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FIGURE 9.HB Site 7 (black bordered polygon) within the Allowable Crab Fishing Area “A” (western boundary indicated by black dotted line) sh
high relief topography that indicates probable DSCE habitat. (See Figure 7 for location). A. Bathymetry from NOAA Bahamas NG 17-6-chart. B.
etry from NOAA-DEM chart. C. Multibeam sonar map from MGL1304 and NF-07-09-GRNM superimposed on map in B (10 m resolution; NOAA :

bottom habitat (dead coral mounds, and low rock outcrops).
Visual counts conducted via submersible off the Carolinas
recorded higher densities of golden crabs on low—relief rock
outcrops than on other substrates (Wenner and Barans 1990,
Wenner 1990). However, in exploratory trapping off South
Carolina and Georgia, Wenner et al. (1987) found the highest
numbers on soft—bottom habitat and none on rock and coral
rubble. They suggested that if golden crab preferentially in-

habited soft bottom then their zone of maximum abundance
would be limited in the South Atlantic Bight. In trawl sur
veys in the Straits of Florida, Soto (1985) also reported that
golden crab occurred primarily on mud bottom but was not
restrictive in its substrate requirements and also occurred on
Pourtales Terrace. In contrast, Lindberg and Lockhart (1993)
observed golden crab in the Gulf of Mexico on both hard and
soft bottom habitats; however, the largest trap catches were on

hard bottom (i.e., cobble, vertical rock walls and rock outcrop-
pings). It appears that golden crab distribution may be more
related to substrate type than to depth. Unlike red crabs (Cha-
ceon quinquedens [Smith, 1879]), golden crabs do not bury in
soft sediment and appear to prefer to take refuge against ledg-
es, and crevices of canyon features (Lindberg and Lockhart
1993). In comparison, we found that golden crabs occurred
off eastern and southern Florida on a wide variety of habitats,
including dense live coral thickets, vertical rock walls, rock
pavements, boulders, rock slabs, and flat mud—sand bottoms.

The mean density of golden crabs for all our dives was 0.296
+0.209 crabs/1000 m?, and the mean density was greater on
SB than on HB habitat. These densities are comparable to ar-
eas off South Carolina (0.1—0.7 crabs /1000 m? Wenner and
Barans 1990). They also found that lower densities were ob-

FIGURE 10.Allowable Fishing Area “B” and HB Site 8 (white dotted poly
gon) showing high—relief topography that indicates probable DSCE habitat
high relief bathymetry is evident throughout this area. White stars = DSCI
habitat ground-truthed by submersible dives. (See Figure 7 for location). A
Bathymetry from NOAA-DEM chart; red polygon inset enlarged in Figures
10B-D. B. Bathymetry from NOAA Regional Bathymetric Bahamas Chart
C. AUV high resolution multibeam map (5 m resolution; Grasmueck et al.
2006). D. Multibeam sonar map from AT29-03, EX1106, LCBR6107-
09-GRNMS, an@W?9609 (10 m resolution; NOAA 2004).
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served in their submersible studies relative to trap data which
suggests that crabs are drawn to traps from a wider area than
can be observed via submersible visual surveys (Wenner and
Barans 1990, Kendall 1990). The antennule chemoreceptors
of decapod crustaceans confer an extremely sensitive sense of
smell (Ache 1982), so the crabs are likely able to detect trap
bait from relatively long distances, which may generate the
higher densities in trap data. It also may be possible, in part,
that the crabs are avoiding the lights, sounds and electromag-
netic field of the vehicles; however, we did not observe avoid-
ance behavior until the submersible was within meters of a
crab. Another consideration of visual surveys is that it may be
easier to see crabs on open flat soft—bottom habitat compared
to rugose hard—bottom features such as rocky escarpments
and coral facies where the crabs could hide. However, our ob-
servations typically found the crabs fully exposed, standing
erect or walking on the hard bottom. At least during the day-
time hours of our surveys, they did not appear to be hiding or
sleeping in crevices.

