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SUMMARY 
In this research benthic habitats of the Saba Marine Park were mapped. There were several reasons 
for an updated benthic habitat map: (1) to compare the current situation to the baseline study carried 
out in 1992 and identify habitat changes in the past 21 years; (2) to review the zoning plan of the Saba 
Marine Park for which an accurate habitat map is required to identify suitable zones for marine 
reserves, anchoring, diving and fishing; (3) to support stratification in fisheries research such as lobster, 
conch and fish population studies; and (4) to produce value maps as part of the economic valuation 
ǎǘǳŘȅ ŎǳǊǊŜƴǘƭȅ ǘŀƪƛƴƎ ǇƭŀŎŜ ƻƴ {ŀōŀ ŀƴŘ {ƛƴǘ 9ǳǎǘŀǘƛǳǎ ό²ƘŀǘΩǎ {ŀōŀ ŀƴŘ {ƛƴǘ 9ǳǎǘŀǘƛǳǎ Nature Worth?) 
for which habitat maps are necessary to assign monetary value at a spatial scale. 

The research questions answered in this study were: (1) which benthic habitats are located where; (2) 
what are the rough species compositions in these habitats; and (3) what is the structural complexity in 
these habitats.  
 
Data were collected from video images made with a HD camera, which was dropped from the marine 
park boat at 276 sample sites. A 150x150m grid was used to select sample sites at regular distances 
from the shore to the outer boundaries of the marine park. During data analysis three substrate types 
(sand, rubble and rock) and six benthic species groups (macro algae, sargassum, sea grass, corals, 
gorgonians and sponges) were identified and percentage coverage of these substrates and benthos 
were estimated. These percentage coverage were used to classify the samples into ten habitat types 
according to a pre-defined quantitative classification scheme based on the classification scheme of 
Caribbean coral reefs by Mumby PJ and Harborne AR (1999) 
 
The resulting habitat map shows that of these ten habitat types only 7 occurred on Saba: bare sand, 
bare rock, diffuse patch reef, dense patch reef, coral reef, sea grass beds and algae fields. Sargassum 
fields did not occur, as this species of algae was not found on Saba. Gorgonian reef did not occur, 
although gorgonians were commonly present at other habitat types, i.e. patch and coral reefs. Bare 
rubble habitats did also not occur.  
 
Besides the benthic habitat map, two other habitat maps were produced. A reef habitat map including 
the current zoning plan was produced to compare the zoning system of the Marine Park with the reefs 
identified in the study. A sand habitat map was produced to further specify the large number of sand 
habitats in two: bare sand and sand covered with algal and/or cyanobacteria mats. The sand habitat 
map revealed that sand habitats covered with algal and/or cyanobacteria mats were present around 
the entire island further ashore, of which the majority was at 30-50 meter depth.   
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1 Introduction 
The Saba National Marine Park was established in 1987 with the objective to preserve and manage the 
marine resources in the coastal waters of Saba.  

Saba is a Dutch Caribbean Island that used to be part of the Dutch Antilles islands and since 10 October 
2010 is a special municipality of the Netherlands, as are Sint Eustatius and Bonaire (Figure 1A). Saba 
has 1800 inhabitants and has a rocky coast. It is 13 square kilometres and consists of a sleeping volcano 
with four lava domes and its highest point is 877 meters.  

The Saba Marine Park was established to ensure the continued quality of the extraordinary marine 
resources. A zoning system was applied to get the best possible compromise between different uses of 
the marine environment [1]. In 1992 a baseline study was carried out to identify the benthic habitats in 
the coastal waters of Saba, which was the basis for the zoning plan of the Saba Marine Park (Van Beek, 
2013).  

