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Synopsis of Biological Data on the Blue Crab, 
Callinectes sapidus Rathbun1

M ARK R. M ILLIKIN2 and AUSTIN B. W ILLIA M S3

ABSTRACT

T his synopsis review s taxonom y, m orphology, d is tr ib u tio n , life history, com m ercial h a rd  an d  soft shell 
c ra b  fisheries, physiology, diseases, ecology, la b o ra to ry  cu ltu re  m ethodology, an d  influences o f env ironm en ta l 
p o llu tan ts  on th e  b lue c ra b , C allinectes sapidus. O ver 300 selected , pub lished  rep o rts .u p  to  an d  inc lud ing  1982 
a re  covered.

INTRODUCTION

The im portance o f  the com m ercial and recreational fisheries o f  
the blue crab, C a llin ec tes  sa p id u s  Rathbun, along the A tlantic and 
G u lf o f  M ex ico  coasts o f  the United States is reflected in the large 
amount o f  basic and applied research conducted w ith this sp ec ies , 
both past and present. L ife h istory and the fishery for the blue crab 
have been described for D elaw are (H aii 1976), C hesapeake Bay 
(H ay 1905; Churchill 1921; Pearson 1948; Van E ngel 1958), North  
Carolina (Pearson 1951), South Carolina (E ldridge and Waltz
1 977), G eorgia (Palm er 1 9 7 4 ), S t. Johns R iver, F ia . (Tagatz 
1968a, b), the A tlantic coast states in general (Sholar 1982), gu lf  
coast o f  Florida (O esterling 1976), A labam a (Tatum 1979), M is
sissippi (Perry 1975), L ouisiana (Jaworski 1972, 1982; Adkins 
1982; Roberts and T hom pson 1982), and Texas (M ore 1969). A  
partial b ibliography by Cronin et al. (1957) and an annotated b ib li
ography by Tagatz and H aii (1971) on the blue crab have served  
researchers, fishery m anagers, and com m ercial crabbers. In view  
o f  the continu ing contributions to the know ledge o f  life  processes 
o f  this sp ec ie s , a synopsis o f  b io log ica l data o f  C. sa p id u s  is 
presented.

1 ID EN TITY

1.1 N om enclature

1.11 Valid nam e 

C a llin ectes sa p id u s  Rathbun 1896.

1 .12  O bjective synonym y

It is not necessary to cite here all references to descriptions or 
figures attributable to C . sa p id u s . T he synonym y below  is a 
m odified version o f  that given  by W illiam s (1974) and does not 
distinguish objective and subjective synonym s.

‘Contribution No. 83-23C  from  the Southeast Fisheries Center, Charleston 
Laboratory.

S o u theast Fisheries Center Charleston Laboratory, National M arine Fisheries 
Service, NOAA, P.O. Box 12607, Charleston, SC 29412.

“Northeast Fisheries Center Systematics Laboratory. National M arine Fisheries 
Service, NOAA, National M useum  o f Natural History, Washington, D C  20560.

P ortunus h asta tu s  B osc  1802 (eastern North A m erica; not C an cer  
( =  P ortunus) h asta tu s  Linnaeus 1767).

L upa  h asta ta  Say 1817 (eastern North A m erica; not L. hasta tus  
D esm arest 1823 =  C an cer h asta tu s  L innaeus 1767).

P ortu n us d ia ca n th a  L atreille  1825 (variety; N orth A m erica , 
A n tille s , Brazil, e tc ., types not extant; restricted to Philadelphia, 
P a., by H olthuis (1 9 6 2 ), and nam e suppressed by International 
C om m ission  on Z oological N om enclature (1 9 6 4 )) .

L upa  d ican th a  G ould 1841 (variant sp e llin g  o f  P. d iacan th a  
L atreille 1825; also D eK ay 1844; H olm es 1858).

C a llin ec te s d iacan th u s  Stim pson  1860 (w estern  A tlantic). 
C a llin ec te s hasta tus  Ordway 1863 (w estern Atlantic; a lso  A . M ilne  

Edwards 1879; Rathbun 1884; Young 1900).
N eptunus (C a llin e c te s ) d iacan th u s  Ortmann 1894 (Florida; Haiti; 

Brazil).
C a llin ec tes  sa p id u s  Rathbun 1896 (eastern North A m erica and 

Caribbean).
C a llin ec tes  sa p id u s acu tiden s  Rathbun “1896 (B razil).
C a llin ec tes african u s  A . M ilne Edwards and B ouvier 1900 ( =  a 

figure o f  C. sa p id u s).

