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Mission Purpose: 
 
The intent of this field mission is three fold: (1) to spatially characterize the distribution, 
abundance and size of both reef fishes and conch within and around the waters of Buck Island 
Reef National Monument (BUIS) and the East End Marine Park (EEMP) of St. Croix, (2) to relate 
this information to in-situ data collected on associated habitat parameters, (3) to use this 
information to establish the knowledge base necessary for enacting management decisions in a 
spatial setting and to establish the efficacy of those management decisions.  
 
Project Managers:  
  
Kimberly Woody (NOAA): (301) 713-3028 ext. 229 
Mark Monaco (NOAA): (301) 713-3028 ext. 160 
Zandy Hillis-Starr (NPS): (340) 773-1460 ext. 35 
 
Background: 
 
Buck Island Reef National Monument (BUIS) was created in 1961 by President Kennedy to 
preserve its pristine tropical reef environment. The original monument encompassed an 880 acre 
area including the island and surrounding submerged lands. This submerged land area was 
divided to include a protected “Marine Garden” (259 acres) and an area of restricted fishing (445 
acres). These regulations which have been in effect until recently have only been loosely 
enforced. In 2001, President Clinton extended the monument boundaries increasing the original 
monument area 20 fold and making the entire monument a no-take/no-anchoring zone. As of this 
year, personnel to enforce these regulations are in place.  
 
In January 2003, following a collaborative process involving federal and local resource managers, 
scientists, NGOs, stakeholders, academia and others, the St. Croix East End Marine Park 
(EEMP) was established as a first leg of a larger Marine Park System Plan that seeks to protect 
sensitive habitats from damaging activities. The newly designated park encompasses an area of 
155 square kilometers (60 square miles) of territorial waters and 17 miles of shoreline. 
Sustainable use and resource protection will be accomplished through the implementation of four 
use-zones: open fishing areas, recreational areas, no-take zones and a turtle wildlife preserve. 
 
It is critical with these recent changes in management that action is taken now to accurately 
describe and characterize the fish populations in these areas. Knowledge of the current status of 
fish communities coupled with longer term monitoring will enable evaluation of management 
efficacy, thus it is essential to future management actions. To that end, the National Park Service 
(NPS) together with NOAA’s Biogeography Branch reinitiated the reef fish monitoring program at 
BUIS in February 2001. In 2003 the Virgin Islands Department of Planning and Natural 
Resources (DPNR) joined this collaborative effort. 
 
Characterization and monitoring of the BUIS and EEMP fish communities requires a quantitative 
measure of the spatial distribution and variation of that community. These measures will enable 
managers to make targeted management decisions (e.g. where to allow mooring or where to 
allow recreational activities such as snorkeling and SCUBA diving). Additionally, the spatial 
setting, both within and outside protected regions allows managers to assess the impact, if any, 
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of a change in regulation such as the prohibition of fishing. It also enables analysis of any 
differential effect (i.e. the effect may be the same throughout the region or it may be more 
effective toward an edge or center of a management area).    
 
General Approach: 
 
To quantify spatial distribution patterns and make meaningful interpretations, we must first have 
knowledge of the underlying variables determining species distribution. The basis for this work 
therefore, is nearshore benthic habitats maps (<100 ft depth) created by NOAA’s Biogeography 
Program in 2001 and NOS’ bathymetry models. Using ArcView GIS software, the digitized habitat 
maps are stratified to select sampling stations and combined with the bathymetric models to 
define species habitat utilization patterns. Sites are randomly selected within strata to ensure 
coverage of the entire study region and not just a particular reef or seagrass area.  
 
Methods: 
Using a handheld GPS unit, the boat captain will navigate to previously selected sites (Figure 1). 
Once on site, two or three divers will be deployed and will maintain contact with each other 
throughout the entire census. At each location, information on conch and reef fish species’ size 
and abundance as well as detailed site-specific habitat information is collected and linked back to 
the habitat and bathymetry maps. Each diver is assigned a specific task (see table below) based 
on NOAA’s census methodology (see appendix below) for the duration of the mission.  
 
