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ABSTRACT.—The Caribbean spiny lobster (Panulirus
argus) is one of the most important fisheries in the US Virgin
Islands. Low densities and life-history characteristics of
lobsters have made reliable surveys in the region notoriously
difficult, contributing to sparse and inconsistent fisheries-
independent datasets to inform management decisions. Many
existing and historical surveys are limited in their temporal
and spatial coverage. In 2019, the National Park Service
initiated a long-term monitoring effort of spiny lobsters in
Buck Island Reef National Monument and Salt River National
Historical Park and Ecological Preserve, St. Croix, US Virgin
Islands, and Virgin Islands National Park, St. John, US Virgin
Islands. Initial surveys show both density (3.06—7.07 lobsters
ha™) and occupancy (0.11-0.12 sites with lobster) are low and
not significantly different between the three parks. While
survey efforts are currently focused on national parks, the
50 x 50 m gridded sample frame and stratification scheme
are adaptable to the wider US Caribbean region, modelled
after the multi-agency design to monitor reef fish with the
National Coral Reef Monitoring Program. With the same
survey footprint as reef fish surveys, the two methods
could conceivably be co-located in the future, improving
cost-efficiency and overall data quality. If expanded, this
methodology could provide regional fishery managers with
much needed density indices, though future surveys would
benefit from a greater sample size or by supplementing with
other methods that increase the number of observed lobsters
to allow for robust size-frequency analyses.

The Caribbean spiny lobster (Panulirus argus) is a common decapod crustacean
found throughout the tropical and subtropical western Atlantic (Williams 1965).
Panulirus argus is an important resource harvested for local consumption and
as an export fishery (Ehrhardt 2005). In the US Virgin Islands, the fishery grew
considerably in the past 30 years and became one of the territory’s most valuable
commercial fisheries (Olsen et al. 2018). A recent stock assessment documented the
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need for long-term fisheries-independent studies specifically designed for P. argus to
establish abundance indices, highlighting that available datasets were inconsistent
in methodology, had limited temporal-spatial scales, or low overall sample sizes
(SEDAR 2019).

Several factors make accurate fisheries-independent surveys of spiny lobsters
notoriously difficult. The gregarious nature of P. argus can lead to samples with
multiple or no individuals present (Herrnkind et al. 1975, Marx and Herrnkind
1986, Herrnkind and Lipcius 1989). Additionally, adult spiny lobsters seek shelter
in complex hardbottom habitat during daylight hours, yet are mobile and actively
forage at night, often in nearby seagrass habitats—presenting challenges in
detectability (Herrnkind et al. 1975, Herrnkind 1980, Herrnkind and Lipcius 1989).
Variability in habitat utilization throughout their life cycle and seasonal migrations
to deeper water to reproduce require consistency in timing of surveys (Crawford
1921, Kanciruk and Herrnkind 1976, Herrnkind 1980, Marx and Herrnkind 1986).
Low population densities further complicate sampling, requiring a high degree of
replication or large survey footprints to reduce non-detections (Boulon et al. 1986,
Boulon 1987, Wolft 1998, Beets et al. 1996, Mackenzie and Royle 2005). Altogether,
developing an effective long-term lobster monitoring program has proven difficult.
We present lessons learned from a baseline study in three US Virgin Islands parks to
help inform potential strategies for monitoring spiny lobster across larger spatial and
temporal scales in the region.

In 2019, the National Park Service (NPS) initiated a long-term monitoring study
of P. argus within US Virgin Islands national parks: Virgin Islands National Park
(NP) on St. John and Buck Island Reef National Monument (NM) and Salt River
National Historical Park and Ecological Preserve (NHP&EP) on St. Croix (Richter
et al. 2020). The monitoring protocol is designed to complement biennial reef fish
sampling conducted in the territory as part of the National Oceanic and Atmospheric
Administration’s (NOAA) National Coral Reef Monitoring Program (NCRMP). The
50 x 50 m gridded sample frame, stratification scheme, and survey footprint are
shared between the two monitoring efforts, providing a framework to extend these
surveys into adjacent territorial waters.