1 .2  Taxonom y

1.21 A ffin ities

Suprageneric

Phylum  Arthropoda 
C lass Crustacea 

Subclass M alacostraca  
Order D ecapoda  

Suborder P leocyem ata  
Infraorder Brachyura 

Superfam ily Portunoidea 
Fam ily Portunidae 

Subfam ily Portuninae

G eneric

C a llin ec tes  S tim p son , 1860

T he generic concept is that o f  S tim pson  (1 8 6 0 ), em ended by 
Rathbun (1 8 9 6 ), and W illiam s (1 9 7 4 ), w ho gave the fo llow ing
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description: Portunid crabs lack ing an internal spine on carpus o f  
ch elip ed s. A bdom en o f  m ales broad proxim ally, narrow distally, 
roughly T-shaped; first segm ent broad, alm ost hidden; second  
segm ent broad, slightly  overlapping coxae o f  fifth pereopods at 
each side; third-fifth segm ents fused and tapering sin u ou sly  from  
broad third to d ista lly  narrow fifth; sixth segm ent elongate and 
narrow; telson ovate with acute tip. A bdom en o f  fem ales exhib iting  
two forms: Immature fem ales w ith abdom en triangular from  fourth 
segm ent to tip o f  telson , segm ents fused; mature fem ales with  
abdom en broadly ovate (exclud ing telson ), segm ents freely  artic
ulated: first segm ent alm ost hidden; second and third segm ents  
slightly  overlapping coxae o f  fifth pereopods at each side; fifth and 
sixth segm ents w ith greatest sagittal length; sixth  segm ent narrow
ing d ista lly  in irregular broad arc to articulate w ith triangular telson . 
A bdom en and telson o f  both sexes reaching anteriorly beyond  
suture betw een thoracic sternites IV  and V.

T he type-species is C allin ec tes  sa p idu s  Rathbun 1896, by d es
ignation o f  the International C om m ission  on Z oolog ica l N om en 
clature (1 9 6 4 :3 3 6 ).

S tim p so n  (1 8 6 0 ) created the gen u s C a llin e c te s  to  con ta in  
portunids in w hich the m ales have a T-shaped abdom en and the 
m erus o f  the outer m axillip ed s is short, sharply prom inent, and 
curved outward at its external angle. Today on ly  S tim p so n ’s ab

dom inal character helps to d istinguish  C allin ec tes  from  sim ilar  
portunid genera, the obvious affin ities leading both Stephenson and 
C am pbell ( 1959) and Stephenson ( 1962) to ch allen ge the val idity o f  
C a llin ec te s , a lthough S teph en son  et al. (1 9 6 8 ) agreed to its 
distinctness after num erical analysis o f  57 characters in 41 species  
o f  portunids in 4  genera. Strengthening this position  is the lack o f  
an internal distal spine on the carpus o f  the ch elipeds o f  both the 
m egalopa and ali crab stages in  C a llin ec tes , w hereas this sp ine is 
alw ays present, occasion ally  prom inent, in  all Portunus  sp ec ies.

S pecific

The fo llow in g  species d iagn osis for adult specim ens o f  C a lli
n ectes sa p idu s  (F ig . 1) is quoted from  W illiam s (1974:779):

“ C arapace bearing tw o broad either ob tu se  or acu m inate , 
triangular frontal teeth -with m esia l slopes (incorporating a pair o f  
rudimentary subm esial teeth) longer than lateral slopes [F ig . 1 ], 
M etagastric area with posterior width approxim ately 1 .2 tim es  
length, anterior width about 2 tim es length. Anterolateral m argins 
slightly  arched; anterolateral teeth exc lu siv e  o f  outer orbital and 
lateral sp ine obtuse to acum inate and directed outward m ore than 
forward. M uch o f  surface sm ooth , w ith scattered granules, but 
granules concentrated loca lly  on m esobranchia!, posterior slope o f

•AL

MB

F igure 1 .— M atu re  m ale  C allinectes sapidus from  N orth  C aro lin a  in  d o rsa l view. M easured  fea tu res  ind ica ted  by num bered  lines: 1, c a ra p a c e  leng th ; 2 , c a ra p ace  w id th  to 
base o f la te ra l sp ines; 3 , c a ra p ace  w idth  inc luding  la te ra l sp ines; d im ensions o f  m e tagastric  a rea : a , a n te r io r  w id th , b , len g th , c, p o s te rio r w id th . O th e r  fea tu res inc lude: F, 
fro n ta l te e th : O , o u te r o rb ita l too th ; A L , an te ro la te ra l te e th ; L S , la te ra l sp ine; P L , p o stero la tera l m a rg in ; EP, ep ib ranch ia l line; E S , ep istom ia! sp ine; M B , m esobranch ia! 
area ; C A , ca rd iac  a re a ; B L , b ran ch ia l lobe; cheliped: M , m erus; C , c a rp u s ; P, p ropodus; D, dacty l (figure rep roduced  from  W illiam s 1974).
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cardiac, and anterior portion o f  m esogastric area; a tendency to 
crow ding o f  granules into transverse ridge at sum m it o f  cardiac and 
m esobranchia! area in som e individuals. Sculpturing o f  surface 
varying individually from low  to raised relief. Lateral sp in es vary
ing from  rather stout, blunt, and forward trending to slender, 
elon gate, and slightly  backward trending. Epibranchial lin e  nearly 
straight over branchial region , otherw ise sin u ou sly  curved.

“Propodus and carpus o f  ch elipeds with m oderate finely gran
ulate r id ges, width o f  chelae sim ilar, propodal finger o f  major hand 
occasion ally  with lower margin decurved proxim ally.

