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10 Introduction

10 INTRODUCTION
The Guidelines for Fishery Management Plans 602 Guidelines published by the

National Marine Fisheries Service NMFS require that a stock assessment and fishery

evaluation SAFE report be prepared and reviewed annually for each fishery management plan

FMP The SAFE reports are intended to summarize the best available scientific information

concerning the past present and possible future condition ofthe stocks and fisheries under

federal management Appendix A to the Guidelines lists the desired components ofSAFE

reports as follows 1 information on which to base harvest specifications 2 information on

which to assess the economic and social condition of persons and businesses that rely on

recreational and commercial use offish resources including fish processing industries and 3

any additional economic social and ecological information pertinent to the success of

management or the achievement ofobjectives ofeach FMP

The SAFE report for the Golden Crab fishery managed under the Fishery Management

Plan for Golden Crab in the South Atlantic was compiled by South Atlantic Council staff with

input from NMFS SERO and NMFS SEFSC Our goal was to include the most recent

information on issues that have been raised or are likely to be raised during the Councilsreview

ofthe golden crab stock and fishery The detailed information is found in the attached reports

and we have only attempted to extract a very brief overview for inclusion in Sections 2 3 and 4

A very summary overview of stock status is presented in Section 20Overview of Stock

Assessment Overviews of economic and social status ofthe fishery are presented in Section30

Fishery Evaluation This section contains material from the CouncilsSustainable Fisheries Act

Amendment describing fishing communities Ecosystem considerations are presented in Section

40 Ecosystem Considerations using material from the CouncilsHabitat Plan and Habitat

Amendment These sections rely very heavily on the identified Council documents and the

following appendixes

Appendix A Results ofLiterature Search

A computer search ofpublished literature was conducted These results along with the

literature cited sections ofthe papers included in Appendix A through Appendix Q should

provide much ofthe pertinent literature

Appendix B List ofContributions to SAFE as Provided by NMFS SERO

This list includes suggested documents for the SAFE report All of these reports have

been included in the SAFE report

Appendix C Fishery Status Report Through 1998

NMFS has not provided the report as ofthis date

Appendix D Annual Report Tracking Permit Transactions

This report shows the number ofpermits over time from the NMFS Southeast Permits

Office

Appendix E Economic Assessment Report
NMFS has not provided the report as ofthis date

r
J
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10Purpose and Need

Appendix F Summary Update ofthe Golden CrabTrip Report Logbook Trip Interview Data

and Preliminary production Model AnalysisNMFSSEFSCPRD979831
This report was prepared for the CouncilsGolden Crab Advisory Panel in 1998 by

Douglas E Haper and GeraldPScott It describes the logbook program for the golden crab

fishery and provides a summary ofthe data derived from the logbooks through 1998 NMFS

Southeast Fishery Science Center This report was used to surnmarize the stock status given

that the 1999 report was not received

Appendix G Golden Crab Fishery Development SEROECON9815
The golden crab fishery in the Southeast region is described in this paper by William O

Antozzi focusing on how economic forces are affecting the development ofthis fishery NMFS

Southeast Regional Office

Appendix H Golden crab Landings and Exvessel Prices SEROECON9817
This report produced by John Vondruska of the Fisheries Economic Office in the

Southeast Region is a preliminary assessment of monthly golden crab harvest data from January

1995 through February 1998

Appendix I Golden Crab Progress Report SEROECON98O1
Prepared in October of 1997 by William O Antozzi this report provieds a breifoverview

ofthe golden crab fishery including number ofvessels an update of landings and exvessel

prices as of May 1997 NMFS Southeast Regional Office

Appendix 7 New Fishery Management and Fishermen Fathom Vo17Nol

Fathom a Florida Sea Grant Publication describes the golden crab fishery from its

inception and early management by the Council

Appendix K Golden Crab Growing a Fishery the Right Way National Fisherman September

1995
This 1995 National Fisherman article discusses the golden crab fishery and the Nielsen

family who pioneered the new golden crab fishery Septmber 1995

Appendix L Geryonic Crabs and Associated Continental Slope Fauna A Research Workshop

Report January 1990
A report by William J Lindberg University ofFlorida and Elizabeth LWenner South

Carolina Department ofNatural Resources summarizing the workshop presentations and

discussions ofa group that met in January 1998 to share regional comparisons to inform the

commercial fishing industry and resource agencies and to provide guidance for future research

investments Sea Grant Project NoRLRB17

Appendix M In Situ Estimates ofDensity of Golden Crab Chaceon fenneri from Habitats on

the Continenetal Slope SoutheasternUS 1990
This paper by Elizabeth L Wenner and Charles A Barans describes observations made

from a submersible from the Continental Slope in the Southeatern US on the density and

habitats ofgolden crab Bulletin ofMarine Science Vo146No3 1990

2
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I0Introduction

Appendix N Exploration ofGolden Crab Geryon fenneri in the South Atlantic Bight

Distribution Population Structure and Gear Assessment 1987
This study by Elizabeth L Wenner Glenn F Uhich and John B Wise was conducted to

determine the potential ofthe golden crab fishery compare trap designs and to describe

distribution and biology ofthe golden crab Fishery Bulletin Vo185No3 1987

Appendix O Reproductive Ecology ofFemale Golden Crabs Geryonfenneri Manning and

Holthuis from Southeastern Florida 1998
Deepwater female golden crabs from southeastern Florida were examined to collect data

on the reproductive cycle fecundity mating and size at sexual maturity This paper was written

by Robert B Erdman and Norman J Blake Journal ofCrustacean Biology Vo18No3 1988

Appendix P The Golden Crab Geryon fenneri Fishery ofSoutheast Florida 1988
InFebuary of 1986 Robert B Erdman and Norman J Blake began a study ofthe biology

of the golden crab collecting data from the southeastern Florida fishery to examine reproductive

biology size and weight relationships trap design and catch per unit effort

Appendix Q Market Report North Pacific Crab National Fisherman October 1998
This report from National Fisherman describes the influence the Japanese market has on

UScrab prices

r
LJ
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20Overview ofStock Assessment

20 OVERVIEW OF STOCK ASSESSMENT

21 Stock Identification
The following text is directly from the Golden Crab Fishery Management Plan SAFMC

1995
The following text is from Erdman 1990
The golden crab Chaceon fenneri is a large gold or buff colored species inhabiting the

continental slope ofBermuda Luckhurst 1986 Manning and Holthuis 1986 and the

southeastern United States from off Chesapeake Bay Schroeder 1959 south through the Straits

ofFlorida and into the eastern Gulfof Mexico Manning and Holthuis 1984 1986 Otwell etal

1984 Wenner et al 1987
Prior to its description previous records referred to this species as either the red crab C

quinquedens or the similar gold colored C affnis which is endemic to the northeast Atlantic

Ocean National Marine Fisheries Service 1986 Manning and Holthuis 1984 Its recognition
as anew species was adirect result of exploratory fishing in the eastern Gulf ofMexico in hopes
of establishing anew deepsea crab fishery in this area Otwell etal 1984

Reported depth distributions of C fenneri range from 205 m offthe Dry Tortugas

Manning and Holthuis 1984 to 1007 m offBermuda Manning and Holthuis 1986 Size of

males examined range from 34 to 139 mm carapace length CL and females range from 39 to

118 mm CL Ovigerous females have been reported during September October and November

and range in size from 91 to 118 mm CL Manning and Holthuis 1984 1986

The following text is duectly from the Golden Crab Fishery Management Plan SAFMC

1995
The management unit is the population of golden crab occurring within the South

Atlantic Councilsarea ofjurisdiction along the US Atlantic coast from the east coast of

Florida including the Atlantic side of the Keys to the North CarolinaVirginiabnrder Red crab

and Jonah crab are included in the fishery but not in the management unit because regulations in

this plan only address golden crab at this time Although all three species of crab are also

harvested in the Gulf ofMexico andMidAtlanticNew England waters the Council concluded

the populations are sufficiently separated from one another tobe managed separately

22 Biology
The following Section 3 information is directly from the Golden Crab Fishery

Management Plan SAFMC 1995 Note Figures are from the Golden Crab FMP

312 Growth
3121 Size and Weight Relationships

The following text Table 3 and Figures 46 are from Erdman 1990
Throughout the sampling period the catch of male crabs greatly outnumbered that of

females Cumulative size frequency distributions of508 males and 347 female Cfenneri
examined Figure 4 indicate a unimodal distribution for each sex with no suggestion of distinct

year classes Males are considerably larger than females with overlap between the largest
females and smallest males Carapace widths ofmale crabs ranged from 111 to 190 mmwith a

mean CW of 158 mm while females ranged from 89 to 156 mm CW with a mean CW of 123

mm Animals smaller than 89 mm CW were not collected possibly due to bias associated with

trap design and the presence of escape rings Fishing depths also precluded analysis of

4
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Figure 4 Cumulative size frequency distribution of male
and female Chaceon fenneri collected during the

period of FeerTuaryZ9gthrough January 1987
from southeast Florida N represents the number
of individuals examined

Table 3 Linear and geometric mean GMj functional
regression equations of carapace length CL and weight WT
on carapace width CW for male and female Chaceon fenneri
Size units are in mm and weight units are in gm 111 linear

regression equations are significant atp005

Linear equation N R GM equat ion

Male

CL

s

599 081CW 262 089 CL 1430 092CW

WT 213245 2064CW 262 087 WT 236934 2215CW

Females

CL 428 086CW 193 088 CL 1319 093CW

W1 79063 992CW 136 087 WT 87709 1062CW

CL 519 086CW 455 095 CL 861 088CW

5
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20Overview of Stock Assessment

segregation by size with sex and depth as has been reported for other Chaceon species see

Beyers and Wilke 1980 Gerrior 1981 Intes and Le Loueff 1976 Haefner 1978 and Wenner et

al 1987 Monthly size frequency distributions ofmale C fenneri are shown in Figure 5

Monthly mean carapace widths ranged between 152 and 162 mm however the incidence of

smaller males decreased beginning in July 1986 coincidental with the fitting of escape rings in

all traps Although the present data set precludes statistical analysis of the effect of escape rings

the absence of smaller males and females in the overall catch was apparent following installation

of escape rings in all traps This suggests that smaller individuals may exit the trap once all bait

is consumed

Morphometric relationships for CL vs CW were based on 262 males and 193 females

Linear and GM functional regression equations for each sex are shown in Table 3 ANCOVA

indicated no significant differences between male and female CL vs CW equationsp005

therefore linear and GM functional regression equations of CL vs CW were calculated for both

sexes combined Table 3
The weight frequency distribution of 262 males and 136 nonovigerous females is shown

in Figure 6 Weight of male crabs greatly exceeded that of females ranging from 280 to 1930 g

with a mean weight of 1116 g Mean weight of females was 449 g ranging from 207 to 800 g

Although weights ofboth sexes show aunimodal distribution the greater incidence of females in

a narrower range ofweight classes is due to the variation in body weight associated with the

various phases of oogenesis Because of obvious size differences between sexes WT vs CW

relationships were calculated separately for each sex and are shown in Table 3

CJ
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Figure 6 Cumulative weight frequency distribution
of male and female Chaceon fenneri

collected during theperid o February

1986 through January 1987 from southeast

Florida N represents the number of

individuals examined
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20Overview ofStock Assessment

Information from the South Atlantic Bight text Figure 2 and Table 4 from Wenner et

al 1987 indicated that

The3217 golden crabs which were measured ranged from 85 to 193 mm in carapace

width and weighted from 100 to2109 g Average weight ofmale golden crab collected during

the study was 927 g s 373448 n 1640 while average weight of females was 443 g s

289385 n 86 Carapace widthfrequency distribution for G fenneri gave modes at 155 mm

for males and 100 mm for females Fig 2 The largest crab collected measured 193 mm and

weighed2091 g

Linear leastsquares and functional regression equations Ricker 1973 Sokal and Rohlf

1983 relating carapace length and live wetbody weight with width are in Table 4 Width

ht elationships were calculated from data on individuals that were not missing appendages
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20Overview of Stock Assessment

3122 Molting
The following text and Figure 7 are from Erdman 1990
No discernible molting pattern was observed for male C fenneri Fewer than 3 of the

508 crabs examined were observed in the immediate premolt stage SO while less than 10

showed the clean bright gold carapace indicative ofrecent molting Although asynchronous

molting is possible meat ofbutchered males shows a watery texture during March and April that

suggests physiological changes occurring prior to the onset ofmolting R Nielsen commercial

fishermen pers comm No changes in external carapace condition were noted during this

period
Conversely female crabs showed two period of molting activity During August and

October 1986 33 of females examined were in the immediate premolt stage SO Figure 7

Premolt females ranged in size from 89 to 118 mmCW Females in the immediate postmolt

stage SN and early intermolt stage HN were collected during October through December

Size ranges ofrecently molted females was between 110 and 139 mm

Additional molting activity was also observed during January 1987 when 17of

females observed were in the premolt stage Carapace widths of premolt females was between

103 and 123 mm CW This molt period was not as pronounced as that observed during late

surnmer and early fall However recently molted females stage HN were present in the catch

during the period ofMarch through May 1986 suggesting that these animals may have molted

during the pervious late winter or early spring
Information from the South Atlantic Bight Wenner etal 1987 indicated that

Most 80 ofthe 3183 male and female G fenneri were in the intermolt stage Less

than 1 of the3041 male golden crab showed evidence ofhaving recently molted The

incidence of imminent or recently molted female golden crab was higher that that observed for

males with four individuals classified as premoltsoftold and two in the newly molted soft

new condition
Most 95 of the3183 G fenneri examined for molt condition had blackened abraded

areas on the exoskeleton indicative ofdamage by chitinolytic bacteria Exoskeleton damage

was most prevalent on individuals in the intermolt75 and premolt 19 condition

3123Growth
The following text is from Erdman 1990
Although the data collected during this study was insufficient for the analysis ofgrowth

patterns of C fenneri a discussion of growth in deepsea crustaceans is warranted due to the

important biological and fishery implications Growth is generally expressed as an increase with

time in length volume or weight von Bertalanffy 1938 In crustaceans growth is

discontinuous and involves a series of molts ecdyses during which the rigid exoskeleton is shed

and replaced by a new and larger one However this loss of integument results in the loss of all

calcified structures thereby preventing the analysis ofannual rings in persistent structures such as

the shells ofmollusks and the otoliths offish A second complication is that many types of tags

are lost during molting thus tag and recapture studies must be planned and executed accordingly

Hartnoll 1982

LJ
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20Overview 4f Stock Assessment

The examination of growth in crustaceans encompasses the analysis oftwo major

components the molt increment or increase in size at each molt and the intermolt period ar time

between successive molts With increased size the molt increment usually decreases and the

intermolt period coriunonly increases Kurata 1962 Hartnoll 1982 However between sexes

females generally show amore drastic change in the growth format at the onset of sexual

maturity This is usually attributed to the energetic cost of reproduction and the accompanying

period of egg brooding Hartnoll 1985
Besides changes associated with size sex and rriaturity environmental factors such as

temperature light and food supply have also been shown to affect the growth format of

crustaceans HartnolY 1982 Thee majority of growth studies have been conducted under

laboratory conditions where these determinants have been selectively controlled which further

complicates analysis of actual growth in natural populations Kurata 1962 Studies of the later

type are few in number and are limited to tag and recapture studies of species where commercial

fisheries provide significant returns Haefner 1985

Grawth in deepsea crustaceans is generally quite slow Childress and Price 1978 Boer

et al 1985 This is not surprising when one considers the low metabolic rates of deepsea

organisms as compared to those ofspecies living elsewhere Smith and Teal 1473 Torres et al

1479 The low rate ofmetabolic processes have been proposed as an adaptive response to the

decrease in biomass and food supply that are characteristic of increased depth Rowe 1983 In

particular slow growth in deepsea crustaceans maybe attributed to a decrease in the malt

increment and increase in the intermolt periacl or aconbinatian of both Boer etal 1985

MelvilleSmith 1989 has developed a growth model for male C maritae which

indicates that growth in that species is extremely slow The model is based on growth data from

juvenile C quinquedens Van Heukelem et al 1983 and tag and recapture data of adult C

rnaritae greater than Sd mrn CW collected from the commercial fishery off South West

Africaflvlanibia In general smaller males 51 Q0 CW showed an intermolt period of

between45ZQ years while larger males 1Q015t1 mm C4T exhibited intertnolt periods of

between 35 years The model also predicts age from the growth data and suggest that ruale C

rnaritae of 165 mmCW tnay be over 25 years old

The low numbers ofpremolt and postmoltCfenneri observed in this study also suggests

that growth in this species is quite slow Females showed a grcater incidence of molting activity

than males but total numbers ofboth sexes in the S SIJ and HN stages comprised less than 1

percent of all individuals examined Although Cfenneri reaches a greater maximum size than

the majority ofGeryondae the growth rnadel developed for C maritae may be applied in

general terms As the present rninirnum size of male C fenneri harvested by the commercial

fishery is 13Y mm CWthe model suggests that animals of this size enter the fishery in their

sixteenth year Larger males exceeding 17p mm CW tnay we11 be over 3l1 years ofage

313 Reproductive violgy
The fa1lowuag background is from Erdman 199th

Reproductive cycles ofmarine invertebrates may be classified as rhytlaic ar

continuous rhythmic patterns which may be weekly monthly annual ar biennial involve a

distinct garnetogenic cycle This includes the production and release of gametes followed by a

period of inactivity during which energy reserves accumulated and gonad tissue regenerates prior

to the onset of the next successive cycle Thus mast reproductively active individuals of a

population willl reproduce synchronously when environmental conditions are correct Giese

1959 Criese and Pearse 1974 Precise timing requires that initiation and regulation ofgonad

11
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2D Overview ofStock Assessment

development is in synchrony with changes in the external environment leading to the production

of new individuals during conditions which are mast optimal for their survival Santry 1975

Continuous reproduction implies a successive series of gametogenic cycles by each

individual As there is no synchrony between individuals the population appears tobe

reproducing continuously with the regulation of gonad development warying among each

individual Giese atdlearse 1974
The reproductive cycle is affected by exogenous factors such as temperature

phatoperiod salinity and fend supply Temporal changes in these factors act as zeitgebers

triggers that synchronize gametogeness such that reproduction occurs under favorable

conditions Giese andIearse 1974 considering the environmental consistency of the deep sea

continuous reproduction patterns are expected Thorsen 1950 Scheltema 1972 This pattern

had been reported in a variety of deepsea invertebrates branchiapods Rokop 1974 bivalve

moYlusks Sanders and Kessler 1969 Rakop 1974 isopads Sanders and FIessfler 1469

Rokop 1977 amphipods Rokop1977 decapodsIaefner 1977 TyYer ct al 1985 Melville

Smith 1987c and aphiuroids ltokop 1971 Grant 195 In virtually all fthesestrdies the

absence ofseasonality has been proposed tobe responsible far the continuous patterns observed

Annual reproductive patterns in the deep sea have only been reported far a few species of

bivalve mollusks Lightfood et al 1979 isopads George and Menzies 1967 1968 decapods

Iartnall and Rice 1985 and aphiuroids Schener Y 96 Lightfood et al 1979 Idowever the

data presented have often been questionable presenceabsence of ovigerous females George and

Menzies 1967 1968 and the recognition ofspecific zeitgebers leas proved tobe quite difficult

if not impossible
Although continuous reproduction may predominate in the deep sea comprehensive data

on many deepsea invertebrates remains scarce Certain species may Shaw annual patterns yet it

is obvious that the mode ofdevelpment evolutionary history phylagenetic status and traphic

dynamics ofthe species in question must be examined toascertain the significance of this type of

reproduction pattern in the deep sea

Golden crab reproductive biology was also studied m the South Atlantic BYght by

enrter et a1 1987 Their results are also incYuded in Sections 3133 and3Y34

3131 Reprodiuctive Cycle
The following text and Figures 1214 are from Erdman 1990
The monthly incidence of ovigerous females examined indicates an annual reproductive

cycle with a single batch ofeggs produced each year Figure 12 Oviposition begins in mid

Augast and continues thraughearly October Thirtythree percent of females collected in August

were ovigerous and had spentlredevelaping ovaries while 17 had mature ovaries prior to

avipostion In October 24fowere ovigerous with ovaries in eitherspenpredevelaping or early

developmental stages while 8 had mature ovaries Figure 13

Eggs are light purple ar burgundy after ovipositan gradually becoming dark purple and

purplebrown prier to hatching They are carried from approximately six months after which

larvae hatch during late February and March Seven percent of females examined in February

and 57 from March had egg remnants an the pleapads Larvae were hatched from two

ovigerous females held in the Yaboratory during early March but larval culture was not

SlIlCeeSSfUI
Analysis ofmean monthly aocyte diameter further illustrates the annual reproductive

cycle of Cfenneri Figure 14 The minimum oocyte diameter recorded in October coincided

tivith the greatest incidence of ovigerous female ith redeveloping and early stage ovaries

Ooldon Crab SAFE Report
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20pvervew ofStocle Assessment

NYean monthly oocyte diameter gradualYy increased each month and reached a maximum during

July prior to the initatiorn of oviposition in August 1vlean oocyte diameter of 1882m

recorded in August included both mature and spentJredeveloping ovaries

The reproductive cycle ofgolden crab was studied in the eastern Gulf ofFvYexica by

Hinsch 1988
females of Geryon fenneri were ovigerous from September toMarch in this study

The presence of some females in early October without egg masses suggests that these had yet to

oviposit their eggs since mast had mature purple oocytes within their ovaries Other ovigerous

femaYes at the time had small cream yellow ovaries The latter contain immature aacytes that

have not initiated vitellagenesis and are iindicative of ovaries that have reoently been spawned

All females collected until February were ovigerous During February anddvlarch some females

released larvae when collected and some contained empty egg cases attached to their pleopods

Nio female crabs collected during April and IVIay possessed egg masses attached to their

pleapods The reproductive patterrn seen in fennerc suggests That an annual spawning season

exists eaoh year
Changes in the reproductive tract of the male golden crab Geryonfenneri paralleled thane

of the female The males examined over the period of this study showed progressive changes in

the large numbers offollicles containirng primary spermatacytes in OctoberNovember to large

numbers of follicles filYed with mature sperm irnFetruaryMarch The increase in the number of

mature sperm iri the testes was followed by an inczease irn the diameter ofthe regions of the vase

defererntia This increase initially became apparent in the anterior portion but ultimately

includedrriddle and posterior portions as welt Such changes from September through lvlay

suggested a seasonality of reproduction in males of iCr fenneri as well

3y31 Fecundiity
The following text and Figures 14 and 15 are from lsrdman 1990

Mean egg diameter for Cfenneri is 540 m at the time of ovipostion Tlris increases

with development tobetween 584 and 600 m prior to hatching Figure 14 Regression analysis

of egg number on carapaoe width is shown in Figure 15 The number of eggs per female

increased with increasing carapace width as described 17y
r 064

Number oflggs 44657C4J 346105

Thus the number ofeggs extruded is directly correlated with the size ofthe Temae Egg number

for the twelve females examined ranged from 131004 through 347040

3L33 Size atSexwa11Ia4urity
The fallowing text arnd Figure 16 are from lrrdman 1990

Inaddition to the onset of ovarian development and the presence of extruded eggs other

characteristics must also be considered in the assessment of size at sexual maturity in

brachyurans Following the pubertal molt the abdomen and ganopores show changes that are

generally accepted as external morphological indications of sexuaY maturity and subsecYuent

mating Hartnall 1969
Chaeeon fEnneri exhibits the simple pattern of gonapares described by Hartnoll1967

with three distinct types recognized Type A gornopores which are narrow and slitlike are

present an sexually immature animals Type Y3 gonopares which fallow the pubertal molt are

elongate arnd Quaid in shape white type C is a madifioation of type l3 differing only in that the

15
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gonopore is more elongate and gaping as a result ofmating during the immediatepostmolt

period In addition type C gonopores often exhibit a blackened margin due to abrasionby the

male pleopods during mating
Carapace width ofthe 347 females examined ranged from 89 to 156 mm Eightyfive

females were ovigerous 25 and ranged in size from 97 to 147 mm CW Figure 16 All

ovigerous females examined exhibited type C gonopores elongate and gaping with 74having
blackened margins Type C gonopores were also observed onnonovigerous females ranging in

size from 103 to 156 mm CW with 60 of the females examined having sperm in the

spermetheca Thus type C gonopores appear indicative of sexual maturity and previous mating
However nonovigerous females with type C gonopores and empty spermetheca may have

previously undergone mating and oviposition but have yet to molt and mate again
Twentysix females ranging in size from 89 to 118 mm CW were observed in the

immediate premolt stages during August and October All individuals examined had ovaries in

the immature or early developmental stage and had type A gonopores Recently molted females

collected during the period of October through December exhibited signs of recent mating

Seventyonepercent of females ranging in size from 105 to 120 mmCW had type C gonopores

Seven females were examined for spermetheca contents and five had sperm present The

remaining 29 of recently molted females had type B gonopores and empty spermetheca
Ovaries from all recently molted crabs were either in the early or intermediate stage of

development
Considering the size ranges of ovigerous females the stages of ovarian development and

changes in gonopore structure associated with the pubertal molt size at sexual maturity of C

fenneri is between 85 and 100 mmCW

Information for the South Atlantic Bight Wenner et al 1987 suggest that females may

become sexually mature at 97 mm carapace width In South Africa the red crab matures at

between 7 and 9 years old and 75 to 90 mmcarapace width MelvilleSmith 1987c

3134 Mating
Erdman 1990 observed mating behavior of golden crab held in captivity
Mating in Brachyuran crabs may occur immediately following ecdysis by the female

ie Callinectes sapidus Cancer magister Menippe mercenaria or may occur when the female

is in the intermolt stateie Grapsus grapsus Maja squinado Pinnotheres maculatusHartnoll
1969 Postmolt mating often encompasses complex behavior patterns that include a premolt
cradle and postmolt embrace ofthe female by the male The embrace is associated with

copulation and continues until the female exoskeleton has sufficiently hardened for resumption
ofnormal activities Conversely intermolt mating does not exhibit complex courtship patterns

and is often of short duration The contrast in mating patterns has been attributed to differences

in gonopore structure Hartnoll 1969
Mating following female ecdysis has been reported in two species ofChaceon C

longipes Mori and Rellini 1982 and C quinquedens Elner et al 1985 however the mating

pattern of Cfenneri remains unknown Although the pattern ofmating following molting might
be expected to be present throughout the Geryonidae intrafamily differences have been noted in

the Xanthidae and Majidae Hartnoll 1969
The following observations are based on two separate episodes ofmolting and mating of

Cfenneri held in captivity Data of this nature when combined with field observations of

population structure reproduction and growth may provide additional insight to the life history

17
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of this slope dwellingo 1delUeyofrteproducton pantrn prposed forpC fenneof
these

observations to the 1 q

Case 1

Precopulatory bwihhiswwalking leg s The malelasped the female by thecarapacetrve
cage around the female erio ods While carrying the female the

dorsal side up with the firstpair ofwalking legs 2nd P ple sand feed at regular intervals

male continued tomove about on the dactyls of the walking g

The female was not observeodntloea agmw th hprwalkingegseUnOfortunat lyethe femalemwas
molted with the male still f g

unable toback out of the old carapace hence mating was unsuccessful

The soft shell femala dcream in olorban indicationaof early developmenp This stage

ovary was slightly swollen

was confirmed through histological examination

Case 2 formed a cage

On December 10 1988 the largest male in the aquarium 180 mm CW

around the premolt female o sal side up beneath tehmalem The male usedt first pair of
to the

carapace and was carried d

walking legs 2nd periopods to grbehaviorrcontinuedefor 28 days until te female molted
periopods 2 and 3 This carrying

During this period the malefemale wastnot observed torfeed pror tomoltngasion
offered foo

the male released the
to the female however the

Molting began on January 7 1989 Immediately prior tomolting

female to the substrate and formed a protective cage around her with his walking legs During

this period the male was

onless dosalsde up untiathle suture at the posterior meargin of the

The female remained moti

carapace was completely open Typical brachuran molting followed with the female slow y

backing out of the old exoskeleton The male remained in the cage position but did not assist

with molting letion of ecdysis the copulatory embrace began the pair
Within two hours of the comp

clasped sternum to sternum with the female inferior ventral side up The female was held of

the substrate by the male hcrbs ogerlapped and thefirst par ofmae pleopodsinsertedeinto
extended abdomens ofbo

corresponding female gonopores
Following molting and the onset of copulation the mated pair moved away from t e

discarded exoskeleton At this tim
carded exuviae This peculiar behaviorsaontmued forraoved

this exoskeleton was rem
and attempt copulation with the d

approximately twohours until the male released the exoskeleton

for remeasurement ofpremolt morphometrics
This copulatory embrace continued until February 10 1989 a duration of 34 days

During this period the mall observed to feed on three occasionswhile still in thencopulatoryny
occasions The female wa the female often the female was

embrace The male walking legs were not always used to ca

g ores

carriedby the male pleopods which remained inserted in the onop

The female broke free on February 10 1989 when the new carapace had hardened

sufficiently for increased locomotory activity Upon examination the new carapace an crease

flexible and bri ht creamy gold in color Carapace width was 139 mm

and slightly g

of 13 mm Gonopores were type 3 with prominent blackened margins from abrasion during
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copulation Blackened discoloration was also visible on the merus of the second periopods from

abrasion by the male walking legs during the copulatory embrace

Discussion
Mating of C fenneri in the immediate postmolt stage conforms to one of the two basic

Brachyuran mating patterns described by Hartnoll 1969 This pattern of long duration premolt

and postmolt mate guarding has also been observed in C longipes Mori and Rellini 1982 and

C quinquedens Elner etal 1985 This behavior has obvious survival benefits in that the soft

shell female is protected from potential predation during a period of great vulnerability The

long duration of the premolt embrace also suggest the presence of a pheromone released by the

female to attract potential mate Ryan 1967

Of greater significance is that the second female was sexually mature when collected

Thus molting ofthis female which had shown signs ofprevious reproductive activity suggests

multiple mature instars rather than a single mature instar MelvilleSmith 1987c

The ovarian condition and gonopore stage of the first molting female infers that if

successful this molt would be the pubertal molt associated with the onset ofsexual maturity

The 91 mm premolt carapace width of this individual was well within the proposed carapace

width range of85100 mm that is the size at sexual maturity in this species As molting occurred

in early September a period when oviposition occurs in reproductively active females this

individual would be expected to undergo oviposition the following fall This suggests that sperm

may remain viable for up to 12 months in this species Delayed oviposition following mating

has also been reported for C quinquedens Elner etal 1985

The second female was sexually mature when collected and the presence of blackened

type 3 gonopores is indicative of pervious mating activity Ofgreater significance were the egg

remnants on the pleopods which indicate that this female had recently hatched eggs prior to

collection in February This female did not undergo oviposition during the fall moths after

collection yet the December period of molting conformed to molting patterns observed from

southeast Florida and the eastern Gulf of Mexico Thus the temporal incidence ofmolting in

both females held in captivity was temporally asynchronous to the reproductively active

members of the sampled populations yet showed a degree of synchrony with those members of

the populations observed to undergo molting The alternate pattern of molting and mating

provides further evidence for the low frequency of reproduction pattern suggested for this

species
During their study of the South Atlantic Bight Wenner etal 1987 a captured female

was maintained in an aquarium Observations on molting and mating of a female 110 mm

CW which had been held in arefrigerated aquarium since February 1986 and had completed

ecdysis in late May 1986 confirmed that female golden crab molt just before mating occurs

In the eastern Gulf ofMexico golden crabs appear to mate in the hardened state Hinsch

1988
The presence in the females of swollen seminal receptacles filled with seminal fluids

and sperm serves as evidence for the time of mating Female Geryon fenneri with immature

ovaries contained sperm plugs in their seminal receptacles suggesting that these might have

mated following the molt to maturity Not all female crabs mate at the time of the molt to

maturity Female crabs of the family Majidae mate initially and thereafter in the hardened

condition sometime after the terminal molt Hartnoll 1963 Hinsch 1972 The presence of

barnacles and blackened spots on the carapace ofmany female golden crabs are indicative of a

long time since molting suggesting that female golden crabs can mate in the hardened condition

as well The presence of sperm in the seminal receptacles suggests that the crabs may even be
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capable of holding sperm from one copulation over for successive seasons In the spider crab

Libinia emarginata see Hinsch 1972 asingle mating may suffice toprovide sperm for several

broods Transmolt retention ofsperm in the seminal receptacles has been reported in Menippe

mercenaria see Cheung 1968

3135Larval Distribution Recruitment

The following text and Figure 1 are from Lockhart et al 1990
The distribution patterns of Chaceon fenneri and possibly C quinquedens in the eastern

GulfofMexico suggest a causal role for the Loop Current System Maul 1977 in basic life

history adaptations Female distribution within these species geographic ranges and the timing

of larval release supports this hypothesis Ours was the first study to discover female golden

crabs in any significant numbers and was also the fast to fmd a major population of female red

crabs in the Gulf of Mexico Both ofthese concentrations of females were seemingly shifted

countercurrent to the Loop Current circulation We hypothesize that this countercurrentshift is

linked to larval release and transport and serves tomaximize recruitment into the parent

population by minimizing riskof larval flushing
Similar countercurrent shifts of other female decapods have been reported or

hypothesized In the Gulf ofMexico spawning female blue crabs Callinectes sapidus have

been hypothesized toundergo a late summer spawning migration in the northeastern Gulf of

Mexico that is counter to the Loop Current system Oesterling and Adams 1979 Female

western rock lobsters Panulirus Cygnus are hypothesized toundergo migration to favor

recruitment back into the parent population Phillips etal 1979 Kelly et al 1982 proposed

that only those red crab larvae Chaceon quinquedens releasedupcurrent in the species range

will recruit back into the parent population MelvilleSmith 1987a 1987b 1987c in a tagging

study ofred crabs C maritae off the coast of southwest Africa showed that the only segment

of the population exhibiting significant directional movement were adult females 32 of

recaptures had moved greater than 100 km and the greatest distance traveled was 380 km over 5

yr This directional movement was later shown tobe counter to the prevailing surface currents

MelvilleSmith 1990 Thus within decapods in general and the genus in particular adult

females are capable of and appear to undergo longdistance directional movement in their

lifetimes
A similar migration of adult female golden crabs countercurrent to Loop Current

circulation in the Gulf of Mexico Fig 1 would produce the geographic population structure

observed off the southeastern United States Females would be most common farthestupcurrent

whereas males would be most common intermediate in the species geographic range Wenner et

al 1987 reported a 151 MFsex ratio in the South Atlantic Bight and in this study we had an

overall sex ratio of 14 both consistent with hypothesized net female movements to

accommodate larval retention and offset the riskof larval flushing

In fact given this two female strategies could maximize recruitment in a prevailing

current The first is for females toposition themselves far enough up current so that entrainment

would return larvae to the parent population Sastry 1983 The second is to avoid larval

entrainment altogether and thus avoid flushing of the larvae out of the system Female Chaceon

fenneri and perhaps C quinquedens appear touse both strategies but rely mainly on the latter
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Ftc 1 Map of the eastern Gulf of Mexico with sampling areas indicated by numbered circles Dashed

line shows the 183 m isobath Dotted line shows the400 fathom 732 misobath Arrowsshow approx

imate minimum open arrows and maximum closed snows annual penetration of the Gulf Loop

Current

Female golden crabs release larvae offshore in depths usually shallower than 500 m If

larvae were released directly into the Loop CurrentGulfStream System they would be entrained

for their entire developmental period Given a developmental time of3340 d at 18CK Stuck

GulfCoast Research Laboratories Ocean Springs Mississippi pers comm and current speeds

of 1020 cmsec Sturges and Evans 1983 transport of the larvae would be 285 km to 690 km

downstream Thus larvae released on the Atlantic side of Florida are in danger ofbeing flushed

out of the species range before recruiting to the benthic stock Likewise larvae released directly

into the current in the southeastern Gulf of Mexico would be flushed from the Gulf

Female golden crabs release larvae from February to March Erdman and Blake 1988

Erdman etal 1989 and the greatest concentration of female golden crabs todate found in this

study was in the northeastern Gulfof Mexico off central Florida Only during this period and in

this region Maul 1977 can female golden crabs avoid complete entrainment and possible

flushing of larvae out of the system Partial entrainment of larvae might still occur but its

duration should be much reduced and the risk of larval flushing minimal This hypothesis
21
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predicts that most larvae should be found near the concentrations of females we found in the

northeastern Gulf of Mexico with decreasing settlement further downstream The abundance of

juveniles should show a similar pattern
One need not invoke similarcountercurrentmovements for male geryonid crabs In

particular males moving perpendicular to adult femalesiemales moving up and down the

continental slope would have a greater encounter rate with females than males moving along the

slope with females Given low female reproductive frequency Erdman et al 1989 intense

malefemale competition Lindberg and Lockhart 1988 and probability ofmultiple broods

Hinsch 1988 from a single protracted copulation HM Perry pers obs the male strategy

should be to intercept relatively rarereceptive females all along the species range not to

aggregate with presumably inseminated females This hypothesis would predict a relatively

uniform abundance of males along their geographic range In addition the incidence of

inseminated females should be high farthestupstream with an ever decreasing percentage down

stream Our study supports the former hypothesis but we cannot address the latter

The distributional patterns ofgeryonid crabs we observed are consistent with those

reported from elsewhere Furthermore these patterns lead us tosuggest that the Loop Current

System has had a causal role in life history adaptations of Chaceon fenneri and perhaps C

quinquedens In general females are expected to release larvae during a time and in a region
where risk of larval flushing is minimal Sinclair 1988 whereas males are expected to compete

intensely for rare receptive mates

The coastal physical oceanography in the Florida Keys was described by Yeung 1991 in

astudy of lobster recruitment
The strong northwardflowing Florida Current is the part of the GulfStream system

confined within the Straits of Florida It continues from the Loop Current in the Gulfof Mexico

and proceeds beyond Cape Hatteras as the North Atlantic Gulf Stream

The mean axis of the Florida Current is approximately 80 km offshore of Key West and

25 km off Miami Lee et al 1991 Mean annual crossstream surface current speed in the

Straits of Florida is approximately 100 cmsUSNaval Oceanographic Office 1965

Brooks and Niller 1975 observed a persistent countercurrent near Key West extending

from surface to the bottom and from nearshore to approximately 201an seaward They believed

that it was part of the cyclonic recalculation ofthe Florida Current between the Lower and

Middle Keys
The presence ofa cold cyclonic gyre was confirmed by physical oceanographic data

collected in the SEFCAR cruises It was named the Pourtales Gyre since it occurs over the

Pourtales Terrace that area of the continental shelf off the Lower and Middle Keys Lee et al

1991 When the Florida Current moves offshore the Pourtales Gyre forms over the Pourtales

Terrace and can last for aperiod of 14weeks

The Pourtales Gyre could entrain and retain locally spawned planktonic larvae for a short

period The combination ofthe cyclonic circulation and enhanced surface Ekman transport

could also advect foreign arrivals into and concentrate them at the coastal boundary Lee et al

1991
Vertical distribution ofthe larvae within the3dimensional circulation will subject them

to complicated hydrographic gradients which might influence their development time and hence

their dispersal potential Kelly Sulkin and van Heukelem 1982 Sulkin and McKeen 1989

Thus variability in the circulation features and water mass properties can lead tovariability in

larval transport and recruitment
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The Pourtales Gyre may provide a mechanism for entrainment ofgolden crab larvae

spawned on the Florida east coast and also as a mechanism to entrain and advect larvae from the

Gulfand CaribbeanegCuba This possibility is supported by the conclusion of Yeung

1991 suggesting that larvae of a foreign origin supply recruits to the Florida spiny lobster

population
The foreign supply ofprerecruits arriving with the Florida Current might easily meet

the same fate as the locally spawned larvae that is passing on with the Florida Current The

Pourtales Gyre may play a significant role in recruitment by providing a physical mechanism to

entrain and advect larvae into the coastal boundary
The Pourtales Gyre even if linked with the Dry Tortugas gyre or the Florida Bay

circulation may not be able toprovide a pathway much more than 2 months in period For

locally spawned Panulirus larvae to be retained for their entire development would require

several circuits not impossible but unlikely
The timing of the Pourtales Gyre provides amechanism for local recruitment ofScyllarus

larvae Yeung 1991 and may also provide asimilar mechanism for golden crab larvae The

following figure Figure 12 is a generalized pathway for lobster larvae Moe Jr 1991 Golden

crab larvae from the GulfofMexico Cuba and possibly other areas of the Caribbean probably

provide larvae to the South Atlantic population The proportion of local recruitment is unknown

but could be significant
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Figure 12 Lolas travel route as a phylbsome larva
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314 Feeding
Feeding habits are very poorly known Golden crabs are often categorized as scavengers

that feed opportunistically on dead carcasses deposited on the bottom from overlying waters

Hines 1990

315 Movement
Wenner et al 1987 found in the South Atlantic Bight that Sizerelated distribution of

G fenneri with depth similar to that reported for red crab may occur in the South Atlantic

Bight We found the largest crabs in the shallowest 274366 m and deepest733823 m strata

A clear trend ofsizerelatedupslope migrations such as Wigley etal 1975 reported for G

quinquedens is not apparent however because of trap bias for capture of larger crabs ofboth

sexes Otwell etal 1984 also noted no pattern in size of golden crab by depth for either sex

Tagging studies of red crab off southern New England provided no evidence for migration

patterns and indicated instead that tagged crabs seldom moved more than 20 km from their site

of release Lux et al 1982
Lindberg and Lockhart 1993 found in the Gulf ofMexico The golden crab Chaceon

fenneri in the eastern Gulf ofMexico exhibits a typical bathymetric pattern ofpartial sex

zonation and an inverse sizedepth relationship as first reported for red crabs C quinquedens

Wigley et al 1975 C maritae Beyers and Wilke 1980 Sex segregation with females

shallower than most males was more evident in our results than in those ofWenner et al 1987

from the South Atlantic Bight primarily because our trap catch had ahigher proportion of

females 259compared to52

316 Mortality Rates

No mortality information is available for golden crabs MelvilleSmith1988 studied

the red crab off southwest Africa and estimated total mortality from catch curves Total

mortality Z for different fishing areas ranged 024to140

MelvilleSmith 1988 stated With the limited information there is no way of accurately

calculating what portion ofZ is made up by natural mortality M Also there is very little

comparative information on decapod natural mortality in the literature Most stu0dii Thomas
water crabs and lobsters have used an assumed or roughly calculated low value

1980
1973 and002 Ennis 1979 for Homarus americanus 01 for Jasus edwadhas tnededto be

and 014for Cancerpagurus Bennett 1979 For warmer water lobsters

quoted as higher014052 for Panulirus argus Munro 1974 quoted by Cobb and Wang 1985

nus Mor an 1977
and0226 for Panulirus cyg g

G maritae is slow growing MelvilleSmith in press b and lives in cold water at

temperatures of45104CBeyers and Wilke 1980 Furthermore size frequency analysis of

the catch Fig3reveals that large crabs are abundant in areas where the rate of commercial

exploitation is low These factors suggest that the rate of natural mortality is low Therefore

calculations involving M in this paper have been made with three vals of M 0 obab110 and
015 the true value which is unlikely to be constant over the whole ounds p y y g

somewhere within that range
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23 Catch and Catch Per Unit effort

The following text is taken directly from Appendix F page F2 and F3 Harper and

Scott 1998
Ieported Logbook Golden Crab Catches

Table 1 provides a monthly summary of the information for the 434 Golden Crab Trip

Report Logbook farms which reported fishing activity For the Middle Zone area between 25

N latitude and 28 N latitude estimated monthly golden crab catches from 330 trips completed

furring the entire period November1995 through April 1998 were 139 million pounds Over

the entire time period Middle Zone monthly catches averaged 46315 pounds and ranged from

13600 pounds for November 1995 to84872 pounds for May 1997 Figure ll Logbook report

forms representing 104 trips with golden crab landings made in the Southern Zone areas south

of 25 between February 1997 anal March 1998 were submitted Southern Zone estimated

golden crab catches for these reported trips were 395275 and averaged 28234 pounds per month

over the fourteen reported months

Catchperuniteffort
The number of trap hauls reported for the 434 trips in the golden crab logbook database

was 49301 Table 1 Figure 2 During the logbook time period the average number of traps

hauled per month was 1216 rli the Middle Zone and 860 in the Southern Zone Harper 1996

reported that golden crabcatchperuniteffort as measured by mean catch pounds per trap haul

was increasing during the period November 1995 through March 1996 With additional trips

over a longer tim period available for calculations CPU trends appear to be exhibiting

seasonal patterns with peak CPLTF occurring in winterspringDecember through May with

lower CFUB values calculated during summerfallJune through November For the Middle

Zone golden crab monthly mean catchpertrap haul was 428 pounds during winterspring and

327 pounds during summerfallFigure 3

Incidenta
Incidental catch information was estimated by fishers and reported on the Golden Crab

Trip Logbook forms The most frequently reported incidental catch species was the giant isapod

athynrmusgiganteus A total of17455 estimated pounds ofgiant isapod were caught between

November 1995 and April 1998 Table 2 The overall mean catch per trap haul was036

pounds and ranged from 012 pounds during May 1996 to061 pounds during Qctober 1996 In

general reported incidental catch of other species was very low In addition to the giant isapod

nine other species categories representing a total incidental catch of 265 pounds over the period

November 1995 through April 1998 were reported an the logbook farms These species

categories and estimated catch were rockfish 75 pounds hake 60 pounds whiting 30

pounds Jonah crab 28 pounds shrimp 20pounds queen snapper 20 pounds squid 12

pounds red crab 1 A pounds and scorpion fsh 10 pounds

24 SizeFreqrencyTata

The following text is taken directly from Appendix F page F4 Harper and Scott 1998

TIP Sam lin
TIf sampling of the golden crab fishery began during May 1995 A total of 51 trips have

been sampled and 4801 golden crabs have been measured through December 1997 Table 3

presents the monthly number of crabs measured and carapace width statistics The overall mean

carapace width afsarnpled golden crabs was 1485 mmN4801std126 and ranged from

1425 rrimP1175 std163 during September 1995 to 1577 mmiN161 std83during

January 1997
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25 Shock Stags

The follawirtg Section 3 Ynformatian is directly frarn the Calder Crab Fishery

lvlanagement Plan SAFl1C 1995 NoteFigures are from the Golden Crab F1w1iP

317 Abundance
Golden crab abundance studies are limited Data from the South Atlantic Sight Wenner

etal 1987 estimated abundance fro4Jenneraandareas 199q estimaed the goldenrcrabaps
caught between and lQ kg per trap

population in small areas of229 square km between 3t1b54Q moff Charleston tobe5Ot1

6OOa adult crabs In the eastern Gulf of1Vlexica adult standing stack was estimated tobe 78

million golden crabs and thebioentaltas ping off Geabgia y eldedIlan aeerage cinch of kg Per

Lindberg et aY 199 1x17e p

traplendall 1994

318 Present Condition
ilnltnativn due to lack ofdata

Sea Grant Florida and South Carolina haste
ndberg and Wenrrer1990 The

s

and Associated Continental Slope Fauna irr January

Rapparteurs comments taken directly from Arnrstrortg 1990 on crab management and the east

coast United States Geryaaid fisheries provides useful insight rrta the Potential for agolden crab

fishery
y In general participants at the conference were not overly optimistic about the prospect

far large and sustained frshitmeat slaw grocwth older age at reproductivetandrlegal size and

evidence of infrequent rec

fairly law density over extended regions of the species range

2 Crab managemert was reviewed and as in the case of most crab fisheries much of the

management is directed taw ettinrdminimurn sies torallawfortadequate male reprod ti

females from the fisheries an g

before capture by the fisheries Table 1

3 Fisheries proospe red ab fishery in the northeast 1lnited Stateso tGoldeln crabseserern to

roars tenuous than f

be distributed at very law densities but have the capacity to locwhch ortendspaprd depleti Yn

apparently great distance Wenner 1990 Wenner et al 197 p
water

areas heavily fished Given aspects ofboth species life history lines 19911 such as deep

distribution at cold temperatures slow growth and relatively advanced age at maturity and legal

size it seems that high sustained yield is not likely 1ys ra thecarentl has beery done that

tod

ur Table 1 managers could take aconservative approach has app y

allows capture Drily ofmales of a size and age beyond reproductive maturity with tkte abjeGtlve

of maintaining species reproductive effort quite apart from the knowledge ofbiotic and abiotic

factors that affect yew class strength
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4 In order to provide some likelihood ofreasonable annual catch by participating
fishermen managers may want to consider a limited entry fishery as has been done with a

number of Australian invertebrate species Given the expense ofcapitalization for such deep
water fishing it seems that fishermen are vulnerable to the vagaries of surplus male abundance

which could be quickly reduced by unrestricted participation Without an annual preseason

survey and resultant catch quota at the present there is no basis to attenuate excessive annual

exploitation and spread capture of large males over several years particularly if year classes

reaching legal size are infrequently strong as hypothesized for P camtschatica in the Bering Sea

Limited entry and effort might achieve this goal of more stable yield although somewhat

blindly since state fisheries agencies will likely not conduct surveys to estimate stock abundance

as a means to index the degree of annual exploitation by a limited entry fishery
5 Another option as practiced for some west coast Canadian invertebrate fisheries that are

not well studied and regulated is that ofboom and bust So long as rudimentary guidelines

safeguard reproductive effort the fishery is allowed to grow to any size unrestricted vessel

participation and achieve 100 exploitation as it is able Eventual decrease in abundance and

reduction in landings are aconsequence to which fishermen must adjust as they either stay with

golden crab or move to other fisheries

319 Maximum Sustainable Yield

Information to calculate maximum sustainable yield MSY is extremely limited Ideally

one would like to have catch and effort data for 10 years information on size and age ofthe

catch fishery independent data and information relating spawning to recruitment Ifthese types

of data were available for golden crab surplus production models spawnerrecruit models and

catchatagemodels egvirtual population analysis could be used to conduct a stock

assessment Faced with such asevere lack ofdata the Council had no choice but to use a more

simple approach relating the fishing mortality rate to the rate that would produce the maximum

sustainable yield
This is not necessarily all bad as described by Hilborn and Walters 1992 4

A management authority can go about the difficult business ofmaking choices among

quantitative alternatives in three ways First it may simply mimic choices made under similar

circumstances by other authorities under the assumption that previous decision making has

akeady involved careful evaluation of alternatives Second it may make an initial choice that

looks reasonable on intuitive grounds then plan to systematically vary the choice while

monitoring biological and economic responses so as to eventually fmd the best choice by an

empirical process of trial and error Third it may engage in formal stock assessment the

construction of quantitative models to make the best predictions possible about alternative

choices based on whatever data are available to date and then base its choices on the models

while expecting to refine or modify the choices later as more data become available A

combination of the second and third approaches using a mixture of quantitative modelling and

empirical management experimentation has come tobe called adaptive management Walters

and Hilborn 1976 Walters 1986
The following discussion concerning MSY based on natural mortality is from an

examination of reference points IZPs for fishery management with application to straddling and

highly migratory resources FAO 1993 The FAO document was prepared tooffer technical

input on practical options for management of these resources Straddling resources includes

species which occur within the jurisdiction of multiple countries and for which management

should be coordinated As such the theory and approach is useful for golden crab which are
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known to occur in the USBahamas and Cuba In addition the information presented below is

generic to any species as it relates basic principles of population dynamics
New fisheries usually develop in the absence of adequate assessment information and

management has to proceed on the basis of information available at that point in time It i

g g

important that the rate offishing during the early stages does not exceed the rate of learnin e

Hilborn and Sibert 1988 Amore cautious approach may result in underexploitation but this

will not necessarily lead to a loss of potential yield see later sections on Risk In the 196070s

many new fisheries developed in different parts of the world for which the only data on stock

status was one or several estimates of biomass from exploratory fishing campaigns or fishery

surveys In an attempt toprovide some basis for fleet and fishery development a simple

empirical formula for the MSY was proposed by Gulland 1973Aeformsulation of thenecond
Bp and the natural mortality rate M notably MSY 05M Bp

yield equation in AnnexIand follows the symmetrical Schaefer yield model in assuming that

MSY will occur at half the virgin stock size Bo and that atMSY the fishing mortality and

natural mortality rates will be equal Later a more cautious approach was used and Gulland

generalized the equation to

MSY xMBp with the value of x being related to the stock characteristics Garcia etal 1989

proposed several estimators for MSY when historical data series are not available

There is in fact little empirical evidence that FMSy M for a majority of stocks

Beddington and Cooke 1983 suggested that x is generally smaller than 05 while for tropical

penaeids Garcia and Lereste 1981 suggested that values x 032 to044 are appropriate From

a limited set of 11 stocks Caddy and Csirke 1983 found values were bounded by x 033 to at

least x 4 the lowest values being shown by shortlived shrimp and a sardine populations and

the highest by twonorthern demersal finfish apical predators with low natural mortality rates

From an analysis of aseries of small pelagic stocks Patterson 1992 found that only low

exploitation rates no more than 40 corresponding tonot more than x 033 are sustainable

The point ofmentioning these very approximate benchmarks is that for many straddling stocks

off developing coastal countries setting Precautionary RPs might still have to draw upon such

procedures
Because of the lack of both fisherydependent and fisheryindependent data from the

golden crab fishery it has not been possible to develop a MSY estimate for the golden crab

fishery in the south Atlantic A preliminary analysis was prepared with the assistance ofDr

John Merriner NMFS SEFSC Beaufort Lab

PrPliminarv MSY Analysis

Mortality estimates are available from work on the red crab off southwest Africa

MelvilleSmith 1988 Natural mortality M range 005010 and 015 see Section 316

Mortality Rates
The biomass Bp of golden crab in the south Atlantic is unknown An estimate of adult

golden crab biomass for the eastem Gulfof Mexico is available Lindberg et al 1989 Based

on research from the eastern Gulf ofMexico adult biomass was estimated to be 136million

pounds see Section 317 Abundance
The quantity of habitat suitable to golden crab in the south Atlantic is unknown For

purposes of the preliminary MSY analysis habitat in the south Atlantic was assumed to be equal

to and two times the quantity ofhabitat in the eastern GulfofMexico

Finally the sex ratio was assumed tobe either 1M1F or 2M1F This recognizes results

of research which show ahigher proportion offales in the south Atlantic
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Using these estimates maximum sustainable yield can be calculated Table 2 using the

formula

MSY 05 M Bo

Table 2

Mexico
Maximum sustainable yield based on estimated abundance of golden crab in the Gulf of