The map of Saba (Figure 1B) shows the current zoning plan in the Marine Park (Wulf, 2013), which 
distinguishes mooring zones, no-take zones, recreational zones and multipurpose zones. This zonation 
was based on the benthic mapping of 1992. There was a need for an updated benthic habitat map for 
several reasons: (1) to compare the current situation to the baseline study carried out in 1992 and 
identify habitat changes in the past 21 years; (2) to review the zoning plan of the Saba Marine Park for 
which an accurate habitat map is required to identify suitable zones for marine reserves, anchoring, 
diving and fishing; (3) to support stratification in fisheries research such as lobster, conch and fish 
population studies; and (4) to produce value maps as part of the economic valuation study currently 
ǘŀƪƛƴƎ ǇƭŀŎŜ ƻƴ {ŀōŀ ŀƴŘ {ƛƴǘ 9ǳǎǘŀǘƛǳǎ ό²ƘŀǘΩǎ {ŀōŀ ŀƴŘ {ƛƴǘ 9ǳǎǘŀǘƛǳǎ bŀǘǳǊŜ ²ƻǊǘƘΚύ ŦƻǊ ǿƘƛŎƘ 
habitat maps are necessary to assign monetary value at a spatial scale.  

This research into an updated benthic habitat map for Saba has been based on recent research in Sint 
Eustatius carried out by (Timmer and Houtepen, 2013), which identified and mapped the benthic 
habitats in the Sint Eustatius Marine Park. The research by Houtepen and Timmer (2013) was similar to 
the habitat studies at the Spaanse Water in Curacao and in Lac Bay in Bonaire.  However, these studies 
included only a part of the islands coastal waters, while in the current study of Saba, the entire coastal 
waters up to 60-meter depth have been covered. The objective of this research was to identify all 
different types of habitats present in the coastal waters of Saba, differently to the Curacao and Bonaire 
studies, where the focus was on seagrass species and algal beds. 

 

 

 

 

[1] http://www.sabapark.org/about_scf/ 
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Figure 1A: Overview of the position of Saba in the Caribbean Sea.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1B: Close up of Saba Island, including the zoning plan and Marine Park boundaries (Wulf, 2013) 
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1.1 Research questions 

The objective of this research was to find out the benthic habitats present in the coastal waters of 
Saba. Our specific questions were: (1) which benthic habitats are located where; (2) what are the rough 
species compositions in these habitats; and (3) what is the structural complexity in these habitats. In 
order to answer these questions the research was divided in six phases: first, collecting video images to 
build up the benthic map by using a drop camera; second, identifying the different substrates and 
benthic compositions at each location; third, determining the rough percentage coverage of the 
substrates and benthos at each location; fourth, defining the structural complexity categories at each 
location; fifth, determining the habitat type of each location based on substrate and benthic coverage; 
and sixth, producing a habitat map of all locations. 

 

1.2 Duration of research 

This research was carried out from August 12th to January 12th, 2014. After a week of theoretical 
training and preparation in the Netherlands, the field training was done in St. Eustatius in August for 10 
days from August 22nd to August 31st. The fieldwork was done in Saba from September 1st till 
December 1st. The data analysis was carried out in December in the Netherlands, followed by the 
report writing in January. 

 

1.3 Site description 

Saba has a pleasant climate throughout the year, with an average annual temperature of 27.5 0C 
(Willems). The trade winds blow throughout the year as well, from directions between east-northeast 
and east, causing humid air. The average sea temperature varies between 26 0C and 29 0C(Willems). 
Saba is situated in the hurricane zone and belongs to the windward Islands of the Dutch Caribbean. The 
hurricane season runs from July till  November. The northern and eastern side of the island are exposed 
to strong wave impacts and currents; this area stretches from the northwest till  the southeast. The 
other side of the island, from the west till  the southeast is less exposed to strong wave impacts and 
currents. In this area you will find more swells and different surface and bottom currents. During the 
rainy season the average rainfall is 1080 millimetres (Willems)  The volcano Mount Scenery is the 
highest point (877m) of the Dutch Caribbean. Because of its elevation and the frequent rainfall, Mount 
Scenery is a cloud forest. This is a rainforest that is frequently covered by clouds which leads to a 
reduction of sunlight, but high biomass because of its highly moisturous and geographic location. 

