


 

140 
 

 

 
Figure 4.6.1.1. The Buck Island National Park (BUIS) (top), U.S. States Virgin Islands boundary (inset), 
with major benthic cover categories designated. Map of BUIS (bottom), showing locations of permanent 
monitoring sites of the NPS South Florida Caribbean Inventory & Monitoring Network and the USVI 
Territorial Coral Reef Monitoring Program. Areas in bright red are coral reef or hardbottom habitats 
overlain on shallow water bathymetry. These hardbottom areas support large populations of stony corals. 
Areas in blue are deeper than 40 m. Pink boundaries are the Buck Island National Monument (center) 
and the St. Croix East End Marine Park (below). Areas deeper than 30 m are poorly mapped and 
characterized. Bathymetry and habitat designations accessed from NOAA (August 8, 2019; 
https://products.coastalscience.noaa.gov/collections/benthic/default.aspx) 
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Data and Methods  
This section describes the data types and methods used in establishing coral reference values as well 
current conditions and trends. There have been numerous short- and long-term monitoring efforts for 
corals in BUIS since the 1970s (Figure 4.6.1.1, Figure 4.6.1.2, Table 4.6.1.1). 

 
Figure 4.6.1.2. Close up aerial photograph of Buck Island showing locations of transects established by 
Gladfelter et al. (1977). Transects extended from the shoreline across the barrier reef. Imagery from 
NOAA 2006–2007 natural color orthophotos covering the islands of Puerto Rico, Culebra, Vieques, St. 
Thomas, St. John, and St. Croix (ads40_pr_rgb). 

Table 4.6.1.1. Coral reef monitoring sites of the NPS South Florida/Caribbean Inventory & Monitoring 
Network (SFCN) and the USVI Territorial Coral Reef Monitoring Program (TCRMP). 

Program Island Site Latitude Longitude Depth (m) 

NPS-SFCN St. Croix Buck Mesophotic 1 17.80542 −64.59779 31 

NPS-SFCN St. Croix Buck Mesophotic 2 17.80480 −64.59623 34 

NPS-SFCN St. Croix Buck Mesophotic 3 17.80632 −64.59853 33 

NPS-SFCN St. Croix Buck Mesophotic 4 17.80669 −64.60041 33 

NPS-SFCN St. Croix South Fore Reef 17.78456 −64.60960 13 

NPS-SFCN St. Croix West Spur and Groove 17.79962 −64.63603 9 

TCRMP St. Croix Buck Island-St. Croix 17.78500 −64.60917 15 

TCRMP St. Croix Buck Island-MCE 17.80659 −64.59935 33 
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Acropora monitoring 
Assessments of A. palmata and staghorn coral (Acropora cervicornis) populations have been 
conducted within BUIS starting in 1976 (Gladfelter et al. 1977, Rogers et al. 2003). Subsequent to 
the excellent summary of Acropora trends in St. Croix by Rogers et al. (2003), further assessments 
were conducted to understand the distribution of elkhorn coral and white band disease (Mayor et al. 
2006), the response of elkhorn to thermally induced bleaching in 2005 (Lundgren and Hillis-Starr 
2008), and the distribution of elkhorn and staghorn corals and their long-term trajectories (Smith et 
al. 2014).  

Discontinued and spatially randomized monitoring efforts 
A few programs started but stopped prior to 2017. The work of the NPS and researchers at the West 
Indies Laboratory of Fairleigh Dickinson University (1972–1989) provided a great deal of 
information on coral reefs of BUIS prior to some of the major events that degraded coral abundance 
starting in the late 1970s. The programs are used in the resource condition assessment to establish 
reference conditions and to show evidence of early degradation of some coral resources. Most of the 
data are from around the eastern barrier reef of Buck Island and the adjacent lagoon and fore reef 
(Figure 4.6.1.1, Figure 4.6.1.2). Long-term projects included the establishment of five monitoring 
sites across the eastern Buck Island barrier in 1976 (Figure 4.6.1 2, Sites B-1 to B-5) which served as 
focal areas for transect studies of benthic structure and coral diversity (Gladfelter et al. 1977). 
Gladfelter et al. (1977) initially surveyed these five sites by collecting data from 15–35 haphazardly 
chosen 1 m2 quadrats or contiguous 1 m2 quadrats per site to record benthic cover and coral 
abundance (frequency). These transects formed the basis of subsequent studies using slightly 
different methodologies in 1985 (Anderson et al. 1986) and 1988 (Bythell et al. 1989). Bythell et al. 
established three permanent monitoring sites in these same areas using four marked 20 m transects 
that estimated coral cover using the chain transect methodology (Bythell et al. 2000). The transects 
established by Bythell et al. were monitored from 1990–2000. 

Additional monitoring resources include the NOAA National Coral Reef Monitoring Program 
(NCRMP) and the NOAA Biogeography Program (National Centers for Coastal Ocean Science), 
which conducted randomized site surveys within BUIS. They were conducted after reference 
conditions were established and are less appropriate for characterizing coral trends. However, they 
can portray spatial distribution of coral resources during the period of monitoring. 

Ongoing long-term monitoring 
Additional long-term programs have assessed stony coral and benthic cover within BUIS since 2001 
to 2017. These programs are used in the resource condition assessment to show trends in coral 
condition after the reference conditions were established. These programs utilized fixed permanent 
transects to assess coral reef resources over time (longitudinal monitoring).  

The NPS South Florida/Caribbean Inventory & Monitoring Network (SFCN) quantified benthic 
community trends at three sites in BUIS (Figure 4.6.1.1, Table 4.6.1.1). Monitoring protocols are 
described for SFCN here https://www.nps.gov/im/sfcn/index.htm. SFCN established 20, 10 m long 
transects at each site, with the exception of the BUIS Mesophotic Coral Ecosystem site, which had 
16 transects. Each transect was randomly placed initially and then permanently marked. The site 

https://www.nps.gov/im/sfcn/index.htm
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West Spur and Groove was monitored from 2000–2014 and was located about 1.5 km to the 
northwest of Buck Island at 9 m depth and represents habitats of this area (26,365 m2). The site was a 
low stony coral cover, but diverse, hardbottom habitat dominated by epilithic algal turfs and 
gorgonians. Monitoring frequency was reduced (from annual to periodic) due to persistent low coral 
cover. Another site approximately 300 m southeast of Buck Island, BUIS South Fore Reef, has been 
monitored by SFCN since 2002. This site is located in 13 m water depth and is primarily composed 
of boulder star corals (Orbicella annularis) surrounded by patches of sand and represents a 
surrounding habitat of 40,753 m2. About 2.5 km northeast of Buck Island lies a mesophotic (> 30 m 
water depth) bank reef complex that is very well-developed. SFCN maintains four randomly selected 
sites, each with 4, 10 m long transects, that represent the BUIS MCE site (99,416 m2; 27–41 m 
depth). This site is dominated by the knobby star coral Orbicella franksi. These sites were established 
in April 2017. 

USVI Territorial Coral Reef Monitoring Program (TCRMP) quantified benthic community trends at 
2 sites in BUIS (Figure 4.6.1.1, Table 4.6.1.1). Monitoring protocols are described for TCRMP here 
https://sites.google.com/site/usvitcrmp/. TCRMP established 6, 10 m long permanent transects per 
site. TCRMP Buck Island was established in August 2001, approximately 100 m from SFCN BUIS 
South Fore Reef site (Figure 4.6.1.3), in a similar habitat and depth (15 m) and is also dominated by 
O. annularis. The site was initially established with 3 transects radiating out from a single point, and 
these were augmented with 3 additional transects in 2003. Co-located with the SFCN BUIS MCE site 
is the TCRMP Buck MCE site (33 m depth; Figure 4.6.1.4). The TCRMP Buck MCE shares many of 
the same characteristics of the BUIS MCE site and was established in partnership with SFCN to 
augment their data collection (e.g., coral health). This TCRMP site was also established in 2017. 

At each of the SFCN and TCRMP sites similar methodologies are used to monitor benthic cover. 
Temporary transect lines are stretched between permanent marking stakes. Divers swim with a 
downward pointing digital video camera along the transect to film the benthos in a 40–60 cm wide 
swath. Digital video quality has been improved through the lives of these programs as technology has 
improved, resulting in more detailed images. From the images, non-overlapping still frames are 
captured and analyzed to quantify benthic cover (Kohler and Gill 2006). Benthic cover (%) was 
calculated for major sessile epibenthic organisms. In addition, along TCRMP transects each coral 
colony intercepted by the transect line is assessed for health indicators following a modified Atlantic 
and Gulf Rapid Reef Assessment protocol (Kramer et al. 2005, Smith et al. 2016a).  

Benthic cover trends of dominant stony coral taxa and other living sessile organisms are presented in 
this assessment to evaluate long-term changes after reference conditions were established. In 
addition, to understand coral community composition at each site, the relative coral cover among 
coral taxa (cover of species X/total stony coral cover) were calculated from all available data across 
all years of monitoring. Caution should be used in comparing total species richness across sites, since 
sampling effort was unequal due to length of the record (i.e., sites monitored for longer periods may 
have more species recorded by chance). 

 

https://sites.google.com/site/usvitcrmp/
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Figure 4.6.1.3. Representative photo of the boulder star coral (Orbicella annularis) community at Buck 
Island, St. Croix monitoring site of the Territorial Coral Reef Monitoring Program. (Depth 14m; Nov. 1, 
2018; Photo credit: Rosmin Ennis) 

 
Figure 4.6.1.4. Representative photo of the knobby star coral (Orbicella franksi) community at Buck 
Island Deep, St. Croix monitoring site of the Territorial Coral Reef Monitoring Program. (Depth: 33m; Nov. 
1, 2018; Photo credit: Rosmin Ennis) 
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Reference Conditions/Values  
When monitoring started in 1976 the coral reefs around BUIS were exceptionally healthy and well-
developed (Rogers et al. 2008, Steneck 2014). In general, there was high coral cover and low algal 
cover. The latter indicates well grazed surfaces and limited coral-algal competition for benthic space. 
According to Gladfelter et al. (1977), the areas monitored during this time period were within three 
major zones, the lagoon between the Buck Island barrier reef and the island shore, the bank barrier 
reef shelf, and the bank proper seaward of the barrier reef. In 1976, the lagoon was largely sediment 
and hardbottom with scattered massive coral heads (Figure 4.6.1.2, Table 4.6.1.2). However, there 
was an extensive population of the hybrid Acropora prolifera in the western lagoon with a benthic 
cover of ~60%. Algal cover here was about 20%. The lagoon edge of the barrier reef was more 
diverse and well developed than inside the lagoon, and was dominated by Pseudodiploria strigosa, 
Pseudodiploria clivosa, and Porites astreoides (Table 4.6.1.2). Algal cover was about 10% along the 
lagoon edge. The turbulent seaward side of barrier reef was a true elkhorn reef, with >50% total coral 
cover and >30% A. palmata cover, and lesser amounts of the hydrocoral Millepora complanata 
(Table 4.6.1.2). The seaward bank reefs were a more diverse reef community of about 27% coral 
cover, that was co-dominated by Orbicella annularis, Siderastrea siderea, and Porites porites (Table 
4.6.1.2). Also apparent from photographs of the seaward bank zone were commingled colonies and 
thickets of Acropora cervicornis that had coverage of 1.7% (Gladfelter et al. 1977). Algal coverage 
within the seaward bank zone was 20%. 

Table 4.6.1.2. Benthic cover of select areas of Buck Island in 1976. Sites as described in Figure 4.6.1.1. 
Top three stony coral or hydrocoral species (by cover) shown and presented as absolute benthic 
coverage. Data adapted from Gladfelter et al. 1977. Estimates are from 15–35 haphazardly or 
sequentially placed 1 m2 quadrats. 

Zone Location/coral species 
Coral 

cover (%) 
# colonies 

per quadrat H’ 
# 1 m2 quadrats/ 

depth (m) 

Lagoon 

South Shore 7.0 – 1.8 15 / 1–3 

Porites astreoides 3.7 2.7 – – 

Pseudodiploria strigosa 1.6 1.2 – – 

Siderastrea radians 1.0 2.7 – – 

Head Coral (n. cut) 18.1 – 1.8 20 / 2–3 

Pseudodiploria strigosa 7.9 1.4 – – 

Pseudodiploria clivosa 7.2 1.7 – – 

Porites astreoides 1.5 1.8 – – 

Head Coral (s. reef) 11.8 – 1.7 20 / 2–3 

Pseudodiploria strigosa 5.2 2.0 – – 

Pseudodiploria clivosa 4.7 2.5 – – 

Siderastrea radians 0.9 0.5 – – 
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Table 4.6.1.2 (continued). Benthic cover of select areas of Buck Island in 1976. Sites as described in 
Figure 4.6.1.1. Top three stony coral or hydrocoral species (by cover) shown and presented as absolute 
benthic coverage. Data adapted from Gladfelter et al. 1977. Estimates are from 15–35 haphazardly or 
sequentially placed 1 m2 quadrats. 