SATL Habitat GM SATL Habitat twice GM

Natural Total MSY MSY MSY MSY

Mortality Biomass Sex ratio Sex ratio Sex ratio Sex ratio

M Pounds 1 M1F 2M1F 1 M1F 2M1F

005 13600000 170000 227800 340000 455600

010 13600000 340000 455600 680000 911200

015 13600000 510000 683400 1020000 1366800

Based on the preliminary analysis maximum sustainable yield was estimated to range

between 170000 and1366800 pounds This information was included in the September 1995

draft fishery management plan which was reviewed by the public attendees at public hearings

the CouncilsGolden Crab Advisory Panel the CouncilsScientific and Statistical Committee

and the South Atlantic Council

SC DNR Analysis
In addition to the preliminary analysis the Council requested Dr Elizabeth Wenner Mr

Glenn Ukich and Dr Charles Barans from the South Carolina Department ofNatural Resources

examine their data from the South Atlantic Bight and provide an estimate of MSY for golden

crab in the south Atlantic The analysis provided was reviewed by the CouncilsScientific and

Statistical Committee the Golden Crab Advisory Panel and the Council This information was

also distributed tomembers of the public prior to the fmal public hearing during the October

1995 Council meeting The complete analysis as outlined in a letter from Dr Elizabeth L

Wenner Mr Glenn FUlrichand Dr Charles Barans which was FAXED on October 11 1995

is as follows
The following information is provided for use of the South Atlantic Fishery

Management Council in determining standing stock estimates and MSY for Chaceon fenneri

golden crab Since neither the true density of crabs nor their habitat distributions are known for

the entire South Atlantic Bight from Cape Hatteras to Cape Canaveral or beyond standing stock

can be estimated in several ways to obtain a range ofvalues that might be considered

conservative or liberal We are providing estimates based on an expansion of in situ crab

densities from a relatively small geographic and bathymetric area to develop our first estimate

A second approach is based on trap catches and effective fishing area EFA within the most

productive areas surveyed in 198586

In the first estimate the surface area of ocean bottom of golden crab Chaceon fenneri

distribution was estimated from aNOAA National Ocean Survey series ofdetailed bathymetric

maps transverse mercator projections with depths contoured at 50 m intervals Using each of

the map sheets necessary between Cape Canaveral 2830Nand Cape Fear3400Nthe

depth contours for 350 m and 550 m were located and visually approximated as straight lines 1

cm 25 km These depth contours were chosen because they contain most ofthe trapping

effort greatest catches of golden crab and visual observations from a submersible Flat surface
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area from the chart was calculated for the resulting triangular and trapezoidal figures

i representing areas between the 350550 mdepths Areas km2 were surnmed throughout the

region Using this method a total bottom area estimated from flat map surface was

195177 kmz
From submersible observations a density of 19 crabsha 190 crabskm2averaged over

several habitat types was found by Wenner and Barans 1990 for depths of300600 m

Expanding to the area from Cape CanaveralCapeFear an estimated number of37million crabs

is obtained This estimate is dependent on the assumption that unbiased visual observations of

crabs were made from asubmersible and that these density estimates are applicable to the entire

area under consideration
Based on a sex ratio of22M1F 3039 males 135 females from traps Wenner etal 1987

for depths of300600 m the standing stock ofmales is3541124 and that of females 166876

Assuming an average weight of 927 g2041bs per male crab in depths of274549 mWenner

et al 1987 the total biomass ofmales is7223893 lwhere MSY is maximum sustainable yield in

Using Gullandsformula MSY 05 M Bo

kg M is the instantaneous rate of natural mortality based on a range of values determined for C

maritae MelvilleSmith In press and Bo is the estimated total biomass ofmales the following

estimates of MSY from the first method are derived

M Bp inmillions MSY millions of lbs

005 72 018

010 72 036

015 72 054

In the second population estimate EFA of traps 3625m2 was calculated using the

observed crab density in some of the more productive habitats from first year submersible work

08crabs1000 m2 in conjunction with mean crab catch 29 crabstrap from 274549 m

collected concurrently in the same areas This assumes that EFA is the same for all geographic

and depth areas where it has been applied
The linear distance from due east of Charleston SC toCape Canaveral FL along the 150

fathom 275 m contour is 5186 km and the average width of each 50 fathom stratum in the area

where our sampling occurred was 37km An assumption that this is the average width of these

depth strata for more productive areas throughout the region was made

Depths 274 366 m Area 5186kmx37km 19188km2
6 kmz3837

Depths 367 457 m Area 5186 km x74km

Total golden crabs taken in year 1 2 for each depth zone were dividedby total number

of traps set toyield the following

274 366 m 162 crabs in 59 traps 27 crabstrap

367 549 m 4147 crabs in 446 traps 93 crabstrap

L
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For depths 274366 a density estimate and standing stock estimate was obtained as

follows

27crabstrap 7448 crabskmz

003625 kmztrap
7448 crabskmz x 19188 km2 1429122 crabs

1429122 crabs x0956 males 1366241 male crabs

1366241 x0927 kgcrab Bo of1266505 kg or2786311 lbs

M Bo lbs MSY lbs

005 2786311 69658

010 2786311 139316

015 2786311 208973

For depths of367549 m adensity estimate and standing stock estimate was obtained as

follows

93 crabstrap 25655crabskm2

003625 km2trap
25655 crabskrn2 x 38376 km2 9845363 crabs

9845363 crabs x 0956 males 9412167 male crabs

9412167 x0927 kgcrab Bo of8725079 kg or191951741bs

M Bo lbs MSY lbs

005 19195174 479879

010 19195174 959759

015 19195174 143963 8

Total MSY estimates for Method 2

M 274366 m 367549 m Total lbs

005 69658 479879 549537

010 139316 959759 1099075

015 208973 1439638 1648611

In addition to the population estimates presented here substantial areas on the Blake

Plateau may support significant numbers of crabs although a very limited number of trap sets in

these areas indicates that the density is lower than in the shallower strata In the 400500 fathom

area between 30 and 31N 87 traps caught 63 crabs a mean of07crabstrap Additionally in

these sets males made up only about 40 of the catch

Golden crabs also occur in the 100150 fathom stratum and maybe abundant in certain

areas or at certain times Drew Kendall ofGAMAREX has reported good catch rates in these
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depths during some of their survey efforts This data should be examined to determine if it can

be utilized to expand the population estimates to these depths
We hope that you will fmd this information useful in management proposals for golden

crab Differences in estimates of MSY between methods reflect choices of crab densities and

habitat area variables for calculations Should you need any clarification or additional

information about these estimates please give us a call

Table 2 Summary ofMSY estimates

Preliminary Estimate MSY 170000 to 1366800 pounds

SCDNR Method 1 MSY 180000 to 540000 pounds

SCDNR Method 2 MSY 550000 to 1650000 pounds

For the area Cape Hatteras NC to Cape Canaveral FL only

The Councils Scientific and Statistical Committee reviewed the preliminary estimate and

the two SCDNR estimates ofMSY and were requested to address the following questions

Memorandum to SSC from Gregg Waugh dated 101295

1 What is the best available estimate of MSY for the Cape Canaveral Florida to Cape Fear

North Carolina area

2 What is the best available estimate ofMSY for the Cape Canaveral Florida area south

This is the area where virtually 100 ofthe 600000 pounds caught thus far in 1995 have

originated
3 What are your recommendations about including a numerical estimate of MSY in the

document at this time What about a numerical estimate for the Cape Canaveral to Cape Fear

area only and no numerical estimate for the entire fishery
The SSC discussed the MSY methodology the source ofthe distribution and abundance

data the need for adaptive management and the concern that golden crabs could be easily

overfished There was concern expressed that there was not sufficient data to calculate MSY

SSC members stated that they are not speaking negatively ofthe information collected and

complimented the researchers on their work however members concluded there was insufficient

information upon which to calculate MSY at this time The following motions was approved

The SSC recornmends that the Council not present current estimates ofMSY in the document

because we question the scientific soundness of these estimates Their intent is that data be

collected and an estimate ofMSY be calculated as soon as sufficient information becomes

availabie
The CouncilsGolden Crab Advisory Panel reviewed the information concerning MSY

and concluded there was not sufficient information available to estimate MSY at this time

The NMFS SEFSC reviewed the preliminary estimate ofMSY contained in the

September 1995 public hearing document and concluded It should be emphasized that this

MSY is a very rough estimate which needs tobe monitored and modified as more information on

the fishery becomes available MSY estimates on pages 4041 Note referring to the

September 1995 draft FMP document are based on published data from the Gulf ofMexico and

range from 017 to 137million pounds depending upon the assumed sex ratio comparative

stock sizes and assumed mortality rates There is no scientific basis for the choice of best point

estimate of14 million pounds also see page 90 Option 4 Note referring to the September

1995 document There is no explanation as to how this choice was arrived at SCMRRI
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scientists are evaluating their research data in an attempt to provide Bp and MSY estimates for a

large portion of theUStaff SSCtSEFSC etcthose vlues may replace the estimate in Table 2a
expansion by Councils

page 41 Note refetlanric ooastarea be used in5the MSY calculationsuPleasetnote thatlsex ratios

estimates for the A 33 ote referring to the

for the South Atlantic collections were quite high for males 151p N

September 1995 document
The South Atlantic Council reviewed the MSY estimates the methodology review

comments by the NMFoStoFs ecfY a total MSY for the goldendcrab rlesure witlim thethe
best

available information n P

Councils area of jnesdicreliminary estimateof potental yild for the area Cap1e1Canavferalation
touse in making a rY P of the available data is the

Florida through Cape Fear North Carolina The real shortcoming

lack of any estimate Therefore no etimataof MSY is specfed attis timee The data collection

fishery takes place
measures specified in the management plan will generate data useful for calculating MSY n

fact the Council requested and NMFS has implemented avoluntary logbook program

beginning in November 1995 to start the data collthe framework procedure wllblelused to

information becomes available to calculate MSY

incorporate the MSY figures into the management plan

3110 Probable Future Condition

Golden crabs are alonglived slow growing deep water cold environment species

Their reproductive biology is likely to result in periodic recruitment and their abundance in the

South Atlantic Councils area is unknown These life history characteristics suggest

conservative management to prevent overfishing

The rapid development already exhibited by this fishery is expected toaccelerate in the

immediate future SXUerienced ml fshreries for taditional speiess such as usep grouptconflicts
alleviate problems e p

declining resources and overcapitalization The netban in the State of Florida extensive

closures in New England and large reductions in crab fisheries in the northwest could result in

significant influxes of effort into the golden crab fishery99 ho aboute37 vessels fishonghatoo be

actively fishing increased from two vessels in January

August 1 1995 dividualshave documented landings as of Apri17119951tAn additiona133
indicate up to 80

individuals would qualify by September 1 1995 based on data from Florida and discussions wit

fishermen
Without management the golden crab resource will become rapidly overfished This is

not aspecies that can withstand the high fishing mortality from a fleet as large as is likely to

enter the fishery
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The fallowing is taken directly from Appendix F Jlarper and Scott 1998

PreliminaryProduction Iyladel Analysis

Catch and estrrrrated ettort data ror the period 1986present were fit with anon

equilibrium production model Prager 1993 to estimate stock status relative to MSY Jewels

Golden crab quarterly catch rr pounds far the South Atlantic region were obtained from the

AccumulatedTiandings System far the period 1986 through October 1996 After October 1996

golden crab catch was derived fram the Golden Crab Trip Reportlagboak quarterly effort

lcwels were estimated by dividing quarterly catch by observedCYCJ1lbsper trap haul CPUE

data far 1986 were available in Erdman 1991 CPUE for the most recent period 19961498

were fram the Golden Crab logbook reports described earlier The production model was fit to

bout quarterly and annual data llawever only 3 paired annual observations ofcatch and effort

were awailable making the annual model fit of questionabfle value Results ofthe annual and

quarterly rnadel fits depended an assumptions made about the initial biomass lcvel Quarterly

catch and estimated effort data are provided in Table 4 For this preliminary analysis the fskiing

year was defrned to begin in February thus the first quarter ofthe fishing year ended in April

and the last quarter ended in January Far this analysis a total of 49 quarters of catch February

1986 April 149g and 14 quarters ofeffort were awailable
ca act

The data were first ft assuming that stack biomass was at model carrying p ty

I2I3msy in January 1986 A total of 501 bootstrap fits of the medal to the 14 paired catch

and effort obserwatiorlis Table 4 were used to estimate uncertainty in the model parameters of

interest As the rrradel was fit to quarterly data estimates of annnaJ parameters such as Iv1SY

canbe obtained by multiplying the parameters of concern by 4 From this model current

biomass is estimated to be at about that Jewel which could produce MSY and the rrredian estirziate

000 920 000

of annual MSY is on the order of847000 lbs per year approximate 80 CI 650

1bs per year The results ofthis fit are shown in Table 5 Recent quarterly fishing mortality

rates were estimated to range fram about 05 to2 times that needed toacltewe quarterly MSY

The estimatedtimetrajectory of relative quarterly biomass and relative quarterly fishing

mortality rate are shown in Figure 5

An ahernatiwe madefl was fit to the data in which initial biomass was not fixed atK but

estimated As above a total of 501 bootstrap fits of this madcl to the 14 paired catch and effort

observations Table 4 were used tocharacterize the uncertainty rrrparameter estimates Frain

this medal initial biomass January 1986 was estimated tobe mare than twice carrying

capacity current biomass was estimated to be about 50Iabowe that lewefl which could produce

PwISY and recent fishing rnartality rates ranged fram about025 to about 10 Fmsy Frarn this

model the estimate of annual MSY is less precisely estimated although the median estimate is on

the order of1070000 lbs per year The results of this fit are shown iri Table 6 The estimated

tirostrajectory of relative quarterly biomass and relative quarterly fishing mortality rate are

shown in Figure 6
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3p FlSFTERY VALiJATION
31 enomlc StatusofIlLe Fishery

This section describes economic aspects of the corrnnercial fishery for golden crab in the

South Atlantic region The Golden Crab Fishery Management Plan went irnto effect beginning an

August 27 1996 and established three golden crab fishing zones The northern zone is defined as

the EEZ north of28 degrees N latitude The Middle done is contained within the lE between

25 degrees North and 2 degrees North latitude The Southern zone extends South from 2

degrees North latitude within the South Atlantic CouncilsEEZ Federal permits are issued for a

specific zone and fishing is allowed only in that zone for which the permit is issued

In the South Atlantic region 35 vessels were granted pertxxits to operate in this fishery 27

permits were issued for the southern zone 6 permits were issued for the middle zone and 2

permits were granted to vessels for the northern zone Other management regulations imposed by

the golden crab FMP include dealer and vessel permitting and reporting limitations on the size

ofvessels prescribing allowable gear including escape gaps and escape panels and prohibiting

possession of female crabs see the FMP for a complete list ofmeasures

The Golden Crab Log book data are sununarized in Table 1 The number oftrap hauls

reported far the 434 reported trips were 4931 and the average number of trap hauls per month

was1216 in the middle zone and g60 in the Southern zone There is same evidence that golden

crab catch per unit effort CPUE measured as pounds per trap haul varies by season mouth peak

CPPTP during the period December toMay Appendix F

Table 1 Number of Trigs and 1iJandings of Gta1den Crab in the South Atlantic

r
LJ

Ivlonthly golden crib landings show a cyclical pattern with the greatest landings between

lvlaroh and July Figure 1 when the Keys lobster fishermen enter the fisherr During the period

June 1996 toNlay 1997 the total landings amounted to 8974Qt1 at atotaY exvessel value of

781OOd These landings were down 46i1o from the previous yearsharvest June 196 toMay

1996
Of the 3 vessels that were issued permits only about 11 have fished for golden crabs

sinoe qualifying Appendix G In 1997 Antozzi 1997 reported that only five or six vessels

were dedicated toharvesting this species full time fine vessel locked in St Petersburg one in

FtLauderdale two ua Marathon Key and one or two in the lower Keys Seasonally about a

dozen vessels fish for golden crab during the closed lobster season March to July

An update far 1998 indicated that only 1 vessel was operatirng iii this fishery full time

and there was no production in the Gulf ofMexico In addution the expected boost in landings

that occurred in previous summers was not observed during the summer of 1998 This is due to

the foot that spiny lobster fishermen who participate in this fishery from Pirlarch to July chose to

pursue other fisheries or did not fish during this season

prtarnt issue maybe exvessel prices which is an irnportarnt determinant ofentry

and exit behavior in any fishery For golden crabexvessel price declined from 90 and 164
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per pound in 1995 to083 in 1997 This decline in 1997 is particularly noticeable considering

that harvest was at higher levels in 1995 Figure 1 Dockside prices reported in early 1998 were

between 75 and 80 cents per pound This price decrease is likely due to the increased supply of

other large crabs especially snow crab

This product is viewed in the marketplace as a substitute for snow crab clusters Most of

the product is processed into clusters which is not as favored as other large crab species such as

snow crabs The golden crab market is strongly influenced by the wholesale market for snow

crabs Antozzi 1998 A large proportion of the Alaskan catch of snow crab goes to Japan and

the drop in the yen reduced the export demand for this product The excess supply entered the

domestic market and lowered snow crab prices which maybe partly responsible for depressed

golden crab prices The increase in production from Russia and Canada also magnified this

problem
Antozzi 1997 concluded that the market for golden crab is inhibited from expanding

due to a supply constraint He attributes this lack ofproduction to the difficulty and cost of

operating in this fishery which requires asizable investment in specialized gear including on

board holding facilities that keep crabs alive This fishery takes place in deep water and this can

result in lengthy trips under adverse sea conditions Some industry members have stated that

vessels larger than 50 feet are needed to cope with rough sea conditions offshore and toprovide

the stability needed for trap deployment and retrieval

The future outlook for this market will be strongly influenced by the market supply of

other large crabs and the health of export markets The outlook on this market would improve if

this product could be viewed as more than just a substitute for snow crabs Steady production

and other product forms such as picked meat were suggested as ways toovercome this problem

However Antozzi 1998 was of the opinion that this fall off in price may not reverse unless the

Japanese economy improves
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32 Social Evaluation South Atlantic Fishing Communities as Defined in the

Sustainable Fisheries Act Amendment SAFMC 1998a

433 Fishing Communities Identify and define fishing communities

Identifying fishing communities provides a basis for analyzing impacts of management

measures on fishing communities rather than on a fisherywide basis This would be more

relevant in situations where impacts are differential because of the location level ofactivity and

dependency on fishing availability ofalternative job opportunities etc indifferent fishing

communities This measure would allow fishery managers to obtain information on the impacts

of future management measures on different fishing communities It could make for the

formulation ofmanagement measures that would minimize impacts on fishing communities that

have less opportunities to adapt to changes imposed by the measures

Identification and definition of fishing communities would normally have a positive

impact except that for the South Atlantic there are no data collected on fishing communities

National Standard 8 imposes requirements on the council and the fishery management regulatory

process that cannot be satisfied given existing data Current data available do not allow for a

meaningful definition of fishing community moreover do not provide a measure ofdependence

upon fishing and will not contribute to useful impact analysis
At its March meeting the Gulf ofMexico Fishery Management CouncilsSocio

economic Panel recommended that further research be initiated and funded by National Marine

Fisheries Service as soon as possible toaid in the identification and defmition offishing

communities in the Southeast The panel also recommended the scope of this problem be

addressed at a national level such that impacts upon fishing communities can be analyzed across

regions as well as within A key area for expanded research is ethnographic and survey research

to identify not only communities but those who provide supporting services to the economy and

culture of fishing communities Especially important in the Southeast is the need toprovide a

realistic portrayal of recreational fishing diving and ecotourism and their importance to a

fishing community
The Council concluded incorporating all available information at this time will meet the

mandates of the recent MagnusonStevens Act amendments relative to fishing communities

With the addition ofNational Standard 8 FMPs must now identify and consider the

impacts upon fishing communities toassure their sustainable participation and minimize adverse

economic impacts MSFCMA section 301 a8
The proposed guidelines for this new standard state fishing communities are

consideredgeographic areas encompassing a specific locale where residents are dependent on

fishery resources or are engaged in the harvesting orprocessing ofthose resources The

geographic area is not necessarily limited to the boundaries of aparticular city or town No

minimum sizefor a community is specified and the degree to which the community is

substantially engaged in or substantially dependent on the fishery resources must be defined

within the context ofthe geographical area of the FMP Those residents in the area engaged in

the fisheries include not only those actively working in the harvesting orprocessing sectors but

also fisherysupport services or industriessuch as boatyards ice suppliers or tackle shops

and otherfisherydependent industries such as ecotourism marine education and recreational

diving Federal Register Volume 62 Number 149 August 4 1997

The term sustainedparticipation does not mandate maintenance ofany particular

level or distribution ofparticipation in one or morefisheries orjFshing activities Changes are

inevitable infisheries whether they relate to species targeted gear utilized or the mix of

seasonal fisheries during the year This standargimplies the maintenance ofcontinued access to
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fishery resources in general by the community As a result national standard 8 does not ensure

thatfishermen would be able to continue to use aparticular gear type to target aparticular

species or to fish during aparticular time of the year Federal Register Volume 62 Number

149 August 4 1997
The term tshing community means a community that is substantially dependent on or

substantially engaged in the harvest orprocessing offishery resources to meet social and

economic needs and includesfshing vessel owners operators and crew andfish processors

that are based in such communities A fishing community is asocial or economic group whose

members reside in a specific location and share a common dependency on commercial

recreational or subsistencefishing or on directly relatedfisheriesdependent services and

industries for example boatyards ice suppliers tackle shops Federal Register Volume 62

Number 149 August 4 1997

In order to determine a communityssubstantial dependence or sustained

participation on fishing those communities must first be identified Presently the NMFS has

not identified fishing communities nor their dependence upon fishing in the South Atlantic

Moreover there are no ongoing data collection programs to gather the necessary information that

would allow for the identification offishing communities in the South Atlantic or other regions

Also there are no future plans to implement any such data collection program that would

determine dependence upon fishing in order to provide the Councils with important information

necessary for social and economic impact analysis of fishing communities This leaves the

councils with existing data collected through other agencies not always specific to fisheries

managementie census data regional economic census and previous research on specific

fisheries Although this data can be useful it is often not specific enough to identify or provide a

clear representation of a community and its dependence upon fishing One reason for this

difficulty is that fishermen in a specific fishery often do not reside within one particular

municipality that can easily be identified as a fishing community or one that is substantially

dependent upon fishing Also that information is often not provided at the municipality level

but more often at the county level

Commercial fishermen may have a domicile home in one community and dock their

boat in another They may sell their fish in either place or an entirely different location

Recreational fishermen often do not live on the coast but drive from inland counties and may

launch their boats or fish from several different sites For these reasons identifying a fishing

community becomes problematic in that such acommunity does not fit the normal geographic

boundaries or fall within the metes and bounds that would surround anormal incorporated

municipality
The impacts of fisheries management maybe minimal in a single community but when

taken overall may be substantial to an entire county or several county area Those same

measures may have a small impact on a large metropolitan area but to a neighborhood where

most fishing families live or most fishing activity originates it could be substantial Therefore a

fishing community may encompass a single municipality a county several counties or one

neighborhood within a major metropolitan area depending upon avariety ofdemographic social

economic and ecological factors that one must consider

One important circumstance toconsider when assessing the impacts upon fishing

communities is the difference between rural and urban areas as many fishing communities exist

in rural areas on the Southeast coast There are several ways in which rural areas differ from the

more urban or metropolitan as illustrated in Understanding Rural America ERSUSDA 1993
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Rural areas have consistently lagged behind urban areas with respect to real earnings per job an

education levels Rural areas have also seen a rise in subgroups who are prothese differences

disadvantagefamilies headed by single mothers and minorities However

and are influenced by several factors one ofwhich is the availability o

vary across the country

natural resources In order tertherametropolitan or non mtropolitanfeA furtherosubdivision of

US have been classified as es de endence upon

nonmetro counties provides a more clear understanding into each subtyp p

certain economic specialization and the impo classification sdysteem may alsohsuggest a possibly
counties ERSUSDA 1993 The following

ro riate criteria

method for defining an areasdependence upon fishingusing the app p

Six types ofnonmetro counties have been classified three ofwhich are based upon

economic specialization farming manufacturing and services The other three county

classifications are based upon their relevance topolicy retirementdestination Federal land

and persistent poverty Using earned income as a measure ofdependence the classification f

counties based upon economic specialization is as follows

Farming counties 20 or more earned income from farming

Manufacturing 30 or more earned income from manufacturing

Services 50 or more earned income from services industries

Those countthree classification types are not mutually xclusive ERS tUSDA 993
exclusive the other

This type of classification system based upon aper
or re

gonsedependence upon fisl

measure might be used to determine a community county g

However like farming couver timesThi s
s probably due toggnificant increasesan tee

m

dependence upon fishing o

population of coastal areeo lle 60 and9older who seek coastaPareasforgrretiremenbdestinatic
form oflgration of p p

brin s a eater dependence upon service

The increase in this population sector in turn g Sr

industries Choosing such a

her analysis andor research
tpossible at this time and would have

tobe developed through fort
olo of fishing community dependence for the

Griffith and Dyer developed a typ gY
In that typology they

Northeast Multispecies Groundfish Fishery MGF Aguirre 1996

identified critical indicators of dependent ofrelcausupply facilitfesnumber of fslhal and gener

socialgeographic indicatorsie numbe p resence of secul

dealersprocessors presence of religiousartarchitecture drnelditatadd nubergofMGF vessels

artarchitecture dedcicated to fishinmgnnumbsearch oof their own they were able to develop a

Using previous results and supp orts the MGF

fishery dependence index score for the five primary p

From their research Griffith and Dyer were able to document five variables which best

predicted dependence upon the MGF

1 Relative isolation or integraiextent have thafleets involved in the1MGFenclaveddu h

political participation To wh

themselves from oth becortme similar to anletlhnic enclavle alosedecotmmun tieHow
m

have the MGF fleets
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2 Vessel types within the ports fishery Is there apredominance of large vessels or small

vessels or a mixof small medium and large

3 Degree of specialization To what extent do fishers move among different fisheries

Clearly those fishers who would have difficulty moving into alternative fisheries or

modifying their vessels with alternative gears are more dependent on the MGF than those

who have histories ofmoving among several fisheries in an opportunistic fashion

4 Percentage ofpopulation involved in fishery or fisheryrelated industries Those

communities where between five and ten percent ofthe population are directly employed

in MGF fishing or fishingrelated industries are more dependent on the MGF than those

where fewer than five percent are so employed

5 Competition and conflict within the port between different components of the MGF

Extensive competition and conflict between fishers within the same portaswell as

between different actors in the MGF such as boat owners and captainsseemto be

associated with intensive fishing effort and consequent high levels ofdependence on the

MGF In this case dependence may have astrong perceptual dimension with fishers

perceiving the resources they are harvesting tobe scarce and that one fleets gain is

another fleets loss

It is important tounderstand that these factors are appropriate for the MGF and are not

necessarily the best predictors for all fishing communities Fisheries in the Southeast will differ

markedly from those in other regions of the country especially with regard to their integration

into other economies and notably the tourist economy Recreational fishing is an integral part of

the tourism and service economy that has developed for coastal communities in the South

Atlantic For these communities dependence upon fishing will undoubtedly be tied to

commercial and recreational fishing and their associated businesses Therefore it is important

for fishery dependence models tobe developed specifically for the South Atlantic

Griffith and Dyer Aguirre 1996 also discuss their description of fishing communities as

it relates to the term Natural Resource Community NRC Dyer et al define a NRC as a

population of individuals living within a bounded area whose primary cultural existence is based

upon the utilization of renewable natural resources 1992106 Natural Resource Communities

possess an elementary connection between biological cycles within the physical environment and

socioeconomic interactions within the community An adaptation to working on the water by

fishermen has important implications for the community as awhole because ofthe necessary

support activities that take place on landie net hanging mending fish handling

preparation boat building repair This important tie to the physical environment not only

dictates occupational participation but structures community interaction and defines social

values for those living in Natural Resource Communities While fishing communities in the

MGF are not bounded or set apart from the larger community in which they reside they still

manifest certain recognizable features that would classify them as NRCs Aguirre 1996

Fishing communities in the South Atlantic will also show signs ofbeing integrated into the larger

economy but may still maintain certain vestiges ofan NRC Fishermen in the South Atlantic

like those in the Northeast MGF will not likely see their ecological systems being closed but

affected by a host of other forces both globally and locally Far more detailed research will need

to be conducted among South Atlantic fishing communities to determine changes in integration
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of the larger economy One of the most likely changes will be an increasing dependence upon

the service sectors as recreational fishing and other recreational activities play an increasing role

in the economies of coastal communities While there will continue to be a connection between

the social and physical environments the nature ofthat interaction will undoubtedly change

At this time there is insufficient data to completely identify and define fishing

communities in the South Atlantic The following description of fishing communities provides

information to explore ways of defming fishing communities that range from geographical

regions to a well bounded municipality With varied levels ofresearch or data available for each

state descriptions of fishing communities will depend upon the amount of data available and the

specific nature and timeliness of that data In some cases it maybe possible to fmd a

municipality that will clearly fit a definition of fishing community and meet acriterion for

dependence upon fishing In others it may be aseries of communities or counties designated a

fishing community or possibly aparticular sector of a large metropolitan area

Readily available data will be discussed to allow for public input on the best way to

identify fishing communities and determine their dependence upon fishing Following the

discussion of fishing communities in the South Atlantic a discussion of data needs and format

will provide possible directions for data collection and analysis The Council welcomes

comments on all aspects of incorporating this new national standard in order to devise a

classification system which will assist in assessing the impacts of fishery management upon

fishing communities

43311 South Atlantic Fishing Communities

According to NMFS South Atlantic commercial fishermen have harvested well over

250000 pounds of seafood in each of the years 1995 and 1996 Table 1 Those landings have

represented over200000000 in harvest value The value of those landings can become even

greater once it diffuses throughout South Atlantic fishing communities as it provides

employment and other benefits to other sectors within each communityseconomic base

tic Commercial Fishing Landings by Region 1995 and 1996

Table 1 US Domes

f the United States 1996ies oSource Fisher
1995

1996

Thousand Thousand Thousand Thousand
dollars

Region pounds dollars

957580

pounds
641821 564169

New En land 592665
413240 179747 241936 181869

Middle Atlantic
632845 174229 728830 158736

Chesa eake
035277 238112 268990 209407

South Atlantic
7184641 724619 1496875 680304

Gulf ofMexico

Commercial seafood landings also represent other forms ofexpend1rtrlndustries 1kegas

impact upon fishing communities such as fuel gear groceries etc Supp

stations tackle shops grocery stores all have an investment in the harvesting capability of the

local fishing fleet

As with commercial fishing recreational fishing activity will also contribute tot e

economic base o Fifurel l demonstrates anlulcreasing trendeinrecreational fishing tps forrmost
for fishing taps g
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South Atlantic states but also substantial variation in the number of trips over time Such

variation can mean significant economic impacts for those communities that rely upon

recreational fishing
South Atlantic fishing communities will depend upon both recreational fishing and

commercial fishing for determining the importance of fishing to their economic base The

supporting role of associated businesses will also need to be incorporated into any measure of

dependence Such businesses as seafood dealers and processors marinas gas stations bait and

tackle shops dive shops trucking firms restaurants and many others all have some role in

determining dependence upon fishing Unfortunately data that is robust andor specific enough

does not exist to include in such adetermination
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Fisheries Statistics and Economics Division

Figure 11StlmaieQ LvumCer Ul lvtntuic ic1llauvuua br

South Atlantic Source Personal communication from the National Marine Fisheries Service

To identify fishing communities in the South Atlantic one might begin with the National

Oceanic and Atmospheric Administrations publication Fisheries of the United States 1996

Among the various statistics listed are commercial landings ofmajorUS ports These ports

could be considered to be substantially dependent upon fishing Table 2 lists the major ports for

the South Atlantic in 1996 and 1995 for quantity and value of landings Some ports are listed as

individual communities while others area combination of several communities over a limited

geographical range This characterization may be useful as we attempt to further delineate

fishing communities in each state Other sources of information helpful in defining fishing

communities include the United States Census and Bureau ofEconomic Research which include

economic information for many areas oftheUS
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Table 2 Quantity Value and Rank ofCommercial Landings for South Atlantic Ports among

MaurUS Ports Source Fisheries oftheUnited 8t5tes 1
995 1996 1996 1996 1996

nU

10i
110 50

T 110 1

Orientalvanaenro bU

BellhavenWashin ton NC

Value and quantity are in millions of dollars and pounds respectively

43312North Carolina
The 1990 Cens onaopduals whoaeportedgheir otcdcupat onas fisher in Table 3 This

North Carolina regard g

data will likely includbthfisher e s management ofmarine fishteries a the council leanvel This

who are not impacted y

information does fishmedltasfnot recommended that these figures beuesed to detrrnine
e o

dependency upon g

dependency upon fishing however The 1990 Census classifiesyearround fulltime wor ers as

all persons 16 years old and over who usually worked 35 hours or more per week for 50 to52

weeks in 1989

Table 3 Number ofFishers and Mean Annual Income for North Carolina in 1990 Source US

Bureau of the Census lTime Other Total

Total
The 1990 Census also poccu ationeas oaptam ofafishtmg vessel in Table 4n It

egardmg

individuals who reported then P

few women in this
interesting tonote that there were no females listed as captain of fishing vessels This concurs

with the much of the research on the occuopati rolenhhe fshigoperation they are rarely in

role Although women often play an imp

the position ofcaptain of fishingvessels
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Table 4 Number of Captains ofFishing Vessels and other officers and Mean Annual

Income for North Carolina in 1990 Source US Bureau of the Census

Year RoundFullTime Other Total

Number of Ca tams
102 141 243

Male
0 0 0

Female
102 141 243

Total

Mean Annual Income
91726 33640 30818

Male
0 0 0

Female
26917 33640 30818

Total

f

Johnson and Orbach 1996 have divided North Carolina into six areas for their research

on effort management ofNorth Carolina commercial fisheries Those areas were determined to

be distinct with regard to speciesgear combinations in addition to sociological ecological and

environmental differences The areas defined are as follows

Area 1 Albermarle Area Currituck Camden Pasquotank Perquimans Chowan

Bertie Washington and Tyrell Counties

Area 2 Dare County
Area 3 Southern Area Brunswick Pender New Hanover and Onslow Counties

Area 4 Pamlico Area Craven Pam1ic45Beaufort and Hyde Counties

Golden Crab SAFE Report
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Johnson an r a

multidimensional scaling
Using

was the most

es of fishing in each area For Area 1 crab pottogng Referring to

relationship of various typ
of and gill net

central fishery In other words most fishermen in the area do some crab p

cliques they found that for this area fishermen who peeler pot eel pot crab p

flounder differ from those that long haus oie 1 ots

that long haul will crab pot and gill net

flounder but do not engage in peeler pot p
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In examining the categories which would include fishermen for Area 1 Table 6 there

a seems to be no trend regarding either those in FarmFishForest occupations or the Agriculture

Fishing Mining Industries There are both increases and decreases in the number of those within

each categories from 1970 to 1990 which varies by county

Table 6 Number withinFannFishForestOccupation and Agriculture Fishing Mining Industry

for North Carolina Coastal Counties included in Area 1 for 1970 1980 and 1990 Census

Source ivitvtcriii JVV1Vll1111v iuYarav

OccupationIndustry 1970 1980 1990
County

untCi FarmFishForest 923 1035 839
yoeBert

AiFishin Minin 1050 1038 884

CountydC FarmFishForest 203 220 114
enam

AiFishin Minin 220 181 137

CountythCh FarmFishForest 740 904 832
ama

AiFishin Minin 927 934 1286

k Countyit FamFishForest 194 247 316
ucCurr

AiFishin Minin 215 296 309

Pasquotank County FarmFishForest 444 491 469

AriFishin Minin 552 478 508

Perquimans County FarmFishForest 417 513 299

AiFishin Minin 445 524 316

ll Count FarmFishForest 197 249 208
yTyrre

AiFishin Minin 225 273 233

Washington County FarmFishForest 408 511 551

AiFishin Minin 462 557 526

Area 2 Dare County
Within Dare county the following communities have been described through recent

research of the snapper grouper fishery and might be considered fishing communities Manns

Harbor Manteo Wanchese Hatteras Stumpy Point Iverson 1997 Johnson and Orbach 1997

found that commercial fishermen in this area had two primary gear types pots and gill nets In

their analysis of fishery networks for Area 2 they again found crab pots tobe central Another

interesting difference revealed was that fishermen who shrimp trawl in this area will gillnet for

sharks but do not engage in crab potting
Dare County shows ahigher personal income from fishing over the three years listed

Table 7 than most other coastal counties in North Carolina
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Table 7 Population and Economic Information for Counties included in Area 2 Source

t TT c Tlo4 ofnmmame
Bureau oflconomtc f1iaiysia VJLullL vi

Area 2
1993 1994 1995

Coun

Dare
30024 106 26 07425

Po ulation

Personal Income Thousands of 429564 465011 502 474

17 678 18 522 19271
Per Ca ita Pers Income

Personal Income Fishin Thousands of 5 426 5 688 6392

Dare County Table 8 shows a general increase in the number of individuals in the

listed occupations and industries over the twenty years from 1970 to 1990

Table 8 Number within FatmFishForestOccupation and Agriculture Fishing Mining Industry

for Dare County Area 2 for 1970 1980 and 1990 Census Source MARFIN

Sociodemo a hic Database

County Occu ationIndustry 1970 1980 1990

Dare County FarmFishForest 11 376 637

e FchnaMinino 181 446 655

Snapper Grouper Fishing
Most of the snapper grouper permit holders in Area 2 work out ofHatteras and only a

small portion of their annual commercial fishing activity is devoted to targeting snapper grouper

species Black sea bass snowy grouper and blueline tilefish are the most frequently targeted

species by commercial snapper grouper fishermen from this area Surface longlining for tuna

and swordfish is apparently the most productive and profitable style of commercial fishing in the

area and the small towns ofManteo and Wanchese serve as refuge for a large number ofboth

local and nonlocal longlining boats Iverson 1997

Area 3 Southern Area

The Southern Area includes the following counties and communities in parenthesis

Brunswick Southport Pender New Hanover Onslow Sneads Ferry Johnson and Orbach

1997 found that commercial fishermen in this area had four primary gear types hookandline

gill net hand harvest of shellfish and trawling Pot fishing was classified as seaaondary gear but

they report that increasing usage over time could possibly make it a primary g

interesting tonote that they also reported that pot fishing showed an increase in all five areas

over time Area 3 showed much more complexity in annual rounds of fishing than Areas 1 or 2

with shrimp trawling hand clamming and crab potting all central to the network Johnson and

Orbach 1997
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Table 9 Population and Economic Information for Counties included in Area3 Source

n1T T C Tlua4 of nmmPtCP
Bureau OIJGCJi ruuu ruiaiyia y

Area 3
1993 1994 1995

Coun

Brunswick
35056 38658 60697

Po ulation

Personal Income Thousands of 878 453 941 247 1 024 954

Per Ca ita Pers Income 15 589 16 121 16 886

Personal Income Fishin Thousands of 1 595 1 674 1 885

Pender
Po ulation 32 554 33894 33 759

Personal Income Thousands of 510 623 534 860 574 433

Per Ca ita Pers Income 15 681 16 341 17 253

Personal Income Fishin Thousands of

New Hanover

Po ulation 131091 135 317 139906

Personal Income Thousands of 2620 539 2 800 024 3 036665

Per Ca ita Pers Income 19 990 20 692 21 705

Personal Income Fishin Thousands of 693

Onslow
Po ulation 145638 144 951 144 259

Personal Income Thousands of 1962 312 2 030 075 2 149 074

Per Ca ita Pers Income 13 474 14 005 14 897

Personal Income Fishin Thousands of 667 700 787

Counties included in Area 3 Table 10 show ageneral increase in numbers of

individuals within the selected occupations and industries with the exception ofPender County

which shows a decline from 19701990

Table 10 Number withinFarmFishForestOccupation and Agriculture Fishing Mining

Industry for North Carolina Coastal Counties included in Area 3 for 1970 1980 and 1990

wf A nLTTTCacmntrronlllr T1AtAl1A CP

Census Source rvir

County
swick CountyB

iiiUVNIVLLV1l1vLu1
v

OccupationIndustry
FarmFishForest

1970

370

1980

668

1990

1028
run

AiFishin Minin 505 645 971

der CountyP FalmFishForest 772 562 627
en

AiFishin Minin 892 669 690

w Hanover CountyN FannFishForest 289 550 782
e

AiFishin Minin 564 615 984

low CountyO FarmFishForest 754 869 996
ns

AriFishin Minin 906 800 987

Snapper Grouper Fishing
For Area 3 the small community of Sneads Ferry is unique in that the majority of the

commercial reef fishermen fish with sea bass pots According to the 1993 federal permit list for

the South Atlantic region there were 58 permit holders who indicated that sea bass pots were

their primary gear type Of those 13 permit holders worked out ofSneads Ferry Iverson 1997
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Overall 72 of fishermen using sea bass pots as their primary gear work out of home ports in

North Carolina

Area4 Pamlico Area arenthesis Craven
The Pamlico area includes these counties and communities in p

Washington Hyde Ocracoke
Pamlico Vandemere Oriental Beaufort Bellhaven

Swanquarter Englehard Johnson and Orbach 1997 found that commercial fishermen in this

area had three primary gear t3Pes pots gill nets and trawls In terms of annual fishing rounds

Area 4 is the simplest to understand Thee oon totnote that thissimpleltrategy may signify
potting or trawling and crab potting Y g

few choices for fishermen in this area in the case of environmental or regulatory change

Johnson and Orbach 1997 Possible fishing communities within Area 4 might be Vandemere

and Oriental

Pamlico county had the highest personal income from fishing for Area 4 from 1 yy

1995 with a steady showm oan incroease over timeFormost counties in Areao4 Table 12 the

Beaufort next both g

general trend seems tobend nusteategoes0 tBeaufort County shows an overall deOCrease 9

within these occupation a rY

from 19701990
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Table 12 Number withinFarmFishForestOccupation and Agriculture Fishing Mining

Industry for North Carolina Coastal Counties included in Area 4 for 1970 1980 and 1990

renPMARFTN Snrinrlemnuranhic Database

County OccupationIndustry 1970 1980 1990

Craven County FarmFishForest 873 1136 832

AgriFishin Minin 1129 1222 860

Pamlico County FarmFishForest 245 498 442

AgriFishin Mining 502 662 477

Beaufort County FarnFishForest 1452 1393 1024

AgriFishingMinin 2169 2123 1190

Hyde County FamFishForest 295 509 454

AiFishin Minin 442 579 511

Area 5 Carteret County
In Area 5 Johnson and Orbach 1997 found that commercial fishermen had three

primary gear types gill nets trawls and hand harvest of shell fish In terms of annual fishing

rounds Area 5 did not show the clear gear stratification found in other areas Shrimp trawling is

the most central fishery but pound netting crab potting and mechanized clamming also occur

with shrimp trawling Johnson and Orbach 1997 Possible fishing communities within Area

5 Morehead City and Beaufort

Table 13 Population and Economic Information for Counties included in Area 5

onroan nfFnnnnmin Analvcic IT Dent OfCOllllllerce
JVUllili Luavu

Area 5

Coun
1993 1994 1995

Carteret
Po ulation 55747 56381 57 690

Personal Income Thousands of 935032 985484 1 076753

Per Ca ita Pers Income 16773 17479 18664

Personal Income Fishin Thousands of 2783 2871 3207

Among North Carolinascoastal counties Carteret county was second toDare county

Table 13 in terms ofpersonal income from fishing In addition Carteret County Table 14
shows an marked increase from 1970 to 1980 then a decrease from 1980 to 1990 within the

occupations ofFarmFishForest and an overall increase in the number ofAgriculture Fishing

and Mining industries

Table 14 Number withinFarmFishForestOccupation and Agriculture Fishing Mining

Industry for Carteret County Area 5 for 1970 1980 and 1990 Census Source MARFIN

d a hic DatabaseSocto emo

County Occu ationIndustry 1970 1980 1990

Carteret County FarmFishForest 225 1200 1158

AiFishin Minin 731 1234 1260
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In a recent report on the importance ofcommercial fishing in Carteret county Diaby

1997 found that Carteret county ranked first in poundage 966523141b and second in

dockside value 20618486 in terms of commercial landings for North Carolina coastal

counties Finfish represented the 91 of total landings and 46of total exvessel value The

most important species of finfish were menhaden flounder croaker weakfish and spot

Shellfish and crustaceans accounted for only 9of all commercial landings but represented
over halfof the value of landings during the period from 19741994 Employment by the

commercial fishing industry both full and part time for Carteret county was estimated tobe

3232 people for 1994 Diaby 1997 This number varies from those reported in the census data

and emphasizes the problems in comparing these types of data Since 1981 there have been

about 105 to 1401icensed seafood dealers in Carteret county The value ofprocessed seafood

peaked for the county in 1981 when scallops accounted for almost half ofthe value with a total

value of19737126 Since that time there has been a general decline in total value of processed
seafood attributable toa decline in scallop landings Menhaden was the most important single

processed product over a fifteen year period from 1980 to 1994 Diaby 1997
In estimating the economic impact of Carteret county commercial harvesting sector

Diaby 1997 estimated 27 million in sales of goods and services and 1166 million in value

added Total employment from commercial harvesting activities was estimated tobe3371

Sales of goods and services for the wholesaling and processing sector were estimated at

19 million with 11 million n value added There were an estimated 1563 full and part time

jobs created earning655 million in wages Diaby 1997

Overall the activities ofthe commercial fishing industry created 46 million in sales of

goods and services and 24 million in value added There were 4934 full and part time jobs
which earned 14 million in wages Diaby 1997

The recreational fishery spent approximately 70 million on fishing trips in Carteret

county with 2523 million in employ compensation and 4761 in value added There were

1821 full and part time jobs associated with the recreational fishing industry in Carteret County

The total impact of the coastal fishing industry on the economy of Carteret County was

estimated tobe 12074million with7132 million in value added The total number offull and

part time jobs was estimated at6755 with earnings of3894 Diaby 1997

Snapper Grouper Fishing
The Morehead CityBeaufort area is located approximately 50 miles south of Ocracoke in

Carteret County This area is known for its sportfishing activity including several major

tournaments each year There is a small population offull time commercial reef fishermen in

Morehead however the majority of fishermen holding commercial permits are primarily part

timers Many of these fishermen divide their time between charter fishing during the peak tourist

season April through September and commercial fishing in the winter months Full time

fishermen in this area reported fishing approximately 50 miles straight offshore and fishing from

Hatteras to as far south as the South CarolinaGeorgia line Trip lengths vary with the size ofthe

vessel but the average trip length is 7 days and the larger boats carried up to 3 crew members

Iverson 1997

King Mackerel Fishery
The king mackerel fishery in North Carolina has grown steadily since 1980 and has

leveled with catches repeatedly around one million pounds in recent years From 1986 to 1990

the number ofpermits for Atlantic group king mackerel issued in North Carolina ranged from a
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low of 325 in 198788 to a high of 533 in 198990 Again the majority of those permits were

granted to hook and line fishermen Present data indicates there were 448 commercial vessels

permitted for king and Spanish mackerel in North Carolina Vondruska 1997
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The 1990 Census ofPopulation and Housing provides the following information for

South Carolina regarding individuals who reported their occupation as fisher in Table 15 A total

of 401 individuals claimed Fisher as their occupational title with less thanhalf indicating it was a

year round full time employment There were few females who indicated such and they had a far

lower mean annual income than males in this occupation

Table 15 Number of Fishers and Mean Annual Income for South Carolina Fishers in

rrn t Ftlo guncnc

lyyU source voi7ulcauva

Year RoundFullTime Other Total

Number of fishers

Male 188 193 381

Female 6 14 20

Total
194 207 401

Mean Annual Income
84228 14489 18946

Male
750 5000 2403

Female
71023 14269 18390

Total

There were a total of 69 individuals who indicated their occupation as captain ofa fishing

vessel in the 1990 census of population and housing and 7 ofthem were female according to

Table 16 Again females had a much lower me53 annual income when compared tomales

Golden Crab SAFE Report



30Fishery Evaluation

Table 16 Number ofCaptains ofFishing Vessels and other officers and Mean Annual Income

for South Carolina in 1990 Source USBureau of the Census

Year RoundFullTime Other Total

Number ofCaptains
Male 17 45 62

Female 7 0 7

Total 24 45 69

Mean Annual Income

Male 18765 15022 16048
Female 9000 0 9000

Total 15917 15022 15333

Horry County
The following descriptions for fishing communities in South Carolina are notes from Kim

Iverson of South Carolina Department ofNatural Resources Kim has spent many months

interviewing both commercial and recreational fishermen in South Carolina and other parts of

the South Atlantic region as part of several research projects Although the research was not

intended to identify fishing communities her notes represent the best available information on

fishing communities for South Carolina
Little River has a long history of fishing activity both commercial and recreationally

The headboat operations date back to the 1940s As of 1996 there were headboats operating in

Little River There are approximately 4 vessels that actively run charters and also commercial

fish Several full time snappergrouper vessels operate out ofthe area Little River also hosts an

annual Blue Crab Festival each spring Kim Iverson SCDNR pers comm 1998
Murrells Inlet has a large fleet ofcharter and headboats with one marina hosting one of

the GovernorsCup Billfishing Tournaments There are several smaller fishing tournaments held

in the area There are fish houses in the community that deal primarily with finfish There are no

shrimp dealers This area is also noted for its large number of seafood restaurants that target the

tourist market from Myrtle Beach Kim Iverson SCDNR pers comm 1998

Major fishing tournaments held in Murrells Inlet are March ofDimes Annual Flounder

Toumament Voyagers View Marina Registration was by angler with approximately 200

anglers participating Local tournament with many family participants Primarily smaller boats

25 participating Tournament date May 17 and the Marlin Quay GovernorsCup Billfish

Tournament Marlin Quay Marina The last in the series of SC Gov Cup Total of 31 boats

registered July 2326 Kim Iverson SCDNR pers comm 1998

Major tournaments in North Myrtle Beach Dock Holidays GovernorsCup Billfish

Tournament Dock Holidays Marina The fast tournament in aseries of 6 for the SC

GovernorsCup Apri130 May 3 Total of 25 boats entered Frantic Atlantic King Mackerel

Toumaments North Myrtle Beach Blue Marlin Yacht Fishing Club A two tournament

series consisting of the Spring and Fall Classics Total purse of 250000 for the series Total

of392 paid boat entries with an average of409 anglers per boat Tournament dates May911

September 2628 Evinrude Outboard King Mackerel Tournament Oct 1112 Weighin

stations at Dock Holidays Marina Marlin Quay Marina and Georgetown Landing 147 boats

were registered Yamaha Contender King Mackerel Classic Weigh in stations at Dock Holidays
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Marina Marlin Quay Marina and Georgetown Landing 125 boats registered Fall Pier King

Tournament September 1921 Kim Iverson SCDNR pers comm 1998

One of the largest concentration of snapper grouper vessels is located in Murrells Inlet

SC Most ofthe reef fishermen in this area are full time commercial fishermen and consider

bandit reels to be the most effective way of catching snapper grouper There is a wide variety of

snapper grouper species off ofMurrells Inlet with gag grouper scamp grouper and vermilion

snapper being highly targeted The average trip length is 5 days with some ofthe larger boats

40 ft fishing up to 10 days A few smaller bandit boats may stay out for23 days The Gulf

Stream is approximately 62 miles offshore from Murrells Inlet Most banditboats fish between

the 2050 fathom line concentrating on the 25 fathom curve Winter weather dictates that

fishermen fish shallow in waters 6090 deep Several fishermen switch to sea bass trapping

during the winter months Iverson 1997

Horry County has shown a small increase in personal income from fishing that follows

the general increase in personal income overall Table 17

Table 17 Population and Economic Information for Horry County South Carolina
rzeahcc TT R Tent nfCommerce

Jource nurca

Coun

u liliV11V1111v a uikav r

1993 1994 1995

Horr
Po ulation 148 385 152 435 157834

Personal Income Thousands of 2 543793 2 744260 3 013 059

Per Ca ita Pers Income 17 143 18 177 19220

Personal Income Fishin Thousands of 81 129 169

Vessels in Murrells Inlet will fish an area from Frying Pan Shoals offsouthern NC south

to Savannah The average boat has two crew members It is interesting to note that fishermen

stated a crew of 3 plus the captain was ideal for this area but decreasing catches and increased

costs have made it necessary to cut back on crew members Iverson 1997

Georgetown County

The community of Georgetown has shrimp dealers who also deal in finfish and shellfish

Georgetown is host to the one of the SC GovernorsCup Billfish Tournaments along with several

other smaller fishing tournaments There are no headboats operating from the area and charter

activity is limited Georgetown is known for its historic waterfront district Kim Iverson

SCDNR pers comm 1998
Major fishing tournaments in Georgetown County Georgetown Landing GovernorsCup

Billfishing Tournament May2124 Georgetown Landing Marina The oldest of the series

tournaments with 45 boats participating
Georgetown County shows an increasing personal income from fishing

like Horry County in Table 18 but personal income from fishing tends tobe a

larger percentage of overall personal income than in Horry County
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Table 18 Population and Economic Information for Georgetown County South

Carolina Source Bureau of Economic AnalysisUS Dep199 Commer1994
1

7
71

1995

Charleston County

McClellanville is a small community with a long history of commercial shrimping

McClellanville has a large shrimp fleet At any given time dependent upon the season there

can be as many as 20 shrimp boats at the docks Shrimp wholesale dealers are also present

within the community McClellanville hosts an annual Blessing of the Fleet Festival each spring

Shem Creek Mt Pleasant hosts a mixture of commercial and recreational fishing activity along

with a number of seafood restaurants aretail seafood market and a waterfront hotel There are

also headboats operating out of Shem Creek along with charter operations There is a large

permanent shrimp fleet and many shrimp boats visit seasonally At any give time there are an

average of30 shrimp boats along the creek Shrimp dealers along the creek also buy and sell

fmfish from the trawlers There are several offshore fishing boats including longline and

snappergrouper boats Several shellfishermen and crabbers do business along the creek Each

spring Mt Pleasant hosts an Annual Blessing of the Fleet for the shrimp boats

In Folly Beach there is a concentration ofcommercial fishing vessels and several fish

houses who handle offshore finfish shellfish shrimp and crabs Rockville is a historical small

community located at the south end ofWadmalaw Island There are commercial dealers who

handle shrimp inshore fish offshore finfish and some shellfish On Edisto Island there are

several commercial seafood dealers There are approximately 10 shrimp boats that operate there

fluctuating with the season The dealers handle primarily shrimp and inshore species along with

shellfish and blue crabs There is also a large harvest of horseshoe crabs These crabs are

bled for their blood that is used in cancer research and returned to the water Edisto Island is

also host to the annual SC GovernorsCup Billfish Toumament Charter activity here is limited

BennettsPoint is a small community south ofEdisto with shrimping operations in the

community There are 1015 small boat shrimpers that live in Walterboro and fish out of