The Saba Marine Park, as shown in Figure 1B, encompasses the waters and seabed encircling the whole 
island from the high water mark to 200 feet (60m). In total the Marine Park covers approximately 1300 
hectare (13km2).  The current research took place in the waters of the Marine Park and was supported 
by the Saba Conservation Foundation (SCF). SCF boats were used to collect video images at the sample 
sites and SCF researchers, volunteers and interns contributed to and assisted with the fieldwork.  
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2 Methods and Materials 

2.1 Method 

The methodology used was similar to the methods and materials used by Houtepen and Timmer (2013) 
at Sint Eustatius. A camera was dropped from the boat at regular distances from the shore to the outer 
boundaries of the marine park. A grid of 150 x 150m was used as a guideline to identify sample sites to 
drop the camera. Afterwards the videos were analysed to determine the different habitats and 
percentage cover of the substrate and benthos. The main differences of our method compared to the 
study of Houtepen and Timmer (2013) were the maximum depth of 60 meter instead of 30 meter, 
which are the Marine park boundaries at Saba and Sint Eustatius respectively, the use of an additional 
high definition camera for improved quality of the images and better identification of substrate and 
benthic cover, and a more quantitative approach to categorize habitats. 

2.2 Materials 

For the benthic habitat mapping a so-called drop camera was used to record the benthic habitats of 
the Marine Park. The underwater video camera, a SeaViewer type SEA-DROP 950, was connected to 
EyeTop LCD sunglasses and a 4k recording DVR. After a few drops, this method with the EyeTop LCD 
glasses was aborted and the camera was attached to a LCD screen, which was available from another 
research at SCF (Conch survey). The LCD screen prevented seasickness and provided a better life view 
of the water column and on the seafloor, thereby preventing damage to the seafloor. The other 
purpose of the use of the life feed was to have a first impression of the benthic substrate. A second 
camera, a GoPro Hero3 Black edition, was used to record the entire drop. The footage was made with 
the highest possible resolution of 1440 x 1080 pixels, in order to better identify substrate, benthos and 
percentage cover in the data analysis.  

Both cameras were attached to a cylinder-form frame (figure 2) weighing approximately 5 kilogram, to 
give balance to both cameras and to ensure that the GoPro camera was facing straight down. In 
addition, the frame minimized the influence of currents on the position of the camera. The SeaViewer 
was placed such that it could see what the GoPro camera was recording and to ensure that the frame 
did not get stuck behind rocks. The GoPro was secured to the frame with a metal bar (figure 3). 
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Because of light reduction in deeper water, two Light and Motion Sola 1200 video lamps were attached 
on each side of the same metal bar where the GoPro camera was attached. Both light beams were 
centred to the place where the GoPro camera would record the seafloor. The video lamps would 
facilitate better data recording and species identification. However, the screws of the lamps came 
loose in the third and fourth week of the study due to strong currents. This is the reason why the video 
lamps could not be used for the remaining drops. Surprisingly, the absence of the lamps did not 
influence the visibility for the recording and the SeaViewer as well as on the identification of the 
percentage cover of the habitats. 

 

Figure 2: The mount of the two cameras 

on the frame. The red arrow indicates the 

attachment of the SeaViewer on the 

camera and the direction it is facing. The 

blue arrow indicates the GoPro camera. 