“ M ale abdom en and telson reaching about m idlength o f  thoracic 
sternite IV; telson  lan ceo late, m uch longer than broad; sixth  
segm ent o f  abdom en broadened distally. M ature fem ale abdomen  
and telson reaching about m idlength o f  thoracic sternite IV; telson  
with inflated sides alm ost equilaterally triangular, fifth and sixth  
abdom inal segm ents equal in length [F ig . 2 ] ,  First gonopods o f  
m ale very lon g , reaching beyond suture betw een thoracic sternites 
IV  and V but not exceed in g  telson; sinuously  curved and overlap
p ing proxim ally, d iverging distally, tw isting  m esioventrally  on axis 
lateral to abdom inal lock ing tubercle and recurving to term ination  
near m idline; armed d ista lly  with row o f  large and sm all retrogres
sive  sp inu les fo llow in g  ventral and lateral borders w ith tw ist o f  axis; 
tip m em branous, flared portion su ggestin g  an elongate quadrilateral 
in ou tlin e. G onopores o f  fem ale paraboloid in ou tlin e  with apex on  
long axis directed anterom esad, aperture o f  each  slop ing  from  
surface on m esial side under irregularly rounded and linearly  
w rinkled  anterior border superior to bulbous posterolateral border.” 

S ize: A  m ale from  C hesapeake Bay m easuring 9 in  (227  mm)
in carapace width has been reported (W illiam s in press). A  fem ale  
m easuring 2 0 4  mm  across the carapace, includ ing lateral sp ines, 
w ith a length o f  75 mm  w as reported by W illiam s ( 1974). He stated  
(p . 779) that “mature size  o f  fem ales varies considerably, the 
sm allest exam ined  having a carapace jength o f  21 [ m m ] , width at 
base o f  lateral sp ines 41 [ m m ] , including lateral sp ines 55 [ m m ] .” 

Color: (From  W illiam s 1974:780) “G rayish, b lu ish , or brown
ish green o f  varying shades and tints dorsally  on carapace and 
chelipeds; sp ines m ay have reddish tin ts, tubercles at articulations 
o f  leg s orange, and leg s varyingly  b lue and w hite w ith traces o f  red 
or brow nish green. M ales with propodi o f  ch elae  blue on inner and 
outer su rfa ces. . .  and tipped with red. M ature fem ales w ith orange

fingers on chelae tipped with purple. Underparts o ff-w h ite  with tints 
o f  yellow  and p ink .”

A ccording to W illiam s (1 9 7 4 :7 8 0 ), “Color variations other than 
those associated w ith sexual dim orphism  and m olt cy c le  are known. 
A lb inos or partial a lb inos are in m useum  co llection s and have been 
reported both in system atic  literature and elsew h ere.” Other colors 
reported are: A n adult m ale lacking dorsal green coloration and 
bright blue and scarlet m arkings on the legs , the upper surface o f  the 
carapace being “robins eg g  b lu e” and the appendages paler than 
usual, but abdom en and underparts w ith normal color; a bilateral 
gray and brown colored sp ecim en  (sum m arized by W illiam s 1974).

Type-speciprens: N o longer extant.
T ype-locaF ty: R estr ic ted  to “ east coast o f  U nited S ta te s” 

(W illiam s 1965).
For nomenclatural purposes, H olthuis ( 1962) se lected  a lectotype  

from L atreille’s ( 1825) original material from Philadelphia, Pa. It is 
alm ost certain that L atreilie’s material no longer ex ists , though it is 
equally probable that his sp ecim en s were from North A m erica. By 
that d esig n a tio n , the “ ty p ic a l” sa p id u s  is  a ssocia ted  w ith  a 
population b elonging to the eastern United States and particularly 
to the M iddle A tlantic States.

Subspecies: W illiam s (1 9 7 4 :7 8 0 ) pointed out that “there are 
m orphological variations in  this sp ec ies having far greater system 
atic interest than size  and color.” Study o f  m any specim ens from  
throughout the range o f  the sp ec ies bears out the conclusion  o f  
C hace and H obbs (1 9 6 9 ) that extrem e variants “are so  different 
from each other that they cou ld  easily  be interpreted as distinct 
sp ec ie s,” but there is “no poin t o f  dem arcation” — m orphological, 
geographic, bathym etric— betw een  the “ typ ica l” rather blunt- 
spined form  predom inating along the east coast o f  the United States 
and the acute-spined form , nam ed C. sa p id u s acu tid en s  by Rath
bun, predom inating from Florida southward.

A ccording to W illiam s (1 9 7 4 :7 8 0 ), “Rathbun (1896) character
ized  the ‘acutidens’ form  (paraphrasing) as being w ider than the 
‘typ ica l’ w ith all prom inences m ore strongly m arked, areolations  
separated by deeper depressions, granules more raised, gastric 
ridges stronger and m ore sin u ou s, a transverse granulate ridge on  
each cardiac lob e, frontal teeth narrower and m ore acute and bear
ing tw o sm all in tervening teeth, anterolateral teeth broad at base and 
narrow ing abruptly to long acum inate tips with m argins granulate,

F igu re  2 .— C om posite ven tra l view o f  th o rac ic  s te rn ites  (R om an 
n u m era ls), abdom en  (A rab ic  nu m era ls) , an d  telson (T) in  s itu , a , 
m a tu re  m ale; b , m a tu re  fem ale; c, im m atu re  fem ale (figure re p ro 
duced  from  W illiam s 1974).