Based on estimates from past NOAA missions using these protocols, dive time should be 
between 20 to 45 minutes depending on substrate type, complexity and depth. The majority of 
diving will take place at depths less than 50 feet, and no dives are expected to exceed 90 feet. As 
such, each dive team need collect data at no more than two "deep" sites/day (planned as the 
initial dives each morning). As an added level of safety, NITROX 32 and NITROX 36 will be 
utilized by divers. All diving is to be done within NOAA/NPS diving regulations. NPS daily dive 
logs and NPS dive log spreadsheets will be completed by each diver.  
 
While the latitudes and longitudes of the sampling stations will be chosen ahead of time, it is the 
duty of each team leader to plan each day's dives for his/her team the preceding evening. This 
cannot be done further in advance, as weather conditions, sea state, or other complications are 
impossible to forecast. Once the daily dive plan has been developed, each team leader will 
communicate these logistics to his/her team members to gain consensus. 
 
Logistics: 
NOAA personnel will be on St. Croix, USVI by Sunday, 25 October, 2009. All dive team members 
will meet at the fort at 8:00am Monday to discuss any last minute arrangements. Sampling will 
commence that same day and proceed through Friday of the following week. Two park service 
boats will be needed, each captained by a driver who has successfully completed the 
requirements of the Motorboat Operator Certification Course (e.g. Hank, Richard, Andy, Shelby, 
Ian, Erinn, Ben, Randy, Kim). Additionally, each boat will contain a minimum of two divers for a 
full complement of three people per team. Captains will remain topside to facilitate live-boating 
(avoid dropping anchor, minimize damage to resources) and will remain ready to render 
assistance should the need arise. The habitat stratification is divided into two major habitat types: 
hardbottom which includes reef, pavement, etc. (80 sites hardbottom total) inside BUIS and 
EEMP; and softbottom which consists of sand and seagrass (22 sites softbottom total) inside 
BUIS and EEMP.  There are also 20 lagoon sites (10 inside BUIS and 10 inside Teague Bay). 
This breaks down to 61 dives/boat or 6.1 dives/day. 
 
Special Additions to this Mission: 
Lionfish 
As part of a response to lionfish sightings at the Frederiksted Pier, this mission will serve as 
continuing exploratory work on the status of lionfish in and around Park waters. Early detection 
will allow BUIS to respond proactively, rather than reactively, with efforts to effectively manage 
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this invasive species and its potential for catastrophic ecological effects and severe health/safety 
impacts. Work will include sampling marine habitats within and nearby BUIS to assess lionfish 
abundance and distribution. At sites that have the minimum complement for the regular mission 
work, the fish transect diver, after completing the fish survey, will swim the site searching for 
lionfish. At sites where additional divers are available, these divers will swim the site searching for 
lionfish. Any fish found will be photographed, captured and brought aboard. 
 

Coral Disease 
Erinn Muller, a Nancy Foster Scholar, will continue data collection for the collaborative 
investigation of coral disease. This study examines the spatial distribution of coral diseases and 
will provide baseline disease prevalence information over varying spatial scales by surveying a 
large area over a short period of time.  These surveys will establish spatial distributions of coral 
disease and examine differences in spatial patterns in relation to depth and protection status. The 
methodology is described elsewhere but includes video-taping a 10mx10m quadrat that 
encompasses the first 10 m of the fish transect survey, allowing for disease detection along the 
fish transect. Set-up, video-taping, and break-down of the quadrat occurs simultaneously with the 
other surveys.  
 

Week 1 Dive Teams 

Method Boat 1 Boat 2 

Transect Ben Ruttenberg/Mark Monaco (NOAA)  Kimberly Woody (NOAA) 
Other/Train  Mark Monaco/Ben Ruttenberg (NOAA) 

Habitat Laurie Bauer (NOAA)* Randy Clark (NOAA)* 

NF Scholar Erinn Muller (FIT/NPS) - 

Driver Hank Tonnemacher Richard Gideon (TNC)/Andy Estep (NPS) 

 
Week 2 Dive Teams 

Method Boat 1 Boat 2 

Transect Matt Kendall (NOAA) Andy Estep (NPS) 

Other/Train Anne Marie (TNC – Lionfish) Bryan Costa (NOAA) 

Habitat Laurie Bauer (NOAA)* Kimberly Woody (NOAA)* 

NF Scholar Erinn Muller (FIT/NPS) - 

Driver Hank Tonnemacher Rich Berey/ Rick Starr 

*Team Leader 
 
Relevant Biogeography Program Publications: 
Christensen, J.D., C. Jeffrey, M.E. Monaco, C. Caldow, M. Kendall and R. Appledorn. (2003) Cross-shelf 

habitat utilization patterns of reef fishes in southwestern Puerto Rico. Gulf and Caribbean Research 
14: 9-27.  

