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Benthic Habitat Mapping in the coastal waters of Saba Dutch Caribbean

SUMMARY

In this research benthic habitats of the Saba Marine Park were mafjeide were several reasons

for anupdated benthic habitat map: (1) to compare the current situation to the baselindy 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 fishi8j} 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
ddzRe OdzNNByidte GFrl1Ay3 LIXLFOS 2y { | olNaturg\Rorth?h y i ¢
for which habitat maps are necessary to assign monetary value at a spatial scale.

The research questions answergdthis studywere: (1)which benthic habitatsare locatedwhere; (2)

what are the rough species compositions in these habjtatsl (3) whais the structural complexityn

these habitats

Data were collected from video images made with a HD camera, which was dropped from the marine
park boat at276 sample sites. A 150x150m grid was used to select sample sites at regulacesstan
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 groopio algae, sargassum, sea grass, corals,
gorgonians and sponges) were identified and peregpt coverage of these substrates and benthos
were estimated. Tasepercentage coverage wengsed to classify the samples into ten habitat types
according to a pralefined quantitative classification scheme based on the classification scheme of
Caribbean cal reefsby Mumby Pand Harborne AR (1999)

The resulting habitat map shows that thfese 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 wereommonlypresentat other habitat types, i.e. patch and coral reeBare

rubble habitatsdid also not occur.

Besides the benthic halait 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 dhgel 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 wets presentaround

the entire island further ashoreof which the majority wast 30-50 meter depth.
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1 Introduction

TheSabaNationalMarine Parkwasestablishedn 1987 with the objectiveto preserveand managethe
marineresourcesn the coastalwatersof Saba

Sabas a DutchCaribbearislandthat usedto be part of the DutchAntillesislandsand since10 October
2010is a specialmunicipality of the Netherlands,as are Sint Eustatiusand Bonaire(FigurelA) Saba
has1800inhabitantsand hasa rockycoast.lt is 13 squarekilometresand consistsof a sleepirg volcano
with four lavadomesandits highestpoint is 877 meters.

The SabaMarine Park wa®stablishedto ensure the continued quality dhe extraordinarymarine
resources. A zoning system was applied to get the best possible compromise between nliffeses of
the marineenvironmenty; In 1992 abaseline study wasarried out to identifythe benthic habitatsn

the coastal waters of Sabahich was the basi®r the zoning plan of the Saba Marine P&/kn Beek,
2013)

The map of Saba (Figur®)lshows the current zoning plan in the Marine Pgulf, 2013) which
distinguishesnooring zones, ndake zones, recreationabmes 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 habitd 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 fisherieseach such as lobster, conch and fish
population studies; and (4) to produce value maps as part of the economic valuation study currently
GFr1Ay3a LXIFTOS 2y {Fol YR {AydG 9dzadl GAdza 02 KI (¢
habitat maps are nexssary to assign monetary value at a spatial scale.

This research into an updated benthic habitat map for Saba has been based onresaartch in Sint
Eustatiuscarried out by(Timmer andHoutepen, 2013) which identified and mapped the benthic
habitats in theSint Eustatiudarine Park. Té research by Houtepen and Timmer (2013) siaslar to
the habitat studies athe Spaanse Water in Curacao and in Lac Bay in Bortdiwever, these studies
included only a part of the islands coastal watewhile n the current study of Sab#he entire coastal
waters up to 60-meter depth have been coveredThe objective of this research was iaentify all
different types ofhabitatspresent in the coastal waters of Saba, differentlytie Curacao and Bonaire
studies where the focus was on seagrapgaies and algal beds

iy http://www.sabapark.org/about_scf/
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The objective of this researchwasto find out the benthic habitats presentin the coastalwaters of

SabaOurspecificquestionswere: (1) which benthichabitatsare locatedwhere; (2) what are the rough
speciescompositionsin these habitats; and (3) what is the structural complexityin these habitats In

orderto answerthesequestionsthe researchwas dividedin sixphasesfirst, collectingvideoimagesto

build up the benthic map by usinga drop camera;second identifying the different substratesand

benthic compositionsat each location; third, determining the rough percentagecoverageof the

subdrates and benthosat eachlocation; fourth, definingthe structural complexitycategoriesat each
location fifth, determiningthe habitat type of eachlocationbasedon substrateand benthiccoverage,;
andsixth, producinga habitat map of all locations

This researchwas carried out from August12” to January12", 2014. After a week of theoretical
trainingand preparationin the Netherlandsthe field trainingwasdonein St.Eustatiusn Augustfor 10
days from August22™ to August 31%. The fieldwork was done in Sabafrom September1® till
Decemberl®. The data analysiswas carried out in Decemberin the Netherlands,followed by the
report writing in January.