BennettsPoint Kim Iverson SCDNR pers comm 1998

Table 19 Population and Economic Information for Charleston County South Carolina

Source Bureau of Economic AnalysisUS Dept ofCommere 199a 19

Pers
21645

Charleston County Table 19 has a higher personal income from fishing than the

previous two counties but has a much larger overall dollar value for personal income overall

Major fishing tournaments in the Charleston County area SCSSA South Carolina

Saltwater Sportfishing Assoc Early Bird Ashley Marina Approximately 25 registered boats

April 19 Multispecies tournament James Island King Mackerel Tournament James Island
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Yacht Club May 24 Wild Dunes GovernorsCup Billfish June 1114 Total of46 registered

boats Bohicket Invitational GovernorsCup Billfish June 2528 Total of 48 registered boats

Bohicket Marina on Johns Island Lowcountry AnglersInshore Tournament June 28 Multi

species tournament held at the East Cooper Outboard Motor Club on Gold Bug Island in Mt

Pleasant Registration by angler with approximately 200 anglers registered SCSSA Sailfish XV

Ashley Marina in Charleston Club sponsored tournament with approximately 25 boats

registered Sailfish tuna dolphin wahoo August 810 Fishing For Miracles King Mackerel

Tournament RipleysLight Marina Large King tournament with over 200 boats entered

August 1416 Alison Oswald Sr Memorial Tournament James Island Yacht Club Local

tournament with approximately 75 boats participating Multispecies Aug 23 Edisto Marina

GovernorsCup Billfish Tournament July 1619 One ofthe oldest and largest ofthe Billfish

Series 46 Boats registered Edisto Island Kim Iverson SCDNR pers comm 1998

Beauf unt
In Frogmore there are 8 commercial dealers which are home to over50 shrimpers This

does not include the many individuals with shrimp boats in their back yards The dealers

primarily handle shrimp but others may also handle crabs and shellfish There is a large blue crab

industry on nearby Ladys Island There are several commercial seafood dealers in the Port

Royal area with over 30 shrimp boats There are also commercial crabbers shad fishermen and

offshore fmfishermen here There are asmall number of charter vessels operating out ofthis

area also Hilton Head Island primarily caters to the tourist trade There are several headboats

operating on Hilton Head These boats make halfday trips and night trips for shark fishing

There are four major marinas that offer charter fishing Commercially Hilton Head had 4

seafood dealers and approximately 1215 shrimp boats Kim Iverson SCDNR pers comm

1998
Data on personal income from fishing in Table 20 for Beaufort County

may have been excluded due to confidentiality issues

Table 20 Population and Economic Information for Beaufort County South Carolina

Source Bureau of Economic Analysis US Dept of Commeroe ood

97

Major fishing tournaments in Beaufort County 42a Annual Beaufort County Water

Festival Fishing Tournament June 28 Held in conjunction with the annual Beaufort Water

Festival Hilton Head Kingfish Classic Schillings Marina Hilton Head Island July 1012

Registration by angler with a total of 49 registered Dottie Dunbar WomensTournament

Palmetto Bay Marina Hilton Head Womensonly multispecies inshore tournament Total of

49 anglers registered October 4 Kim Iverson SCDNR pers comm 1998
Mt Pleasant Hilton Head

Possible fishing communities in South Carolina Charleston

Port Royal Frogmore St Helena BennettsPoint Edisto Beach Rockville Folly Beach Shem

Creek McClellanville Georgetown Waterfront MurrellsInlet Little River most ofthese

locations are designated ports of landing
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Counties in South Carolina have seen a general increase in these occupations and

industries over the past three decades Table 21 with the exception ofHorry County which has

seen a slight decreasing trend

Table 21 Number within FarmFishForestOccupation and Agriculture Fishing Mining

Industry for South Carolina Coastal Counties for 1970 1980 and 1990 Census Source

rrnr c1ranhir Tlatahacf
1V1HiCI11VJvclvuciiivs

County

y

OccupationIndustry 1970 1980 1990

Horry County FarmFishForest 2627 2542 2310

AiFishin Minin 2843 2653 2110

etown CountyGeor FarmFishForest 403 558 597
g

AiFishingMinin 552 856 690

Charleston County FarmFishForest 810 1697 2056

AriFishin Minin 1256 1938 2316

Beaufort County FarmFishForest 436 938 966

AriFishin Minin 698 1087 1111

Colleton County FarmFishForest 532 614 730

AriFishin Minin 787 705 782

For the Charleston South Carolina MSA Table 22 there are 113 individuals who

indicated fishing as their year round occupation Another 102 individuals indicated that it is a

part time or seasonal occupation for them This represents overhalfof those individuals in

South Carolina who indicated the occupation as fishing from Table 15 The Charleston SC

MSA includes Berkely Charleston and Dorchester counties

Table 22 Number of Individuals in Occupation ofFishing By Work Status and Gender for the

SC MSA in 1989 Source 1990 Census OfPo ulation And HousingCharleston
Year Round Other Total

Full Time

Male 102 102 204

Female 11 0 11

Total 113 102 215
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The 1990 Census ofPopulation and Housing provides the following information for

Georgia regarding individuals who reported their occupation as fisher in Table 23 A total of

536 individuals claimed Fisher as their occupational title with less than half indicating it was a

year round full time employment There were few females who indicated such and they had a far

lower mean annual income than males who indicated it was a full time occupation However

females who indicated it was other than full time had a much higher mean income than any other

category This maybe due to a low sample size however
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Number of Fishers and Mean Annual Income for Georgia in 1990
Table 23

Source

US Bureau of the Census

Year RoundFull Time Other Total

Number of fishers
222 295 518

Male
11 7 18

Female
234 302 536

Total

Mean Annual Income
13919 11082 15058

Male
6008 25000 20080

Female
18813 12024 15308

Total

Shrimping
In their 1975 report Nix et al found a total of 32 commercial docks in six Georgia

coastal counties Those docks and shrimp trawlers were distributed as follows Camden Co 5

docks and 33 trawlers Glynn Co 5 docks and 74 trawlers McIntosh Co 12 docks and 111

trawlers Liberty Co 1 dock and 18 trawlers Bryan Co 1 dock and 2 trawlers and finally

Chatham Co 8 docks and 69 trawlers This information is outdated and certainly does not

represent the current status and location of shrimp trawlers in Georgia However the report does

represent the kinds of information that can be extremely helpful in identifying fishing

communities

Snapper Grouper Fishing
The coast of Georgia contains asmall concentration of fulltime reef fishermen that fish

primarily with bandit reels Their fishing patterns are similar to those found in SC with vessels

fishing from northern Florida north to the SCNC line Iverson 1997

Possible fishing communities in Georgia Savannah Brunswick St Marys Jekyll Island and

Darien

Table 24 Number of Captains of Fishing Vessels and other officers and Mean Annual

Income for Geor is in 1990 Source US Bureau of the Census
Total

Year RoundFullTime Other

Number of Captains
17 21 38

Male
0 0 0

Female
17 21 38

Total
Mean Annual Income

25706 1976 12592
Male 0 0 0

Female
25706 1976 12592

Total

60

Golden Crab SAFE Report



30 Affected Environment

r

Table 25 Population and Economic Information for Chatham County Georgia Source

w i r T Q Tlefof nmmerrP
Bureau oflconouuc tularyar VV Llil

1993 1994 1995
Coun

Chatham Po ulation number of ersons 224 050 225 779 226554

Personal income thousands ofdollar 4 569 l 13 4 810 530 5 087 638

Per ca ita ersonal income dollars 20 393 21 306 22 457

Personal Income Fishin Thousands of 650 D 25

Bureau ofEconorruc a ysis p
1993 1994 1995

Coun

Br an
18 827 20 008 21 212

Po ulation
Personal Income Thousands of 274 738 307 258 342 128

Per Ca ita Pers Income 14593 15 357 16 129

Persona Income Fishin Thousands of 251 359

Table 26 Population and Economic Information for Bryan County Georgia Source

An 1 U S De t of Commerce

Table 27 Population and Economic Information for Liberty County Georgia Source

U S D t of CommerceBureau ofEconomlc Analysis e
1993 1994 1995

Coun

Liber 62556 58 827 58571
Po ulation

Personal Income Thousands of 636042 669454 709468

Per Ca ita Pers Income 11233 11380 12113

Personal Income Fishin Thousands of 90 97

Table 28 Population and Economic Information for McIntosh County Georgia Source

e1 rr a Tlvnr nfnmmerce
Bureau orlcvnurrrrrrayJ Y

1993 1994 1995
Coun

Mclntosh 8 985 9 153 9 372
Po ulation

Personal Income Thousands of 110187 116 171 125 645

Per Ca ita Pers Income 12263 12 692 13 406

Personal Income Fishin Thousands of 3 619 4 486

Table 29 Population and Economic Information for Glynn County Georgia Source

nirrcrPrnfCnmmerce
Bureau or ncrrvrrrray

993 1994 1995
Coun

G1 nn

Po ulation 64759 64 956 65450

Personal Income Thousands of 1322745 1400544 1505337

Per Ca ita Pers Income 20426 21558 23000

Personal Income Fishin Thousands of 328 343 351
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Table 30 Population and Economic Information for Camden County Georgia Source

n t rr C TlAtoffnmmPrce
1SUIeau Or iSCO

Coun

RUIillG Cutaiyoiovvy

1993 1994 1995

Camden
39 712 26241 40 819

Po ulation
Personal Income Thousands of 502 639 542 385 556 622

Per Ca ita Pers Income 12657 13 145 13636

Personal Income Fishin Thousands of 1889 2 431 2 484

Georgia coastal counties have seen a general increase in these occupations and industries

with the exception of Liberty County which has shown a decrease from 19701990

Table 31 Number within FarmFishForestOccupation and Agriculture Fishing Mining

Industry for Georgia Coastal Counties for 1970 1980 and 1990 Census Source

INS odemo ra hic DatabaseMAItF oct

OccupationIndustry 1970 1980 1990
County

Bryan County AiFishingMinin 161 100 200

FarmFishForest 121 135 136

Chatham County AriFishin Minin 558 686 1103

FarmFishForest 228 704 1062

Liberty County AiFishin Minin 332 146 152

FarmFishForest 242 205 157

McIntosh County AriFishin Minin 233 266 169

FarmFishForest 27 260 193

Glynn County AriFishin Minin 261 482 593

FarniFishForest 84 581 712

Camden County AriFishin Minin 209 126 176

FarmFishForest 106 110 205

43315 Florida
Floridaseastern coastline is made up largely of metropolitan counties This is primarily

due to the increases in population for Floridascoastal counties over the past 50 years Floridas

coastline has become a very popular retirement destination and tourist attraction Because they

are largely metropolitan fishing communities here may be subsumed into these larger

metropolitan areas and difficult to identify Data presented from the most recent Census will

also show that in relation to the larger economy fishing will contribute very little at the county

level for most coastal counties Over the years with the demographic changes following the

immigration of retirees and tourists and the subsequent economic transition few fishing

communities will have survived as distinct communities

The data presented in Table 32 shows Florida as having almost6000 individuals

claiming fisher as their occupation in the 1990 census 381 of those individuals were female

Mean annual income is highest for those reporting fishing as a full time occupation with women

reporting a lower mean annual income in all categories
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Table 32 Number of Fishers and Mean Annual Income for Florida in 1990 Source

UJ tsureau or llu

Year RoundFullTime Other Total

Number of fishers
6982 2844 5544

Male
111 270 381

Female
Total 2809 3116 5925

Mean Annual Income
28823 11794 17388

Male
Female 17285 11511 13193

Total 23051 11770 17118
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of Commerce

There were over 1100 individuals from Florida who reported their occupation as captain

ofa fishing vessel during the 1990 census with 51 of them being female Table 33 Again

mean annual income was highest for full time workers and females reported lower mean annual

income for both full time and other work
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Table 33 Number of Captains of Fishing Vessels and other officers and Mean Annual

r rn7 1 DO1CniirrP TT Q Rnrean ofthe Census
Income for riouuaui

Year RoundFull Time Other Total

Number ofCa tains
430 633 1063

Male
26 25 51

Female
456 658 1114

Total

Mean Annual Income
99325 21274 23183

Male
4878 15420 11885

Female
99524 21052 22666

Total

Nassau County Table 34 showed an increase in personal income from fishing over the

time period from 1993 to 1995 which reflects the general increase in population and personal

income overall for the county

Table 34 Population and Economic Information for Nassau County Florida Source

1TT O TlI rnmmPYP
Bureau of conomic turaryai r

1993 1994 1995
Coun

Nassau 48 355 49565 50 717
Po ulation

Personal Income Thousands of 954 342 1 003 920 1 089 793

Per Ca ita Pers Income 19 736 20 255 21 488

Personal Income Fishin Thousands of 1 540 1 918 2 068

Duval County Table 35 shows slow growth in population over the three years listed but

does show growth in personal income from fishing from 1993 to 1994 There was a slight

decrease in personal income from fishing reported from 1994 to 1995

Table 35 Population and Economic Information for Duval County Florida Source

e1rre Tlorfnmmerce
Bureau of rconomic tinaiyirv

1993 1994 1995
Coun

Duval
701 267 703 152 705 014

Po ulation
14 111 822 14 724 897 15 748 121

Personal Income Thousands of
20 123 20 941 22 337

Per Ca ita Pers Income
2722 3 658 3 335

Personal IncomeFishin Thousands of

St JohnsCounty Table 36 had some growth in personal income from fishing from 1993

to 1994 but no data were available for 1995 to indicate whether that trend continued

Table 36 Population and Economic Information for St JohnsCounty Florida Source

Bureau ofEconomic Analysis US Dept of Commerce
z q4a 19

St

3 140
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According to Table 37 Flagler County had no individuals reporting personal income

from fishing for the time period 1993 to 1995 Volusia County also has no personal income from

fishing listed in Table 38 but data were not included due to confidentiality issues

Table 37 Population and Economic Information for Flagler County Florida Source

Bureau ofEconomic Anal sis USDe tof Commerce
noz t99d 1995

37

31
17

Table 38 Population and Economic Information for Volusia County Florida Source

Bureau of Economic Analysis US Dept ofCommerce
noz 199a 1995

0

of 6 845 402 7 235 060 vo3

17 227 17 842 18 951

rc 1

Indian River County saw an increase in personal income from fishing from 1993 to 1994

according to Table 39 but saw a decrease from 1994 to 1995 St Lucie County Table 40 may

have had a similar trend although data from 1993 are missing and the trend is not clear

Table 39 Population and Economic Information for Indian River County Florida

Source Bureau ofEconomic Anal sisUS De tof Commerce
Anna tOOd 1995

of
31

f5
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Table 41 Population and Economic Information for Broward County Florida Source Bureau

U S De t of Commerceof Economic Analysis
1993 1994 1995

Coun

Broward
Po ulation 1353 279 1358585 1412942

Personal Income Thousands of 32716045 34273950 37007667

Per Ca ita Pers Income 24175 24736 26192

Personal Income Fishin Thousands of 658 816

The trend in personal income from fishing for Broward County is not clear as data from

1995 are missing from Table 41 because ofconfidentiality Brevard County Table 42 shows a

decrease in personal income from fishing during 1994 to 1995 but overall shows a much larger

percentage ofpersonal income coming from fishing than most counties previous

Martin County has one of the highest per capita incomes reported over the three year

period according toTable 43 There was also asignificant increase in personal income from

fishing from 1993 to 1994 which decreased in 1995 Palm Beach County with an even higher

per capita income showed an increase in personal income from fishing from 1993 to 1994 with

no data available for 1995 Table 44

Table 44 Population and Economic Information for Palm Beach County Florida Source

Bureau ofEconomic Analysis US De tof Commerce
n ooa 199s

9

33

66
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Table 43 Population and Economic Information for Martin County Florida Source Bureau of
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Dade County shows a steady growth in personal income from fishing for the time period

listed in Table 45 Monroe County shows by far the highest personal income from fishing for

any Florida county and most likely any county in the South Atlantic according toTable 46

Table 45 Population and Economic Information for Dade County Florida Source Bureau of

TT O Tl4 murrP

lconomic Hna

Coun

tyaiVJLltll va vvaau

1993 1994 1995

Dade
Po ulation 1985373 2011571 2046078

Personal Income Thousands of 39110 301 40 344476 43087 320

Per Ca ita Pers Income 19699 20 056 21058

Personal Income Fishin Thousands of 1 247 1 479 1897

Table 46 Population and Economic Information for Monroe County Florida Source Bureau

1LTT O Tl4 iFmmPrP
of1conomrc r

Coun

urnr sip L a

1993 1994 1995

Monroe
Po ulation 81737 81461 81152

Personal Income Thousands of 1982209 2054326 2208152

Per Ca ita Pers Income 24251 25 219 27210

Personal Income Fishin Thousands of 13506 15558 16723

Recently data were compiled from the last three census and placed into a user friendly

interface through a MARFIN grant by the Louisiana Population Data Center Louisiana State

University C M Tolbert et al 1998 Those data provide a time series of information from the

last three census with the ability to compare several variables at the state county and place

level Census places are incorporated and Census designated places of 2500 or more persons

The tables presented below incorporate the data included in the MARFIN SocioDemographic

Database for the coastal counties outlined above with a focus on the occupational classification

ofFarmFishForest and the industry classification of Agriculture Fishing and Mining These

classifications are inclusive of those within the occupation and industry of fishing but not

exclusive of others therefore it is difficult toknow the exact number of individuals who have

indicated their occupation or business is fishing We can only assume that whatever trend

appears over the time corresponds to the occupation of fishing as well as the others

Data covering Metropolitan Statistical Areas are provided because it includes a more

detailed occupational breakdown but unfortunately geographic boundaries expand as most

MSAs encompass more than one county In some cases MSAs were not used because the area

covered did not correspond with the coastal areas within the South Atlantic region As

mentioned earlier these data are what is currently available Further analysis is constrained by

variety of issues relating to data computability and availability at each place level ofanalysis

As mentioned before more research on fishing communities will be required before amore

complete definition and identification can be accomplished
Examining census data at the level of Metropolitan Statistical area reveals greater detail

for occupation but the scale changes as MSAs often times encompass more than one county

Metropolitan area MA is a large population nucleus together with adjacent communities that

have a high degree ofeconomic and social integration with that nucleus Metropolitan Areas

i must contain either a place with a minimum population of50000 or aCensus Bureaudefined

urbanized area and a total MA population of at least 100000 An MA comprises one or more
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central counties and also may include one or more outlying counties that have close economic

and social relationships with the central county Metropolitan statistical areas MBAs are

relatively freestanding MAsand are not closely associated with other MAsThese areas

typically are surrounded by nonmetropolitan counties See Appendix for details on the

parameters for the coastal MBAs included in this discussion

When you look at the occupations of farming fishing and forestry for Florida coastal

counties in Table 47 over the past 20 years there is in general a steady increase in the number

of individuals within these occupations and industries

Table 47 Number withinFarmFishForestOccupation and Agriculture Fishing Mining

Industry for East Florida Coastal Counties from 1970 1980 and 1990 Census Source

TvtARFTN Sociodemographic Database
1990

559
606

3729
4324

1002
976
408

403

4917

5606

2042

2217

3147

3342

9425
10317

3369

3585

1983
2086

13261

15155
14894
16926

1729
1860

1970 I

Nassau County

Duval County

StJohns County

Flagler County

Volusia County

Indian River County

St Lucie County

Broward County

Brevard County

Martin County

Palm Beach County

Dade County

Monroe County

orest

FarmFishForest

FarmFishForest

FarmFishForest

FarmFishForest

FarmFishForest

FarmFishForest

FarmFishForest

FarmFishForest

FarmFishForest

FarmFishForest

FarmFishForest

FarmFishForest

371

501

1237

2536

794
1012

145

186

1308
2511

991

1454

2602

3253

1982
5354

764

1394
964

1268
6552
9791
4804

9682
163
920

1980

427

462

2782
2959

813

883

314

298

3150

3407

1907

2361

2710

3252

7358
7756
1772

2279

1838
2032

9676
11780
11257

13708
1769
1932

The following table includes only those individuals who reported their occupation as

fishing for the following Metropolitan Statistical Areas MBA within Florida
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s
Table 48 Number of Individuals in Occupation ofFishing By Work Status and Gender for

S 1990 Census Of Population And HousingFlorida MSA m 1989 ource

Year Round Other Total
Jacksonville

Full Time

Male 151 210 3 61

Female 15 49 64

Total 166 259 425

West Palm Year Round Other Total

Beach Full Time

Male 94 47 141

Female 0 0 0

Total 94 47 141

Miami Year Round Other Total

Full Time

Male 254 254 508

Female 0 30 0

Total 254 284 538

Snapper Grouper Fishery Profile

Concentrations of reef fishermen can be found in the communities ofMayport Port

Orange and New Smyrna north of Cape Canaveral Bandit reels are the primary gear used for

reef fishing in these areas although a few bottom longline vessels are present In northern

Florida bandit fishermen report trips lasting 56 days and fish 3050 miles offshore They

average between 2 to 3 crew members depending on vessel size and gear Vessels from the

Mayport area reported fishing from the Georgia line south to the Daytona area The larger

longline vessels are required by regulations to fish past the 50 fathom line and reported trip

lengths ofup to 10 days fishing as far as 100 miles from shore These bottom long line vessels

fish for deep water species such as tilefish in water 600 900 deep Iverson 1997

King Mackerel Fishery Profile

McKenna 1994 identified the number of fishermen in Florida reporting landings of

king mackerel based on Saltwater Products Licenses from 1987 to 1993 as varying from 1500

to2222 From 1986 to 1990 the number of commercial permits for Atlantic migratory group

king mackerel ranged from a high of 888 in 198990 fishing season to low of 785 in the 198788

fishing year The percentage of those permits which were hook and line fishermen for those

years ranged from 89 in 8687 to 78 in 1990 There were 1654 vessels permitted for

commercial king mackerel and Spanish mackerel in Florida for the 199394fishing year The

number of permitted vessels was divided with 846 and 808 allocated to the East and West coasts

respectively How many of those vessels landed king mackerel is unknown at this time Catch

per unit of effort data seems fairly consistent for the southeastern region of the Atlantic group

king mackerel with an average CPUE of between2003001bstripMcKenna 1994 Most of

the commercial landings ofAtlantic group king mackerel are made by hook and line fishermen

In addition because most landings of Atlantic group king mackerel are in Florida and the most

information that exists is on the Florida fishery the following description will focus primarily on

the Florida fishery unless noted otherwise
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King Mackerel Hook and Line Fleet

There were approximately 203 full and part time vessels in the hook and line mackerel

fleet in 1980 Vessel size ranged from 2244 feet in length Today the Florida South Atlantic

troll fishery is composed of about 100 fulltime and 100 parttime operations about 150 of them

are dependent upon king mackerel Fulltime fishermen operate primarily out of Jupiter Port

Salerno Fort Pierce Sebastian and Rivera Beach Normally there is one fisherman to a boat

Parttime fishermen operate mostly out ofPalm Beach frequently twoor three fishermen per

boat Approximately 40 percent of the full time trollers switch to bottom fishing for various reef

fish after the Gulfking mackerel season The remainder of these full time trollers tie up their

boats when the Gulf king mackerel season ends Some engage in various nonfishing jobs while

the majority reportedly wait for the opening of the Atlantic king mackerel season GMFMC

SAFMC 1994
During the peak season about 75 to 100 troll vessels and 16 to 20 net vessels target king

mackerel in the Keys Net vessels usually start fishing late December although some of these

vessels troll for mackerel before net fishing becomes more practicable Most king mackerel

fishermen in the Keys target other species such as stone crab spiny lobster and reef fish

throughout the year

King Mackerel Net Fishing Fleet

There were approximately 891arge gill net vessels in Florida including full and part time

in 1980 The vessels ranged in size from 3065 feet These vessels fished Spanish and king

mackerel during the winter but also targeted lobster swordfish and bait fish during other times

of the year Vessels over 40 feet usually employed a power roller to haul nets The large gill net

fleet wasprntralwest oast as fa north as CortezStThere were l o afew large boat mtheda
Keys to the

panhandle area of Port St Joseph Centaur Associates 1981

Approximately 87 ofcaptains in the large gill net fleet at that time depended entirely

upon fishing for their income Net fishermen then as they do mackerel andfshinnwith nets or

anish mackerel fishery trolling for king g

participating in the Sp

hook and line for Atlantic group king mackerel after March Centaur Associates 1981

Today there are twelve large net boats located in the Keys that may fish Atlantic group

king mackerel occasionally These vessels have a capacity ofup to40000 pounds per trip and

have had large catches ofking mackerel in the past There does not seem tobe a small gill net

boat sector for Atlantic king mackerel In Monroe County there are 16 to201arge net boats

currently participating in the king mackerel fishery some with capacity to land up to 50000

pounds There are another 6 to 12 small net boats in southwest Florida ready to enter the fishery

when the opportunity arises These vessels are 30 to40 feet in length with capacities of5000 to

10000 pounds
There has been a general decline in net catches along the Florida east coast This may e

attributed to regulapiFlorida stto watersion of drift nets and purse seines but also stems from

the recent net ban t

King Mackerel Dealers

McKenna 1994 identified over 200 dealers in Floridawhonh ckerelaMosto those
ere

since 1987 In 1992 there were 240 who reported landings ofking

dealers purchased king mackerel ten or fewer times per season and handled less than 5000
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pounds There were over twenty dealers who handled 100000pounds or more during the 1992

season McKenna 1994

Possible fishing communities in Florida Mayport Port Orange New Smyrna Sebastian

Port Salerno Rivera Beach Ft Pierce Jupiter West Palm Beach Boyton Beaches The Keys

Upper Keys Key Largo Tavernier Middle Keys Islamorada Marathon Lower Keys and Key

West

43316 Other Community related Analysis
In a recent survey of snapper grouper fishermen in the South Atlantic questions were

posed concerning a fishermenstenure within a community and attitudes towards community

change The results in Table 49 show that the majority of fishermen feel their community has

stayed the same or has changed for the better A larger percentage of inactive than active

snapper grouper fishermen feel that their community has changed for the worse Well over half

of fishermen interviewed had been in their present community for twenty years or more Over

sixty percent of inactive fishermen have lived in their community for twenty years or more

while over fifty percent of active fishermen have lived in their communities for 19 years or less

The mean number ofyears a fishermen had resided in their present community was twenty years

or more for North Carolina South Carolina and Florida In comparison Georgia snapper grouper

fishermen had an average tenure in their communities of 65 years This maybe an artifact of the

small sample size in Georgia as only seven fishermen from that state were interviewed but could

also be reflective of the nature of snapper grouper fishing in Georgia Rhodes et al 1997

Table 49 Snapper Grouper Fishermens Tenure and Attitude toward Change in their Present

Community Source Sociodemographic Assessment of Commercial ReefFishermen in the

South Atlantic Re ion 1997
Active Inactive

26
Feel Your Community has chan ed 41gl X308

For the better
462

For the worse 321

Stayed the same 259 231

Active Yrs Inactive Yrs

Number ofYears in Present Commum 1127 61 925
212
1319 320 111

2035
195 334

36 209 296

These perspectives on an individualsfeelings toward acommunity become important

when that person must face significant changes regarding hisher occupation as is often the case

when limited entry or some other form of fisheries management is implemented An individuals

commitment toward their community and sense of belonging will influence decisions on

whether to stay in fishing or within a particular community The impacts become important for

the community if many individuals face the same decision When active fishermen were asked

what is the likelihood ofmoving to a new town in the next 23 years most responded that it is

was unlikely however over 27 indicated they were not sure or it was likely When both
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inactive and active fishermen were asked the likelihood of leaving commercial fishing altogether

46 ofinactive fishermen said it was likely or very likely while only 11of active fishermen

indicated such a likelihood Rhodes etal 1997 These type ofdata at the community level

would contribute much to the understanding ofpossible impacts of future fisheries management

43317 Data Needs

As mentioned earlier the data presented here is what is currently available and readily

accessible It is very limiting and does not provide a sufficient amount of detail needed to define

and identify fishing communities Therefore the likelihood ofrealistic impact assessment of

future fishing regulations on fishing communities is not good
At the present the NMFS does not collect data on fishing communities Therefore it is

impossible to realistically identify fishing communities in this amendment There is a

tremendous need for research tobe conducted on a continuous basis to collect this information

Both state and federal government agencies have access to current information which can inform

the process of identifying fishing communities Permit databases for fishing licenses wholesale

and retail licenses boat registrations marina permits boat landing locations and many others

exist now Putting that information into one database is amonumental task but should be

undertaken soon Geographic Information System software is now available and being used to

compile much ofthe data regarding habitat The same type of databases need to be created

regarding fishing communities Spatial analysis of the variables that help identify and define

fishing communities can give useful insight into the changes that affect these coastal

communities
It is unlikely that Council Staff would be able to gather these data Council staff have in

the past with the cooperation of industry been able to gather important information about a

particular fishery but were criticized for not following OMB guidelines The difficulty with

following OMB guidelines is that approval ofdata gathering tools is too time

consgu yinpp
Councils are often on a timeline to develop FMPs which does not allow for a len th a royal

process The South Atlantic Council staff has sufficient expertise with this type ofdata

collection that design implementation and analysis can often take place during an extremely

short time period with little burden upon the public In fact industry is often eager to provide

these type of data for consideration during development ofan FMP but donthave the expertise

to offer data a form that can be used by Council staff

Data collection is critical to the future of impact assessment of fishing communities

Standards must be set and data need to be collected At present the ACCSP is attempting to set

those standards and has included social and economic data in that program The ACCSP

Technical Source Document IV contains detailed social and economic data needs and draft

survey instruments Social and economic data collection projects should at least collect the

minimum data elements Support of ACCSP can be an important step n1 meeting the future

needs of the councils with regard to fishing communities In addition another guideline for the

types of data needed can be found in the Southeast Social and Cultural Data Analysis Plan

NMFS 1994 The plan was designed to address many of the current social and cultural

information needs for the three councils in the Southeast
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40 ECOSYSTEM CONSIDERATIONS
41 Introduction

As a result of Land ManagementsAct in 996 the Counc is anted fhe NMFS havee been

Fishery Conservation
mandated to use an ecosystem approach in managing the NationsFisheries The Council as

taken the first step with the submissies m na edbthroughouthe South Atantc andwith teail
essential fish habitat EFH for specs g

g including
submission of the Comprehensivbitat areas ofparticul onernEFHHAPCsMP yto

inclu e

descriptions of EFH and EFH ha

an Ecosystems Considerations ssem 1 be providedte Council onla specdiesbyspeceg
t e

effects of a fishery on the ecosy

basis while emphasizing the need fora Which to express theirs ecosystem concernslfor a specfic

the Assessment Group with a forum anecdotal information

fishery In addition to receiving information from the Assessment Group

concerning ecosystem issues has aamilaz withhe fshery and has been included in hisksecon

roach
Advisory Panel and other people f

Mana ement Council
While incorporating ecosystem concerns into stock assessment reports is a new app

for tis Council this approach has beet
taken by toNorth Pacific Fis ery

of their ecos stems chapter has been included as Appendix E and is an

for several years A copy
roach can be used in annual SAFE reports Another

example of the way the ecosystem app
ointedA endix F apP

supporting document detailingPrincidlessAdvisory Panel of toNMFS app
ent is the repo 0

Congress from the Ecosystem p

by the National Academy of Scierinci lesareeused fiheres management and researchnand to

assess the extent that ecosystem p P

recommend how such principles can be used to improve our Nations management of living

marine resources

Ecosystem considerations presented in the interim final rule to implement the essential fish

habitat EFIprovisions of the MagnusonStevens Fishery Conservation and Management

Act MagnusonStevensAct

Overview of EFH FMP Amendment Guidelines

The themes of sustainability andhe management offhingpracdceslegh reductiontof
MagnusonStevensAct both timum

bycatch and overfishing and consideration of ecologevention ofdrtand nnde losses of

yield OY and in the protection of habitats ie p

Mana ement offishingpractices and habitat protection are both

habitats including EFH g

necessary to ensure longterm Prlementttheraditional management of lmaaine fishQbe
losses and degradation will supp im acts that m y

Councils and managers will be able to address a broader range of p

fisheries resources Habitats that have been severely altered

contributing to the reduction off

or impacted may be unable to support populations adequately to maintain sustainab e

fisheries Councils should recognize that fishery resources are dependent on healthy

ecosystems and that actions that alter tho aneosystemcExcess dsturbancen include
duce

system can disturb the health or integrtty f

overharvesting of key componentsegmanaged speciescaan aetment and FMPs have been

theirproductive capacity Even though trad73
nal fishery g
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mostly based on yieldsofsinglespecies ormultispecies stocks these regulations encourage

a broader ecosystem approach to meet the EFH requirements of the MagnusonStevensAct

Councils should strive to understand the ecological roles eg prey competitors trophic

links within food webs nutrient transfer between ecosystems etc played by managed

species within their ecosystems They shouldprotect conserve and enhance adequate

quantities ofEFH to support afish population that is capable offulfilling all of those other

contributions that the managed species makes to maintaining a healthy ecosystem as well as

supporting asustainable fishery Councils must ident in FMPs the habitats used by all life

history stages of each managed species in theirfishery management units FMUs Habitats

that are necessary to the species for spawning breeding feeding or growth to maturity will

be described and identified as EFH These habitats must be described in narratives text and

tables and identified geographically in text and maps in the FMP Mapping ofEFH

maximizes the ease with which the information can be shared with the public affected

parties and Federal and state agencies to facilitate conservation and consultation EFH that

is judged to be particularly important to the longterm productivity ofpopulations ofone or

more managed species or to beparticularly vulnerable to degradation should be identified

as habitat areas ofparticular concern HAPC to help provide additionalfocus for

conservation efforts After describing and identifying EFH Councils must assess the

potential adverse effects ofallfishingequipment types on EFH and must include

management measures that minimize adverse effects to the extent practicable in FMPs

Councils are also directed to examinenonfishing sources ofadverse impacts that may affect

the quantity or quality ofEFH and to consider actions to reduce or eliminate the effects

iiEFH determination

E Ecological relationships among species and between the species and their habitat

require where possible that an ecosystem approach be used in determining the EFH ofa

managed species or species assemblage The extent ofthe EFH should be based on the

judgment ofthe Secretary and the appropriate Councils regarding the quantity and quality

of habitat that is necessary to maintain a sustainablefishery and the managed species

contribution to a healthy ecosystem

11 Review and revision ofEFH components of FMPs

This information should be reviewed aspart ofthe annual Stock Assessment and Fishery

Evaluation SAFE report prepared pursuant to 60031Se

42 Essential Fish Habitat and Essential Fish Habitat Habitat Areas ofParticular

Concern Designations
Essential fish habitat is defined in the Act as those waters and substrate necessary to fish

for spawning breeding feeding or growth to maturity The defmition for EFH may include

habitat for an individual species or an assemblage of species whichever is appropriate within

each FMP
For the purpose of interpreting the definition ofessential fish habitat waters inclu es

aquatic areas and their associated physical chemical and biological properties that are utilized

by fish When appropriate this may include areas used historically Water quality including but

not limited to nutrient levels oxygen concentration and turbidity levels is also considered to be a

component of this definition Examples of was
that maybe considered EFH include open
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waters wetlands estuarine habitats riverine habitats and wetlands hydologically connected to

productive water bodies

Necessary relative to the defmition of essential fish habitat means the habitat required

to support a sustainable fishery and a healthy ecosystem While spawning breeding feeding or

growth to maturity covers a species full life cycle
In the context of this definition the term substrate includes sediment hard bottom

structures underlying the waters and associated biological communities These communities

could encompass mangroves tidal marshes mussel beds cobble with attached fauna mud and

clay burrows coral reefs and submerged aquatic vegetation Migratory routes such as rivers and

passes serving as passageways to and from anadromous fish spawning grounds should also be

considered EFH Included in the interpretation of substrate are artificial reefs and shipwrecks

ifproviding EFH and partially or entirely submerged structures such as jetties

The Habitat Plan presents the habitat requirements by life stage where information

exists for species managed by the Council Available information on environmental and habitat

variables that control or limit distribution abundance reproduction growth survival and

productivity of the managed species is included

Essential Fish Habitat for Golden Crab

Essential fish habitat for golden crab includes the US Continental Shelf from

Chesapeake Bay south through the Florida Straits and into the Gulf of Mexico In addition the

Gulf Stream is an essential fish habitat because it provides amechanism to disperse golden crab

larvae The detailed description of seven essential fish habitat types a flat foraminferan ooze

habitat distinct mounds primarily ofdead coral ripple habitat dunes black pebble habitat low

outcrop and softbioturbated habitat for golden crab is provided in Wenner et al 1987

Essential Fish HabitatHabitatAreas of Particular Concern for Golden Crab

There is insufficient knowledge of the biology of golden crabs to identify spawning and

nursery areas and to identify HAPCs at this time As information becomes available the Council

will evaluate such data and identify HAPCs as appropriate through the framework

43 Description ofHabitat

Description of the Species and Distribution

The golden crab Chaceon fenneri is a large gold or buff colored species inhabiting the

continental slope ofBermuda Luckhurst 1986 Manning and Holthuis 1986 and the

southeastern United States from off Chesapeake Bay Schroeder 1959 south through the Straits

of Florida and into the eastern GulfofMexico Manning and Holthuis 1984 1986 Otwell etal

1984 Wenner et al 1987 Erdman 1990

Reported depth distributions of C fenneri range from 205 moff the Dry Tortugas
1986 Size of

Manning and Holthuis 1984 to 1007 moff Bermuda Manning and Holthuis

males examined range from 34 to 139 mm carapace length CL and females range from 39 to

118 mmCL Ovigerous females have been reported during September October and November

and range in size from 91 to 118 mmCL Manning and Holthuis 1984 1986

Larval Distribution Recruitment

The following text is from Lockhart etal 1990
The distribution patterns of Chaceon fenneri and possibly C quinquedens in the eastern

Gulf of Mexico suggest acausal role for the Los
Current System Maul 1977 in basic life
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history adaptations Female distribution within these species geographic ranges and the timing

of larval release supports this hypothesis Ours was the first study to discover female golden

crabs in any significant numbers and was also the first to find amajor population of female red

crabs in the Gulfof Mexico Both of these concentrationothefze that this countergurrent shift is

countercurrent to the Loop Current circulation We hyp

linked to larval release and transport and serves to maximize recruitment into the parent

population by minimizing riskof larval flushing

Similar countercurrent shifts ofother female decapods have been reported or

hypothesized In the Gulf ofMexico spawning female blue crabs Callinectes sapidus have

been hypothesized toundergo a late summer spawning migration in the northeastern Gulfof

Mexico that is counter to the Loop Current syste othOesiztedtundergo migration to faivor
western rock lobsters Panulirus Cygnus are hyp

recruitment back into the parent population Phillips etal 1979 Kelly et al 1982 proposed

that only those red crab larvae Chaceon quinquedens released uPc 1987bn1987c inla tagging
will recruit back into the parent population MelvilleSmith 1987a

study of red crabs C maritae off the coast of southwest Africa showed that the only segment

of the population exhibiting significant directional movement were adult females 32 of

recaptures had moved greater than 100 lan and the greatest distance traveled was 380 km over 5

yr This directional mo

Thus within deca ods in eneralland the genusainlparticular adultnts
MelvilleSmith 1990 P g

females are capable of and appear toundergo longdistance directional movement in their

lifetimes
A similar migration of adult female golden crabs countercurrent toLoop urren

circulation in the GulLflnitd States Females would bemostco linmon farthestupcurrentwhereas
off the southeastern

males would be most commo

sex ratioein the South Atlantig Bighlhandrin this studyewe had an

1987 reported a 151 MF
overall sex ratio of 14 both consistent with hypothesized net female movements to

accommodate larval retention and offset the riskof larval flushing

In fact given this two female strategies could maximize recruitment in a prevailing

current The first is to themarent population Sastry 1983
e

Th second is toavoidlarval

lent

would return larvae P

entrainment altogether and thus avoid flusear touseboth stratgies but rely mainly onl the lattern
fenneri and perhaps C quinquedens app

Female golden crabs release larvae offshore n1 depths usually shahYwould be0antrained
larvae were released directly into the Loop CurrentGulfStream System

for their entire developmental period Given a developmental time of3340 andlu Trents Seeds
GulfCoast Research Laboratories Ocean Springs Mississippi pers comm P

of 1020 cmsec Sturges and Evans 1983 transport of the larvae would be 285 km to 690 km

downstream Thus larvae released on the Atlantic side ofFlorida are in danger of being flushed

out of the species range before recruiting to the benthic stock Likewise larvae released directly

into the current in the southeastern Gulf of Mexico would bo March Erdman and Blake 1988

Female golden crabs release larvae from February

Erdman etal 1989 and the greatest concentration of female golden crabs to date found in this

study was in the northeastern Gulf of Mexico off central Florida Only during this possibleand in

this region Maul 1977 can female golden crabs avoid complete entrainment and p

flushing of larvae out of the system Partialent
ent of larvae might still occur but its

Golden Crab SAFE Report



40Ecosystem Considerations

duration should be much reduced and the risk of larval flushing minimal This hypothesis

predicts that most larvae should be found near the concentrations of females we found in the

northeastern GulfofMexico with decreasing settlement further downstream The abundance of

juveniles should show a similar pattern
One need not invoke similarcountercurrent movements for male geryonid crabs In

particular males moving perpendicular to adult femalesie males moving up and down the

continental slope would have a greater encounter rate with females than males moving along the

slope with females Given low female reproductive frequency Erdman et al 1989 intense

malefemale competition Lindberg and Lockhart 1988 and probability ofmultiple broods

Hinsch 1988 from a single protracted copulation H M Perry pers obs the male strategy

should be to intercept relatively rare receptive females all along the species range not to

aggregate with presumably inseminated females This hypothesis would predict a relatively

uniform abundance of males along their geographic range In addition the incidence of

inseminated females should be high farthest upstream with an ever decreasing percentage down

stream Our study supports the former hypothesis but we cannot address the latter

The distributional patterns of geryonid crabs we observed are consistent with those

reported from elsewhere Furthermore these patterns lead us to suggest that the Loop Current

System has had a causal role in life history adaptations of Chaceon fenneri and perhaps C

quinquedens In general females are expected to release larvae during a time and in aregion

where riskof larval flushing is minimal Sinclair 1988 whereas males are expected to compete

intensely for rare receptive mates

The coastal physical oceanography in the Florida Keys was described by Yeung 1991 in

astudy of lobster recruitment
The strong northwardflowing Florida Current is the part ofthe Gulf Stream system

confined within the Straits of Florida It continues from the Loop Current in the Gulf ofMexico

and proceeds beyond Cape Hatteras as the North Atlantic Gulf Stream

The mean axis of the Florida Current is approximately 80 km offshore of Key West and

25 km off Miami Lee et al 1991 Mean annual crossstream surface current speed in the

Straits of Florida is approximately 100 cmsUS Naval Oceanographic Office 1965

Brooks and Niller 1975 observed apersistent countercurrent near Key West extending

from surface to the bottom and from nearshore to approximately 20 km seaward They believed

that it was part of the cyclonic recalculation of the Florida Current between the Lower and

Middle Keys
The presence of acold cyclonic gyre was confirmed by physical oceanographic data

collected in the SEFCAR cruises It was named the Pourtales Gyre since it occurs over the

Pourtales Terrace that area of the continental shelf off the Lower and Middle Keys Lee etal

1991 When the Florida Current moves offshore the Pourtales Gyre forms over the Pourtales

Terrace and can last for a period of14weeks

The Pourtales Gyre could entrain and retain locally spawned planktonic larvae for a short

period The combination of the cyclonic circulation and enhanced surface Ekman transport

could also advect foreign arrivals into and concentrate them at the coastal boundary Lee et al

1991
Vertical distribution ofthe larvae within the3dimensional circulation will subject them

to complicated hydrographic gradients which might influence their development time and hence

their dispersal potential Kelly Sulkin and van Heukelem 1982 Sulkin and McKeen 1989

Thus variability in the circulation features and water mass properties can lead to variability in

larval transport and recruitment
77
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The Pourtales Gyre may provide a mechanism for entrainment ofgolden crab larvae

spawned on the Florida east coast and also as a mechanism to entrain and advect larvae from the

Gulf and Caribbean egCuba This possibility is supported by the conclusion ofYeung

1991 suggesting that larvae of a foreign origin supply recruits to the Florida spiny lobster

population
The foreign supply ofprerecruits arriving with the Florida Current might easily meet

the same fate as the locally spawned larvae that is passing on with the Florida Current The

Pourtales Gyre may play a significant role in recruitment by providing a physical mechanism to

entrain and advect larvae into the coastal boundary
The Pourtales Gyre even if linked with the Dry Tortugas gyre or the Florida Bay

circulation may not be able toprovide a pathway much more than 2 months in period For

locally spawned Panulirus larvae tobe retained for their entire development would require

several circuits not impossible but unlikely
The timing of the Pourtales Gyre provides a mechanism for local recruitment of Scyllarus

larvae Yeung 1991 and may also provide a similar mechanism for golden crab larvae Golden

crab larvae from the Gulfof Mexico Cuba and possibly other areas of the Caribbean probably

provide larvae to the South Atlantic population The proportion of local recruitment is unknown

but could be significant

Feeding
Feeding habits are very poorly known Golden crabs are often categorized as scavengers

that feed opportunistically on dead carcasses deposited on the bottom from overlying waters

Hines 1990

Movement
Wenner etal 1987 found in the South Atlantic Bight that Sizerelateddistribution of

G fenneri with depth similar to that reported for red crab may occur in the South Atlantic

Bight We found the largest crabs in the shallowest 274366 m and deepest 733823 m strata

A clear trend ofsizerelatedupslope migrations such as Wigley et al 1975 reported for G

quinquedens is not apparent however because of trap bias for capture of larger crabs of both

sexes Otwell et al 1984 also noted no pattern in size of golden crab by depth for either sex

Tagging studies of red crab offsouthern New England provided no evidence for migration

patterns and indicated instead that tagged crabs seldom moved more than 20 km from their site

of release Lux etal 1982
Lindberg and Lockhart 1993 found in the Gulf ofMexico The golden crab Chaceon

fenneri in the eastern Gulf of Mexico exhibits a typical bathymetric pattern ofpartial sex

zonation and an inverse sizedepth relationship as first reported for red crabs C quinquedens

Wigley etal 1975 C maritae Beyers and Wilke 1980 Sex segregation with females

shallower than most males was more evident in our results than in those of Wenner etal 1987

from the South Atlantic Bight primarily because our trap catch had a higher proportion of

females 259 compared to52

Abundance
Golden crab abundance studies are limited Data from the South Atlantic Bight Wenner

etal 1987 estimated abundance from visual assessment was 19 crabs per hectare while traps

caught between 2 and 10 kg per trap Wenner and Barans 1990 estimated the golden crab

population in small areas of2629 square km between 300500 moff Charleston tobe5000
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6000 adult crabs In the eastern Gulf of Mexico adult standing stock was estimated tobe 78

million golden crabs and the biomass was estimated to be616 million kg 136 million pounds

Lindberg et al 1989 Experimental trapping offGeorgia yielded an average catch of 7 kg per

trap Kendall 1990

Habitats Identified in the Habitat Plan Which Constitute the Ecosystem Used by Managed

Species including Golden Crab

A MarineOffshore Essential Fish Habitat

Marine offshore habitats include livehard bottom coral and coral reefs artificialmanmade

reefs pelagic Sargassum and water column habitat Section 32 presents individual detailed

descriptions including species use of these habitats

LiveHard Bottom Habitat

Major fisheries habitats on the Continental Shelfalong the southeastern United States from

Cape Hatteras to Cape Canaveral South Atlantic Bight can be stratified into five general categories

coastal open shelf livehard bottom shelf edge and lower shelf based on type of bottom and water

temperature Each ofthese habitats harbors a distinct association of demersal fishes Struhsaker

1969 and invertebrates The description of this essential fish habitat presented in Section3212

segregates the region into two sections a Cape Hatteras to Cape Canaveral and b Cape Canaveral

to the Dry Tortugas These regions represent temperate wideshelf systems and tropical narrow

shelf systems respectively The zoogeographic break between these regions typically occurs

between Cape Canaveral and Jupiter Inlet

Covered by avast plain of sand and mud underlain at depths of less than ameter by

carbonate sandstone is relatively unattractive to fish Livehard bottom usually found near

outcropping shelves of sedimentary rock in the zone from 15 to 35 fathoms and at the shelfbreak a

zone from about 35 to 100 fathoms where the Continental Shelf adjoins the deep ocean basin and is

often characterized by steep cliffs and ledges The live bottom areas constitute essential habitat for

warmtemperate and tropical species of snappers groupers and associated fishes including 113

species of reef fish representing 43 families ofpredominately tropical and subtropical fishes off the

coasts ofNorth Carolina and South Carolina

The distribution of livehard bottom habitat in the south Atlantic region is presented in the

hardbottom maps in Section 32 These geographic coveragesare a compilation of the four state

bottom mapping effort in the South East Monitoring and Assessment Program SEAMAP The

Florida Marine Research Institute developed uniform ArcView coveragesofhard bottom habitat

including coral coral reefs livehard bottom and artificial reefs as a 1998 SEAMAP program and

provided it to the Council for inclusion into the south Atlantic essential fish habitat distribution data

base and GIS system

Coral and Coral Reefs
Coral reef communities or solitary specimens exist throughout the south Atlantic region from

nearshore environments to continental slopes and canyons including the intermediate shelf zones

Habitats supporting corals and coralassociated species are discussed below in groupings based on

their physical and ecological characteristics Dependent upon many variables corals may dominate

a habitat be a significant component or be individuals within acommunity characterized by other

fauna Geologically and ecologically the range ofcoral assemblages and habitat types is equally
diverse The coral reefs ofshallow warm waters are typically though not always built upon
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coralline rock and support a wide array ofhermatypic and ahermatypic corals finfish invertebrates

plants and microorganisms Hard bottoms and hard banks found on awider bathymetric and

geographic scale often possess high species diversity but may lack hermatypic corals the supporting

coralline structure or some of the associated biota In deeper waters large elongate mounds called

deepwater banks hundreds of meters in length often support a rich fauna compared to adjacent

areas Lastly are communities including solitary corals This category often lacks a topographic

relief as its substrate but instead may use a sandy bottom for example Coral habitatsie habitats

to which coral is a significant contributor are divided into five categories solitary corals hard

bottoms deepwater banks patch reefs and outer bank reefs The order ofpresentation approximates

the ranking ofhabitat complexity based upon species diversityeg zonation topographic relief

and other factors Although attempts have been made to generalize the discussion into defmable

types it must be noted that the continuum ofhabitats includes many more than these five distinct

varieties
The ecological value function and distribution of this essential fish habitat is described in

Section 3212 The distribution oflivehard bottom habitat in the south Atlantic region is presented

in the hardbottom maps in Section 32

Water Column

Specific habitats in the water column can best be defined in terms of gradients and

discontinuities in temperature salinity density nutrients light etc These structural

components of the water column environment are not static but change both in time and space

Therefore there are numerous potentially distinct water column habitats for abroad array of

managed species and lifestages within species
The discussion of the ecological function ofwater column habitat and importance to

managed species is presented in Section3232

Detailed Golden Crab Habitat Description
Based on exploratory trapping golden crab maximum abundance occurs between 367

and 549 meters in the South Atlantic Bight Information on sediment composition suggest that

golden crab abundance is influenced by sediment type with highest catches on substrates

containing amixture ofsiltclay and foraminiferan shell Wenner et al 1987 further notes

Other studies have described an association of G quinquedens with soft substrates Wigley et

al 1975 noted that bottom sediments throughout the area surveyed for red crab from offshore

Maryland to Corsair Canyon Georges Bank consisted ofa soft olivegreen siltclaymixture

If golden crabs preferentially inhabit soft substrates then their zone ofmaximum abundance may

be limited within the South Atlantic Bight Surveys by Bullis and Rathjen 1959 indicated that

green mud occurred consistently at 270450 mbetween St Augustine and Cape Canaveral FL

30Nand 28N This same depth range from Savannah GA to St Augustine was generally

characterized by Bullis and Rathjen 1959 as extremely irregular bottom with some smooth

limestone or slab rock present Our study indicates however that the bottom due east between

Savannah and St Catherines Island GA at 270540 mconsists of mud and biogenic ooze

Further north from Cape Fear NC to Savannah bottom topography between 270 and 450 m is

highly variable with rocky outcrops sand and mud ooze present Low and Ulrich 1983

In a subsequent study using a submersible Wenner and Barans 1990 found the greatest

abundance in rock outcrops

Observations on density and a characterization ofessential habitat for golden crab

Chaceon fenneri were made from a submersibl80long
85 transects in depths of389567 m
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approximately 122 km southeast ofCharleston South Carolina Additional observations on

habitat were made on 16 transects that crossed isobaths between 293517 m

Seven essential habitat types canbe identified for golden crab from observations

A flat foraminiferon ooze habitat 405567 m was the most frequently encountered

habitat This habitat type is characterized by pteropodforaminiferan debris mixed with larger
shell fragments a sediment surface mostly covered with a black phosphorite precipitate

Distinct mounds primarily ofdead coral at depths of 503 to 555 meters and constituted

20 of the bottom surveyed on dives to count crabs Coral mounds rose approximately 15 to 23

meters in height above the surrounding sea floor and included several that were thinly veneered

with a fine sediment and dead coral fragments as well as a number that were thickly encrusted

with live branching ahemlatypic corals Lophelia prolifera and Enallopsammia profunda Fan

shaped sponges pennatulids and crinoids were oriented into the northerly1419km h current

The decapod crustaceans Bathynectes longispina Heterocarpus ensifer and Eumunida pita the

blackbelliedrosefish Helicolenus dactylopterus and the wreckfish Polyprion americanus

were frequently sighted along transects in the coral mound habitat

Ripple habitat 320539m dunes 389472 m black pebble habitat 446564 m low

outcrop 466512m andsoftbioturbated habitat 293475 m A total of 109 Cfenneri were

sighted within the 583480 mz ofbottom surveyed Density mean no per 1000 m2 was

significantly different among habitats with highest values 07 per1000 mz noted among low

rock outcrops Lowest densities were observed in the dune habitat 01 per 1000 m2 while

densities for other habitats were similar015022 per 1000m2
A similar submersible study in the eastern Gulf of Mexico Lindberg and Lockhart 1993

found similar results with higher abundance on hard bottom Within the bathymetric range of

golden crabs crab abundance maybe related more tohabitat type than to depth The greatest

density 365 crabsha occurred on or near hardbottom canyon features

Golden crab occupy offshore oceanic waters along the Atlantic and Gulf ofMexico

coasts as adults Offshore areas used by adults are probably the least affected by habitat

alterations and water quality degradation Currently the primary threat comes from oil and gas

development and production offshore dumping ofdredged material disposal ofchemical and

other wastes and the discharge ofcontaminants by river systems

44 The Effects ofFishing Gear on the Ecosystem and Prior Council Action

Pursuant the guidelines implementing the essential fish habitat provisions ofthe

MagnusonStevens Act conservation and enhancement measures implemented by the Council

may include ones that eliminate or minimize physical chemical or biological alterations of the

substrate and loss of or injury to benthic organisms prey species and their habitat and other

components of the ecosystem The Council has implemented restrictions on fisheries to the

extent that no significant activities were identified in the review ofgear impact conducted for the