Zone Location/coral species 
Coral 

cover (%) 
# colonies 

per quadrat H’ 
# 1 m2 quadrats/ 

depth (m) 

Reef 

Forereef Slope (n.) 52.2 – 1.4 20 / 0–15 

Acropora palmata 30.8 3.2 – – 

Millepora complanata 8.5 0.4 – – 

Porites astreoides 6.5 3.0 – – 

Bank 

Rich Bank (n) 27.0 – 3.1 35 / 8–15+ 

Orbicella annularis 6.6 0.2 – – 

Siderastrea siderea 4.5 1.7 – – 

Porites porites 6.9 0.4 – – 

 

Current Condition and Trend  
Overall, since the 1970s the conditions of coral reef resources have typically declined for reasons that 
will be fully covered in the Threats and Stressor Factors section. Despite this, recent coral cover 
values from randomized surveys show some of the highest densities of higher coral cover reefs 
(>20%) in the waters of BUIS (Figure 4.6.1.5). This suggests that BUIS continues to be a reservoir of 
some of the most important coral reef habitats around St. Croix. 
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Figure 4.6.1.5. Stony coral cover recorded at randomly selected hardbottom sites for northeastern St. 
Croix and BUIS. Data from the National Coral Reef Monitoring Program covering years 2015, 2017, and 
2019 (data and map courtesy of Sarah Groves, NOAA, Sep. 4, 2020). 

Condition and trends of Acropora 
Since reference conditions were established in 1976 diseases have taken an enormous toll on the 
corals of BUIS and specifically on populations of acroporid corals. White band disease was first 
described from the A. palmata and A. cervicornis monitored around Buck Island in the late 1970s 
(Gladfelter 1982). Subsequently, this disease went on to cause a precipitous decline in acroporid 
corals throughout the Caribbean (Aronson and Precht 2001). Combined with impacts from storms 
and lack of recovery, the losses for the wider Caribbean by 2002 were estimated at 80–90% of the 
population (Bruckner 2003). The Buck Island lagoon and barrier reef sites surveyed by Gladfelter et 
al. (1977) showed there was near total loss of living acroporid corals within these areas by 1985 
(Bythell et al. 1989), with only their skeletal remnants surviving today. Losses also included the 
unique haystack formations of A. palmata seaward of the barrier reef. The lagoon population of A. 
prolifera was reduced to about 5% cover from 60% in 1976. The northeastern to southeastern 
populations of A. palmata from reef crest to fore reef (0–15 m) declined to less than 3% live coral 
cover by 1985 (Transects BI-1 to 4 in Figure 4.6.1.2; Gladfelter et al. 1977). However, there were 
still relatively intact populations (~20% cover) on the northern outer barrier reef (Transect BI-5 in 
Figure 4.6.1.2; in Gladfelter et al. 1977). In 1985 A. palmata was rare below 3–4 m depth (Bythell et 
al. 1989). More restricted populations of A. cervicornis on the fore reef slope in 1976 were nearly 
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gone by 1986. It is not possible to prove that these dramatic reductions were solely due to white band 
disease, as direct tracking of coral cover fate was not conducted and there were impacts from 
Hurricane David in 1979 (see below; Rogers et al. 1979). However, similar declines in Acropora in 
relation to white band disease seen across the Caribbean in areas without storms and other evident 
localized stressors suggest the major driver was white band disease. 

The decline in Acropora populations at BUIS continued in the following decades as the result of 
storms and continued disease. There were impacts from Hurricane David in 1979, particularly in 
shallow water (<3 m) (Rogers et al. 1982). Hurricane Hugo, a powerful category 4 Cape Verde-type 
storm, traversed across St. Croix from southeast to northwest on the night of September 18–19, 1989. 
There was damage to A. palmata populations across Buck Island, particularly on the south barrier 
reef, but much of the losses had already occurred from white band disease (Rogers et al. 2003). 
Permanent monitoring sites established in 1988 in the same areas as shown in Figure 4.6.1.2 showed 
continued decline of these remnant populations of A. palmata up to the year 2000, when the 
monitoring ended (Bythell et al. 2000). Eight areas on the eastern end of St. Croix, including Buck 
Island, showed that A. palmata cover that was 32% ± 5.7 SEM in the mid 1970’s had dropped to 
1.1% ± 0.4 SEM by 2002 (Adapted from Table 1 in Rogers et al. 2003). In addition, colonies that 
were present in 2002 were more often diminutive and encrusting, without the large three-dimensional 
structure that typified pre-white band disease impacted populations (Rogers et al. 2003). 

Despite reductions in abundance of A. palmata in BUIS in the late 1970s and early 1980s, the species 
was recovering across much of the park in 2004. Mayor et al. (2006) conducted spatially randomized 
surveys along 25 x 10 m transects at 617 sites in water shallower than 10 m across the former and 
expanded monument. They found living A. palmata in 76% of transects, with a total of 2,492 
colonies recorded and an estimated 115,801 large colonies present within BUIS. White band 
continued to be persistent in the population, with a prevalence of 3.2%. In September–October 2005, 
the northeastern Caribbean was severely impacted by a warm water event that caused coral bleaching 
and approximately 10.2 Degree Heating Weeks in the USVI (Eakin et al. 2010). Lundgren and Hillis-
Star (2008) monitored A. palmata populations at 68 sites across BUIS across the bleaching event. 
Approximately 60% of colonies showed some bleaching, with colonies inside the lagoon suffering 
the worst (~80%). The 2005 bleaching event was the first time that A. palmata was recorded to have 
bleached in the USVI (Muller et al. 2008). Subsequent to bleaching about 40% of colonies 
experienced tissue loss, and among three more intensively monitored sites the whole colony 
mortality ranged from 64.7% in the lagoon, 36.4% at the north bar (about 1.5 km north of the barrier 
reef) and 18.8% at the southern barrier forereef. 

More recent trends in Acropora spp. since 2005 were less well documented. Both A. palmata and A. 
cervicornis were listed as Threatened under the Endangered Species List in 2006 (NOAA 2014). In 
response, two efforts that incorporated demographic monitoring of A. palmata in BUIS were 
launched and followed protocols developed by NOAA (Williams et al. 2006). Although not 
monitored consistently, the NPS established 30 random demographic monitoring sites in BUIS in 
2009 (Figure 4.6.1.6). These sites were monitored at least one other time, but the data was not 
obtainable as of the creation of this condition assessment. These sites are permanently marked and 
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could be reused in a future monitoring program. A second program, the Acropora Monitoring and 
Mapping Program (AMMP) was started by NOAA in 2012 and conducted by the University of the 
Virgin Islands. This program established a fixed site (named AMMP BUIS 422) within BUIS at 
17.7974N, 64.6039W (North Bar) with three 7 m radius circular plots (462 m2) (methods following 
Williams et al. 2006) and was monitored once in 2012 (Smith et al. 2014). Within the plot there were 
66 colonies of A. palmata with an average largest planar width of 49.7 cm and approximately 30% 
dead colony area. More recently there have been signs of recruitment and recovery of elkhorn coral 
around the park (Z. Hillis-Starr, unpub. obs.). 

 
Figure 4.6.1.6. Acropora Monitoring and Mapping Program long-term demographic sampling plots that 
have not been continually monitored. These sites had subsurface mooring pins established to mark plots 
and could be reused in a future monitoring program. 

In addition, AMMP conducted a spatially stratified random synoptic survey of Acropora on all 
hardbottom areas of St. Croix in waters shallower than 18 m (following protocol of Miller et al. 
2011). Of the sites, 29 of 261 sites were sampled inside BUIS (Figure 4.6.1.7). Within these 29 sites, 
10 sites had A. palmata within the survey area and 5 sites had colonies that fell within a randomly 
placed 15x1 m transect and densities of 0.1–0.3 m2. In addition, 2 of the 29 sites contained A. 
cervicornis. Overall, from these suites of data it is clear that Acropora populations have been 
extremely negatively impacted by disease, storms, and bleaching since the mid-1970s. However, 
remnant colonies are widespread and sexual reproduction is occurring (Steneck 2014), indicating that 
recovery of populations is still possible with targeted management. 
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Figure 4.6.1.7. A map of northeastern St. Croix showing sampling stations of the Acropora Monitoring 
and Mapping Program in 2012–2013. Spatially stratified random sites in waters shallower than 18 m were 
surveyed for acroporids along two 15x1 m transects and noted as present or absent outside of transects. 
An “X” indicates no Acropora found in transects, a green circle indicates Acropora in transect with the size 
dependent on the density, a lavender circle indicates A. palmata present at site only outside of transect, 
and a red circle indicates A. palmata and A. cervicornis present outside the transect. Date from Smith et 
al. 2014. 

Condition and trend of other coral species 
Other, non-acroporid coral species fluctuated in abundance between the 1970s and the 2005 
bleaching event. Some species, such as P. astreoides, may have increased in abundance following the 
population collapse of A. palmata (Bythell et al. 1989), mirroring its general increase in the wider 
Caribbean (Green et al. 2008). Other species showed declines that could be attributed to storms 
followed by recovery. Hurricane Hugo was destructive to the south barrier fore reef on St. Croix 
(Hubbard et al. 1991) and inside the Buck Island lagoon (Bythell et al. 2000). Areas on the south 
barrier fore reef (8–10 m depth) dominated by the boulder star coral (Orbicella annularis) and finger 
coral (Porites porites) declined by 35% during Hurricane Hugo in 1989 but recovered almost 
completely to 23% absolute cover by 1995 (Bythell et al. 2000). An area in the Buck Island lagoon (4 
m depth) dominated by knobby brain coral (Pseudodiploria clivosa) and the symmetrical brain coral 
(Pseudodiploria strigosa), only declined by about 6% over Hurricane Hugo, but then increased by 
23% to an absolute cover of 37% in 1995 (Bythell et al. 2000).  

SFCN and TCRMP programs established in the early 2000s captured the impacts of the 2005 
bleaching event and coral reef dynamics up to the writing of this assessment. The SFCN site BUIS 
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Western Spur and Groove lost about 40% of its cover in the 2005 thermal stress event (Figure 
4.6.1.8). The stony coral community was dominated by M. cavernosa, Siderastrea siderea, and P. 
strigosa (Figure 4.6.1.9). The site The SFCN site BUIS South Fore Reef lost about 84% of its coral 
cover (19.7% to 3.1%) in the 2005 thermal stress event to bleaching and a subsequent disease 
outbreak (Miller et al. 2009; Figure 4.6.1.10). The decline was largely due to the loss of much of the 
O. annularis living cover. The site showed steady recovery with slow regrowth of O. annularis to 
8.9% total coral cover by 2017. The site had generally low macroalgal cover and a higher abundance 
of epilithic algae, which has increased through time. Overall, the stony coral community at South 
Fore Reef was dominated by O. annularis, Orbicella franksi, and Orbicella faveolata (Figure 
4.6.1.11). The TCRMP Buck Island site was also severely affected by the 2005 thermal stress event 
and lost about 60% of its cover, led by a decline in O. annularis, from bleaching and subsequent 
disease (Figure 4.6.1.12). In contrast to BUIS South Fore Reef, TCRMP Buck Island has not 
recovered since bleaching, and has had stable to declining coral cover. Prior to bleaching mortality 
much of the benthic cover was composed of epilithic algae; however, this declined after coral 
mortality with concomitant increases in macroalgae and filamentous cyanobacteria. The stony coral 
community was dominated by O. annularis, O. franksi, and P. porites (Figure 4.6.1.13). 
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Figure 4.6.1.8. Cover of sessile epibenthic organisms (±SE) through time at the SFCN West Spur and 
Groove site. Cover of stony corals (top). Total coral cover indicated by shaded area, then the most 
abundant individual species from the full data set indicated as separate markers and lines. Other benthic 
organisms (bottom). (Data from South Florida/Caribbean Inventory & Monitoring Network.) 
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Figure 4.6.1.9. Relative abundance of coral species by benthic cover at SFCN West Spur and Groove 
site. Coral species are ordered by the rank abundance (top to bottom) according to abundance across the 
TCRMP shallow water sites outside park areas (26 sites).  
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Figure 4.6.1.10. Cover of sessile epibenthic organisms(±SE) through time at the SFCN Southeast 
Forereef site. Cover of stony corals (top). Total coral cover indicated by shaded area, then the most 
abundant individual species from the full data set indicated as separate markers and lines. Other benthic 
organisms (bottom). (Data from South Florida/Caribbean Inventory & Monitoring Network.) 
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Figure 4.6.1.11. Relative abundance of coral species by benthic cover at SFCN Southeast Forereef site. 
Coral species are ordered by the rank abundance (top to bottom) according to abundance across the 
TCRMP shallow water sites outside park areas (26 sites). 
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Figure 4.6.1.12. Cover of sessile epibenthic organisms (±SE) through time at the TCRMP Buck Island 
site. Cover of stony corals (top). Total coral cover indicated by shaded area, then the most abundant 
individual species from the full data set indicated as separate markers and lines. Other benthic organisms 
(bottom). (Data from USVI Territorial Coral Reef Monitoring Program.) 
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Figure 4.6.1.13. Relative abundance of coral species by benthic cover at the TCRMP Buck Island site. 
Coral species are ordered by the rank abundance (top to bottom) according to abundance across the 
TCRMP shallow water sites outside park areas (26 sites). 

