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INI‘RQDUGTION |
o Exploratony ttapping and processing techniquesnfor golden crab, Geryon
fenneri (Manningrend Holthius 1984), were first described for stocks in the
_Gnlf of Mexioo (OtWell et;el. 19845. Since then, additional golden crab stocks
were discovered off Bermuda (Luckhurst 1985), in“the South Atiantic Bight
(Wenner et al., in press), and off the southeast coast of Florlda (W. Llndberg,g
pers. comm.).. Comme reial harvestlng has been attempted in these areas but w1th
limited success, Present explofetion'of golden créb is-iimited to South |
Carolina, Georgia and the east'eoast of Florida. |

| Much of the information ourrently_enailable‘on golden oreb—offlthe
'eontheastern‘Unite& States resulted from a coopetatively funded research.effort
initiated in March 1985 by the Gulf and South Atlantic Fisheries Development :
.Foundatlon, ‘the South Carolina Wlldllfe and Marine Resources Department
.(SCWMRD)._therSouth Catollne_Sea Grant Consertium and the Marquette
Foundation. Thelprinary goale:of-this two—&ear otoject-were to'determine the
extent of the resource of G fenneri in the South Atlantic Blght. work with thel
prlvate sector to establish approprlate fishlng technlques, and prov1de
1nformat10n Wthh will gulde the private sector in entry and capltallzation of
the poteiitial flshery for G. fennerl and other decapod speoles which co- oceur
‘on the contlnentei slope, Spec1f1e.research obJectlves for the project were

to:d

1

define the bathymetric distribntion of Geryon fenneri in the South

Atlantic .Bight-; | | |

- 'deterntne the density, gize and‘sex,eomposition ofrg. fenneri-in the
South Arlantic Bight;

- evaluate traps, soak time and gear performance in an effort to

optimize fishing technique;



~  describe adult life hlstory in terms of habltat and reproductlve
rblology. and assess other crustacean resources that co—occur with. G.
fenneri;

- cooperate with commercial ﬁrocessors and marketing experts oti

hendling; orocessing end'marketing“of G"fenneri.

The first year of the project was devoted to exploratory trapp1ng of f -South
Cerollna and Georgia in depths from 296-810 m. Results showed-max1mum
ebuudance of‘golden'crab occurred between 367-549 m (200—300 fm) on globigerlna
ooze. The only other numerically 1mportant species caught was the Jonah crab,

Cancer boreal1s.' Of the two trap types fished, catches were significantly

hlgher in the top-entry Florlda trap., Msle golden crsb were more numerous than
females in all strata except the deepest (733~-823 m). Most of the golden.crab
caught exceeded 114 mm carapace width whlch ie the minimum legalelimit for red
creb, G. quinquedens,

The second year of the study, who se results are presented herein, provide
addltlonal information on the distribution and 1ife hlstory of golden crab and
Jonah crab as well as trap saturation and performance..‘.
~ METHODS | | |

Distribution and Relative Abundance

|

Cruises to assess the distributionﬂand-abundauce of goldeo_crsb were made
from 19 Msy to 11 August 1986.(Aupeudix I) on board the SCWMRD research vessels‘l
Oregon, a 32 m converted tuna pursewselner. and the Lady LlS&, a 22.1m

‘double rlgged shrimp trawler, Vessels were equlpped with large capaclty
hydraulic gystems and a beavy duty pot hauler. |

Traps used in this study and their ‘arrangement on trap lines were described

o

by Wenner et al. (in press, 1987) for the first year. The first trap on the




groundline was randomly selected with trap type alternating until six traps
.fthree of each_twpe) were attached (Figure 1), : ‘ .

Trap'setslwere nade between lat. l0°20.4'—32°43.1' and.long.
_76°e2.0‘—79°33.6l in seven depth_strata: 274-366 mg(stratum 1).‘36?~457'm
(stratum 2),:458~549 n (stratumj3}, 550-640 m (strstum 4), 641-732 m (stratum
5); 733—823 n (stratum 6), and >823 m (stratum7), Generally, three sets,
which consisted of the gear arrangement shown in Frgure 1, were made ,.
approx1mately 0.9 - 1.8 km apart within the same depth stratum over a 24—
perlod. Sampling locations were selected by fathometer transects ‘of the
potential fishing area to determine depth and bottom type. In the second year,
more effort was planned for deeper strata vhich were ‘not adequately sampled
-.prev1ously.\ Equal dlstrlbutlon of effort between strata was not achieved,
however, due  to poor weather condltlons and gear 1oss and movement caused by
strong currents (Table 1). |

Flsh1ng duratlon wasg standardized at 20 hours; however, poor weather
condltlons and’ logist1ca1 cons1derat10ns altered thls. Average fishing
duratlon within strata exceeded 18 hours (Table 1). |

Bottom sediments were sampled by a geologlcal rocket grab whenever pOSS1b1e
for each group of three sets msde in an area. Sediments retrieved were frozen .
on board and examined under'a microsco%e for gross characterization in-the
laboratory; Sanoling depth and 1ocation‘were recorded at.deployment of the
anohor; | '

Decapod crustaceans in each trap were identified, counted and welghed
-Catches from damaged traps- or those gets that moved due to currents were
‘excluded from analyses of dlstrlbutlon‘and abundance but were included in.

bioclogical studies of size and sex composition. .
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Table 1, Fishing duration in hours of trap sets within seven strata sampled
durlng Year II for catch-per-unit effort,

Fishiﬁg Duration (Hours)

Stratum | L _No; Sétg X {s) min. ‘max.
T | i 22.0'  " 1.34 ‘ 20.6 23.8
T R 20,3 428 10,2 25.0
3 - 6 . 18.3 6.21 © 112 25.7
4 . 2 a1 071 18.6 19.6
5 | 2 192 o 18.7  19.8
6 16205 11 1s.8 - 22.5

7 i 9. 19.9 1,29 18.2 21.9



VisuallAssessment

._ In situ observatlons on habltat density and behavior of golden crab and
Jonah crab around traps were made from 23-27 August 1986, from the Sea Link I
submérsible of Harbor'Branch Foundation, Inc. Observations were made from
480-555 .m between lat. 3l 49, 1'~31 °51.1' and long. 79 11 3‘—79 °12, 9
V(Table 2). Statlons were selected from areas that had hlgh ylelds of golden
crab during the first year of the study. - Location .of the'flrst transect was
-randomly chosen. Subsequent transects were a continuum or were parallel tc the
first. Loran C was used to record transect tracts in order to determine exact
d1stance traversed. | | \ ' . -

Prior to beglnnlng a transect, the submers1ble remalned statlonary, Wlth
minimum light em1551on for a three—mlnute acclimation period, On the Ffirst
 five transects, three onefmlnute.stationary counts were made withpfull lighting
inmediately follcninglthe acclimation period. Because the same crabs for alln
three p01nt estimates were noted on each transect; these point counts were
abandoned on other dives in order to max1mize transect ‘time, Upon completing_-'
~ these procedures,'the submersible proceeded along the transect tord‘457 m and
counts of E; fenneri and C. borealis Were'recorded; Time, depth, bottom'uater
temperature, habitat characteristics;‘biological observations; and position of
the. submers1ble were recorded frequently. Sedlment samples were collected in
s1tu by. a grab sampler.for each transect and when bottom type changed

Vldeotapes and 35 mm still photographs were used to document changes in
habitat and topography. _Observatlons on V1deotape were simultaneously recorded.
on voice tape and both were used to assess the number of individuals for each |
visible decapod epecies encountered. .Estdnates of population density were
_ determlned for the area of each transect which was the product of transect

distance (457 2 m) and horlzontal v1sxb111ty (3.1 m}. Transect length and
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' po51t10n wag determined from Loran C whlle horlzontal v1sib111ty was the _' | .
lighted arc of bottom as seen by’ the forward observer,

Behav1or in the vicinity of six traps (three Fathome Plus and three Florida
_.traps) was evaluated 1-3 hours and 5-h follow1ng deployment. The’order in
‘which . traps were attached to the groundllne was randomlzed Sequential

observatlona were made for “15 minutes at each trap and included: current
direction,=nuaber of approacaes (forward motion and contaet with trap), namber
of crabs that‘left'due to agoniatio'eﬁeountera, number:rhat 1eft due to other
causes, number thatlenteredr'number that escaped, and number_of crabs-in
viciﬁity of trap rhar did not'approach. Videotape recordings and still camera
photographs were used to dooumenr crab behavior around each trap, Follooing
the observation period and departure'of the submersible, gear was retrieved by

the R/V Lady Lisa and the number of crabs in each trap recorded.