Our objectives are to provide density, occurrence, and size information on
the exploited-phase (>89 mm) P. argus population in the parks to help inform
management decisions. We prioritized park-wide density calculations, requiring
randomized surveys of a known area. Expecting low population densities, we sought
a survey footprint that was big enough to reduce non-detections, but small enough
to be repeatable and allow for larger sample sizes while minimizing the likelihood of
surveying beyond targeted strata. Previous studies of lobster in the region focused
on catch-per-unit-effort from roving diver surveys (Cox et al. 2009; H Hicks, DPNR,
pers comm), had very small survey areas (Pittman et al. 2008, Friedlander et al. 2013,
NCCOS and SEFSC 2018, 2020, 2021), or targeted specific reefs (Cooper et al. 1975,
Boulon et al. 1986, Boulon 1987, Tobias et al. 1988, Beets et al. 1996, Wolff 1998).

Fisheries-independent lobster research in the US Virgin Islands is lacking in
recent years, though federal and territorial governments are showing renewed
interest. NOAA partnered with NPS, the Department of Planning and Natural
Resources (DPNR), and the University of the Virgin Islands in several projects to
better examine the status of the lobster fishery in the US Virgin Islands. These
projects include surveying deep (30—50 m) populations using the same methods as
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Richter et al. (2020), as well as trap surveys and port sampling to evaluate life history,
reproduction, age and growth, size structure, catch rates, and disease (K McCarthy
and S Smith, NOA A Fisheries, pers comm). As part of the Southeast Area Monitoring
and Assessment Program (SEAMAP) Caribbean, DPNR conducts timed-search
surveys in the territory, studying size distribution, ageing, and reproduction patterns
(H Hicks, DPNR, pers comm). A future cohesive territory-wide effort involving all
partners could provide better quality data and meet the needs of each organization.

MATERIALS AND METHODS

We conducted surveys at Buck Island Reef NM and Salt River NHP&EP on St.
Croix in 2019 and at Virgin Islands NP on St. John in 2021, as a baseline effort for
long-term lobster monitoring using the procedures outlined in the Spiny Lobster
Monitoring Protocol (Richter et al. 2020). The Protocol utilizes the same sample
frame and habitat classification as reef fish monitoring in the region because both
organisms exhibit heterogenous distributions influenced by physical and biological
habitat attributes (Williams 1965, Williams 1991, Bryan et al. 2013, Bryan et al.
2016). Sample domains are constrained by management boundaries of each park and
limited to hardbottom habitats shallower than 30 m that P. argus use for shelter
during daytime hours (Herrnkind 1980, Herrnkind and Lipcius 1989). Surveys are
scheduled as a single sampling pulse during the same time of year to limit the effects
of movement and seasonal migration and to maintain consistency in reproductive
observations.

The sample frame employs a stratified-random design using 50 x 50 m grid cells,
where each cell is assigned to a stratum based on coverage of hardbottom habitats of
varying complexity. Within each stratum, cells are randomly selected using a discrete
uniform probability distribution, which assigns equal selection probability to each
cell (Law 2007). We evenly allocated samples across strata, though future surveys
will incorporate a more efficient allocation. Next, a boat navigates to the centroid
of a grid cell and searches for hardbottom visually or using sonar; divers then enter
the water without conscious decision about the position of the survey and establish
two adjacent 15-m diameter circular plots on the first hardbottom encountered and
exhaustively search for lobster.

Upon encountering a lobster, observers first estimate the carapace length before
attempting capture to measure actual carapace length and record demographic
information (sex, condition of spermatophore/eggs). Lobsters are released after the
assessment. Divers conduct a benthic assessment for each plot, including habitat
photos and visual assessments of habitat type, abiotic footprint, slope, and surface
relief. These assessments determine in which habitat stratum the sample actually
occurred.

The primary measurable objectives are to determine status and trends of relative
density (e.g., lobsters per 353 m?), occupancy, and average size of exploited-phase
lobster. Descriptive metrics like sex ratio and proportion of females with eggs and/or
spermatophore are secondarily tracked.