Although most coral reef monitoring at BUIS has historically focused on the areas immediately 
surrounding Buck Island, mesophotic coral ecosystems are also a conspicuous component of 
hardbottom habitats. Extensive areas in mesophotic depth ranges (30–100 m) are present on the north 
side of the monument (Smith et al. 2019) and cover approximately 11% of the BUIS area. Drop 
camera surveys indicate a patchy, but well developed, bank dominated by star corals (Orbicella spp.) 
in the 30–40 m depth range (V. Brandtneris, unpub. data). Permanent monitoring sites were 
established by SFCN and TCRMP in 2017 which recorded coral cover of greater than 30% (Smith et 
al. 2018; Smith et al. 2019; SFCN 2019; Figure 4.6.1.4). This coral cover is likely the highest for any 
coral reef system at BUIS (22–42%; SFCN 2019). Although cover is high, there was a greater than 
1% prevalence of white disease (Smith et al. 2018), which is a continued threat to mesophotic 
Orbicella banks in the USVI (Smith et al. 2019). It is possible that on the deeper northern seaward 
slope at 50–90 m there are lettuce coral (Agaricia spp.) reefs. However, the relatively gentle slope 
might limit development because of interactions of corals with sediment (Sherman et al. 2010). 
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Threats and Stressors 
The coral reefs of BUIS are primarily threatened by climate change and disease outbreaks, with more 
localized impacts from marine accidents (vessel groundings), overfishing and recreation (e.g., 
sunscreens, incidental coral breakage). Global climate change is causing increasing sea surface 
temperatures and marine heat waves (Holbrook et al. 2019) resulting in phenomena such as coral 
bleaching (Hughes et al. 2017), coral disease outbreaks (Bruno et al. 2007), and increases in storm 
frequency and strength (Knutson et al. 2015). Carbon dioxide emissions also contribute to ocean 
acidification (Feely et al 2009). This can lower aragonite saturation states of water (aragonite is the 
common mineral used when corals deposit their limestone skeleton) and decrease whole reef 
calcification to the potential detriment of coral growth (Albright et al. 2016). 

Thermal stress  
The surface waters surrounding BUIS are warming at a rate of about 0.007°C per year and this is 
leading to repeated temperatures surpassing coral bleaching thresholds (Figure 4.6.1.14). Warming 
oceans linked to climate change (Donner et al. 2007) contributed to the 2005 coral bleaching event in 
the NE Caribbean Sea (Eakin et al. 2010). This event caused a 50–60% decline in living shallow 
water coral cover in the US Virgin Islands (Miller et al. 2009, Smith et al. 2013) and about a 28% 
decline in corals forming deeper than 30 m depth (Smith et al. 2016b). Degree heating weeks (DHW) 
are calculated as the 12 week rolling sum of temperatures exceeding 1°C over the monthly maximum 
mean temperature, which is estimated at 28.5°C for the USVI (NOAA 2006). DHW values above 4 
are associated with the onset of bleaching, and above 8 with the onset of mass bleaching and coral 
mortality. The regional estimate for the USVI based on SST was 10.2 DHW (50 km product; NOAA 
2019), a level associated with mass bleaching and mortality of reef building corals (NOAA 2006). At 
BUIS in situ loggers on the lagoon back reef and fore reef showed thermal stress was high and 
supported regional estimates of Degree Heating Weeks in 2005 (Lundgren and Hillis-Starr (2008). 
Lower-impact, shallow-water thermal events also occurred in 2010, 2015, and 2016 with stress 
values of about 6 degree heating weeks (Figure 4.6.1.15). 
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Figure 4.6.1.14. Optimum Interpolation Sea Surface Temperature (OISST; blue line, left vertical axis) and 
degree heating weeks (red line, right vertical axis) for the USVI. The black line is a linear fit of the OISST 
data and shows about 0.007°C increase in temperature per year (y = 0.000669/year*x − 25.545). OISST 
values averaged from coordinates 17.5N/65.5W, 17.5N/64.5W, 18.5N/65.5W 18.5N/64.5W from 
https://www.ncdc.noaa.gov/oisst; Accessed 6/6/19 (data processing credit: Doug Wilson, Caribbean Wind 
LLC). 

 
Figure 4.6.1.15. Water temperature (blue line, left vertical axis) and degree heating weeks (red line, right 
vertical axis) at the TCRMP Buck Island site. Degree heating weeks (DHW) are calculated as the 12 week 
rolling sum of temperatures exceeding 1°C over the monthly maximum mean temperature (NOAA 2006). 
The monthly maximum mean for Buck Island was estimated from the depth dependent formula in Smith et 
al. (2016b). DHW values above 4 are associated with the onset of bleaching, and above 8 with the onset 
of mass bleaching and coral mortality. (https://www.coral.noaa.gov/crews-icon/icon.html). 
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Coral bleaching 
Corals around BUIS in 2005 showed extensive impacts from warm water. As mentioned above, A. 
palmata colonies showed severe prevalence of bleaching and over 50% whole colony mortality in 
some areas (Lundgren and Hillis-Starr (2008). At non-acroporid monitoring sites, both the BUIS & 
TRCRMP South Fore Reef sites and BUIS Western Spur and Groove, experienced high prevalence 
of bleaching in 2005 and subsequent coral disease that resulted in significant coral loss. Only the 
BUIS South Fore Reef site had monitoring at the height of the 2005 bleaching (Figure 4.6.1.16) but 
impacts across the BUIS can be inferred from photographic reports (Figure 4.6.1.17) and disease and 
coral cover loss in 2006 (Figure 4.6.1.8, Figure 4.6.1.10, Figure 4.6.1.12; SFCN 2019, Smith et al. 
2016a). The cumulative impact from thermal stress over the years can be inferred from the slow 
recovery of coral cover loss after the catastrophic 2005 coral bleaching event (Figure 4.6.1.8, Figure 
4.6.1.10, Figure 4.6.1.12). Much lower but elevated incidence of bleaching was also recorded in 
2006, 2007, 2010, 2011 and 2019 (SFCN 2019, Figure 4.6.1.16). 

 
Figure 4.6.1.16. Proportion of coral cover bleached at the SFCN BUIS West Spur and Groove, BUIS 
South Forereef, and BUIS BAR (mesophotic), and the TCRMP Buck Island sites. Black dots are 
estimates from 23 other shallow water sites of the Territorial Coral Reef Monitoring Program outside park 
boundaries shown for reference. Estimates from captured digital video.  
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Figure 4.6.1.17. Bleached colonies of Diploria labyrinthiformis (left) and Orbicella faveolata (right) at the 
TCRMP Buck Island monitoring site (Nov. 21, 2005, depth 13 m). These corals bleached at the thermal 
maximum of the 2005 bleaching event in October and are showing some recovery of pigment. (Photo 
credit: Tyler B. Smith) 

Coral diseases 
Coral diseases also pose an ongoing threat to corals in BUIS. The epizootics of white band disease 
affecting acroporid corals are well documented and impacts from white band and another disease 
termed white pox disease (Sutherland and Ritchie 2004) are a continuing problem in the USVI in 
general (Muller et al. 2008, Rogers and Muller 2012) and particularly BUIS (Mayor et al. 2006). In 
addition, the impacts of white plague disease after bleaching were large drivers of coral cover loss 
after bleaching in 2005 (Miller et al. 2009, Smith et al. 2013, Smith et al. 2016b). Non-acroporid 
corals have also seen impacts from disease in BUIS, such as Caribbean yellow band and dark spots 
(Miller et al. 2009, Smith et al. 2016a, Randall et al. 2018). While the causes for most all of these 
diseases are not known, management of disease through direct treatment is an emerging area of 
research (e.g., Randall et al. 2018) that could be used for proactive management of coral population 
within BUIS. Furthermore, Stony Coral Tissue Loss Disease (SCTLD, Precht et al. 2016) was 
reported from St. Thomas in January 2019, St. John in February 2020, and St. Croix in May 2020, 
and is rapidly spreading (https://www.vicoraldisease.org/sctld-disease-tracking). It has not yet been 
reported from BUIS, but it is anticipated that it will spread there in the very near future. SCTLD 
would have profound negative impacts on coral abundance and diversity at BUIS. 

Storm impacts 
The impacts of storms on BUIS are also well-documented (Rogers et al. 1982, Bythell et al. 2000; 
and see Current Condition and Trend section) and likely to increase (Knutson et al. 2015). Slow 
recovery has also been documented after storm impacts, but a greater frequency of high magnitude 

https://www.vicoraldisease.org/sctld-disease-tracking
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storms may contribute to a general increase in disturbances limiting population recovery of shallow 
water stony corals. 

Pollution 
BUIS is situated away from human population centers but may be exposed to pollution from in-water 
recreational activities and boating. Potential pollutants are covered in Section 4.2. Potential effects of 
pollutants on corals come from detectable levels of oxybenzone associated with artificial sunscreens 
used by bathers in the eastern areas of Buck Island inside and outside the barrier reef (C. Woodley, 
unpub. data). Around the snorkel trail inside the eastern barrier reef, only 10% of colonies of A. 
palmata showed the presence of ovaries and spermaries during the reproductive period, whereas 
areas away from the snorkel trail and outside the barrier reef showed 60–80% of colonies with 
ovaries and spermaries present (C. Woodley, unpub. data). This may indicate reproductive effects of 
chemicals such as the detected sunscreens. 

Data Needs and Gaps  
The loss of ecosystem services, including shoreline protection and fish-habitat provision (Kuffner 
and Toth, 2016), from reef degradation in BUIS warrants consideration of interventions such as 
managed relocation of coral species to select sites. The population of elkhorn corals (A. palmata) 
surrounding Buck Island were a major factor in the creation of the national park by President John F. 
Kennedy in 1961 and subsequent expansion of the marine monument by President William J. Clinton 
in 2001. A clear gap is a consistent monitoring program for the populations of A. palmata and A. 
cervicornis in BUIS. Subsurface moorings were established at 30 sites in 2009 and 2012 and a subset 
of these could be used as sites for a reconstituted monitoring program (Figure 4.6.1.6). In addition, 
historical areas of the Buck Island barrier reef first surveyed by Gladfelter et al. (1977) and 
subsequently by Bythell et al. (2000) would be excellent permanent monitoring sites (Figure 4.6.1.2). 
Monitoring could incorporate coral genotyping, coral recruitment (low/high natural recovery) and 
accretion monitoring to facilitate optimized restoration activities. Preliminary evidence of pollution 
from recreational activities and its impacts on corals suggests the need for more involved studies to 
assess the true impacts on coral populations in BUIS. In addition, rapid response monitoring should 
be considered for the arrival of SCTLD, future bleaching events, and the spatial distribution and 
impacts of the nuisance alga Ramicrusta spp. (Edmunds et al. 2019). 

Overall Condition  
Based on historical condition of coral reefs at BUIS prior to the 1980s, the condition of coral reefs 
presently is moderate to poor and is trending downward (Table 4.6.1.3). Massive stands of elkhorn 
coral, the impetus for the park’s creation, have been decimated. While there have been signs of 
continued recruitment and recovery of these coral populations, which could be harnessed for 
restoration activities, they are still a shadow of their historical abundance. Many other dominant coral 
species, such as Orbicella spp., have also declined precipitously since the 1980s, driven by 
combinations of diseases, bleaching, hurricanes, and historical overfishing prior to MPA creation in 
2001. Coral cover continues to decline on all monitored reefs, with the exception of slow recovery 
BUIS SFR. One positive sign is that high abundance of certain algal types on open substrates, such as 
short filamentous turfs, indicate high levels of grazing. This can set up the potential for coral 
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recruitment that facilitated reef recovery. Mesophotic banks are doing well but there are signs of 
disease which have degraded similar bank reefs near St. Thomas, USVI. The incidence of bleaching 
and disease events is increasing on corals in and around BUIS as seawater temperatures exceed 
bleaching thresholds with more regularity, particularly since the 1998. This is leading to significant 
loss of coral cover without documented recovery between disturbance events. The lack of long-term 
monitoring, specifically for the major foundation species of Acropora, is a significant knowledge gap 
within the current data framework. 

Table 4.6.1.3. Graphical summary of status and trends for coral reefs within the framework category 
Marine Invertebrates, including rationale and reference condition. 

Component Indicator 

Condition 
Status 
/Trend Rationale and Reference Conditions 

Stony Corals 

Coral Cover 

 

 

Conditi on of resource warrants  significant concer n; condition is deteriorating; high confi dence i n the assessment.  

Coral cover has declined at all monitoring sites in and 
around BUIS over the last two decades. Only BUIS SFR 
has shown statistically significant increase since 2006. 
Only mesophotic reefs maintain relatively high living coral 
cover but are declining. There are concerns of potential 
degradation due to coral disease 

Coral Disease 
and Bleaching 

 

 

Conditi on of resource warrants  significant concer n; condition is deteriorating; high confi dence i n the assessment.  