VII
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lateral sp ines longer than in ‘typ ica l’ specim ens o f  equal s iz e , and 
ridges o f  ch elipeds quite prom inent and strongly granulate,

“I thought for a tim e that a species distributed through approxi
m ately 85° o f  latitude from  North Temperate through Tropic to 
South Temperate Z ones m ight reflect responses to temperature in 
spination or other characters, ‘typ ica l’ structure being prevalent in  
the tem perate zones and sharp spination in the tropics, the differ
en ces thereby justify in g  nomenclatural recogn ition . T here is weak  
but inconsistent ev id en ce for this pattern. T hough ‘acutidens’ 
individuals are uncom m on outside the tropics, interm ediates occur  
everyw here to som e degree, and som e ‘typical’ individuals occur in 
the tropics. G enetic p ooling or environm ental response reflected in 
m orphology seem s poorly structured.

“ I consider the w hole C . sap idu s  com plex to be a sin g le  species  
w hich has diverged into ill defined populations in certain portions 
o f  its range. The ‘acutidens’ form predom inates over m ost o f  the 
latitudinal range, but there are variations. A m ong these are ‘typ ical’ 
features that reach their m ost pronounced expression  in the popula
tion a long the east coast o f  the United States. T axonom ic thinking o f  
bio log ists has been clouded by the fact that the form  orig inally  
described  w as the North A m erican variant w hich  becam e the  
standard against w hich all com parisons were m ade.

" C a llin ec tes  sa p idu s  is the m em ber o f  the genus w hich  has m ost 
su ccessfu lly  invaded the Temperate Z one, and in this respect it may  
be that spéciation  into form s associated with temperature regim es  
is progressing, but the process is not yet com p lete enough that 
m orphological separation is d istin ct.”

A  detailed  key for identification o f  the various sp ec ies o f  C a lli
n ec tes  w as presented by W illiam s (1 9 7 4 ). D iagn ostic  characters o f  
im portance for adults include granulation o f  the carapace, shape 
and size  o f  frontal and anterolateral teeth, and shape o f  the m ale 
gon op od s. D istingu ish ing  characters o f  various C a llin ec tes  sp. 
occurring in the western central Atlantic (lat. 3 5 ° N  to 5 °N ; long. 
5 0 °W  to 9 5 °W ) were described by W illiam s (1 9 7 8 ).

Keys to  sp ec ies occurring in eastern and southern United States

C a llin ec te s  sa p id u s  is the only sp ec ies in the genus h aving 2  
broad based , triangular teeth located on the front betw een  the inner 
orbital teeth. The 7 species o f  C a llin ec tes  w h ose  ranges m ay  
overlap in  parts o f  the eastern and southern United States can be 
identified  w ith the aid o f  the fo llow in g  keys adapted from  W illiam s  
( 1974). A lso , color and m orphology o f  these sp ec ies were d iscussed  
by N orse and Fox-N orse (1982).

Key to species based on carapace (exclu d in g  ju ven iles)

la . Front with 2 prom inent, broad based , triangular teeth  
betw een  inner orbitals; each with or w ithout rudim entary
subm esial tooth on m esial slope .............................C . sa p id u s

lb . Front with 4  teeth between inner orbitals or 2 prom inent 
teeth separated by a space often bearing pair o f  rudim en
tary subm esial t e e t h ............................................................................. 2

2a. Subm esial pair o f  frontal teeth w ell developed  and m ore  
than h alf as long as lateral pair (m easuring from  base o f
lateral notch betw een t e e t h ) .......................................C . b o co u rti

2b. Frontal teeth decidedly  unequal in s iz e , subm esial pair 
no m ore than half as long as lateral pair (m easuring from
base o f  lateral notch between teeth) ............................................ 3

3a. Carapace very sm oothly granulated, lin es  o f  granules 
v is ib le  but barely perceptib le to touch  (ex cep t ep i- 
branchial lin e  variably prom inent) ..........................C . sim ilis

3b. Carapace not so  sm ooth , scattered granules and lines
o f  granules quite evident to sight and t o u c h ............................ 4

4a. Carapace coarsely  granulated; anterolateral teeth (ex c lu 
sive o f  outer orbital and lateral spine) lacking shoulders
and sw ept fo r w a r d ............................................................................... 5

4b . Carapace finely  granulated; anterolateral teeth 2 -6  (ex c lu 
sive o f  outer orbital, 7-8  and lateral spine) with shoulders,
not sw ept forward ............................................................................... 6

5a. Anterolateral teeth w ell separated, all except first 3 and
lateral sp ine with anterior m argins concave; chelipeds
with ridges finely granulated ....................................C . la rv a tu s

5b. A nterolateral teeth adjacent, stout, anterior m argins not
noticeably con cave, fifth tooth often largest; ch elipeds
with ridges coarsely  granulated .................... C. ex a spera tu s