NMFS by Auster and Langton 1998 that presented available information on adverse effects of

all fishing equipment types used in waters described as EFH The Council has already

prevented mitigated or minimized most adverse effects from most fisheries prosecuted in the

South Atlantic EEZ
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The Council considered evidence that some fishing practices are having an identifiable

adverse effect on habitat and addressed these in the comprehensive habitat amendment The

Council has already used many of the options recommended in the essential fish habitat guidelines
for managing adverse effects from fishing including fishing equipment restrictions seasonal and

aerial restrictions on the use ofspecified equipment equipment modifications to allow the escape of

particular species or particular life stages egjuveniles prohibitions on the use of explosives and

chemicals prohibitions on anchoring or setting equipment in sensitive areas prohibitions on fishing
activities that cause significant physical damage in EFH timearea closures including closing areas

to all fishing or specific equipment types during spawning migration foraging and nursery

activities designating zones for use as marine protected areas to limit adverse effects of fishing

practices on certain vulnerable or rareareasspecieslife history stages such as those areas

designated as habitat areas of particular concern and harvest limits

More specifically the Council has protected habitat essential tomanaged species by

regulating fisheries to reduce or eliminate the duect or indirect impacts of fishing With the

implementation of the Coral Fishery Management Plan and subsequent amendments to that plan the

Council has protected coral coral reefs and livehard bottom habitat in the south Atlantic region by

establishing an optimum yield ofzero and prohibiting all harvest or possession of these resources

which serve as essential fish habitat tomany managed species Another measure adopted by the

Council and implemented through the coral plan was the designation of the Oculina Bank Habitat

Area ofParticular Concern aunique and fragile deepwater coral habitat offsoutheast Florida that is

protected from all bottom tending fishing gear damage The Council has also prohibited the use of

the following gears in the snapper grouper fishery management plan to protect habitat bottom

longlines in the EEZ inside of 50 fathoms or anywhere south of St Lucie Inlet Florida fish traps

bottom tending rollerrig trawls on live bottom habitat and entanglement gear Also established

under the snapper grouper plan is an Experimental Closed Area experimental marine reserve where

the harvest or possession ofall species in the snapper grouper complex is prohibited Other actions

taken by the Council that directly or indirectly protect habitat or ecosystem integrity include the

prohibition ofrock shrimp trawling in adesignated area around the Oculina Bank mandatory use of

bycatch reduction devices in the penaeid shrimp fishery a prohibition of the use of drift gill nets in

the coastal migratory pelagic fishery and a mechanism that provides for the concurrent closure of

the EEZ to penaeid shrimping if environmental conditions in state waters are such that the

overwintering spawning stock is severely depleted
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45 Endangered Species and Marine Mammal Acts

The Sustainable Fisheries Act of 1996 established certain requirements and standards the

Councils and the Secretary must meet in managing fisheries under the MagnusonStevens Act

Implementing the provisions in the SFA will not have any negative impacts on the listed and

protected species under the Endangered Species Act ESA and Marine Mammals Protection Act

MMPA including

Whales Date Listed

1 Northern right whale Eubalaena glacialis ENDANGERED 12270

2 Humpback whale Magaptera novaeangliae ENDANGERED 12270

3 Fin whale Balaenoptera physalus ENDANGERED 12270

4 Sei whale Balaenoptera borealis ENDANGERED 12270

5 Sperm whale Physeter macrocephalus ENDANGERED 12270

6 Blue whale Balaenoptera musculus ENDANGERED

Sea Turtles Date Listed

1 Kempsridley turtle Lepidochelys kempii ENDANGERED 12270

2 Leatherback turtle Dermochelys coriacea ENDANGERED 6270

3 Hawksbill turtle Eretmochelys imbricata ENDANGERED 6270

4 Green turtle Chelonia mydas THREATENEDENDANGERED 72878

5 Loggerhead turtle Caretta caretta THREATENED 72878

Other Species UnderUS Fish and Wildlife Service Jurisdiction Date Listed

1 West Indian manatee Trichechus manatus ENDANGERED 367

Critical Habitat Designated 1976

2 American crocodile Crocodulus acutus ENDANGERED 975

Critical Habitat Designated 1279
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Appendiz A Results ofLiterature Search For Golden Crab

TI Title

The golden crab Geryon fenneri fishery ofSoutheast Florida
AU Author

Erdman RB Blake NJ
AF Author Affiliation

Dep Mar Sci Univ South Florida St Petersburg FL 33701 USA
CA Corporate Author

Florida Univ Gainesville USA Sea Grant Coll Program
CF Conference

12 Annual Conference ofthe Tropical and Subtropical Fisheries
Technological Society ofthe Americas Orlando FL USA911 Nov
1987

SO Source

PROCEEDINGS TWELFTH ANNUAL CONFERENCE OF THE TROPICAL AND
SUBTROPICAL FISHERIES TECHNOLOGICAL SOCIETY OF THE AMERICAS
1988 pp 95106 REP FLA SEA GRANT COLL PROGRAM

NU Other Numbers

FSGR92
AB Abstract

Because ofmarketing problems compounded by distances 100 miles
to the fishing grounds gear loss and the absence ofinformation
on the distribution and biology of this species commercial golden
crab operations in the eastern GulfofMexico ceased by mid1985
In February 1986 the authors began a study ofthe biology of
Geryon fenneri as collected from this southeast Florida fishery
Reproductive biology size and weight relationships trap design
and catch per unit effort were examined to ascertain additional
information relative to the study of this potentially valuable
species

TI Title

Reproductive ecology of female golden crabs Geryon fenneri
Manning and Holthuis from southeastern Florida

AU Author

Erdman RB Blake NJ
AF Author Affiliation

Dep Mar Sci Univ South Florida 40 7th Ave South St

Petersburg FL 33701 USA
SO Source

Journal of crustacean biology Washington DC J CRUST BIOL
vol 8 no 3 pp 392400 1988

IS ISSN
02780372

AB Abstract
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Examination ofdeepwater female golden crabs collected monthly
from the southeastern coast ofFlorida indicates an annual

reproductive cycle with a single batch ofeggs produced each year
Oviposition begins in late August and continues through October
with eggs retained for approximately 6 months until hatching
during late February and March Sizes ofovigerous females

examined ranged from 96 to 147 tnm carapace width CW Extruded

eggs averaged 540 mum in diameter increasing to between 580 and
600 mu m prior to hatching Fecundity estimates range from 131000
to 347000 eggs with brood size highly correlated to CW Changes
in gonopore margins associated with molting and the onset to

ovarian activity indicated that size at sexual maturity is between

85 and 100 mm CW Although sampling depth ranges were limited
Geryon fenneri may display similar segregation by sex and size

depth as other species of Geryon

TI Title

Comparative reproduction ofthe deepsea crabs Chaceon fenneri and
C quinquedens Brachyura Geryonidae from the northeast Gulfof

Mexico
AU Author

Erdman RB Blake NJ Lockhart FD Lindberg WJ Perry HM
Waller RS

AF Author Affiliation

Florida Inst Oceanogr 830 1st St S St Petersburg FL 33701
USA

SO Source

Invertebrate reproduction and development Rehovot INVERTEBR
REPROD DEV vol 19 no 3 pp 175184 1991

IS ISSN

01688170
AB Abstract

Northeastern Gulf ofMexico populations ofdeepsea golden crabs

Chaceon fenneri and red crabs C quinquedens were sampled
quarterly from May 1987 through February 1988 to examine the

timing ofreproductive events C fenneri was most abundant at

sample depths between 311 and 494 mwhile C quinquedens showed a

minimum depth of occurrence of677 m Both species exhibited an

annual reproductive cycle with a distinct winter brooding period
However oviposition in C quinquedens began in May approximately
three months earlier thaninCfenneri consequentlyihe single
batch ofeggs produced were brooded for nine months in C

quinquedens and six months in C fenneri Larvae of both species
hatched during February and March ofthe following year
Differences in the duration of reproductive events may reflect the

segregated bathymetric distribution ofeach species The incidence
of molting females and nonovigerous females observed during the
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fallwinter brooding period suggeststhat although both species
reproduce annually onthepopulation level individuals may
reproduce biennially This low frequency ofreproduction may be a

consequence ofthe reduced food supply characteristic ofthe
continental slope environment

TI Title

Oxygen consumption ofthe deepsea crabs Chaceon fenneri and C
quinquedens Brachyura Geryonidae

AU Author

Erdman RB Blake NJ Torres JJ
AF Author Affiliation

Dep Mar Sci Univ South Florida 140 7th Ave S St
Petersburg FL 33701 USA

SO Source

Comparative Biochemistry and Physiology A COMP BIOCHEM
PHYSIOL A vol 99A no 3 pp 383385 1991

IS ISSN
03009629

AB Abstract

Oxygen consumption rates VO sub2were determined for the
deepsea crabs Chaceon fenneri and C quinquedens two important
members of the continental slope megafauna in the eastern Gulfof
Mexico The VO sub2ofC fenneri declined from0014 ml O
sub2ghrat 12 degree C to0010 ml O sub2ghrat 6 degree
C VO sub2of C quinquedens showed a decline from0012 ml O
sub2ghrto0008 ml O sub2ghrover the same temperature
range The VO sub2of C fenneri and C quinquedens are

comparable to those ofsimilar size shallow water decapod
crustaceans that inhibit equivalent temperatures The oxygen
consumption rates of C fenneri and C quinquedens decline with
increasing depth ofoccurrence purely as a function of
temperature

TI Title

Physiology of two species ofdeepwater crabs Chaceon fenneri and
C quinquedens Gill morphology and hemolymph ionic and nitrogen
concentrations

AU Author

Henry RP Perry HM Trigg CB Handley HL Krarup A
AF Author Affiliation

Dep Zool Wildl Sci and Alabama Agric Exp Sm I01 Cary
Hall Auburn Univ Auburn AL 368495414 USA

SO Source

Journal ofcrustacean biology Washington DC J CRUST BIOL
vol 10 no 3 pp 375381 1990

IS ISSN
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02780372
AB Abstract

The general physiology of twospp ofdeepwatercrabs Chaceon
fenneri and C quinquedens found in thermally stable

environments at moderate depths was investigated
Structruefunction relationships ofthe gills indicate animals

that are typical ofenvironments characterized by high and stable

salinity The gill lamellae are composed entirely of respiratory
epithelium noiontransporting chloride cells wereobserved

Carbonic anhydrase amarker enzyme for ion transport in the gill
was present in very low levels ofactivity and blood osmotic and

ionic concentrations werenot different from ambient at salinities

of either 35 or 20 ppt Animals failed to survive in salinities

20 ppt Oxygen uptake values were typical ofcoldwater benthic

species regardless of habitat depth C quinquedens appears to

have both a higher rate ofoxidative metabolism and a higher rate

of protein metabolism than C fenneri which may be indicative of

a higher rate ofgrowth Both spp however appear to be

physiologically similar to stenohaline marine decapods from cold
shallowwaterhabitats

TI Title

Respiratory and cardiovascular responses of two species of

deepsea crabs Chaceon fenneri and C quinquedens in notmoxia

and hypoxia
AU Author

Henry RP Handley HL Krarup A Perry HM

AF Author Affiliation

Dep Zool and Wildl Sci 101 Cary Hall Aubum Univ Aubum
Al 368495414 USA

SO Source
Journal ofcrustacean biology Washington DC J CRUST BIOL
vol 10 no 3 pp413422 1990

IS ISSN
02780372

AB Abstract

The respiratory and cardiovascular variables in Chaceon fenneri

and C quinquedens were examined in animals during normoxia
animals exposed to hypoxia and animals allowed to recover in

normoxia C fenneri wascharacterized by a relatively low

metabolic rate lowoxygen uptake andlaw vEntilatory frequency
This species displayed apattern ofoxyindependent O sub2
uptake when exposed to hypoxia MO sub2was maintained primarily
through hyperventilation At an environmental PO sub2ofabout

25 torn respiratory and cardiovascular functions shut down and

the animal appeared to make the transition to exclusively
anaerobic energy production Oxygen uptake in resting C
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quinquedens was roughly double that in C fenneri and ventilatory
frequency was3fold higher MOsub2declined in hypoxia and

hyperventilation was absent a more typical oxydependent pattern
ofrespiration The ambient PO sub2at which ventilatory and
cardiovascular shutdown occurred wasabout 17 ton but oxygen
uptake continued at very low levels even in severe hypoxia

TI Title

Fecundity and reproductive output in two species ofdeepsea
crabs Geryon fenneri and G quinquedensDecapoda Brachyura

AU Author

Hines AH
AF Author Affiliation

Smithsonian Environ Res Cent PO Box 28 Edgewater MD 21037
USA

SO Source

Joumal ofcnstacean biology Washington DC J CRUST BIOL
vol 8 no 4 pp557562 1988

IS ISSN

02780372
AB Abstract

Brood weight fecundity and egg size as a function offemale body
size were compared in the deepsea red crab Geryon quinquedens and
the deepsea golden crab Geryon fenneri Females ofG fenneri
attained a larger body size then G quinquedens and body size in
both species was the main determinant of reproductive output
brood mass and fecundity perbrood Both species differed from
most other brachyurans in having larger reproductive outputs
larger eggs and lower fecundities relative to their large body
sizes After statistical adjustment for differences in body size
between the two species G quinquedens had space in the body
cavity for yolk accumulation and a brood mass which were 50

larger thanGfenneri

TI Title

Morphology ofthe reproductive tract and seasonality of

reproduction in the golden crab Geryon fenneri from the eastern

Gulf ofMexico

AU Author

Hinsch GW
AF Author Affiliation

Dep Biol Univ South Florida Tampa FL 33620 USA
SO Source

Journal of crustacean biology Washington DC J CRUST BIOL
vol 8 no 2 pp254261 1988

IS ISSN
02780372
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AB Abstract

Reproduction and anatomy ofthe reproductive tracts ofmales and

females of the golden crab Geryon fenneri were studied for one

year19841985 in specimens collected from deep water ofthe
eastern Gulfof Mexico The male crab is larger than the female
Their reproductive tracts are typical ofbrachyurans

TI Title

Ultrastructure of the sperm and spennatophores ofthe golden crab

Geryon fenneri and a closely related species the red crab G

quinquedens from the eastern Gulf ofMexico
AU Author

Hinsch GW

AF Author Affiliation

Dep Biol Univ South Florida Tampa FL 33620 USA
SO Source

Journal of crustacean biology Washington DC J CRUST BIOL
vol 8 no 3 pp 340345 1988

IS ISSN

02780372
AB Abstract

The sperm ofspecies of Geryon are typical ofbrachyurans in

having a complex acrosome a membranous lamellar complex
uncondensed chromatin in the nucleus and nuclear arms or spikes
ofvarying lengths There are no microtubular elements in the
arms The spermatophores are ellipsoidal or round and contain

varying numbers ofsperm The wall of each spermatophore is

twolayered and fairly impermeable to fixatives Globules of
seminal fluid surround the spermatophores in the vasa deferentia

TI Title

Spatial patterns of abundance for deepwater golden crab Geryon
fenneri and red crab G quinquedens in the eastern Gulfof
Mexico

AU Author

Lindberg WJLockhart F Perry H Waller R

AF Author Affiliation

Dep Fish and Aquacult Univ Florida 7922NW 71st St
Gainesville FL 32606 USA

CA Corporate Author
Florida Univ Gainesville USA Sea Grant Coll Program

CF Conference
12 Annual Conference of the Tropical and Subtropical Fisheries

Technological Society of the Americas Orlando FL USA911 Nov
1987

SO Source i
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PROCEEDINGS TWELFTH ANNUAL CONFERENCE OF THE TROPICAL AND
SUBTROPICAL FISHERIES TECHNOLOGICAL SOCIETY OF THE AMERICAS
1988 p 671 REP FLA SEA GRANT COLL PROGRAM

NT Notes

Abstract only
NU Other Numbers

FSGR92
AB Abstract

Submersible transects and trap sampling confirmed concentrations
of golden crabs Geryon fenneri 1 along intermediate depth
contours associated with rock outcroppings and 2 off

peninsular Florida rather than the northern Gulf Red crabs
Geryon quinquedens were deeper and at northern as well as

southern stations Both species showed sex differences in
distribution

TI Title

Geryonid crabs and associated continental slope fauna A research

workshop report
AU Author

Lindberg WJ Wenner EL
CA Corporate Author

Florida Sea Grant Coll Program Gainesville iJSA
SO Source

TECH PAP FLA SEA GRANT PROGRAM 1990 74 pp
NT Notes

NTIS Order NoPB90190620GAR
NU Other Numbers
FSGTP58

AB Abstract
Considerable research in recent years has been invested in the
basic biology ecology and fisheries ofdeepwater crabs Family
Geryonidae These efforts have been concentrated offthe
southeastern United States and southwest Africa following earlier
work from the MidAtlantic states ofthe US to the Canadian
Maritime Provinces Species ofprimary interest have been the
golden crab Chaceon fenneri and the red crabs Chaceon maritae
and Chaceon quinquedens On January 19 and 20 1989 an invited
panel of scientists fishermen and Sea Grant Extension faculty
met in Tampa Florida to share their results conclusions and
latest hypotheses Grant NA86AADSG068 Prepared in cooperation
with South Carolina Sea Grant Consortium Charleston Sponsored by
Marine Resources Research Inst Charleston SC and National
Undersea Research Program Groton CT

TI Title

Depthstratified population structure ofgeryonid crabs in the
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eastern GulfofMexico

AU Author

Lindberg WJ Lockhart FD

AF Author Affiliation

Dep Fish Aquat Sci Univ Florida 7922 NW 71st St
Gainesville FL 32606 USA

SO Source

Journal ofcrustacean biology Washington DC J CRUST BIOL
vol 13 no 4 pp 713722 1993

IS ISSN
02780372

AB Abstract
Manned submersible transects and synchronous trapsampling were

conducted in the eastern Gulfof Mexico along 5 depth contours on

the upper continental slope during September 1986 and 1987

Female golden crabs Chaceon fenneri weremore abundant at 350 m

and 445 m than at 550 675 or 780 m Male golden crabs were most

abundant at 550 m On the average the largest crabs ofeach sex

were caught near 350 m More mated pairs 50 wereobserved in

situ along the deepest 2 contours than expected by chance alone

Within the bathymetric range of golden crabs crab abundance may
be related more to habitat type than to depth The greatest
density 365crabsha occurred on or near hardbottomcanyon
features Red crabs Chaceon quinquedens occurred only at 675 m

and 780 m on heavily bioturbated soft sediments with the largest
of each sex at 675 m Male red crabs outnumbered females but

depth did not affect the number caught Golden and red crabs also

differed in their refuging habits and responses to being
disturbed We suggest that bathymetric patterns in sexand size

within geryonid populations reflect in part severe malemale

competition for mates and alternative mating strategies for males

TI Title
Distributional differences and population similarities for two

deepsea crabs family Geryonidae in the northeastern Gulf of

Mexico

AU Author

Lockhart FD Lindberg WJ Blake NJ Erdman RB Perry HM
Waller RS

AF Author Affiliation

Dep Fish Aquacult Univ Florida 7922NM71 St
Gainesville FL 32606 USA

SO Source
Canadian Journal ofFisheries and Aquatic Sciences CAN J FISH

AQUAT SCI vol 47 no 11 pp 21122122 1990

IS ISSN
0706652X
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NT Notes
Incl bibliogr 37 ref

AB Abstract

For golden crab Chaceon fenneri and red crab Chaceon

quinquedens numbers per trap sex and crab size were tested for
broad bathymetric geographic and seasonal patterns on the upper
continental slope northeastern GulfofMexico Red crab occupied
only the deepest ofthree sampled depthsie 677 m vs 494 and

311 m while golden crab predominated at the upper two Golden
crab occurred adjacent to peninsular Florida but not along the
northern Gulfslope while red crab occurred across the geographic
arc sampled Relative abundance increased southward for golden
crab and northwestward for red crab while the proportion of
females increased counterclockwise within the sampled range of
each species

TI Title

Discovery ofdeepwater crabs Geryon spp at Bermuda anew

potential fishery resource

AU Author

Luckhurst B
AF Author Affiliation

Div Fish PO Box 622 Southampton 8 Bermuda
CF Conference

37 Annual Gulf and Caribbean Fisheries Institute Cancun

Mexico Nov 1984
ED Editor

Williams F ed
SO Source

PROCEEDINGS OF THE THIRTYSEVENTH ANNUAL GULF AND CARIBBEAN
FISHERIES INSTITUTE CANCUN MEXICO NOVEMBER 1984 1986 pp
209211 Proceedings ofthe Gulfand Caribbean Fisheries Institute
PROC GULF CARIBB FISH INST vol 37

IS ISSN
00729019

NU Other Numbers
GCFI37

AB Abstract
The discovery of two species of deep water crabs Geryonidae at

Bermuda in 1984 is documented The first species is Geryon fenneri
while the second smaller species is undescribed Preliminary data
on the size frequency distribution of G fenneri as well as the
sex ratio and presence ofovigerous females is presented In July
1984 a local trap fisherman John P Sean Ingham set a small
number of traps off the edge of the Bermuda platform to do some

exploratory fshing These traps yielded two different species of

Geryon crabs one ofwhich is presently fished commercially in the
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GulfofMexico This fording prompted further investigation to

determine the extent of the resourceand the possible development
ofa small specialized fishery

TI Title
Notes on Geryon from Bermuda with the description ofGeryon
inghami newspecies Crustacea Decapoda Geryonidae

AU Author

Manning RB Holthuis LB
AF Author Affiliation

Dep Invertebr Zool Natl Mus Nat Hist Smithsonian Inst
Washington DC 20560 USA

SO Source

Proceedings ofthe Biological Society ofWashington Washington DC

PROC BIOL SOC WASH vol 99 no 2 pp366373 1986

IS ISSN

0006324X

AB Abstract
Two species ofthe deep water crab genus Geryon taken in

commercial traps G fenneri Manning and Holthuis and G inghami
nsp are reported from Bermuda Geryon incertus Miers 1886

originally described from Bermuda is shown to be ajunior synonym
of the portunid Bathynectes longispina Stimpson 1871

TI Title

Size and weight relationships for the golden crab Chaceon

fenneri and the red crab Chaceon quinquedens from the eastern

Gulf ofMexico

AU Author

Trigg C Perry H Brehm W

AF Author Affiliation

Gulf Coast Res Lab Ocean Springs MS 395647000 USA

SO Source
Gulf Research Reports GULF RES REP vol 9 no 4 pp
339343Jan 1997

IS ISSN

00729027

AB Abstract

Carapace length carapacewidth andwEightrelationships are

discussed for the golden crab Chaceon femmeri and the red crab
Chaceon quinquedens from the eastern Gulfof Mexico Males of

both species were significantly larger than females in comparisons
ofmeans of all measured parameters Relationships between

carapace length and carapace width carapace length and weight
and carapace width and weight were similar between Atlantic and

Al0
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Gulf ofMexico populations for both species

TI Title

Activities ofmetabolic enzymes in the deepwater crabs Chaceon
fenneri and C quinquedens and the shallowwatercrab Callinectes

sapidus
AU Author

Walsh PJ Henry RP
AF Author Affiliation

Div Mar Biol and Fish Rosenstiel Sch Mar and Atmos Sci
Univ Miami 4600 Rickenbacker Causeway Miami FL 33149 USA

SO Source
Marine biology Berlin Heidelberg MAR BIOLvol 106 no 3
pp 343346 1990

IS ISSN

00253162

AB Abstract
The activities of 18 enzymes weremeasured in gill hepatopancreas
and muscle tissue ofthe deepwater crabs Chaceon fenneri and C
quinquedens and the shallowwatercrab Callinectes sapidus
collected from the lowwater crab Callinectes sapidus collected
from the Gulf ofMexico in January 1989 The activities of
catabolic enzymes were correlated in general with the known
metabolic rates of the three species Activities weremuch higher
in C sapidus than in Chaceon fenneri and C quinquedens In some

cases C quinquedens had higher activities than C fenneri The
activities ofenzymes ofamino acid metabolism glutamate
dehydrogenase and alanine aminotransferase were higher in C

quinquedens which had high hemolymph ammonia and ammonia
excretion rates The activity of lactate dehydrogenase LDH fo C
fenneri and C quinquedens were correlated with the two species
abilities to withstand hypoxia The more hypoxiatolerant species
C quinquedens had higher activity ofLDH in its muscles than
did C fenneri

TI Title

Exploration for golden crab Geryon fenneri in the South
Atlantic Bight Distribution population structure and gear
assessment

AU Author

Wenner EL Ulrich GF Wise JB
AF Author Affiliation

Mar Resour Res Inst South Carolina Wildl and Mar Resour

Dep PO Box 12559 Charleston SC 29412 USA
SO Source

Fishery Bulletin FISH BULLJ vol 85 no 3 pp 547560 1987
IS ISSN
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00900656

AB Abstract

Exploratory trapping for golden crab Geryon fenneri was
conducted from 5 August 1985 to 21 February 1986 offSouth

Carolina and Georgia A buoyed system with strings of six traps
threesideentry Fathoms Plus and three topentry Florida traps
was fished in six depth strata 274366 m 367457m458549 m

550640 m641732 m and 733823 m Catches of golden crab were

highly variable between strata Catch per trap increased from 16

crabs167 kg in the shallowest stratum sampled to amaximum

abundance of223 crabstrap1804kgtrap in the 458549 m

depth zone Catches abruptly declined in the deeper strata

sampled Number ofgolden crab per trap171and weight per

trap161 in the Florida trap exceeded that in the Fathoms Plus

trap for all completed sets

TI Title
In situ estimates ofdensity ofgolden crab Chaceon fenneri

from habitats on the continental slope southeasternUS

AU Author

Wenner EL Barans CA

AF Author Affiliation

Mar Resour Res Inst Box 12559 Charleston SC 29412 USA

SO Source

Bulletin ofMarine Science BULL MAR SCIvol 46 no 3 pp
7237341990

IS ISSN

00074977
AB Abstract

Observations on density and habitat of golden crab Chaceon

fenneri were made from a submersible along 85 transects in

depths of389567 m 122 km southeast ofCharleston South

Carolina Additional observations on habitat were made on 16

transects that crossed isobaths between 293517 m Seven habitat

types were identified during dives a flat foraminiferon ooze

habitat 405567m coral mounds 503555 m ripple habitat

320359m dunes 389472m black pebble habitat 446564m
low outcrop 466512m andsoftbioturbated habitat 293475 m
A total of 109 C fenneri weresighted within the 583480 m

super2 ofbottom surveyed Density mean no multiplied by
1000msuper2was significantly different among habitats with

highest values 07multiplied by1000msuper2noted among
low rock outcrops Lowest densities were observed in the dune

habitat 01multiplied by1000msuper2while densities for

other habitats were similar015022multiplied by1000m

super2
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Appendix B List ofContributionstaSAFE as Provided by NMFS SERO

UNITED STATES DEPARTMENT OF COMMEi3CE

National Oosanie snd Atmospheric Administration
tp NATIONALMAgrNEFISIS SERVICE

4rpd

SOUtheast Regi01181 Office

9721 Executive Cemer Drive N

St Petersburg FL 33702

727 5705335 FAX 727 5705300

March 24 1999 FSERXlRCRdcp

Mr Robert Mahood Executive Director

South Atlantic Fishery Management Council
1Southpazk Circle Suite 306

Chazlotte SC 29407

Dear Bob

Enclosed aze lists ofcomributions to the SAFE reports for the FMPs underyow Councils

jurisdiction The lists represents comnbutions rem directly to owoffice as ofFriday
March 19 1999 and also includes some items extracted from Council briefing books and other

sowces

Dr Kemmerer recently announced that the responsibility for SAFE reporting is being transferred

from the Fisheries Economics OSte to the Sustainable Fisheries Division Dr James Weaver
The March 19 1999 cutoffdate for this report has been established to avoid confusion during
the vansition period The Fisheries Economics Office will temporarily maintain a fileof new

contributions received after March 19 1999 These documents will be given to the Sustainable

Fisheries Division at the time the vansition is completed and they become responsible for

maintaining the SAFE files

Sincerely yours

Richazd CRaulerson Chief
Fisheries Economics OtSce

1J

Attachment Lists of SAFE Contributions

1
cc FSE Andrew KemmererCarol Ballew

FSER2 James WeaverMke Justen G c rrj
FSF George DarryRichard Surdi

y

SEFSC BradBrownAlexChester
FSEC7 John Merriner

FBEGS Tom McIlwayne
B
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INDEX
Stock Assessment and Fisheries Evaluation Report Contributions

South Atlantic Fishery Management Council
Golden Crab

Summary Update ofthe Golden Crab Trip Report
Logbook Trip Interview Data and Preliminary Production
Model Analysis PRD979831

Douglas E Harper and Gerald
P Scott

June 18 1998

Golden Crab Fishery Development SEROECON9815 Vlliam O Mtoai June 12 1998

Golden Crab Landings and Exvessel Ptices
SEROECON9817

John Vondtuska June 12 1998

Golden Crab Progress Report SEROECON9801 William O Antoci October 1 1997
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Appendiz C Fishery Status Report Through 1998

NMFS HAS NOT PROVIDED THE REPORT AS OF THIS DATE
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Appendix D Annual Report Tracking Permit Transactions

Ed Burgess52199 910 AM OSOOGolden Crab data 1

Convrssion Allowed

Prioricy normal

DiscloseRecipients Prohibited

AlternateRecipient Allowed

Date 21 May 1999 1010000400

Fret Ed Burgess cFdBUrgessGnoaagov
To Clegg Wau4h cGreg4WeughQnoaagov

Mike Justen cMikeJUSCenpnoaa4ov
cc James Weaver cJamesWeaver6noaagov

Ed Burgess cEdBurgessOnoaa4ov
Raymond Slagle RaymondSlagleCnoaagov
Lurie Monn cLOrieMOnnBnoaagon
Susan Jarvis cSUSanJarvisBnoaagov
Cheryl Franzen CherylFZanzen@noaagov
JaetL Miller IanetLMi1lerEnoaagov

Joann Turner c7oannlhrnerQnoaagov
Subject Golden Crab data

Following is the 4olden crab info for the Safe Report If you need

additional info let me know

Ed

Golden Crab Statistics 9201999

Initial 1996 issunnee by zone

Northern 2

Middle 6

Southern 27

Auto renewal 1997 by zone

Northern 1

Middle 4

Southern 23

Not renewed1997 due to reporting noncoliante
NorUlern 1

Middle 2

southern a

Vessels meeting the catch requirement to renew 1998

Northern 0

Middle 3

Southern 10

Vessels renewed 1998 by zone

Northern 0

Middle 3

Sovthem 7

Number o transfers

1997 2

1998 2

1999 0
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Raymond Slagle52799 1049 AM OSOOGolden Crab data 1

Conversion Allowed

Priority normal

DiscloseRecipients Prohibited

AlternateRecipient Allowed

Date 27 May 1999 1149320400

From Raymond Slagle RaymondSlagle9noaagov
To GreggWaugh6safinenmfsgov
ce Fd BurgessFdBUrgessEnoaagov

Stibject Golden Czab data

MII4Eversion 0

Gregg

The attached file contains the names and addresses of the currently
permitted vessels in the golden crab fishery

There are three vessels in the southern zone that have not renewed

their golden crab permit There is nothing in the regulations
prohibiting the renewal of these three permits

ContentType applicationoctetstream namegolderabtxt

ContentDisposition attachment filenamegoldcrabtxt
ContentDescription golderabtxt
ETBModificationDate27 May 1999 154900 Z

FTBPObjectSize 3395

goldcrabtxt
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Appendix E Economic AssessmentReport

NMFS HAS NOT PROVIDED THE REPORT AS OF THIS DATE

u
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Appendiz F Summary Update of the Golden Crab Trip Report Logbook Trip Interview
Data and Preliminary Prodcution Model Analysis NMFS SEFSCPRD979831

SUMMARY UPDATE OF THE GOLDEN CRAB TRIP REPORT LOGBOOK
TRIP INTERVIEW DATA AND PRELUIINARY PRODUCTION MODEL ANALYSIS

Rcport to the South Atlantic Fishery Management Cotmcil
Goldrn Crab Advisory Committee

St Augustine Florida
3tme 18 1998

Prepared by Douglas E Harper and Gerald P Scott
National Marine Fisheries Service
Southeast Fisheries Science Crnter

Miami Florida

Cotttrtbution NumberPRD979831

BACKGROUND

In November 1995 a voluntary logbook program for the goldencrab fishery in Atlantic Ocean waters off the southeastern US wasinitiated by the National Marine Fisheries Service NMFS ThisGolden Crab Trip Report Logbook program became mandatory whenregulations for the golden crab fishery management plan went intoeffect on October 28 1996 Regulations require that all fishersthat have been issued a Federal vessel permit for the golden crabfishery in the South Atlantic region must complete and submit alogbook form for each fishing trip on which golden crabs arecaught All reporting must be done on log forms that are providedby the Southeast Fisheries Science Center SEFSC and must bereturned to the SEFSC for data processing

Fishing activity for a single trip is reported on one logformsee Appendix A The form is designed so that fishers can reportthe catch number of traps fishing location depth and soak timefor each line or string of traps that are hauled during the trip
For regulaarypurposes the South Atlantic region is dividedinto 3 golden crab fishing zones The Northern Zone is defined asthe EEZ north of 28 degrees N latitude The Middle Zone is definedas the EEZ from 25 degrees N latitude to 26 degrees N latitudeThe Southern Zone is defined as the EEZ south of 25 degrees Nlatitude Federal vessel permits are issued for a specific zone andfishing is only allowed in the zone for which the permit is issued

The purpose of the logbook program was to provide a suitable
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method of comprehensive data collection for the fishery Additiona

golden crab fishery data is available in the Trip Interview Program

TIP TIP data collection is conducted by NMFS and state fistter
agents who sample catches at the conclusion of commercial fishinc

trips and provides information on size frequency of individual
crabs landed This report summarizes logbook program and TIP

sampling information that has been collected to date In addition
a preliminary stock assessment production model analysis is
Dresented

Reau2ta gad Diacuaaion

The vessel permit and logbook reporting requirements took
effect on October 28 1996 As a result of the vessel permit
requirements 35 vessels were issued permits to catch possess and
sell golden crab in the South Atlantic region The breakdown of
vessel permits by golden crab fishing zone is as follows Southern
Zone 27 permits Middle Zone 6 permits and Northern Zone 2
permits In compliance with the reporting requirements 31 of the
35 permitted vessels have submitted logbook forms to the Southeast
Fisheries Science Center Four of the permitted vessels have not
submitted any logbook forms

The reporting regulations require that a logbook must be
submitted for every trip where golden crabs are caught possessed
If a permitted vessel did not fish during a calendar month a

report has to be submitted stating that the vessel was inactive
during with regard to golden crab fishing during the month Of the
35 permitted vessels 11 vessels fished for golden crabs and
submitted 439 logbook reports with their catch and effort data for
each trip as of May 15 1998

Because nofishing reports are required for a calendar month
the distribution of logbook submissions can be reviewed monthly
For the 12 month period from November 1996 through October 1997 23
permit holders submitted reports for every month For November
1997 through March 1998 18 permit holders submitted a report for
each month

nrredTogboak Co7den Crah Car1PG

Table 1 provides a monthly summary of the information for the
434 Golden Crab Trip Report Logbook forms which reported fishing
activity For the Middle Zone area between 25 N latitude and 28
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N latitude estimated monthly golden crab catches from 33C trips
completed during the entire period November 1995 through April
1998 were 139 trillion pounds Over the entire time period Middle
Zone monthly catches averaged 96315 pounds and ranged from 13600
pounds for November 1995 to 64872 pounds for May 1997 Figure 1

Logbook report forms representing 109 trips with golden crab

landings made in the Southern Zone area south of 25 between

February 1997 and March 1996 were submitted Southern Zone

estimated golden crab catches for these reported trips were 395275
and averaged 28234 pounds per month over the fourteen reDOrted
months

Ca hPr mi tffor

The number of trap hauls reported for the 439 trips in the

golden crab logbook database was 49301 Table 1 Figure 2 During
the logbook time period the average number of traps hauled per
morith was 1216 in the Middle Zone and 860 in the Southern Zone

Harper 1996 reported that golden crab catchperuniteffort as
measured by mean catch pounds per trap haul was increasing during
the period November 1995 through March 1996 With additional trips
over a longer time period available for calculations CPUE trends
appear to be exhibiting seasonal patterns with peak CPUE occurring
in winterspring December through May with lower CPUE values
calculated during summerfall June through November For the
Middle Zone golden crab monthly mean catch per trap haul was 428
pounds during winterspring and 327 pounds during summerfall
Figure 3

Tn id n ai a h

Incidental catch information was estimated by fishers and
reported on the Golden Crab Trip Logbook forms The most frequently
reported incidental catch species was the giant isopod Bathynomus
giganteus A total of 17455 estimated pounds of giant isopod were

caught between November 1995 and April 1998 Table 2 The overall
mean catch per trap haul was 036 pounds and ranged from 012
pounds duringMay X1996 to 061 pounds during October 1996 In
general reported incidental catch of other species was very low
In addition to the giant isopod nine other species categories
representing a total incidental catch of 265 pounds over the
period November 1995 through April 1998 were reported on the
logbook forms These species categories and estimatedcatch were
rockfish 75 pounds hake 60 pounds whiting 30 pounds
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Jonah crab 2B pounds shrimp 20 pounds queen snapper 2C

pounds squid 12 pounds red crab 10 pounds and scorpion
fish 10 pounds

TIP sampling of the golden crab fishery began during May 1005
A total of 51 trips have been sampled and 9801 golden crabs have
been measured through December 1997 Table 3 presents the monthly
number of crabs measured and carapace width statistics The overall
mean carapace width of sampled golden crabs was 1985mm N4BOi
std126 and ranged from 1425 mm N475std163during
September 1995 to 1577mmN161std83during January 1997

Catch and estimated effort data for the period 1986present
were fit with a nonequilibrium production model Prager 1993 to

estimate stock status relative to MSY levels Golden crab quarterly
catch in pounds for the South Atlantic region were obtained from
the Accumulated Landings System for the period 1986 through October
1996 After October 1996 golden crab catch was derived from the
Golden Crab Trip Report Logbook Quarterly effort levels were

estimated by dividing quarterly catch by observed CPUE lbs per
trap haul CPUE data for 1986 were available in Erdman 1990
CPUE for the most recent period 19961996 were from the Golden
Crab logbook reports described earlier The production model was

fit to both quarterly and annual data However only 3 paired
annual observations of catch and effort were available making the
annual model fit of questionable value Results of the annual and

quarterly model fits depended on assumptions made about the initial
biomass level Quarterly catch and estimated effort data are

provided in Table 9 For this preliminary analysis the fishing
year was defined to begin in February thus the first quarter of
the fishing year ended in April and the last quarter ended in

January For this analysis a total of 49 quarters of catch

February 1986 April 1996 and 19 quarters of effort were

available

i

The data were first fit assuming that stock biomass was at

model carrying capacity K2BH5Y in January 1986 A total of 501

bootstrap fits of the model to the 19 paired catch and effort

observations Table 4 were used to estimate uncertainty in the
model parameters of interest As the model was fit to quarterly
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data estimates of annual parameters such as MSY can be obtained
by multiplying the parameters of concern by 9 From this model
current biomass is estimated to be at about that level which could
produce MSY and the median estimate of annual MSY is on the order
of 897000 lbs per year approximate 80 CI 650000 920000
lbs per year The results of this fit are shown in Table 5 Recent
quarterly fishing mortality rates were estimated to range from
about 05 to 2 times that needed to achieve quarterly MSY The
estimated timetrajectory of relative quarterly biomass and
relative quarterly fishing mortality rate are shown in Figure 5

An alternative model was fit to the data in which initial
biomass was not fixed at K but estimated As above a total of
501 bootstrap fits of this model to the 14 paired catch and effort
observations Table 4 were used to characterize the uncertainty in
parameter estimates From this model initial biomass January1986 was estimated to be more than twice carrying capacitycurrent biomass was estimated to be about 50 above that level
which could produce MSY and recent fishing mortality rates rangedfrom about 025 to about 1OFY From this model the estimate of
annual MSY is less precisely estimated although the median estimateis on the order of 1070000 lbs per year approximate 80 CI707000 60000000 lbs per year The results of this fit are
shown in Table 6 The estimated timetrajectory of relative
quarterly biomass and relative quarterly fishing mortality rate
are shown in Figure 6

Iiteratura Cited

Erdman RB 1990 Reproductive ecology and distribution of deep
sea crabs Family Geryonidae from the southeast Florida and
the eastern Gulf of Mexico PhD Dissertation Department of
Marine Science University of south Florida 147pp

Harper DE 1996 Summary report on golden crab trends in landingsand CPUE 19861995 from the waters off the southeast US
coast National Marine Fisheries Service Southeast Fisheries
Science Center MIA959642Bpp

Prager MH 1993 A suite of extensions to a nonequilbriumsurplusproduction model Fishery Bulletin 92374389
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Table 1 Monthly summary of information reported in the Sottth Atlantic Golden Crab

Trip Report Logbook Program November 1985 through April 1998

MIDDLEZONE

Calm Tnpc Songs Nrarrbar 1alhed soak Tme
YeM MOmh Malted liaraad T tact

1995 November 13800 399 12 4 10833 86
Deaenrbc 48060 1202 3t 12 10838 76

1996 Jsrwry 38650 721 21 9 11000 80

Frbruary 32300 542 16 9 11000 82
March 43050 807 25 11 11000 76

April 47950 1128 32 11 10969 178

May 53140 1426 41 14 11104 103
June 48150 1821 50 12 11308 74
July 41705 1363 39 11 11617 73

August 46950 1525 41 12 11839 111
September 49000 1595 44 13 12023 65
October 32635 1079 33 10 12229 179
Noycnber 26800 960 27 9 72146 93
Aeoernoer 62830 1608 44 13 11894 80

1997 Jaraiary 72020 1580 45 13 11776 92

February 57100 1202 33 10 11583 105
Marrh 58920 1288 34 12 10889 69
April 62900 1417 37 12 11040 105
May 84872 2003 53 17 12010 BS
June 43560 1086 30 10 11027 79
July 80646 1852 48 18 11454 104
August 63035 1792 47 15 11910 85
Sepember 55330 1464 39 12 11908 86
October 49041 1439 38 13 11892 121
November 24500 786 21 6 12030 110
Deccrnber 29850 874 26 9 11994 77

1998 January 36130 937 27 8 11938 107
Febnrery 45070 1782 32 10 11842 80
MarCr 43630 1124 29 10 12091 126
April 17900 455 73 5 11769 B0

Total 7389446 36467 1011 330 11604 95

SOUTHERNZONE

Garth Trsps Stings Nunber 6shco Soak Time
Year Month Ib6 Naaed Hauled T tee7

1997 February 6712 155 3 2 12000 30
March 15666 610 12 4 12170 48
April 24980 900 78 10 13583 B5
May 108388 3427 77 28 17623 73
June 54773 1442 32 14 18922 117
Jtdy 52990 1196 25 9 19400 718
August 75760 362 9 4 17388 116
September 21240 808 15 7 20013 171
October 15927 45D 9 3 19333 200
NoKmber 17667 651 14 5 17057 248
Deocnber 9595 250 6 3 17333 222

7998 January 18480 624 16 4 10085 264
Febnrary 28697 904 25 9 11344 180
March 4400 251 7 2 17871 154

Twat 395275 72034 268 104 17614 129

F6
Draft Golden Crab SAFE Report



Appendix F Summary Update ofthe Golden Crab Trip Report Logbook Trip Interview Data and Preliminar
Production Model Analsis

Table 2 Estimated irtciderttai giant isopod catches reported
inthe Golden Crab Trip Report Logbook November
1995 through April 1998

Catch per
Catch trap haul

Year Month POUNDS POUNDS
1995 November 206 052

December 405 034
1996 January 190 026

February 105 019
March 291 036

April 168 017

May 171 012
June 607 033

Juy 646 047

August 499 033
September 813 051

October 659 061

November 476 027
December 607 038

1997 January 530 034

February 447 033
Marra 612 032
APi 941 041

May
June

2269

955
042
038

Juy ss1 o2a
August sa1 030

September 831 036
October 780 041

November 540 038
December 615 055

1998 January 547 035
February 539 026

March 436 032

April 218 048

Total 17455 035

F7
Draft Golden Crab SAFE Report



Appendix F Summary Updae ofthe Golden Crab Trip Repott Logbook Trip Interview Data and Preliminan

Production Model Analysis

Table 3 Mouthy summary of Trip Interview Program sampling for the golden
crab fishery Individual golden crabs from commercial landings are

measured to the nearest mm grapace width C1IV try NMFS and

state port ragerrts

June

July
9

September
October

November
December

1996 January
Febnrary

March

April
May

June

Juty

September
October

November

December

1997 January
February

March

April
May

June

July
9

September
October

November

December

Total

353 1468

211 1478
37 1547

475 1425
108 1548
202 1550

0

0
229 1463
25 1510

763 1435

357 1442
208 1427

170 1504

0
275 1543

138 1561

0

0

161 1577

0
293 1552
99 1464

242 1519

223 1514
0

46 1527
0

0

112 1517

0

4801 1485

111 119 175
130 102 180
203 110 181

163 108 189

152 111 186

146 105 188

97 116 169
112 128 180
102 112 174

112 104 170
111 111 170
113 125 171

90 125 179
111 124 180

83 135 180

98 123 182

1D1 112 172

92 122 174

100 123 183

83 130 170

94 130 174

126 102 189

u
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Production Model Snalvsis
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Figure 1Reported catch by month and fishing zone from Golden Crab Trip Report
Logbook database A total of 434 logbook trip forms reporting landings were
submitted November 1995 throughApril 1998
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Figure 2 Reported number oftraps hauled by month and fishing zone from the Golden SCrab Trip Report Logbook database Atotal of434 logbook trip forms
reporting landings were submitted November 1995 through April 1998
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Figure 3Monthly CPUE potmds per trap haul reported from 330 middle zone trips with
landings in the Golden Crab Trip Report Logbook database November 1995 through
April 1998 The number of monthly trips is shown above each monthly CPUE value
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landings in the Golden Crab Trip Report Logbook database February 1997 throughMarch 1998 The number ofmonthly trips is shown above each monthly CPUE value
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Appendix G Golden Crab Fishery Development

Introduction

This report is the fourth in a series that describes the colde

crab fishery in the Southeast region The focus is orrok

economic forces are affecting the development of this fishery

The previous reports are Golden Crab Market Status 99

Golden Crab Fishery Status 1996 and Golden Crab Procres

ReDOrt 1997

Fishing Industry

The golden crab fishery in the Southeast is currently operating
at a low level Reports from National Marine Fisheries Service

NMFS Port Agents and commercial dealers in Florida indicate

that at present June 1998 there is no production coming from

the Gulf of Mexico The one vessel that had been consistenty
landing crabs in St Petersburg has gotten out of the fishery
On the Florida East Coast landings are steady and light One

vessel owner continues to operate successfully out of Ft

Lauderdale marketing his catch to mostly local markets

The expected boost in production which normally occurs in the

Florida Keys in the spring and early summer does not appear to be

materializing this year as of early June Spiny lobster

fishermen are reportedly preferring to tie up their boats or to

pursue other fisheries Two vessels are reportedly attempting to

overcome gear and mechanical problems before entering the fishery
in the lower Keys

Many of the boats which qualified for permits to fish zones in

the S Atlantic have not had subsequent production Out of 35

vessels permitted to fish the S Atlantic only 11 fished for

golden crabs since qualifying Harper 1998

The golden crab fishery is an arduous fishery which requires a

substantial investment in vessel and gear and an expert knowledge
of fishing grounds and crab behavior Only those well prepared
and determined can pursue this fishery even when crab prices are

attractive

Monthly golden crab landings appear to show a cyclical pattern
see fig 1 Greatest production has occurred between March and

June or July This corresponds to the period when Keys lobster

boats normally trap golden crabs Exvessel prices for whole

golden crabs do not exhibit any pattern of change over time see

figure 2 Peak dockside price to fishermen occurred in August
of 1995 which followed a period of high production Prices then

gradually fell remaining mostly between 80 and 95 cents

thereafter Presently the industry is reporting prices mostly
at 75 to 80 cents per pound exvessel
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Appendix G Golden Crab Fishery Development

Processing and Marketing

Out of the original five companies processing golden crab

1995 only one continues located in Marathon Flcrida Moss c

the processing has been into golden crab clusters although there

is also the potential to process crabs into picked meat and ether

value added products

Although there has been some success in establishing a market

niche and name recognition this success has been limited mostl
to the Fort Lauderdale and Miami area

Golden crab markets are strongly influenced by the wholesale

market for snow crab and to a lesser degree by king and

dungeness crab This is the case because the market form is the

same leg and claw clusters and the taste and texture are very
similar In fact the sudden development of the golden crab

fishery in early 1995 was primarily due to the scarcity of snow

crab at that time see fig 3

Golden crab sells at a discount to snow crab because of market

disadvantagesie failure of the shell to turn red when

cooked like other large crabs and lack of name recognition

nationally in spite of the fact that the meat is of excellent

quality

Supplies of snow crab are currently plentiful see fig 3
resulting in low wholesale prices for snow crab clusters see

fig 4 This has caused downward pressure on the price
structure for golden crabs To exacerbate the situation Russian

and Canadian snow crab production has also been very high

The inability to create a significant market niche identity for

golden crab other than as a substitute for snow crab remains a

problem In order to overcome this dilemma steady production is

necessary coupled with promotion of golden crab as a high
quality good tasting seafood product

Golden crab processors could consider the picked meat market form
in order to avoid some of the market pressures that the cluster

market presents Golden crab meat is white flaky and has a

distinctly appealing crab flavor and texture of high quality
Based on studies conducted by FloridaSea Grant the yield cf
meat is about 23e comparedwith blue crab at 11140 This
market form would avoid the failure to turn red syndrome pf the
shelloncluster product form
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Fisheries Management

The Golden Crab Fisheries Management Plan has been in effect

since October 1996 when regulations were published to manage the

fishery in the S Atlantic The regulations include dividinc to

S Atlantic into zones limiting access to certain qualified

vessels requiring vessel and dealer permits and reporting
limiting the size of vessels prescribing allowable gear and

prohibiting possession of female crabs Quota management of tris

fishery was not implemented however

The 1997 harvest of golden crabs from the Middle and Southern
Zones of the S Atlantic totaled about 1 million pounds
according to data provided by the S Atlantic Golden Crab Logbook
Program This approximates the median estimate MSY maximum
sustainable yield for these two zones Harper 1998 Thus if

harvesting continues at this pace the fishery appears to be
about where it should be for these two zones

Some industry members are concerned about the current lack of

production and have expressed opinions that the industry will not

be successful without sustained production as opposed to

seasonal production In order for this to occur according to

these sources large vessels 50 feet are needed to cope with

the frequently rough sea conditions found offshore and to provide
the stability for trap deployment and retrieval that a large
vessel provides These sources advocate the liberalization by
the S Atlantic Council of current regulations pertaining to the
transfer of a golden crab permit from a smaller vessel to a

larger one currently restricted to a onetime increase of no

more than l0 in length The rationale provided is that many
permits will expire this fall because of the failure of some

permit holders to produce the required 5000 pounds to renew

Thus according to this argument the total harvesting capacity
of the fleet will not be increased even if some permitees are

allowed to switch to larger vessels

Both the Gulf of Mexico especially the Florida West Coast and
the Northern Zone of the S Atlantic appear to have potential for
increased production The Gulf apparently has lost its only
producing vessel The owners revealed that they have no current

intentions of reengaging in the fishery The Northern Zone has
never had much production except for exploratory fishing

Outlook

The short term outlook for the golden crab fishery will be highly
influenced by the overall market supply of other large crabs
principally snow crab Indications are that the snow crab market
will continue to be depressed through much of 1998 This is due
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to large amounts of lowpriced Alaskan Canadian and Rssia
crabs entering the market and remaining in frozen inventory
coupled with the fact that one of the major crab markets JaDa
is undergoing a recession resulting in low demand and prices

Long term the outlook changes According to NMFS biologists i
Alaska the large year class of opilio snow crabs that is now

being harvested may be played out by the year 2000 If the
history of this fishery is any indication the harvest cuota may

then drop by half and by half again the following year At ths
time the market for large crabs could strengthen and the aolder
crab industry could potentially realize a better price structure
from fishermen to processors This could result in increased
fishing especially in the Gulf of Mexico and the Northern Zone
of the South Atlantic

Suamiary

In summary current indications are that the expense of
initiating and participating in the golden crab fishery coupled
with plentiful supplies of opilio and other large crabs are

resulting in a golden crab fishery that is operating at a low but
stable level
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Alaskan Snow Crab O iliop
Wholesale Price 58 Ounce Clusters

Dollars Per Pound

figure 4 Price at 1 year Intervals
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Golden Crab Landings and Exvessel Prices

A preliminary assessment of monthly data for January 1995 to
February 1998 on the harvest of golden crab was done to suggest
the nature of possible statistical relationships among variables
especially between monthly landings and exvessel prices Table
and Figures 13 When used in a model along with other
variables landings and exvesael prices are important variables
that may be used to represent consumer buyer and producer
seller behavior in separate equations On the consumer side
demand equation one would expect an increase in landings to
reduce price disregarding the influence of income prices
or suplies of substitute products and other factors that may
affect consumersie in a carefully specified demand equation
there would be an expected negative relationship between the
quantity landed and exvessel price based on economic theory On
the producer side supply equation one would expect an increase
in landings to result from an increase in price disregardingother factors that may affect producersie in a carefullyspecified supply equation there would be an an expected positiverelationship between landings and exvessel price

The statistical properties regression output from Lotus
123 software for the three twovariable equations for the goldencrab fishery in Table 1 should be taken as indications of the
need for further data and work not as indications of the nature
of the behavior of either consumers or producers of golden crab
In the equation price f landings the low value for R
sguared indicates that variation in landings explains very little
of the variation in price Values forRsquared are expected to
be positive and in the 0 to 1 range Figure 3 is a scatter
diagram of paired exvessel prices and landings In the equation
traps f price price appears to have little effect on the
number of traps deployed Table 1 On the other hand in the
equation landings f traps the higher RSquared value
suggests that the number of traps has a positive effect on
landings as might be expected