The incidence of coral bleaching events and coral 
disease epizootics has increased and is likely to continue 
increasing in the near future (e.g., introduction of Stony 
Coral Rapid Tissue Loss Disease) 

Seawater 
Temperature 

 

 

Conditi on of resource warrants  significant concer n; condition is deteriorating; high confi dence i n the assessment.  

Between 2004 and 2017 seawater temperatures have 
exceeded site-specific bleaching thresholds 6–10 times in 
conjunction with general warming of the Caribbean 
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4.6.2. Queen Conch 

Description  
Conch have been harvested at Buck Island Reef National Monument for over 2000 years. In the early 
1970s archeologists documented a conch midden located on the northwest corner of the island that 
was documented at over 1800 years old. Specimens of Queen conch and milk conch were large and 
thick-shelled. Today, Queen conch (Lobatus gigas) continue to be commonly found in near shore and 
deeper seagrass meadows, macroalgal plains, and vast sand areas surrounding the Monument; these 
habitats account for about 23% of the benthic habitat within the Monument. The densest seagrass 
beds are found south and west of Buck Island (Figure 4.6.2.1). The species has historically been an 
important fishery in the USVI; however, populations in the territory have substantially declined since 
the 1970–1980s (Doerr and Hill 2013). With the 2001 expansion BUIS became the first fully 
protected marine area in both the United States and the Caribbean (Proclamation No. 7392; Pittman 
et al. 2008). Therefore, it has recently been the focus of several studies to determine the impact of 
closed areas on the queen conch fishery. 
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Figure 4.6.2.1. The Buck Island Reef National Monument (BUIS) location and boundary (inset). Major 
benthic cover categories within the BUIS are displayed. 

Data and Methods  
All data used for historical assessments of conch populations at BUIS were obtained through 
literature review. Tobias et al. (1988) used parallel 332 x 4 m belt transects targeting the western 
seagrass beds to quantify both juvenile and adult conch populations per hectare. These surveys were 
conducted monthly for six months. 

The current condition of conch populations within the monument was obtained through both 
literature review and datasets provided by NOAA from the National Coral Reef Monitoring Program 
(NCRMP). From 2003–2006, Pittman et al. (2008) conducted conch assessments on 25 x 4 m belt 
transects around Buck Island stratified randomly by both substrate type and management regime (i.e., 
inside or outside BUIS). However, Doerr and Hill (2013, 2018) used radial transects (total area of 
314 m2) around Buck Island stratified by benthic habitat, depth, and management regime to quantify 
conch populations per hectare. During NCRMP conch population surveys, individuals are counted 
along 15 x 2 m belt transects stratified by depth, hardbottom habitat type, and management regime. 
NCRMP only assesses hardbottom habitats in waters shallower than 30 m. 

Reference Conditions/Values  
Early study of queen conch in the USVI focused primarily on biological aspects of the species (see 
Randall 1964, Berg 1975). However, queen conch has long been an important fishery throughout the 
USVI, and decreased catch and populations had been reported as early as the 1970s most likely due 
to overexploitation (Wood and Olsen 1983, Doerr and Hill 2013). Therefore, commercial fishing 
regulations were signed into law in 1972 (Virgin Islands Code), which would eventually include 
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protections such as minimum shell length and lip thickness, commercial and recreational take limits, 
and seasonal closures during queen conch spawning periods. Subsequent research shifted to focus on 
management actions to stabilize the fishery and the potential for fishery replenishment through 
juvenile outplanting (Wood and Olsen 1983, Coulston et al. 1987). However, these studies were not 
specific to BUIS. 

Within the boundaries of BUIS, Tobias et al. (1988) conducted conch population surveys along belt 
transects established in the western seagrass beds. They found juvenile conch populations (1370.4 
conch/ha) to be more dense than adult conch (30.1 conch/ha) during all survey periods (Tobias et al. 
1988). However, at the time of the surveys, fishing regulation within the BUIS allowed take of two 
conch per person per day without minimum size requirements. The authors cautioned about the 
potential of both recreational and commercial conch fishing to contribute to future population 
declines. They recommended full protection of marine resources within the BUIS but stated that 
populations may not recover even when relieved of fishing pressures (Tobias et al. 1988). 

Current Condition and Trend  
Until recently, the primary data source for queen conch population studies in the USVI had been 
reported fisheries landings. However, Pittman et al. (2008) performed benthic habitat, fish, and 
macroinvertebrate surveys both within and outside BUIS boundary from 2003–2006. They found that 
juvenile and adult conchs were most commonly observed in seagrass within the park boundary 
(Pittman et al. 2008, Figure 4.6.2.2). 

Several years later, Doerr and Hill (2013) performed fishery-independent radial surveys on 
comparable habitats both within and outside BUIS to characterize conch populations and assess the 
park’s effectiveness as a marine reserve. Preliminary analysis found juvenile conch to be far more 
dense (233.7 conch/ha) than adults (68.6 conch/ha) and that both groups preferred seagrass habitats. 
It should be noted that juvenile queen conch densities recorded by Doerr and Hill (2013) were 
substantially lower than those found by Tobias et al (1988), but adult densities were more than 
double. Although suitable habitat was the strongest predictor of conch densities, juvenile conch were 
also positively impacted by the protection of BUIS while adult densities were more influenced by 
deeper water. Overall conch densities were not different inside compared to outside BUIS boundary 
(Doerr and Hill 2013). More in-depth analysis of the dataset revealed both juvenile and adult 
densities were higher inside BUIS boundary, and there was evidence of successful larval conch 
recruitment. They concluded that the seagrass habitat found within BUIS is valuable nursery habitat 
and that BUIS is providing sufficient protection to allow recovery of conch populations (Doerr and 
Hill 2018). 
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Figure 4.6.2.2. Queen conch inside and outside BUIS by dominant habitat types in the study region 
(northeastern St. Croix) between 2004 and 2006 (from Pittman et al. 2008). 

Continued monitoring for queen conch at BUIS occurs biennially as part of the National Coral Reef 
Monitoring Program (NCRMP). Queen conch abundance is also recorded on transects at randomly 
stratified locations throughout St. Croix during the same NCRMP effort. The most recently 
completed NCRMP sampling (2017) recorded a density of 56.5 ± 20.0 queen conch per hectare 
within the boundaries of BUIS. However, the NCRMP most likely underestimates its assessment of 
queen conch populations, as surveys are performed only on hardbottom habitat and, on average, 90% 
of locations surveyed in St. Croix had no conch present. The South Florida Caribbean Network 
(SFCN) intends to record density of queen conch during upcoming planned seagrass surveys (M. 
Feeley 2021, personal communication). 

Threats and Stressors 
The largest threat to queen conch populations in St. Croix is overfishing; however, this does not 
necessarily apply to populations within the boundaries of BUIS since it is a designated no-take zone. 
Conch is poached illegally and at present the impact/effect is not fully known. NPS has documented 
the take of queen conch in the monument (2017, 2019) finding harvested conch shells on the bottom, 
abandoned after illegal take. Additionally, destruction or loss of seagrass habitat in which queen 
conch spend the majority of their life could lead to population declines. BUIS does not allow 
anchoring without permit inside the park boundaries, which substantially limits benthic habitat 
destruction as anchoring negatively impacts seagrass (Rogers and Beets 2001). A recent invasion of 
the Indo-Pacific seagrass Halophila stipulacea in the USVI (Willette et al. 2014) could have 
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unknown consequences on queen conch; H. stipulacea was discovered within BUIS in 2017 (Gulick 
et al. 2020; see seagrass section 4.4.1). This invasive seagrass can displace native seagrass (Willette 
and Ambrose 2012) and invasive populations may change the ecology of queen conch (Becking et al. 
2014). Queen conch do not avoid meadows of H. stipulacea (Becking et al. 2014), but it is not clear 
if they derive the same nutritional benefit from consuming H. stipulacea and its epiphytes. Apart 
from understanding how H. stipulacea impacts queen conch populations, queen conch inside BUIS 
are relatively protected from territorial threats and stressors under the current management regime. 

Data Needs and Gaps  
Historical baseline population data for queen conch populations within BUIS are lacking. Tobias et 
al. (1988) provided one population assessment while fishing regulations still allowed take of queen 
conch within the Monument. However, there is no assessment of queen conch populations 
immediately after the close of fishing within the Monument boundaries, potentially making it 
difficult to accurately determine the state of recovery of the population. Current studies appear to 
provide a comprehensive assessment of adult queen conch populations across multiple different 
habitat types and depths. Juvenile queen conch populations are likely underestimated due to their 
tendency to remain buried in sediments, making them difficult to observe during surveys. Future 
monitoring should not solely be conducted during the NCRMP as sampling is only performed on 
hardbottom habitats shallower than 30 m, and efforts should be made to continue monitoring the 
seagrass beds for population recovery. 

Overall Condition  
Although historical data is lacking, queen conch populations reported during recent surveys appear to 
indicate that recovery is occurring (Table 4.6.2.1). The protection of the extensive seagrass beds 
within BUIS in addition to the established no-take zone will potentially allow for continued recovery 
barring the illegal poaching with the park has documented. 

Table 4.6.2.1. Graphical summary of status and trends for queen conch within the framework category 
queen conch, including rationale and reference condition. 

Component Indicator 

Condition 
Status 
/Trend Rationale and Reference Conditions 

Queen Conch Abundance 

 

Resource is i n good conditi on; conditi on is impr oving; medium  confi dence i n the assessm ent.  

Abundances appear to be relatively high and possibly 
increasing, with evidence of juvenile queen conch 
recruitment. 

 

Sources of Expertise  
• Lee Richter, Marine Biological Technician, South Florida Caribbean Inventory & Monitoring 

Network, National Park Service 
• Jennifer Doerr, Research Fishery Biologist, Galveston Laboratory of the Southeast Fisheries 

Science Center, National Oceanic and Atmospheric Administration 
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• William Tobias, Division of Fish and Wildlife, USVI Department of Planning and Natural 
Resources (ret.) 
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4.6.3. Lobster 
This section reviews the condition of the spiny lobster (Panulirus argus) in the BUIS. The condition 
assessment considers data for the years 2017 and 2019 provided by the National Coral Reef 
Monitoring Program and the National Park Service Caribbean Spiny Lobster Monitoring Program, 
respectively, to assess the status of the spiny lobster. The condition of the spiny lobster population is 
typically evaluated using metrics that detect changes in abundance, size, and sex ratio. 

Description  
BUIS contains several coral reef habitats ranging from shallow emergent barrier and isolated patch 
reefs to deeper mesophotic reefs, in addition to sand and seagrasses meadows and other forms of 
submerged vegetation. Many threatened, endangered, or commercially important species including 
Caribbean spiny lobster (Panulirus argus) are found within the now fully protected Monument.  

Caribbean spiny lobsters are most commonly found in a variety of hardbottom and coral reef 
habitats, which account for about 31% of the benthic habitat at Buck Island Reef NM (Figure 
4.6.3.1). Although this species was not historically targeted as a major commercial fishery, there has 
been an exponential increase in its demand over the last 50 years presumably due to tourism (Richter 
et al. 2018). However, the expansion of Buck Island Reef NM in 2001 created one of the first marine 
protected “no-take” areas in both the United States and the Caribbean (Pittman et al. 2008) and 
provided additional protections to many vulnerable marine species for almost 20 years. 
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Figure 4.6.3.1. The Buck Island Reef National Monument location and boundary (inset). Top: presence 
(orange) or absence (gray) of lobster recorded during NCRMP (circle) or NPS (diamond) surveys. Depth 
within the BUIS is also displayed. Bottom: lobster density (#/ha) calculated from NPS spiny lobster 
monitoring surveys. Major benthic cover categories within the BUIS are displayed.  

Data and Methods  
All data used for historical assessments of lobster populations at BUIS were obtained through 
literature review. Tobias et al. (1988) conducted 15 minute searches for both spiny lobster and 
spotted lobster (P. guttatus) at three reef locations within the BUIS. Lobsters were counted and spiny 
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lobster were categorized by size (≥3.5 or <3.5 in carapace length, representing the minimum legal 
capture limit cut-off for lobster in the USVI; Virgin Islands Code). These surveys were conducted 
monthly from November 1985 to June 1986. Mateo and Tobias (2002) analyzed historical fishing 
data obtained from the National Marine Fisheries Service from 1995–1999 in addition to biological 
metrics collected at ports to provide a characterization of lobster populations for the island of St. 
Croix, just 1–2 miles to the south of BUIS. Olsen et al. (2018) provided information regarding the 
Virgin Islands lobster fishery from 1975 to 2017 through analysis of historical landings data, port 
sampling, and tag and recapture studies. 