Kendall, M.S., J.D. Christensen, C. Caldow, M. Coyne, C. Jeffrey, M. Monaco, W. Morrison, Z. Hillis-Starr 
(2004) The influence of bottom type and shelf position on biodiversity of tropical fishes inside a 
recently enlarged marine reserve. Aquatic Conservation 14: 113-132. 

Kendall, M.S., J.D. Christensen, Z. Hillis-Starr. (2003) Multi-scale data used to analyze the spatial 
distribution of French grunts, Haemulon flavolineatum, relative to hard and soft bottom in a benthic 
landscape. Environmental Biology of Fishes 66: 19-26. 

Kendall, M.S., C.R. Kruer, K.R. Buja, J.D. Christensen, M. Finkbeiner, and M.E. Monaco. (2001) Methods 
Used to Map the Benthic Habitats of Puerto Rico and the U.S. Virgin Islands. NOAA/NOS 
Biogeography Program Technical Report. Silver Spring, MD, 45p. 

Monaco, M.E., J.D. Christensen, A.M. Friedlander, M.S. Kendall, C. Caldow (2003) Quantifying habitat 
utilization patterns of U.S. Caribbean and Hawaii reef fish to define marine protected area 
boundaries: the coupling of GIS and ecology. In Proc. 13

th
 Biennial Coastal Zone Conference, 

Baltimore, MD, July 13-17, 2003. NOAA/CSC/20322-CD. CD-ROM. Charleston, SC: NOAA Coastal 
Services Center. 

Pittman, Simon, Sarah D. Hile, Christopher F.G. Jeffrey, Chris Caldow, Matthew S. Kendall, Mark E. 
Monaco, and Zandy Hillis-Starr. 2008. Fish assemblages and benthic habitats of Buck Island Reef 
National Monument (St. Croix, U.S. Virgin Islands) and the surrounding seascape: a 
characterization of spatial and temporal patterns. NOAA Technical Memorandum NOS NCCOS 71. 
Silver Spring, MD. 96 pp. 
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Appendix: Detailed Methodology for Characterization and Monitoring of Reef Fish Communities 
 

There are three complementary components to our field methodology. The first is a 25m 
long belt transect used to quantify fish species’ size and abundance. This component is 
particularly effective for sampling multiple habitat types such as mangroves where the diver is 
able to swim adjacent to the prop roots, or reefs, where it enables the diver to see what is on the 
distal side of structures. Additionally, high visibility is not as essential as with the second 
component, a point-count. The point-count methodology has historically been used in the Virgin 
Islands and Florida Keys for examination of reef fish communities. By continuing to make use of 
the same methodology it enables us to compare current data against historical record. Fish data 
collected from these two components can then be related back to large-scale habitat information 
to identify spatial patterns in community structure. Finally, the third component involves taking 
detailed habitat measurements along the belt transect. These measurements can later be 
correlated to the fish data in order to gain insight into small-scale fish-habitat relationships. 
 
Belt Transect Fish Census: 

The belt transect diver obtains a random compass heading prior to entering the 
water and records the compass bearing (0-360

o
) on the data sheet. This compass heading 

should allow the diver to stay on the specific habitat type they are intending to census without 
crossing over into a neighboring habitat. On site, no attempt to avoid structural features within a 
habitat such as a pile of conch shells, a sand patch or a tire in a seagrass or sand area should be 
made as these features affect fish communities and are “real” features of the habitats. Visibility at 
each site must be sufficient to allow for identification of fish at a minimum of 2m away. Once 
reasonable visibility is ascertained, the diver attaches a tape measure to the substrate and allows 
it to roll out as progress is made along the chosen compass heading for a distance of 25m. The 
transect should take 15 minutes regardless of habitat type or number of animals present. 
This allows more mobile animals the opportunity to swim through the transect, and standardizes 
the samples collected to allow for comparisons. As the tape roles out at a relatively constant 
speed, the diver records all fish species to the lowest taxonomic level possible that come within 
2m of either side of the transect. Each survey is 100m