6a. S u b m esia l pair o f  frontal teeth  absent or v estig ia l
................................................................................................  C . orn atu s

6b. Subm esial pair o f  frontal teeth never vestig ia l, but no
m ore thàn h alf length o f  lateral p a ir ............................ C . d an ae

Key to m ature or nearly mature m ales  
based prim arily on first p leopods

la . Tips o f  first p leop od s fa llin g  w ell short o f  suture betw een
thoracic sternite VI and m esia lly  expanded sternite VII . 2

lb . First p leopods reaching to , alm ost to , or beyond suture
betw een  thoracic stern ite VI and m esia lly  expanded
sternite V I I ...............................................................................................4

2a. First p leopods w ell separated from  each other, never
touching or crossed; tips not lanceolate ....................................3

2b. First p leopods overlapping each other, often crossed;
tips lanceolate ................................................................ C . ornatus

3a. First p leopods slender distally, nearly straight, tips bent
sligh tly  m esad ...................................................................C . sim ilis

3b. First p leopods fairly stout distally, angled toward m idline
then abruptly bent forward in short slender term inal
e x te n s io n ............................................................................. C. la rv a tu s

4a. T ip s o f  first p le o p o d s  c u r v e d  a b ru p tly  m e sa d
......................................................................................... C . exaspera tu s

4b. Tips o f  first p leopods not curved abruptly m e s a d ...................5
5a. First p leopods w ith tips never extending beyond abdom 

inal lock ing tubercle on thoracic sternite V, slender distal 
part alm ost straight, m inutely sp ined , tips alm ost a lw ays
bent ventro la tera lly ........................................................... C . d a n ae

5b. First p leopods w ith tips extending beyond abdom inal
lock ing  tubercle on thoracic sternite V, slender part 
definitely curved or sin u ou s, variously  sp ined , never
bent ventrolaterally at t i p ................................................................... 6

6a. Front with 2 prom inent, broad based , triangular teeth
betw een inner orbitals; each w ith or w ithout rudimentary
subm esial tooth on m esia l slope ............................ C . sa p id u s

6b. Front with 4  teeth betw een  inner orbitals reaching nearly
com m on l e v e l ...................................................................C . b o co u rti

1 .22  T axonom ic status

This is a m orphospecies exh ib iting so m e variation.

1.23 Subspecies

N one. See section  1.21 for d iscu ssion  on the “ form s” o f  C a lli
n ectes sap idu s.
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1.24  Standard com m on nam es, vernacular nam es 1.36  H em olym ph (blood)

Blue crab

1.3 M orphology

1.31 External m orphology

D etailed accounts o f  external m orphology o f  the blue crab are 
presented by Pyle and Cronin (1950) and in section  1.21 o f  this 
synopsis.

1 .33  Protein specificity

Polym orphism  o f  several enzym es o f  the blue crab have been  
determ ined. Polym orphic enzym es for both C hesapeake Bay and 
C hincoteague Bay blue crab populations include: G onad acid  
phosphatase, glutam ate oxaloacetate transam inase-1, phospho- 
g lu co se  isom erase, hydroxybutyrate dehyd rogen ase, m alic  en 
zym e, 6-phosphoglucom ate dehydrogenase, phosphoglucom utase, 
esterase , peroxid ase , a -g ly cero p h o sp h a te  d eh yd rogen ase , and 
glyceraldehyde-3-phosphate dehydrogenase (C o le  and M organ  
1978a). O nly the first three enzym es provided reliab le zym ogram s 
in  the gonad , m u scle , and green  gland tissu e s , respectively . 
M onom orphic enzym es for both populations included  acid  phos
phatase o f  the green gland, adenylate k inase, creatine kinase, 
esterase (from  gonad and g i l i ) ,  h exok in ase-1  and -2 , lactate  
dehydrogenase-1 and -2 , leucine am ino p ep tid ase-1 and -2 , m alic  
dehydrogenase, sorbitol dehydrogenase, and xanthine dehydro
genase . Com parison o f  m uscle, ey e , and serum  protein from  adult 
m ale crabs from  the Choptank River, M d. (8 to 12%o), Backbay, 
Va. (17  to 20%o), and C hincoteague Bay (35%.) w ith discontinuous  
polyacrylam ide electrophoresis y ielded  no d ifferences in m uscle  
protein and low  polym orphism  in eye and serum  proteins (C ole  and 
M organ 1978b ). In adult m ale crabs, lactate dehydrogenase  
occurred as one band o f  activity and 6-phosphogluconate dehydro
gen ase occurred as tw o bands o f  activity fo llow in g  electrophoretic  
separation from each o f  seven  tissues (m u scle , heart, g i li ,  vas 
deferens, m idgut gland, testes, and hypoderm is) (D end inger 1980). 
C onversely, g lucose-6-phosphate dehydrogenase occurred as four 
bands o f  activ ity  with different bands in different tissues.