Current estimates of spiny lobster populations were derived from datasets provided by NOAA from 
the National Coral Reef Monitoring Program (NCRMP) and the National Park Service (NPS) 
Caribbean Spiny Lobster Monitoring Program. During NCRMP sampling in 2017, lobster surveys 
were conducted on 15 x 2 m belt transects at randomly selected sites over several hardbottom habitat, 
depth, and management regime strata to obtain abundance estimates. In April 2019, the South Florida 
Caribbean Network Present-day baseline conditions of spiny lobster within the BUIS were obtained 
through literature review. From 2003–2006, Pittman et al. (2008) conducted lobster assessments on 
25 x 4 m belt transects around Buck Island stratified randomly by management regime (i.e., inside or 
outside the BUIS). Lobsters were counted if they were found within the transect area but were not 
actively searched for under structure (Pittman et al. 2008). Cox et al. (2009) conducted 60 minute 
searches for lobster at randomly selected sites over a variety of reef habitats and depths from 2004–
2007. During surveys, lobsters were counted, reproductive metrics for female lobster were recorded, 
and individuals were assessed for the presence of the PAV1 virus. Additionally, post-larval lobster 
collectors were installed in April 2004 and sampled monthly for one year to determine abundance of 
post-larval lobster (Cox et al. 2009). 

(NPS) initiated a long-term Caribbean spiny lobster monitoring effort in BUIS, to be repeated every 
four years (Richter et al. 2018). The protocol uses stratified-random design based on the NCRMP 
sample frame. At each sample point, paired 7.5 m radius search plots are searched, where all lobster 
encountered are counted, sized, and assessed for several reproductive metrics (SFCN 2019).  

Reference Conditions/Values  
Spiny lobster were not a historically significant part of the Virgin Islands commercial fishery until 
about the 1980s when landings began to increase to meet the demands of tourism (Figure 4.6.3.2; 
Richter et al. 2018). Olsen et al. (2018) reported that total spiny lobster landings for the Virgin 
Islands in the 1970s were less than 5,000 kg annually, a fraction of present-day annual landings 
(about 45,000 kg). In 1985, several amendments to the original fishing regulation laws from 1972 
(Virgin Islands Code) placed restrictions on lobster take, such as size restrictions and seasonal 
closures, and within the BUIS additional restrictions limited recreational take of lobster to two legal 
individuals per person per day. Around this point of increase, Tobias et al. (1988) conducted surveys 
for lobster from November 1985 to June 1986 at three reef locations within the BUIS – west patch, 
north patch, and south fringe –to estimate the impact of commercial fishing on lobster populations. 
They found that total spiny lobster densities ranged from 8.9–111.1 individuals per hectare with an 
overall density of 44.5 ± 16.5 (SEM) individuals per hectare (Table 4.6.3.1). There were lower 
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densities of juveniles than adult legal size (3.5 in carapace length) lobster at all study locations. The 
authors cautioned about the potential of both recreational and commercial lobster fishing to 
contribute to future population declines within the BUIS, but noted that their observations of 
population decline were consistent with reef ecosystems in the US Virgin Islands as a whole. They 
recommended full protection of marine resources within the BUIS in the hope that they might 
provide a source of both larvae and adults to repopulate reefs outside the protected area, but stated 
that populations may not recover even when relieved of fishing pressures due to the small size of the 
protected zone (Tobias et al. 1988). 

 
Figure 4.6.3.2. Commercial lobster landings in the US Virgin Islands from 1974–2016. Data were 
obtained from Richter et al. (2018). 
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Table 4.6.3.1. Summary of historical and current lobster population information within BUIS unless 
otherwise noted. All values are for Caribbean spiny lobster (Panulirus argus) unless otherwise noted and 
adult is defined as of legal size (≥89 mm). Average carapace lengths are for adult lobster only, while the 
carapace length range includes juveniles. Sex ratio is male:female. 

Metric Category Historic Value Current Value 

Density 
(#/ha± SEM) 

Total 44.5 ± 16.5 a 
4.1 ± 2.7 c 

22.6 ± 13.6 e 

8.6 ± 2.0 f 

Adult 35.7 ± 12.8 a 5.6 ± 1.5 f 

Juvenile 12.1 ± 5.4 a 3.0 ± 1.0 f 

Spotted 
Lobster 37.0 ± 13.3 a 17.5 ± 3.9 f 

Carapace Length 
(mm ± SEM) 

Average – 97.6 ± 5.5 f 

Male 108.4 b 121.0 (n=1) f 

Female 103.4 b 104.3 ± 3.5 f 

Range 75.0–190.0 b 28.0–168.0 d 

48.0–121.0 f 

Sex Ratio M : F 1 : 0.7 b 1 : 0.8 d 
1 : 4 f 

a Source: Tobias et al. (1988). Values reported from Tobias et al. (1988) may be biased due to selection of 
optimal lobster habitat for sampling. 

b Source: Mateo and Tobias (2002). Values reported from Mateo and Tobias (2002) were obtained from fisheries 
data and were not specific to BUIS. 

c Source: Pittman et al. (2008). 
d Source: Cox et al. (2009). 
e Values were calculated using data from National Coral Reef Monitoring Program. 
f Values were calculated using data from NPS Caribbean spiny lobster monitoring. 

A decade after Tobias et al. (1988) conducted their study, Mateo and Tobias (2002) examined 
commercial fishing landings for the island of St. Croix from 1995–1999 to provide information about 
spiny lobster populations, estimate growth and mortality parameters, and determine the level of 
exploitation of the fishery. Based on landing data, the amount of lobster being removed from St. 
Croix waters due to commercial fishing increased by about 420% from 1978–1998 (Mateo and 
Tobias 2002). Over the course of their study, they reported a carapace length range of 75–190 mm 
(2.75–7.48 in) with a significant decline in average carapace length of males. They determined a sex 
ratio of 1.5 males to 1 female (Table 4.6.3.1), though they noted this ratio most likely is skewed due 
to no take restrictions on females with eggs. Additionally, exploitation rates of both males and 
females calculated from a variety of methods exceeded acceptable levels and the calculated 
maximum sustainable yield was exceeded in almost every year in the study period (Mateo and Tobias 
2002). Based on these metrics, the authors concluded that the St. Croix lobster population was 
overfished at the time of their study. However, they noted that their reliance on voluntarily supplied 
landing information could provide an underestimate of exploitation, while migration of larger adult 
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lobster to deeper water could provide an overestimation of population exploitation given that the St. 
Croix fishery relies primarily on diving for lobster harvest. 

Current Condition and Trend  
In 2001, the borders of the BUIS were expanded substantially, during which the Monument in its 
entirety became a “no take” zone (Pittman et al. 2008). After this restriction, Pittman et al. (2008) 
performed benthic habitat, fish, and macroinvertebrate surveys both within and outside the BUIS 
boundary from 2003–2006. Based upon the number of sites completed and the total number of 
lobster observed, densities inside and outside the borders of the BUIS were calculated to be 4.1 ± 2.7 
(SEM) and 2.9 ± 1.1 (SEM) lobster per hectare, respectively. Although there appeared to be no 
difference in the density of lobster between the two management regimes, the authors note that these 
counts were most likely substantially underestimated, as they did not actively search for cryptic 
lobster during their surveys and about 98% of surveyed sites had no observed lobster (Pittman et al. 
2008). 

During about the same time period, Cox et al. (2009) conducted a study examining multiple aspects 
of spiny lobster population characteristics to provide a baseline of information to evaluate the 
effectiveness of the BUIS as a marine reserve. The objectives of this study were five-fold: to evaluate 
and compare lobster populations within and outside the BUIS, to assess breeding activity within and 
outside the BUIS, to record abundance of post-larval lobster to assess the BUIS as juvenile 
settlement habitat, to examine individuals for the virus PAV1, and to provide recommendations for 
future lobster monitoring. Results of search surveys suggest that lobster are both more abundant and 
larger within the boundaries of BUIS though statistical comparisons of metrics between the two 
management regimes were limited due to patchiness and variability of lobster observed (Table 
4.6.3.1; Cox et al. 2009). Reproductive females were more frequently observed within the BUIS, 
especially in deeper habitats, than outside the protected area; however, statistical comparison was not 
possible due to low sample sizes.  

Abundance of post-larval lobster collected around the BUIS was higher than that typically observed 
in Florida and the north side of the BUIS collected significantly more post-larval lobster than those 
on the south side. Despite high abundances, a lack of optimal settling habitat around the BUIS could 
increase predation of juveniles and the authors speculated it could limit the overall abundance of 
lobster in St. Croix. Finally, although the virus PAV1 was confirmed in St. Croix, sample size was 
too low to fully characterize the distribution and impact of the virus. The authors acknowledged the 
challenges and limitations of this study due to small sample sizes and patchiness in abundance. Based 
on their work, they recommended using a mix of both areal transect surveys and timed search 
surveys in targeted habitats and depths over a longer time period to maximize potential sample size 
and meaningful comparisons. However, despite limitations, they concluded that the BUIS appears to 
have a positive effect on lobster abundance, size, and breeding activity (Cox et al. 2009). 

The National Coral Reef Monitoring Program (NCRMP) observed very few lobsters within the BUIS 
during the 2017 survey period. Although lobster density within the BUIS was higher than that in 
areas with no additional catch restrictions (Table 4.6.3.2), populations were very patchy and about 
95% of sites surveyed had no lobster present (Figure 4.6.3.1). Densities calculated from the NCRMP 
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data were higher than those reported by Pittman et al. (2008), but, like Pittman et al. (2008), lobster 
densities most likely do not reflect true populations sizes due to similar methodological constraints 
and should be used cautiously. 

Table 4.6.3.2. Mean spiny lobster density per hectare (±SEM) calculated from the National Coral Reef 
Monitoring Program sampling in 2017. Densities were calculated for the following management regimes 
in St. Croix: open (open area – territorial fishing regulations), BUIS (Buck Island National Park – no take 
zone), EEMP (St. Croix East End Marine Park – partial no take zone), and SARI (Salt River Bay National 
Historic Park and Ecological Preserve – no take zone). 

Management 
Regime Total Spiny Lobster 

Open 12.7 ± 7.2 

BUIS 22.6 ± 13.6 

EEMP 53.3 ± 53.3 

SARI 27.8 ± 27.8 
 

The South Florida Caribbean Network (NPS) initiated long-term monitoring of spiny lobster in 
BUIS, completing the first round of sampling in April 2019 (Richter et al. 2018). Average lobster 
densities observed during these surveys were lower than those from the National Coral Reef 
Monitoring Program (Table 4.6.3.1) but were comparable to the lower bound of the range reported 
by Tobias et al. (1988). Despite active search for lobster during surveys, populations were still patchy 
and about 75% of locations surveyed had no lobster present (Figure 4.6.3.1). Carapace lengths for all 
lobster recorded during surveys ranged from 48.0–121.0 mm (1.9–4.8 inches), while average lengths 
for adult lobster were 104.3 ± 3.5 mm (4.1 ± 0.1 inches, females) and 121.0 mm (4.8 inches [n = 1], 
males). 

Threats and Stressors 
Overall lobster populations in St. Croix are threatened by overfishing (Mateo and Tobias 2002). 
While this does not necessarily apply to populations within the boundaries of the BUIS because it is a 
designated no-take zone, illegal harvest and poaching of spiny lobster does occur and is considered a 
valid threat to populations within the BUIS (Hillis-Starr and Pollock 2020, personal 
communications). Destruction or loss of critical habitat due to either natural or anthropogenic 
influences could negatively impact future lobster populations by either increasing time to recovery or 
preventing recovery altogether. Lobsters depend on seagrass and macroalgae-dominated hardbottom 
habitats post settlement through juvenile life stages after which they transition to reef structures for 
protection as adults (Richter et al. 2018). The BUIS does not allow anchoring without permit inside 
the park boundaries, which could substantially limit direct benthic habitat destruction. However, it 
should be noted that the island of St. Croix in general lacks suitable settlement habitat for spiny 
lobster, which has been speculated to directly influence to the population’s ability for recovery (Cox 
et al. 2009). Under the current management regime, lobster populations in the BUIS are relatively 
protected from direct threats; however, illegal harvest and the potential for habitat loss due to climate 
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change impacts, such as increased water temperature and more destructive hurricanes, remain ever 
present threats. 

Data Needs and Gaps  
Historical data for lobster populations within the BUIS appear to provide a general baseline for the 
resource; however, the earliest data specific to the BUIS was from 1985 at which point commercial 
landings has already begun to increase. While Olsen et al. (2018) provides information regarding the 
lobster fishery prior to 1985, it is for the island of St. Croix as a whole. If possible, an examination of 
fisheries data specific to the BUIS prior to this first time point could be beneficial to establish a 
potentially more accurate baseline lobster population. Additionally, results of current landings data 
analyses should be incorporated to provide a current status of the fishery in general and serve as a 
point of comparison to current monitoring programs. 

Initial monitoring through the NPS Caribbean Spiny Lobster Monitoring Program covered a 
relatively large number of survey locations in a short amount of time (76 sites over 7 days) and 
appeared to have the best success rate observing lobster during surveys. The continuation of this 
monitoring program would be beneficial to understanding current and future populations within the 
BUIS. However, the lack of similar surveys outside protected areas does not allow for any relative 
comparisons of lobster populations, as the data collected by the NCRMP is likely not representative 
of true populations and must be used cautiously for comparative purposes. Additionally, surveys of 
deeper reefs within the BUIS could provide more complete information about lobster populations 
since adults frequently migrate deeper, a trend observed by Cox et al. (2009). 