Antozzi 1997 and 1998 reports that there was a resurgenceof fishing for golden crab in the southeastern United States
starting in 1995 based in part on strong market demand and highprices resulting from production shortfalls for the smaller of
two snow tanner crabs Chionoecetes c opilio Most notablysubstantial landings of the c opilio snow crab may occur in the
United States Alaska Canada east coast and the former Soviet
Union east coast The effect on the golden crab fishery of
variations in landings of snow crab in its major harvesting areasdepends in part on the diversity of products There appears to
be greaterdiversity for the Canadian snow crab fishery FAO
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1995 pp 2122 Including both species of snow crab c opilio
and c bairdi US landings of snow crab fell from about 357
million pounds in 1991 to 68 million pounds by 1996 NMFS 1997
p 118 According to preliminary data landings of the smaller
opilio snow crab in Alaska fell from 328 million pounds in 1991
to 66 million pounds by 1996 and then increased to 117 millio
pounds by 1997 Pacific Fishing March 1998 pp 8889 There
is a management imposed guideline for 1998 of 234 million pounds
and the exvessel price for opilio snow crab in Alaska fell from
117 per pound in 1996 to 075 in 1997 and then to 054 in
early 1998 Ibid

To the extent that golden crab appears to have found its
own market niche in the IInited States Antozzi 1997 and 1998demand sales and prices may be less influenced by what happensto snow crab production and prices Still the increased
production and lower prices of the smaller snow crab c opilioin 199798 could have an effect on the demand and prices for
golden crab Note that the latest available NMFS data on the
exvessel price for golden crab to February 1998 would not
reveal the full effect of the increased production and lower
prices for snow crab c opilio Table 1 and Figure 1 That isbased on seasonal indicators for a short time series January1995 to February 1998 it appears that prices of golden crab
could be expected to decline during the early months of a
calendar year when snow crab landings are high and then
increase later when snow crab landings are low Figure 2

Fishing for golden crab is a costly activity Antozzi 1997
and 1996 On an annual basis landings went from 173 million
pounds in 1995 average price 096apound to 083 million
pounds in 1996 average price 084 and to 103 million poundsin 1997 average price 087 It appears that monthly pricesin the range of about 080 to 100 a pound have been sufficientto keep landings at about a million pounds per year in 1996 and1997 or about 20000 to 180000 pounds per month Figure 1Prices andor landings during four months of 1995 were higherTable 1 Figure 1 Monthly landings and prices are quitevariable and trends are difficult to discern visually Figure1 If one tries to envision a straight line to represent thevolatile data over time in Figure 1 it appears that there mayhave been something of an upward trend in prices from late 1995and early 1996 say 80 cents per pound to early 1998 say 90cents a pound It is more difficult to envision trends in themonthly landings
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Table1Southeast golden ezab lsadiagc value i eswssel price atltl eflmrc

logbook du toz South Atlantic Couaeil Southeast morthl
raaei aveiaaes 19999F

Southsasc landings NC7Z

Thousand Price value

Month pauads Spouatl dollars

data
Riddle Middle Soucbeta udsouth
zone zoos soae zoaec sum

traps tbautand thoucaad thousand

hauled pounds Montf

Average

pee

Jan95 37636 9791 31036
FeD95 91170 10021 96315
Mar95 106278 9398 l9f77

Apr95 115562 9067 306536

Mey95 136370 9516 138355
Jun95 306320 9511 3a 8a19
Jul95 352073 10227 3L0057

Aug95 70351 11035 83786

Sep95 197169 9833 193676
Oec95 11896 8930 55272

Nw95 128053 825 105861 399 13600 13600
Dee95 78Sao 8313 65293 1202 68000 68060
Jan96 56112 8100 65152 721 3BiD 38650
Feb96 3516 8207 29278 502 32300 3200
Mar96 10569 7903 83332 807 13050 63050
Apr96 121578 8052 97ff9 3328 a795D 7950
May96 121713 7982 9713 1630 53160 53160
Jun96 171567 1533 161371 1821 8150 68150
Jul96 3a 117 703 39093 1313 1705 61705
Aug96 la Ct0 8698 12719 1526 66950 6950
Sep96 1036 89 CB 59536 1595 69000 69000
Oct96 37393 8737 72670 1079 32675 32635
Nw96 25221 8996 32iea 910 26800 26800
Dec96 60862 90 9a 37113 5608 12830 62830
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Sep97 53261 9389 69988 1686 55330 21 360 76 570

960
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9 9393
10

Nov97 59387 9366 55527 766 2a 500 17667 62 167
8988

11Dec97 29396 9518 37979 B7 29950 9 595 39 565

8875

Jan98 62565 9673 11176 937 36130 18680 Sa630

13 8975

Feb98 62392 9000 56153 1182 65070 28697 73767
Mar98 1126 63630 6600 68030
Apz98 655 37900 17900

Price Isouthesstl f landings swtbeasU iradiagt Inid none f Itrapc mi d zone
Regression Output R i

CORttanC egress on Output
890826 Constant 6 3781Std Err of 7 StC 78373 Std Eri of Y Sst

R Squared 00083 R Squared
82863

No of Observations 38
07331

De f P
No of Observations 30grees o itadom 36 Degraac of Freedom 3B

X Coe1licientlsl 00092 X Coefficientls 0 0329Std Err of Coe 00168 Std Eri of Coe 00037

Tzapc laid zone tpricc southeast

Regression Output
Constant 5796558
Std Err of Y Eet t033a73

R Squared 00117
No of Observations

2B
Degrees of Praadae

26

X Coefficientlsl 7aa61
Std Err of Coef 137631
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Appendix I Golden Crab Progress Report

At present there are five or six vessels dedicated to harvestinc

golden crab full time One is docking in St Petersburg one in

Ft Lauderdale two in Marathon and one or two in the lower Keys

Two companies are processing golden crabs into frozen cooked

sections clusters

Golden crab dealers and processors are trying to recruit

additional new vessels into the fishery but without much

success Seasonally however several more boats fish for Golden

Crab This occurs between March and July during the closed

lobster season when lobster boat operators engage in this

fishery to supplement their revenues At that point the number

of boats active in the golden crab fishery reaches about one

dozen

Combined Gulf and South Atlantic landings during the latest

twelvemonth period June 1996 through May 1997 totaled 897000

pounds down 46k from the previous twelvemonth period June 1995

through May 1996 The total value of crabs landed exvessel

during the most recent 12 months totaled 781000 This also

represents a decline down 48t from the total value recorded

during the previous twelvemonth period

Despite the drop in volume and value wholesale dealers report

that golden crab appears to be creating its own market niche

Repeat business has become more commonplace This is a positive
sign for long term health of the industry However lack of

product is inhibiting the market from expanding

An explanation for the lack of production is the difficulty and

cost of conducting the golden crab fishery This fishery requires
a sizable investment of special gear including trap long lines

traps buoys and onboard holding facilities that will keep
crabs alive Furthermore the deep water nature of the fishery

can result in lengthy trips primarily for those vessels fishing
off FloridasWest Coast the need to operate in adverse sea

conditions and dealing with strong currents that may submerge
the locator buoys for the trap longlines

Exvessel prices are an important factor in attracting vessels to

any fishery Exvessel prices for golden crabs have averaged 583

per pound for the last two months see attachment This can be

compared to monthly exvessel prices of 90 to 104 received

during the spring and summer of 1995 when the number of active

vessels was estimated at 20 to 25 including several large

Alaskan vessels

Exvessel prices for golden crab are being depressed by the

abundant supplies of other large crabs primarily snow crabs

I2
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Appendix J New Fishery Awaits Mangement and Fishermen Fathom Vo17Nol

Crabs Offer Golden Opportunity
NEW FISHERY AWAITS MANAGEMENT AND
FISHERMEN
By Jay Humphreys

In the fouram darkness the

gentle throb ofthe LadyMarys
diesel engine echoes softly from the

highrise office buildings and apart
mentcomplexes lining the inter

coastal waterway In a few

hours the streets ofFort Lauder
dale will be filled withsnarling traf

fic and harried corrnnttters ntshittg
to their desks By then the

boats captain and twomancrew

willhave left the city far behind in
theirpursuit ofone ofthe seas

newest and most promising
catchesthegolden crab

Wevebeen catching these

crabs full time four alittle mote than
three years says Richard Nielsen
Jr as he deftly guides the Lady
Mary down the center ofthe canal
Iguess that makes us the most ex

perienced golden crabbers in the
business

Nielsen explained that Like

many things in lifehe andhis
familys dedication to golden crab

fishingwas more a maner ofneces

sity than design Years offish

trapping came to an end at mid

night on December 31 1991
when new regulations prohibiting
the traps took effect During the
previous ten years the Nielsens
had learned a lot about where to

find golden crabs because the little

known crustacean had often Dome

up in their fish traps Itdidnt
take theNieLsens long to switch
from fish traps to crab traps

J1
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Fish trapswere outlawed as of

January 1 1992 Nielsen said

Thatsthe day webecame full

time golden crab fishermen

A Tough Job Gets a

Little Easier

Getting into the golden crab

business is not easy Nielsen ex

plained Not only is the right kind

ofgear required agolden crab

fisherman also has to find the crabs
and to do that he has to lookin

deep water
These crabs are literally deep

sea creatures Nielsen said

They Iivemore than1000 feat
down and the job ofhandling traps
at that depth especially when you

have to deal with the strong
Gulfstream Current can be ex

hausting as well as fiusttating
We nearly starvedthe fitsyear
Tbe second year was a little better

andby the end of the thirtj year
wehad pretty much figured out

how to squeeze a profit out ofthe

fishery
In addition to the lack ofinfor

mation about the crabs anddifficult

fishing conditions the fishery has

been plagued by anotherproblem
marketing The Nielsens have

worked with Sea Grant and USDA
to develop amarket for thecrab

So far theirmajor purchaser has
been the Rustic rrna local restau

rant thatspecializes in the crab

The rest of the catch is processed
firozen and shipped to traditional

wholesale outlets andsupermar
kets Local interest in the golden
crabamong seafoodlovers has in

czeaseti ttemendotrsly and recent

drasticdeclines in the snow crab

andking crab quotas inAlaska
have stirred national and interna

tional interest in the new fishery
This fishery is ready to take

offall ofa suddenitsthe thing to

do Nielsensaid There are so

many displaced fisheuren due to

the near collapse ofsome tradi

tional fisheries and ztety resttictions
on gear They are looking for a

new fishery and thatswhyweve

gone to the Sorrth Atlantic Fisheries
Council andasked them for alim
ited entry status for the fishery
Without that sort ofcontrol this

fishery could be easily overex

ploited

Crab Provides Unique
Management Oppor
tUrllt

The golden crab fishery presents
the South Atlantic Fisheries Man

agement Council with aunique op
pornmiry toputmanagement tools
in place virvrally at theopening ofa

fishery In the past most man

agementactions have come well

after a fishery is on its way to be

ing overfished

Theres a big market for crab
worldwide andthatsgoing to put a

lotofpressure on the golden crab

fishery said Richard Nielsen Sr
the fatherofthe Lady Marys
rain and fast mate and in many

ways the father ofthe golden crab

fishery In adockside interview
he offend his views on whatthe

future holds for the fishery
Dontget mewrong Nielsen

senior said thecoming pressure
on the golden crab fishery is a

good thing Fishermen are up

against the wall finatrcially and this

is anew species with lots ofpoten
tial We probably have a two

year window ofoppornuriry for the

golden crab to establish itselfin the

marketplace before Alaskan crabs

return Myprimazy concern is to

get some regulations in place for

this 5shery as soon as possrble to

protect it for firm generations
Working with the Council the

Nielsens have helped shape pro

posed regulations for the fishery
Some ofthe key features are no

taking of female golden crabs an

opening to allow juveniles and

smaller females to escape from the

traps and an escape hatch to allow
all trapped cabs to fax themselves

ifthe trap becomes lost This

would eliminate thesocalled

g
The Council has really gone

along with us in every way to get
the right kind ofregulations in

C
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place NieLsett said Ifeel really
good abouttheirinterestinthe crab
and theprofessional way in which

they have approached managing
the fishery Not only will regula
tionsprotect the fishery itwill give
the Council ahead starton martag

ing it so futtue regulations should

seldom be needed
Nielsen also had kind things to

say about Florida Sea Grants role

in discovering and developing the

Y
Sea Grant has been in this with

us from the verybegiffiingsaid
Nielsen Infact it was Sea

Grant that really got both the scien
tificand fichng communities inter

ested in the crab Sea Grant re

searchers went out on our boat
with us and that wasa great help to

us in learning more about the crab

Nielsen also credited Frank

Lawlor the Sea Grant marine

agent working that part ofFloridas
coast with giving him an under

standing ofhowregulations are

written and introduced Frank
has helped us all along the way
Nielsen said Hehas been our

interpreter ofgovernment regula
tions as well as being the guy who

put all the meetings together and
organized us so we could get this
work done in a timely manner

Without his help andencourage
ment wemay have given upa long
time ago

Appendix J New Fishery Awaits Management and Fishermen

Public hearings on the pro

posed reguilations will be held

through August At that time the

Council will make its decision on

the fishery and it will be forwarded
to theNational Marine Fisheries
Service for afinalntling late this

year orearly in 1996

Crabs Ho

Back aboard the Lady Mary
conversation and comfort are re

duced to a minimum as the boat
movesthrough BakersHatrlover
and meets the opeasea For the

next several hoots the boatparal
lels the shore rocking justbeyond
the surf nicking toward the world

famous sites ofMiami Beach

EveninApril the subtropical
morning is uncomfortably warm

The sun slips above the horizon
andgives a sparkling glow to the
spray tossed high by the Lady
Maryscrashing bow Itis ap

parent to everyone onboard that

Floridas sunny warmth will be with
them throughout the dayswork

Its a long run out to the traps
but not nearly as far as the trip
made by the two golden crab boats

operating in the Gulffrom ports on

the west coast ofFlorida For

them the roundtrip out to the deep
water and their traps can easily
take 30 hours By 6pm 4

hours after casting off the Lady
Mary should be back at her berth

J3

Finally Richard Nielsen pulls
the throttle back and the boatbe

gins to wallow in the trough ofbril

liantly blue water Using only
LORAN and depth finder Nielsen

has brought the boat to the spot
where they had put downa trawl
of30 to 35 naps nearly 11 days
ago Nomrally the traps are left

for about fivedays but a nip to Sa

vannahto attend aSouthAtlantic
Fisheries Management Council
meeting has delayed therecovery

Once snagged the line is

quickly fed into the boats portside
hydraulic hoist Recovery of the
naps is surprisingly quick and soon

the first trap breaks the surface
Inside several golden crab seem

almost pure white in the bright sun

light It takes several seconds to

realize that the crabs are indeed

golden or at leasta warm buff

color The trap is quickly emp
tied thecrabs are stored on ice

Draft Golden Crab SAFE Report
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and the next trap is ready to be

emptied
The crabs are pretty lethargic

when they first come up said

Dave Nielsen the youngest Nielsen

crewmember Iguess the

change in temperature causes

thatand theresalso the change in

pressure for them to deal with
The water where these crabs live is

4045degrees and wevejust
pulled them up through the warm

GulfStream Butwhat they really
object to is the light Afterwe get
themin the shadeand on ice they
recovercompletely

Recovery ofthe traps removal
ofthe crabs and dropping freshly
baited traps takes less than an hour

to accomplish Then the boat

heads for the next trap location

Typically the Nielsens keep three
trawls set at all times And al

though Richard Nielsen doesnt

wantto reveal the exact location of
where his traps are set he does

say that experience has taught them

that the best place to find golden
crab is inwater more than 1000
feetdeep and on abottom made of
clay coverrd with sand

Finishing the Job

The return trip brings the Lady
Mary back into Fort Lauderdale
just as the evening tvsh hour traffic
begins to build along the streets

andhighways mming beside and

overthe inttacoastal waterway
Except for general clean up duties

andsecuring the boatat her berth
the crew is finished for the day
catching unloading and transport
ing the crabs all in one day is

largely beyond the limits ofhuman
endurance Instead the iced
catch is left aboard the boat until

The traps are

lifted onto the
Lady Marvs
deck left Once
the crabs are

removed from
the traps right
they are stored
on rce for the

nip back to

shore

am the next morning Then
captain and crewreturn and load

the live crabs into a waiting tractor

trailer From there the truck

takes the crabs to a new golden
crab processing plant located at

Marathon in the Florida Keys
The Nielsens agree that despite

the early setbacks they are glad
theyre golden crab fishermen
Notonly do they feel that they may
be on the threshold ofopening up a

new largely untapped and poten
tiallyvaluable fishery they also get
a great sense ofpride from know

ing that theyare truly the pioneers
ofgolden crab fishing With the

proper management and marketing
thenext few months couldeasily
usher in the golden age ofgolden
crabs

r
J
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MEET THE GOLDEN
CRAB

Although the golden crab Chaceon fenneri
fast appeared in scientific collections as early as

the late 1800s it wasnot until nearly 100years
later that it was recognized to be a distinct spe
cies During the 1980sFlorida Sea Grantre
searchers and extension personnel firstbecame
interested in the new crabs potential as acom

mercial market Due to their work including
threeresearch projects and a major workshop
held in 1990 interest in developing agolden crab
fishery began to grow

Dr Bill Lindberg a Sea Grant researcher at
the University ofFloridas Department ofFisher

ies and Aquatic Sciences headed two ofthe

early projects devoted to the crabasuuvey
conducted by a deep diving submersible and a

regional trapping surveytodetermine howmany
there are andwhere they can be found

The golden crab is alarge crabin a

fishery sense they are similar to theking crab
Lindberg said Butin many waysthey are

quite distinct
For instance Lindbergexplained the crabs

are thought to live as long as 35 years andmay
take 67years to reach maturity They live at

depths greater than 1000 feet and are found in
the Atlantic and in the eastern GulfofMexico on

the Upper Continental Shelf In fact the largest
concentration offemale golden crabs was found
in thenortheastern GulfwestofTampa The

proportion offemales to males declined from that
point southward around the southern tip of
Florida and up the eastern side ofthe peninsula

Based on what we know the golden crab

5sbery haspotential for commercial success
Lindberg concluded But prospective crab
bers should be aware that the crabslow repro
duction rate means the 5shery could be easily
overfished In addition working the traps in

deep water is not an easy job

J5
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Appendix K Golden Crab Growing a Fishery the Right Way National Fisherman
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When fish traps were banned off Fbrida in 1992 the Niesen Daily lost
its livelihood Turning their attention ro golden crab they helped pioneer
a promising new shery By Hoyt Childers
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PREFACE

Considerable research in recent years has been invested in
the basic biology ecology and fisheries of deepwater crabsFamily Geryonidae These efforts have been concentrated off the
southeastern United States and southwest Africa following earlier
work from the MidAtlantic states of the US to the Canadian
Maritime Provinces Species of primary interest have been the
golden crab Chaceon fenneri and the red crabs c maritae and c
c7uincuedens Only a fraction of recent data has been published
Yet the many investigators and sponsoring agencies sought to
foster regional comparisons to inform the commercial fishing
industry and resource agencies and to provide guidance for future
research investments

On January 19 and 20 1989 an invited panel of scientistsfishermen and Sea Grant Extension faculty met in Tampa Florida
to share their results conclusions and latest hypotheses This
report as a summary of workshop presentations and discussions is
simply a vehicle by which that expertise can be delivered to a
broader audience In due time the data summarized here should
appear in the primary literature Meanwhile persons needinggreater detail are encouraged to communicate directly with
individual investigators

This international workshop was possible only through the
generous sponsorship 6f several agencies and institutions
acknowledged on page iii We are particularly grateful for the
administrative leadership and financial support provided by Alan
Hulbert and the National Undersea Research Center James Cato and
the Florida Sea Grant College Program Margaret Davidson and the
South Carolina Sea Grant College Program and Hugh Popenoe and the
International Program of the Institute of Food and AgriculturalSciences University of Florida Workshop arrangements were made
by Twila Stivender and Monica Lindberg much to the relief of the
workshop cochairmen and the report was prepared for publicationby Margaret Lentz and Raren Swanson of the South Carolina Wildlife
and Marine Resources Department

Ultimately credit for this workshopssuccess belongs to the
attendees for their enthusiastic participation We very muchappreciated the collegial exchanges critical comments and good

L3
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humor Much remains to be learned about these crabs and about

the ecology of the upper continental slope in general It is our

hope that continued research will give cause for a similar

gathering in the not too distant future

WJ Lindberg and EL Wenner

Workshop CoChairmen

April 1989

r1
J

r1
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TraDIE t3NYTElS7TYO8 OP GERYOHfD CRABS

Raymond B ltaaming1

Geryonid crabs are tree deepwater crabs that are found in

ail oceans except in the eastern Pacific above Chile They occur

in depths from about 100 to mare than 2500 meters

Studies on the geryonids have revealed t2xat the family

comprises three genera GerYnproper with three anteralateral

teeth on the carapace containing two species restricted to the

northeasternPtlantic and Mediterranean G trisoinosus Herbst

G tridens lcroyerp and loanaipes A Milne Hdwards

Although these are relatively sma11 geryonds with maximum

carapace widths of about 10 cm they are fished commercially

Twa new genera Chaceon and Zaricsuievon bath with five

anteralateral teeth an the carapace have been recognized in the

family Zarioluevon containing one smaYl species Pram ca 2500

meters in the western Mediterranean was named for R Zariquey

Alvarez Its size width about 2 cm shape and inflation of the

carapace distinguish it frame the othergryonid genera the second

new genus Chaceon was named far Fenner A Chace Jr and

contains all of tine species now placed in Gerson that have five

anteralateral teeth on the carapace it includes 11 named species

previously placed in Gervon G affinis A iwiilne Edwards

Bauvaer northeast Atlantic G chum Macpherson Namibya and

South Africa G a heae Macpherson Valdivia Bank fenneri

Manning Holthuis west Atlantic G rangulatus Ingle rest

Africa granlatus Sakai Japan G inahami Manning

Halthuisp Bermuda G macrihersoni Manning HolthaYis southwest

Indian Ocean and south Africa maritae Manning Holthuis

west Africa G naulensis ChunD south Indian Ocean and 6

8uiaeuedens Smith northeast atlantic Ten new species have been

described from this genus 4 South American 2 from St Helena

1 northeastltlantic 1 Mediterranean 1 from Madagascar 1 from

the central Pacific Members of this genus are large crabs with

carapace widths ranging from about 75to more than 20 cm

Characters that are important in the group include color in

life red tan gurglebrown or white most species are red ar

tan size of carapace spines in adults presence of an Dotes

carpal spine an the cheliged presence of a distal dorsal spine an

National Museum of Natural History Crustacean Division

Smithsonian Institution

J
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Draft Golden Crob SAFE Report



Appendix L Geryonic Crabs and Associated Continental Slope Fauna A ReseazchVlorkshop Report

LJ

the walking legs relative length of the walking legs andstructure of the dactylus of the walking legs whether laterallycompressed or dorsoventrally depressed Depth range of adults mayalso be important

Some generalizations about geryonid crabs are

Red species often live in deeper waters than tan ones

Young crabs of some species may live in considerably deeperwater than adults The young of G trisoinosus settle up to iooometers below the adults and migrate upwards as they mature

In some species young crabs resemble adults whereas in othersthey may be very different

Often two or more species occupy the same general geographicrange When this happens they may be separated by depth range ofthe adults

not occur beyond one part of one oen and may evendbe restrictedto limited areas such as undersea banks

L L9
Drafr Golden Crab SAFE Report



Appendix L Geryonic Crabs and Associated Continental Slope Fauna A Reseazch Vlorkshop Report

ANIMALSEDIIONTREL7ITIONSHIPB INVOLVING i
RED CRABS CHACEON OIIINOIIEDENB ON THE SOIITHERN HEA ENGLAND

IIPPER CONTINENTAL ELOPE

RB lrhitlatch2
JF Graiile3
LF Boyer
RN Zajacs

In August 1987 we began a multiyear research program on the

southern New England upper continental slope depth 750 m using

the submersible DSRV JohnsonSeaLink Our focus was on the role

that large mobile epifaunal organisms have on the biological and

physical structure of the seafloor Specifically we were

interested in examining the red crab Chaceon auinauedens one of

the most abundant epifaunal species at the study site We

postulate the effects of Chaceon on the seafloor are manifold For

example redcrab excavation activities are likely to greatly effect

the type and abundance of infaunal species and potentially
interfere with the natural nearseabed hydrodynamic regime

Alterations in nearbottom velocity profiles can greatly enhance

or reduce larval settlement and subsequent recruitment in soft

bottom areas as well as alter the accumulation andor removal of

organic materials settling on the seafloor In addition the

activities of these organisms can greatly alter the physical

structure of the seafloor by destroying or altering sedimentary

texture and fabric in addition to accelerating rates of sediment

mixing relative to the surrounding seafloor Such activities can

greatly alter the movement of particulate and dissolved materials

into and out of the seafloor

Results of our sixday cruise indicated the study site was

extensively bioturbated by the activities of epifaunal organisms

Analysis of videotape transects showed that roughly onehalf of

the seafloor was covered by a variety of biogenic structures

ZDepartment of Marine Sciences University of Connecticut

3Department of Biology Woods Hole Oceanographic Institution

Department of GeoSciences University of WisconsinMilwaukee

SEnvironmental Sciences Program University of New Haven
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Small depressions and pits less than 20 cm in diameter were themost abundant structures while mounds caves tunnels and troughswere less abundant Although it appeared that red crabs weretteprincipal biotic modifiers of the seafloor other species eogalatheid crabs white hake and flounder were also actinc s
primary sediment excavators or modifiers of the red crabprod dbiogenic structures Sediment samples collected from several t as
of structures indicated significant differences in pore wa er
content and bulk grainsize analysis particularly in the upper 2
4 cm of the sediment Xradiographs of the sediment indicatedbiogenic mixing depths to 2030 cm as well as extensive
heterogeneity in microtopographic relief and sediment textural
fabric

Patchiness of biogenic features was quantified over a rangeof spatial scales Three of the eight biogenic structures smallpits large depressions and caves were aggregated at the scale of
a single photograph 39m2 Measures of patchiness as a functionof length scale indicated structurespecific patterns of patchiness
on scales of tens to hundreds of meters

The most abundant epifaunal organisms at the study site werered crabs 89 organisms100 m followed by eelfish Aldrovandiaaffinis 67100 mZ galatheid crabs undasp27100momGulfStream flounder Citharichthvs arctifrons 12100 mZ rattailfishes COrvohaenoides Cara us 11100 mz and white hakeUroDhycis tenuis 07100 m Many of these organisms were foundin association with various biogenic structures and theirindividual dispersion patterns were in part autocorrelated withpatterns of microtopographic relief

Samples of infatuta revealed the study site was dominated bypolychaetes 658 of the total fauna bivalves 9gaplacophorans 47 and amphipod crustaceans 36 Infaunaldensities averaged 1986per 225 cm2 with a relatively high degreeof betweensample variation The fauna was dominated by membersof the polychaete families Opheliidae Paraonidae Capitellidae andAcrocirridae

Znfaunal samples collected from various biogenic featuresburrows tunnels mounds and pits were compared to samplescollected from flat areas no structures present While we arestill processing samples preliminary results indicated nodiscernible relationship between polychaete molluscan andcrustacean abundance and biogenic features In addition noapparent patterns existed between relative abundance of infaunalorganisms associated with biogenic structures when compared to flat

L I
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areas Infaunal species composition however was highly variable
between biogenic structures and areas without structures
indicating a high degree of spatial heterogeneity in species
distributions associated with epifaunalgenerated disturbance of

the seafloor

Support for shipboard and submersible operations were provided
by NOAAsNational Underwater Research Center at The University of
Connecticut Avery Point We thank A Desbonnet S LeglerBrown
and R Petrecca for laboratory assistance
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DISIBU3IO37 71aiD DiDOF Si4LIiEH CRAB C3ACECDN FEDtT7ERI
IlI T8DTEiTIANTIC EICtA1

Elizabeth F Fanners

Exploratory trapping for golden crab Chaceon fenneri was
conducted in 1985 and 1986 eff South Carolina and Georgia
Objectives were to determine depthrelated changes in abundance
size and sex campositon of golden crab in the south Atlantic

Eight evaluate traps soak time and dear gerformance in an effort
to agtimize fishing techniques and describe adult life history in
terms of habitat and regraductive biology A buoyed system with
strings of six traps three sideentry Fathoms Plus and three top
entry Florida traps was fished ins seven depth strata 274366 m

150200 fm 367457 m 210250 fm 458549 m 251300 fm 550
40 m 3415350 fm 64i732 m 351400 fm 733823 m 40145t fm
and r323 m x450 fm A total of 770 traps collected 4387 golden
crab that weighed 3936 kg

Catches of golden crab were related to depth Catch per trap
increased from 23 crabstrap 2 kgjtrag in the shallowest stratum
sampled to a maximum of 12 crabstrap 10 kgtrap in the 458549
m depth zone catches then declined to 1 ndividualftrap in
deeper strata Catch per trap of Belden crab from this study
compares favorably with catch rates reparted in the Gulf of Mexico
Distribution within strata was apparently related to bettom type
since catches were highest on sediments of siltclay and

globigerina ooze whilefew crabs were collected from coral rubble
bottom

hex composition changed with depth with male crabs
significantly outnumbering females in depths from274549 m In
the 733823 m stratum female golden crab were significantly more
numerous than males Over all strata male golden crab outnumbered
females by 151 Although the data suggest segregation of the
sexes by depth it is not known whether seasonal migrations related
to mating or spawning occur among golden crab

The small number of females collected precluded any definitve
statements regarding ovarian cycles or spawning patterns Based
on ovarian development vulval condition and presence of seminal

6SC uTldlife and Marine Resources Department Iwlarine
Resources Research Institute
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products it appears that female golden crabreach sexual maturity
at sizes between 90110 mm carapace width ovigerous female C

fenneri were collected only from MayAugust however these data

do nat substantiate a spawning season in the South Atlantic Sight
because we were unable to obtain seasonal coverage of all depth
strata

Submersible dives were made in the vicinity of trap sets to

provide information on habitat types and densities of golden crab

Observations were made along 85 transects in depths of 389567 m

approximately 122 km southeast of charlestonr SC Seven habitat

types were identified during dives softdimpled ooze 293475 m

a flat foraminiferan ooze 405567 m rippled bottom 419539 ms

dunes 389411 mblack pebbles 48i564 m low rock outcrops

503512 m and coral mounds 503555 m A total of 109 golden
crab were sighted within the 583450 mz of bottom surveyed
Twentyseven percent of the golden crab occurred in the flat ooze

which comprised 31 of the total area surveyed Density mean

no1000 m was significantly different abrong habitats with

highest values 07J1000 mz noted among low rock outcrops Lowest

densities were observed in the dune habitat O1j1000 mZ while

densities for other habitats were similar0150221000 m The

low density 19 individualsha of golden crab in our study area

and the comparatively high catch per trap suggest that golden crab

are drawn to traps from a wide area

L14
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FAT1ERNB dF FoFIIYAlIQNBTRIICTIIRE R ABII7IDAl1CE
FORioLUEb AtD RED CRAIIS g27 fgE

EASTERN GIIYF OF MEZICO

1PJLiidlberg and FD Lockhart
NJDlake and RR Erdman
BPi Ferry ead RB Raller4

A Chaceontypical bathymetric pattern of partial sex
segregation females above males and crab size inversely related
to depth was corroborated in the eastern Gulf of Mexicoforgoldencrab C fenneri and seems to hold there far red crab c
aunouedens Variations in that pattern however contradicted a
simple upslope migration with age to fully eplain thedistribution instead sampling at mediumtofine scales and broad
scales helped refine a working model in which females distribute
themselves to accommodate successful reproduction while malesdistribute themselves to compete effectively for mates Bottom
type and probably temperature aggear to set limits on
distributions

At a mediumtofinescale the Yrathymetric distribution and
abundance of Chaceon spp between 348 m and 77m weresamgledvia submersible transacts and longline trapping in addition to
the Chaceontypical depth patterst golden crabs were most numerous
at depths where most hard bottom was foundie 55D m in Year 1
and 437 m in Year 2 and were seen disproportionately more often
on hard bottom regardless of depth Red crabs were found only onbiotiarbated Test Florida Lime loud at the deepest contours sampled677 m and 787 m Large C fenneri males and females were most
numerous at shallowest depths but large males were also in lownumbers at ttte deepest contour Greater proportions of crabs wer
mated at the two deepest contours surgestng that large malesonce paired carry females downslope

Effects of season geographic area and depth on broadscale
patterns of catch per trap Sind erab size were examined withrepleate trap sampling in the norttteastem Gulf oMexico Golden

TDepartment of Fisheries b Aquaeulture University of Florida

Department of Marine Scienee University of South Florida

9Gulf coast Research Laboratory
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and red crabs differed in geographic as well as bathymetric
distributioms lithm limits of our samplimg die geographic
distributonofC fenneri was restricted to the upper continental
slope off peninsular Florida while that of ounouedens was

adjacent to the northern Gulf coast Neither species was common

adaceart to Desoto Canyon Regardless of sex overall average
catch pertrap was greatest for golden crabs at the southeastern

station while that of red crabs was greatest at the northwestern
station Far both golden and red crabs the proportion of females

increased counterclockwise around the northeastern Gulf within

their respective ranges Male and female red crabs were largest
at northwestern stations Golden crabs exhibited the Chacean

typical bathymetric pattern but seasonal shifts occurred in

population structure across depths with some lags between

geographic areas From these patterns and other data we suggest
the Loop CurrentFlorida 47rrent system has a causal relationship
with behaviors affecting distributions of these species

For golden crabs m situ density estimates and e3efined ranges
in the eastern Gulf combine to yield a crude estimate of adult

standing stock at 78 million crabs witfii biomass estimated at 616

milliom kg 136million Posy dome a sustained majoagolden crab

fishery in the region does not seem likely Comparable red crab
estimates are not yet possible
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CBACEON lSARITAE STIIDZES OFF SOIITH WEST AFRICA

Roy iielvilleSmith10

A number of papers dealing with the biology of Chaceon maritae
have been published in recent years and many of the facts that
have come to light in these papers are relevant to the
understanding of population trends in the fishery Some of this
information has been combined with new ideas to explain observed

changes in the annual catch rates and size frequency distributions
of commercial red crab catches off South West AfricaNamibia since
the early 1980s

Chaceon maritae are slow growing reaching both maturity and

age at first capture by the commercial fishery at 79 years 7590
mm carapace width CW Ovigerous animals are scarce comprising
only 0 10 2 of all females sampled

Mature C maritae females move considerably greater distances
than the rest of the population generally in a northward
direction It is hypothesized that these animals are migratig
into central or northern Angolan waters prior to becoming
ovigerous It is further hypothesized that larvae produced may
migrate into surface waters and be transported southwards by the
Anolan Current to settle in their highest concentrations between
the summer 22 S and winter 15 S frontal areas formed by the
confluence of the South Angolan and Benguela currents Catch rates
have decreased on the Namibian commercial crab grounds since 1980
but not in a uniform fashion The northern and central areas of
the grounds are highly dependent on new recruits to the fishery
ie crabs of 7590 mmCW Catch rates in these two areas were

reasonably constant up until 1984 but have subsequently eased
whilst oscillating markedly

By comparison the catch on the southern Namibian crab grounds
south of 20 S is less dependent on new recruits to the fishery
Catch rates in this area have fallen drastically since 1980 but
do not show the same fluctuations described for the northern areas

The oscillations observed in the northern and central areas
are thought to beduetothedelayedeffects of depletion of the
brood stock by fishing pressure It is suggested that this

10Sea Fisheries Research Institute South Africa
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situation has led to recruitment now being more dependent on

environmental conditions eg favorable ocean currents for larval

transport than in the past and that the recent catch rate

oscillations reflect yearclasses of variable strengths entering
the fishery

The decline in catch rates in the southern area is attributed
mainly to the effects of fishing mortality It is argued that
larval recruitment to this area is minimal because it falls outside

of the area influenced by the Angolan Current

i
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FECIINDITY AND REPRODIICTIVE OIITPDT IN
CHACEON FENNERI AND C OIIINOIIEDENS

AnsOII H Hinest

I recently compared the covariation of reproductive traits in
two species of large deepsea crabs in the family Geryonidae
Hines 1988 Chaceon fenneri and C ouinouedens As in other
crab species Hines 1982 in press body size was the primarydeterminant of reproductive output in the two species Howevertheir brood masses at 16 and 22 of body weight are considerably
larger than the 10 average in most other species and are near the
upper extreme of apparently typical interspecific variation Hines
1982 1986 in press but much less than certain commensal species
Pinnotheridae Hines in review Haplocarcinidae RK Kropppersonal communication Egg size in the two species is also
relatively large and C auinauedens has one of the largest
reported eggs of brachyurans with marine planktonic larvae As a
result of partitioning the brood into large eggs fecundity per
brood is low compared to many species of comparable size
Comparison of covariation in reproductive traits using ANCOVA to
adjust for differences in body weight showed that C c7uinauedens
had approximately 50 larger volume of the body cavity for
accumulation of yolk resulting in about 50 larger brood mass than
C fenneri Despite its larger brood mass egg size in C
ouinauedens was about twice as large as in C fenneri resulting
in about equal sizespecific fecundity per brood in the two
species The published literature indicates that both species
produce about one brood per year which is incubated over the winter
in the northern hemisphere although C cruinquedens exhibits low
levels of brooding yearround Large yolky eggs in C auinouedens
are likely to contribute to the nutritional flexibility of its
larvae Sulkin and Van Heukelem 1980 but apparently have
coevolved with significant changes in female morphology and
reproductive output

The following table summarized relevant parameters for size
and sizedependent variables of reproductive output and fecundityin the two species Note that both arithmetic means and least
squares means are given after adjusting with ANCOVA for differences
in body size

ttSmithsonian Environment Research Center
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C rntinouedens C fenneri

Body Size

Carapace Width mm
Arith Mean 107 124

range 98118 110143

Dry Body Weight g
Arith Mean 68 93

range 4890 74117

Volume of Body Cavity cm3
ArithMean 73 62

range 4791 4873
ISMean 83 55

Brood Size

Dry Weight g
ArithMean 15 15

range 1022 I221
ISMean 17 12

Eaa Size

Diameter g
ArithMean 731 568

range 648760 538588

Volume mm3
ArithMean 1636 0767

range 11401838 06520851

Fecundity

No Eggs per Brood

ArithMean 162000 283000

range 132000226000 188000371000
LSMean 175000 225000

No Brood per Year

ArithMean 1

range 02

L20
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ANNUAL REPRODIICTION IN DEEPSE71 BRACHYIIR7NCRABS
CHACEON 9pp FROlS TSE SOIITHEABTERN IINITED STATES

RB Erdman and HJ Blake12
HM Perry and RB Rallert3

AJ Lindberg and FD Lockhartt

Previous studies of deepsea reproduction patterns indicate that
in the absence of changing environmental conditions continuous

cycles are to be expected Patterns of this type have been
reported for deepsea Chaceon crabs including C maritae and C
auinouedens However studies of C fenneri from southeastern
Florida and the eastern Gulf of Mexico indicate that this species
exhibits a pronounced annual reproduction pattern Additionally
C rnainauedens from the Gulf of Mexico also shows an annual

pattern although more protracted than that of C fenneri

Initial studies of C fenneri were conducted on monthly samples
obtained from the commercial fishery centered off Ft Lauderdale
Florida Oviposition begins in midAugust and continues through
early October with eggs carried for six months until hatching
during February and March A single batch of eggs is produced
annually with brood size highly correlated to carapace width
Samples from this study were limited to depths between 210 and 230

m thus data on bathymetric distributions were not obtained

Additional research conducted in the eastern Gulf of Mexico
involved seasonal sampling at five areas over depths of 311 494
and 677 m and permitted a comparative study of reproduction of C
fenneri and C quinouedens Chaceon fenneri was present only in
the southern portion of the study area while C auinouedens was

collected at all areas sampled Each species was bathymetrically
segregated with C auinouedens found only at 677 m where
temperatures were less than 80 C Female C fenneri were present
at all depths sampled but were most abundant at 311 and 494 m

Temperatures at these depths averaged 120 and 80 C respectively
Largest females were found at shallowest depths suggesting a

reproduction related upslope migration

tZDepartment of Marine Science University of South Florida

13Gulf Coast Research Laboratory

tDepartment of Fisheries Aquaculture University of Florida
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Both species exhibit an annual reproduction cycle but

differences in the timing of oviposition were noted Chaceon

auinwedens carried eggs for nine months following oviposition
during early summer while eggs of C fenneri were carried for six

months subsequent to oviposition during late summer Larvae of

both species hatched during early spring

The annual reproduction pattern shown by C fenneri and C

ouinauedens infers the presenceofsubtle zeitgebers which serve

to synchronize oogenesis vitellogenesis oviposition and larval

hatching Variations in reproductive cycles noted may relate to

environmental differences that each species experiences over its

depth range on the continental slope The upslope movement by C

fenneri suggests reproductive accommodation to environmental
conditions that may enhance egg development time and reduce

vertical distances for larvae migrating into surface waters The

molting and reproductive cycle of at least C fenneri suggests that

although the population as a whole undergoes annual reproduction
individuals within the population may be reproducing biannually

L22
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REPRODIICTIOH IN TALE 1ND FElSALE CHACEON

Gertrude lf Sinsch15

Specimens from the deep waters of the eastern Gulf of Mexicowere collected by commercial fishermen from May 1984 to May 1985and prepared for study The carapace width of each specimenreceived was measured The reproductive tracts of the 37 malesand of the 50 females were dissected out and placed in Karnovskysglutaraldehydeparaformaldehye fixative 91965 Tissues were postfixed in 1 OsO dehydrated in a graded acetone series andembedded in Spurts low viscosity media 1969 Tissues for lightmicroscopy were fixed as above and embedded in Polyscience JB4embedding media sectioned on a JB4microtome mounted on glassslides and stained with toluidine blue Tissues fixed as abovewere criticalpoint dried dehydrated coated with goldpalladiumand viewed with a Zeiss Novascan scanning microscope
Mature male Chaceon enner are larger than mature females 95145cm vs 135 18 cm The reproductive tracts are typical ofbrachyuran crustaceans Analysis of light and electron micrographssuggest that in specimens of C fenneri from the Gulf of Mexico asingle reproductive season exists

In the male the testis and vas deferens is much reduced in sizeand contain primarily spermatogonia and sustentacular cells duringthe late spring and summer months Beginning in SeptemberOctober numerous acini of the testis become filled withspermatocytes in various phases of meiosis As the seasonprogresses the acini become filled with more advanced stages ofspermatogenesis until they become filled with mature sperm inJanuary February While it is possible to see a few acini withdifferent stages at all times most of the acini contain moreadvanced stages with progression of the season

The anterior portion of the vas deferens contains somespermatophores at all times However beginning in January itbegins to swell By March the middle and posterior regions of thevas deferens become swollen with seminal products as well Theanterior vas deferens produces the wall of the spermatophores whichthen become surrounded with seminal fluids produced in the middlevas deferens As the number of spermatophores increases in the

tSDepartment of Bioloqy University of South Florida
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anterior region some may also be seen in the middle region The

posterior region of the vas deferens produces an additional seminal

product which is added to the contents of the anterior and middle

regions at the time of copulation Copulation appears to occur

during March and April after which the reproductive tracts return

to the reduced size seen during late spring and summer

The spermatophores of Chaceon fenneri contain several sperm

These are typical brachyuran sperm with several small and long
nuclear arms The wall of the spermatophore differs from that of

most brachyurans in having two layers No noticeable difference

can be observed between sperm of C fenneri and C ouinouedens

The fully developed ovary of the female is purple in color

Mature females begin oviposition in September October They
release their larvae during February March This suggests an

approximate six month brooding period Females with developing
broods will have ovaries of various size and color indicating that

vitellogenesis takes place concurrently with embryonic development
of the eggs in the brood pouch

Other females collected during the late winter spring months

also exhibit ovaries at various stages of development The seminal

receptacles of mature females appear small in size from May to

February Swollen seminal receptacles have been found in females

with hatching embryos or egg membranes attached to their pleopods
Females with ovaries in the early stages of development also appear

to have swollen seminal receptacles at this time Analysis of the

contents of the swollen receptacles showed quantities of a

translucent material as well as a white aggregate The translucent

material resembles that of the posterior vas deferens and the white

aggregate contains sperm In April and thereafter the translucent

material disappears from the seminal receptacle although the sperm

persist These sperm are retained until oviposition

These data suggest that 1 females may mate following the molt

to maturity and that then ovarian development commences and

continues in these females until the time of oviposition or 2

females are capable of mating in the hardened condition following
larval release It would seem that females might be reproductive
for several seasons The number of barnacles attached to as well

as wear to the edges of the carapace tend to support this premise
No eggsoreggcaseswere found on any females collected during
April or May

The progressive changes seen in both males and females of

Chaceon fenneri thus suggest but a single breeding season

7
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1 1

7H 188E88MENT OF TH8 GEORGIA GOLDEN CRAB FISHERY

Drer 1Candallta

Crabs belonging to the genus aceo are nonswimming uppercontinental shelf inhabitants of the world oceans To dateapproximately 20 species have been identified and it is likelythat more will be discovered Species reported off the UnitedStates in the Western Atlantic and Gulf of Mexico include the redcrab Chaceon utinouedens and the golden crab Chaceon fenneriManning and Holthius 1984

Golden crabs are known to range from South Carolina down the
Atlantic Coast of Florida and into the Gulf of Mexico Althoughsome information regarding red crab biology and exploitation is
available data concerning the golden crab is limited As a
result the Georgia Sea Grant Program initiated an assessment ofthis resource

Eight cruises were made between November 2986 through October1988 aboard the RV Georgia Bulldog This vessel is a 22 meterwood hull shrimp boat which is equipped with a topside mountedlongline reel and an extensive array of electronics

Basic longline techniques were used to set out the traps Fish
carcasses were used for bait Soak times were generally 20 hours

Thirty six sets containing 612 traps were made Yield from 577
recovered traps was 3025 kilograms of whole golden crabs Averagecatch per trap was 7 kilograms Approximate weight per crab was09 kilograms The only other animal caught in significantquantities were Jonah crabs Cancer borealis

Golden crab sexes are distinct Males are larger and possessa narrower shaped ventral apron Our data also indicatesegregation by sex A total of 3176 crabs were sexed and measuredThese animals were recovered in depths ranging from 240 to 490meters average depth about 366 meters Eighty 25 of theseanimals were female and the remainder 3096 975 male

16Georgia Sea Grant Extension Program
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Carapace widths were measured in a similar manner as with blue

crabs Callinectes s s The size range was 75195 mm mean

151 mm standard deviation 20 mm and the mode was 160 mm

Assuming that small crabs and females are not trap shy and that

crabs recruit to the gear at 75 mm this data seems to indicate an

old population comprised of multiple year classes Determination

of the number and age of these classes is difficult since data

regarding the golden crab are lacking However studies on other

species of Chaceon crabs particularly the red crab suggest that

this is an old slow growing population

An atempt to determine the population density of golden crabs

in two areas subjected to continuous fishing pressure was made

A removal method was employed in an effort to accomplish this

The results of this endeavor showed no significant change in crab

catch over the course of 3 sets In fact catch rates and carapace

widths remained almost the same from one set to the next

There are several possible reasons for this The most plausible

explanation is that golden crabs are drawn to baited traps from a

considerable distance Given the desolate nature of this habitat

it may be essential to the crabs survival that it possess the

ability to locate food in remote locations and move towards it

Zn conclusion the potential for developing a commercial fishery

for golden crabs off the Georgia Coast is minimal Long distances

to the fishing groundsuncertain markets for the crab product and

the hostile nature of working in the Gulf Stream pose obstacles

which may be difficult to overcome
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REBPIRATORY AND CARDIOVASCIILAR PHYSIOLOGY OF

CHCEON FENNERI AND C OIIINOIIEDENB
IN NORIiOZIl1 AND HYPOZIA

RP Henry BL Handley A 1Crarup aad 8 Perryt

Individuals of C fenneri and guinauedens were maintained in
30 gallon aquaria in 35 parts per thousand seawater held between
5 and 10 C Prior to experiments animals were fitted with
electrodes and catheters and allowed to recover for 24 hours
Small diameter holes were drilled in the carapace on either side
of the heart and scaphognathite and copper wire electrodes were

implanted using cyanoacrylate glue and a rubber dam These were

connected to an impedance converter and oscillographic recorder in
order to monitor heart rate HR and the frequency of
scaphognathite beating Fscaph ventilatory rate A catheter was

also implanted in a hole drilled in the branchial chamber it was
connected to a pressure transducer and recorder in order to measure
branchial chamber pressure Pbr during ventilation Animals were
placed individually in 5 L plexiglas flowthrough respiratory
chambers and oxygen uptake VOZ was measured as the diffezence
between incurrent and excurrent OZ concentrations in the water
Heart rate ventilatory frequency and pressure were measured
simultaneously

In normoxia 140150 torr respiratory and cardiovascular values
were as follows

VOZ HR Fscaph Pbr
umol 02 gm1 min1 bts min1 bts min1 cm H2O

fenneri 00023 00005 35 3 28 7 11 03
N5

C ouinquedens 00050 00008 38 1 99 9 15 02
N4

tTDepartment of Zoology Auburn University and Gulf Coast
Research Laboratory
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Ventilatory pauses characterized by a temporary cessation of

scaphognathite activity and hart beat which are common among many

crustaceans were observed for both species but they were

infrequent Ventilatory reversals during which the direction of

water flow through the gill chamber is reversed were also observed

occasionally

The water in the chamber was made progressively hypoxic by

bubbling nitrogen through the incurrent channel As water PO

decreased to about 70 tors both species maintained near normal

respiratory rates primarily through hyperventilation Below 70

tort VOZ decreased until a critical low POZ was reached at which

respiration ventilation heart rate ceased 2535 tort for C

fenneri and 10 tort or less for C ouinouedens Recovery of C

fenneri after the chamber was flushed with normoxic seawater took

approximately 3 hours and was characterized by increased VO2
hyperventilation and tachycardia C guinauedens recovered much

more quickly usually by 1 hour and the changes in VOZ Fscaph

and HR were much less pronounced during that time

In a second

hemolyph samples
were taken from

hemolymph POZ was

below

series of experiments pre and postBranchial
corresponding to venous and arterial samples

crabs in normoxia hypoxia and recovery and

measured The values for both species are given

Post Branchial POZ
tort

C fenneri N5

C guneuedens N4

88 6

63 16

Pre Branchial POZ
torn

32 6

21 10

The arterialvenous difference is maintained in C fenneri exposed
to hypoxia down to a value of approximately 70 tort below that it

is reduced to about 2 tort A similar pattern exists for

gttinQedens with the exception being that the arterialvenous

difference remains higher 413 tort even under extreme hypoxia
It also appears that fenneri experiences an oxygen debt in

hypoxia especially at the critical low POZ at which it ceases

respiratory and cardiovascular activity Hemolymph lactic acid

concentrations more than double 076 mM to 15mM during hypoxia
and remain elevated 2 mM during most of the recovery period
This does notappear tobe thecasefor C guincuedens This

animal maintains respiratory activity to a lower critical PO2
maintains a higher arterialvenous difference in hemolymph POZ in
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hypoxia and shows no significant lactic acid buildup in thehemolymph either during hypoxia or recovery

In summary it appears that C ciuinauedens is somewhat moretolerant to hypoxia than is C enner Both species exhibitresponses to hypoxia that are typical of crustaceans in generaland which relate more to common body form and morphologicalcharacteristics shared with other species than to any specificenvironment Neither species appears particularly tolerant or welladaptedtohypoxia but neither do they appear overly sensitiveBoth species are remarkably similar to shallow water species withregard to respiratory and cardiovascular adaptations

i
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RAPPORTBIIItBCOMMENTS

COMMENTARY ON CRAB MANAGEMENT AND TSE EAST COAST

IINITED STATES GERYONID FISHERIES

David A Armstrong

Crab fisheries comprise some of the richest resources harvested

along the United States coastline In 1988 total landings
exceeded 455 million pounds worth over 383 million dollars NMFS
1989 and equaled about 25 of the total dollar value of all US

invertebrate fisheries Crabs harvested in the United States

comprise some of the most interesting life history ecological and

reproductive characteristics to be found among managed US

species and yet the nature and extent of management tends to be

relatively similar despite great variation in life history
patterns

The geryonid crab conference convened in January 1989
considered a variety of life history and ecological data for two

principal species Chaceon auincuedens and C fenneri and

discussed this information in light of the fledgling deepwater
crab fisheries situated in the South Atlantic Bight and

northeastern Gulf of Mexico In general participants at the

conference were not overly optimistic about the prospects for large
and sustained fisheries for these species because of their deep
water distribution evidence of infrequent recruitment slow

growth older age at reproductive and legal size and fairly low

density over extended regions of the species range

As background to analysis of Chaceon biology and life history
characteristics relative to their fishery potential a brief

overview of other US crab fisheries can serve to highlight
approaches used in management for species that vary considerably
in their life history characteristics Many points of contrast

and similarity have been reviewed by Jamieson 1986 who divided
crab fisheries into nearshore shallowwater species such as Cancer

and Callinectes and deep water offshore species such as

Paralithodes and Chionoecetes In addition to this bathymetric
andonoffshore distinction it is also informative to distinguish
crab fisheries based on the extent of management which ranges from

fairly passive eg Cancer maaister Chaceon maritae to highly
dynamic eg Paralithodes camtschatica and Chionoectes bairdii

taSchool of Fisheries University of Washington
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Other 88 Crab Fisheries