Golden crab CW measured from videotape screen grabs
ranged from 58—190 mm with peak frequencies from 80—
120 mm. The largest previously reported CW are 195 mm
for males (Kendall 1990) and 147 mm for females (Manning
and Holthuis 1984), with males generally larger than females.
Although we could not determine the sex of the crabs, our
surveys found that the smallest crabs (96 + 3.98 mm CW)
were at the shallowest depths (300—400 m), while the 400—
500 m depth zone had significantly larger crabs (121 + 5.28
mm CW). Erdman et al. (1990) suggested that golden crabs
migrate up—slope for reproduction, and Lindberg and Lock-
hart (1993) reported that the largest members of both sexes
were caught at the shallowest depths at which they appeared.
However, Wenner et al. (1987) reported that mean CW and
weight of females were greatest at the deeper depths sampled
(733—823 m).

Potential Overlap of Allowable Golden Crab Fishing
Areas and DSCE Habitat

The golden crab fishery off eastern Florida has been
granted allowable fishing areas by the SAFMC within the
CHAPCs, which were implemented in 2010. However, as our
data has shown, some of these zones abut and overlap DSCE
habitat on the East Florida Lophelia coral mounds, Miami Ter-
race, and Pourtalés Terrace. We have mapped 8 regions within
the Northern ACFA, ACFA “A” and “B” where the bathymetry
indicates probable DSCE habitat. Therefore, resource manag-
ers should reevaluate whether to allow golden crab fishing in
these areas until further visual surveys are completed. By con-
trast, ACFA “C” appears to be relatively flat and presumably
soft mud bottom based on available NOAA bathymetry, and
our dive data in this area does not show otherwise. Therefore,
no data support reevaluation of fishing regulations in this area.
Also, the corridor between Area “A” and “C” has been docu-
mented to support high—relief coral habitat, even though it is

not apparent from low resolution bathymetry.

The “Southern” ACFA is a small triangular tip of the
CHAPC off Pourtalés Terrace that lies in an area containing
numerous deepwater sinkholes and high—relief mounds with
exposed hard bottom (Reed et al. 2005, 2013, 2014). Although
we have no multibeam maps or in situ observations inside this
ACFA, submersible dives immediately to the north revealed
high relief, coral habitat. This is also an area where numerous
golden crab traps are known to have been lost or discarded; it is
estimated that several hundred traps plus >22,000 kg of associ-
ated debris and tens of nautical miles of associated rope occur
here (J. Karazsia, pers. comm., NOAA Fisheries). A proposal to
allow fishers to use grappling hooks to recover the traps and
gear was denied given that the project could impact DSCE
habitat. For example, if the grappling hook caught the crab
trap long—line, the string of attached traps could be dragged
over hard—bottom habitat, sweeping it largely clean of at
tached organisms including corals and sponges. Also, the fact
that the gear was lost may indicate it had snagged on some
type of hard—bottom such as low—relief ledges or outcrops,
which do not appear on fathometers at such depths.

Golden crabs are fished using long lines of traps that are
deployed over several km. Due to the velocity of the Flori-
da Current/Gulf Stream (1—2 m/sec) and the depths fished
(200—800 m), the gear certainly drifts before reaching the
seafloor (Erdman and Blake 1988, SAFMC 2011), so it is un-
certain where the traps end up on the bottom. In addition,
the gear is retrieved with a grappling hook which is also likely
to drag the gear across the bottom, and which could cause
impact if fished in DSCE habitat. Therefore, we suggest that a
wide corridor should exist between known DSCE habitat and
the allowable fishing areas.

In addition, we have observed low to moderate relief (<
1—5 m) DSCE habitats that are not visible on a fathometer or
in low—resolution multibeam sonar. Unfortunately, detailed
bathymetric and habitat maps for these deepwater regions are
inadequate, and very few areas of the South Atlantic Bight
and Straits of Florida have been mapped with the high reso-
lution (I—5 m) multibeam sonar required to identify low to
moderate relief DSCE. Without adequate maps, the potential
exists for impacts to DSCEs (SAFMC 2009).

