the
bay also holds significant commercial value due to the
adjacent bay’s ferry port and will experience varying
levels of impact. As a result, it is recommended that
this designated area be discussed in greater detail in
relation to all services generated from the area.

It is recommended that within each option, the fol-
lowing actions are taken;

18

1. Any designated NTA should be clearly demarcated
through shore markers and surface buoys.To en-
sure maintenance, monitoring and enforcement, fi-
nancing schemes should be explored such as Pay-
to-Dive” and usage fees, however, if to be im-
plemented, it is recommended that entry into the
NTA is prevented for a minimum of 1 year post-
establishment,and usage areas are designated and
cycled;

2. Local governance should prohibit/limit certain ac-
tivities within the NTA and marine reserves, par-
ticularly fishing gears that are non-selective such
as gill nets, and advocate responsible mooring,
within this area (limited extraction should be in-
vestigated to enable conservation-benefit realisa-
tion by stakeholders). Boating activities should re-
main restricted with large vessels being prohibited;

3. and any established ordinance is recommended to
be transparent and a result of numerous work-
ing groups, learning exchanges and forums where
there are an even representation of key stakehold-
ers, managers and genders.

Throughout the surveyed area, it is clear that
Montserrat hosts unique habitats and clear patterns of
distribution. In addition to Marine Spatial Management
efforts, continued ecological monitoring must be
implemented throughout the Island’s coastal zones and
nearshore reefs. These monitoring protocols should be
utilised to assess the efficacy of management actions
whilst providing further context for future actions.

The data presented within this report highlight the
spatial distributions of Montserrat’s ecological fauna
and benthos whilst serving as a high-resolution base-
line for future monitoring efforts, aiming to protect the
ecosystem services of Montserrat’s nearshore.
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Appendix A. Appendix

Table Appendix A.4: Target fishes recorded by Coral Cay Conservation Survey Teams throughout the study period. Targets are provided by
common name and respective taxonomic nomenclature indicating resolution of collected data.

Common Taxonomic Common Taxonomic

Angelfish Pomacanthidae Lizardfish Synodontidae
Ballyhoo Hemiramphidae Moray Eel Muraenidae

Basslet Grammatidae Needlefish Belonidae
Butterflyfish Chaetodontidae Parrotfish Scaridae
Chromis/Damselfish Pomacentridae Porgy Sparidae

Chub Kyphosidae Scorpionfish Scorpionidae

Filefish Monacanthidae Snake Eel Ophichthidae
Goatfish Mulidae Snapper Lutjanidae

Grouper Serranidae Squirrelfish/Soldierfish ~ Holocentridae

Coney Cephalopholis fulva Surgeonfish Acanthuridae

Hamlet Hypoplectrus sp. Blue Tang Acanthurus coeruleus
Hind Epinephelus guttatus, E. adscensionis  Triggerfish Balistidae

Nassau Grouper Epinephelus striatus Trumpetfish Aulostomidae

Grunt Haemulidae Trunk/Box/Cowfish Ostraciidae

Jack Carangidae Honeycomb Cowfish Acanthostracion polygoina
Lionfish Pterois spp. Wrasse Labridae

Table Appendix A.5: Target invertebrates recorded by Coral Cay Conservation Survey Teams throughout the study period. Targets are provided
by common name and respective taxonomic nomenclature indicating resolution of collected data.

Common

Taxonomic

Common

Taxonomic

Banded Coral Shrimp
Collector Urchin
Flamingo Tongue

Gorgonians

Stenopus hispidus
Tripneustes spp.
Cyphoma gibbosum
Alcyonacea

Long-Spined Sea Urchin
Pencil Urchin

Triton’s Trumpet
Lobster

Diadema antillarum
Eucidaris tribuloides
Charonia variegate
Palinuridae

Table Appendix A.6: Target substrata recorded by Coral Cay Conservation Survey Teams throughout the study period. Each substrate is accom-
panied by respective survey code.

Substrate Code  Substrate Code
Scleractinian Corals (incl. Millepora) HC Soft Corals SC
Recently Killed Coral (<1-year) RKC Sponge SP
Nutrient Indicator Algae NIA  Rock RC
Rubble RB Sand SD
Silt SI Other oT
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Figure Appendix A.12: Dendrogram presenting the dissimilarity of recorded herbivorous target fishes between sampled sites; Carr’s Bay (C), Isle’s
Bay (I), Lime Kiln Bay (L), Old Road Bay (O), and Woodland’s Bay (W). Sites have been grouped based on the mean Jaccard Dissimilarity Index

(JDI).
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Figure Appendix A.13: Dendrogram presenting the dissimilarity of recorded commercially important fishes between sampled sites; Carr’s Bay (C),
Isle’s Bay (I), Lime Kiln Bay (L), Old Road Bay (O), and Woodland’s Bay (W). Sites have been grouped based on the mean Jaccard Dissimilarity

Index (JDI).
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Figure Appendix A.14: Dendrogram presenting the dissimilarity of recorded substrate compositions (%) between sampled sites; Carr’s Bay (C),
Isle’s Bay (I), Lime Kiln Bay (L), Old Road Bay (O), and Woodland’s Bay (W). Sites have been grouped based on the mean Jaccard Dissimilarity
Index (JDI).
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Figure Appendix A.15: Panelled spatial distribution of substrate composition (%) (Hard Coral (a); Soft Coral (b); Sponge (c); Recently Killed
Coral (d); Rock (e); Silt (f); Sand (g); Nutrient Indicator Algae (h); and Other (I)) recorded throughout the study period.
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