Trap Saturation

Cruises to determine‘whether the fishing‘power of the two trap types uged
in the study decreaSed as the catch per trap 1ncreased (e g. gear saturatlon,‘d
sensu Beverton and Holt 1957) were conducted from 30 September ~ 1 Oct. 1986
‘ and 29—21_Apr11 1987.‘ In September, two sets of baited traps were deployed at
31045.6'N and'79°14.3'W in 426—477'm. The Aprll cruise sampled at
31 35 3'—31 38 8'N and 79 22 1 79 25.5"W 4n 388~425 m,‘however, poor
weather ¢onditions and strong currents caused loss of gear and fotced premature-
:rermination of tﬁia crulse.

- Each get donalsted of four baited Fathoms Plus and four baited Florida

traps, arranged in random order on the groundllne. "Two traps of each type in a |

set were randomly assigned & "fished" and "unfished"'treatment Fished traps
- were hauled and emptled approximately every three hours for 18 hours Wlth the

,trapped crabs not returned to the,water. Traps'not—fished were also hauled
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approsimately every three hours for 18 hours, but-golden'and jonah crabs were
counted, marked,lrepiaced in. the trapslenc returned to the water, Msrking.ﬁas
used to de;ermine whéther escapement of crabs occurred. Trsos were freshly

baired at each observarion_period. Catch data by species for fished_traps eere
celculated.as the accumulated catch for therobservarioo time, while data from
uofished traps were the observed number of crabs in a trao at each

observation,

Size and Sex Gomposition

. Golden and Jonah crabs were rnd1v1dually sexed measured to the nearest
mllllmeter &carapace width, CW dlstance between the t1ps of the flfth lateral
spines; carapace 1ength. CL, distance from the diastema between the.rostal
-teeth to the posterior edge of tce cerspace, aloﬁg=the midlinei; and most were
weighed to the nearest graol The number of missing chelae and pereopods wasg

recorded as 'was molt condition and pregence of ChltlﬂOlYSlS and poecllasmatld

barnacles, Trllasmls 1naequllaterale, on the exoskeleton. Molt conditlon of G

fenneri was c13551f1ed by stages described by Wenner et al. (in press). Molt
condition of C. borealls followed stages deflned by Carpenter (1978) o8
. Female G fennerl and c. borealls wére examined for presence of eggs or

remnants and ev1dence of mating. Descriptions glven by Haefner (1977a) for G.

’ gulnguedens were used in cetegor1z1ng G fenner1 by ovarian color, ovarian size

and the phy51ca1 condition of. the vulvae. Cancer boreal1s were assigned
ovarian stages based,oﬁ descriptions from Csrpenter {1978). Seﬁinai
receptacles wetre examlned for presence of sperm or séermatophores and for
relative size. A representative sample of ovaries and seminal receprecleS'were

prepared for histological examination., TFollowing fization in 10% sea water

formalin,:samples were dehydrated in alcoHOI{ cleared, and embedded in
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paraffin. Sections ware cut at 7 um.‘stained with hematoxylin and
‘counterstained with‘eosin—Y. Qocytes mere measured usiné-an ocular mfcrometer.
Abdomens were ablated in toto frem 12 of the 19 ovigerous females collected
and were flxed in 107 seavater buffered formalln. “After fixation, the abdomens
- were transferred to isopropancl. Indlvidual.abdomens were then_meighed to the
nearest gram. and the eggs mere removed from each, Eggs were,placed in a -
separatory funnel and suspended in a one liter mixture of 1sopropanol and mater
by aeration. Three 1-ml aliquots (representlng three subsamples of the entire
volume of. eggs and solut1on) were obtazned us1ng a 1-ml p1pette, and the total
number of eggs in each subsample was counted The mean number of eggs for the
three aliquot samples was used to calculate the number of eggs for each crab,
A random number of eggs, from each sample, were measured to determine auerage
egg diameter, Regre551on analyses (Sokal and Rolhf 1981) were performed in. an
effort to determlne relatlonshlps between the number of eggs per crab and.
carapace W1dth total body welght, and abdomen weight.

RESULTS

gear Assessment

Sampling gear used during'the'second year of the:project mas-the same as
that described in the Year I'report. No significant_lossesﬁof gear occurred,
and the major problem encountered was the drffting'of trap'strings when strong
surface currents were present, When strong currents precluded fishing in a '
particular area or depth strata, we'wculd usual ly move to an alternate sampling ‘
location. ' The use of longer strlngs of gear in a commerclal type operatlon
would e11m1nate the problem of gear drift, but a corresponding problem of the
submergence of buoys by the current drag would then be 11ke1y. In such cases,
the‘tlme_consumrng use of a grappllng dev1ce to snag the submerged buoy line or’

ground line would be necessary.
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One_of:the most important questions raised duriog'the.first year about the
gear used was: ‘what was the actual configuration of‘toe trap strihg once it
had settled to the bottom? In gitu obserﬁations made'from thelJohnson SearLink
regearch submersible prov1ded 1nformatlon on this question. durlng August 1986
Trap strings were deployed by the R/V Lady Lisa and observed 1 3hand 5 h
after deployment. The most 1mportant finding concerning the deployed gear was
that traps generally settled closer together on the bottom than themr spacing
on the groundllne (200 ft. apart). In the-sets observed the groundllne was
not sufflclently stretched out and large bights of line floated off the bottom
with only 100 feet between some traps. In most cases, the trape 1anded on the
fﬁbottom in proper fishing position, Only two traps had entrance ports occluded
because they landed on & side or upside down. Maintaining more tension on the
groundline while deploying or setting at a slightly greater boat-s?eed day
eliminate the bunching op of traps: Additionally, it would be advisable to
increese the spaciog of treps,oo toe groundline to reduce the,potential for )

competition between adjacent traps,

Distribution and Relative Abundance

The 60 valid sete:(354 indiﬁidual trap ohservations)'caught 1235 G. fenneri

(1274 2 kg) at sampled depths. between 293 and 859 m. The red crab, Gerzoﬁf b

gulnguedens, was collected only from stratum 6 (Appendlx I). The only other

numerlcally important species collected was, the Jjonah crab Cancer boreelis l
(1190 individuals, 339.1 kg) Better catches of golden crab were associated
with ocozes, cons;stlng predomrnantly of ‘globigerina with a mixture of pteropod.-
‘fragments and silt-clay (Figure 2).7'At'depths >550 m 1arge,coral mounds were
encountered, and gear set in stratum 4‘was regularly lost or retrleved Witﬁ feﬁ

crabs,
)]
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Catch per trap of golden ctab and joneh'crab wae'related to depth Catches
of golden crab 1ncreased from 3.6 crabs/trap (4.49 kg/trap) in the shallowast
stratum to a maximum abundance of 10 0 crabs/trap (9 6 kg/trap) in the 458-~549
m depth zone. Catcheés thenrdecllned to <1 1nd1v1due1/trap in deeper strata
'(Tahle 3).. This trend was similar to that noted in Yeat 1; howe#er.'catch per

trap of golden crab was lower in Year 2 for all strata.