2
 in area (25m length X 4m width). To 

decrease the total time spent writing, four letter codes are used that consist of the first two letters 
of the genus name followed by the first two letters of the species name. In the rare case that two 
species have the same four-letter code, letters are added to the species name until a difference 
occurs. If the fish can only be identified to the family or genus level then this is all that is recorded. 
If not even the family can be identified then no entry is necessary. The number of individuals per 
species is tallied in 5cm size class increments up to 35cm using visual estimation of fork length. If 
an individual is greater than 35cm, then an estimate of the actual fork length is recorded. 
Although the habitat should not be altered in any manner by lifting or moving structure, the 
observer should record fish seen in holes, under ledges and in the water column. To identify, 
enumerate, or locate new individuals a diver may move off the centerline of the transect as long 
as they stay within the 4m transect width and do not look back along area already covered. The 
diver is allowed to look forward toward the end of the transect for the distance left along the 
transect (i.e. if the diver is at meter 15, he can look 10 meters distant, but if he is at meter 23, he 
can only look 2 meters ahead). In mangrove areas the diver swims close to the prop roots and 
looks as far into the mangroves as possible, up to 2m and then out to the edge of the mangrove 
overhang such that the total area surveyed is still 100m

2
. In this case, some of the survey may 

necessarily fall on seagrass habitat. This is allowed as the mangrove habitat is defined as a 
transition zone habitat. As soon as the belt transect diver has passed the 5 m mark, the point-
count and habitat divers begin their work. 

 
Point-count Fish Census: Bohnsack-Bannerot (1986) 

The point-count diver records all fish species seen within a vertical cylinder of radius 
7.5m that extends from the substrate to the surface of the water. Using a random number of fin 
kicks and a randomly chosen compass heading the center of the cylinder is positioned to the side 
or behind the tape rolled out by the belt-transect diver such that there is no overlap between the 
two surveys. The point-count diver also makes no attempt to avoid features within a habitat (see 
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above). While staying at the center point of the cylinder the point-count diver slowly rotates in a 
circle. All species seen within the cylinder during a 5 minute period are recorded using the 4 letter 
codes described above. After the 5 minutes are up, the diver records the number and size (in 
5cm size class increments) of individuals seen for each species identified. This is done during 
one full rotation per species in order from the bottom of the list to the top. Only schools of fishes 
unlikely to remain in the cylinder past the first 5 minutes are enumerated and measured during 
the initial time period. In the instance where species observed in the initial period are no longer 
seen in the area the count and measurement are done by memory. After completion of the point-
count survey, the point-count diver and the belt transect diver conduct habitat rugosity 
measurements (see below). Point count data are collected only when there are adequate 
numbers of divers or when there are divers-in-training.  
 
Habitat Composition Census: 

The habitat diver follows the belt-transect diver and records data on small-scale benthic 
habitat composition and structure along the 25-m transect. The habitat diver places a 1 m

2
 

quadrat divided into 100 (10 x 10cm) smaller squares (1 square = 1 % cover) at 5 separate 
positions. Each position is randomly chosen before entering the water such that there is one 
random point within every 5 m interval along the transect. Percent cover is obtained as if looking 
at the quadrat in a two dimensional plane (i.e. a photograph) vs. three dimensions where percent 
cover could add up to greater than 100%. 
 
Data are collected on the following: 
 
1) Logistic information - (diver name, dive buddy, date, time of survey, site code, and meter #’s 

at which the quadrat is placed). 

2) Habitat structure - to characterize the benthic habitats of the dive site, the habitat diver first 
categorizes the habitat structure of the site (e.g., hard, soft or mangrove). The habitat 
category to which a site is assigned should be made independently of the map so that in-situ 
data can be used for map validation. 

3) Abiotic footprint - defined as the percent cover (to the nearest 1%) of sand, rubble, hard 
bottom, fine sediments, and other non-living bottom types within a 1 m

2
 quadrat. Rubble 

refers to large or small rocks and coral fragments that are moveable; immovable rocks are 
considered hard bottom. The percent cover given as a part of the abiotic footprint should total 
100%. In a seagrass area for example, despite the fact that seagrass may provide 50% 
cover, the underlying substrate is 100% sand, so this is what is recorded.  