In the temperate to subarctic latitudes of the western US

there are three principal crab fisheries he Dungeness fishery
ranges from central California to southeast Alaska and the king
and Tanner crab fisheries largely occur in the Gulf of Alaska and

southeastern Bering Sea Table 1 The latter two groups king
and Tanner crab are extensively and dynamically managed through
joint jurisdiction shared by the state fisheries department and

the National Marine Fisheries Service NMFS As in the case of

most crab fisheries much of the management is directed toward

providing safeguards for reproductive effort by excluding females
from the fisheries and setting minimum sizes to allow for adequate
male reproduction before capture by the fisheries This tends to

highlight a relatively conservative approach to crab management in

the sense that no spawnerrecruit relationships have been
demonstrated for any species of crab in US waters and this point
was emphasized by several of the participants at the workshop for
Chaceon as well Noticeably different about the management
approach to king and Tanner crab is the extensive preseason survey
undertaken annually by NMFS that results eventually in harvest

range guidelines as the basis for a strictly managed quota system
Otto 1981 1986 NPFMC 1988 Despite prohibition against
capture of females limited fishing seasons as short as several
weeks in the case of king crab and extensive survey estimates

that lead to imposition of quotas landings for both king and
Tanner crab have fluctuated substantially over the last 1520 years
Table 1 The fisheries for these longlived species 810 years
of age for entry in the case of king crab 68 years for Tanner

crab seem dependent on relatively uncommon strong year classes
and yearclass strength is otherwise viewed as dependent on a suite
of physical and biological factors that generally lead to poor
survival of larvae or young juveniles see numerous review articles
in Alaska Sea Grant Symposia for Tanner crab 1982 king crab 1985

and Dungeness crab 1985

Dungeness crab is fished extensively from California through
British Columbia to southeast Alaska and over much of its range
has been characterized by a trend of relatively constant cycles of

high and low abundance see reviews by Botsford 1986 Botsford et

al 1989 Methot 1989 Management of this species is relatively
passive and carried out by state fisheries agencies throughout its
range This approach prohibits capture of females imposes a

minimum size limit of about 165mm carapace width CW and enforces
a season closure from fall to earlywinter Table 1 No preseason
survey exists to estimate abtndance of Dungeness crab nor is there
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a quota system All animals of legal size are vulnerable to the

fishery and indeed many states are highly dependent upon annual
recruitment to the fisheries for the bulk of landings Despite
threefold fluctuations in apparent abundance more exaggerated in
certain states such as Washington where landings have gone from
approximately 4 million pounds in 1985 to over 20 million pounds
in 1989 populations are not generally viewed as unstable and
such fluctuations in abundance are credited to a variety of

physical oceanographic or biological impacts see review by
Botsford et al 1989

The dominant crab fishery on the eastern and Gulf coast of the
United States is that for blue crab Callinectes saDidus This
is a fairly complex fishery from a jurisdictional standpoint since
in the area of the Chesapeake Bay several states manage the
resource and yet have variable management approaches concerning
legal size season and gear of capture Table 1 Both males and
females may be captured and at times even ovigerous females are

legal in certain states As a relatively shortlived species 2
years at legal size C savidus has proved to be a useful model
of recruitment variability as explained by physical and biological
features of ts habitat eg see review by Sulkin and Epifanio
1986 A range in landings of about 25fold in Chesapeake Bay has
been explained by variability in larval recruitment due to features
of wind and current transport that affect attendent larval
behavior and the extent and nature of optimal juvenile habitat
within Chesapeake Bay

A unique fishery located in the southeastern United States is
that for stone crabs Menione mercenaria and S adina which is
based not on the whole body of the animal as in other crab
fisheries but only on the extremely large chelipeds This
fishery located primarily in Florida allows capture of both sexes
and requires a minimal claw size of 7omm propodus length This
equates to an age of about 23 years depending on sex and is
further managed by a closed season designed to essentially protect
female reproduction Table 1 Ehrhardt and Restrepo 1989 From
the 1970s catch increased from about a quarter to 3 million
pounds of claws annually but has declined somewhat in recent
years

In the case of these species relatively extensive literature
exists on aspects of life history reproductive biology general
ecology and habitat requirements Yetdespite commercial
importance as fisheries sometimes for many decades a surprising
amount of information is still unknown about patterns of larval
transport habitat requirements as related to potential year class
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strength and any spawnerrecruit relationship between mature

females and any index of juvenile year class success While not

all such information is needed to manage fisheries biologists are

nonetheless often hampered in their interpretation of fluctuations

and apparent population abundance because of too little knowledge
of many aspects of species biology eastern IInited States species
of the genus Chaceon represent an acute example of this situation

GaryoniC Crab Fisheries

Before reviewing information concerning eastern US species of

Chaceon it is important to consider biological and fisheries
information from the southwest African fishery exploited by the

Japanese and targeted on C maritae MelvilleSmith this

proceeding 1988 This fishery is relatively new since about

1973 and has been exploited along the southwestern African coast

without benefit of management practices It is essentially driven

by economic considerations relative to the size of product that can

be economically processedand the extent of fishing effort deemed

feasible and profitable by Japanese fisheries companies

Several aspects of the species life history have important
bearing on trends in the current fishery data As is the case with

many geryonid crabs it is a deepwater species distributed from

a couple of hundred to 700m in waters that can range from 45 to

104 As a consequence it is very slow growing and reaches

sexual maturity between 79 years of age Both males and females

are fished and are susceptible to the fishery from age 79 but

many may range from 1016 years of age MelvilleSmith 1988
Females are mature at a size of 84mm CW but this size may reflect

fishing pressure since maturity in unexploited populations was

estimated to be about 100mm CW One dilemma faced by the fishery
is that Japanese pot gear uses a 90mm mesh dimension which is 100

selective for crab greater than 75mm CW about 9mm smaller than the

size at sexual maturity MelvilleSmith this proceedings 1988
MelvilleSmith believes that fisheries over much of the range of

C maritae have come to rely excessively on prerecruits of a given
year class reaching legal size in a single year Since the fishery
captures such a large portion of females prior to maturity and

since a very small fraction of the female population is ovigerous
at any point in time 01 to 02MelvilleSmith 1988 he fears

the combined effects may severely impact egg production and

consequently larval transport to heavily fished areas off the

southwestern African coast As evidence of this concern total

Japanese landings have declined from 597 million kg in 1983 to

472 million in 1986 Based on catch rate CPUE MelvilleSmith
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estimated that the density of Chaceon on African fishing groundshas decreased about 26 over the past six years MelvilleSmith
1988

Such trends of decreasing abundance and catch rate in the Sr hAfrican fishery portend negative consequences for the eastern ti
fishery for Chaceon as well with potentially more dramatic
consequences based on relative densities of the two speciesDensity of C maritae has been estimated to range from 40230
crabha based on pot sampling up to 350ha based on observations
with underwater photography MelvilleSmith 1985 Howeverdensity of both C auinrnaedens and C a ner over much of their
range along the eastern US and into the Gulf of Mexico has been
estimated to be substantially less although little densityinformation is available Lindberg this proceeding estimated a
standing stock of C fenneri off Floridas Gulf Coast to be about
78 million crab about 136 million pounds Wenner thisproceeding observed densities of only 19ha from submersible
observations of C fenneri However Whitlatch this proceedingreported densities of vuincuedens up to 900ha off the southernNew England coast and Wigley et al 1975 estimated densities of
130380haalong the shelf of northeastern US Over a distance
of more than 700 km they estimated a standing stock of about 43million commercial size crab 114mm 45 inches CW which equatedto about 59 million pounds total weight

It seems that estimates of abundance of surplus males greaterthan 114mm CW suggests the potential for a sustained fishery on Cauinouedens in the area from Maryland to Georges bank Howeversince the survey by Wigley et al 1975 there have not beensufficient studies to indicate whether juvenile recruitment isconsistent on an annual basis the magnitude of natural mortalityrates MelvilleSmith 1988 provides estimates for the Africanspecies and in turn estimated survival to legal size As in the
case of king crab in the Bering Sea it may be that C aceo istypified by relatively infrequent strong year classes that couldbe overly exploited by a directed open no harvest quota fishery

Fisheries prospects for C fenneri the golden crab in theSouth Atlantic Bight to the Gulf of Mexico are more tenuous Thespecies seems distributed at very low densities but has thecapacity to locate food and traps over an apparently great distanceWenner this proceeding Wenner et al 1987 which portends rapiddepletion inareas heavily fished Givenaspects of both specieslife history reviewed by Hines and others this proceeding such
as deep water distribution at cold temperatures slow growth andrelatively advanced age at maturity and legal size it seems that
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highsustained yield is not likely As in the case of other crab

fisheries listed in Table 1 managers could take a conservative

approach as apparently has been done that allows capture only of

males of a size and age beyond reproductive maturity with the

objective of maintaining species reproductive effort quite apart

from the knowledge of biotic and abiotic factors that affect year

class strength

In order to provide some likelihood of reasonable annual catch

by participating fisherman managers may want to consider a

limitedentry fishery as has been done with a number of Australian

invertebrate species Given the expense of capitalizationforsuch

deep water fishing it seems that fishermen are vulnerable to the

vagaries of surplus male abundance which could be quickly reduced

by unrestricted participation Without an annual preseason survey

and resultant catch quota at the present there is no basis to

attenuate excessive annual exploitation and spread capture of large
males over several years particularly if year classes reaching

legal size are infrequently strong as hypothesized for P

camtschatica in the Bering Sea Limited entry and effort might
achieve this goal of more stable yield although somewhat blindly
since state fisheries agencies will likely not conduct surveys to

estimate stock abundance as a means to index the degree of annual

exploitation by a limitedentry fishery

Another option as practiced for some west coast Canadian

invertebrate fisheries that are not well studied and regulated is

that of boom and bust So long as rudimentary guidelines

safeguard reproductive effort the fishery is allowed to grow to

any size unrestricted vessel participation and achieve 100

exploitation as it is able Eventual decrease in abundance and

reduction in landings are consequences to which fishermen must

adjust as they either stay with Chaceon spp or move into other

fisheries Clearly the southwestern African C maritae fishery is

precarious because management guidelines have not been implemented
to even safeguard reproductive effort through size sex and season

In comparison US Chaceon fisheries can be better managed but

species recruitment success and population dynamics might be such

as to provide only a limited and marginal fishery off many states

r
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R7lPPORTBIIR 8 COliTB

Commentary on Life History and Ecology of Deap8ea Crabs
of the Family aaryonidas

1lnaon H 8inas19

Successful management of fisheries sustaining maximum yield
requires strategic decisions from accurate knowledge of the basic
life history and ecology of target species In addition
prediction of the impact of fishing activities on the ecosystem
depends upon knowledge of the fundamental role of the species in
its natural community For crabs of the family Geryonidae
development of a data base which will allow informed management
decisions is inherently difficult because of the depth distribution
of the species on the continental slope Nevertheless fisheries
are developing for geryonid species and we need to assess our

knowledge of their basic biology In addition as manned and
remotely operated technology has developed we are increasingly
able to examine the importance of these crabs in the continental
slop ecosystem as a zone of both fundamental and applied interests

The workshop on geryonid crabs was convened to assess the state
of our knowledge and research progress on primarily two species
Chaceon auintsuedens and C fenneri the genus of these two species
was revised in 1989 from Gervon to Chaceon see below under
Systematics However a comparative approach in the workshop
emphasized similarities and contrasts among these two species and
other members of the family as well as species of commercial and
noncommercial crabs from other families This readily allowed
both scientists and managers to organize data into meaningful
patterns to assess the unique and general features of the
particular species to benefit from the mistakes and successes in
management of other species and to establish research priorities
The workshop also emphasized the need for comparative data over the
geographic range of the species because these contrasts provideinsight into the variability and flexibility of the species
biology

In addition to assessing the systematic and zoogeographic status
of the family Geryonidae considerations of life history and
ecology were organized into several subtopics The topics within
life historyanalysis fell into the sequence of the crabs life

19Smithsonian Environmental Research Center
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cycle of reproduction development growth and maturation As

these topics are aspects of population biology they led logically
into considerations of population stability dispersal resource

utilization and sources of mortality The workshop also

considered the crabs potential as regulators of benthic community
structure on the continental slope The purpose of this commentary
is to summarize the discussion emphasizing the participants
concensus about what is and is not known about the basic biology
of the crabs but it is not meant to provide a comprehensive review

of the geryonid literature

systamatios and Zoogeography Initially very few species were

thought to comprise the Geryonidae however in a recent revision

of the family three genera and 24 species Gervon with two

species Chaceon with 21 species including C fenneri C

auinauedens and C maritae and Zariauieyon with one species are

now recognized Manning and Holthius 1989 The number of

recognized species is likely to increase with additional attention

by systematists ecologists and fisheries biologists and with new

technological applications at more sites Some of the characters

used to distinguish species include phenotypic features especially
color which some workshop participants believed were too variable

within species to be reliable diagnostic characters On the other

hand the shape lateral compression vs dorsoventral depression
of the dactyls of the walking legs is apparently both a useful

diagnostic character for some species and a potential indicator of

primary substrate utilization see Resource Utilization below
The family is apparently widely distributed throughout the worlds

oceans at depths of 2001200 m especially on upper continental

slopes Although some species are small in body size and through
limited sampling are known only from very restricted geographic
ranges the large sizeabundance and distribution of some species
indicate that the family plays an important role in the slope
ecosystem on a worldwide basis

Reproduction Several recent studies have focused on reproduction
in Chaceon spy MelvilleSmith 1987 Wenner et al 1987 Hinsch

1988ab Erdmann and Blake 1988 Hines 1988 following initial

survey work by Haefner 1977 and McElman and Elner 1982
Gametogenesis is similar to that in other species of crabs

Chaceon maritae reproduces yearround and C guinquedens exhibits

low levels of brooding yearround However off New England and

Florida C cuicuedens apparently has a winter peak in brooding and

C fenneri is a distinctly seasonal winter brooder off Florida

Individual females of any of the three studied species probably do

not produce more than one brood per yeaz Also some evidence

indicates that individual brood production may be biennial in
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fenneri see Maturation and Mating below Compared to otherspecies of crabs egg size in C ce n spp is very large and
fecundity is relatively low 100000 400000 eggs per brood for
such large body size

Development and Recrnitaent Larval descriptions are avails
for C cuinauedens Perkins 1973 C dens Hrattegard od
Sankarankutty 1967 Ingle 1979 and C enneri Perry perscomm Experiments on C gttinauedens in laboratory culture
indicate that these larvae have long developmental times in coldwaters 125 days at610C but much shorter times at temperaturestypical of warmer surface waters only 23 days at 25C Rosowski1979 Sulkin and Van Heukelem 1980 Kelly et al 1982 Thelarvae exhibit considerable nutritional flexibility in theirability to develop normally even on relatively poor quality foodsuch as rotifers Sulkin and Van Heukelem 1980 perhaps as aresult of the large amount of yolk invested in the eggs Hines1988 The larval biology of deepsea crabs is poorly understoodbecause so few roses and megalopae have been sampled in the fieldbut see Roff et al 1984 1986 However the lab experimentsand the few larvae collected in the plankton indicate thatdevelopment occurs near the surface as is typical of most crabsLaboratory studies of larval responses to temperature pressure andgravity indicate that larval C auinQUedens can migrate verticallythrough the water column with swimming behavior that allows themto pass through marked thermoclines which is adaptive for movingearly stage larvae up to the warmer foodrich surface waters andfor producing wide larval dispersal in surface currents Kelly etal 1982

Very few small crabs have been collected or observed in thefield and the timing habitat and intensity of recruitment arepoorly understood The few small crabs which have been found comefrom the deepest zones of the species distribution for Couinauedens and C fenneri Wigley et al 1975 We need to testquantitatively the validity of this observation by trying todetermine whether the lack of small crabs observed via submersibles
Lindberg and Lockhart 1988 and their paucity from trawls istypical or whether our sampling designs have been inadequate Weneed to know whether recruitment is specific to greater depths orwhether recruitment occurs at all depths and small crabs sufferhigher mortality at shallower depths

ciroxth Deepsea crabs appear to be slow growing longlivedanimals 1n some cases eg female c fenneri off the SouthAtlantic Bight of North America Wenner et al 1987 populationsexhibit polymodal sizefrequency distributions but it is not known
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if these modes correspond to yearclasses or instars If the modes

are instars then the number of instars is not unusually large but

the molt increment is substantial 4050 for 100 mm crabs

declining to about 14 for 145 mm crabs If the modes are year

classes then these are estimates of annual growth but they tell

us nothing about the number of instars although the occurrence of

annual molting in females would equate number of postmaturation

instars and years but see Maturation and Mating below Most

populations especially males show no polymodality in size

structure Sizefrequency analysis of all populations of C

Tetiedens C fenneri and maritae do show that males grow

substantially larger about 50g carapace width than females

Other things being equal large size at settlement will reduce

the time and number of instars required to grow to maturity Hines

1986 Size at settlement of the first crab instar is unusually

large 4 mm carapace width in C nguedens Van Heukelem et al

1983 and 3 mm in Gervon tridens Ingle 1979 compared to most

crab species and is similar to the large first crabs of Ocvnode

spp and Cance maaister Hines 1986 This large size at

settlement may be adaptive for otherwise slow growth to adult size

Growth has been measured directly in C maritae MelvilleSmith

1989 and C gunauedens Farlow 1980 Gerrior 1981 Lux et al

1982 Van Heukelem et al 1983 Farlow 1980 reported molt

increments of 821 for captive 7394 mm female C Quinauedens

with no correlation of increment and premolt size Limited data

from field tagging studies of C gurnedens indicate slow growth

and potentially long intervals perhaps 67 yr or more between

molts of larger crabs Gerzior 1981 Lux et al 1982 In

nrntedens reared through the first 56 juvenile instars about

20 mm carapace width from larvae in the lab gears wold wbe
temperature dependent and indicates that 56 y

required to grow to entry into the fishery at 114 mm or about 78

years to maximum size of 140 mm Van Heukelem et al 1983 In

the best analysis of growth in a geryonid MelvilleSmith 1989

used dart tags in epimeral sutures for a markrecapture study of

C garitae to determine the molt increment and estimate intermolt

interval in crabs 60 mm The molt increment percentage declines

with increasing size from about 2025 at 60 mm to about 15 at 130

mm Males had larger molt increments than females and males

exhibited a reduced molt increment after maturity at about 93 mm

Females molted only rarely after attaining maturity Estimated

molt intervals for males ranged from about 15yr for 60 mm crabs

to 67yr for 130 mm crabs By combining the laboratory data for

early instars of C guincruedens with the field data for C maritae

MelvilleSmith 1989 estimated the size and age of each instar for
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C maritae with male maturity occurring at 12 instars 90 mm and
9 yrs of age and maximum growth to 170 mm requiring 16 instars and
33 yrs Although these estimates for intermolt interval and age
are indeed long some other coldwater species Chionoecetes spp
and Cancer yaaurus are also estimated to have similar slow growth
and long life The number of instars and molt increments reportad
by MelvilleSmith 1989 for maritae are typical for most
brachyurans Hines unpublished

Maturation and lacing Based on growth studies mature crabs are
515 years old or more Both sexes appear to mature at about the
same size but males grow larger than females Maturation occurs
at about 90 mm in C maritae 95 mm in C fenneri and 85 mm in C
Quinauedens Although some workshop participants suggested that
females exhibit a terminal molt at maturity but males do not there
is no real evidence to indicate a true terminal molt see recent
dispute over this issue for the majid crab Chionoecetes o o
Conan and Comeau 198b Ennis et al 1988 Donaldson and Johnson
1988 though molting may be very infrequent 67 yr In C
maritae mature females have been observed to molt but it appears
that they do so only rarely MelvilleSmith 1983 Maturation may
occur seasonally in C fenneri and C auinauedens which have
populations with seasonal reproductive cycles and maturation may
occur all year round in C maritae which reproduces yearround
There are few data to test these proposed seasonal patterns

Because the two sexes of many populations appear to differ in
their bathymetric distributions see below under Resource
Utilization it is not clear how the sexes get together for
mating A seasonal vertical migration by females has been
postulated eg Wigley et al 1975 but little hard evidence
is available Males probably are attracted to mates by pheromones
released by the female as is the case in many other decapod
crustaceans including many brachyurans and based on observation
of chemotaxis to bait the chemotaxis could operate on the scale
of tens of meters in appropriate current regimes Lindberg pers
comm

Observations in the laboratory indicate that mating behavior is
typical of other crabsElner et al 1987 for C Quinouedens Mori
and Relini 1982 for C lonaines Wenner et al 1987 and Perry
pers comm for C fenneri but that doubling up and intromision
may last for a long period 115 days in C auinauedens and weks
or more in fenneri inthelaboratory Males apparently maymate with intermolt females as well as copulating with newly molted
females With postcopulatory marking analogous to those on

Dungeness crabs Cancer maaister and snow crabs Chionoecetes
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o o female Chaceon maritae show abrasions on their walking
legs from mating embraces as well as darkened vulvae and abrasions

from contact with male pleopods on the ventral carapace under the

abdominal flap MelvilleSmith 1987 While categorization of

female vulvae does indicate maturation and mating in other Chaceon

spp eg Wenner et al 1987 similar mating marks have not

been recorded for female carapaces of other geryonids

In C fenneri there is controversy over whether females molt

and mate annually Hinsch 1988ab or molt after a brood is

released and mate later to produce the next brood in alternate

years for a biennial reproductive cycle Erdman and Blake 1988

Erdman in review Precedent occurs for such a biennial cycle in

coldwater for the blue king crab Parlithodes Dlatvous Jensen and

Armstrong 1989 Obviously reproduction could occur within the

population each year but with only half of the females producing
a brood the populationsegg production would be only half of that

if all females brooded annually As in some other groups of crabs
females may store sperm for prolonged periods producing one or

more broods without additional copulation However there are few

data to test this and no one knows if sperm can be stored by a

female from one instar to another Some of these reproductive
strategies may be highly adaptive for cold foodpoor waters of the

deep sea where energy for yolk accumulation may be difficult to

acquire and they may also serve to ensure reproductive success

when mates are difficult to find

The length of reproductive life in geryonids is not known but

life spans of up to 33 years have been speculated No evidence of

senility has been found but most population samples provide too
few females to yield adequate analysis of reproductive activity by
size age Mature males appear to be equally reproductive at all

sizes

Population Stability and Dispersal Although population densities
sexual composition and size structure appear to vary significantly
in space for C fenneri C cuinauedens and C maritae we have

very little real data on annual or longterm variation in

population abundance Because of the potential for longdistance
larval dispersal there is concern that recruitment for key fishery
locations may depend heavily on reproductive stock under distant
management jurisdictions For example recruitment for the

maritae fishery off southwest African waters appears to be derived
from stocks to the north Similarly Kelly et al 1982 proposed
that larval auinouedens are transported to the midAtlantic

Bight by the GulfStreamAlthoughrecruitment spoorly understood

in any geryonid species failure to find many small juveniles and

i
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comparisons with recruitment fluctuations in blue crab Callinectes
sanidus Dungeness crab Cancer maoister snow crab Chionoecetes
c1plio and king crab Paralithodes spp populations suggest that
major successful recruitment events occur very rarely but thoserecruits may dominate a population for a long period perhaps 0
years or more

Movement of some geryonids appears to be substantial and could
cause significant dispersal Despite apparently intensive trappingin some locations eg the C fenneri fishery off Ft LauderdaleFlorida there has been no apparent reduction in crab abundancesuggesting that other crabs are filling in from some unknowndistance in the surrounding waters MelvilleSmith 1987 reportssignificant movement of C maritae in markrecapture studies offthe coast of southwest AfricaNamibia with differences betweensexes Mature females exhibited significant net movement northwardand greater movement than other categories of crabs Large malesmoved farther than small males Over 32 of the recaptured crabs

moved greater than 100 km over a period of years of the study Thenet rate of movement was only about 005 kmday for males andimmature females while mature females moved 011 kmday southward
compared to 046 kmday northward These movement data mayindicate a sexual pattern of migration off the African coast Luxet al 1982 found that most net movement was under 20 km for Cauinovedens off southern New England although some individualsmoved as far as 90 km during a 7 year study period No evidenceof seasonal migration was found and most movement appeared to be
up and down the continental slope rather than longshore

Stock identification is poorly understood for geryonidfisheries Because of the potential for wide larval dispersal and
substantial benthic movement of juveniles and adults there islittle understanding of any barriers that would serve to delineatebiologically appropriate management boundaries or to provide cluesabout dame size and gene flow Population size of C maritae offsouthwest Africa has been estimated by photography and tagging tobe 216 and 195 million crabs respectively while trawlingunderestimates population size at 19 million crabs summarized inMelvilleSmith 1988 Since early population estimates for otierfisheries are largely based on trawl or trap data little trust canbe placed on those reports More recent surveys from submersiblesWhitlatch unpublished Lindberg and Lockhart 1988 Wenner andBarans in press give more accurate information for C 4uincuedensand C e e but the geographic extent of those surveys islimited making it inadvisable to extrapolate population size
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Resource IItilization depth substrate tood Geryonids show

habitat partitioning by depth and substrate The majority of

available data is for bathymetric distribution Chaceon fenneri

and C gunQUedens occur at different depth zones in the eastern

Gulf of Mexico with C fenneri distributed shallower than C

guncuedens Lindberg and Lockhart 1988 Lindberg et al 1989

In addition to interspecific zonation most populations show

intraspecific zonation with the two sexes distributed differently

For C fenneri auncuedens and maritae females tend to be

more abundant at shallower depths Lindberg et al 1989 Haefner

1978 MelvilleSmith 1987 although the few females trapped by

Wenner et al 1987 in the South Atlantic Bight were deeper than

most males

Chaceon maritae C cuinauedens and C fenneri are found

patchily distributed on both soft and hard substrates Chaceon

ouinouedens appears to be most common on soft substrates while C

fenneri apparently reaches highest densities on hard substrates

Wenner and Barans in press Lindberg pers comm The

laterally compressed dactyls of fenneri may be better adapted

for hard substrates while the dorsoventrallly depressed dactyls

of C auincuedens may allow easier movement over soft substrates

Manning pers comm The association of these crabs with

particular substrates is of particular interest to fishermen who

want to fish high density patches of crabs but must avoid hard

substrates which might foul gear

The diet of geryonids is poorly known They are often

categorized as scavengers that feed opportunistically on bonanzas

of carrion deposited on the bottom from overlying waters The only

significant published analysis of stomach contents of crabs not

captured in baited traps is by Farlow 1980 for C cuinauedens off

southern New England where the crabs are predators as well as

scavengers Small crabs fed mainly on sponges hydroides

gastropods schaphopods small polychaetes and small crustaceans

large crabs also took larger prey including fishes squid and

Hvalinecia but it is not entirely clear if these items were

scavenged or captured alive Diel changes in gut fullness of crabs

in the field indicate 12 peaks of feeding during daylight hours

Crabs about 250 g in weight consume00907g dry weight of food

per day with much of the food mass as mucus and sediment that may

be of little nutritional value Observations of feeding behavior

from submersibles indicates that c inauedens may be a deposit
feeder to some extent and that fenneri is attracted from

considerabledistances tens of meters by olfactory cues from

bait
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8ourcas of Mortality Few data are available on sources cf
mortality for geryonids Several species of fish are reported to

prey upon juveniles MelvilleSmith pers comm for C maritae
but there are few published records of geryonids in fish stomach

contents Sedberry and Musick 1978 for the gadid Phvcis chesteri

on C tinauedens Mortality rates from fishing have been

estimated at 024 males and 041 females per year MelvilleSmith
1988 Other estimates of mortality are lacking

Commuaity 2ntaractiona Deep8ea crabs as Predators Bioturbators
competitors and Hosts Gezyonids may have a significant role as

a dominant predator in continental slope communities Analysis of

stomach contents for C auinauedens indicates active predation on

a wide variety of infaunal and epibenthic invertebrates Farlow
1980 Observations of C auinavedens off southern New England
Grassle et al 1975 Haedrich et al 1975 Whitlatch pers

comm and C fenneri Wenner pers comm off South Carolina
indicate that these crabs are major sources of biotuzbation in the
surface sediments of the slope Locomotion and active digging in

addition to feeding activities appear to disturb and turn over the

sediment extensively in areas where the crabs are relatively
abundant

Competition among geryonid crabs is poorly understood

Bathymetric partitio ng by C fenneri and C duinquedens could

result from competitve interactions between these two species in
which goldern crabs exclude red crabs from shallower depths
However C guinauedens does not move shallower in areas where C

fenneri is absent in the Gulf of Mexico Lindberg et al 1989
Off New England Cancer borealis and Homarus americanus may be

competing with C auinauedens at the shallow edge of its
distzibution Although geryonids are not obviously aggressive in

captivity field observations of crabs approaching traps do show

agonistic interactions with threat displays typical of other

brachyurans Lindberg pers comm Competition for mates is not

known but prolonged mating may serve to prevent multiple males

from copulating with a female

A variety of commensal species occur on geryonids including
stalked barnacles Poecilasma spp and a polychaete porveillia
aeronicola on C fenneri and C auinauedens Although the density
and size of barnacles fouling a crabscarapace may be indicators
of time since molting too little is known about the biology of the

barnacles to calibrate their rates of settlement and growth
Chaceon auinauedens and Cfenneri also have a high frequency of

chitinolytic bacteria which cause dark lesions on their carapaces

The frequency of lesions may also be an indicator of time since

molting but little is known about the time course of their

development nor of their potential pathology
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EDITED GROIIP

Y LI1DgEtG Ye could tike to hear teabout rMi you heard yesterday and based an your experience

chat you think the particular needs of the fishery ere Dick do you wnt to lead off

D YIF150Y Im Dick Nielson commercial fishermen in Fert Lauderdale Florida First of all 1dlike

to thank the people rho set uP thic workshop 1 thirYcitsvery interYStirg to ex as a commercial fishermen

and 1m very proud to be here you have done treesxrdora job bringing these people from ell over the world

to this workshop I particularly love workshops more so because every tic re go before regulatory powers here

in the State of Florida we norvmlly have about three minutes to speak end 1ve been given a lot more time loan

that today and t appreciste that brlieve ae

Conmercial fishermen here in florida arecertainly order a Lot of pressure 1 wrote down Quite a bit of

information here but Ive got it titled GOIdM Crab Trapping and it really should be last Frontier of

Commercial Fishing in Florida I took at the deepwater golden crab as a last frontier and Im very

interested in harvesting it commercially

It all started about three years ago Nowrd Rau s eamrmercial fishermen who traps for lobster and fish
anved out to deeper waters off Fort Lauderdale in search of fish In 700 feet of wster he began to cnteh golden
crab in his fish traps Noward Rau ors the first fishermrn io lard golden crab in the Fort Lauderdale Brea

when I received news that we had golden crab off our east coast and tested sane crab from Novard which vas

excellent I decided to design and build a trap that world uteh them score efficiently This was done through
researcA and trap design literature from Alaska Canada and the University of Rhode stand

The trap had threeeighth inch caber frame end fiveinch nylon webbing aresh on the sides end top with a

one ercl a half by one srd a half plastic coated wire on the bottom The trap hsd a double fume entrance five

inches high 24 inches wide The trap size is four feet by six feet by 30 irches high Five traps 900 feet

apart make up a trwl Beeeuse of the Gulf Stream eanditiers taps were retrieved by grappling

A fiveinch escape ring wsc installed st a later date to release femsles and smeller males on the bottom

Research on golden crab reproduction and spawning ores done aboard my vessel 1 highly recommend a working
relationship betreen fishermen and biologists Yhen the time canes to regulate the golden crab 1 want to help
determine those regulations

Three of us fishermen at this meeting have a proposal of regulations that we could like to see in place
on the golden crab before re even really get into harvesting this crab on a lamer scale One of the first

proposals could be an escape ring cized to release teesles end smell metes I could like the scientists to tell

us the most appropriate size secondly we recosaad ro Mrvest of finale crabs ye have never harvested

female crabs The fade is a smeller crab about half the size of the adult male cad we dontcatch that

ashy of them ye think itsouch better just to leave that female scab on the bottom end help to preserve this

resource The third proposal could bee urapsce saesurc far the msle crab that could translate to about a

gourd and a quarter mete crab He could like to release arrythirg belw a gourd and a gwrter also targeted

by the escape ring prce again I leave the width of tMt earepeee measure tobedeterminwd from scientific

research tMt hu been done ye ten get together with you people end cane up rith came figures on that

I certainly have enjoyed this two day workshop It has been a pleasure being here and I certainly

encourage more research Any ties the commercial fishermen of Fort Lauderdale canhelp in providing s vehicle

for this research re are Bore than happy to accamendste you Tharflc you very much

Y LIIDgfctg Thank you Richard

D ARILSiRdIG yhat is the approxiaete size in inches of an animal that neighs one and a quarter pounds

t f71DFMR About 125 to 130 millieeters

G RIIt501 fyou look at the size range at vhieh they sees to be reproductively mature thesmeller sizes

for erles coincide rith the upper size elasees of the fades About 130 millieeterc and larger are mature
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males while 130 am to about DS iim are mature females So if you exclude the lover size closes of mature mles

you would autometiully exclude feamles

D AR16iRO1IG This fishery has been under wy for three years in Fort Lauderdale

D MIELSEII Tei but in very dorwsnt orate Ye primarily earn our living with fish traps and lobster

here The vessels re have are too smell for largesole crabbing Mowrd Rw already has a larger vessel end

is gearing up for the golden crab u well ac fish trapping and Lobster fishing I am working on a rev vessel
raw I has been a long swprocess gearing up for these fisheries Ye have done the ground work we have

used the technique of grappling these traps and catching the crabs and we have that Dehird us Ye havent

really supplied crabs to serket eonsistmtly and the arrketLooks good to ee Yeve shipped crabs all over

the world reve shipped crabs all over the country and its been widely accepted only re couldntmeet the
derond Ye have been pretty well stable and row that rercabout to Bove out and start greater harvesting we

vent to go to the federal councils and get some regulations in place before this industry takes oft

D ARMSiRO111C Presently are there any state regulations at allT

D YIELSOSI Mot to my krowledge 1 dontknow of arty

D AR15fRWG Yill the State eutaatieelly cane in ianediately or at same point when they sense the

industry is expending

0 YJELSEII Yhen you fish federal esters the State of Florida hu ro jurisdiction Ye work very closely
with the federal courcils Ye are regulated with fish traps and lolxter gear in federal esters end we have
a good relationship with the federal councils 1 dontsee arty problem with going before then as fishermen and

proposing these regulations to get then in glue so we can protect this resource and have it for a good many

years down the toed

R i7lDIMY The only chirp that the State does presently is to code the species as pert of the States

statistical analysis The State presently records only gross gourds larded

Y BUYf The State of florida hss been rcluctsnt and will contir to be reluctant to either do any
reaeerch or to participate in arty regulations that imrolve a fishery infoeral esters even through the catch
fro that area is probably totally larded in state esters They just will rot pertieipete in arty of the shell

fisheries that involve federal esters

0 AOtSTR01G And that siaQly means beyond three mile limits

Bll Yell ro it varies nine miles in the Gulf

D AR16TtOtIG Its surprisirp in sense because most iardirps of dungmess crabs for instance ere

beyond three mile limits but states have jurisdiction In fact the federal government has abdicated authority
in those iatarcea and only retains it in partnership with say a state like Alaska in the use of Srow crab
and King crab fisheries It surprises me the State could never sae to have their specific reputations and
stsrdardc and enforce rhos

F LAYLQ This fishery was started after the Nagnoon Aet went into effect The fisheries an the west
cosst were going long before that 1 think thatsone of the reasons rhy the western states retain jurisdiction
and florids doesntin this Articular fishery

0 ARI6TROIG Ales in some cases with relatively little fisheries value the federal goveraent uroot

afford eoasitaent of funds to persistent sonitorinp and awrgaent of Mem so it falls to the states to do sa

M lAU I think itscafe to say that we would oppose the golden crab being put under the jurisdretion
of the state of Florida

G LLRIO1 If you fish an errs for a while do you rotice a decline in the catch

D IE15T7 Ye rare very limited by the sizeof the vessel 36 foot std the hydrwlics The depth of
the ester limited us to working a certain area and we atayad in that area at that same depih Ye yielded about

L47
Draft Golden Crab SAFE Report



Appendix L Geryonic Crabs and Associated Continental Slope Fauna A Research Workshop Repott

100 pounds per trap per reek far two years Ye werentable to expand out deeper or move around like re

normally would because of the vessel so 1 untgive You a real answer to that oNestion

R MIELSOI 1 ranted to add just a couple of thugs To achieve that 100 gourd average for over a year

End s half we were fishing from approximately 118 fathom to 125 fathom in the same basic area There has peen

some talk about hw much preswre the resource can stand and either those crabs were six feet deep then we

started or they were being darn from rider area than originally thought These crabs could be sovirg miles

io get to these traps because itsaxzing the amount of crabs re took out of this one area re could still

be doing snot todsy except arother fisherman came and set acre traps in the area right outside of there re were

fishing and since then I have coved to a different area The utd has rot been wto a 100 pound average

but there are tlsys that re average 50 60 gourds of crab Wnich is acceptable to us

Letstalk a littlebit about xrketinp uhm re fiat started arrketirg this crab re ran into all kinds

of prableis Originelly re sold the eraD whdle People took it hone and boiled it for an hour and a half

trying to get it to turn red then could cox beck end eaaQlain Ye pot into the retail market there we sold

fish and crabs Ye talked with the aaer to bssically inform the people and had sax brochures made up that

explained how to cook the crab re fonsd that even when people cooked golden crab for 18 to 20 mirwtes and Uen

pulled the csrspeee off they hsd a mess on the top of their table std that turned people off So we decided

es a xrketing gimmick to clean them free which would help the retail xrkeis rheas people buy these crabs in

a retail xrket they pay for the whole crab and the retail xrket splits it and cleans it so the people take

home only whet they eat Itsouch easier for them ro ass ro fuss

Orce people try this they call the fish aarket every day Ye canteven etch enough crabs to keep one

retail market steadily in crabs I brought in 500 panda of crabs on Yednesdey and they areprobably gone this

afternoon

I think down the road that youre going to find its the live aerket that is going to lest Yevehad large

boats from Alaska end Massachusetts cox down and try to process end freeze the crabs on theboat and they have

all gone out of business 1 think youllsee the only xrket thatsgoing to last is for live crab You can

peck these crabs in styrofoam boxes put a couple of ice pecks on the bottom and couple on top arc ship them

to Massachusetts or to Spain The crabs rillget there with approximcely a ten percent mortality rate which

is pretty deems A lot of people wontest a blue crab if itsdead Yhen a golden crab is deed you can

butcher it end cook it and its perfectly fine As for the shelf Life arcs a cluster is cooked you can keep

that crab in your refrigerstor for five or six days and itsstill perfectly good t holds the flavor and

doesntspoil You hsve to cook the cluster If you dontcook the cluster black spot occurs in a matter of

hours so once a crab is cleaned it has to be cooked

One of the things Im interested in and that could interest you people are the amsll crabs From the

reports re had yesterdsy ro one trots there the juvenile golden crabs are I could like to find that out Just

where do they go are they ray down deep ethen mi prste in shore as they get sexually msturel

1 could like to say orce again thst if you are down in the fort Lauderdale area and you could like to go

out and see how re fish for crab you are sore than welcome to cox out faraday if you arc plsmirq studies

our boat is always open to nYoewho wants to do the work to help the resource 1 thaNc you for inviting us

D ARItSrR011C Im curious chat is the crab worth per gourd either off the vessel or retain

R RTELSOM Ye get a dollar s gourd off the boat retail is anywhere fran f1i9 to f169 a gourd Ye

started out trying to get f150off the boat and they were selling it for f359 a pound retail Ye had to cut

way hack Ye were down to 75 cents and the retail warkets were selling theca for 99 cents just to get it

established Once re got it established we raised the price up a little bit so re could make a decent buck at

it

A MIIgS Thatsfor thole crabs

t a1E1501 res thatsthe whole crab

Y YLACE Touve got to runerber they ere fishing some six to ten miles offshore you couldntsell it

on the rest coast of Florids at dollar a gourd because the fishery is 100 to 150 miles offshore end you need

a ouch bigger but Your inmstxnt could be each greeter laxrst anry glue besides the Fort Lauderdale
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vfnmty

R RIELSOII Ye haveitsasy in save respects by fishirfp only five to ten wiles eff the cast But its
not the easiest thing in the rorld to fish in a tfa to fear trot current especially using the grapple to hook
the traps

R N1LLEl Nor large en area did you fish overthetro yeah before you moved your gear hoc many square
wiles of bottom

t NIELSDII I could toy approxistely six sgwrc wiles

R MILLER Nor afsny pourxk did you take out of that area

R RIELSER I donthave an exact figure but roughly an average of thousand pounds per reek for over
a year ofd a half Seventyfive thousand goads could b e rofgh figure

D AtlLSTROIIG Nave you lest gear using the method of grapplingT

R RIELSOI No Yhen re first sUrted re mould go out there and grapple for six hours and rot even touch
a trap Once you pet used to it and get the technique Born you lei the current cork rith you instead ofagainst you Ive lost one trap to the bottom in three yews

D ARNSTROIIG Do you have any feeling Mfether the traps rouldcontinue to fish through extended periods
of time rithout bit that is just by virtue of habitat itself

NIELSOt Ye have stainless steel gstes that hang dotal to allot the crab in but are not supposed to
alloy the crab out Dnee the bait goes then crab rill find their faty out of the trap Similar to the fish
trapsre usefdatsullcd a Tire tie which is a swell diameter rirc that eonstruciion eonpanies use to tie
caber together Ye use it an the golden crab traps in use the traps are lost so eventwlly the poor rill
open

G NINSCN Do you get any of the giant isopods Mien you fish for golden crabT

yIELSEN No

C MIRSGt Thats byarch in the Gulf of Mexico fishery

R RIELS01 Ive seen thew from the Keys butIve never ought one One fisherman in the area has caught
one

G NIRSQI They are quite cafnfon out here

R YlELSOR re dontsee them probably because uerenot fishing deep enough I imagine if re get outfarther well rfn into them

F IAYLOt Mfet other kinds of byetch do you getT

R RIELSCII Very little ue get a Greer crab aroe in chile On a big day you Wight have 20 poundsThere is a spider crab Rochinie that sass to be wore on the upper depth twits there re fish If the gearis coved to the inide limit of the golden crab youllget five to six of the in each trap I aught maybeten fish in three yarc blaekbelliad rose fish and a Srfory grouper Nowrd Rau ought SPiM dog fishanother guy aught Goose fish and fK caught one American lobster

G RIRSOI Did you ever find arty shovelnose lobterct

NIELSttMo Ye do arch the shellouer in our fish traps but redontarch arty out there

Y LIRORFZG Sean or Nowrd do you have any cords of wisdom you are io pets lorfg to us7

S IRGIIAII My name is Sean Inghws I eoweercial fishermen froef Bersde and I could like to thank
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all of those rho have been insiruscntal in imitinp ae to this workshop I have learned quite a bit and its

generated quite of bit of food for thought regsrdinq the future in Bersuda Im going to po beck with this
inforrtim sit down with the authorities and ste if wcan cove up cith son answrs and try to Develop a

fishery for golden crab in Serscxk

At the moment Im the only person corking it in a very snit wy ci th just a few pots 1 had to go south

co Belize to set up a fishing operation and while there w atteapted to find golden crab butdidntinstead

w got a lot of Sathvrasus icopods re got our fishing operation going there and car back to sernada where

Ive only heart back into fishing for aboutayear This year Im optimistic Im getting Dock info it and

were in the infancy stage Mo real rrkets arc established inBenada co have to both catch and develop
rrkets Only a few restaurants use golden crab

then wstarted back in 7984 with golden crab wsold thecrab live at f250 a good and the restaurants

were able to rke money I think nw that w canstill rintain those prices even with inflation As I said
w have to tlo everything ourselves right from square one Ye have had promises from the Bertauda government to

help us Any questions

Y D1Jw chat kind of catch rates do you experience

S 1MGNAN well fishermen loathe change partiwlarly in Beraada They did rat want to venture into new

types of traps which you are familiar with even with the doamiertation 1 got from Ray Naming and warren

Rathjm w needed a trap that could be utilized both far fish and crabs depending on the time of year the

cireuastarces and rrkets 1 ws corking an eight foot by eight foot fourfootsix high trap Wich ws set

around July 1st in 1984 we cent back an July 4th and wdi6tknow chat w wre Doing to etch since none

of the authorities could tell na chat ws out there They told r I ras vesting at time there was nothing out

there arc to forget about it So these crabs case wP on July th and jokingly w called it the lndeperderce
crab because it wu going to rkeall the fishermen indeperrknt

Later on as wmoved these traps into the arcss betwen the honks and Denradasedge where the strong
currents were w hod one trap that came up virtwlly pecked and w couldntget ii aboard the boat

Eventually it just Drsdually broke up against the side of the boat So then w started fishing smaller traps
that w could rnege better and w found ac wcent down in size the trap caught less gut w were averaging
30 gourds a trap saaetines less saaetiaec wore Yith srller traps the crabs either got out or wdidnthave

much success The shallowest depth w found the crab ws in420 fathoms rothing shallowr than that whave

tried up and down the slope and hsventfound any

E LETIYER Nave you found the sex ratios to be roughly equivalent off Bereada 1 krow that Brian

luckhurct reported that and I ws wondering from yarn experierces whether you found a fairly equal rxznber of

rtes end ferles7

S IwrJWI Host of that infonrtion anion Luekhurct has I have had enougk to tr and catch it and rrket

it re used to chill the uteh down to about 26 27 degrees Fahrenheit and this narcotized the crabs and

stopped then from attacking each other when w got in that utM ras wighed and Loran fixes wre available

for Briansinfonartion Ne could have alt that inforrtian

06IEtS0a1 fiat depth of wren wre you fishing

S IaDWIN 20 fathorec Ye found the species of crab at that depth wu the biggest As w went deeper
the crabs got artier and then srller apxies started Ye cent out as far as 1900 father This year
wrc intending to todon to 2600 fathers relatively close to Berada an a one shot deal because Ierow in
the financial pwitien to spend all ry tic researching I wa relatively close to shore working in mile of

wren

D RIELSIINfK size are these eraba the largest rte four ponds three ponds can you Dive ue per
crab wight7

S IMfJ1AM l1e caught save very bib crabs in the five to six pond range and err one crab the arapsce was

about 20 inches across Mind you the fumels in the traps are large 1ve seen the rielsan trap end your
fumels are not that hip i would say if you tried bigger funnels in a larger trap you ry find a Larger crab
rith chat youve dare now youre limited in the size crab you can catch and thatsnot necessarily the
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biggest The biggest one ws reighad by luekhurct at 16 gourds one once

R YIlLlF2 Arc re destiny rith the ssme crab herc7

S IYrllgt There has been very little help from the goverreemt to determine that

F LAtJdl were you taking both esles and fmrles7

S INVU11 Thats true At the present moment ue arc stilt taking both sexes Mo taus govern the crabin genmda Similar to the fDA fats that you have in the United States re rill follw your example whatevertars you crock up here rell probably follor suit dorm there

when the crabs came up both the scientists and fishertntn looked on it as s vests of time to throw themales and aarller crabs back beemse they rare going to die lk didntrealize chat a strong caxtitutimthese crabs hare we have found that out free the smirorhere where machinery and refrigeration has failedcrabs have been held to 50 60 degrees and live 1 thiNc they hsve a chance if we can vork out vhat sizecrab vere going to release The mesh size re rare working rith ras troirxh by twoinch mesh

F LAYLat Is that the size you use an the fish traps

S IMg11AN same size on the fish traps Ye are a heavily regulated fishing industry in Berouda Backfour or five years ago I had 700 legal traps Prior to that it ras 00 and they have cut se from 100 backto 50 and from SO 1ve been cut back row to 3G This year vere being cut beck to 26

7 have tried to fiMan alternative wy of fishing inBenude for the fishermen and have tried to get awayfrom sore traditiorol types of fishing because of cosplaints about overfishirg the targeting of smellherbivores for filet and the limited space and pletfortthat ve Aave to work on Ie trying to find enalternative roar the fishermen can get into and continue but we need to regulate that right from the lxgimingrather then at the std and try to bring it back rtiirJ always has been a big Problm

tNtl1El Conventional wisdom is that animals that deep arc prabablY quite old and quite slow growingso your fishing aperatim could be viewed as a mining operation rather then sustained yield Sane otherpeople have mrc experience with these deep water habi tots but I think that would be a safe penerelizationToull fish en area out once end the next time it will be your children who will fish it again we wonthavea sustained fishery at greet depths for any commercial species

N YLA Ithasntbeen brought up yet but if were talking merogment sometiar stony the line in thisfishery we should be talking limited entry rhether it be in Beraaxia in theStates orwherever I dontknowhow the Mielsons feel afoot that but if 500 people see resource out there especially in a deep voter specieswhere it could be fished out quickly lfeited entry may be the only starer

S INGIWI As for limited erttry Sn Remade the fishermen Asve worked single trope we attehpted to usetraps on strirpc and it didntwork out too cell we set traps about 500 feet apart but they tended io petsrored up in the rocks Mw re have the knwledge reve seen enagh files end fiaherwen rorkirg
Just a paint of interest doors on our traps as pct of the lw in yertazde arc tied with biodegradablerope by lw Ye lso found that a carnentiarol fish trap thats set in five or six fathaas rill lastaPProxnertely agrcoouogoco 0 fathaec you get about tro years from a trap Tou Uke that topdown off the

you get about throe months because the vire starts to erode veryquickly eithlr fresh electrolysis or what 1 dontkrow The siul rope in shallower esters is discolored afterabout six reeks In S00 fathoms tMt size of rope looks perfect six reeks later but tro weeks later that ropeis perfect to loot at looks brand raw but falls apart fts very interesting and 1 dontkrww why it Mps
Ye rare utMirg moat of the crab into the north std rorthwest and the bait in the trap r inexcellent eordition sometimes a rack after On the southern side of gentude re fond that the belt after twatone day looked like dt had been cooked 1 thought it vas being attacked by sass type of bacteria but taxscientists suggested it could have been hot vents

Y LIIDfElf wny dontre shot gears and turn the floor over to our rapporteurs to try to integrate thebiology from yesterday with same of the fisheries eeamente fro this morning
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R iIITN Forfheceon smritae 1 would argue that it doesnthave a tenainel rolt I propose that salt

plus one other in other cords two enure Bolts I think you know there arc several reason for that for

starters 1 have kept arture anieels in taNs and they have Bolted to soft shell 1 am quite convinced toot they

ere not termini miters Thm related to the std das sovaient pattern Ive donee tot of taggiry and

1ve pot to look at it from a seasenl point of vier t tends to suggest a seasorrl savement up aid down but

by size In other words ai soon u they got littlebit bigger they tended to repeat the tag returns from

e sMllower depth interwl e5 they rare getting larger they coved up shelf

A NI15Mould that be just by default if littleeves ere only faurd deeper as they grow they disperse

from tMi one and thm Mar would tend to get them at shallower depths or do you think its really a

directional rrovemmt

R 911TN Im rot quite sure but whet could sal ie that generally the slope is of distance that they

could easily move five tm miles up slope std get to whatever depth they would like so it scents that they

could easily move that distance if they vented to It seem that shallow is sore suitable to them

R WLLER 1 think they would be roving up slope in reaction to food More food would be up slope then

down slope and the larger animals that require rote to Bet would cave to an area where they might teed better

R 91TTN Lould be

G NINSLN Roy you Mve two erturc stages for fsles7

R SMiTN Yes

G XIRSCN 7ou dontthink that the second one rolls again and that isnta terminal molt in that

instance You think they molt to that second suture stage and thm just die

R 91ITN The period between these first two mature stapes is so extevdcd probably about four years or

so Neyx they never get the ehsroe to rolt again because the third mature stage might Oe so extended that they

never even reach it might Possibly get Ukm by predators before then

Another thing that also MkK ae think that they have two mature stages is that portunids have a series

of two nature sugee As Ray Nanning was uyrng the Geryonidc arc eo closely related to the portunids that

they possibly have the same pattern

G NINSpI But if you assume that arty enisrl within a single inter would vary they would not all be the

same wouldntyou expect to see same sort of a double bell curve in the sizes

R 911TH No you dont

C NINSCII Yith Chsceen several people have shorn that the arxieasa size of females is approximtely 13

and half centiamten but they Mrdly ever find then beyond that

R E4R1lAR lk have recorded ovigerous females as ride as 156 eilliseters

G NiRSCR Very few of ths

R EImNAq Rut I have never seen artybimodel suggestion in mY deU

C MINSGI TMtswhat Im eying If you were to Mve two different stages wouldntyou have a bi

nodsl situation with one irvtarhaving the lamest frequency at one point and then the next instar having again

a large rxnber of irdividuals7

R 91ITR 1 dontthink you would see that because you took data at the end of itslife history and by

that stage there are all sorts of different grwth pattern
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G NIMSCM Nut in CMceeif fasrla nlwe their apga their aabryos and internally they have fullydeveloped ovaries If you eaneider the energy necessary for ovarian developamt it could seen very unlikelytMt large rsaabers of feaeles arc going to undergo vitellogenesis and nlwe their larvae rith vitellogenesisoccurring at the same rice as larval developaent and then rot continue en to have arother brood from those eyesrhich they contain rithin th

Y YAM MBlrELBI 1 dontthirYc you could see bi smdsl distribution as Tuck Nines ru talking aboutpossibly because of large grorth ircreaents The only Juvenile re had tMt ru any size ras E2 centiseters andit spited to 91 TMtaonly an eleven percent ircrease at tM molt for that size If you have such variationat all itspomp to ripe out a biaodel distribution Ye fatsd rith our juveniles that they started out rithabout a 43 percent ircrease of stage one to stage tro and by the rise they rare going from crab six to crabseven it ws darn to about t4 percent t looks Like u site increases the ircreaent pereentaye decreues

A MMES You could Mve declining snit ircreaant vith ircnasirg size to that the juveniles could havee fairly high Bolt ircrenmt and the larger adults could have deenasirg Bolt ircreeentf

Y YAM NEU1Li31 Thatschat our data char

A MMES Thatseemmon in xenthid and grapsid species

P MAEFTM To follor up on one of the things that Tuck Nines ras ayirg about taking careful masurementsend observatioru 1 haventheard anything expressed hen about observations an pensites of these Crabs Idontkrwr the grorth rate for exaaple of throctolaseid bsrnele but if you see a cnb thatsloaded rithlarge eetolassid barnacles you yet save sense as to hoc long ago ft has been since tMt individual has spitedYou should sae the cam thing rith parasites in the gill chaaben It takes little rote effort end a littlebit ante rice to look for these things 4it lthiNc its rorthrhile in the long run

A M11Ef The cost obvious oaaaernal rith these species arc the stalked barncles that occur on thecerapece

R ERpYIM That rot Oetolssmis itsaPocilaswid Then isntenwugh krgrn about the biology of thatspecies to krgr hoc fsst it s gerorirg

P MAEHER Ye need to yet sole eamaenxal bioloyits involved Mn too

C NIMSCM Vith one specimen there ras large polyehsete rote about six irches lang I donthave thename rith ee but 1 can yet it 7hit rss food in the pill eheohers of the red crab re never found it inCheceon femeri but they ten quite eamon

A MINES I think that you care yet soma infonwtian about that bustcsore qualitative infarctionand3could be eautiosbecause its difficult to eke atrarg inferences fras that It Mlps support acredirect infarction from the crabs and their wait stage w 1 think its rorthrhile

t ERDHIIM Regarding both eoceesals that re just diseuased the barnacles reve rollected from bothChaeeon fewrori and auinamderr have been sent to Dr Yillias in tales thanks to Tuck That group appearsto be taxonasie nightere And regarding the pill core re have collected extensive nuaben of polyehaetesfrom Chaeeon femerl froe both the east coast and the rest vast They seemed to be fairly eanaon Tom Perkinsfraa Florida OMR has identffiad them

E IENMEt Ye also food this Articular polychaete in Chseeon femeri in our rolleetianc