Cancer borealis was collected at depthe from 293-567 ﬁ; Greetest_catches
of 15.9.crabe per trap (4.3§ kg/trap) were ih-sttatum 1 where jonah crab'were
presentlin every set (n = 4). Abundance- declined with depth 80 that <1 0.crab
per trap were collected in strata 3 and 4,

Comparlsons of catches between trap type for each stratum showed that more.
1nd1v1duals and greate; weight of golden ctab were collected by the Florida
trap in every stratcm'except 73 however, statlstical-tests of mean catch
between;the two trap'types~revealed e signiflcant diffetencefin ncmber;and
weight_in etratum’S only (fabledé). When catches for hoth_fear 1 and Year 2
were comoered,between.trap types, the Florida trap caught more crabs than the
Fathoms Plue trap in strata 2 and 3 where golden crab were most numerous
(Figure 3). |

Catches of C. borealls from both years showed a different trend with mean
nuhber and weight greatest in the Fathoms Plus trap (Flgure 4). A
statistically 81gn1f1cant dlfferencepln catches of the two trap types_duriné
'Yeaf II-was.hoted in stratum 2 {Table 4)..

Visual Aséessment

A total of 18 transects was completed at three sites between 472~555 m

(Table 5). Bottom type at sites 1 and 2 was fairly uniform, cohsisting'ofrfine

silt—-clay, molluscan_fragments and foraminiferan‘testst The bottom topography

at both sites was characterized by ripple marks, shallow depressions, and low
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Table 3. Number of 1nd1V1duals and welght per trap for Geryon fenneri and
Cancer borealis from ‘the seven depth strata sampled in Year II.

G. fenneri

" Stratum - No. Traps No. /Trag ‘Wgt./Trap (kg)

_— _ X“ ?
1 24 3,6 ; 4.49 g
;2 124 '-'5-.8% - 6.263 ﬂ
3. 36 . 10.09 ¢ . 9.62)
4 11 Ot | 0.07
5 12 0 0
6 93 - 0.4 0.31
-7 ‘ Osh 0.25

54

g:)boreaiis

_ Stratum No. Traps No./Trap Wgt./Trap (kg)

1 . 24 : 15.9 4,36

.2 124 : 6.3 1.84
3 36 0.5 0.09
4 11 1.0 0.19
5 12 0 0
6 a3 0 0
7 54 0 0
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Table.ﬁ.»Results of t-test (T ) comparisons ofrmean number'and-weight (kg)

in parentheges; * indicates significance at 0.05 level.

per trap for two trap types (Fm+ and FLA) fished in each depth stratum

- for Geryon fenneri and Cancer borealis. Standard deviation ig notéd

AStratum

~ oUW b

‘Total

Stratum

W=

Total, :

Ep fenneri

- 7.0(8.26)

ght/trép“

Number/trap
Fm+ FLA -‘ TS- Fm+ FLA TS
3.2(2.43)  3.9(3.64)  0.32  4.1(2.92)  4.9(4.52) = 0.29
5.3(4.06) - 6.2(4.28) 0.76 5.7(4:15)  6.7(4.35)  0.77
6.9(4.05) 13.2(5.04)  2.38% 6.6(2.72) 12.6(3.02)  3.64*
0.8(0.71) 0 — 0.1(0,08) 0 _—
0 T — 0 0 —
0,3(0.41)  0.5(0.74)  0.67 0.2(0.32)  0.4(0.54)  0.50
0.4(0.56)  0.4(0.78)  0.23 0.3(0.31)  0.3(0.43)  0.19
3.6(5.54)  4.1(5.12) 0.50  3.1(3.86)  4.2(5.06) 1.29
g..borealié '
Number/t rap Weight/trap
Fu+ “FLA T Fm+t FLA T
17.8(9.24) 12.5(9.16) 0.81 4.6(1.77)  3.9(2.59)  0.46
8.4(8,55)  4.0(3.84)  2.12%  2.9(2.64) 1.6(1.34) 1.84
0.7(0.95)  0.3(0.29) - 0.96 0.2(0.30)  0.1(0.10) . 0.77% _
©1.200.21)  0.9(0.84)  0.41 0.2(0.08)  0.2(0.13)  0.87
7.7(8.86) 0,30 2.6(2.58)  1.6(1.79) . 1.60
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- . types for depth strata sampled in Years 1 and 2, Effort
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Table 5. Number of golden crab G. fennerl, and jonah crab, C. borealls,
counted on transects,

Depth —

= No. of

- 12-18. .

7 ‘ "Transect.  HNo. of . Total
‘Location (m) No. C. borealis G. fenneri Area (m")
Area A, Site 1  495-497 15 212 5 17100
Area A, Site 2 472-475 6-11 363 7 8500
Area A, Site 4 521-555 19 16

9500
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mounds. At site 4, however, sediment and topography were more variable since
transects were made near coral "mounds", some which possessed slopes of ~ 100
ft. Sediment near the base of the mounds consisted of silt—clay and molluscan

frégmentsQ whereas that on the crests consisted mostly of coral fragments.

“Ar a?l-sites, counts for Cancer boréaiis~greatly éxceeded:thoée for golden
crab. ‘An.édditibhal 8 and 55 E.rborealié were observéd véntral side up at
sites 1 and 2, respectively, suggesting that these were exuvia or dead crabs.

Both 5pecieé-of crabs were highly visible and were not partiaily or
'othefﬁiSe'buried. Jonah cra$ was the most active of the two species, with
individuéls‘usually moving rapidly éwa& fromlthe épp:paéhing 'xsr;ut;me:t:sible,.= In
contrast, gblden”craﬂ seldomlﬁovéd‘aﬁd appeared unaffected by the lights o'rrI
turbulence caused by the submgfsib;e. No_ﬁeral spread was obsgrved for this
Vrspecies as'reported by Wigley et él;ht1§75) for red crab. g,guingueden .

The density of goldeﬁ crabs for the three sites surveyed rangéﬂ from
0.711006 n? to 1.6/1000 m?.(Table‘S). Density was highest for §.~fénnefi
at'éite.ﬁ, whereas densit& of C. barealis'was lowest there. Based on a total
of 12 G. Fenneri and 575 C. bé&ealis dbéérved oen 15,600 mzlof bottpm at sites
1 and 2, the in situ density would be.b.é‘g. fenrieri/1000 mztand*37 g.
borealis/1000 mz;. | |
. Observations ﬁade at sixhtraps that had been deployed iéélhqurs earlier
Vconfirméd tha; crébs were at;facte& to the bait within a shor£ time affer
seftlingldn tﬁe bottbm. Séverél crabg Weré.already inside the traps while
oﬁhers (maining. boreaiis)‘approacﬁed and gathered around the base of the
traps (Table 6):1 |

~ Traps that had sqakedlfqr five ﬁéurs yieldéd sﬁbstantiallyrﬁoré crabs than

those thaf had soaked 1-3 hours. When retrieved, all traps contained G.

fenneri (Table 7). Several C. borealis were observed around the base or in the
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" vicinity of traps. Large 51x~g111 sharks were observed to be actively preying

on jonah crab that were approachlng the traps.

Gear Saturatlcn_

. Trap catches from gear;saturationlexperimenta did not yield enough G.
fenneri to determiae.whether catch per trap was asymptotic with soak time.
Correlation ana1y51s.from sets made in stratum 3 over the past.year (1ncludes
sets 1msted in Appehdix I, as well as‘those having short sqak‘duratlon-from
experlmental crulses) 1nd1cates a ﬁdsitive relationshia (rz ='0.91) betreen
~catch per unit of effort and scak duratlon (Flgure 5) This relatiohship is}
‘1nconc1u51ve, however, . because data were from sets that were not made at the

same time or location.,

Comparisons of catches of C. borealis for fished‘(accumulated catch over 18

’ . / - - - ) - )
hour period) and not-fished (observed catch at each observation) tiraps

suggestec3that saturation of the'F;orida trap'may‘occur'after 6 hourar _For_the
- two replicate sets, catches froa not—fished Florida.traps'over‘the observation
period were 31m11ar and appeared to be asymptotic after 6 hours (Figure 6) By
contraat, CPUE of Florlda traps from which crabs were removed (flshed
treatmenta) wasg nearly identical frem 12 to 18 hours, and the cumulatlve catch
of not—flshed Florida traps was 20 crabs/trap at 18 hours. Chi—square'analysis
:indicated that the catch ratio was'aignificantly_different for the two
*treatments‘at 212 h. For the Fathoms Plus ‘trap, no significant difference in
catchlwaa.observed for sets:i cr 2, althoagh catches from .the unfished.trapa in
set 1 reached aajasymptote athlh hours. These limited data suégest that -
-unfished trapa may become.saturated.at 20 houra and, therefore, may catch cnl}
a' small fractlon of the crabs potentlally ava11ab1e to the traps. |