Overall Condition  
An examination of current estimates of lobster density relative to those reported in historical datasets 
indicate that density is still much lower than original populations. However, densities from the SFCN 
(NPS) Caribbean spiny lobster monitoring are higher than those recorded by Pittman et al. (2008), 
who surveyed shortly after the BUIS expanded, and this potentially indicates an increase in 
population since the establishment of the BUIS as a fully protected no-take area. We consider the 
condition of the spiny lobster as warranting moderate concern, with no trend (Table 4.6.3.3).  

Table 4.6.3.3. Graphical summary of status and trends for lobster within the framework category Marine 
Invertebrates including rationale and reference condition. 

Component Indicator 

Condition 
Status 
/Trend Rationale and Reference Conditions 

Lobster Abundance 

 

Conditi on of resource warrants  moderate concern; condition is  unchanging; m edium confi dence in the assessment. 

There is medium confidence in the assessment due to 
lack of consistent sampling and methodologies not 
optimized for lobster. Values indicate the potential for 
overfishing and poaching, but with stabilized or increasing 
populations within BUIS. 
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4.7. Marine Vertebrates 
4.7.1. Reef fish 

Description 
Caribbean coral reefs have experienced intense artisanal overfishing, particularly of ecologically and 
commercially important species such as parrotfishes (Figure 4.7.1.1 (left), family Scaridae) and 
groupers (Figure 4.7.1.1 (right), family Serranidae). The result has been a region-wide decline of fish 
biomass with catastrophic consequences for these ecosystems (Jackson et al. 2014, Kadison et al. 
2017). Marine protected areas are among the most effective tools to assure protection of reef fish and 
their ecological roles (e.g., Palumbi 2004, Mumby and Steneck 2008, McCook et al. 2010 but also 
see Bruno and Valdivia 2016).  

Buck Island Reef National Monument (BUIS) was founded in 1961, originally including 704 acres of 
water-protected area. National Park Service (NPS) has provided since then protection for marine 
resources with the Monument boundaries, initially with the “Marine Garden,” excluding fishing 
within eastern two-thirds of the Monument’s original park boundaries and limiting extraction of 
conch and lobster. The Monument boundaries were expanded in 1975 and for a second time in 2001, 
encompassing over 19,000 acres making BUIS one of the first fully protected marine areas in the 
national park system. The MPA Interim Regulations established in 2003 eliminated fishing and 
restricted anchoring within the Monument. However, enforcement of these regulations has been 
difficult as a consequence of insufficient funding to expand Visitor and Resource Protection staff 
(National Park Service 2012).  

 
Figure 4.7.1.1. Ecologically and commercially important Caribbean reef fishes. Large parrotfishes 
(Scarus coelestinus, Sc. guacamaia, and Sc. coeruleus) grazing on a Florida coral reef (left). Nassau 
grouper (Epinephelus striatus) sheltering on a Bahamian coral reef (right). Photo credits: Alain Duran 

Approximately 47% of BUIS encompasses coral reefs and hardbottom habitats that shelter multiple 
reef fish species. Despite the historical and current protection efforts, various indicators (e.g., fish 
richness, biomass, density, and size of large species) of fish community status indicate no evidence 
of improvement within BUIS compared to outside areas (Pittman et al. 2008). This report elaborates 
on past reports (e.g., Pittman et al. 2008, 2014) and uses newly available data sets collected by 
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National Park Services (NPS), National Oceanic Atmospheric Administration, and the University of 
Virgin Islands (UVI) here referred to as National Coral Reef Monitoring Program (NPS-NCRMP-
UVI) to evaluate the trends and current status of BUIS reef fish. Years covered by the datasets 
considered in this analysis include the following: 2001–2012 (data provided by Jeremiah Blondeau, 
NOAA), 2013–2019 (NOAA NCCOS 2018).  

Data and Methods  
Surveys used in this report were conducted on hardbottom habitats within BUIS, including 
aggregated reef (AGRF), bedrock (BDRK), hardbottom (HARD), patch reef (PTRF), pavement 
(PVMT), and scattered coral/rock (SCR) between 2001–2019 using two different methodologies 
(Table 4.7.1.1). Data sets are available from the NOAA National Centers for Environmental 
Information at https://data.noaa.gov/datasetsearch/. Surveys from 2001–2015 were carried out along 
25 m x 4 m belt transects (100 m2). During each survey, the number of individuals by species and 
length were recorded from which we can obtain density (Ind. 100 m−2) and richness (the number of 
species). Fish surveys conducted in 2017 and 2019 followed Reef Visual Census (RVC, Bohnsack 
and Bannerot 1986, Brandt et al. 2009, Bryan et al. 2013) within a 15 m diameter imaginary cylinder 
(~177 m2). The method differs from the belt transect in several aspects, including stationary counts, 
count along the transect, and fish parameter collection (first round species list and later number of 
individuals and length). Fish density for 2017 and 2019 is expressed as the number of individuals per 
sampling unit. Data (individual fish length) from both methods were used to estimate individual 
weight using weight (W) length (L) relationships (W=aLb, “a” and “b” are species-specific 
morphometric coefficients) (Bohnsack and Harper 1988, Stevens et al. 2019). There were a few 
exceptions (less than 1% of individuals) in which equations from similar species (e.g., Hypoplectrus 
sp.) were used. Biomass (g. 100 m−2) was calculated using individual weights by sampling area for 
belt transect. Biomass for 2017 and 2019 surveys is expressed as g per sampling unit. Given the 
methodological differences between the two data sets, all graphical and statistical analyses are 
separated from 2001–2015 and 2017–2019. 

We also analyzed fish density and biomass by trophic level: (H = herbivore, I = invertivore, Pl = 
planktivore, P = piscivore). Herbivore included all species of scarids (family Scaridae), acanthurids 
(family Acanthuridae), and other species such as the Bermuda chub (Kyphosus sectratix). 
Invertivores comprised many reef fishes within families Haemulidae, Lutjanidae, and 
Pomacanthidae, whereas fewer planktivorous species included the blue chromis (Chromis cyanea) 
and creole wrasse (Clepticus parrae). Piscivores contained large and medium-sized predators such as 
barracuda (Sphyraena barracuda), multiple species of serranids (family Serranidae), and jack (family 
Carangidae).  

For statistical reasons, large and mobile shark observations (family Carcharinidae and 
Ginglymostomatidae) were removed from the analysis. Similarly, herrings (Jenkinsia spp.) that form 
large fish schools were not considered because it skews density data distributions. Here we report the 
R2 values from linear models used to evaluate temporal trends from 2001–2015. We use one-way 
ANOVA to compare between 2017–2019. Dispersion in all graphs and text descriptions is expressed 
as standard error. 

https://data.noaa.gov/datasetsearch/
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Table 4.7.1.1. Number of surveys conducted in Buck Island Reef National Monument by year and survey 
method from 2001 (01) to 2019 (19). (Data from NPS-NCRMP-UVI program). 

Year Method Number of Surveys 

2001 Belt transect 79 

2002 Belt transect 72 

2003 Belt transect 79 

2004 Belt transect 56 

2005 Belt transect 86 

2006 Belt transect 99 

2007 Belt transect 50 

2008 Belt transect 86 

2009 Belt transect 89 

2010 Belt transect 42 

2012 Belt transect 64 

2015 Belt transect 66 

2017 RVC 57 

2019 RVC 113 

 

Reference Conditions/Values 
Fish density of some reef fishes reported by Gladfelter and Gladfelter in 1979 are listed and 
compared to data from Pitman et al. from 2001–2006 (Pitman et al. 2008, Table 12). Almost one-
third of the species listed (n=23) by Pittman et al. (2008) displayed negative trends compared to 
1979, with no records of Nassau grouper (Epinephelus striatus), tiger grouper (Mycteroperca tigris), 
or yellowfin grouper (M. venenosa).  

Pittman et al. (2014) studied 15 fish community metrics within BUIS and outside BUIS. Eight of 
those metrics showed no sign of change between 2003–2010 (positive or negative). Total fish 
biomass inside the park did not change while species richness decreased. Biomass and density of 
ecologically important groups such as herbivorous fish did not change during that period. Pittman et 
al. (2014) suggest that further studies are needed to investigate these trends, including the absence of 
large-bodied fishes such as Nassau (Epinephelus striatus) and yellowfin grouper (Mycteroperca 
venenosa).  

Current Condition and Trend 
Despite high annual variation, total fish density (175.3 ± 216.9 Ind. 100m−2) and total fish biomass 
(6334.5 ± 276.0 g. 100m−2), displayed no positive or negative trends from 2001–2015 (Figure 4.7.1.2 
A&C, lm, density, R2 = 0.003, p = 0.098, biomass, R2 = 0.004, p = 0.078). Likewise, total fish 
density, total fish biomass, and richness calculated from surveys conducted in 2017–2019 exhibited 
no year differences (Figure 4.7.1.2 B&D). Our results concur with Pittman et al. (2014), who 
reported no changes in total fish biomass between 2003–2010. The number of species found per 
survey in 2001–2015 averaged 18.7 with no clear trends (Figure 4.7.1.2 E). On average, ten more 
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species were found in the 2017–2019 point count surveys (Figure 4.7.1.2 F). Notice that the higher 
number of species per survey is likely a response to survey methodology differences.  

Except for the negative trends of planktivores (2001–2015) and piscivores (2017–2019), fish density 
of other groups was low and did not change through time (Figure 4.7.1.3). Notice that herbivore fish 
density (parrotfishes, surgeonfishes, yellowtail damselfish) averaged 48.4 ± 1.8 Ind. 100m−2 in 2001–
2015 and 49.4 ± 3.7 Ind. 100m−2 in 2017–2019. Given that RVC surveys usually yield higher fish 
densities than belt transect, these similar density values with both methodologies are worth more in-
depth analysis. Only biomass of invertivorous fish displayed a positive (positive) trend in 2001–2015 
(Figure 4.7.1.4). The absence of a trend in herbivorous fish biomass (2001–2015 average 3933.9 ± 
228.6 g. 100m−2) matches the findings by Pittman et al. 2014.  

 
Figure 4.7.1.2. Density, biomass, and richness of reef fish in Buck Island Reef National Monument 
(BUIS) from 2001 to 2019 (data source: NPS-NCRMP-UVI program). Surveys from 2001 to 2015 were 
conducted using belt transect, while surveys in 2017 and 2019 used Reef Visual Survey. Mean ± S.E. 
Bold letters indicate statistical significance.  
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Figure 4.7.1.3. Fish density by trophic group: A&B – herbivores, C&D – invertivores, E&F – planktivore, 
and G&BH – piscivore in Buck Island Reef National Monument (BUIS) from 2001 to 2019 (data source: 
NPS-NCRMP-UVI program). Surveys from 2001 to 2015 were conducted using belt transect, while 
surveys in 2017 and 2019 used Reef Visual Survey. Mean ± S.E. Bold letters indicate statistical 
significance. 
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Figure 4.7.1.4. Fish biomass by trophic group: A&B – herbivores, C&D – invertivores, E&F – planktivore, 
and G&BH – piscivore in Buck Island Reef National Monument (BUIS) from 2001 to 2019 (data source: 
NPS-NCRMP-UVI program). Surveys from 2001 to 2015 were conducted using belt transect, while 
surveys in 2017 and 2019 used Reef Visual Survey. Mean ± S.E. Bold letters indicate statistical 
significance. 

Density of the two major Caribbean herbivorous fish families, surgeonfish (family Acanthuridae) and 
parrotfish (family Scaridae), averaged 26.3 ± 1.5 Ind. 100 m−2 and 20.9 ± 0.7 Ind. 100 m−2, 
respectively, with no trend in 2001–2015 (Figure 4.7.1.5 A). As reported by Pitman et al. 2014, 
densities of groupers (family Serranidae, 4.1 ± 0.1 Ind. 100 m−2) and snappers (family Lutjanidae, 2.9 
± 0.3 Ind. 100 m−2) are very low in BUIS, where groupers continued declining in 2001–2015 (Figure 
4.7.1.5 A, lm, R2 = 0.02, p = 0.005). Groupers were also the only family displaying negative fish 
biomass trends (Figure 4.7.1.5 B, lm, R2 = 0.02, p < 0.001). To illustrate the spatial distribution of 
reef fish in the Monument, we created two maps with the most recent monitoring data collected in 
2017 and 2019. There are not clear spatial patterns of total fish density (Figure 4.7.1.6) and total fish 
biomass (Figure 4.7.1.7), but further analysis is needed to investigate spatial distribution. 
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Figure 4.7.1.5. Fish density (A) and biomass (B) of some reef fish families in Buck Island Reef National 
Monument (BUIS) from 2001 to 2015 (data source: NPS-NCRMP-UVI program).  
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Figure 4.7.1.6. Mean total fish density (Ind. sampling unit−1) estimated from 2017 (yellow circles) and 
2019 (blue circles) surveys conducted in Buck Island National Monument (BUIS). Data source: NPS-
NCRMP-UVI program. Habitat cover obtained from Costa et al. 2012.  
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Figure 4.7.1.7. Mean total fish biomass (g. sampling unit−1) estimated from 2017 (yellow circles) and 
2019 (blue circles) surveys conducted in Buck Island National Monument (BUIS). Data source: NPS-
NCRMP-UVI program. Habitat cover obtained from Costa et al. 2012.  