D ARMSildIC I Mve a question both ter the fiahenKn and probably yob Elmer and it has to do rith yourdesire to predict torraquefeas of certain aetione and this relative to the erolopiul role of the aniel inthe eoessnity To date tM fishery hoc been very gentle in fact rot nearly big enagh to Mvr cam sort ofiapact probably en the atardirg stock of big anicls at the tap of the size range it is in fact tM miningpoint of viw that you suggastad gob Hiller rhieh i o say its right nor like cam of the virgin Scar scabpopulations oldanieks terdingtoinhibitgrorthof yexagar ape classes Dace removed the big anicls rillobviously be a ran conaodity but aloe rill evoke certain kinds of reactions in the population u a thole Alot eon any prat but to ostler aises Nor does tM Canadian goverment approach acploitatian of that kind
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of a fishery which is predicted to be slow in reeeverinp end how would fishermen vent to hard le it in this

particular easel ye heard the suggestion of very limited entry as one type of regulation but I Duess you might

need to be prepared for the possibility that your fishery comes to an etd over a fairly short time and takes

a long time to recover

S 1GNAM I would like to say that if any study is going to be done in CAaeeon Nertnda would be en ideal

place to do it becwse of the Quick incline of the slope At i20 fathom the larger species disappeared and at

about 500 fathom soother species took over Yeu are in close proximity to lard and we have daytiny fishery

no one really fishes at night

A NIIES what species is tMt

S IMrWI eeeon Femeri

A Xt1S Do you see C euinaiederssT

S 1G11AM Yec There are several species there but they seem to be governed by depth The largest of

those species ere at the shallower depths and the ostler ones deeper Yourewithin a very short distance of

these depths whereas lorg the continental United States one has to go amity miles before depth changes Also

the ftxrels of the traps sy be a very good device to protect the larger species 8y restricting the size of

the furvx1 you leave the larger species for reproduction 1 dontknw if anyone has got any comments orm that

A NIES So youresuggesting then that there be both an upper and a lower sire limit on the catch

S IMGNAN Once we krmow the maxiaua sizeof the species that is being targeted i think something could

tx done along those lines similar to what has occurred in Neine with lobsters 1 would like to hear more

comments on that because 1 dontknow mrMt effect that will have

P AEFMER One thing to add about the Amserican lobster Ye have the classic ease along the east twat

off the cost of Virginia Mmes they discovered an offshore lobster population there The very large 15 20

gourd lobsters were fished out very Quickly down to five end three gourds I lost track of the status of that

lwt perhaps either Bob Miller or ob Elner can relate to that in New Enplaed end off 6anede Tou can very

quickly deplete the big individuals end if Chaeeon ie iMead a very sla prwinp species with intensive

fishing efforts you probably would see a reduction of that upper mode Of course I dontkrww if Roy Smith

has experienced that either

ELNE 1 think it all points to the real ieportance of snnitorirg this fishery as it takes off You

are looking at the rxmber of soft shell crabs in the fishery every year end looking for other sigre of

recruitment To get beck to Dave Ansstrorgs question until we know that recruitment we oust proceed

cautiously If it is a mining operation there arc a number of srmspement strategies you can use Tou can use

measures wheretiy you duly fish that species every ten years or every five years Alterneiively you enclose

areas end fish one area for two years ard then close it for five years Or you could ske sure your

exploitation rate is very low so you can let very few fishersmerm in the fishery There are mranber of

mrmrogenermt strategies but it all depends on the response of the crock harvested in tars of recruitment

Y LiIDBEGGetting beck to one of the cosments that Dave Armstlang made about the Alaskan fisheries

that recruitmpmt events may lk oecesiormal although reproduction may be regular or arrrrl Successful

recruitment events dontnecessarily follow from that n coaparative sense being long lived with late

maturity and traaermdeus investment in reproductive effort caapared to other crabs could it be that we are

having tra6le finding juvenile size classes because this is only an ocusiarvl eventT If an animal is living

for 30 years end reproducing errantly over good portion of that tis could it be tMt successful recruitment

from arty given irdividmalss brood is only happening smell percentage of that timer

A MIIffS Thats distinct possibility I thiruc that we really dontkrmow ermough to answer that question

for wre about arty of the species of cheeeon but re have siwilar uses in other species of crabs to chow thats

e possibility TfieSrww cratriituation amtdalsoKirgerabtMt0avellrstrongmentioned seared to irdiute

thatsa possibility In the case of Sow crab charges in size structure of the population arc corcemitent

with fishing pressure and seews to rewlt in diffcrercec in the sting biology and relative contribution of

different sizes to the reproductive output and reproductive success of the population That can wry

9eographicelly among fishing sites through the range of the species It is something to be eoneerned with
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That kill of infortimis needed on Chaeean but its not something you ears arrrerquickly there is ro aiq1e
test for it

NIEII1 fished Nw Enplard lebsten in Nassaehusetts for about 20 years The Ouestim here is the
large aniwsls srd whatsgoing to happen to them tsbeen wy experierce that with arty raw resource in the
wsrine field youreworking m the Urge adults and these arc Uken right off the top Then it eane rm
to a level where you get an arrsral yield so i really tlantsae a problaa with that The larger anims re

taken right off the top of the resource TMt ocwrnd on the offshore lobster fisheries up in wew Eng d
The inshore lobster fisheries which I participtad in girded up w that we were taking a certain size lobster
down to a level and we were throwing beck the srller ones that were next years stock we were then
harvrstirg every year and it stayed at that Level for 20 ysan lave been out of that fishery for over 18
years now and itsstilt at that level so I dantrallysee prablam of taking heavy larger enieals off the
top of resource

Secondly the state of Maine is the mly state in Mw Erglsrd that has the large carapace aeatureaent to

protect the larger wale and feaele lobster 1 dontsee any purpose of it I dontsee where its helped them
but it probably hasnthurt thee

A M1NE5 The real concern in roost fisheries nenagaaent strategies is to be sure that the site
restrictions exceed the size and age at fiat repraduetim and that it rot be just physiological reprodxtion
but that theyre flnctiorolly able to reproduce For exanple in the Dungeness crab fishery and in most crabsmales east be larger than feeafles in order to ate So while a swell wale way be phYSiologicslly mature end
capable of reproducing in fact they arc rot contributing very such to reproductive output of the population
Tou sent have that winiRSm size faerles for axaeple related to the flnetianel reproductive biology rot just
the ape at rhieh they becaae enure Ye need to knew a little bit sore about that in haeebn Ye dontknow
enough yet I have seen wales in copulating pain and the fw dste we have show wsles are quite a bit bigger
than the feemlee rot just equal to the largest size of the faerles

D ARI6TROllC would tend to agree that an upper size licit doesntseew wiee or neeessery in this case
And the trick is whether or rot there will 6e sufficient size differential between your econamieally viable
miniaean gird that of crab which is lso bred The feet that ao wsny people report low percent ovigery but
at rims that itshigh is soaewhat trablesowe to oast other crab fisheries that aresurveyed those feemles
of theoretical weturc size are aleeut lwK 100 percent oviperoea in season Tet for these animsls a lot of
times tiny fractions are carrying eggs Itmy just be a quirk of emtirarous reproduction at depth as hu been
suggested but it Iso could be evideroe that they dontall reproduce amwlly

1 ws going to ask gab Yhitlatch that if these eniwels are severely food limited gird eotgidering the sire
frequencies for srles the fishery craps the Oopulatien to 140 willieeeters and that provokes same sort of
rwnerical response in terse of wore temper crabs can you anticipate any effect that might have m the overall
eoerasni tyT

R YNITLATCJI Towy krwwledge I ears thirYc of ro good exaaple A lot of tines you dontsee iatsdiate
rnxporties to pradiet this in tens of typical fisheries

D AetiiR011G They have got to be either wove off better off or no different in terem of the overall
food supply for mrc ssrller eniwsls if they have this ceP of larger aniwals rmoved

YNITL11T01 One could predict that there should be a response of the food resource awilabilit u the
prrdeton decrease lthalgh there are other factors involved Gishsc might replace the crabs and have asiailar vent of erappinp behavior Ye dmtknw a lot about the feeding ecologies of these deep ester
orpanitea gy thewaY an vpbliahed VhDtbnis by lien Farlw of Tale bhivenity deals with gut eantmcs of
trwl surveys Generally cost of these large foam an pally opportunistic feeders and its felt that they
crop their food rasourees very rwnseleetively So the presueQtian here is that ff you decrease one speein youmight inereaw arothar species

Y YA NEiItELHI t would jut like to reiterate rhattbeen acid several times internof lprning acre
about the ieportarce of juveniles where they rc srd what their wovaaents re thiNc re have prettyextereive trwl surveys an Chaeeon and Mve only gotten very few jwmiles and those were at greet depthscaepsred to the adult population I ws interastod in Roys coemreit yesterday that they found ltlt in fish
guts w they knw tMt they ran in shallower ester it that rightT
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R yRitl Thatsright

Y VAY ItEELBI So this dissertation eight be very interestirg to look at

R YRITLATCR I could also reiterate several eawaents paaple Mve wade about theiportanee of integntirg

inforaation that is required to understand the reseurce for fisheries and the iaportarce of the Serra in the

slope environaent Ye have somewhat unique sitwtion here in tors of reaurdn initiatives and fnsdirg

egenciei for this sort of research Rant of the states arc not going to be interested in stpportirng research

activities that occur in federal wren Raseareh could be motivated by two iswes the basic biology of the

orpaniam and the role it plays in upper slope eoseartias At the save tine gain theappropriate infontmtion

that people have pointed out eaneerninp the crabspoterntial as fishery resource

A NIKES I would like to second that From Ray Mornings disunsion of the inercuirngly apparent

diversity std world ride distribution of this group what we learn about the biology of Chaeeon species in the

US and off theAfrican coot is likely to have worldride iapliutions for that depth zone in the ocean Fran

a baeie researdf point of viw as cell u fisheries snanagasent there arc iaportant iseuec Yerc learning a

lot about chat depth zone and were brirginp rnew teehnologinl advances to bear on those research issues that

we hsventbeen able to approach in the past n wt viw itssomewhat snelogous to the rocky intertidal

ecologist suddenly doming snba gesr end finding out there is a whole tot going on below the low tide mark

There is irndeed lot going an in the typical fishing zones that have been sasplad inihe past

secondly tMrc arc other aepeets of the biology frees a cvwnity point of viw on trophic interactiarss

that we haventraised here Yeve talked a lot about this depth one that seeas to be eoncistent and dietinet

then two or sore specie of Chacean overlap and that there is a vertical segregation with C auirouedens for

exasple alwys food deeper than C femeri Yell why is that what maintaira thatT t is siaply some

intrinsic depth prcferenee of teapercture prcferenee or are there biological interactions between femeri and

winaudens that you Wight aspect to observe that would be cospetitive either exploitative or interference

eeapetition7

Ye haventtalked about eonpetition awrg individuals If food resources and access to sates are really

isportant that would suggest why this apeciec has long distance sensory abilities and also potentially could

suggest a rcasen far the cawnrn occurrence of black ants on the ersbs that Wight be due to aggressive

interactions or could be just due to erabe banging into things an the bottaa Ye see that both onf femeri

and C Quinaederu and I suppose on other Cheeeen species

AM finally wWise the issue shout rMt arc save of the predators on these crabs Ye talk about fish

preying on the juveniles but we dontkna hoc eomon that is or haw ieportant ihai ie to the fishery resources

an that slope it could be worthwhile if you fishermen arch sam fish in your trope or in your trwls to

look t the etewaeh contents of those fishy std determine whether they have little crabs in their stoawchs

Y LIIDRES6 On the queztiora of species interactions with our broad sole salirg in the Gulf if it

was species interaction setting an upoec limit for red crabs then you would expect an eeologiwl release in

the absence of femeri Ye dontsee this in the northern Gulf where the bottom types arc appropriate with

predasirwnt byadsiltbott at shallower depths There arc no jr femeri there It species interaetimset

the range then you could expect C auinarederu to cove up and they dont

R YMtTLATCR In Rw England w donthave femeri bur itsbeen suggested that Cancer irroratus is

art carpeting haceon ouinaiedera in the ahallowr esters 5o there may be another species maybe not a

Chaeean tMt is fulfilling the role that C femeri is playing

Y LIIORERG If it wu filling the role of C femeri you Wight expect it would be saapled in the saws

fuhian u C femeri and wdidnthave that The intersadiate and shallowest depths in our sasple werent

prodreirg save replatasnerrt for C femeri The C ouirnaredera were sisplY not wooing up which suggests

sasethiro else is limiting them

C TRIX Ye dontsee aggressive behavior when w hold the species together in overcrowded corditiens

Y LIIDtElG Thercsay be J1atbe eamibaliq but with trap observations w do see clew aggressive

behavior as they first approach the trap There arc ehelipad displays there is contact interaction there is
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fleeing of the writer indiyidwl things that an tlnaracteriatie of alt the ocher crabs 1ve seen If there
are for frequencies of snltinp and a swell preportien of the ferias arc receptive at arty given tisa there
could bse fairly intensive coapetition esonp the scales for castes Given that they ere ircopulo for such
e long period of tie ether intensive sexwl coapetftien is suggested

ERDMRM To return to bthyaetric distribution whave easpletad oxygen conulption aeesaremmts over

taapenture ranges an Chseean Quirsaieders and Chaceon ferrrri The experiments were this fall and I havent
finished thearrlysis but we did awsure both species end both sexp over tic in a respiration chamber From
visualebeervation then saawed to b sliphfalugpishnrs at wrwer taapentures with C auinaredens They
just dontdo as cell They survive but arc irretive ird dontfeed Data that are published whether from
pray li teratun or rot suggests en upptr trperature liwit Tet the species has been recorded from
temperatures es high of 72 degrees Celsius but soave Of the pray literature reports that above nine or ten

degrees the species begins to shat pottntial physiological disturbarces of physiological discomfort

R WLtEt Depth distribution is really interesting scan said he didntcollect t fereri at depths
above 420 fethoas and yet in the Gulf we get them at 200 fathoaa which is our best seaplirg range

R ERDMeY On the east cast when re fiat etarted to work with Dick Mielsm re were fishing about 120
fathoms re set traps in the Gulf at T20 fas aro got one crab On the east coact of Florida the Gulf Stream
spills onto the shelf along the For Lauderdale area It could be interesting to see coat the temperature is
like in the Bertwide area Obviously firdiro out the physical earditian are very isportant

R tIELS01 Ifim I ws catching sore crabs than I hsd srrkets for 1 decided to take a couple of trawls
of trope old see her far in I could arch the golden ersb At about 600 feet I only caught afar and inside
of 600 feet them werentany Bayard the hundred fathom curve you didntreally get into crab arovd 118
fathoms At that depth them were afarbut not etuegh to be casawreially viable

tMILLER Tro rather extensive eanaents First distribution and abunderce is what seews iaportant for
both ecological end fisheries application Ac biologists were rot very txperierced in giving density
estieetes of large deep cater eniwala I think the fubinp agencies should be patient with applicatcan that
siaply refine and develop oeesuriro real denity end absolute denity of these animate in deep water Its
not glamorous perhaps but it is necessary

A N1NE5 Certainly the videos an the sbmenibles are very good wy butvery expenive way to do that

R MILLER Secondly ngardirg a awnyeemt plan if 1 wen to srke one initially I would do it
exclusively free econowie conidention I would set a winiaua size based on whet you couldsell Dontcaste
it only catch whet you can sell independent of ceraideretiorw of reproductive size I would expect that at
least rwr there area lot of refuges inceessible to fishiro either beeauae of depth or because of law density
of the prey eniarl I think one could fish until you get down to a cartein winiasm f the industry is
urcomfortable with that set a tentative quota say three wiilian pounds for aoutheest Florida if it takes
one year to get there or five yeen to yet then it doesntwetter when you get to two willion gourds close
the fishery for fiveyeah end open it again and start over Rut itsgoing to be 1wlwoet certain wining
operation or very close to tMt The Aweriean lobster is rot unfortuntely a goad parallel Decease its
shallow cater fast 9rowiro species and these anisrls arc rot 1wsun ToureRoiro to fish them erce end
leave them for sryb Brother generation of fishentn

lR1ITLAl01 Mo one has acid anythiro about black spot disease is that a torcern7 In Ner Erolard its
of great concern and its been slggested that red crab Wight be a good esidel to tae to ook at the iroiderce
of black spot diaaetc

E IEItEt lAgt he is talking about is rot welarosis but the preteroe of chitirolytie lesion He found
99 percent of the individuals tMtw sampled had ircidentt of ehitirolytic bacteria In some cases it ws very
extensive It is certainly of interest that in blue crab population that is also begimiro to ahor up in Morth
Carotin Itsalso extending to South groliro end is being picked rq in Chesapeake Rey now where it is being
elated to pollution 1 think we definitely need to kror wore about why there is such a high iroiderce of
ehitirolytic bacteria in beacon femeri and Chseeon Quinaretlem in the deep sea

MIITLATCR Its one wore sotivation forstudyirg the aniarl Iw thinking if re cent interest
apercies tMt ere interested in the organises or the fiaheriet resource we eight interest agencies tMt Wight

L57
Draft Golden Crab SAFE Report



Appendix L Geryonic Crabs and Associated Continental Slope Fauna A Research Workshop Report

like to use it u a snnitor forpollution on the taper slope Ye can broaden our base here

A B111ES Arty other eomaents

D AWISIROIg Just point of interest Im alrays carious Mire people Bet their crustacean funding
Touve been an a little bit of a roll in thic part of the wrld what do you anticipate the source and

Likelihood and level of funding rill be7 Is iF all Boinp to be federal Boverraaent or will your Sea Grant and

local states centime this for five years

Y LIIB7BElK Yell the prognoc is isntall tMt prat I would wy we have been riding the wave of

fisheries development in the aoutheast and now re have s handle on this It doesnthave that appearance of

being another Ling crab or Snow crab although ii can be a viable loulixed or rcgiorol fishery Motivation

from See Grant Matiarol Marine Fisheries Service and the fisheries development view has probably run its

course

D AJdLSTR016 That Bets buk to Bob Yhitlatchscearnsnt of hooking the wagon to otner ecological types

of studies and agencies to ford it

E YkIBBR I have that distinct iapressia too that re rare able to acquire fair amount of funding

through the region This type of resesrchtakesa let of fording Just from my own experience I received

fording frso five different aBercies and put it all together into one package whid required great deal of

effort But it required a great deal of money to be able to do the work Yhat Im sensing now is that with

golden crab being the only topic of directed research efforts dontthink were going to be as successful

in getting that funding These species are going to have to be looked at in a more ecological or eamnity

role as opposed to golden crab being the Bole focus of the research

Y LIIDBElg Thatsprt of the agenda in bringing so merry different people from different regions end

different viewpoints together Ye have the opportunity to forge interdiu iplirory er aultiinvestigator

apprwches to the broader sole ecological questiane thatsin all of our best interests especially when

viered on the eonpentive basis that Ray Naming hu given us and considered in the broader context of other

crustacean fisheries

A Mll1BERT Certainly our research center is very interested inthis probls A large part of the reason

for participetirg in this rorkshop is to petswltidiuiplirory Brorp like this together The center in the

pact ss Betty and Bill krow hoc been effective in previdirg the equipment and utilixirg that as a seed along
with other kinds of funding tike Sea Grant and state agencies Certainly from our point of view the fording

that rere looking at row and the research agenda is for big scale projects The kinds of things tlfat are

fordable are Gulf of Mexico ecosystems verwc South Atlantic eeosystes and whattunctionc arc imrolvad and

the integration of physical oceanography with larval recruitsent processes These are very iagortant things

we can do Ye have very good nasan to reach out to arrive Beolopiac and hydrologistc oceanographers in

tens of fording Dot your interests in context of bigger plan asultiinterdieeiplirorystudy and uae it

as a seed to pet together and oo forwrd

Y LIIa1BERC That perhaps is the beet rrap up to have Something to Bo hose with challenge to work

wfth I would like to thank all of you for taking the time out of your schedules to core here and enjoy the

Florida eunthiro Ye fonrllY stand adjourrod
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BIIlQSARY OF RESE7IRCS NEEDS 71ND OPPORTIIIdITIES

Kelly et al proposed a model for C cluinrnaedens larval

transport in surface waters which was supported inferentially here

by R Smith for C maritae and Lindberg et al for C fenneri As
noted by W Van Heukelem rapid larval development rates at warmer
surface water temperatures should favor the restricted geographic
distributions of geryonid species reported by R Manning Is
vertical larval migration and surface water transport the rule
among geryonid crabs If so what are the general implications for
recruitment processes and life history strategies of these crabs
and associated fauna

Juvenile geryonid crabs rarely appear in samples and then

mostly from deeper collections This pattern led previous authors
to hypothesize that settlement occurs deep on the continental slope
with subsequent upslope migration during ontogeny As noted by
A Hines one alternative hypothesis is that settlement occurs
across the slope followed by higher natural mortality of juveniles
eg from predation at shallower depths Another possibility
3erived from comments by W Van Heukelem concerning juvenile growth
rates at different temperatures is that crabs which settle into
deeper zones are locked into juvenile size classes for may more
years and are therefore more likely to appear in samples given
low recruitment rates and markedly different growth rates across

the bathymetric range of a species What are the settlement
patterns of geryonid crabs with respect to depth What are the
subsequent development and mortality rates and how do they vary
across depths

Similarly if larval transport by surface currents as proposed
by Kelly et al R Smith and Lindberg et al is confirmed to
what extent should we expect settlement to be concentrated
geographically or with respect to hydrographic features

In general growth rates increments and molt frequencies and
age at first reproduction are poorly known for geryonid crabs
Accurate detailed molt staging should be incorporated into future
sampling regimes while controlled laboratory experiments to test
effects of ecological variables are particularly desirable

A terminal molt with mating in the h d condition was suggested
by G Hinsch based on histological analyses but this was countered
by R SmithRErdman et alandHPerry et al with field data
and direct observations of captive pairs As noted by A Hines
resolution of such questions is possible with careful attention to
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detail eg the occurrence of limb buds on ovigerous or post

spawning females

At the population level C fenneri exhibits an seasonal

reproductive cycle C maritae yearround reproduction and C

gtincuedens a protracted seasonal to continuous reproduction

perhaps dependent on geographic location Why should some geryonid

species or populations show circannual periodicity while others do

not Regardless of cyclic or acyclic reproduction only a low

percentage of females are ovigerous or pre or postmolt at any

given time suggesting that individual reproduction is not

necessarily annual R Erdman and N Blake hypothesized a biennual

reproductive cycle for individual female C fenneri while A Hines

suggested reproduction on an annual cycle or longer contingent on

adequate energy reserves Comparative studies and experimentation
are needed to resolve questions of this basic life history trait

R Elver et al and H Perry et al reported that copulation
and mate guarding lasted many weeks for C auinrntedens and C

fenneri respectively When combined with a potentially low

incidence of receptive females this indicates extreme levels of

intrasexual competition among males for mating opportunities

Lindberg et al inferred seasonal shifts in the bathymetric ranges

of male and female C fenneri and that large males carried mated

females downslope to strata with low population densities to avoid

competing males and minimize disturbance during mating Seasonal

movements encounter rates among potential mates and competitors
movement by mated pairs and takeover attempts all need to be

documented to test geryonid mating strategies

Geryonid species apparently differ in habitat preferences with

consequences to overall ecological comparisons and linkages to

physical processes The red crabs C maritae and C guinwedens
have been found exclusively on soft bottoms while Lindberg et al

and Wenner et al reported greatest densities of golden crab C

fenneri from hard bottom habitat R Manning noted differences

in leg dactyl structure consistent with weight distribution on soft

bottom versus climbing ability onhard bottom topography R Henry

et al found that ouincuedens were slightly more tolerant to

hypoxia than fenneri Whitlatch et al attributed substantial

bioturbation of soft bottom to the activities of C cuinauedens

Basic ecological questions concerning physiological ecology

refuges and foraging habits trophic dynamics and community

relationships remain largely unanswered Given the predominance
of geryonid crabs on the upper continental slope resolution of

these questions should illuminate much about general slope ecology
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Related to foraging habits of these crabs trapping efforts have
been successful despite low population densities revealed through
submersible transects Geryonids apparently exhibit particularly
keen chemosensory and orientational capabilities and great
motility This and habitat relationships raise questions about

home ranging versus nomadism among species and the relative

importance of bonanza food falls versus benthic predatorprey
relationships The practical consequences of such questions
concern effective areas fished by traps and the resiliency of

fishing grounds to persistent fishing pressure

The questions above pertain mostly to life history strategies
and fundamentals of geryonid ecology In part this reflects
interests of the workshop organizers many participants and
fisheries interests Equally valid however are questions of

basic physiology of deepwelling organisms biogeography and

systematics or parasitology and symbiosis Regardless of

discipline the recent systematic revisions within Geryonidae by
R Manning and Holthius reveal taxa ripe for comparative studies

Industry needs for harvesting processing and marketing
information have been addressed with modest research not thoroughly
covered in this workshop Nevertheless these areas plus basic
economic considerations could and perhaps should be compiled with
existing biological data into a draft fisheries management plan for

Geryonid fisheries of the southeastern United States
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rlumnsemperatuaa epnstructetl from rousint dive datashowedstitrate trrnds
and minimal bosom Svattc tempetatunes Fig 2h Temt7eraturn pf water athr
bottom ranged ham l3to 1 S5Cm 1967 and werenear TC farall three dlvcs
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197
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9eoZ t esurvevaugKIhls iubltal Yns somewhat varwble tostd
Iment camposnlon the 1 ooze was senecally ehalaetanzed M faramin8fera
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in the QpalDaze habitat had dark Mick prrciplntt probably Phosphorite teu
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Appendix M In Situ Estimatesof Density of Golden Crab Chaceon jenneri from Habitats on the Continental

Slope of the Southeastern liS
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mutated in windrow like streaks Fig 3A which suggested that wme fine

sediment transport was occurring A northerly current velocity was1928

h r the flatoozehabiut
t mounds rimaril of deadco we ncountercd at depths of 503
d t d 2096 ofthe bouom surve ed or n

m s roseapproximately IS23 m rn eight above the surtounding sea floor
and included uveal that were thinly veneered with a fine sediment and dead

coal frgmcnts as well asanumber that werethickly encrusted with livebenching
ahermatvoic cools Igphelia prolijera and Enallopsammia proju a tg

Fanshaped sponges pennatulids and crinoids were oriented into the nonhttly
1419kmhcurrent The decapod crustaceans Bathyneaes longispina Het

rracarpusenvjerand Eumunida pins theblackbellied rosefish tlelicolenus duo

rvlopreras and thewreckfish Polyprion amrricanty were requently sighted along
tansects in thecoal mound habitat

Several of the habiut types were characterized by currentgeneated structure

such as ripples uour marks depressions and duneswith steep berths The ripple
habitat atdepths of 419539m was encountered in ovref the area surveyed
mI98riand 1987Thishabitat wascharactenzed by scdrmrnts coarsepTropo3
foraminifean fragments streaked with black precipiute asymmetric ripple marks

curtent crescentsand occasional depressions of 12mdepths Fig 3C Thedune

to peen d from depths of 389 to 41 on i of
t e tool arc Dunes we 5 m to height with strongly rippled slopes
act a current on the wuthward sides and tops and smooth steep scarps o0

vEJINER AND aARRANS IN SDDENST OF CgIafNCAE j

thenorthward leeward sidesFig 3D Organic debrisand refuse were frequently
sighted in the leeodunes and in uourcd depressions of the rippled habiut
Currnt velocities in the rippled and dune habints were 19z8kmh from
19ozzo

The bock pebble habiutoctumd atdepths of 481564 mand was encountered
over botto and m rments were

primarily globigerina oou over which small roughtexturtd black pebbles of
phosphorite were uniformly scattered Fig 3E Pebbles occasionally graded into

larger rocks I S em which frequently had live white coral atuched The black
pebble habiut was observed most commonly near orbetween cool mounds or

in association with lesscommon low outcrops cable 2
The low out abintoccurted at de the f 50 d tun

the surve a This habitat consisted of relatively flaI
globigerina oou through which black pebbles and lowrelief1030cm slab
like rocks were stuttered Many of the exposed rocks were undercut by currents
and bioerosion with occasional invertebrates including coal atuched to theflat
top wrfaces Fig 3F Polyprion americanut Helicolenus dactyloprerres and the

detapod mrsuceans Eumunida pitta and Cancer borealis were common in this
habiut Curtent velocities ranged from1416kmhfrom 190220

Thew blow ve5only in 1986
at depths from 41375m This habiut was characterized by w t

green blgenna oou and extrnsive bioturbation in the form of worm tubes
shallow depressions mounds and burrows of benthic organisms Fig 3G The
wltbioturbated habi the tool area surveyed Thenorth
erly current of is habiut was oC low veloctity0406kmh
Density EstimatesAtool of 109 Chaceon jenneri were sighted over583A80 m
of bottom surveyed on 85 submersible tansects in 1986 and 1987 table 1
When tnnsects wereclassified by habiut type 27 ofthegolden rnbs occulTed

inthe flatoou habiut whichcomprised 31 of thetool area surveyed The flat
oozc habiut and the rippled habiut together accounted for 48 of the golden
crab sighted and 50othebottom area surveyed Fig 4

Density mean no1000 mwas signifiantly diRcrcm among habints fable
3 with highest values 071000 mrnoted among low outcrops which tonsti
tuted only 3of thebottom surveyed Fig 4Iowcst densities were associated
with thedune habiut01 1000 mwhile densities for other habints were
similar0150221000 mAnalysis of variance formean densrty among four
50mdepthintervals pond no significant diRercnce table 4
POOnIatlOn EstimatesEstimates of the densities of adult cabs and theareas of
each habiut type were expanded to determine population sizewithin a4 km area

along iwbaths bounded by the depth extremesovisual habiut confirmations
across iwbaths during all three dive years The estimated cob populations for
sampled sites weresimilar Table 5although estimates from Arca A were smaller
due to a lack of dau corn habitats shallower than 400 m The two habints
associated with hard substrates coal mound andblack pebble habints support
greatercab populations in Areas A 40of the areas total population and C
42than in Area B27 Estimatesof cob populations Gom the combirotion
of wft habitatswtbioturbated and tlat ooze were spatially variable and rangedfrom 12ArcaC to62Arca B The habiut type of highest mean cab density
low outcrop supported fewest number of crabs in Areas A and B where this
habiut was infrequrntly encountcrcd The lowoutcrop habiut contributed greatly
to theestimatem Area C whereit rcpresemed 10oftheexpanded area Estirmtes

M3
Drafr Golden Crab SAFE Report



Appendix M In Situ Estimates ofDensity ofGoldenCrabChaceon fenneri from Habitau on the Continental

Slope of the Southeastern US

R6IRINWMaINCl0IfiYOL aAN011f10

t

t

yam 3 Hab11a11Ypiidentified durint submmide opemiona AlFlatoozeFlat6bbitetim ooze

I nually with accumulations ofblack prcclDute Ripple marts att ocoslaully seen Cnb almwnu
armbDrahr BConl moundsRaised alesaMrdbottom with dead coral and WIrhY livepond
lyshNaDrolilnoandEwlppzammtoOrouMO CI RippledGbbstedm apze with ripple aM
zcaiolul 1Zm depsesaons and black prmpiute

I yfthe crabpopulation from habitats of high Cvtrent velocity dune and rippled
eprcsrnted less than l3of the tool crab abundance in any arm

DlSCIISSION

In situ oburvations of Chaceon jenneri rcvealW that their abundance on the
ontinental slope inthe South Atlantic Bight differed withmpectto bottom type
he influrnce ofbottom type on abundance was suggested by Wenner et al 1987
ram informationan xdiment composition taken coincidentally withtnp fishing
ctivities Catches werehighest on substrates conuining amixture of silttlay and
oraminifcmn shell however no golden crabwere collectedwithlimited trapping
access from low outcrop orcoral rubblebottom Submersible obxrvationsmn

irmed low density of golden crab on coral mounds but showed that highest
lensities occurred in arcswith low outcropsorock wheretrapping was di6lcult
Ind often unsuccessful Becaux the flat ooze and rippled habitats accounted for
Host 50of thebottom surveyed countsofrnbs werehighest or thtsehabiutl
Density however was low in the flat ooze and rippled habitau and was rnm

sarable to that calculated in the coral mounds While an association with soft
ubsrateshas been noted for redcrab C gvingvedens Wigley et al 1975 C
enneri apvcared to occur on soft and hard bottom with highest densities in atlas

E
Fiiule 7 Conunued D DunesRollins dunoof tlobienna aott witA heavily npp7ed upavnent
side antlsmooth stur9lY droppint downvsttntsides E7 Black tseDDlesPebblesrtnemblmi coal
clinken ranercd overBat Ipobierina ooze Fl Low outcromImmnittentrocks black pebbles
aM bw ttlief ledin to which solitary melt ale utached Globitentw ooze accslrs betwDen rock
outelops GgnnDb1DrbtMClobitelimoott with small depnvions and many veniolly npged
wwm mbe Gabahotm uCMmon fmnrri

with low outcrops High densities in areas that arcdiheult to trap may represent
either ahabitat preference possibly beraux of incrcaud foraging opportunities
provided by amorediverx epifaunal and inaunal invertebrate community or

may simply be a result of decreaxd fishing morality A preferenceoCjenneri
for hard bottom habiats was reported in the Gulfof Mexico where higher trap
otches and densities of golden crabwere noted from cobble rock outcroppings
and vertical rock wallsWLindberg University of Florida 1987 pers comm

The exmntosuiuble habitat forentden eras iw thCouth Atlantic Bight ern
be estimated by comparing similarities between the habiut typesidentified inour

study area and thou rctwncd further south From Cpc Fear North Carolina to
Savannah Crnrnia bottom topography between 270 and50m is highly variable
with rocky outcrops sand andmud oozepresent Low and Ulrich 1963 Surveys
by Bullis and Rathjen 1959 indicated that rccn mud oceurrcd consistently at
27050 m between St Augustine and CaneCanave Florida 30N to 28N
Those authors also characteriud this same depth range as extremely irregular
bottom with some smooth limestone orslab rock prexnt

IJeepwatercoral banks am not uncommon on the FloridaHatterasslope Za
rudzkiand Uehupi 1968 where themajor coralspecies includeEnollnpsalnrniu

u
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Appendix M In Situ Estimates ofDensity of Golden Crab Chaceon jenneri from Habitats on the Continental

Slope ofthe Southeastern US
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Tame 2 Psesenre ofhabiut sypeswlMndeplA mervalsafasussampled19861986CMcoral
mounds BP black pebbles DU dunes FO sat ooze lA bYoutcrop RI ripples 58
aoRbtowrWled

osaaaawl w t

30025 SO DN
726730 B 56 RI

lS1775 SB SB
77600 sB SB
10123 58 SB FO DURI
12630 Se FO DU RI
13173 SB DURI FO BP

176500 DUFO BP
301335 FO RI CM PotlPCM tlPlA
526550 FO BP CM FOIACM CM
331575 FO BP CM
576600 FO BP CM

lrwas YMau

projunda and Lophefia profijera Calms 1979 Cairns and Sunley 1981 eu

mann and Ball 51970 described rnral mounds oflMia i as muddy sand ndaa
12IS m to hesght hat were topped by thickets of the benching deepwater
ahermatypic coralsLophelia Madrepora and Derldrophyllia Thex coral mounds
we found at depths of 719825 m on the Bass of theMamiTcrtace
Neumann an 1300 m on the lower slope no o tle

ama n u tns eta and from 600 0 700 m along the base of
little Bahama Bank and out into the northeastern Stairsof Florida Neunuon
et al 1977 Coral mounds in those areas were eonsideably deeper than hose
that weobserved and had smaller patches of living coral

red bedrock revealem to I S m in height with acap of hard black rock
twttn depths of457719 m ofC Florida Neumann and Ball 1970 The

refoutaops we observed however occurred in amorelimited depth range
512 m and no high reliefstrueturcs were found At depths of457652 m

Neumann and BaII 1970 noted that smooth black nodules the siu of stove
coal littered thesubstrate This feature is rnmpaeble soour black pebble habiut
in asimilar depth range The dune habiut seen between 389 and 472 m on our

tansectsconsisted ofstructurcs that were higher Shan and oriented in theopposite
directionto thesouthward facing031m sand ridges dexribed a1 depths of550
600 m off Miami by Neumann and Ball 1970 Current lineations in the form
oriDPle marks scours and crescents were oburved from 600 to 661 m while
northsouth streaking similar to that which we observed was rs3quently nosed
from 680 to 825 m by Neumann and Ball 1970 In addision tothe dilkrcnce3
in depth between theirstudy area andour riDPle habiut the southerly flowalong
the slopeotheMiami Terrace noted by thouauthors was opposite tothatwhich
weobserved

The deeper distribution of habitat types olfMiami as compared to depths far
the corresponding type offSouth Grolina suggests that the depth distribution of
golden crab may change with utitude Although Neumann and Ball 1970 saw

numerousWrge cabs tmutively identified as Chacrorc inshallow elongate trenches
along their tensects457719 m on theMiami Terett commercial tapping

oresoff southeast Florida are eneelly mnttntntedat shallower dots 1
240 m lrndberglt University o on omm o information

AREAm e7sas reuses ta71a tasla aarsl tatat taus
NO BIDtV ti zo xs t se tx s6

NOTRANSECTS n xa v e

Flturt Deruny of Golden cab amon8 seven luMUt types surveyed by submmible

771

is available on bouom rom in this region but the tin t stone is sleeo andmay have to morenortherly shelfedge reels andprominences rcoortcd by Aventet al 19771As compare a ep s nour stu ytetchesweredommaled by Jonah crab Cancer borealis Wenner andUlrichunpubl The abundantt of golden crab at shallower depths off southeastcm

Fj FFlorida may be somewhat anomalous and needs further study to ascertain the I
L

physical and biological actors aRecting distribution of golden crab thereThe density of golden crabs calculated from in situ counts along our tansectswas surprisingly low compared to values reported in the liseawrc for red tnbC quinquedeu Using photographic methods so estimate density Wigley et al1975 determined that thedensity of redcabcould be as high as 258282hain 32040 m depths otf southern New England The much lower density I9individuals haof golden ceb in our study area suggests thatgolden cnb stocks
may be subsunsially lower than those of red crab

Table 7 Analysis ofvanana eompannt densiuesNO1000mI Of Charronteem among germhabtuu Vamnozs tpre bomoaeneous M Banletts lesta 100 P 003
soes er we F r

N1biu1 6 0119 232 00Essor 78 0039
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Appendix M In Situ Estimates ofDensity ofGolden Crab Chaceonfenneri from Habitats on the Continental

Slope ofthe SoutheasternlS
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Table 4 Analysisof varuntxcompannmenAerssirinNO1000msofCAarronteemamen
50 m depth inmrvals Vwnces werehonoerlmus by Barrkttstm rs 716P 003

soQ r sr N es Ms s r

lkpN intervals Im

J 0005 007 09

000030 019 003 21
4s1youo 016 oa zo
sotsso ozo oos 37
35100 019 009

@ror BI OD66

The crab populations in small areasofzl7qk Ywenaluta0pmdepti
olrCharlaton was estimated between Theseestimates
arc mac ower t ante ighest population estimate22400kmrfora 3730

km area in 360340 m derived from a trzp survey of C qurnquedenr on the
Scotian shelf by Stone and Bailey 1980 Thelargest proportion of the estimated
golden crab population nme from the Oatoozehabiut in northcm Area S in
thesoRbioturbated habitat in Area Band in the low outcrophabiut in southern

Area C Theseapparentspatial diRcrcnrxs in crab abundance by habiut type may

rcOttlour inability tomeasurecomparable depths and habiut typesamong arils

due to limited dive time or inaccurate estimates of the proportion of habiuu
between survey transccu that were parallel ro isobaths

More accurate estimates of theabsolute abundance of C jennoi would raWt
from the incorporation of improvemenu into futurestudies Improvemenu could
include1aDDlication of rettnt counting measurement andanalytical ttthniques
into the vmplingdesign and 2 imorovcd and uninterrupted quantifintion oC
thedistribution of each habiut type across isobaths

ADPliration of correction factors which tan be calculated from measurcmenu

of right angle disunces orvisual zones Pahl et al 1979 Quinn and Gallucci
1980 may improve accuracy of visual Countswhichdecrpses withdistance from
theobservericthestrip widthoSale andSharp1983 Oncecorrected densities

Table 5 Estimates of Chdcron rnrreri abundartce and pernl o the aroatool lsopuhtion by
habiht lyp

Nru

W lA al OI N W 58 TaW

Area A

Arolm x10 85 08 19 05 7J 47 217
Abundanu t x 10 136 12 36 02 160 84 430
ofseaspoDUbsion JI 1 83 OA 32 196 999

Arty B

Aralmr x101 60 7 IA 07 09 03 IIR 288

Abundantt 10 97 116 26 07 20 22 212 096

ofarias population 193 2JA 53 06 40 44 426 1000

Area C
Am lm xlo1 78 J2 32 37 27 39 265

AbuMance 1 x IOrI 1I 61 13 126 188 71 576
ofstetapopulation 204 106 Z2 219 J26 123 1000

WFNNEa AND NRMMINSRV CFNSITY OF GOtpucRAa 733

are stratified by habita0 an optimal stratifiedrandomvmpling design should
be developed Wsed on theproportion of habnat area and thevariantt associated
wish meandensities as was done by McCormickand Choat 1987

Anefieient method to obuin estimates of the proportional size ofeach habiut
type within an area especially indepthrelated habiuts maybe toconduct visual
tnnstttsacross perpendicular to the isobaths of the given area as was attemptedin 1988 of thisstudy Additional submersible time would be required to assure
that all necesvry measurcmenu arc obuined including estimates ofsubmersible
drift during deseent in strong currents Quantified habiuVSpatial relationshipscouldthen beapplied to theoptimum sampling design and extrapolation ofdenstty
values to moreatturate estimates of absolute abundance
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Appendix M In Situ Estimates ofDensity ofGolden Crab Ciaceonfenneri from Habitau on the Continental

Slope of the SoutheasternLS
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DIFFERENTIALALGAL CONSUMPTION DY THREE SPECIES OF
FlSSURELLA MOLLUSCA GASTROPODA AT

lSLA DE MARGARITA VENEZUELA

Craig 1Franc

ABSTRACT
Visual obamuions and Bus analyses wrn Used to detttmine types of food misled by

flsrunfammbmm mucus 1758 E nddom Born 1718 and E darhodrNrr Gmebn
17911 a1W de Marpnu VenezuelaAlthalhhose animals have a wde vannY of dpl
soulm from which w seleeland on whieA NeY appnrto food man opponumnaflallron
apedfrc food pleflmalmeus FanunfdIvzlord Isrtfm enavauamirwlpcanddaloms
F mmbosu Inpnnminusheen of tlrtdomlwndY brown alpeF flor6odrmu cods on
wide variety of alpe bus oftenselttu wnlline alpe of which it iaiesn entirtbranehn In
apnea ofovernp it iihYpoNnuM wf enmpeli4an for rod aroma Fusurcfoapenea u
minimal due so rtaourse alloosionNlayh foodINeertnoe laboratory ealsmmenu isWlnle
this all threeconenerson iaiesl apeatsr vanetY ofalp types Nan ahcY normally consume
in Ne heW Diaerential food consumption Ndinsea api6untly Inpnlabonu oiNe pr
tiuomn amour tropical inlenidal Favarella Nan wupreviously brown

Stadia ofeompantive feeding among congeneric predators may provide insight
into Ne mannerby whichorganisms partition theirenvironment This partitioning
may be achieved through spatial xgrcgation temporal slltxation ordieury prcf
ercnfx In situations ofspatial ovttlap and temporal ceding similarity aunique
opportunityexists toevaluate theway inwhich food preferences may help esublish
an individualsniche In rhea dreumstanca dieury stadia of cooccumng
congeners Drovida information concerning the partitioning of community food
resources

Many prosobnnch groups utilize benthie algae as a food source Frctter and
Graham 1962 Sutherland 1970 Lubchenco 1978 Underwood 1980 Rosman
and Hockey 1988 Although competition and physical actors may regulate the
veniral distribution of algae in the intertidal zone grazing may be equally im
portant Hawkins and Hatvloll 1983 Most limpets are classified as genenlis
feeders which utiliu available mittoflon and detritus Graham 1955 Purchon1968 Drench 1981 nevmhcleu some limpets eat macroalgae Eaton 1968
GossCusurd etal1979 Feeding preferences of limpets may differ considerablyand these diflercnca on exist even among congeners For examplelvlliaAr
maea limarula Carpener 1864 cods mostly on the encrusting red and wralline
algaeHidenbrandia Peyssonellia LithophylamandLilhofhamnron Eaton 1968
whereas asympatric congener Loflia ACmaea J7elra Rathke 1833 feeds on
numerous macroscopic frond algae such as Rhodaglossum afjine Harvey Peverra

farriRala J Agardh and EgregamenzrcsiiTamer Craig 1968
Only a few studies have included the feeding habits of species in the genus

Fissurella DruguiLre 1789 existing information for this group is incomplete and
confusing Kohn 1983 slated that fiuurcllids arc mainly predators which graze
on sessile invertebrate However Ward 1966 found iha F barbadertsis in
Barbados commonly ingots eyanobacteria bluegreen algae including LynghyaOscillamria Phormidium and1 nacysiis and green algae such as Chloroctyfriurn
UlohrrxCladophora and Precursaria Castilla 1981 reported thatsevenspeceofChilean Frssureafeed on bemhic algae but did not identify hex algae One
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EXPLORATION FOR GOLDEN CRAB GERYON FENNERI IN

THE SOUTHATIANIIG BIGHT DISTBIBLTION POPULATION

S2TiUCTURE AND GEAR ASSESSMENT

ELIZABETH L WENNERGLENNFUtRICH AND

JOHN B WISE

ABSTRACT

Explorawry trapping for golden crab Guyon jenneri was conducted from 5 August 1985 to 21

February 1986 off South Carolina and Georgia A buoyed avatem with strings of stxtraps three

nidetntry Fathoms Plusand three toptntry Florida traps was fished in six depth strata 274366 m

367457 m 456549 m550640m 64132m and 733823mAmtaloC3152Gennen26619kg

were collected at sampled depths between 296 and 810 m The only other numerically important

species caught was the pttah crab Caner borealis 864 individuals 2275kgl

Catches of golden tsab were highly variable between strata Catch per trap increased from 16

crabs167 kgl in the shallowest stratum sampled to a maximumabundant of 223erabsnrap i lBOa

kgtrap is the458549 mdepth rune Catches abruptly declined in the deeper strata sampled

Number of golden nab per trap171and weight per trap1671inthe Florida trap exceeded

that inthe Fathoms Plus trap forall rnmpleted setaTraps yielded golden tsab as smal l as 85 mmCW

but the greatest proportitm of crabswu 300 tmnCW liver 905E of all individuals exceeded 114 mm

CW which is theminimum aiuof red cab Gquingtadens aoeepted forwmmercial uulirauonMale

golden crab were more numtrous and larger than females

Crabs of the genus Geryon Brachyura Gery
onidae are deepwater inhabitants of the At

lanticIndianand Pacific Oceans Rathbun 1937

Monod 1956 Christiansen 1969 Manning and

Holthuis 1981 Species reported off the United

States in the western Atlantic and GulfofMexico

include the red crab G quinquedens Smith and

the golden crab G jenneri Manning and

Holthuis At the time G jenneri was described

Manning and Holthuis 1984 its geographic and

bathymetric distribution included the continen

tal slope off eastern Florida the Florida Straits
and the Gulf of Mexico An exploratory fishing
efTort in 1984 collected the firstknown specimens
of golden crab off South Carolina and it is now

known that golden crab occur in waters ofT

Bermuda Luckhurst in press
Both G quinquedens and G jenneri have been

Contribution No 232 South Carolina Manna Resources

Center Marne Resources Research Institute
Manna Resouroes Research Institute South Carolina

Wildlife and Marne Resources Department POBox 12559
Charleston SC 29412

aOfL of Fisheries Management South Carolina Wildlife

and Marine Resources Depsrtment PO Box 12559
Charleston SC 29412

South CarolinaWildlik and Marine Resources Department
unpubl dau rnunesy Charles Wenner Marne Resources Re

search lnsutute Charleston SC

the target of limited and sporadic commercial

fishing efforts off the east coast of the United

States Gerrior 1981 in the Gulf of Mexico

Orwell et al 1984 National Marine Fisheries

Service 19865 and off Bermuda Luckhurst in

press Although much information is available

concerning the biology ahd commercial fishery of

red crabsummarized by Gerrior 1981 biological
information on golden crab is more limited

Orwell et al 1984 demonstrated exploratory
trapping and processing techniques for golden
crab from the Gulf of Mexico

The initiation of a small commercial crabbing
enterprise during 1984 in South Carolina yielded
promising quantities of golden crab6 We began
the present study to determine the fishery poten

tial rnmpare trap designs delineate bathymetric
distribution and describe the biology of golden
crab in the South Atlantic Bight This report doc

umentsresults on catch rates sizeand sex compo

sNational Marne Fisheries Service 1986 Speoes profile
deep red crab Guyon qutnquetkns Smith and olden crab

Geryon fen Wert Manning and Holthius 1984 from the south

eastern USsouth of Cape HatterasNC US Ikp Commer

Natl Mar Fuh Serv NOAA Pascagoula lab latent Reaour

Rep 17 p
sH Holley mmmernal faherman Charleston SC pers tnm

mun 3985

Manunytaccepted March 1987 N
FISHERY BULLETIN VOL 85 NO 3 1981 547
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sition ofG fenneri as a function o depth and trap

type and examines aspects of adult life histtr
and reproductive biology of this species in the

South AtlanticBight

METHODS

Cruises were made during the period from 20

June 1985 to 21 February 1986 on board the

South Carolina Wildlife and Marine Resources

Department SCWMRD research vessels Oregon
andLady Lisa and the NOAA ship Chapman All

vessels were equipped with large capacity hy
draulic systems and a heavy duty pot hauler

Two commercially available trap designs were

used to sample crabs The Fathoms Plus traps
areoval 85 cm long x 66 carwide x 30 cmhigh
and constructed of injection molded plastic The

trap has two sideentry funnels that can be en

larged by removing more of the plastic funnels

inner lip The original oval funnel opening is 10

crri x 20 cm Both funnels werecut out to a maxi

mum opening size of 14 ctn x 22 cm Traps were

weighted with chain making the total weight of

each trap 11 kg The Florida trap is an injection
molded highimpact plastic version of a Florida

spiny obster trap 82 cat long x 61 cm wide x 45

cm high The top of the trap is constructed of

wood lathing to provide a biodegradable escape

panel The top entrance funnel has adjustable
panels and is 20 cm x 25 cm in the most open

position as fished throughout the study Two

strips of poured concrete in each end of the trap

provided ballast making the total weight ofthe

trap about 227kg
Traps were baited with1216kg of clupeids

Three Florida and three Fathoms Plus traps were

alternateyattached at 61 m intervals to 3656m

of groundline The groundline was constructed of

8 mm diameter Iceline a dacron polyethylene
line thathas a high tensile strength relative to its

diameter A small weight consisting of90kg of

chain was attached to one end of the groundline
and an anchor 25kg was attached to the buoy
line end ofthe gear Buoy lines were 366 m sec

tions of8 mm Iceline joined together to achieve at

least a 21ratio ofline to water depth Four inflat
able net buoys and a spar buoy with radar reflec

tor were attached to the buoyline
Six depth strata were sampled between lat

2953132200Nand long7801579248W

rReferenrem trade names does not inply endorsement by the

National Marine Fisheries Servire NOAA

N2

274366 m stratum 1 367457 m stratum 2
4549mstratum 3 550640 m stratum 4
641732 m stratum 5 and 733823m stratum

6Three sets ofsix traps each weremadeapprox
imately 12 km apartwithinadepth stratum over

a 24hperiod Sampling locations for each set

were selected by making fathometer uansects of

the potential fishing area to determine depth and

bottom type Because of bad weather and logisti
cal constraints all strata did not receive equal
effort Table 1

The first trap type on the groundline was ran

domly selected with trap type alternating until

six traps three of each type were attached The

exception to this arrangement occurred in the

deepest stratum 733823 m where only the
Fathoms Plus trap was used

Fishing duration wasstandardized at 20 hours
however poor weather conditions and logistical
considerations altered this Average fishing du
ration within strata exceeded 17 hours Table

1
Bottom temperature was determined in each

depth stratum by reversing thermometers Bot

tom sediments were sampled by a geological
rocket grab for each group of three sets made in

an area Sediments retrieved were frozen on

board andexAined under a microsrnpe for gross

characterization in the laboratory Sampling
depth and location were recorded at deployment
ofthe anchor

Decapod crustaceans in each trap were identi

fied counted and weighed Catcktes from dam

aged traps or those sets that moved due to cur

rents wereexcluded from analyses ofdistribution
and abundance but were included in biological
studies of size and sex composition Each golden
crab was individually sexed measured to the
nearest millimeter carapace width CRr distance

between the tips of the fifth lateral spines cara

pace length CL distance from the diastema be

TatE1Mean stantlard deviatxxt mini

mum antl maximum hsMng duration of trap

sets to Gerycn ienneh within su strata sam

pled trom August 1985 to MarGt 1966

Fishing duration h

Stratum No sets y Is Min Max

t 8 175375 124 272
2 32 t88236 140 232

3 t6 205207 162 237
4 6 229115 218 247

5 4 772 073 164 181

6 4 202 569 117 233

LJ
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WENNER ET ALEXPLORATION FOR GOLDEN CRAB

tween the rostra teeth to theposterior edge ofthe RESULTS
carapace along the midline acid mosCwere

weighed to the nearest gra1 fine number of DiStcibuUOn and Relative Abundance
helae and riled fmtsstng c pereopods was recd or

each crab as was molt condition and presence of

chitinolysis and poecilasmatid barnacles Trtlas
mis inaequilaterale on the exoskeleton Molt con

dition of G jenneri was modified from trite

established by Beyers and Wilke 1980 f

G quinquedens probably G maritae Manni

and Holthius and consisted of five categories

ria

ng

1 Hard carapace at maximum strength fouling
by barnacles or chitinolytic bacteria mini

mal

2 Hard old carapace strong but heavily fouled

by barnacles and abraded or blackened by
chitinolytic bacteria

3 Soft old resorptive line alongpostetrolateral
sides ofthe carapace is weak Carapace heavily
fouled as with hardold condition