Over the 12 observatlons made on both sets of traps durlng the 18 h perlod

escapement of C. borealls was greater from the-Fathoms Plus trap. ‘A total of
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Figure 5. Relatlonbhlp between catch per ‘trap -of golden crab
: and elapsed soak time for sets made in _stratum 3
during Year II.
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ELAPSED TIME () = - |
A comparison‘between‘catches of C. borealis froﬁ the Florida

trap and Pathoms Plus trap using a fished strategy (F) in B
which crabs are removed at ~3 h intervals and a not-fished (U}

" treatment in which gear is allowed to fish for “18 h.
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4

13 Jonah crabs escaped from this trap. type, whlle 8 1ndiv1duals escaped - from
the Florida trap. There was no apparent relationship between sosk duratlon and
escapement,

Size and Sex Composition

G. fenneri - Analy51s of sex ratios by chl—square analy31s 1nd1gated male
golden erab were slgnlflcantly more numerous than females, outnumberlng them
'by- 13:1 (P<0.001). Overwhelmlng domlnance of male crabs was also noted in
Year i. 'Of the 75 females collecteo,‘19 were ovigerous, _Domiosnce of males
was statistically significaot for strata i—3 (Table 8). In srraraf4, 6 and. 7,
females ootnumbered_males; but sex ratios‘for rhese strata were.now' |
significantly different from 1:1. No 51gnif1cant difference in the number.of
:female crabs was found between the two trap types (X 1.29 P>0. 05); : |
_however. slgn1f1cantly more.males were collected by the Florlda ‘trap than the
Fathoms Plus trap (X = 1 68, P<0.01).
The 1153 golden crab that were measured in Year II ranged from 71 to 195 min
in carapace width and welghed from 91 g to 1876 g. The'largeSt crab collected
: measured 195 mm and welghed 1765 g. Ayerage weight of male golden crab‘
.collectedhwas 840 g'(s.=o391.3, n = 590), Non-ovigerous femaies averaged 349 g
(s = 140.2, n = 70) while average Weight“of ovigerous femslesrwas 503 g (é %
161.6, n = 19) Carapaee width-freQueney distributions showed a‘skewed
.dlstrlbutlon for male crabs with a modal group from 160~170 mm (Flgure 7)
. Non—0v1gerous.and ov1gerous females had modes at 115 mm. and 135 mm, -
respect1vely.
- Linear Least—squares and functional regression-equations {Ricker i973;;
Sokal and Rohlf 1981) calculated for the relationships of caraﬁace length and

live wet body weight-with width in ovigerous females are in'stle 9.
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Table 8. Frequency of male and female Geryon fenneri and Cancer borealls w1th1n
each depth stratum. Number of females that were ovigerous is

indicated. Asterisks denote. significant. dev1ation (P(O 05) of M:F
from 1:1 by Chi-square analysis.

STRATA (M)

Sex: = 274-366 367-457 458~549 550-640 641-732  733-823  >823

‘G fehneri | 'ﬂ, _
. . - M/
Male 84% 642k 500 Kfz - 16 10/ ¢ 771

| o SRR w , g

Female ' 2 . 40 12 K:§ -— 25 IZ/J Lfﬁ) 58
Ovigerous 0 1 1 IO ——— ' 12 5 é;X

. C. borealis
Male .  334%  928% 112% 1mr e

Feﬁale'-‘ 61 16 : I1 0 v C—— J—
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Geryon fenneri
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¥Y=149mm
' s=18.7
10 n=1061
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.. _I'_
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15— _ “Non-ovigerous Female
: y=116mm S
§=13.9
n=73
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5~
. E. T T T 1
25
20 Ovigérous Female
’ y=128mm '
-8=12.5
: n=19
16
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5_
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CARAPACE WIDTH (mm)
Figure 7. Width-frequency distributions of male, female and

ovigerous G. fenneri caught with experimental traps.
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Table 9. Least—square linear and geometric mean functional regression
' equations of carapace length (CL) and live body weight (WT) on
carapace width (CW) for ovigerous female Geryon fenneri. Length
and width units are millimeters while weight units are grams,

Leastésquare equation ' n x° GM functional equation
CL=-3.52 +0.83Gi . 18 0.93 CL = =7,71 + 0.86 Gi .
 log T = ~4.13 + 3.23 log;(Gi 18 0.89 Log, T = -4..53 + 3.42 log, (W
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Width-weight relationships were calculated from data.on.individuals'tnat nere
not nissing appendagesa ] |

Of the 1237 golden crab examined for missing appendages, 2.7% were missing-
one'otgboth cnelae. Pereopode Were;mlssing ftom 155 individuals (12.5%).' Most
(78%) were‘mlseing only one pereopod - ‘

- Mean size of G. fennerl was varlable between depth strata (Table 10) In-
strata 1-3 where abundance was greatest, ana1y51s of variance showed
'31gn1f1cant dlfference 1n'mean carapace w1dth (F = 26,8. P<0.QOl) and weight'(f'
= 13.8, P<O. 001) between strata, Mean carapace width (3 =rl56,nm) and weight
(7 = 1085.1 g} were 31gnif1cantly greaterftor.crabs from stratum 1 than thcse_
'from streta 2 or 3.

Mean carapace wldth of golden crabs from the Fathoms Plus traps (y .148
mu, 8 ; 20.3, n = 496) was not significantly different from mean width of crabe'
from the Florida trap C? = 146, s = 20.1, n,=‘660). No statistically
- significant dlfference was noted for mean welght either (Fathoms Plus: ¥ = 370

g, 8 = 423 6, n = 290; Florida: ¥ =817 g, s = 398.7, n = 390).

C. borealis - A total of 1385 male jonhah crab and 78 females were collected
during the study. Sex ratios dev1ated significantly from‘I 1 in strata 1-4
where C. borealls were collected (Table 8). A 31gn1f1cantly greater number of
male_(X ='114, P<07001) and_female (X, = 54, P<0;001)_jenah crab were
collected in the Fathoms Plus trap than in the Florida trap.

Male jonah crab which averaged 129 mm CW (s = 9.1, n = 338) were larger

- than females (¥ = 103 mm, = = 8.2, n = 76) and weighed more (male: ¥ =‘277 B
= 73,9, n = 2083 Femele._ ¥ =9 g, 8 =42.2, n=75). No Jonah crab smaller

" than 87 mm was collected and maximum carapace width recorded was 155 mm. A
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' Table 10. ‘Size and W61ght stdtistics of male, female and ovigerous female
Geryon fenneri from sampled depth strata. ¥ = mean; 8 = standard
dev1at;9n, n = number of individuals. ' ‘

Carapace width (mm) - Weight (g)
Stratum _ o ) ' )
Sex (m). 7 Min. Max. = &g n v & n
Male 274-366 157 115 184 14,8 84 1126 300.2 g?s
367-457 152 85 . 195 17.1 595 - 953 379.3 348 j?” ﬁ?
458-549 143 94 183 20.1 354 784  397.9 181§5w€
550-640 86 71 101 21.2 2 148 79.9
S 641-732 == e v e ol —— e ‘ o-’
733-823 155 118 175 16.1 16 1022 328.9 16
- »>823 148 - 117 170  17.5 @ 10 905 314.2 10
Female 274-366 121 113 129 11.3 2 416 123,72
367-457 115 97 135 . 9,2 37 . .325 .101.9 34
458-549 118 95 130 10,8 11 346 86.9 11
550-640 89 80 102 11.5 3 147 52.8 3
641-732  ~—- m—— mme e —— e 0
. 733-823 130 110 146 12.8 13 508 152.7 13
©>823 . 105 78 127 14.9 7 - 245  116.4 7
Ovig. = 274-366 ~—— — e —— g e 0
Female  367-457 112 112 112 -~ —— 1 S 292 ———ee 1
: 458-549 101 101 101 -— 1 © 207 ———— . 1
550-640  ~—— —_— —— e 0 ' 0
641-732 ——-— ——— e e o - . 0
733-823 130 115 143 - 8.9 12 - 523 121.4 12
5 . 555 198.3 5