G enetic sim ilarity in  the C hincoteague and C hesapeake Bay 
blue crab populations is suggested  from  sim ilar percentage p o ly
m orphism  and sim ilar gene frequencies o f  the polym orphic en
zy m es, acid phosphatase, glutam ate oxaloacetate transam inase-1, 
and p h o sp h o g lu co iso m era se -1 . T h erefore , C o le  and M organ  
( 1978a) suggested  that genetic  uniform ity is m ost lik ely  m aintained  
by larval interm ixing offshore and that recruitm ent to estuarine 
populations o f  b lue crabs is accom p lish ed  by im m igration  o f  
m egalopae.

1 .34  A gin g

A gin g  o f  blue crabs is d ifficult because o f  the lack o f  annuli 
formation on hard body parts. Variation in age to maturity is 
covered in section  3 .1 2 .

1 .35  Endoskeleton

A brief description o f  the endoskeleton w as presented by P yle and 
Cronin (1950).

O sm oregulation and ion ic regulation

Except for the larval stages o f  developm ent, blue crabs are 
euryhaline and hyperosm oregulate in the majority o f  the sa lin ities in 
w hich they occur. B lu e  crabs som etim es occur in freshw ater  
habitats that have access to estuarine waters, at least seasonally  
(M angum  and A m ende 1972). B lue crabs have been reported in 
freshwater in Louisiana (Gunter 1938), Florida (O dum  1953), 
Virginia (M angum  and A m ende 1972), and D elaw are (Ettinger and 
B lye 1981). E reezing-point depression determ inations o f  blood  
sam ples have show n that all adult crabs sam pled were hyperosm otic  
to sa lin ities o f  10, 2 0 , and 30%« (Tan and Van Engel 1966). M ales 
had m ore ability  than fem ales to regulate blood sodium  concentra
tions, especia lly  at a sa lin ity  o f  10%», thereby su ggestin g  a p hysio
logical adaptation w hich allow s adult m ale crabs to inhabit low  
sa lin ities (Tan and Van Engel 1966). O vigerous fem ales do not 
regulate as w ell as nonovigerous, mature fem ales or adult m ales at 
sa lin ities o f  1 .7  or 17%.. (Tagatz 1971). This is consistent w ith the 
fact that ovigerous fem ales usually occur in sa lin ities higher than 
17%». Temperatures betw een 10° and 3 0 °C  did not significantly  
affect the osm oregulatory ability  o f  various stages or sex o f  blue 
crabs. A ccording to Leffler (1 9 7 5 a ), juvenile  b lue crabs (30 -50  
m m  carapace width) reared in 2 5 °C , hyperosm oregulate in m edia  
o f  <  7 0 0  m O sm /1 (25X . salin ity) and conform  o sm otica lly  at 
higher sa lin ities . R egarding sodium  ion s, ju v en ile  blue crabs 
hyperosm oregulate in environm ents o f  up to 7 2 0  m O sm /1 (26'/». 
sa lin ity ), w hereas adult b lue crabs hyperosm oregulate below  28'/«. 
(C olvocoresses et al. 1974). Engel (1977) exam ined the acclim a
tion ab ilities o f  the blue crab and C . sim ilis  to osm oregulate in 
sa lin ities o f  5 , 2 0 , and 35'/».. In agreem ent with distribution in 
natural w aters, hem olym ph and m uscle concentrations o f  N a + , 
C l” , and K + indicated that adult C . sap idu s  is better adapted for 
ion ic regulation than adult C . sim ilis  at lower salin ities ( e .g . , 5'/.. ). 
C a llin ec tes  s im ilis  had sign ificantly lower hem olym ph Na"r and 
C l-  concentrations than C . sap idu s  at 5'/... A cclim ation  at the two  
higher sa lin ities (20  or 35'/») resulted in sim ilar hem olym ph N a + 
and C l"  concentrations for both sp ecies. Engel and Eggert (1974)  
show ed that ovigerous and nonovigerous adult fem ale blue crabs 
have lower respiration rates than adult m ale blue crabs at a salin ity  
o f  5%» during summer.

The physio log ica l m echanism  allow ing  blue crabs to hyper
osm oregulate w as d iscu ssed  by M angum  and Towle (1977) based  
upon several experim ental studies. G illes (1973) reported increased  
14C 0 2 production as a result o f  am ino acid catabolism , fo llow in g  
120 m in exposure o f  isolated axons o f  blue crabs to sa lin es con 
sistin g  o f  one o f  tw o sa lin ities containing one o f  several uniform ly  
labelled  (U -14C) am ino acids (arginine, alanine, leu cin e , glutam ate, 
aspartate, or serine). O xygen  consum ption also  increased in the 
diluted m edium  (8 5 0  m O sm /1) com pared with seaw ater (1 ,1 0 0  
m O sm /1). W eiland and M angum  (1975) reported that decreased  
salt concentrations o f  the b lood in blue crabs are accom panied by 
increases in blood pH . Thereafter, M angum  et al. (1976) d em on 
strated that m ale blue crabs ( 100 to 235 g) produced higher am ounts 
o f  am m onia (and subsequent higher pH due to com bination  o f  N H 3 
+  H + ) when acclim ated  to sa lin ities o f  28 or 5'/». com pared with 
crabs acclim ated  to 35%... This is probably the result o f  increased  
am ino acid catabolism  w hich  occurs w hen blue crabs are located in 
salin ities lower than that o f  their blood (Gerard and G illes  1972; 
G illes and Gerard 1974). An enzym e believed  to be involved  in the 
“salt pum p” o f  the blue crab, N a + +  K + -dependent ATPase is 
responsive to in creased  N a + uptake in blue crabs m igrating