SUMMARY AND CONCLUSIONS

Using visual data from previous submersible and ROV dives,
we document for the first time the distribution and habitat use
of golden crabs in U.S. waters off eastern and southern Florida.
Golden crabs were associated with the following DSCEs: East
Florida Lophelia/Enallopsammia coral mounds, Miami Ter
race, Pourtales Terrace, and Tortugas Valleys. They also were
common on the soft mud bottom in the Straits of Florida be-
tween West Palm Beach and Miami. Golden crabs in this re-
gion occur on a wide variety of habitat types, including dense
live coral thickets, vertical rock escarpments, rock pavements,
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boulders, rock slabs, and flat mud—sand bottoms. However
the distribution of the crabs was significantly greater on SB
than on HB habitat.

By analyzing previous submersible, ROV, and bathymetric
surveys in the region, we also provide data indicating overlap
of allowable crab fishing areas and DSCEs in some areas. The
greatest concern for any bottom fishery in this region is po-
tential impact to DSCEs. Impact from bottom—tending gear,
such as crab traps, longlines, deep—drop weights, and shrimp
bottom trawls, could damage sessile, habitat—forming species
such as hard corals, octocorals, black corals, and sponges. The
devastating impact of shrimp trawling on Florida’s deepwater
Oculina coral reefs, which form mounds similar to the Lophelia
coral reefs (Reed 2002), is well documented (Koenig et al. 2005,
George et al. 2007, Reed et al. 2007). Unprotected Oculina
coral reefs lost nearly 100% of their live coral, whereas some
reefs within the boundaries of the original Oculina Habitat
Area of Particular Concern (created in 1984) survived and
were not affected by trawling. The potential for impact of
bottom—tending gear on DSCE habitat, such as deepwater
Oculina and Lophelia coral reefs, is sufficiently high that the
SAFMC requires some fisheries, such as deepwater shrimp
trawls, to use vessel monitoring systems to track the vessels.
Currently, the penalties for illegal trawling are relatively light
(i.e., confiscated catch and moderate fines). Elsewhere, such as
in the Florida Keys National Marine Sanctuary, those guilty
of destroying coral habitat—for whatever reason—are subject
to fines substantial enough (up to $250,000 per occurrence)
to cover the costs of habitat restoration or mitigation (Koenig
et al. 2005). However, the great depth and inaccessibility of
Florida’s deepwater reefs rule out any consideration of restora-

tion or direct mitigation. These slow growing, deepwater reefs,
once destroyed, may require centuries to recover (if ever); thus
implementation of preventative regulations and enforcement
is even more critical than for shallow reefs.

It is imperative that high—resolution seafloor habitat maps
be developed prior to opening areas for bottom—tending gear.
Within the Florida CHAPC:s, areas open for golden crab fish-
ing cover 4,981 km? (11% of the total protected area). As we
have shown, some of this area supports coral/sponge habitat
and should be removed from the ACFAs. In addition, Reed et
al. (2013) estimated that nearly 30% (6,554 km?) of the DSCE
habitat that occurs in U.S. waters off Florida remains unpro-
tected and outside the boundaries of the CHAPCs. These ar-
eas are currently open to all types of bottom gear including
bottom trawling. The recent multibeam sonar surveys in this
region are mostly relatively low resolution (>10—50 m) and are
insufficient to reveal DSCEs. Management and conservation
plans for deep—sea coral reef ecosystems in the U.S. must be
flexible enough to protect newly discovered DSCE habitat
as new technology enables discovery of unprotected sites. In
fact, the SAFMC recently revised the deep CHAPC boundary
when a Lophelia reef was discovered in much shallower water
of 200 m off Jacksonville. The results reported here will en-
able fishers to focus on golden crab populations while avoid-
ing critical DSCE habitat, as well as provide data that will
allow SAFMC to revise or modify ACFA boundaries in areas
that abut or overlap DSCEs. High—resolution surveys are criti-
cal for defining both DSCEs and areas devoid of these fragile
habitats that potentially may be suitable for future bottom
fisheries and energy development.
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