 Figure 3: The metal bar where the GoPro 

camera was attached. The blue arrow 

indicates the direction in which the GoPro is 

facing for the recording. The green arrow 

indicates where the lamp was placed on the 

right side of the metal bar. 
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2.3 Sample site selection 

Sample site selection in this study was similar to the method of Houtepen and Timmer (2013). Sample 
sites were selected using a 150 x 150 meter grid (Figure 4). The boat was driving transect lines 
perpendicular to the coast. The starting point for the transect line was at approx. five meter depth. 
This was as close as possible to the coastline while keeping the boat at a safe distance from the coast 
at the same time. From this depth the frame was dropped every 150 meter using a GarminGPS, model 
GPSMAP® 78. The GPS was also used to navigate in a straight line and to mark each site with a 
waypoint. The end point of the transect line was at a depth of 60 meter. When the 60 meter boundary 
was reached, the next transect line was started by going either 150 meter left or right and then back to 
shore. This was also done in a straight line and every 150 meter a drop was made until 5 meter depth. 
This created a rough 150 x150 meter grid. By making GPS waypoints the coordinates could be 
uploaded in Google Earth to create a habitat map. The depth was determined with the depth sonar on 
the boat.  An automatic pulley was present on one of the boats to lift the frame up. 
 

 

Figure 4: Every point is a drop. The grid is seen 

from above. Where 5 meter near the cost is. 

 

 

 

2.4 Data collection 

At each sample site, the following data were recorded, in addition to the video, in a logbook (Appendix 
I) of waterproof paper. 

- The depth of the site; 
- The video number of the recording on the GoPro;  
- The waypoint number on the GPS; 

 
The depth of the site was recorded to determine if a drop could be made or not. A drop could not be 
made if the depth was deeper than 180 feet or 55 meters.  
 
Every site had a video recording, which was used in the data analysis to determine substrate, benthos, 
percentage cover, and ultimately the habitat type. Two stills were made from the video recording, at 
two different depths. The first still was a close-up of the sea floor and the second still was at five 
meters above the sea floor. The use of each still in the data analysis is explained in the next paragraph. 
The five meter was measured with a rope (of five meters) and a weight. When the weight reached the 
bottom it was seen on the camera. This method was aborted, because the weight could get stuck easily 
and it was not always visible when the weight reached the sea bottom. The second method used to 



Benthic Habitat Mapping in the coastal waters of Saba           Dutch Caribbean 

 

11 

 

determine when the camera was five meters above the seafloor, was by manually pulling the rope up 
five arm-lengths to approximate five meter.   
 
The video numbers of the sample sites were registered to use as unique identification number of each 
sample site and to determine which video, what depth and what waypoint corresponded with each 
sample site. These video numbers were also used to determine when to switch the battery and SD card 
in order to prevent data loss. The average number of videos that could be made with one battery with 
the GoPro was 10 videos of approximately 3 minutes per battery. 

2.5 Data analysis 

For the data analysis two stills were made from the recording of each drop. The first stillΣ ƴŀƳŜŘ ά!έ, 
was a screenshot of the frame when it was closest to the seafloor. The second still, naƳŜŘ ά.έ, was a 
screenshot of an overview of the habitat, which was approximately five meters above the seafloor. To 
make the stills and to analyse the videos two laptops were used; a MSI GE70N and a MacBook Pro.  

For the percentage cover of substrate and benthos and the habitat classification, still ά.έ ǿŀǎ ǳǎŜŘ ǘƻ 
determine three different characteristics; substrate (sand, rock, rubble), dominant species (macro 
algae, sargassum, sea grass, coral, gorgonian, sponge) and percentage cover of the substrate and 
dominant species. These characteristics were the indicators for the habitat classification, as explained 
in the next paragraph. 

Still ά!έ ǿŀǎ ǳǎŜŘ ŦƻǊ a close-up view of the substrate and benthos in order to identify the type of 
substrate and benthos present in each drop as well as to improve the overall estimation of the 
percentage of the different categories of vegetation.  