5823 131 115 154 . 14,9 °
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modal group of 130 mm was obsérved for male GC. boreal1s, while the modal group
for females was 105 mm (Flgure 8)

Mean carapace width was slmllgr for malé g. boreaiis'from strata 1-3. - The
: évefége size énd wgight of crabs collecﬁed'in stratun 4 was sm;ller than for
other strata (Table 11), For the two strata iﬁ which females wére captured, .
average sizé was smailest in Sﬁratum 1, . |

Jonah crab collected in the Floridaitfap were larger (§ = 128 mm, s = 10.3,

= 151) than those_collgctéd'in the Fathqms Plus trap (¥ = 123 mm, & = 15.0, n

;_265); Méan'body weight was also greater in the_Eiorida trap (¥ = 265‘2, g =
79.1, n = 95) than in-the'Eathoms_Plus traf (y = 211 g, s = 111.9, n =‘1885.

The relatibnship‘between darépace widtﬂ and lengfh,qu 61 female C.
JbOrealis was expressed by thé.follbﬁing.équétiqﬁs:A

Lineaff CL = -4.23 + 0.67 oW, r? = 0.76

1

Functional: CL = -14,55 + 0.78 CW. o o é
No predictivé'equatién.is presented for thé relationship between 7
;ogafithmically‘(logloq_transformed variablesrofncarébaée widthnand.ﬁody
weight for fémale craﬁé not miésing appendages because thé Eoefficient pf
detefmination indicated that only 48f.of fhe,#ariatién was gxplained'by'the
reéression.

Chelae were missing from 7% of tﬁe'624 C. borealis éxamined. Qf this .~ . , T
total, 108 individuals (17%) were m1351ng 1-3 pereopods. |

REPRODUCTIVE BIOLOGY

G. fenneri = Of the 94 female g; fenneri cbllected, 77 were-dissected for
determination of gona&al condition. Among non~ov1gerous females, 21 of the 62

individuals examlned had early stage ovarles (for a complete descrlptlon of

ovarian developmental stages, gee Year I report) ‘The carapace width of crabs

in early ovarian development: ranged from 78 to 128 mm (¥ = 108 mm) and most
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Cancer borealis
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figure 8. Width-frequeney distributions of male and female
Cancer borealis caught with experimental traps.
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Table 11. Slze and weight statistics of male and female Cancer borealis for
depth strata where they oceurred, ‘ -

- _ Carapace width (mm) ‘ Weight (g)
- Stratum _ ‘ o o ‘ .
Sex (m) Mean  Min. = Max.’ g n  ‘Mean 8 n
Mele © 274-366 129 87 155 9.1 253 . 277 74.9 111
367-457 130 111 145 9.8 59 287  67.8 58
"458-549 128 112 138 9.3 15 200  53.9 28
550~640 120 97 150 14,7 11 198  97.7- 11
Female 274-366 102 ~ 89 132 7.8 61 - 86. 36.9 61

367-457 109 99 121 43,8 15 - 127 . 49.1 - 14
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(62%) bad immature vulvae (types a and b) suggesting that these crabs Had not
mated (Table 12) Seminal receptacles taken from six 1nd1v1dua1s contained no
sperm or spermatoﬁhores. - | J

Intermedlate stage ovar1es were found in 14 non—ov1gerous females measurlng
‘ 107~130 mn CW (F = 121 mm). Only two 1nd1v1duals had no seminal products'in
.the semlnal receptacle and all, except one individual, had vulval types e or £
1nd1cative of past c0pulat10n (Table 12)

‘The aqvanced ovarian condition was foUnd ie 15 ncn—ovigerous females
ranglng from 101-146 mm CW (v = 122 mﬁ);'_All.hac either type e or f vulvae
(Table-lZ) and ot,those (n = 10) whose seminal receptacles were examined, seven
had sperm or'5permatophores present. |

'lhdividuals_with mature gonads.measured 110-141 mm OW (F = 127 mm CW, n =
. 12) and had either type e or f vulvae (Table 12); Seminal-ptoducts were fcund
ip.eight of the ten indivl&uals whose seminal receptacles were sectioned for‘
ﬁiStolcgicel examinatiec; .

~ The 19 ov1gerous G. fenneri collected racged in carapace w1dth from 112-154
" mm (¥ = 129 mm) and all had elther type e or f vulvae indicative of preV1ous
'ccpulation (Tatle 12). Of the nine seeinal receptacles.examised all, ccntained
spermatopﬁores. Mbst of the 0v1gerous females had redeveloplng ovarles, asg
_rev1denced by presence‘of relatlvely large ova (150~500 um) 1nterspersed with
numerous small ova (35~5p ) and a large amount’ of connective’ tissue. All but
twc_of the berried females carried 1ate stage eggs, as denoted by their purple
black,color-and presence of eyes. ALL oﬁigerqus females were collected from
ﬁay—August and 16 individuals were collected-in Augcst at depths_from 796-833 -
m, : | |

Estimated'fecundityfof 12 G. fenneri raqged from 170,000~429,000 eggs

(Table 13. Average diameter of'preserved‘eggsrwa5'570—608 um; "The regression
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_Incldence of vulval type (after Haefner 19773) in relation to

e

carapace width and gonadal condition of non—ovigerous and
ov1gerous Geryon fenneri, n = number of 1nd1v1duals examlned
NMwmigrws ‘ o
S Carapace Width
Vulval Type n_ (mm) n_ Gonadal Condition
a 14 78-114 o "6 early
b 7 99-111 - .7 early
e 3 '104-115 2 early
L ‘1 intermediate
@ 25 - 104-146 4  early ,
3 - intermediate
7 . advanced
6 mature -
£ 25 101-146 2 early
‘ 8 intermediate
8 advanced \
6  ‘'mature - :
Qvigercus . . '
2 115124 1  intermediate (redeveloping)
- ' 1 advanced
F 17 112-154 1 early (redeveloping)
' - S 7 intermediate (redeveloplng) ,
2 advanced
1  mature (redeveloplng)
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Table 13. - Fecundity estimates and mean egg diameter for ovigerous Geryon
fénneri, ' '
Carapace - Body Abdomen ¥ no. of ., ¥ egg diameter
© Width {mm)} Weight " (G) Weight (G) eggs (x 107) < pm)
115 357 - 58,620 . 175 f 600
128 503 = 71.152 - 184 _ 608
- 132 520 - 94,038 348 - o 585
137 621 1103.332 : 297 T 595
121 436 69,008 261 ' 570
134 _ 602 70.531 199 ‘ 577
137 556 79.130 212 - 572
121 - 451 . 74,817 - 238 ‘ 588
137 , 652 , 108.927 368 573"
170 353 : 59.007 - 170 ) 573
132 556 - 111.276 357 600

\

154 = 887 154,333 : 429 R 586
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relat10nsh1ps between number of eggs and carapace width, body welght, and
abdomen weight are found in Table 14, ALl leastusquare regressions were

significant at o = 0.05.

- C. boreslls - Of.the 78 female C. borealls collected 47 were sacrlfleed for

. gress and hlstologlcal examlnatlon of the ovarles. Seminal receptaeles from 38
females were also examined hlstologlcally for presence of sperm. - Most of the
1nd1v1duals examlned had rature ovarles. indlcatlve of imminent spawning (Table
15). Whlle only two females had sperm plugs in the gonopore, 37 of the g

semlnal receptaeles examined contalned spermatophores.