upstream (M angum  and Towle 1977). Specific  activity o f  this 
enzym e in g ili m icrosom es from  crabs at a sa lin ity  o f  5/« w as nearly 
tw ice  the value for crabs acclim ated to a sa lin ity  o f  34%,,. M angum  
and Towle (1977) suggested  that an increase in blood N H 4+ might 
increase “extrusion” o f  N a + from the g ili c e ll into the blood. 
C onversely, Kormanik and Cam eron (1981) proposed that am m o
nia excretion (free base, N H 3) in adult blue crabs occurs v ia passive  
diffu sion  in blue crabs adapted to 28 to 30'/» salinity. T hese in ves
tigators dem onstrated that the net excretion  rate o f  am m onia w as 
unchanged by sodium  transport inhibitor am iloride or by transfer 
to N a + - and K + -free artificial seawater. Cam eron (1979) reported 
that 33 to 507p o f  sodium  effluxes and 50 to 70%  o f  chloride  
effluxes from  adult blue crabs in freshw ater resulted from e x 
change d iffu sion , with sodium  and chloride transport probably 
occurring via largely independent, electroneutral processes.

H em olym ph com position

G leeson  and Z ubkoff (1 9 7 7 ) estim ated  hem olym ph vo lu m e  
( 2 5 . 4 ± 1 . 4  m l at 95%  confidence intervals) o f  9  penultim ate  
instar fem ales w eighing 9 8 .2 ± 6 .2  g  (standard deviation) in  the 
in term olt-w hite sign m olt stages ( C i-D U .

A n ultrastructural study o f  h em ocytes prom pted B odam m er  
(1978) to suggest that granulocytes, h ya lin e  c e lls , and interm ediate  
c e lls  represent different stages o f  cy togen esis along a path o f  
cellu lar  d ifferentia tion . G ranulocytes w ere broadly o v a l, le ss  
elongate (1 3 .4  to 15 .7  ( j l m ), and w ider (6 .8  to 9 .3  /u.m) than inter
m ediate ce lls . H yaline ce lls  were slightly  round to ova l, 7 to 13 /am  
diam eter with centrally located nuclei. Interm ediate ce lls  w ere 13.5  
to  19 .5  /am  long and 6 .3  to 9 .8  /am w id e w ith eccentric nuclei.

Lynch and Webb (1973a) found that serum  protein o f  interm olt, 
adult m ales (2 0 -8 0  m g/m l) and fem ales (3 5 -1 0 0  m g/m l) did not 
differ significantly. Temperature and sa lin ity  did not appear to 
affect serum  protein concentration. Total serum  protein increased as 
ovary weight increased. A fter egg  transfer from  the ovaries to  the 
p leop od s, a slight decrease in serum protein occurred.

Serum  g lu cose  did not d iffer betw een m ales (2 .3  to 125 .5  m g / 
100 m l) and fem ales ( 1 .3 t o 3 0 5 .3 m g /1 0 0  m l) , nor d id itv a r y w ith  
reproductive stage o f  fem ales (Lynch and Webb 1973b). H owever, 
m olt status o f  the crabs exam ined w as not m onitored. Serum  
g lu co se  levels were low est in  late sum m er/early fall in m ales and 
“old  year c la ss” fem ales. G lu cose concentrations rose to yearly  
high levels during spring and early sum m er (Lynch and Webb 
1973b).

Serum zinc and copper o f  adult blue crabs have been found to be 
unrelated to environm ental temperature and sa lin ity  (C olvocoresses  
and Lynch 1975). Serum copper (ranging from  35 to 150 ppm) was 
directly related to total serum  protein; probably as a result o f  copper  
being a com ponent o f  hem ocyanin. Copper content o f  blue crab 
serum  ranged from 1 0 .7 to  16 .2  m g /1 0 0  m l(/V  =  6a t2 2 '/»  salin ity) 
(M angum  and W eiland 1975). Serum zin c  (6  to 22  ppm ) w as also  
strongly related to total serum  protein, p ossib ly  as a result o f  z inc  
b ein g  a cofactor for carbonic anhydrase.

Serum calcium  concentrations o f  fem ales in  their penultim ate 
instar were found to be sim ilar regardless o f  sa lin ity  (1 0 , 2 0 , or 
30'/,, ) w ithin any one m olt stage (H aefner 1964). Late premolt 
fem ales had 5 0 0  to 700  ppm serum ca lc iu m , early postm olt fem ales  
had 250  to 300 ppm serum  calcium , and interm olt fem ales had 420  
to  4 5 0  ppm  serum  calcium  (H aefner 1964).