 

2.5.1 Habitat classification 

Habitat types used (table 1) were similar to the habitat types used by Houtepen and Timmer (2013). 
One habitat type was added (bare rock) and the coral reef habitats were named differently (diffuse 
patch reef, dense patch reef and coral reef instead of loose reef, intermediate reef and dense reef). 
The habitat classification of this study was based on the systematic classification of marine habitats in 
the Caribbean by Mumby and Harborne (1999). Not only habitat types and habitat definition were 
determined as in the study of Houtepen and Timmer (2013), but quantitative indicators for an as 
objective as possible classification were added. Selected quantitative indicators were specific substrate 
percentage coverage and benthos percentage coverage. 
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Table 1 
Classification based on the following indicators (substrate and benthos percentages coverage) 

 Substrate cover Benthos cover 

Colour  Habitats Saba Definition Seagrass Algae field Gorgonian Hard coral 

YELLOW Bare sand Sandy bottom (macro) 
benthos negligible 

Bare sand җ 90% No   Sparse algal cover 
possible (<10%) 

No No 

GREY Bare rubble Rubble bottom (macro) 
benthos negligible 

.ŀǊŜ ǊǳōōƭŜ җ 90% No Sparse algal cover 
possible (<10%) 

No No 

DARK BROWN Bare rock Rocky/hard bottom 
(macro) benthos 
negligible 

.ŀǊŜ ǊƻŎƪ җ 90% No Sparse algal cover 
possible (<10%) 

No No 

LIGHT GREEN Macro algae field Rubble/rock bottom 
(mainly) macro algae  

Bare sand+rubble+rock 
<50% Rubble/rock 
underneath (not bare) 

No Algal cover dominated 
(>50%) 

Sparse gorgonian 
possible (<3/m

2
) 

No 

LIGHT BROWN Sargassum field Rubble bottom (mainly) 
sargassum 

Bare sand+rubble+rock 
<50% Rubble/rock 
underneath (not bare) 

  Sargassum dominated 
(>50%) 

Sparse gorgonian 
possible (<3/m

2
) 

No 

DARK GREEN Seagrass bed Sandy bottom (mainly) 
seagrass 

Bare sand around and 
sand underneath (not 
bare) 

Seagrass cover: 
dense (>50%) 
sparse (<50%) 

No No No 
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ORANGE Diffuse patch 
reef 

Sandy/rubble bottom 
with dispersed (living or 
dead) coral colonies, 
mixed with algae, 
gorgonians and sponges 

Bare sand/rubble % > 
reef % 

No Macro algae present as 
part of mixed reef 

Gorgonian present 
as part of mixed 
reef 

(Living or 
dead) hard 
coral 
between 1-
10% (may 
be more) 

RED Dense patch reef Sandy/rubble bottom 
with aggregated (living or 
dead) coral colonies, 
mixed with algae, 
gorgonians and sponges 

Bare sand/rubble % < 
reef % 

No Macro algae present as 
part of mixed reef 

Gorgonian present 
as part of mixed 
reef 

(Living or 
dead) hard 
coral 
between 1-
10% (may 
be more) 

PURPLE Coral reef  Mainly hard substrate 
covered with (mainly) 
hard corals, mixed with 
algae, gorgonians and 
sponges 

Reef >90% No Macro algae present as 
part of mixed reef 

Gorgonian present 
as part of mixed 
reef 

(Living or 
dead) hard 
coral 
between 1-
10% (may 
be more) 

BLUE Gorgonian reef Rubble/hard substrate 
covered with (mainly) 
soft corals 

Rubble/rock 
underneath/ around 
(bare and not bare) 

No Algal cover possible (10-
30%) 

Number of 
gorgonian: dense 
(>3/m

2
 usually 

>8/m
2
) sparse 

(<3/m
2
) 

<1% 

 



Benthic Habitat Mapping in the coastal waters of Saba           Dutch Caribbean 

 

14 

 

For each still percentage coverage was estimated for the three substrate types and eight benthos types 
and entered in a Data input sheet (Appendix III).  