Sabahas a pleasantclimate throughout the year, with an averageannual temperature of 27.5 °C
(Willems) Thetrade winds blow throughout the yearaswell, from directionsbetween eastnortheast
and east, causinghumid air. The averageseatemperature variesbetween 26 °C and 29 °“QWillems)

Sabais situatedin the hurricanezoneandbelongsto the windward Islandsof the DutchCaribbeanThe
hurricaneseasorrunsfrom Julytill November.Thenorthern and eastern sideof the islandare exposed
to strong wave impactsand currents;this area stretchesfrom the northwest till the southeast. The
other side of the island,from the west ill the southeastis lessexposedto strongwave impactsand

currents In this areayou will find more swellsand different surfaceand bottom currents.Duringthe

rainy seasonthe averagerainfal is 1080 millimetres (Willems) The volcano Mount Sceneryis the

highestpoint (877m)of the DutchCaribbeanBecauseof its elevationandthe frequent rainfall, Mount

Sceneryis a cloud forest. Thisis a rainforest that is frequently coveredby cloudswhich leadsto a

reductionof sunlight but highbiomassbecauseof its highly moisturousand geographidocation.

TheSabaMarine Park,as shownin FigurelB, encompassethe watersand seabedencirclingthe whole
islandfrom the highwater markto 200feet (60m).In total the Marine Parkcoversapproximatelyl300
hectare(13knf). Thecurrentresearchtook placein the watersof the Marine Parkand wassupported
by the SabaConservatiorFoundation(SCF)SCHoatswere usedto collectvideoimagesat the sample
sitesand SCHesearchersyolunteersandinternscontributedto andassistedwith the fieldwork.
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2 Methods and Materials

Themethodology used was similar to the methods andterials used byloutepen and Timme2013

at Sint EustatiusA camerawas droppedrom the boatat regular distances from the shore to the outer
boundatesof the marine park. Arid of 150 x 150nwas useds a guideline tadentify sample sites to
drop the camera Afterwards the videoswvere analysedto determine the different habitats and
percentage cover of theubstrate and benthasrhe main differences of our method compared to the
study of Houtepen and Timme(2013)were the maximum depthof 60 meer instead of 30 meter,
which are the Marine park boundaries at Saba and Sint Eustatius respedtielyse of an additional
high definition camera formproved quality of the images and bettadentification of substrate and
benthic coverand a more gantitative approach to categorize habitats

For the benthic habitat mapping a ®alled drop camera was used to record the benthic habitats of
the Marine Park. The underwater video camera, a SeaVieyee SEADROP 950, was connected to
EyeTop L0 sunglasses and a 4k recording DVR. Afteweadrops, this method with the EyeTop LCD
glasses was aborted and the camera was attached to a LCD set@ehwas available from another
researchat SCKConch survey)fhe LCD screeprevented seasicknessid provided a bettetife view

of the water column andon the seaflooy thereby preventing damageo the seafloor.The other
purpose of the use of the life feed was to have a fingpressionof the benthic substrateA second
camerg aGoPro Hero3 Blaclkddion, was used to record thentire drop. The footage was made with
the highestpossibleresolution of 144 1080pixels in orderto better identify substrate, benthos and
percentage cover ithe data analysis

Both cameras were attached to a cylinderm frame(figure 2)weighing approximately &ilogram to
give balanceto both camerasand to ensure that theGoProcamerawas facingstraight down. i
addition, the frameminimizedthe influence of current®n the position of the cameralrhe SeaViewer
was placedsuch thatit could see what the GoPro camera was recording anensurethat the frame
did not get stuck behindacks.The GoPravas secured to the frame with metal bar(figure 3.
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Figure 2:The mount of the two camera
on the frame. Theed arrow indicates the
attachment of the SeaViewer on th
camera and the direction it is facing. T!
blue arrow indicates the GoPro camera.

Figure 3:The metal bar where the GoPi
camera was attached. Thélue arrow
indicatesthe directionin whichthe GoPro is
facing for the recordingThe green arrow
indicates where the lamp was placed on t
right side of the metal bar.
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Because of light reductioim deeper water, twoLight andViotion Solal200video lampswvere attached
on eachside of the samemetal barwhere the GoPro cameravas attachedBoth light beams were
centred to the place where the GoPro camera would recohe seafloor The video lampswould
facilitate better data recording andspeciesidentification However,the scravs of the lamps came
loosein the third andfourth week of the studydue tostrongcurrents Thisis thereason why the video
lamps could not be used for the remaining drops. Surprisingly, the absence dtfie lampsdid not
influence the visibility for the acording and the SeaViewars well ason the identification of the
percentagecoverof the habitats
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Sample site selection in this study wamilar tothe method ofHoutepen and Timme{2013) Sample

sites were selected using a 150150 meter grid (Figure 4). The boat was driving transect lines
perpendicular to the coast. The starting point for the transect line waapgtrox.five meter depth.
Thiswas asclose as possible to the coastline while keeping the boat at a safe distameehe coast

at the same time. From this depth the frame was dropped every 150 meter using a Garmmé&sies,
GPSMAP® 78he 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 wasaadepth 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 et8B8meter a drop was made until 5 meter depth.
This created a rough 150 x150 meter grigly makingGPS waypoints the coordinates could be
uploadedin 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 boatsttthe frame up.