MOLT CONDITION AND FOULING

Most‘(83%) of the 1239 g. fenneriexaeiued were in the‘intereolt‘(hard)
stage. Seveﬁteen bercentlwere clessified as hard-old which is a premolt suage
and only one 1ndlv1dual was in post-molt cohdltlon (hsrdmneu) All of the 623
C. borealis examlned were in the- 1ntermolt stage of ecdysis.

Blackened abreded areas of the exoskeleton, 1nd1cat1ve of damage by

: Chltlﬂolytlc bacteria, were’ preseht on 99% of the 1240 G. fenneri examined.

' DISCUSSION
Gelden Crab
Results from this two—year study show that depths. of max1mum abundance
occur between 367-549 m within the latitudinal estent of our_study area.f
vSe&iment type at these‘uepths is mainly a nixture of silt—clay aud

foraminiferan tests (globigerima eoze), In situ observations revealed that

golden crab are not restricted to this sediment type, since.they were observed .

on ceralurubble at depths of 521-555 m. The difficultj in successfully




Table 14.

‘Least-square linear and geometric mean functional regression
equations of egg number on carapace width, body weight, and

abdominal weight for ovigerous Geryon fenneri, Width units are
millimeters while weight units are grams. '

Leasf—sqﬁares equation - n r2 GM functional equation

Egg No. = 5921 CW ~ 503,814 12 0.51 " Egg No. = 8314 OW - 816,482
Egg No. = 455 Body Wgt.+ 23,607 12  0.57 Egg No. = 605 Body Wgt— 57,536
Egg No. = 0.86 = 3155 Abd. Wgt- 7,369

2921 Abd. Wgt.+ 13,238 12

Egg No.-
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Table 15, Ovarian condition and size statisticg for female Cancer borealis.

Carapace Width

+

Gonad  Condition : min, max, - v n
© slight © 109 109 109 1
 Advanced 9t 110 7 101 . 6

© Mature S 89 132 105 - 40
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recovering geartwithin the.458—549 m depth'stratumvwhere coraljmouuds ooccurj
limits_the feasibility of commercial effort at-these depths; however.
l'There.is evidence which suggests that the depth of.maximum abundance
changes with latitude. Commerclal efforts off southeastern Flor1da occur 1u a
narrow and comparatlvely shallow depth zone of 118 128 fathoms (W Lindberg,
1587, _pers, comm, ), whereas in-our study area at these depths, catches are

domlnated by Jonah crab Cancer borealls. In the Gulf of Mexrco, ‘golden. crab

oceur in greatest nunbers at depths of 210-350 fm (W. Llndberg, 1987, pers.
comm.) whlch is comparable to our results., - The abundance of golden crab at .
shallower depths of £ southeastern Florrda is somewhat anomalous and needs
further study to ascertain the physical and blologlcal factors affectlng
bathymetric dlstrlbution of golden crab there.

Although catch per trap of golden crab from our survey compares favorably
mlth catch rates reported by Otwell et al. (1984) 1n the Gulf of Mexico, our
study area may be approachlng the northern/limit of the geographic range of
'golden crab Exploratlon off Onslow Bay as part of the South Atlantic SEAMAP
.effort produced only two golden crab in sets made at 145 243 fmg (Wenner and
Beatty 1987) The most ‘abundant specles collected were C. borealls and C
1rroratus, the latter occurrlng only from depths <177 fms. Red crab, G.
gulnguedens, apparently replaces G. fenner1 as the domlnant spec1es further
| north (Haefner and Musick 1974; ngley et al. 1975)

" The density of golden crabs calculated from in situ counts along transects
was surprisingly low (0.8 crabs/lOOO m ) Using photographlc methods to
estlmate density, Wigley et al. (1975) calculated that red crab densltles could
be as hlgh as 258- 282/ha in 320-640 m depths off southern New England They

A TEBOF
estimated 182 mllllon red crab Anhabit the entire study area from Maryland to

Corsalr Canyon of £ Georges Bank at depths from 229-1646 m. Although our
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_'dehsity estimate was based on limited data, we think it does suggest that
golden crab stocks may be substantlally less than those of red crab and that
some cautlon.ln commerc1ally exp101t1ng the spec1es is adv1sable. Furthermore,
u51ng-our density value (0.8 crabs/lOOO m ) and an average catch of 2 9
crabs/trap for. the sites  fished near transect 1ocat10ns, én effective flshlng
area (EFA) of 3625 m /trap is calculated using. Mlller s (1975) equatlon.
This value is fairly similar to the EFA of 2922.5-m /trap which was used to
eetimate-the population size of G. fenneri for the study -area sampled in Year
I. Those estimates were based on the aesuﬁotianOf QCElman and Elner (1982)
. that each ttap'fished a circular area With_radius of half the diatance-between
. adjacent traps, [In gigg observations on deplo&ed traps indicated'that this is
not the usual 51tuat10n gince traps generally settled much closer together than
thelrrmax1mum possible dlstance on the groundllne and may, therefore. be
compet;ng.] Although the effectlve area.flshed per trap'ms limited in terms of
accuracy and preclslon (Miller 1975) and w1ll vary with trap flshlng time
(Rothschild et al. 1970), trap de51gn (Watson and Simpson 1969). geasonality
and area f1shed_(M111er 1975), this value can be used to make a'crude estimate
of the size of the.golden crab resource for the 367—549'm depth sttata within
; our-study area (Table l6); "The cenSlty of ctabs'was calculated ﬁaing Miller's
(1975) equation: _ .

ereb density<: crabs/trap x 19?_22
K - 36?5 mZ/trap Vkmz
Values obtained from this expansion.were much lower tﬁah the hlghest density'
estimate ( 22,400/#m2 for a 37.34 km2 area in 360-540'm) suggested for G.
.guinguedens on the Scotian shelfl(Stone and Bailey 1980). The.total estimated
population size (1.7 x 166 crabs) for the estimated 822 km® area |

encompassed by strata 2 and 3 is comparable, however, to values -on tHe trapable
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Table 16, Eétimation of number of ‘golden crab at depths between 367—549,
: . . No. - Approx2 - : . Catch Densityz No. Crabs
‘Depth {m) Traps Area (km“) Crab/Trap Crabs/km“.  din Depth Zone
367457 . 124 . 411,14 5.8 1600 657,824
458-549 - 36 K114 10.0 2759 1,134,335

%  Estimate assumes an average ‘width of each strata of 3.70 km and 1ength of -
. sampleéd atrea of 111.12 km

7.4 F}q |

G02.00 L0710 *J@ﬁ_ 70
109 ~' - 160 nm
Logoo - CC 160 a

230 Wi = 42 Km
Habx T = 312 b ®

7.9 cana/t, - : ) o
s A2 /f;iz,{ =4, 970, Ugg/ﬁmg

1

201 8:6

ﬂ7£:9f é, " §g7>
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number of crabs (3.8 x 106 for a 2186 kn? between 183~732 m) estimated by
McElman and Elner (1982). ' - ‘

The comparison of catches (no./trap) between the two trap types over the

_ two—year study'indieated that the Florida trap‘caught'more golden crab than the .

FathOms‘Plus trap in strata 2 and.3'where abundance was greatest. Mean size
and weight differences of individuals caught in the two trapsruere not noted
for Year II data,.however. IObservatiOHslof‘traps in situ were limited and

- unfOrtunatelj did not provide much insight into the apparent differences in
.’trap performance; ‘Both G. fenneri and C. borealls were attracted to the traps

within 1.5 h after deployment, however, more C. borealls were observed

- approachlng the traps than were actually caught. Five hours after deployment,

'however the number of C. borealls captured had 1ncreased and most were from
" the Fathoms Plus traps. Although 1nconcluS1ve, these data suggest that golden
: crab have no dlfflculty enterlng elther ‘trap, whereas C borealls may have

d1ff1cu1ty scal1ng the vertlcal sides of the Florida trap. The'abillty to

carry more Fathoms Plus traps because of its nesting conflguratlon may outwelgh_

the dlsadvantage of lower catch per trap, “however.
Soak duratlon-andjtrap-saturatlon are factorsg which'still need to be
evaluated, Our attempts at determining the relationship between these factors

were less than satigfactory for golden‘creb. Data gleaned on Cancer borealis

suggest that the commercral strategy of leavlng gear for a 24-h period may
cateh only a fractlon of the crabs potentlally avallable to the traps.