To estimate % cover, the habitat diver first positions the quadrat at the chosen meter mark 
along the transect tape. If the meter mark is an odd number, then the quadrat is placed on left 
side of the tape; if even, it is placed on the right. Centering the quadrat over the tape 
measure as was done previously is no longer an option. Next, the habitat diver lays the 
quadrat along the substrate (regardless of the slope) and estimates % cover based on a two-
dimensional (planar) view (e.g. if bottom is sloping, the quadrat is not held horizontally). Also, 
the diver should try to use the same planar view for all estimates of % cover. 

4) Biotic footprint - defined as the percent cover (to the nearest 1%) of algae, seagrass, live 
corals, sponges, gorgonians, and other biota within a 1 m

2
 quadrat. The remaining cover is 

recorded as bare substrate to bring the total to 100%. Again, the diver must use a planar view 
to estimate % cover of the biota. Seagrasses and gorgonians should not be stacked upright. 
For example, if a single seagrass blade crosses 10 squares, then total seagrass coverage 
should be the sum of the area taken up by that blade in all 10 squares instead of the area 
covered if the blade was held upright. Species covering less than 0.1% of the area are not 
recorded. Taxa are identified to the lowest level possible: hard corals and seagrasses - 
species; sponge – sponge; gorgonians - morphological group; algae - macroalgae (>1cm), 
cyano/filamentous, rhodoliths, crustose algae or turf algae/DCA. 
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When estimating percent cover, it is important to realize there is a balance between precision 
and time. For stony corals, the approximate area covered by living coral tissue is recorded. 
Coral skeleton (without living tissue) is usually categorized as turf algae or uncolonized 
substrate. Dead coral refers to coral skeleton that has recently lost living tissue because of 
disease or damage, and has not yet been colonized by turf algae. Turf algae include a mix of 
short (<1cm high) algae that colonizes dead coral substrate. 

5) Transect depth profile - the depth at each quadrat position. Depth is measured with a digital 
depth gauge to the nearest 1 ft. 

6) Maximum canopy height – for each biota type, height of both hard (e.g., corals) and soft (e.g., 
gorgonians, seagrass, algae) structure is recorded to the nearest 10cm. 

7) Rugosity - measured by placing a 6-m chain at two randomly selected positions along the 25-
m belt transect. The chain is placed such that it follows the substrate’s relief along the 
centerline of the belt transect. Two divers measure the straight-line horizontal distance 
covered by the chain. The chain is placed on top of any hard substrate encountered, but not 
on top of soft corals or sponges since we are measuring hard bottom rugosity. Data on 
rugosity are collected for reef sites only. Rugosity measurements typically are made by the 
point-count and belt-transect divers while awaiting the completion of other benthic habitat 
measurements by the habitat diver. 

8) Proximity of structure – on seagrass and sand sites, the habitat diver records the absence or 
presence of reef or hard structure within 3m of the belt transect. A score of zero (0) indicates 
that no reef or other hard structure is present; one (1) indicates that a reef or hard structure 
smaller than 4m

2
 is present; and (2) indicates that a reef or hard structure larger than 4m

2
 is 

present. The point-count diver also uses this scoring system to record the absence, 
presence, and proximity of reef or hard structures within their cylinder. 

9) Abundance, size, and maturity of queen conch (Strombus gigas) – conch encountered within 
the 25x4m belt transect are enumerated. The maturity of each conch is determined by the 
flare of the lip (flared lip = mature conch). No measurements are taken.  

10) Abundance of spiny lobsters (Panilaurus argus) – measured by counting the number of 
lobsters encountered within the 25x4m belt transect. No measurements are taken. 

11) Abundance of Diadema antillarium - measured by counting the number of Diadema 
encountered within the 25x4m belt transect. No measurements are taken. 

12) Marine debris – when debris is encountered within the 25x4m belt transect, type of debris 
(e.g. plastic bag, car tire, aluminum can), area (cm

2
), area affected by debris (cm

2
) and what 

organisms are colonizing the debris (if any) are recorded.  

13) Photography – the habitat diver will take photos to maintain an anecdotal and permanent 
visual description of the sites that were sampled.  

 

 