depth
i Figure 4:Every point is a drop. The grid is seen
from above. Wherés meter near the cost is.
60 m

Il

150 m

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

- 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 femt55 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. Tstdls were made from the video recording, at

two different depths. The firststill was a closeaip of the sea floor and the secorslill was at five
meters above thesea floor.The use of eachtill in the data analysis explained in the nexparagraph

The five meter wasneasuredwith a rope (of five meters) and a weight. When theigye 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 theeight reaché the sea bottom. The second method used to

10
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determine when the camera was five meteabove the seafloor, was by manually pulling the rojpe
five arm-lengths to approximate five meter.

The video numbers of the sample sites wesgistered to use as unique identification number of each
sample site ando determine which video, what deptand 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 wa40 videos of approximately 3 minutes per battery.

For the data analysisvo stills were madefrom the recordingof each drop. The firsstillz  y I YSR & '!
wasa screenshot of the frame whenwtasclosest to the seafloor. The secoatill, naY S R , was&
screenshot of an overview of the habitathich wasapproximately five meterabovethe seafloor.To

make the §llsand toanalyse the videos two laptops were usedviSI GE70N and a MacBook Pro.

For the percentage coverf substrate and bnthos andthe habitat classificatiopstilla . ¢ ¢ & dza S
determine three different characteristics; substrate (sand, rock, rubble), dominant spenmsq

algae, sargassum, sea grass, cagakgonian spongé and percentage cover of theubstrate and
dominant speciesThese characteristics were the indicators for the habitat classificatierexplained

in the next paragraph

Silla! ¢ 61 & adias8uR vieWw af Mde substrate and benthom order to identify the type of
substrate and benthogresent in each drop as well as tnprove the overallestimaion of the
percentage of the different categories of vegetation.

2.5.1 Habitat classification

Habitattypes used (table 1) wersimilar 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 insteadooke reef, intermediate reef and dense reef).
The habitat classification of this stughasbased on the systeatic classification omarine habitatsin

the Caribbearby Mumby and Harbom (1999) Not only habitat types and habitat definition were
determined as in the study of Houtepen and Timmer (2013), but quantitative indicatoranfas
objective as possibldassificatiorwere added.Selected quantitative indicators were specific substrate
percentage covexgeand benthos percentage coverage

11
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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 (macrg Bare sandk90% No Sparse algal covet No No
benthos negligible possible (<10%)
GREY Bare rubble Rubble bottom (macro|. | NB& Naho f |No Sparse algal covel No No
benthosnegligible possible (<10%)
DARK BROWN Bare rock Rocky/hard bottom. I NB 90®»O1 |No Sparse algal  covel No No
(macro) benthog possible (<10%)
negligible
LIGHT GREEN Macro algae fielg Rubble/rock bottom Bare sand+rubble+roq No Algal cover dominated Sparse gorgonian No
(mainly) macro algae <50% Rubble/roc (>50%) possible (<3/rﬁ)
underneath (not bare)
LIGHBROWN | Sargassum field | Rubble bottom (mainly| Bare sand+rubble+rog Sargassum dominated| Sparse gorgonian No
sargassum <50% Rubble/roc (>50%) possible (<3/rﬁ)
underneath (not bare)
DARK GREEN| Seagrass bed |Sandy bottom (mainly|Bare sand around an Seagrass cover:| No No No
seagrass sand underneath (ng dense (>50%
bare) sparse (<50%)

12
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ORANGE Diffuse patch Sandy/rubble bottom Bare sand/rubble % |No Macro algae present aj Gorgonian present| (Living or
reef with dispersed (living or| reef % part of mixed reef as part of mixeddead) hard
dead) coral colonieg reef coral
mixed with algae between %
gorgonians and sponges 10% (may
be more)
RED Dense patch ree{ Sandy/rubble bottom Bare sand/rubble % |No Macro algae present a| Gorgonian present| (Living or
with aggregatedliving or| reef % part of mixed reef as part of mixed dead) hard
dead) coral colonieg reef coral
mixed with algae between 1
gorgonians and spwes 10% (may
be more)
PURPLE Coral reef Mainly hard substratq Reef >90% No Macro algae present a| Gorgonian present| (Living or
covered with (mainly part of mixed reef as part of mixeddead) hard
hard corals, mixedwith reef coral
algae, gorgonians an between 1
sponges 10% (may
be more)
BLUE Gorgonian reef | Rubble/hard  substrat¢ Rubble/rock No Algal cover possible (2:d Number of | <1%
covered with (mainly] underneath/  around 30%) gorgonian  dense
soft corals (bare and not bare) (>3/m° usually
>8/m°) sparse
(<3/m°)

13
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For eactstill percentagecoverage was estimatefdr the three substrate types andightbenthos types
and entered in a Data input shegtgpendix ll).