' Furthermore, in three of the four unflshed treatments, catch per trap was

' asymptotic with soak, appearlng to level off after "6 hr. Catches of Gerz : g
however, may increase with soak duratlon (Figure 6) but experiments that
.examine catch rates over time within one area will be necessary before any

concluslons can be reached.
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The dominance_of male crabs for strata 1-3 suégests a segregetiOn of the
sexes with depth; Most of the females collected durlng the two—year study were
taken in deeper strata. Because seasonal crulses were not undertaken. there
‘aue no data'tossupport seesonel eigrations as_have been suggested for G.
dguinguedehs (Wigley et a1;'1975).' Information taken from commetcielly cauéht'

. | _
'golden crab in the eaStern'Gulflof Mexico also suggests that crabs may
‘segregate by depth and come together durlng the mating season Wthh occurs ln
March and April (Hlnech unpubllshed ms.)_ The deeper occurrence of.females in
the South Atlant;c Bight will likely preserve. the spawninglstock. while males
will be targeted by commerciel efforts in shallower; more eccessible areas.

As with the first year study. the small number of females collected
precludes any deflhltlve statements regatding ovarian cycles or spawnlng
petterns. Based on our 1nterpretatlons of ovarien-development, vulval
conditioh and pregence of seminellprcducts, it appeers that female G. fenneri
feach-seﬁual meturity.at sizes betweenr90;110 mm CW This agrees w1th flndlngsf
of Hingch (unpubllshed me.) who found mature G. fenner1 ranged from 94-144 mm
in the eastern Gulf of Mex1co.

Although ovigerous G. fennerl were collected only from May—August, these
ddata do not substantlate -a spawnlng season in the South Atlantic Bight because o
we were unable to obtaln seasonal c0verage'of all depth strata. These data do,
however, agree falrly well with observat1cns by Hinsch (unpubl1shed ms.) that G
fenneri from the eastern Gulf of Mexlco are ovlgerous during September—October.

'The red crab, G. gu1nguedens, appears to be ov1gerous over much of the year,

w1th greatest incidence of spewnlng in November (Haefner 19773)

'The size composition of golden crab from our study clearly indicates that

the average sgize of golden crab exceeds that reported for red crab along the
. eastern U.S. and Canada. Over 90% of the 4370 individuals measured during the
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_tno—year study exceeded the‘ninimun size of 114 nm GW tnat is aeoeptabie for
commerc1al utlllzatlon of red crab (ngley et al. 1975) Based on growth data
'for G. gu1ngueden ,_entry to the red crab flshery (114 mm CW) occurs at 5. 3 yr.
of age for 15 € or 6.0 yr. at 9- 12 c (Van Heukelem et al. 1981) Although we
did not determine growth rates of G fennerl, it is highly 11kely that- moltlng
frequency is low and that the speczes is slow—grow1ng As a result the
auatalned exploltatlon of cld male crabs could exert a consmderable mortality
on market—s;ze~crabs.‘
- Jonah Grab

The Jonah crab Whlch constltutes a by-cateh of the 1obster fishery along
the Malne coast (Krouse 1980) is an unexploxted resourte in the South Atlantlc
Bight. Greatest catches ( 16 crabs per trap) occur at 274—366 m, and density
estlmates of 37 Crabs/IOOO m2 from in aitu counts at 472-555 m are much
' hlgher-than for G. fenneri. * Since depths <274 m were not sampled durlng our
two~year effort, abundance at shoaler depths can only be 1nferred from data in
~ the M1dd1e Atlantic Bight. ‘Haefner (1977b) found abundance was highest at
151-338 m in’ the a trawl survey of the Norfolk Canyon and adjacent cont1nenta1
ghelf and slope. Carpenter - (1978) reported Low abundance at depths <150 m frofm
the_sane area, Maximum abundance in thisrstudy occurred between 2504350 m.,
These resnlts are”consistent with our observations on bathymetric distribution
and abundance, |

As found during the flrst year of sampllng, male C. borealls domlnated the.
catch in all strata. Unequal sex ratios have been noted for C. borealijs along
the Maine coast (Krouae 1980) and in the Norfolk Canyon and adjacent slope
(Carpenter 1978). The tendency for 1ncrea51ng number of females with
decreaSing depth in our study area supports similar observations by Carpenter

(1978) of increased female abundance at depths <150 m. Whether an inshore



50

rmigratioa to spawn occurs in the.South Atlaotic Bight, az has been'sdggested
_forrpopulations near Boothbap Harbor; Maine (Krouse 1980) and those from the
Norfolk Canyon area (Carpenter 1978),7remains to be determined

The size of C. borealls did not change apprec1ab1y between depth strata, as
has been reported for Jonah crabs from other areas. Haefner (1977) and
Carpenter (1978) reported that smaller crabs (30-40 mm) were most apundant in
depths <150 m, while the maximum abundance of larger crabs (>40 mm) occurred in
150—400 m. The smallest C. borealls collected in our study was 85 mm, The
traps used were probably blased for capture of larger 1nd1v1duals so that any :
slze—depth trends would be difficult to detect.

In:areas where-jonah crab are fished._sale of claws are used to offeet~
ioperational costs (Krouse 1980); In Nee York's marine waters, however, most
- lobster flspermen avomd concentratloaa of Jonah crab and with few exceptlons, :
digcard the crabs they catch (Briggs and Mushacke 1982) In the period from
k1975 1979, a processor handled 129 metric téns. of jonah crabs a year but since
.suspens1on of his operatlon the reported landlngs have fallen to. 10 metric
tons’(Briggs and Mushacke 1980). Although palatable and of good tekture, the
major criticism'of jooahacrab as aAproduct iies,in'the difficalty‘of cracking,
the ciaws and'removing'the_meat; Since there'is_currently ao’market for jonah
crab in the South Atlantic Bight, aVoidance oflshallower strata-shodldrmaximize
catches of goldeﬁ crab relatire to those of jomah crab in commercial

_ operations.
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COMMERC IAL. DEV’E,LOPM_E‘.NT ACTIVITIES
One‘of the oﬁjectives.of this study was to assess the commeredal
B deyelopmeot potential of the Gegxon resource off South Carolina and Georgia and
to frovide current information on oatch rates, gear, and abundance by area to
oommescial fishermenointefested in.diversifying ;heir~fishing operations, The
Seafood Markeoing Services Seotion of SCWMRD has also been invoivedAin.
“identifying potential'markets.for golden'crabs. There has been a strong
cbmmitﬁent throughout ;he two years of this‘study to foster‘commercial
development of_therfesoofce at an appropriate level, S :

When the commeroial_fishing operation that was ini;iated eafly in the fdrso
year of this study'failed; there was & considerable reduction dn interest among :
local flshermen who were con81der1ng entering the flshery. The primary reason
for the businéss fallure was not crab &V&llablllty since the vessel
demonstrated cansistent ahlllty to cateh in excess of 4000 pounds per trip.

. Insufficient dpefating oaﬁifal aﬁd 1ack‘of suitable marketing outlets were the
major problems enoountered. The Seafood Marketlng Services Sectlon of SCWMED-
advlsed the company. to start on a small scale, concentrating on con51stently
supplylog local markets untll the.extent of the resource could be be;ter
defined. An attempt at'devéloping a large:soale regional market fof‘picked
meat pus the operation into directsoompetition with established‘orab products
and bus1nesses and proved to be unsuccessful.‘ No commercial effort occurred
'duslng the remainder of the first progeot year and throughout most-of Year II.