Threats and Stressors 
In the 1960s and 1970s, coral reefs located within today’s Monument boundaries were dominated by 
corals that provided high physical complexity for a highly diverse fish community (Galdfelter et al. 
1977, Bythell et al. 1989). Galdfelter et al. (1977) report the presence of large species, including 
midnight parrotfish (Scarus coelestinus), rainbow parrotfish (Sc. guacamaia), and blue parrotfish (Sc. 
coeruleus) that were already absent in the early 2000s (Pittman et al. 2008). However, several 
parrotfish have been observed recently during sea turtle patrols in Fall 2017 and via UAS in April 
2018 (C. Pollock 2021, personal communication). Our findings, which include no trends in density, 
biomass, and richness from 2001 to 2019, adds to the list of reports pointing out concerns regarding 
BUIS reef fish communities (Kadison et al. 2017, Rincon-Diaz et al. 2018). Several stressors can be 
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associated with this failure of reef fish recovery, including illegal harvesting (Valdés-Pizzini et al. 
2010), habitat degradation (Bythell et al. 1989), and the impact of introduced species.  

In 2001, Rogers and Beets published an analysis of BUIS reef fish communities from 1989–2000 that 
revealed significant decreases in fish size and abundance, particularly fishermen’ target species such 
as groupers and snappers (Rogers and Beets 2001, p. 318). They concluded that BUIS, one of the 
oldest marine protected areas in the Caribbean, has not been effective and called for more active law 
enforcement. Pittman et al. (2008) studied BUIS reef fish from 2001 to 2006 and reported very few 
(3%) large (>35cm) groupers and snappers even though they indicate improvement in law 
enforcement. More than 70% of groupers, parrotfish, and surgeonfish were under 20 cm in length, 
explaining the low fish biomass in our data. Collectively, our information and past reports point out 
that there is still illegal fishing in the area. The only substantial evidence of the unlawful fishery in 
BUIS comes from Valdes-Pizzini et al. (2010), who described up to ten illegal traps used by 
“weekend warriors.” Thus, this uncounted fishing pressure could well be the primary limiting factor 
on reef fish recovery. Along with more enforcement, outreach and environmental education 
programs are critical. According to Valdes-Pizzini et al. (2010), a large proportion of the fishermen 
do not recognize the benefits of the protection and feel that they have been “squeezed out” with the 
BUIS expansion. Stoffle et al. (2009) show that St. Croix communities depend almost exclusively on 
local fishing (100% of the catch is sold and consumed on the island), where jobs outside the fishing 
industry are hard to find. Thus, along with improved enforcement and better educational programs, 
fishers’ economic alternatives are needed to make BUIS an effective marine protected area.  

As early as 1975, Walter Adey describes areas around BUIS dominated by extensive coral reefs and 
algal ridges (Adey 1975). In the 1970s, Acropora plamata covered over 50% of the reef crest, and by 
1985 several disease events reduced their population to less than 12% (Bythell et al. 1989). Rogers 
and Beets (2001, table 1) present a chronological list of stress events, hurricanes, diseases, and 
bleaching events, that have impacted coral communities in BUIS until 2000. The last significant 
events were Hurricanes Maria and Irma in 2017 that were impactful in coastal regions of St. John 
(Rogers 2019), but no information was found for BUIS. Habitat degradation is likely to be another 
limiting factor on reef fish recovery, as shown in other reef areas (Wilson et al. 2010). More studies 
are needed to evaluate the relationship between habitat degradation and fish community in BUIS and 
other factors such as fish larval recruitment and fish movement (but see Becker et al. 2020 and 
Novak et al. 2020).  

The invasive Indo-Pacific lionfish (Pterois volitans) also pose a recognized threat to native reef fish 
because they can rapidly consume large numbers of prey. The species was first reported in the 
northern USVI in early 2011, two years after the first sighting off St. Croix. In BUIS, eleven 
individuals were reported in 2012 surveys, whereas only nine, three each survey year, were observed 
in 2015, 2017, and 2019. Thus, it seems local efforts to control the lionfish are effective.  

Data needs/gaps 
There is an urgent need to continue monitoring fish communities. Reef fish communities are 
naturally diverse and dynamic and susceptible to multiple factors, including fishing, reef structure, 
recruitment, survivorship, hurricanes, and many others. Thus, at least once a year, monitoring fish 
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communities inside and outside BUIS is highly recommended to assess current regulations’ 
effectiveness and act accordingly (adaptive management). A cross-validation study that allows data 
comparison before and after 2015 is crucial at this point. Such a study is currently underway with 
funding from NOAA NMFS (M. Feeley 2021, personal communication). A first approach could be 
standardizing fish density and biomass given the survey surface area (belt transect 100 m2 vs. RVC 
15 m diameter), considering that RVC produces more accurate metric estimates (Colvocoresses and 
Acosta 2007). Our preliminary trials indicate that fish richness could be the most difficult metric to 
compare between methods, given that RVC surveys produce a significantly higher number of 
species. The negative trends of richness from 2001–2015 could be masked by the change in survey 
methodology beginning in 2017. 

There is also a need for data collection on illegal fishing and compliance with park regulations. These 
are the dominant factors limiting reef recovery. Additionally, some research questions could help 
assist in management decisions, including what level of connectivity (closed or open populations) are 
the fish populations currently experiencing in BUIS? For example, each year, the red hind 
(Epinephelus guttatus) travels 5–18 km to its spawning aggregation site in BUIS, Lang Bank 
(Nementh et al. 2007). This migration pattern and fish movement denote the connectivity within 
BUIS and its potential as a core area for replenishing fish stock inside and outside its boundaries 
(spillover). See also the work by Bryan et al. (2019) on the movement of queen triggerfish (Balistes 
vetula) in and out of BUIS.  

Unfortunately, decreased fish length and skewed sex ratio indicate that Lang Bank has failed to 
recover even after years of temporal closure protection (Nemeth et al. 2006). These findings alone 
justify the need for better protection in BUIS. Other questions of interest for management include 
whether habitat restoration promotes fish replenishment and whether large-bodied fishes absent from 
BUIS because of life-history traits that slow or prevent their full recovery. 

Overall condition 
Overall, there are no significant changes from 2001 to 2019. Based on early records, BUIS reef fish 
communities were heavily impacted in the 1980s and 1990s and have failed to recover (Table 
4.7.1.2). Illegal harvesting and poor regulation compliance are likely limiting recovery.  
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Table 4.7.1.2. Graphical summary of status and trends for several metrics of reef fish communities. 

Component Indicator 

Condition 
Status 
/Trend Rationale and Reference Conditions 

Reef fish 

Total fish density 

 

 

Conditi on of resource warrants  significant concer n; condition is unchanging; m edi um confidence in the assessm ent.  

Reef fish density warrants significant concern because a 
lack of positive trends after decades of fishing pressure 
suggests factors are still negatively affecting reef fish 
communities. 

Total fish 
biomass 

 

 

Conditi on of resource warrants  significant concer n; condition is unchanging; m edi um confidence in the assessm ent.  

Reef fish biomass warrants significant concern because a 
lack of positive trends after decades of fishing pressure 
suggests factors are still negatively affecting reef fish 
communities. 

Number of 
species 

 

 

Conditi on of resource warrants  significant concer n; condition is unchanging; m edi um confidence in the assessm ent.  

Reef fish richness warrants significant concern because a 
lack of positive trends after decades of fishing pressure 
suggests factors are still negatively affecting reef fish 
communities. 
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• Mike Feeley, Marine Ecologist, National Park Service, South Florida / Caribbean Network, 
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• Jeff Miller, Fisheries Biologist, National Park Service, South Florida / Caribbean Network, 

william_j_miller@nps.gov 
• Lee Richter, Marine Biological Technician, National Park Service, South Florida / Caribbean 

Network, lee_richter@nps.gov 
• Matt Kendall, Researcher, National Oceanic Atmospheric Administration, Marine Spatial 
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• Clayton Pollock, Biological Technician, National Park Service, Buck Island National Monument, 

Clayton_Pollock@nps.gov 
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Island National Monument, Zandy_Hillis-Starr@nps.gov 
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4.7.2. Sea Turtles  
This section reviews the condition of sea turtles at Buck Island Reef National Monument (BUIS). 
The condition assessment considers 31 years of monitoring data for nesting and foraging 
aggregations, provided by the NPS Buck Island Sea Turtle Research Program (1988–2019), to assess 
the status of sea turtles in the park. The condition of sea turtle populations is typically evaluated 
using metrics that detect changes in abundance, productivity, and reproductive success. The 
condition metrics selected for this resource include measures of abundance (nesting females, in-water 
relative abundance), reproductive success (nest abundance, hatching success, hatchling emergence 
success, clutch size, hatchling sex ratio), size class, and genetic composition. Condition metrics were 
evaluated separately for nesting and foraging aggregations, and for each sea turtle species. Please 
note that some condition metrics could not be evaluated for some species due to lack of data. 
Temporal trends for each condition metric were evaluated for the referred period (1988–2019) when 
sufficient data was available.  

Description  
Sea turtles are large marine reptiles with a global distribution, but most species are found in 
temperate and tropical latitudes. Sea turtles fulfill important roles as consumers in marine ecosystems 
(i.e., coral reefs, mangroves, seagrass meadows) (Jackson 1997, Bjorndal and Jackson 2003), while 
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also interacting with terrestrial systems via the use of beaches and coastal forest as nesting habitats. 
These reptiles are long-living, slowly maturing organisms with complex life history strategies, all of 
which are globally imperiled. 

Sea turtles utilize separate habitats for foraging and nesting activities, which are connected by 
migration corridors that often span large geographic areas and jurisdictions of multiple countries 
(Wallace et al. 2011). Successful conservation and management of sea turtle populations requires 
international cooperation and large-scale strategies to mitigate threats (i.e., fisheries bycatch, direct 
harvesting) and prevent habitat loss (Wallace et al. 2011, Rees et al. 2016). All seven species of the 
world’s sea turtles are protected under the Endangered Species Act (est. 1971) and are currently 
classified by the IUCN as endangered or critically endangered species (Seminoff et al. 2015, 
Valdivia et al. 2019).  

BUIS provides critical nesting habitat for four sea turtle species: hawksbill (Eretmochelys imbricata), 
green (Chelonia mydas), leatherback (Dermochelys coriacea), and loggerhead (Caretta caretta) 
(Hillis-Starr and Phillips 1998). In particular, BUIS is the primary index nesting beach under U.S. 
jurisdiction for the critically endangered hawksbill sea turtle (Figure 4.7.2.1) and is the only fully 
protected site in the Caribbean where hawksbills forage and nest (National Marine Fisheries Service 
and U.S. Fish and Wildlife Service 1993). BUIS also provides important year-round in-water 
developmental habitat for hawksbill and green turtles (Figure 4.7.2.1) (Hart et al. 2017, 2019). Sea 
turtles interact with and fulfill important roles in several BUIS ecosystems, including coral reefs, 
seagrass meadows, and coastal habitats. As federally listed species, sea turtles at BUIS are of high 
management priority (BIRNM General Management Plan 2010). 

The National Park Service began monitoring sea turtle nesting activity at BUIS in 1980 (Zullo 1986). 
NPS park rangers conducted day patrols of the beaches to document the number of sea turtle tracks 
and nests. Sea turtle populations at BUIS were extremely low throughout the 1980s, with almost all 
documented nests being either predated by mongoose or poached by humans (Zullo 1986). NPS 
established the Buck Island Sea Turtle Research Program (BISTRP) in 1987 (Phillips and Hillis-Starr 
2002), with the goal of using saturation tagging and long-term monitoring to evaluate the status of 
sea turtle populations in the Monument. The focus of BISTRP initially was to document nesting 
activity, but after the issue of the U.S. Hawksbill Recovery Plan was issued in 1993 (NMFS and 
USFWS 1993), the program was expanded to incorporate monitoring of in-water (foraging) 
populations (Phillips and Hillis-Starr 2002a). BISTRP has been monitoring sea turtles at BUIS since 
1987 and has been recognized as one of the most intensive and successful sea turtle monitoring 
programs in the world, particularly for hawksbill sea turtles. This condition assessment utilizes thirty-
one years of data collected by BISTRP to assess the condition of sea turtle populations at BUIS. 

The status and condition of sea turtle populations are evaluated using established metrics (i.e., vital 
rates) that detect changes in abundance, productivity, and reproductive success. Condition metrics 
selected by NPS for this resource assessment include the following: abundance (nesting females, 
relative abundance in-water), size class, reproductive success (nest abundance, hatching success, 
hatchling emergence success, clutch size), genetic composition, and hatchling sex ratio.  
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Condition metrics were evaluated separately for nesting and foraging populations, and for each 
species. All report sections that follow are divided into separate components for each population, 
respectively.  