For the analyses, we assume the data collected at a site is representative of the
whole primary unit in which it was collected. Stratum densities are calculated, then
summed using a weighting factor based on stratum area to calculate a density index
across the domain. To calculate 95% confidence intervals, we used a nonparametric
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bootstrap using 10,000 samples with replacement using the “boot” package (Canty
and Ripley 2021, Davison and Hinkley 1997) in R (R Core Team 2020). Occupancy
calculations are identical to density, except values of 1 or 0 indicate the presence or
absence of lobster. Average size in the exploited phase was calculated by averaging
the carapace lengths of all observed lobsters that were greater than or equal to the
legal limit of 3.5 inches (89 mm). Visual estimates were used if lobsters evaded
capture. Kruskal-Wallis and Mann—Whitney U tests determined whether significant
differences existed in average size between parks. Lastly, we ran a simulation in
R, pooling observations of exploited-phase lobsters in all three parks to estimate
sampling effort required to achieve various coefficients of variation (CV) based on
the current stratification scheme (Smith et al. 2011).

RESULTS

A total of 76, 32, and 72 sites were sampled in the Buck Island Reef NM, Salt
River NHP&EP, and Virgin Islands NP surveys respectively. Spiny lobsters were
infrequently observed, leading to low density and occupancy estimates with no
significant differences detected between parks (Table 1). Relative density plots
are presented for Virgin Islands NP (Fig. 1A), Buck Island Reef NM (Fig. 1B), and
Salt River NHP&EP (Fig. 1C). The average size (SE) of exploited-phase lobster was
significantly larger in Virgin Islands NP [125.4 (4.7) mm)] than in either Buck Island
Reef NM [108.6 (4.6) mm, P < 0.01] or Salt River NHP&EP [108.6 (3.2) mm, P < 0.05].
Figure 2 provides estimated sampling effort to achieve various CV targets based on
pooled densities of exploited-phase lobsters in all three parks.

Table 1. Descriptive metrics for observed Panulirus argus in surveys conducted in Buck Island Reef National
Monument (Buck Island Reef NM) and Salt River National Historical Park and Ecological Preserve (Salt River
NHP&EP) in 2019 and in Virgin Islands National Park (Virgin Islands NP) in 2021. Individuals were only
included in sex ratios and percentages of females with eggs or spermatophore when physical characteristics
were clearly visible. Relative density (lobster ha™') and occupancy (sites occupied) for all observed and
exploited-phase P. argus are also reported.

Park Buck Island Reef NM  Salt River NHP&EP  Virgin Islands NP
Total Sites 76 32 72

P. argus Observed 23 27 31

P, argus Captured 14 8 15
Exploited (>89 mm) : Unexploited 15:8 7:20 19:12

(<89 mm)

P, argus Density: lob ha™ [95% CI]
Exploited-Phase (>89 mm) Density:
lob ha™' [95% CI]

P. argus Occupancy:
sites occupied [95% CI]

Exploited-Phase (=89 mm) Occupancy:

sites occupied [95% CI]

Average Size (SE) in Exploited-Phase
Max Carapace Length

Min Carapace Length

Sex Ratio (M : F)

Percentage of Females with Eggs

Percentage of Females with
Spermatophore

5.66 [2.55, 9.62]
3.96 [1.41,7.07]

0.16 [0.07, 0.27]
0.12[0.04,0.21]

108.6 (4.6) mm
160 mm
48 mm
3:12
41.7%
66.7%

18.11 [6.51, 32.54]
7.07 [3.40, 16.69]

0.23 [0.08, 0.40]
0.11 [0.01, 0.25]

108.6 (3.2) mm
125 mm
40 mm
6:3
33.3%
0.0%

8.21 [3.68, 14.15]
5.09 [2.26, 8.49]

0.12 [0.06, 0.18]
0.11 [0.05, 0.17]

120.6 (4.7) mm
180 mm
15 mm
7:10
20.0%
40.0%
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Figure 1. Relative density and distribution of exploited-phase Panulirus argus and benthic
habitats in the US Virgin Islands: (A) Virgin Islands National Park, St. John; (B) Buck Island
Reef National Monument, St. Croix; and (C) Salt River National Historical Park and Ecological
Preserve, St. Croix.