As part of the data analysis also the structural complexity at each site and the presence or absence of 
cyanobacteria and Acropora species (branching corals) were recorded. There were 6 categories for the 
structural complexity (Appendix IV) according to the methodology of Polunin and Roberts (1993).  

The extra sampling of different types of vegetation was not performed by SCUBA diving as by the study 
of Houtepen and Timmer (2013), but the intention was to use the stills ά!έ ŦƻǊ ǘƘƛǎΦ IƻǿŜǾŜǊΣ ǘƘŜ 
quality of the GoPro was not good enough to do so. 

 

2.5.1.1 BARE SAND 

¢ƘŜ Ƙŀōƛǘŀǘ ǘȅǇŜ Ψ.ŀǊŜ {ŀƴŘΩ ǿŀǎ ŘŜŦƛƴŜŘ ŀǎΥ Sandy bottom with negligible macro benthos, where bare 
sand cover ƛǎ җ фл҈ (Table 1). Figure 5 shows an example of a habitat that satisfied the definition of 
ΨōŀǊŜ ōŀƴŘΩΦ  
 

A B 

  
Figure 5: Still 101Σ ŎƭŀǎǎƛŦƛŜŘ ŀǎ ΨBare SŀƴŘΩΣ ŎƻƴǎƛǎǘƛƴƎ for 100%. 
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Lƴ ƻǳǊ Řŀǘŀ ŀƴŀƭȅǎƛǎ ǿŜ ŘŜǾƛŀǘŜŘ ŦƻǊ ǎƻƳŜ ƻŦ ǘƘŜ Ψ.ŀǊŜ {ŀƴŘΩ Ƙŀōƛǘŀǘ types from the predefined 
classification of җ 90% bare sand. The sand was in some stills less than 90% and mixed with some minor 
rubble (up to 15%), sparse macro algae and algal and/or cyanobacteria mats. If the sand dominated the 
ǊǳōōƭŜΣ Ψ.ŀǊŜ {ŀƴŘΩ ǿŀǎ chosen as habitat type (Figure 6). 

A B 

  
Figure 6: Still 077, consisting for 54% of Bare Sand, 35% of Bare Rubble and 11% Maco Algae.  
 
If the sand was covered with macro algae - either dense or sparse algal fields - ǿŜ ŎƭŀǎǎƛŦƛŜŘ ƛǘ ŀǎ Ψ.ŀǊŜ 
{ŀƴŘΩ ƛŦ the algal fields were covering the bottom for less than 50% (Figure 7) and we classified it as 
ΨaŀŎǊƻ ŀƭƎŀƭ ŦƛŜƭŘΩ ƛŦ ǘƘŜ ŀƭƎŀƭ ŦƛŜƭŘǎ ŎƻǾŜǊŜŘ ƳƻǊŜ ǘƘŀƴ рл҈ ƻŦ ǘƘŜ ōƻǘǘƻƳ όFigure 11) in paragraph 
2.5.1.4). 
 

  
Figure 7: Still 238, consisting for 80% of Bare Sand and 20% of macro algae. 
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If the sand was covered with algal and/or cyanobacteria mats ǿŜ ŀƭǎƻ ŎƘƻƻǎŜ Ψ.ŀǊŜ {ŀƴŘΩΣ ōŜŎŀǳǎŜ ǿŜ 
did not include algal and/or cyanobacteria mats (Figure 8) as a separate benthic species in the 
percentage cover. We only registered presence or absence of potential cyanobacteria mats, which 
could also be algal mats. 
 

A B 

  
Figure 8: Still 41Σ ŎƭŀǎǎƛŦƛŜŘ ŀǎ Ψ.ŀǊŜ ǎŀƴŘΩΣ ŎƻƴǎƛǎǘƛƴƎ for 100% of Bare Sand. Algal and/or cyanobacteria 
mats are registered as present here, but not included as a separate benthic species in the percentage 
cover.  
 