In order to assess the eoonomlc potential of this fishery, a’ pro;ected
income statement was developed by Raymond J. Rhodes, SCWMRD Industry Economlst
as part of his Marlne Bus1ness A551atance Progeot for Clemson/Sea Grant Marlne
Extens1on Serv1ce (Table 17) _The'operatlng.expenses and catch rates used'in

this projection Were those generated from the previously described,
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-Table 17. .Projected Income Statement for a Hypothetical Golden Crab
Commercial Fishing Operation baged in South Carolina, 1987-91,
Data Source:. Division of Marine Resources, 8.C. Wildl, & Mar,
Res, Dept., Charleston, S.C.. Prepared by: Ray Rhodes; DMR
Industry Economist for the Clemson/Sea Grant Marlne Extension
Program, Charelston, S.C,, Nov., 1986.

1987 1088 1989 1990 1991

Assumptionsg:

Average Catch (Live Pounds)/Trap/Day 15
Traps Used per Trip: 200
Fighing Days per Trip: = . 3
Total Trap Days per Trip: : 600"
Total Catch per Trip: _ ' 9,000
~ Total Trips per year: S 30
Replacement Traps/Year: - ‘ - 100
Exvessel Price per live pound: L §0.700
(In Thousnads) YEARS' PROJECTED - 1987 1988 1988 1990 1991
Gross Sales and poundage: - e - :
Total Catch (Pounds) Per Year: 270.0
Total Grosgs Sales per Year! - §189.0
Annual Operating Experses (In Thousands): -
.1, Fuel, 150 g/day @ 0.55/g $ 49,5
2: Ice, 30 -bk/trip @ 7.75/bk 7.0
3. Bait, 2500 1b/trip @ 0. 24/1b 18.0
4. Groceries, gloves, etc, 4.5 -
5. 0il 5.0 g/trip @ 26. 0/5-gallon ‘0.8
Crew Share: 35% after exp. above 38.2
Traps, 200 Traps @ $40 per trap . 8.0
Mige. Fishing Gear (e.g. flyers, etc. ) 1.0
~ Vesgsel and Gear Mainténance 5.0
Total Operating Expenses $132.0 :
Depreciation: _ . § 1.4 ;
Total Annual Expenczes: 3133.4 i
_ _ |
Net Income (Loss) Before Taxes: : $ 55.6 %
Estimated Income Taxes @ 32.0% : 17.8
Net Income {(Loseg) After Taxes” : $37.8
Depretiation Schedule‘ ' _ . 1987 1988 1989 1990 . 1991
Vesgell and Gear Depre01at10n° ) :
Vessel 0 ]
Engine 0
Electronics 0
Hydraulic Reel System ' $4,900
. 3.16" Cable @ 0.10/ft.: 4,500 ' :
5—Year ACRS Percent: ' 15.0% 22.02 21.0% 21.0% 21.0%

Total Depreciation: ' $1,410 82,068 51,974 51,574 $1,974
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unsuccessful commercial operations; A live-weight prlce of $0 70/1b, is

' aéshmed_ Although each fishing operatlon is dlfferent in terms of operating
expenses and catch rates and erab prices may fluctuate substantially, this
example illustrates th;t.given what we feel are cohservative inputs, a net
income of $37.8 thohshnd &ollars can be genera;ed: This hypothetical case may
be useful to an individual in decidihg Whether'to.begin fishing for golden .

crabs or if other alrernative fisheries would prove to be more profitable.

RecentnComﬁerciallDevelopment -'In May l987 an of fghore, 1obé£er fishermén from
the Northehst; contacted the priﬁcipal investigators to discuss the-pbtenﬁial
for:estahlishing a.Charleston-based, commercial venture on golden crabs. The
background of the prevmous commercial venture on golden craba and the problems
associated with thls_type of flshery (i.e., strong currents on- the fishing
grounds and the 1mp0rtance of establishlng local markets, partlcularly durlng
the 1n1tlal stages of a flshery) Were-dlscussed. The flsherman_was reasonably
confideh; that these problems could be surmouhtedland in Juné'moved his vessel
to Charlehton and began fishing,

The gear-p:eséntly ﬁsed are.offshore lohéher“traps (Wooden or wire) fished | _ !
in 50 trap "trawls“jattached to 5/8'inph polypropylene ground line. Spacing
between traps is about 240 ft. ‘Eour‘SO—trap trawlé are béinélﬁsed. Traph are
“allowed to flsh between tribs with resulting bohtom time of 6—7_days on soﬁe
sets and as little as 24 hours on those set énd pulléd during a trip,  No
problems have heen_exherienced with the geaf.dfagging aéross the bottom when

affected by strong surface currents on the buoy .line. The major problem

‘éncountered has been the surface curremt pulling the buoys under water,
resulting in con31derable tlme being spent on grappllng for the buoy llnes.
Reflnements in the buoylng technique need to be made to 1ncrease effectlve o

flshlng time on each trip.



Grabs are held in an ioe—chilled hold and survival rates at unloadlng have
been less than antioipated. Better handllng methods are belng worked on. to
insure maximumksurvimal rates for 11ve marketing of the oraba. The present -
marketing strategy is to market as many crabs as possmble alive. On—board
bntcherlng and cooklng iz & labor intensive process and adequate cooklng
facilities are not presently available on the boat, Installation of such
equipment‘would represent.a considerable oapital investment and the
uncertalntlea of resource sustalnab111ty and ‘market stab111ty preclude maklng
this expend1ture at present.,'Negotlatlons with a local crab company to
‘butcher. cook_and freeze golden crab olusters for sale to restaurants
;unequipped~or unwilllng to matket live erabs.ame.currently.underway.

A marketingrarrangement.haa been deneloped with a local seafood eompany
spec1all21ng in sale of live lobsters to restaurants and seafood markets, - This
company uses, holdlng tanks W1th recirculating water for live lobsters and found
that it wotksrwell for,golden crabg. . Surv1va1 of crabs that appeared healthj
when.unloaded from the‘vessel has beenfgoodfin_the holding facility.and-in-live
tanks at restaurants, This companyﬂhas'been actively promoting'golden crabe in
their market accounts and have met with considerable 1nterest and good consumer
response, In addltlon, we have supplled two local restaurants with crab 80
that they could determine yield. and meat quallty. They achieved a yleld of 157
and felt that the quality of plcked meat was superior. The success of the
marketing effort is not assured but indicatlons are favorable for further

market’developmentl

Insuring a consigtent supply of crabs sufficient to maintain restaurant and

consumer 1nterest may become a problem during the winter months when storm
fronts make flshing dlfficult and gporadic. We are encouraged by the present

developments in commercial utilizatien of this resocurce and believe that the
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-eautious approach being taken inIexpansion_is.appropriate tbfwhat is presently
known atouttthe-magnitude of the resource. We enﬁision a relatively small
scale fishery becoming established; targeting iocal specialty markets eech as
gdurmet resteurants and retail-petveyors of high qealitylfresh seafood. _Majot
expansion.and entry of a large nuﬁber of Boets into. the fishery with'the

objective of making geclden erab a mass market sﬂbstitute for snow crab could

very likely result in rapld reductions of ‘fishable stocks to levels at whlch 1t.

would no 1onger be economlcally feasible to harvest them. Thls-flshery needs
‘to be. monitored closely for signs of 51gn1f1cant decllnes in catch rates-and

reduced average size of crabs. If it were possible under the Management

Couneil frameWork, it would be beneficial to issue a limited number of permits

for this fishery in its initial development. As more information became

gvailable on the extent of fishing grounds and'sustaihability of harvests on

known grounds, the number of permité could be adjusted up'or down as necessary.'

Potentlal entrants to thls flshery shoul& do. so with the awareness that the
.known grounds sueportlng flshable concentrations of these crabs are not
extensive and initial estimates of crab den51ty from submersible observatione
are lower than we had anticipeted; Addltlonally, w1thout a management
framework to 11m1t effort any evidence of profitability would probably result_
in a rapid influx of new boats into the flshery and subsequent stock declines

as occurred with the tilefish resources off South Carolina and Georgia.
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