DiscussioNn

While baseline spiny lobster monitoring effort was intended for P. argus populations
in three national parks in the US Virgin Islands, key features make it valuable for
a fisheries-independent sampling effort at wider scales. Prioritizing density and
occupancy as metrics rather than catch-per-unit-effort reduces bias, makes results
comparable to other studies, and is more useful to managers. Modelling the sample
design after the NCRMDP reef fish surveys provides opportunities to expand efforts
into adjacent territorial waters and affords the prospect of co-locating the surveys
to increase sample size, cost-effectiveness, and assessment of spatial fisheries
management (open vs closed areas).

Density and occupancy rates for lobster are low across the three national parks
surveyed. A substantial concern when sampling low-density populations is the power
to detect a significant change between sampling events if one exists. Gregarious
species, like P. argus, exacerbate the issue by introducing a high degree of variance
in density observations (e.g., 11 juveniles were observed at a single site in Salt River
NHP&EP). Focusing on exploited-phase individuals, which aggregate somewhat
less than juveniles, helps reduce the effect. Yet, if this methodology was used in a
wider territorial effort, an estimated 152 samples achieve a CV of 20%, a common
target in fisheries-independent assessments (Fig. 2). A percent change is statistically
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Figure 2. Sampling performance curve, pooling density observations of exploited-phase lobsters
from the surveys in all three US Virgin Islands national parks (Virgin Islands National Park,
Buck Island Reef National Monument, and Salt River National Historical Park and Ecological
Preserve). The curve estimates the number of samples needed to achieve target coefficients of
variation for a given geographic area with similar lobster densities and sampling strategy.

detectable at approximately twice the CV; thus the smaller the CV, the greater ability
to detect changes in density (Smith et al. 2011).

Comparison of density metrics with historical studies is problematic, however a
collaborative large-scale standardized approach using fixed-area plots could establish
reliable density indices for the territory. The survey footprint of our study (353 m?)
is considerably larger and reduces the number of non-detections over the NCRMP
lobster transects (30 m?). The small area in NCRMP transects leads to high data
sensitivity, where one additional lobster at a single site may double a density estimate
for a park. Larger survey footprints reduce non-detections, but simultaneously
decrease the possible number of overall sites if sampling effort remains consistent. We
felt two 15-m diameter plots per site balanced being small enough for an exhaustive
search ensuring high rates of detection probability, yet large enough to reduce non-
detections over other methods. We also felt that maintaining consistency with the
NCRMP reef fish surveys was important to allow for potential co-location of surveys.

One disadvantage of prioritizing density is that in low-density populations, the
number of observed lobsters is low, which limits robust size-frequency analyses.
While lobsters in Virgin Islands NP (n = 19) were significantly larger than those
in Buck Island Reef NM (n = 15) or Salt River NHP&EP (# = 7), the low number
of observed lobsters does not lend confidence to interpreting size-frequency data.
Overall sample size should increase or be supplemented with roving-diver or trap
surveys if robust size-frequency or demographic information is a priority.

With a lack of previous standardization of censusing techniques for spiny lobsters
in the region, this study introduces a sampling scheme that is adaptable to include
territorial waters outside parks. The survey methods and design model those that
already sample reef fish in the region and could conceivably be coupled with those
efforts to increase cost-effectiveness and provide much needed population level
estimates for P. argus territory wide.


matt.damiano
Highlight

matt.damiano
Highlight

matt.damiano
Highlight


Richter and Feeley: Advances in visual survey design for Panulirus argus 161
ACKNOWLEDGMENTS

We thank B Arnette, M Chilcote, N Hanna Holloway, L Henderson, T Kelley, K Liburd, J
Miller, C Pollock, C Pott, D Tyson, and R Waara for field assistance and Buck Island Reef NM
and Virgin Islands NP for providing personnel, boats, logistics, and office space. This study
was funded through the NPS South Florida/Caribbean Network, Inventory and Monitoring
Division base budget.

LITERATURE CITED

Beets J, Friedlander A, Wolff N, Waara R. 1996. Evaluation of critical resources within Virgin
Islands National Park: groupers, snappers, queen conch and spiny lobster. National Park
Service Technical Report 8/96.

Boulon R. 1987. A basis for long-term monitoring of fish and shellfish species in the Virgin
Islands National Park. Virgin Islands Resource Management Cooperative, Biosphere
Reserve Research Report 22.