 
Figure 4.7.2.1. Buck Island Reef National Monument (BUIS) provides critical nesting and foraging habitat 
for sea turtles. (Left) BUIS hosts the primary index population of critically endangered hawksbills under 
U.S. jurisdiction. (Right) A green turtle grazes in a shallow seagrass meadow at BUIS. (Photo credits: 
National Park Service, A. Gulick). 

Data and Methods  
Size class is the only condition metric that was evaluated for the entire population (including in-water 
and nesting) of a species. This was completed only for hawksbill and green turtles because these are 
the only species known to utilize both nesting and foraging grounds at BUIS. To characterize the 
overall size structure of each species, a size class frequency distribution was created using the most 
recent measurement of curved-carapace length (CCL) for each individual. CCL (cm) was measured 
from the nuc to the tip of the carapace (see protocol, Phillips and Hillis-Starr 2002b). 

Temporal trends in condition metrics were evaluated separately for nesting and in-water sea turtle 
populations, and at the species level (when data was available). Temporal trends in the following 
metrics were evaluated for nesting populations: nesting female abundance, size class, reproductive 
success (nest abundance, hatching success, hatchling emergence success, clutch size), and hatchling 
sex ratio. Temporal trends in the following metric were evaluated for in-water populations: size class. 
Please note that temporal trends for some condition metrics could not be evaluated due to the lack of 
comparative data (e.g., relative abundance for in-water), but reference values are available (see 
Reference Values/Conditions). 

Nesting population 
Data collected during 1988–2019 by the NPS Buck Island Sea Turtle Research Program (BISTRP) 
(see protocol by Phillips and Hillis-Starr 2002b), was used to evaluate temporal trends in female 
abundance, size class, and reproductive success for hawksbill and green turtles. Temporal trends for 
loggerheads and leatherbacks could not be evaluated because of low sample size. Alternatively, 
summary statistics of condition metrics for these two species are provided in Table 4.7.2.1. 
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Loggerhead nesting at BUIS is very rare (Pollock et al. 2009). And although leatherbacks do 
occasionally nest on BUIS beaches, this site does not serve as a primary nesting beach nor do 
monitoring efforts overlap with the seasonal peak for nesting activity. Leatherback nesting activity 
that occurs at BUIS is typically spill-over from nearby primary nesting beaches: Sandy Point 
National Wildlife Refuge (St. Croix) and Culebra Island (Puerto Rico).  

Table 4.7.2.1. Summary statistics of condition metrics for nesting sea turtle populations at BUIS during 
1988–2019. Curved carapace length (CCL) was measured from the nuc to tip of the carapace (NPS-BUIS 
BISTRP dataset, unpublished). 

Species Condition metric Mean (± SD) Range 

Hawksbill 

# females year−1 42 ± 21 11–78 

Female CCL (cm) 88.4 ±4.7 63.6–120.5 

# confirmed nests year−1 150 ± 60 79–301 

Hatch success (%) 69.4 ± 26.6 0.0–100.0 

Emergence success (%) 63.1 ± 29.0 0.0–100.0 

Clutch size (# eggs clutch−1) 142 ± 33 5–273 

Green 

# females year−1 11 ± 11 0–35 

Female CCL (cm) 108.7 ± 5.8 89.0 ± 170.0 

# confirmed nests year−1 45 ± 42 3–144 

Hatch success (%) 75.5 ± 24.7 0.0–100.0 

Emergence success (%) 70.5 ± 26.9 0.0–100.0 

Clutch size (# eggs clutch−1) 110 ± 27 10–235 

Leatherback 

# females year−1 0.2 ± 0.4 0–2 

Female CCL (cm) 149.5 ± 4.3 146.0–158.5 

# confirmed nests year−1 6 ± 5 0–19 

Hatch success (%) 72.5 ± 24.4 0.0–99.2 

Emergence success (%) 67.7 ± 24.9 0.0–99.2 

Clutch size (# eggs clutch−1) 81 ± 20 34–136 

Loggerhead 

# females year−1 0.3 ± 0.5 0–2 

Female CCL (cm) 103.5 ± 1.2 101.8–106.2 

# confirmed nests year−1 0.9 ± 1.9 0–8 

Hatch success (%) 50.9 ± 35.6 0.0–98.1 

Emergence success (%) 46.0 ± 35.5 0.0–96.9 

Clutch size (# eggs clutch−1) 119 ± 32 19–165 

 

All metrics for hawksbill and green turtles were assessed using data collected during 1988–2019. 
Abundance of nesting females was assessed by determining the number of individuals encountered in 
each year, while accounting for catch-per-unit-effort (CPUE). CPUE was calculated for each year by 
dividing the number individuals encountered by the number of patrol nights conducted. Temporal 
trends in female size class (CCL, measured nuc to tip) and reproductive parameters (nest abundance, 



 

201 
 

hatchling success, hatchling emergence success, clutch size) were evaluated using the annual mean 
and variance (±SD) for each metric. CPUE was accounted for when evaluating nest abundance by 
dividing the number of nests encountered by the number of patrol nights conducted in a single 
season. Trends in hatchling sex ratio for hawksbills was evaluated using values from published 
literature. 

In-water population 
Condition metrics for in-water populations of sea turtles at BUIS were assessed for hawksbills and 
green turtles only. Leatherbacks and loggerheads are not known to use BUIS as a foraging area, 
although, an adult male loggerhead was recently documented foraging at BUIS (Hart et al. 
unpublished data). Data collected by NPS during 1993–2002 (see protocol, Phillips and Hillis-Starr 
2002a) and by USGS during 2012–2019, was used to assess the size class of in-water populations; 
summary statistics for each species are provided. Relative abundance for in-water populations could 
not be evaluated at this time due to the lack of comparative data. 

Reference Conditions/Values  
Nesting population 

NPS monitoring efforts of sea turtle nesting activity at BUIS began in 1980, in the form of day 
patrols conducted by park rangers (Zullo 1986). Forty-two sea turtle nests were documented in 1980, 
all of which were hawksbill (Zullo 1986). Nineteen of those nests (45%) hatched successfully, nine 
were predated (21%), one was poached (2%), and the status of thirteen (31%) were inconclusive. 
Green turtle (n = 8) and leatherback (n = 3) nests were not documented on BUIS until 1983 (Zullo 
1986). The success of those specific nests could not be determined, although records show that the 
majority of sea turtle nests on BUIS in 1983 were either predated by mongoose or poached by 
humans. Monitoring efforts of sea turtle activity at BUIS varied significantly through the 1980s 
(Zullo 1986), but it can be inferred from existing records that the sea turtle nesting population at 
BUIS was extremely low at the time were enduring severe predation and poaching. Documentation 
of predation by exotic mammals (Zullo 1986, Witmer et al. 2007) and poaching by humans led to 
significant management actions to protect sea turtle nesting at Buck Island in the 1980s and early 
1990s. The significantly greater numbers of sea turtle nests found at BUIS today, when compared to 
those reported by Zullo (1986), is a direct result of nesting beach protection through increased ranger 
patrols, establishment of long-term monitoring and research of nesting activity, successful 
eradication of invasive predators, enforcement of conservation laws, and local education/outreach 
(Hillis-Starr and Phillips 1998). 

Reference conditions for the genetic composition of the BUIS hawksbill nesting population are 
provided by Hill et al. (2018). Using mitogenomic haplotypes, Hill et al. (2018) determined that 
female hawksbills nesting at BUIS are genetically distinct from other females that utilize nearby 
nesting beaches on St. Croix. This analysis supports the concept that the BUIS hawksbill population 
is a unique management unit. Similarly, the frequency divergence in haplotypes for green turtles 
nesting at BUIS, when compared to other populations in the Greater Caribbean, suggests that the 
BUIS rookery is demographically isolated (Shamblin et al. 2012), thus warranting its own 
management unit status. To our knowledge, the genetic composition of the leatherback and 
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loggerhead nesting populations have not been evaluated. Tissue samples have been collected to 
evaluate the genetic composition of the leatherback and loggerhead nesting populations, but have not 
been analyzed (NPS unpublished data, Hart et al. unpublished data). 

The sex ratio of hawksbill hatchlings was initially evaluated in 1994 by Wibbels et al. (1999). The 
ratio was strongly biased, with over 96% of individuals sampled being female (Wibbels et al. 1999). 
The impacts of multiple severe storms resulted in the loss of vegetation cover and increased exposure 
of dark soil nesting habitat to solar radiation; this shift in quality of nesting beach habitat was linked 
to the strong female bias found in the hawksbill hatchling sex ratios (Wibbels et al. 1999). To our 
knowledge, hatchling sex ratios has not been evaluated for green, leatherback, or loggerhead turtles 
at BUIS. Given the female-biased sex ratios documented for hawksbills at BUIS, it is hypothesized 
that a similar bias likely exists for other sea turtle species.  

In-water population 
Reference values of effort-corrected relative abundance for hawksbill and green turtles at BUIS are 
provided by Pollock (2013). During 2012, relative abundance (mean ± SD) of hawksbill turtles (all 
size classes) was 0.53 ± 0.12 turtle sightings km−2, with the greatest relative abundance of hawksbills 
occurring in habitats dominated by reef and colonized hard-bottom (1.44 ± 0.94 turtle sightings 
km−2). Relative abundance of green turtles (all size classes) was 1.22 ± 0.19 turtle sightings km−2, 
with the greatest abundance occurring in habitats dominated by seagrass (6.98 ± 1.71 turtle sightings 
km−2). For both species, relative abundance of each size class varied across benthic habitat type. For 
further information and reference values for habitat-use patterns of each species at BUIS, please see 
Pemberton (2000) and Hart et al. (2013). 

Reference values for the size class of the hawksbill in-water population during 1994–1999 were 
provided by Hart et al. (2013). A total of 75 individuals were captured and mean (±SD) CCL was 
47.4 (±13.0) cm and ranged from 23.2–77.7 cm. Reference values for the size class of the green turtle 
in-water population during 1998–2002 was provided by NPS (using the BISTRP database). A total of 
29 green turtles were captured during the study period; CCL was measured for one individual (87.0 
cm).  

Reference conditions for the genetic composition of the hawksbill in-water population at BUIS are 
provided by Bowen et al. (2007). All hawksbill nesting populations in the Caribbean, including 
BUIS, are genetically distinct, meaning each population has unique haplotypes. However, a 
considerable mixing of haplotypes has been found among juvenile hawksbills that recruit to foraging 
areas (Bowen et al. 2007). The number of juveniles contributed to foraging areas appears to be 
largely driven by the size of nearby nesting colonies. Nesting colonies in Cuba, and BUIS and Mona 
Island (Puerto Rico) to a lesser extent, are the primary source populations for the hawksbill in-water 
population at BUIS (Bowen et al. 2007). Tissue samples have been collected for evaluating the 
genetic composition of the green turtle in-water population at BUIS, but these samples have not been 
analyzed (Hart et al. unpublished data). 
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Condition and Trend  
Size class frequency distributions of curved carapace length (CCL) for hawksbill and green turtle 
populations (including in-water and nesting) are provided in Figure 4.7.2.2. These figures do not 
allow temporal trends to be evaluated for this condition metric but do provide a general overview of 
population size structure. Future assessments should evaluate size class frequency distributions to 
detect potential changes in the composition of in-water and nesting populations. 

 
Figure 4.7.2.2. Graphical summary of the size class frequency distributions for (A) hawksbill and (B) 
green turtles. Frequency distributions include individuals from nesting and in-water populations. Curved 
carapace length (CCL) was measured from the nuc to tip of the carapace. 

Nesting population  
Overall, abundance of hawksbill females and nests increased during the study period (1988–2019) 
(Figures 4.7.2.3, 4.7.2.4), exhibiting a dramatic recovery from the reference condition reported for 
1980 (Zullo 1986, Hillis-Starr and Phillips 1998). However, female abundance and nest abundance 
do appear to consistently decline after the 2013 nesting season, and nest abundance does not track 
with female abundance after 2010 (Figure 4.7.2.4). This decline appears to be maintained during 
years with consistent effort (Figure 4.7.2.3). Hatch success, emergence success, and clutch size have 
increased compared to the reference condition in 1980 but are quite consistent from 1988–2019 
(Figure 4.7.2.4). Mean (±SD) CCL of nesting females is also consistent throughout the study period 
(88.4 ± 4.7 cm) (Figure 4.7.2.4, Table 4.7.2.1). The implications of these patterns are discussed 
below in detail. 

During 1994, the sex ratio of hawksbill hatchlings at BUIS was strongly skewed toward female, with 
96% of hatchlings sampled being female (Wibbels et al. 1999). During 2019, the temperature of all 
hawksbill nests sampled exceeded the threshold required to produce females (29.32 °C), with an 
overall mean (±SD) of 31.76 °C (±1.67) (Lyons 2020). Of the eggs sampled by Lyons (2020) in 
2019, 94.5% were predicted to produce females. Lyons (2020) did not detect a statistical relationship 
between the temperature of nests and hatching (or emergence) success. 
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