Because roughly half of our habitats turned out to be sand habitats and because there were a lot of 
them with algal and/or cyanobacteria mats like in figure 8 we also produced a sand habitat map 
(paragraph оΦсύ ǘƻ ŘƛŦŦŜǊŜƴǘƛŀǘŜ ōŜǘǿŜŜƴ Ψ.ŀǊŜ {ŀƴŘΩ ŀƴŘ ΨǎŀƴŘ ǿƛǘƘ ŀƭƎŀƭ ŀƴŘκƻǊ ŎȅŀƴƻōŀŎǘŜǊƛŀ ƳŀǘǎΩΦ 
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2.5.1.2 BARE RUBBLE 

The habitat ǘȅǇŜ Ψ.ŀǊŜ ǊǳōōƭŜΩ ǿŀǎ ŘŜŦƛƴŜŘ ŀǎΥ άRubble bottom with negligible macro benthos, were 
bare rubble cover is җ фл҈ and sparse algal cover is possible (<10%) (Table 1). During our data analysis 
ǿŜ ŘƛŘ ƴƻǘ ŎƭŀǎǎƛŦȅ ŀƴȅ ά.ŀǊŜ wǳōōƭŜέ ǘƘŀǘ ƳŀǘŎƘŜŘ ǘƘŜ ŘŜǎŎǊƛǇǘƛƻƴ ƻŦ .ŀǊŜ wǳōōƭŜ ŦǊƻƳ ǘŀōƭŜ мΦ We 
did find rubble, but this was classified under other habitats due to greater percentage cover of rock, 
sand or reef than rubble cover. Figure 9 is an example of rather high rubble cover, which was 
nevertheless not classified as Bare Rubble. 

A B 

  

Figure 9: Still 210, consists a composition of 20% Bare Sand, 20% Bare Rock and 60% of Reef. 

The 60% of Reef consists of 25% Macro Algae, 20% of Sponger, 10% of Gorgonian and 5% of 

Hard Coral. 
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2.5.1.3 BARE ROCK 

Lƴ ƻǳǊ Řŀǘŀ ŀƴŀƭȅǎƛǎ ǿŜ ŘŜǾƛŀǘŜŘ ŦƻǊ Ƴƻǎǘ ƻŦ ǘƘŜ Ψ.ŀǊŜ wƻŎƪΩ Ƙŀōƛǘŀǘ ǘȅǇŜ ŦǊƻƳ ǘƘŜ ǇǊŜŘŜŦƛƴŜŘ 
classificationΤ άRocky/hard bottom (macro) benthos negligible, ōŀǊŜ ǊƻŎƪ җ фл҈Φέ More than 90% of 
bare rock (Figure 9) did hardly occur, however predominantly rocky substrate did. On Saba the rocky 
bottoms frequently have some minor benthic cover (mainly sponges, crustose coralline algae and some 
hard coral or fire coral) up to 15% (Figure 10), and sandy patches in between the rocks of up to 40%. 
bŜǾŜǊǘƘŜƭŜǎǎ ǿŜ ŎƭŀǎǎƛŦƛŜŘ ǘƘƛǎ ŀǎ Ƙŀōƛǘŀǘ ǘȅǇŜ Ψ.ŀǊŜ wƻŎƪΩ ŀǎ ǘƘƛǎ ǿŀǎ ǘƘŜ ŘƻƳƛƴŀƴǘ ŎƻǾŜǊΦ  

A B 

  

Figure 10: Still 157, consists a composition of 45% Bare Sand, 43% Bare Rock and 12% Reef. The 
12% Reef consists of 5% Macro Algae, 6% Sponge and 1% of Gorgonian 

A B 

  

Figure 11: Still 170, consists a composition of 50% Bare Sand, 15% Bare Rock and 35% Reef. The 

15% Reef consists of 8% Macro Algae, 5% Sponge, 12% Gorgonian and 10% of Hard Coral. 

 