Boulon R, Beets J, Zullo E. 1986. Long-term monitoring of fisheries in the Virgin Islands
Biosphere Reserve. Virgin Islands Resource Management Cooperative, Biosphere Reserve
Research Report 13.

Bryan DR, Atkinson AJ, Ault]S, Brandt ME, BohnsackJA, Feeley MW, Patterson ME, Ruttenberg
BI, Smith SG, Witcher BD. 2013. A cooperative multiagency reef fish monitoring protocol
for the U.S. Virgin Islands coral reef ecosystem. Natural Resource Report NPS/SFCN/
NRR—2013/672. Fort Collins, Colorado: National Park Service.

Bryan DR, Smith SG, Ault JS, Feeley MW, Menza CW. 2016. Feasibility of a regionwide
probability survey for coral reef fish in Puerto Rico and the U.S. Virgin Islands. Mar Coast
Fish. 8:135—146. https://doi.org/10.1080/19425120.2015.1082520

Canty A, Ripley BD. 2021. boot: Bootstrap R (S-Plus) Functions. R package v1.3-28.

Cooper RA, Ellis R, Serfling S. 1975. Population dynamics, ecology, and behavior of spiny
lobsters, Panulirus argus of St. John, USVI (III): population estimates and turnover. Bull
Nat Hist Mus of Los Angeles County. 20:23-30.

Cox C, Zito A, Bertelsen R, Hunt JH. 2009. Buck Island Reef National Monument lobster
population study. Final summary report to NPS, Buck Island Reef National Monument.
Marathon, Florida: Florida and Wildlife Research Institute.

Crawford DR. 1921. Spawning habits of the spiny lobster (Panulirus argus) with
notes on artificial spawning. Trans Am Fish Soc. 50:312-319. https://doi.
org/10.1577/1548-8659(1920)50[312:SHOTSL]2.0.CO;2

Davison AC, Hinkley DV. 1997. Bootstrap methods and their applications. Cambridge:
Cambridge University Press. https://d0i.10.1017/CB09780511802843

Ehrhardt NM. 2005. Population dynamic characteristics and sustainability mechanisms
in key western central Atlantic spiny lobster, Panulirus argus, fisheries. Bull Mar Sci.
76(2):501-525. —_—

Friedlander AM, Jeftrey CFG, Hile SD, Pittman SJ, Monaco ME, Caldow C. 2013. Coral reef
ecosystems of St. John, U.S. Virgin Islands: spatial and temporal patterns in fish and benthic
communities (2001-2009). NOAA Technical Memo NOS-NCCOS 152.

Herrnkind WEF. 1980. Movement patterns in palinurid lobsters. In: Cobb JS, Phillips BF, editors.
The biology and management of lobsters. Vol. I: Physiology and behavior. New York:
Academic Press. p. 349-407.

Herrnkind WF, Lipcius RN. 1989. Habitat use and population biology of Bahamian spiny
lobster. Proc Gulf Caribb Fish Inst. 39:265-278.

Herrnkind WF, Vanderwalker J, Barr L. 1975. Population dynamics, ecology and behavior of
spiny lobster, Panulirus argus of St. John, U.S. Virgin Islands: habitation and pattern of
movements. Bull Nat Hist Mus of Los Angeles County. 320(2):417-432.


http://www.ingentaconnect.com/content/external-references?article=0007-4977()76:2L.501[aid=11088236]
http://www.ingentaconnect.com/content/external-references?article=0007-4977()76:2L.501[aid=11088236]
matt.damiano
Sticky Note
Plans for standardization?


162 Bulletin of Marine Science. Vol 100, No 2. 2024

Kanciruk P, Herrnkind WF. 1976. Autumnal reproduction of spiny lobster, Panulirus argus, at
Bimini, Bahamas. Bull Mar Sci. 26:417-432.

Law AM. 2007. Simulation modeling and analysis. 4th ed. New York: McGraw-Hill.
MacKenzie DI, RoyleJA.2005. Designing occupancy studies: general adviceand allocating survey
effort. ] Appl Ecol. 42(6):1105—1114. https://doi.org/10.1111/j.1365-2664.2005.01098.x
Marx JM, Herrnkind WF. 1986. Species profiles: life histories and environmental requirements
of coastal fishes and invertebrates (south Florida)—spiny lobster. United States Fish and

Wildlife Service Biological Report 82(11.61). US Army Corps of Engineers, TR EL-82-4.