As part ofthe data analysiglso thestructural complexityat each siteandthe presence oabsenceof
cyanobacteriaand Acroporaspeciegbranching corals) were recorde@here were 6 categorsefor the
structural complexity{Appendix V)according to the methodology of Polunin and Roberts (1993)

The extra sampling of different types of vegetation was performed by SCUBA diving as by the study
of Houtepen and Timmer (2013), but the intentiavas to use thestilsd ! ¢ F2NJ G KA AP |
quality of the GoPro was not good enough to do so

2.5.1.1 BARE SAND

¢CKS KIFIoAGIKYyR@ LB a. Jrdigdopdikh rlegligiblemacro benthos, where bare
sandcoverA a x(Taberl) Figure 5 shows an example ohabitat tha satisfied the definition of
Yol NPRQ®

A B

A~

Figure 5:Still101x  Of | aBale BNV R I f@yoars a G A y 3
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Ly 2dzNJ RIFGlF Fylrfeara ¢S RSOAL nypes franthIpradefiviesl 2 F
classification 0f90% bare sand. The sand was in some stills less than 90% and mixed with some minor
rubble (up to 15%), sparse macro algael algal and/or cyanobacteria matéthe sand dominated the
NHzo 6 f ST W. dhosdh ag habjitdR @perilirei6)

A B

Figure 6:Still077, consistinor 54%o0f Bare and, 35%of Bare Rubbland 11% Maco Algae

If the sand was covered with macro algagither dense or sparse algal fieldg S Of a3 A FA SR
{ I y R aldaffields were covering the bottom for less than 50% (Figuand we classified it as

Wal ONR |f3Ff FASEtRQ AF (GKS I 3 fFigdé 13 iniRatagraph 9 S NB
2.5.1.9.

: by :
Figure7: Still238, consistingor 80%of Bare Sandand 20% of macro algae

15
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If the sand was covered with algandor cyanobacteriamatsg S | £ a2 OK22aS W. | NB
did not include algaand/or cyanobacteria matgFigure8) as a separate benthic speci@s the
percentage coverWe onlyregistered presence or absence of potential cyanobacteria mats, which
could also be algal mats.

. £
Figure 8Still41>  Of | 4.4aIANB SRI ¥ R XPO0Daf Padie Badndi Mgyl And/or cyanobacteria
mats are registered as present here, gt included as a separate benthgpecies in thgercentage
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 sanththanap
(paragrapho ®c 0 (12 RATFSNBYYVRQGSYRSWHISYHKR &#A OGNS §IFE |
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2.5.1.2 BARE RUBBLE
ThehabitatG & LIS W. I NB Nlzo coRuBkle bdttbniwithmé&gligiblgnsabro Herthdswere
bare rubblecover isx  damtisparse algal coves possible (<10%()lable 1)During our data analysis

S RAR y204 OflraaAirfe lyeé& a.|I NB wdzoofSé¢ GKWE YL i

did find rubble, but this was classifiethder other habitatsdue to greaer percentagecover of rock,
sand or reefthan rubble cover. Figure 9 isan exampleof rather high rubble cover, which was
nevertheless not classifieas Bare Rubble.

A

Figure9: Still 210, consists a composition of 20% Bare Sand, 20% Bare RogB%rof Reef
The 60% of Reef consists of 25% Macro Algaes of Sponger,0% ofGorgonian and 5% c
Hard Coral

17
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2.5.1.3 BARE ROCK

Ly 2dzNJ RFGF Ftylrftearaa ¢S RSOAFIGSR F2N vyz2ad 27

classificatiom Raiky/hard bottom(macro) benthos negligibjé® I NB N2 ONorexhar90% df ¢

bare rock(Figue 9) did hardly occur, however predominantly rocky substrate did. On Saba the rocky

bottoms frequently have some minor benthic cover (mainly sponges, crustose coralline atjaerae

hard coral or fire coral) up to 15%igue 10), and sandy patches in between the rocks of up to 40%.

bSOSNIKSt Saa ¢S OflaaAFASR GKAA a KFoAadld GeLis
A B

Figure 10 Still 157, consists a compositicof 43% Bare Sah 436 Bare Rock and 12% Reef. ”
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 RocklaRe&f. The
15% Reef consists of 8% Maeédgae, 8 Spongel2% Gorgonian and ¥®of Hard Coral.
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