4 Soft new carapace soft or jellylike with no

fouling and
5 Hard new carapace cracks under pressure

and is not fouled

Female G jenneri were examined for evidence
of egg extrusion and mating Presence of eggs or

egg remnants on pleopods and thesize shape and

physical condition of vulvae as described by
Haefner 1977 were noted We examined semi

nal receptacles for presence of sperm or spetzna

tophores and for relative size
Ovaries from 72 of the 166 female G jenneri

captured were initially classified by relative size
and color following the scheme described by
Haefner 1977 for G quinquedens After gross
classification of ovaries tissues were removed for

histological preparation and examination in
order to describe ovarian structure and validate

assigned ovarian stages Tissues were fixed for at
least 48 hours in 10 seawater formalin After
fixation tissues were dehydrated cleared and
embedded in paraffinSections were cut at 69m
and were stained with Gills hematoxylin and

counterstained witheosinYpocytes from G

jenneri were measured using an ocular microm
eter

Testes and vas deferentia from three G jenneri
were fixed for 24 hours in 25 glutaraldehyde
rinsed incacodylate buffer and dehydrated in

ethanol Tissues were then criticalpoint dried
sputter coated and examined using a Jeol JSM
35C scanning electron microscope SEM N3

The 70 valid sets 416 individual trap observa
tionscaught3152G jenneri26619kg at sam

pled depths between 296 and 810 m The only
other numerically important species caught was

theJonah crab Cancer borealis 864 individuals
2275 kg

Catch per trap increased from 16 crabs 167

kg in the shallowest stratum to a maximum
abundance of 223 crabstrap 1804kgtrap in
the 458549 m depth zone Fig 1Catches then
abruptly declined with increasing depth The ab
sence ofgolden crabs in traps fished between 550
and 640 m appears to be related to unsuitable

Gryon nnsri

a
a
fs

w

m

z

NS

Fathoms Plus

a
Florida Traps

60

C7
Y

274 387 456 550 641 733

386 457 548 640 732 823

DEPTH m

FIGURe1Catch per trap ofGeryon rnneri for eix depth strata

sampled Effort number of traps is shown in parentheses
Statistical significance of catches between trap types as deter
mined by two sample test is indicated by P0051 NS
indicates no significant difference in catch rates between the
two trap types
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sediments at sites in this stratum since grab saut

ples contained coral fragments and rubble At

shoaler locations where golden crabs wereabuii
dant sediments were a mixture lSf soR siltclay
molluscan shell fragments and foraminiferan

tests Temperatures at sites where golden crabs

were collected ranged from 714 to915C

The number of golden crab per trap 114and

the weight of golden crab per trap937 kg inthe

Florida trap exceeded that in the Fathoms Plus

trap 70 individuals 616 kg for all combined

sets Table 2 Statistical results by strata using
the twosamplettest or an approximatettest

when variances were heterogeneous Sokal and

Rohlf 1983 indicated significantly more crabs
were collected with the Florida trap than with the

Fathoms Plus trap from 367 to 457 m stratum 2

and from 458 to 549 m stratum 3 Fig 1
Table 2 Weight per trap was significantly differ

ent for the 367457m stratum only

Size and Sex Composition
Male G lenneri weresignificantly more numer

ous than females outnumbering them by181
No ovigerous females were collected during the

sampling period Dominance of males was statis

ticallysignificant for strata 13 Table 3In these

depth strata males were 20 times as numerous as

females In depths of550732 m a male was the

ranged from 85 to 193 mm in carapace width and

weighed from 100 to 2109 g Average weight of

mlle golden crab collected during the study was

927 g s 373448 n1640 while average

weight of females was 443 g s 289385
n 86 Carapace widthfrequency distribution
for G lenneri gave modes at 155 mm for males
and 100 trim for females Fig 2The largest crab
collectedmeasured 193 mmand weighed2091g

Linear leastsquares and functional regression
equations Ricker 1973 Sokal and Rohlf 1983

relating carapace length and live wet body weight
with width are in Table 4 Widthweight relation

ships were calculated from data on individuals
that were not missing appendages

Of the3183 golden crabs examined for missing
appendages 24 were missing one or both

chelae Pereopods weremissing from 307 individ

uals9690
Examination of carapace width and weight

statistics for each depth stratum showed that
mean size of male G fenneri was greatest for the

shallowest 274366m and deepest 733823 m

strata sampled Table 5For females however
mean carapace width and weight were greatest in

the deepest zone At depths of peak abundance
mean carapace width t 470 P 0001 and
mean body weight ts 270P 001 of male
crabs weresignificantly greater in the 367457 m

than in the 458549 m depth stratum No signifi

TeE2Results offtest T comparisons of mean number and weght
kg per trap for two 1raD types FM and FLA fished ineach depth stratum

for Geryon lenneri Standard deviation is noted in parentheses indicates

significance at 005 level

Numbernrap Weightnrap
Stratum FM FLA Ts FM FLA T

1 16192 78227074 1661912 1802157 014

2 7515967799952166675097 10027651 206
3 1045081527082228824164 17644752 191
4 0 0 0 0
5 07 0 007 0
6 05028 0430327

Total 70598 1149388516165052 9377078 616

only crab collected In the deepest stratum sam

pled 733823 m females significantly outnum

bered males 291 Although the Florida trap

caught significantly more crabs than the Fath

oms Plus trap overall no significant difference
was noted in the number of female crabs between
those two trap types X2 test P 05

The 3217 golden crabs which were measured

TaE3Frequency o1 male and tamale Geryon lenneri within

each depth stratum Asterisks denote signihrant deviation

P 005 from 11 by Chisquare analysis

Strata Im
Sex 274366 367457 a5B549 5506aD bat732 733623

Male 84 7790 1765 0 1 11
Female 3 97 at 0 0 32

N4
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WENNER ET ALEXPLORATION FOR GOLDEN CRAB

r

U
z
w

0
w
Q
LL

Goren lenneri

cant difTerences however were noted in mean

carapace width ts 085 P 005 and mean

body weight ts 148P 005offemales from

these same strata

Of the two traps used the Fathoms Plus trap

caught larger and heavier golden crabs than did

the Florida trap Mean carapace width 143

mms 1969n 1303 ofcrabs in the Fathoms

Plus trap was significantly larger than that of

crabs in the Florida trap 139 s 2021
n 1914 ts 5478 P 0001 A statistically
significant difference was also noted for mean

weight Fathoms Plus y 928 s 36677
n 775 Florida y 881 s 37769n 951

t 2598 P 0001

F
z
w
U

W
a

MALE

FEMALE

y11mm
1eDG

nte6

FIGURE2Widthfrequency distributions of male and female

Geryan lenneri caught in craps y mean s standarddevia
oo loo l to lzo Tao lao Leo leo no lao leo zoo

tion n number oC individuals CARAPACE WIDTH mm

TAatE4Leazlsquare linear and geometric mean functional regression equations ocarapacelength
CL and live body weight WT on carapace witlth CW for each sex of Genonenneh Length and

width units are millimeters while weight units are kilograms All least square regressions weresignifi
cant at a 005

Sex Least squares equaton n rz GM tuncttonal equation

Male CL9509CW 3042 095 CL71909CW

loglo WT 474 354 1og70 CW 7453 094 log7o WT 499 366 loglo CW
Female CL 40 08CW 747 092 CL OJ 08CW

1og10 Wi 397 374 logoCW 74 091 b91o WT 427 329 Uog7o CW

Taste5Size and weight statistics of male and lemale Geryon
lenneri Irom sampled depth Strata y mean s stantlartl devi

ation n number of intlwitluals

Stratum Carapace width fmm Weighl g
Sex Im y Min Max s n y s n

Male 274366 756 777 186 744 84 1064 33975 B4
367457 744 100 790 1811790 937 35403983
458549 140 88 193 7991165 864 37347567

sso6ao
641732 139 1 809 7

733823 161 135 181 717 77 1112 22522 17

Female 274366 105 92 113 712 3 189 8088 3
367457 105 85 145 86 91 265 70313 35
458549 104 BS 137 97 41 228 7006 16
550640
641732
733823 749 717 170 136 31 768 20109 32

Reproductive Biology
We obtained satisfactory histological sections

from 39 of 72 female golden crabs examined
From histological and gross examination we de

scribed four ovarian developmental stages
1 early 2 intermediate 3 advanced and
4 mature

In the early stage of development the slightly
lobate ovary is very small transparent to white
in color and bounded by fibrous connective tis

sue Oocyte diameter ranged from 58 to 92 m
with a mean of75 mFig 3A Nuclei and nucle
oli are readily apparent in the early oocytes as

are follicle or accessory cells which surround each

N5
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FIGURE3Ovarian and usticular LssueoGeryon enneri
A Ovarian tissue showing early EOCI to intermediate oocyteOCdevelopment Ooeytes

range in size from 30 to 00 m Scale bar GO m

B Oocvtes at the intermediate stage of development Nucleus N nucleolus INUI cyto
plasmic yolk globules CYGI folliele cells fFCI Ooeyle size extremes are 100125m

Scale bar 50 m

N6
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FIGGRE3Connnued

C Oocytes to the advanced stage of development Nucleolus NU cytoplasmic yolk gran
ules iCYGi Oocytes 200300 m m size Seale bar 30 m

D A portion of a mature testis showing the semtnierous duet tSDI and testicular lobes

contammg spermatocvtes SCl spermatids STS and sperm fSi Accessory cell nuclei

lANi Scale bar 100 m



Appendix N Exploration for Golden Crab Genonfenneri in the South Atlantic Bight Distribution Population
Structure and Gear Assessment

cell In the larger oocytes cytoplasmic vitellin

globules indicative of vitellogenesis are pre

sent

The intermediate stage ovary is yellow in rnlor
has more pronounced lobation and is largerthas
the early stage ovary The diameter of oocytes
ranged from 112 to 175 mwith a mean diameter

of 145 mMost oocytes were undergoing vitello

genesis in this stage Fig 3B

As the ovary matures to the advanced stage

the ovarian lobes bernme enlarged and the rnlor

becomes light orange to orangered in color The

anterior portion of the ovary obscures the ante

rior hepatopancreas from dorsal view Oocytes
were 175300 m in diameter Cy 240 m and

enlarge as vitellogenesis continues Fig 3C

The mature ovary brown to purple in color is

the dominant visible organ and obscures the hep
atopancreas is dorsal view Oocytes are filled

with yolk globules and average 300400 min

diameter as vitellogenesis nears completion
Size at sexual maturity was difficult to assess

because ofthe small number offemales collected

Overlap existed in the size offemale G jenneri in

each stage ofdevelopmentThe carapace width of

females in early ovarian development ranged
from 85 to 116 mm 104 mm n 27 Inter

mediate ovaries werepresent in females measur

ing105169 mm CW 127 mm n 13 while

advanced ovaries occurred at sizes from 110 to

136 mmCW 123 n 2The 30 females with

mature ovaries ranged from 97 to 169 tam CW

Cy 141
Five vulva forms were identified among the

142 females examined Most of the females had

immature vulvae types a and b suggesting that

these crabs had not mated The observed ovarian

condition in a subsample n 26 of these fe

males indicated that all had ovaries in an early

stage of development Table 6 Only one female

111 mm CW with immature vulvae contained

sperm in the seminal receptacles indicating cop

ulation had occurred Type c vulvae werenoted on

two females one with ovaries in early develop
ment and lacking sperm in the seminal recepta

cles while the other crab had mature ovaries and

sperm present Type a and fvulvae were found on

the largest females collected all of which had at

least intermediate stage ovaries Eight of the

fourteen females with these vulva types whose

seminal receptacles were examined had been in

seminated

Three male G fenneri examined exhibited typi
cal brachyuran reproductive morphology The

testes which are dorsal to the hepatopancreas
were tubular and highly lobate The testicular

lobes adjacent to the central seminifemus duct
contained spermatocytes spermatids and sper

matozoacuggestive of asynchronous develop
ment Fig 3D In mature individuals ripened
spermatozoa were found in thesemiaiferous duct

Eamination of the testes and vas deferentie by
SEM revealed germ cells at various stages of de

velopment Spermatids Fig 4A surrounded by
supportive tissue were composed ofa central nu

cleus framed in cytoplasm With spermiogenesis
multiple projections or spikes form which are

characteristic of developed sperm Fig 4A An

other portion of the same testis yielded a more

advanced germ cell displaying welldefinedcyto

plasmic spikes Fig 4B A sagittal section

through the vas deferens revealed stellate sper

matozoa Fig 4C which had previously been em

bedded in this complex of supportive tissue

Fig 4D

TatE6Incidence of wNal type fatter
Fleefier 1977 inrelation roCarapace width and

gonadal condition of female Geryon en

neri n number dindividuals examined

Type n

Carapace
width mm n

Caonadal
condition

a 112 95119 22 easy
b 4 9e116 4 eddy
c 2 97109 1 eddy

1 mature

d 0 0
e t9 105156 6 imermediate

1 advanced
9 mature

t 5 124169 2 intermediate
3 mature

Molt Condition and Fouling

Most 80xof the 3183 male and female

G fenneri were in the intermolt stage Less than

1hof the3041 male golden crab showed evidence

ofhaving recently molted The incidence ofimmi

nent or recently molted female golden crab was

higher than that observed for males with four

individuals classified as premolt softold and

two in the newly molted softnewcondition

Most 95ofthe3183 G fenneri examined for

molt condition had blackened abraded areas on

the exoskeleton indicative of damage by chiti

nolytic bacteria Exoskeleton damage was most

prevalent on individuals in the intermolt 75

and premolt 19 condition

i

i
i
r

i
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Appendix N Exploration for Golden Crab Gervon jenneri in the South Atlantic Bieht DistribuionPopulaion
Sructure and Gear Assessment

WENNER EfALEXPIARA770N FOR GOLDEN CRAB

DISCUSSION

1

and Ulrich 1983 Additional information on sedi

meat type during future fishing efforts will be
Although the results ofthis studysuggest that necessary before any validation ofsediment pref

G fenneri has a wide bathymetric Qccttrrencein erencebygolden crab caa be made

the South Atlantic Bight the depth extremes for The catch data for golden crab in our survey
the species probably extend beyond those encom compares favorably with catch rates reported by
passed by oursampling design Records ofGeryon Otwell et al 1984 in Lhe Gulf of Mexico AI

sp and Ganis which were probably G jen though their study was not intended to assess the
neri from the Gulf of Mexico indicate a depth resource they reported mean catch per trap val
distribution of3651455 m Pequegnat 1970 ues of7484for the nested design fished between
while Luckhurst in press reported golden crabs 210 and 340 fathoms Information on catch rates
from 786 to 1462 m near Bermuda of red crab from trap surveys and the fishery is

Although a broad bathymetric range for the perhaps more relevant to our study Ganz and
species is likely maximum abundance occurs be Herrmann 1975 reported an overall uncalled
tween 367 and 549 m in our study area This mean catch perpot of4093red crabsoffsouthern

depth range coincides with that reported by Stone New England their study used four types of dou
and Bailey 1980 for maximum trap catches of ble parlor offshore lobster pots An average catch
G quinquedens along the Scotian Shelf and ap of268red crabs per trap conicaltop entry was

proximates the limits 320530mdetermined by reported in360540 mdepths on the Scotian Shelf
Wigley et al 1975 by trawl and photographic by Stone and Bailey 1980 The only available
methods to be most productive for that species off information on weight per trap was provided by
the northeastern United States Gerrior 1981 who found seasonal catch rates

Information on sediment composition taken co that ranged firom a low of84kg in March to a

incidentally with fishing activities suggests that high of 111 kg per pot in June Although com

abundance ofboth G fenneri and G quinquedens parison of catch per unit of effort between these
is influenced by sediment type at these optimum studies is questionable because trap type and
depths Our catches were highest on substrates fishing duration as well as physical features of
containing a mixture of siltclay and fora the sampling areas differ catch per trapof golden
miniferan shell In contrast no golden crab were crab in depths ofmaximum abundance off South
collected on rock and coral rubble bottom such as Carolina and Georgia appears promising
was encountered in the550640 m stratum Other Comparison of catches notrap between the
studies have described an association oCG gain Fathoms Plus trap and the Florida trap clearly
quedens with soft substrates Wigley et al 1975 indicate superiority of the latter for golden crab
noted that bottom sediments throughout the area These two traps also differed in the size and
surveyed far red crab from offshore Maryland to weight of individuals caught with larger and
Corsair Canyon Georges Bank consisted of a heavier golden crab occurring in the Fathoms
soft olivegreensiltclay mixture Ifgolden crabs Plus trap Advantages of the Fathoms Plus traps
preferentially inhabit soft substrates then their for commercial fishing operations would include
zone oC maximum abundance may be limited their lighter weight ease of handling and stack
within the South Atlantic Bight Surveys by able wnfignration which conserves deck space
Bullis and Rathjen 1959 indicated that green Differences observed between traps maybe re

mud occurred consistently at 270450m between sled to trap design which affects success ofentry
St Augustine and Cape Canaveral FL 30Nand and maximum catch Miller 1980 or behavioral
28N This same depth range from Savannah interactions which affect probability of captureGA to St Augustine was generally characterized Richards et al 1983 Although no studies have
by Bullis and Rathjen 1959 asextremely irregu been done to evaluate behavior ofG quinquedens
lac bottom with some smooth limestone orslab or G enneri in regard to traps responses of the
rock present Onrstudyindieates however that spider crab Hyas araneus and the rock crab
the bottom due east between Savannah and St Cancer irroratus to top and side entry traps were
Catharines Island GA at 270540m consists oC reported by Miller 1980 He found success of
mud and biogenic ooze Further north from Cape entry by C irroratus was greater escapement
Fear NC to Savannah bottom topography be was reduced and fewer agonistic encounters oc

tween 270 and 450 m is highly variable with tarred in top entry traps In a complementary
rocky outcrops sandand mud ooze present Low study however Cancer producivs had highest

N9
Draft Golden Crab SAFE Report



Appendix N Exploration for Golden Crab Gervan fenneri in the South Atlantic Bight Distribution Population
Structure and Gear Assessment

FISFiER1 BLLLtTIOL E3 O

i

L
N10

Draft Golden Crab SAFE Report

FIGURE4Scanning electron micrograph of testis and vas deferens from male Gnyon ennen
A Tesps Maturing germ cells spermatids Sfrsurrounded by sustentscular tissue De

velopngsperm fDSi cvtoplasmcspike SFr x 3200 Scale bar 3m
B 7esas A developing sperm DSi possessing partial to fully formed cytoplasmic spikes

SPi x 3200 Scale bar3m
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FIGURE4Conrmued
C Vas deerens Mature multiple stellate sperm fSl showing cvioplasmic spikeSPr x 3840 Scale bar 2 um

D Vasdeerens Pockets Pr within the vasdeerens previously occupied by the maturestellate sperm x 1600 Scale bar 10 um
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success in entering a side entry trap whose en

tranceswere parallel to thecttrrentlIiller1978

Although our traps weredeployedparalle to wr

face current their orientation on the bottomiela
tive to bottom current is unknown Weareassum

ing that golden crabs were successful in locating
the entrance and were retained longer in the top
entry Florida trap than in the Fathoms Plus trap
It is possible however that golden crab were

equally or more successful in locating the side

entrances of the Fathoms Plus trap but that es

capement especially ofsmaller golden crab was

higher This would explain the capture of few

er but larger individuals by the Fathoms Plus

trap
The overwhelming dominance of males in this

study contrasts with results reported inother geo

graphic areas for golden crab Luckhurst in

press noted thatsex ratio inhis sample n 244

of G fenneri from Bermuda waters was approu
mately 11 Otwell et al 1984 noted that males

tended to be more abundant at greater depths
540 m in the Gulf of Mexico however they
cautioned that trap design may influence the per

centage of male crabs caught Commercial crab

bers noted a decline in catch rates and number of

male G fenneri with increasing depth on the

slope in the eastern Gulf of Mexico National

Marine Fisheries Service fn 5 We also found

increased abundance of females at greater depths
although our results are limited due to the small

number of females collected This is apparently
not an artifact ofsampling with only the Fathoms

Plus trap in the deepest stratum since more fe

males werecollected in the Florida trap than with

the Fathoms Plus trap when only strata 13were

considered Segregation ofthe sexes by depth has

been observed in several studies of G quinque
dens Wigley et al 1975 collected more female

red crabs than males but this dominance was

limited to intermediate depths 320503mGanz

and Herrmann 1975 similarly noted dominance

by male red crab at depths 685 m off Rhode

Island This same pattern was noted for red crab

in the vicinity of Norfolk Canyon where females

were more abundant than males from depths
600 m Haefner and Musick 1974 Haefner

1978 In Canadian waters however female red

crabs were reported by Stone and Bailey 1980 to

be considerably less abundant than males Al

though they attributed this discrepancy to trap

bias another study in the same general area

found females were present but highly contagious
in distribution Whether seasonal migrations re

fated tq mating or spawning occur as hypothe
sized by Wigley et al 1975 for G quinquedens
remains to be substantiated What is evident

fromotresults is that male G fenneri aredomi

nant indepth strata where catch per unitofeffort

is highest
Sizerelated distribution of G fenneri with

depth similar to that reported for red crab may

occur in the South AtlanticBight We found the

largest crabs in the shallowest 274366m and

deepest 733823m strata A clear trend ofsize

related upslope migration such as Wigley et al

1975 reported for G quinquedens is not appar

ent however because of trap bias for capture of

larger crabs ofboth sexes Otwell et al 1984 also

noted no pattern in size of golden crab by depth
for either sex Tagging studies of red crab off

southern New England provided no evidence for

migration patterns and indicated instead that

tagged crabs seldom moved more than 20 km

from their site of release Lux et al 1982

The size composition of golden crab from our

study showed that crabs become trappable as

small as 85 mm CW but that the greatest propor

tion oftrapped individualsis 100 mm CW Over

90ofall individuals rnllected exceeded 114 mm

CW which is the minimum size of red crab ac

cepted for commercial utilization Wigley et al

1975 A much smallerproportion 52kofgolden
crab 114 mm was indicated in sizefrequency
distributions of trapcaught golden crab near

Bermuda Luckhurst in press Although Otwell

et al 1984 did not present size and weight
frequencydata for golden crab in the GulfofMex

ico they found mean size of male crabs ranged
from 155 to 163 mm with mean weight extremes

of107115kg while females were smaller with

mean CW ranging from 119 to 135 mm and mean

weight extremes of045050kg These data and

those from our study suggest that the average
size ofgolden crab from the South Atlantic Bight
and GulfofMexico is larger than the average size

of red crab reported along the eastern United

States and Canada Wigley et al 1975 reported
average width ofmale G quinquedens was99 mm

with an average weight of 413 g Average width

of all females from their study was 90 mm with a

mean weight of244 g Comparisons ofsize compo

sition between the two studies must be qualified
however by a caveat that differences in sampling
methods probably influenced sample statistics

The apparent larger size of golden crab may be

better substantiated by maximum width and

weight measurements which for our study were

N12
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193 mm and2109 g respectively These values

weremazkedly larger than those reported for red

crab in the vicinity of Norfolk CanyonZliaefner
1978 off northeastern United StatealWigle3c
al 1975 or the Scotian ShelfStonearldBailey
1980 McElman and Elner 1982

The small number of females collected during
the firstyear precludes anydefinitive statements

regarding ovarian cycles or spawning patterns
Ovarian developmental stages are similar to

those reported by Haefner 1977 for G quinque
dens We also found his use ofvulvae condition as

an external indicator of copulation to be fairly
reliable but examination ofthe seminal recepta
cles for sperm or spermatophores provided the

only true indication of mating Tentative inter

pretations on ovarian development vulva condi

tion and presence of seminal products suggest
that females may become sexually mature at 97

mm CW Haefner 1977 suggested that female
G quinquedens become sexually mature within
the intermolt size of 8091 1nIn CW

A lack of ovigerous females in our firstyear
sampling effort could be indicative of a restricted

spawning season similar to that reported for red
crab Haefner 1977 Wigley et al 1975 Absence

ofovigerous females from our samples however
may be related to the small number of female

golden crab collected

Observations on molting and mating of a fe
male 110 mm CW which had been held in a

refrigerated aquarium since February 1986 and

had completed ecdysis in late May 1986 con

firmed that female golden crab molt just before

mating occurs This behavior as well as the ob

served premoltembrace has been described for G

longipes Mori and Relini 1979 although it has
not been reported previously for either G quin
quedens or G fenneri

Stage ofecdysis is an important factor af7ecting
meat condition and yield in golden crab Crabs
which have recently molted generally have a very
poor meat yield and are not marketables Since
most golden crab in the intermolt stage had

blackened abraded areas or pcecilasmatid barna
cles on the exoskeleton their presence was useful

in distinguishing premolt from postmolt crabs
which were brighter in color and had few abra

sions

sW Lacy Seafood Marketing Section South Carolina
Wildlife and Marine Resources Department Charleston SC
29412 pers rnmmun 1985
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REPRODUCTIVE ECOLOGY OF FEMALE GOLDEN CRABS
GERYON FENNER MANNING AND HOLTHUIS

FROM SOUTHEASTERN FLORIDA

Robert B Erdman and Noonan J Blake

ABSTRACT
Eumsrutwn of deepvarcrkmale tolden asab mlketad memblY from me aonsunnn

coono Florida iMieate an annual reprodtsnive cek ritba Unik Wtch of pnWSradneA TarOnpmnwn ngimin um Araetand continues throuth OaoRrrim aaq rerasltm
orappreumaulY 6momM untilWtebtry dunnt site FennuryaM ManGSian Woritnouskmabaamined rallied from 96 to 147 mmtauapaee ridmL1YEtrWeA epa arrnicd
340 sun in dumper irscrnaini w baron Sao asW 600 am prior w WlcWpt Fcvndny
atimawnotefrom 171000to7t7000etq Tito brood airs IoNlyrxrrelabdbC1y Chutes

sssaopore margins uaacsased insmWnna wdsMDoan of oraruoactinry irtliote mat
Use al scout ntatunryirbpween a5 orb 100 mmCW Allhouib ampdaa delxh rantsere
hurried Grronmnrrs rnaY dupysimilar aepeptim by ae and aiae wpm depth qalbs
specie of Geryn

Crabs oC the genus Gerynn arc large
bnchyunrts inhabiting thetwntinrnW sbpe
of the Atlantic Indian and Padfie Oceans
Manning and Holthuis 1981 Rathbun
1937 Three speciesarc reported from the

western Atlantic Orxan G inghami Man
ning and Holthuis 1986 G jrnnni Man
ning and Holthuis 1984 and G qufnque
drnsSmith 1879 the latter two spetaa have
wmmercial value

TheredmbGquingrudens has beenthe

object of Lrommereial fishing ofC the New

England sates and Canadian maritime
traces sinm the late 1960s see Gerrioror review The biology ofthat species

nexamined by variousauthors depth
distribution patterns Haefnerand Mllsiek
1974 Haefner 1978 Wigley Hd1975
reproductive ryde Goy 1969 Haener
1977 1978 mating behavior Elver ofd
1987 and the description of Wrval forms
Pvkms 1973

The golden cob Geryonjrnneri is also of
commercial value and is the targetolim
ied commercial tnppingoff the coastof the
southcaaem United Sates including the
castcmGulfofMcxicoOwellraL 1984
Since late 1985 asmall fishery has devel
oped offthe southcastem Florida cogs with
live animals sold to an increasing tool mar

ket Erdman and Blake 1988 However
with theexceptionothedescription of Chit
species Manning and Holthuis 1984 rel
atively little is known of its biology

We report on aspects of the reproductive

biology of female G jenneieolleetW
monthly off the southcastem Florida mat
Dau on the reprodllaive eyrie fxundity
mating and tiu at uzual maturity were

examined toacquire additional information
on the biology of this wmmercially valu
able species

MATERIALS AND METHODS
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RESULTS AND DLSNSSION

Ovarian Development
The ovary is similar in lontion to that of

Geryon manfae see MelvilleSmith 1987
and G quinquedens see Haefner 1977

Hshaped in form it lies dorsal to the hc

patopancrcas andexrndsPosteriorly along
rich side of the hindgut Spttmathene
which arise from themidlatenl portion ex

tend ventrally to gonopores that open on

the sixth thoracic somite Anterior to the

hnnthe ovaries join at acommissurc just
posterior to the stomach with lobes that

exund anteroluenlly around thegastric re

gion The rntirc ovary is bound by fibrous

eonnenive tiswe which serves to sepane
the organ from the wtrounding hemocoel

Stages of ovarian developmtnt are pre

sented in Table 1

The immature ovary is white ortnns

parcn less than2mmin dumeter tubular
and without pronounced lobation Histo

logially Ne medal germ stood is sur

rounded by abundant fibrous tonnective

tiuueand Darn spaces in the lumen Wheo

visible oogonia are in close proximity t0

the germsnnd
The earlysage ovary is chanaeriud by

an ivory yellow or yellowonnge color

Oocytcs in various sages of early devel

opmentarc presertL oRen bound by fibrous
connective tiswe to form small internal
lobes The germ stand is well defined with

oogonia and cattystageoocytes that radiate
outwards and gradually fill theopen spaces

inthe lumenFig 1Munoocyte diameter
at this nrly sage is 639m with a range

of 306to 224 m

O t
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The intertnediatcstageovary is ayellow predominate at this stage Numerous ac

orange brownish orange or brownish un oessory ttlls ace present and surtound oo

colorAdvanadoocytes manyofwhich arc cytes that arc accumulating yolk globules
entering the early sages of vitellogenesis Fig 2 Mean ooeyte diameterat this stage

Fit 3 Malun onrynffirrynnJnnnm with gominenl nuc4uslNydktlotwleMdehonenic memltrane

IMI of mamm ovum 14bJ1

Fi RedeveloDin6 ovary of Gmrnfinnnl tvnhdeveloDmt oogtn OQnduunt from term unndn0

numerous phaocyucttlliIPIwlroundin uniwndon unMtoln nnorolron IRO671

is 1548m and developing oocytes range terolatenl portions of the hepatopanereas

from 306to 352 m in diameter Color varies from redorange to brownish

The advanttd ovary is swollen with pro tan gndwlly becoming purplegray and

pounced lobation otrnobscuring the an Durple inthelatter portion otthisstage The

Draft Golden Crab SAFE Report
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Appendix O Reproductive Ecology ofFemaleGoldenCrabs Gervon fenneri Mannins and Hollhuis from
Southeastern Florida
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majority of ootytes arc in the late phases of
vitellogenesis andexhibi agranular texture

arising from the accumulation of yolk glob
ules Acressory tells peripheral to ootytes
arc still preunt intheearly vitellogenic sage

eoocytes havea mean diameter of 2433
and range from 110 to 354 m
atnrc ovaries arc purplegrayor dark

rple and thegrwtly swollen anteriorlobes
completely obscure the underlying hepato
pancreas The enclosing fibrous connective
tissue is tightly stretched often tothe point
of bursting during disuction Mature ova
are easily visible through this outer tissue
layer

Histologically theovary is dominated by
mature ova which arc granular in appwr
ance due to the high concentation of yolk
globules Fig3Vitellogenesis is essentially
complete at this sage and the chorionic
membranesurrounding each ovum is con

spicuous The gene strand is usually ob
uurcd by the tightly packed mature ova
and accessory cells are preunt only proxi

mat to the few oocytes still undergoing
tellogenesis Mean diameter of the ova

3878m with the maximum size of 545
m overWpping the sizes of initially extmd
ed eg8s500560m

The spawned or redeveloping ovary is
very flaccid and ivory tan oryellowor
ange Unspawned ova may be visible
through theouter fibrous connectivetissue
Thegerm strand is well defined and oogonia
and developing oocytes radiate outwards
from this region Fig 4The greater pan
of the ovary consists of fibrous connective
tissue and Kemal spaces conaining blood
calls andphagocytes Matureunspawned ova

undergoing resorption are often pmrnt sur
rounded by phagoytes

Reproductive Clele
The monthly incidentt of ovigerous fe

malesexamined indicaes an annwl rcpro
uctive cYCle Fig 5 Ovipositron ns to

mi ugust an continues through early
October Thirtythree per ant of females
collected in August were ovigerous and had
redeveloping ovaries while 17 had ma

tureovaries prior to oviposition In Ccto
ber 29 were ovigerous with ovaries in
either redeveloping orearly developmrnal
sages while 8had mature ovaries

Fesgs are carried for approximately six
monSisa erw t arvae archBunn tare
FebnradMarchScven per antofe
mTxammed in February and57 from
March had egg remwots on the pleopods
larvae were hatched from two ovigerous
females held in the laboratory during early
March butlaml culture was no successful

Analysis of mean monthly ootyte diam
eters further illustrates the annwl repro
ductive tycle ofGjennaiFig 6Themin
imum ootyte diameter recorded in October
coincides with the greatest incidentt of
ovigerous females with redeveloping and
earlystage ovaries Mean oocyte diameter
gadwlly increased each month and reached
a maximum during July prior to the initi
ationofoviposition in August Mean oocyte
diameter of 1882m recorded in August
included both mature and sprnt ovaries

The annwl reproductive cycle of Gjen
neri is markedly different from the contin
uouscycle reported forother species ofGn
Jron Grryon marirae which occurs oRWest
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FiL ReWionship in Grnan rnnrn o bruW Yze

on eanracr wdlh as descM1bM by numbrr of cgs

d165rM Sd6105

Afrip Imesand leIDuel 1976 LeIoeuA
R af 1974 and SouthwestAriw Beyer
and Wilke 1980 exhibitsno seasonality in
the reproductive tyele based on viswl and

histological observations of the ovaries
MelvilleSmith1987 Ovigerous G man

ifaewerc collected inthe majority of months
however they composed less than01of
the more than 9000 females examined
MelvilleSmith 1987

A continuous reproductive cycle has also
been reported for G quinquedens collected
oR the MidAtlantic coast of the United
States Haener1977 1978 Ovigerous fe
males of that species were collected

throughout the ywr but baud on ovarian

sages and seasonal diRerences in egg de
velopment speak spawning season was

suggested during the fall months However
Ganz and Hermann 1975 suggested that

oviposition in Gquirtquedens occursin late

July and August with eggs incubated forap

proximatelynine months before they hatch
in May

Fecundity
Mean egg diameter or Gjrnneri is 540

m at the time of oviposition This in
crcauswith development to between 580
and 600 m prior to hatching Fig 6This
size is within the range of 550 to 680 m

reported for eggs of G marifar see Mel
villeSmith 1987 but Icss than the 630 to

850 m reported for G quinquedens see
Gay 1969 Haefner 1978 Hines 1982

Regression analysis oteggnumberon car

apace width is shown inFig 7 The number

ofeggs per female increaud with incrwsmg
papace width as described bY
Number of eggs 44657CW 346105

r 080

Thus the num root ztmded is di
eted withthe sizeof thefemale

Sizes of females examine ranged fromI1
to 147 mmCW Eggnumberfogt esxfe
males ranged tomI1000 through
34 Is ecun Icy Is compares e o

estimates of107000350000eggs reported
or G marirar see MelvilleSmith 1987
and to values of35000211000eggs for
G gainquedens Isee Gray 1969

Eggs are light Durple or buBUndy after
oviposition gadwlly becoming dark pun

pleand purplebrown prior to hatching The
color of initially extroded eggs and the
changes observed during development dif
fer greatly from the four color patterns re

ported for G quinquedens sec Haefner
1978 Wigley et al 1975 Eggs of that

species arc initially redorange becoming
brown purple and black with further de
velopment

Mating
Rased upon observations of animals kept

in captivity mating of G jennen occurs

during the period immediately following
molting of the female and is similar to that

dcuribed forG longipes see Moriand Rc

lini 1982 and G quinquedens see Elncr rr
al1987 A female Gjrnneri 91 mmCW
in the imm ae3ieprcmolt stage was col
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FlLB Cumulaure size fre9umsy disMbmion ofN7
kmale firrpmJrnnrn mlletted al Fon lauderdak
Florida Solidareas indinte oviacrow females

Iceted in late July 1986 and held with other
cobs in a refrigerated aquarium system T

9S3C Preeopulatory behavior was ob
served beginning iri midAugust when the
male formed aprotective w earound the
ems a usrn rs wa rng legs The ma e

ca7sped theTema e ores sl aup with the
first pair of his walking hgs while main
tainingtheability tomove abouton the tips
of his walking Icgs and to feed at regular
intervals The female did not feed during
hLperiod of theem n t e rst week
of September the female molted while the
m e an ex ded m earound her

owever the molt was unsuccess ustn
the female was unable to back entirely out
of the old prapace hence mating did not

occur

Size at Sexual Maturity
In addition to the onxt of ovarian de

velopment and the prexnce of eggs other
ehancteristia must also be considered in
theassessment of thesize at xxual maturity
inbnchyunns Following thepubertal molt
the abdomen andgonoporcs show changes
that are generally accepted as external mor

phological indications of xzual maturity
Hannoll 1969 Changes in the gonopores
following the pubertal molt and aceompa
Hying mating have been reported for two
species ofGeryan Haefner1977 described
six types of gonoporcs for G quinquedens
shat included three forms on immature an

imals and three forms on mature animals
Three typesarc reported forGmanfae two

simple sliUike forms in uxually immature
animals and athird gaping form prcxnt in
uxually mature animals that have under
gone mating MelvilleSmith 1987

Geryon jennni exhibits the simple pat

tcm of gonoporcs described by Ha
1967 withthree distinct types recognized
Type A gonopores which arc narrow and
slitliktarc present on uxually immatureao

small Type Bgonoporcs which follow the

pubertal molt are elongate and ovoid in
shape while type C which is amodification
of type B diners only in that the gonoport
is moreelongate and gaping as a result of
mating during the immediate postmolt pe
riod In addition type C gonopores com

monly exhibit a blackened margin due to
abrasion by the male Dlmpods during mat

ing This dixolontion has also been re

ported for G quinquedens see Haefner
1977 and Gmanse see MelvilleSmith
1987

Carapace widths of the 347 females ex

amined ranged from 89 to 56 mmEighty
seven females were ovigerous 25 and
ranged in size from 97 to 147 mmCW Fig
8 All ovigerous females examined exhib
iced type Cgonoporeselongate and gaping
with 74 having blackened margins Type
C gonopores were also obxrved on non

ovigerous females ranging insizc from 103
to 156 mmCW with 60 of the kmaks
examined having sperm prcxnt intheepee
matheca Thus type C gonoporcs appear
indintive of xzual maturity and prcviow
mating However nonovigerous females
with type C gonoporcs and empty spo
maheae may have previously undergone
matingand oviposition but haveyet tomolt
and mate again

Twentysix kmales ranging in size from
89 to 118 mm CW were oburved in the
immediateprcmolt stagsduring Augustand
OctoberAll individuals examined hadova

ries intheimmatureorearlydeveloDmmtal
stage and had type A gonopores Recently
molted females collected during the period
of October through December exhibited
signsorecentmating Seventyone percent

of females ranging in sizefrom 105 to 120
mm CW had type C gonoporcs Seven e
males wereexamined forspermatheglcon
tenu and five had sperm prcxnt The rc

maining 29ofnxently molted females had

type Bgonopores and empty spermathene
Ovaries from all recently molted crabs were

in either the early or intermediate sageof
development

Considering the changes in ovarian de
velopment associated with the annual rc

kaI14AN ANTI bIAAI aIMYIitllYkklallI 11N1L11f1nY lvv

productive tycle recently molted females
thatsuccessfully mated would be expected
to undergo oviposition during August
through October of Ne following year
Overall the poputation of females shows an

annual reproductive cycle However indi

vidual members may be on abiennial cycle
involving molting and mating the first year
with subsequent oviposition during the fall
months of the second ynr The sizc Hoge

ofovigerous femala the stags ofovarian
developmrnl and thechanges ingonopores
associated with the pubertal molt indicate
that th eat uxualmtiturit offemale G

fennen is betwtxn an mmCW Size
at maturity reported for G manse is be
tween 80 and 100 mmLWLe LouefleraL
1974 MelvilleSmith 1987 while Gquin
quedens reachessexual maturity between80
and 91 mmCW Haefner 1977

Depth Distribution of Species of Ger3nn
Both Gerynn mantae and G quinquedeu

arc segregated by sizeand sex with depth
Guyon maritae oavrs at depths of 100
900 m otiWatAfricaIntel and IsIoeuff
1976 Manning and Holthuis 1981 and
Southwest AfricaBoyersand Wilke 1980
Females of thisspecies arc morecommon
than males between 400 and 600 m while
males dominate atdepths exceeding 600 m

Sizes of females increased with decreasing
depthwiththesame trend visibleformales

MelvilleSmith 1987 reported that the

majority of ovigerous females were collect

ed at depths between400 and 600 m with
no ovigerous kmala ruorded below 610 m

This same pattern has been shown for G
quinquedens see Haenerand Musick 1974
Haefner 1977 1978 Wigley eral 1975
Mates arc abundant at depths greater than
500 m while femala arc morenumerous

between 300 and 600 m Segregationosize
by depth is also reported or this species
with larger individuals oburved in the up
per Hoge of theirdepth distribution Haef
ner 1978 reported tha crabs with late de
velopmental stage eggs arc morccommon
in shallower depths suggesting that migra
tion by ovigerous females into somewhat
warmerwaters enhances egg development

In southern Florida both Gjrnneri and
G quinquedens arc major membersothe
wntinental slope fauna However a pro
nouneddiRerence indepth distributionex

Isis belWeen the two SpCCIS Jn 1CnnC11
exhibits a mnunenul drstribuuon e

and is hm t o ept s twecn 230 and
470 m Geryon qumqur ensertsw
goestropical submergence souh of Cape
Hatterasshows a dee slo adistribmronal
pattern and is more common at dept stn

ez o m oto 19

Thecontrasting reproductive patternsob
xrved between Gfertneri and G qurnpue
densmay rcWte to hediBercntgeographical
and bathymetric distributions of these

species The pronounced annual pattern and
sixmonth egg incubation period of G fen
neri may result from the upper slope dis

ribution of this species The longer egg
incubation period andprotracted orconttn

uous reproductive pattern of G qurnque
dertr may reflect the greater geognphtnt
Hoge and dap slope distribution of this
species

Whether Gjennrri shows thesame seg

regation of ux andsize with depth as other

species of Geryron remains unknown al

though the majority of thecrabs caught in
the depth range 215235 m of theprcunt

study were males Additional studies of the
biology and distribution of G jenneri and
G quinquedens may provide evidence for
the diRercnces in bathymetric distribution
and rcprodunive patterns observed in thou

slopedwelling species
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POPULATION DYNAMICS OF THE CRAYFISH
PROCAMBARLSSPICULIFEROBSERVED IN

DIFFERENTSIZEDSTREAMS 1N

RESPONSE TO TWO DROUGHTS

Robert C Taylor

ABSTRACT

Cny6sh Pranmbdriuspau0ferl were readied for 8 ynrsm diRerrnt study vinDuring

thifperiod 3 drpuhuottuned Commentcnangn were observed inrtsponse to bothdroughu

and in all atudY direTheeWngn included rMUnions in both mean bpdY size and abundance

and an inmate in she juvenile to adult into In rssponse to the firer drouNt orle of the

aubpopuutiona changed to a amalkr mean body Nze that vs mummedor 5 yeasInorly

2 grnmuonsl umil the aemnd drouNoared rccond redunionmbody frxe Ita ponuuted
that Neieduad svenn be mamumcd DY a mntinued loo o Ne urgnt vzedasus coupled
to mmmascd recrunmrnt of small adults Two innersubpopuuuons beome eauna oast

following the 1981 drought and the etherduring Inc 1985 droutht The population nangn
appor related to habiut OiRmnm bnwttn nWY sties diBerrnm between rtfenma Yurs

area drotigniyenIleame time sinthe ust aronsnl

Body size is an important determinant oC
gas animalsenergetic needs Peters 1983
ability to use available resources Weiner
and Gilliam 1984 and susceptibility to

predation Ktrsano 1981 Polls 1981 For
someanimals siu may be abetter predictor
of fecundity than isageKirkpatrick 1984
Sizerelated correlations have been ob

xrved in crayfish populations Their fecun
dity Mason 1963 Yannote 1963 Prins
1968 Shimizu and Goldman 1983 and
mmpetiivesuccessBovbjerg 1953 1956
Rabmi 1985 intarax with body size and
susceptibility to predation decrcaxs Stein
1977

However crayfish bodysizedisribu
tions have been obxrved to fluctuate with

habitat change such as water depth As the
water depth decrcascs in either a lotic or

Ignite habitat the ratioof juveniles peradult
increases and theadult mean body size be

comes smaller Caine 1978 Kushlan and
Kushlan 1979 Taylor 1983 Caine ob
xrved that mean body size was larger or
Procambarus kilbyi in nondrying habiuts
while simultaneously finding smaller mean

bodysiu populations in areas that were

drying Rabrni 1985 obxrved a similar
size0epth relationship in hc crayfish Or
ranecfes punerimanrtr The size benefits
thercorcmay be lost during lowwaterpe
riodssuch as droughts

The study areas that I havebeen sampling
since 1979 egperirnced axverc drought in

1981 fIaylor 1983 During observations
of the recovery of a crayfish population
Prorambarussprcvliferfollowtng the 1961
droughtaseconddrought occurred in 1985
1986 The sernnd drought provided an op

portunity to rcDlicate the subpopulation rc

sponxs to a naunl disturbance Both
droughts produced the predicted mean

bodysizechanges to habitat drying How
everthechanges inone subpopularion have

been mainuined or at Itast 2 generations
Thedroughts also resulted in areduced pop

ulaion abundance and possible extinction
othespecies torn one study site in 1981

and from a second in 1985
This communication willDrnent dais on

boththedroughtrelatedchanges in thesub

populations of P spiculifer and the posr

drought population rcsponxs 1 will further
dizcuss the factors that mntribuedto the
changes and the longterm postdrought ef
fects

MATERIALS AND METHODS

Se1dY drcdCrayfish were umpled m Sandy Creel
lacamd on the Piedmont Putuu in George 7aN
8v21WThernekhas a dnimge Mvno 165 km

lengthof about 25 kmand a venioldrop from 362
to 185 mabove mean w kvd The water has pH
ofiS65 and isvery soR beaten itdmmgas area of
meumorpnic bedrock

Smpling of the 2 Wady aim discussed m thn com
mumsauon rasa mrud in June 1979 One site was
looted05 kmabove the meldeonaurnoe with the

North Oconee River fdmnge am 7U kms M the

nWy site saiwy Crtek is fiRAOrder nrnm IS m

a01

OS
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THE GOLDEN CRAB GERYON FENNERI FISHERY OF SOUTHEAST FLORIDA

Robert B Erdman and Norman J Blake

Department of Marine Science

University of South Florida

St Petersburg PL 33701

INTRODIICTION

The golden crab fenneri Manning and Holthuis 1984 is a

large brachyuran inhabiting the continental slope off the southeast
United States including the eastern Gulf of Mexico Prior to its

description is 1984 studies in the eastern Gulf of Mexico by Orwell
Bellairs and Sweat 1984 examined the potential development of a trap
fishery for this species in depths exceeding 210 meters Various trap

designs vere tested along with methods of onboard handling and

processing Sweat and Orwell 1983 Bellairs and Orwell 1983
Particularly attractive was the reported high meat yield of male crabs
ranging from I7 to 23 peremt of total body weight

Interest 1n the commercial esploitatioa of golden crab led to three
vessels two from Alaska and one from New England initiating a fishery
along the vest coast of Florida daring late 1984 Male crabs vere

butchered cooked and blast frozen tsea The final product of

clusters cocktail claws and spilt legs vere delivered frozen to the
market However because of marketing problems compounded by distances
in excess of 100 miles to the fishing grounds gear loss sad the absence
of information on the distribution and biology of this species
commercial operations in the eastern Gulf of Mexico ceased by mid1985

In late 1985 continued interest in the commercial potential for G
fenneri led to the initiation of exploratory fishing and research 1n
Bermuda Luckhuzst 1986 South Carolina Wenner and Ulrich 1986
Georgia D Harrington personal communication and Florida

Additionally in late 1985 a small commercial fishery developed along
the southeast Florida coast with the catch delivered live to a local
market in Ft Lauderdale Florida

In February 1986 we began a study of the biology of Geryon fenneri
as collected from this southeast Florida fishery Reproductive biology
size and weight relationships trap design and catch per unit effort
were examined to ascertain additional information relative to the study
of this potentially valuable species

METHODS

Gear previously utilized by the eastern Gulf of Mexico golden crab

fishery consisted of deep eater long lines of between 30 and 60 traps
attached to a ground line connected via a float line to large floats and
radar reflectors on the surface Orwell Bellairs and Sweat 1984

P1
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This method requires the capability to retrieve npvards of one mile of

line from depths in ezeesa of 250seters Trap designs have ineludad

Dungeness crab pore King crab traps New England sad Florida lobster

traps aiad plastic Fathoms Plns traps Orwell Bellairs and5vaat 1984
Wegner and IIlrich 1986 Three oz four trap lines were fished with

soak times averaging 24 hours between set sad retrieval

Because of the close proximity to shore less than 10 miles of

eater depths is excess of 200 meters the small fishery that has

developed is sonthaast Florida employe a different strategy in

harvesting golden crab Font to six large traps are attached

approximately 140 to 180 meters apart to a ground line which is fitted

with conczete weights on each cad The large traps Ballad Neilsen

traps measure approzimately 6 x 3 a 3 and are made from steel round
stock covered with 2 z 2 nylon stretch mash Figure 1 Traps are

fitted with 5 diameter escape rings sad a large side door providing
access to the center bait we21 sad easy removal of the catch Four to

six strings of traps may be fished with each string reset immediately
after it is pulled

As the present fishing grounds are adjacaat to commercial shipping
lanes and affected by variable currents associated with the Gulf Stzeam
trap lines are deployed without a surface float system Loran
coordinates are recorded during deployment along with bottom profiles
and relative position using shoreline landmarks Soak time varies fzom

three to siz days depending on market demand This allows the fishermen

to pursue other commercial opportunities Trap recovery involves

grappling for the ground lira with the vessel moving from offshoze to

onshore and the grapnel dragged perpendicular to the grotmd line

Samples were collected monthly during the period February 1986
through January 1987 from fishing depths ranging from 215 to 230 meters

Sotal numbers of crabs caught per trip were recorded In three

categories females market size melee in ezcaas of 130 mm carapace
width CW and small males less than 130 mm CW Crabs were randomly
selected from the catch packed in crushed ice sad returned live to the

laboratory

For each crab carapace width CW the distance between the fifth

lateral spine tips and carapace length CL midline distance from the

diastema between the rostral teeth to the posterior carapace edge were

recorded to the nearest millimeter Weight was recorded to the nearest

gram and missing appendages noted The presence of eggs in pleopods
were noted sad molt stages were estimated according to a modification of
stages presented in Byers and Wilke 1980 for G guingnedena probably
G maritae see Manning and Holthuis 1981 Weightwidth relationships
of animalsinthetntesmoltstageandwithnoappendagesmissing vetchcalculated using a loglog transformation expressed in the form Y a

P
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i

2x2 STRETCH MESH

NEILSEN TRAP
Figure 1 Neilsen trap showing rough dimensions placement ofbait well and floats and stretch mesh covering

r
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RESIILTS

Throughout the study period the catch of male crabc greatly
outnumbered females Size frequency distributions of 508 males and 347
females examined Figure 2 indicates a unimodal distribution for each
sex with no suggestion of distinct year classes Males are

considerably larger than females with overlap between the largest
females and smallest males Carapace width of males ragged from 111 to
190 mm with a mesa of 158 mm whereas females ranged from 89 to 156 mm

with a mesa of 123 mm Animals less than 89 mm Cfi were not collected
possibly due to bias from trap design and the use of escape rings The
narrow range of fishing depths also precluded the collactioa of
information on segregation of sex and size with depth ae has been
reported for other won species flyers sad Wilke 1980 Imes and Le
Loueff 1976 Haefner 1978

Monthly size frequency distribution of female crabs is shown in
Figure 3 The incidsnce of ovigerous females collected throughout the
study period indicates as annual reproductive cycle with a single brood
of eggs produced each year Oviposition bagias in late August sad
continues through early October Eggs are carried for six months until
larvae hatch during late March sad early April of the following spring
Eggs arc dark purple following deposition gradually becoming dark brown
prior to hatching Size range of ovigerous females examined ranged from
96 to 147 mm CW

Figure 4 shows the monthly size frequency distribution of male
crabs Monthly mean carapace widths ranged between 152 sad 162 mm
however the incidence of smaller males decreased beginning in July
1986 This decrease in small males coincided with the fitting of all
traps with 5 diameter escape rings Although data collected precluded
statistical analysis it wasapparent from the overall catch of both
sexes that fewer females and small males were present in traps fitted
with escape rings

Weight frequency distributions of 262 males and 136 nonrovigerous
females is shown in Figure 5 Weight of male crabs ranging from 230 to
1930 g with a mean weight of 1116 g and greatly exceeded that of
females Mean weight of females was 449 g ranging from 207 to 880 g
Although weights of both sexes ahoy a uaimodal distribution the greater
incidence of females in a narrower range of weight classes is dne to the
great increase in mass associated with developing ovarian stages The
largest male examined wan 190 mm CW sad weighed 1930 g while the largest
nonovigerous female was 156 mm CW and weighed 800 g

Weight on carapace width relationships were calculated separatelyfrom each sex the relationship for 262 males illustrated in Figure 6
is described by WT 527 x 105Cj3328 The relationship for 136
females ie WT 5599 x 104 CW2812 as shown is Figure 7
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DISCUSSION

Geryoa feffieri ie considerably larger than G maritae and G
gsiinquedens two additional species of coercial value As male G
fenneri attain a maximum size in excess of 190 mm CW sad weight upto
2000 g interest in commercial utilization is warranted At presentthe small fishery for this species is unregulated with no closed
season quota or minimum size limits on harvestable animals In the
southeastern Florida fishery only males greater than 130 mm CW are
utilized and all females and small males returned to the water
Considering the annual reproductive pattern of females and the slow
growth associated with organisms of large size from this deep water
environment the voluntary practice of selective harvest is undoubtedlyof benefit in protecting the potential longevity of this fishery

The strategy employed by the golden crab fishermen of southeastFlorida has proven successful in providing a sufficient amonat of
product to local markets The use uabuoyed trap lines with few large
traps and long soak times has resulted in the development of a small
scale local fishery with fishermen able to pursue other commercial
opportunities rather than fish crab exclusively The close proximity of
the fishing grounds to shore permits delivery of live product thus
eliminating onboard processing and storage Thin in turn reduces the
coat per trip on the basis of fuel labor and processing equipmentLive product is also more attractive to the consumer who is able to
purchase whole live crab or freshly butchered and cooked clusters ratherthan precooked frozen crab

The fullcoereial potential of this species will remain unknownuntil such biological data ae population density reproduction patternsand geographical distribution which are still snider study are
collected and fully analyzed Additionally future research should
continue to address gear development trap design and the use of escaperings Although the small southeast Florida fishery has been relativelysuccessful the longevity and potential expansion of the fishery for
this valuable species remains unknown and overcapitalization byfishermen wishing to eater this fishery should be discouraged
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