NCCOS (National Centers for Coastal Ocean Science), SEFSC (Southeast Fisheries Science
Center). 2018. National Coral Reef Monitoring Program: assessment of coral reef benthic
communities in the U.S. Virgin Islands from 2017-06-12 to 2017-08-04 (NCEI Accession
0176081). NOAA-NCEIL Accessed 17 February, 2022. Available from: https://www.ncei.
noaa.gov/archive/accession/0176081 -

NCCOS (National Centers for Coastal Ocean Science), SEFSC (Southeast Fisheries Science
Center). 2020. National Coral Reef Monitoring Program: assessment of coral reef benthic
communities in the U.S. Virgin Islands from 2019-06-08 to 2019-08-09 (NCEI Accession
0215460). NOAA-NCEIL Accessed 17 February, 2022. Available from: https://www.ncei.
noaa.gov/archive/accession/0215460 -

NCCOS (National Centers for Coastal Ocean Science), SEFSC (Southeast Fisheries Science
Center). 2021. National Coral Reef Monitoring Program: assessment of coral reef benthic
communities in the U.S. Virgin Islands from 2013-07-08 to 2013-07-19 and from 2015-06-
08 to 2015-07-24 (NCEI Accession 0224205). NOAA-NCEL Accessed 17 February, 2022.
Available from: https://www.ncei.noaa.gov/archive/accession/0224205

Olsen DA, Nowlis J, Bryan D. 2018 A study of the Virgin Islands spiny lobster fishery: growth,
population size and mortality. Proc Gulf Caribb Fish Inst. 70:211-217.

Pittman SJ, Hile SD, Jeffrey CFG, Caldow C, Kendall MS, Monaco ME, Hillis-Starr Z. 2008. Fish
assemblages and benthic habitats of Buck Island Reef National Monument (St. Croix, U.S.
Virgin Islands) and the surrounding seascape: A characterization of spatial and temporal
patterns. NOAA Technical Memo. NOS-NCCOS 71.

R Core Team. 2020. R: a language and environment for statistical computing. Vienna, Austria:
R Foundation for Statistical Computing. Available from: https://www.R-project.org/

Richter L], Feeley MW, Atkinson A]J, Patterson JM, Davis AD, Miller J. 2020. Long-term
monitoring protocol of Caribbean spiny lobster (Panulirus argus): Protocol narrative.
Fort Collins, Colorado: National Park Service. Natural Resource Report NPS/SFCN/
NRR—2020/2177.

SEDAR. 2019. SEDAR 57: Stock assessment report of U.S. Caribbean spiny obster. North
Charleston, South Carolina: Southeast Data Assessment and Review.

Smith SG, Ault JS, Bohnsack JA, Harper DE, Luo J, McClellan DB. 2011. Multispecies survey
design for assessing reef-fish stocks, spatially explicit management performance, and
ecosystem condition. Fish Res. 109:25—41. https://doi.org/10.1016/j.fishres.2011.01.012

Tobias W, Telemaque E, Davis M. 1988. Buck Island Fish and Shellfish Populations. Biosphere
Reserve Research Report 26. Virgin Islands Resource Management Cooperative.

Williams AB. 1965. Marine decapod crustaceans of the Carolinas. US Fish and Wildlife Service
Fish Bull. 65:1-298.

Williams DM. 1991. Patterns and processes in the distribution of coral reef fishes. In: Sale
PE, editor. The ecology of fishes on coral reefs. San Diego, California: Academic Press. p.
437-474.

Wolff N. 1998. Spiny lobster evaluation within Virgin Islands National Park (summer of 1996).
Summary Report to USGS Biological Resource Division.



http://www.ingentaconnect.com/content/external-references?article=0007-4977()26L.417[aid=7427274]
http://www.ingentaconnect.com/content/external-references?article=0021-8901()42:6L.1105[aid=9801670]
http://www.ncei
http://www.ncei
http://www.ncei.noaa.gov/archive/accession/0224205
http://www.R-project.org/

	S91_DW_RD06_cover
	SEDAR 91 RD- 06 Richter and Feeley 2024 USVI lobster survey