1 .37  Internal anatom y

The d igestiv e , m uscular, reproductive, circulatory, respiratory, 
excretory, and nervous system s, and sense organs o f  the blue crab 
were described by P yle and Cronin (1950). Additionally, Cochran  
(1935) described the skeletal m usculature. D escriptions o f  ovarian  
tissue at various stages o f  sexual maturity include those by Cronin  
( 1942), Hard ( 1942), and Johnson ( 1980). A  detailed account o f  the 
m ale reproductive system  w as presented by Cronin (1 9 4 7 ). A nat
om y and neurophysio logy o f  the fifth pair o f  pereopods (sw im m in g  
legs) were described by W hite and Spirito (1 9 7 3 ). Johnson (1980)  
presented a detailed  account o f  the h istology o f  various blue crab ' 
tissues and ce ll types includ ing connective tissu e , cu tic le , ep i
derm is, g ills , antennal gland and bladder, central nervous system , 
the gut, circulatory system , hem opoietic  tissue and hem ocytes, 
phagocytes, and m ale and fem ale reproductive system s. Ultra- 
structural features o f  the m yocardium  were described by H aw kins  
et al. (1 9 7 7 ). S p ecia l features d iscussed  were com ponents o f  the 
m yocardial c e ll , structure o f  the intercalated d iscs , and organization  
o f  the neurom uscular junctions.

G ili m orphom etry o f  the blue crab w as described by A ldridge and 
Cameron (1 9 8 2 ). Two types o f  g ili ep ithelial surface included  the 
site presum ed to be for respiratory exchange (0 .5  /am in thickness) 
and the prim ary site for active ion transport (averaging 10 /am  
thickness).

An anatom ical and cy to log ica l description o f  the mandibular 
gland o f  the blue crab w as presented by Yudin et al. (1 9 8 0 ). The  
authors b elieve that this gland has an endocrine function , being  
actively  involved  in steroid production.

2 D IST R IB U T IO N

2.1  Total area

A ccording to W illiam s (1 9 7 4 ), the original range o f  C . sap idu s  
was from N ova S co tia , M aine, and northern M assachusetts to 
northern A rgentina, inclu d in g  Bermuda and the A n tilles . H owever, 
the species has been  introduced into several parts o f  E urope—  
jOresund, Denm ark; the N etherlands and adjacent N orth Sea, 
southw est France; G u lf o f  G enoa; northern Adriatic; A egean , 
western B lack , and eastern M editerranean Sea. Recently, the sp e
cies has a lso  been  reported from  Lake H am ana-Ko, central Japan 
(sum m arized by W illiam s 1974, in press).

W illiam s (1 9 7 4 ) recogn ized  14 sp ec ies o f  C a llin ec tes , nine  
distributed in the western A tlantic, three in w est A frica  (on ly  tw o o f  
these species are different than those occurring in the western  
A tlantic), and three in  the eastern tropical Pacific. S in ce  that tim e  
another species has been  described from  northern Brazil (Fausto- 
F ilho  1980) and M anning and H olthuis (1981) have revised  the 
A frican sp ec ies , d isc lo s in g  older nam es as w ell as separating the 
am phi-A tiantic sp ec ies into c lose ly  related eastern and western  
Atlantic sp ec ies.

Currently, there are 16 recogn ized  sp ec ies o f  C a llin ec te s  as listed  
under geographic regions below. A lm ost all records are from  
shallow  coastal waters o f  continents or islands.

W estern Atlantic

C a llin ec te s affinis F austo-F ilho  1980. C ocó  River, Fortaleza, 
Ceará, Brazil (Fausto-F ilho 1980).

C a llin ec tes  b o co u rti A . M iln e  Edwards 1879. N ew  H anover C o ., 
N .C ., M ississip p i, and British Honduras through W est Indies
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and Caribbean Sea to Estado de Santa Catarina, Brazil (W illiam s 
1974; W illiam s and W illiam s 1981).

C a llin ectes danae  Smith 1869. Bermuda and N ew  H anover C o ., 
N .C .; southern Florida and eastern side o f  Yucatan Peninsula, 
West Indies, and Caribbean Sea to Estado de Santa Catarina, 
Brazil (W illiam s 1974; Perschbacher and Schw artz 1979). 

C a llin ec tes  exaspera tu s  (G erstaecker 1856). Berm uda, northeast
ern Florida, Florida K eys, and eastern Yucatan through West 
Indies and Caribbean Sea to Estado de Santa Catarina, Brazil, 
with exception  o f  no records from  the G uianas and northern 
Brazil (W illiam s 1974, in press).

C allin ec tes  la rva tu s  Ordway 1863. Bermuda and North C arolina, 
through Florida K eys, West Indies, and continental perim eter o f  
Caribbean Sea to Sao Francisco, Brazil (W illiam s 1974; M anning  
and H olthuis 1981).

C a llin ec tes m araca iboen sis  Taissoun 1969. Lake M aracaibo and 
to unknown extent in West Indies region , including Jamaica 
(W illiam s 1974; N orse 1978).

C a llin ec tes  ornatus Ordway 1863. Bermuda and o f f  Cape Charles, 
V a., through southw estern Florida, northw estern Yucatan, West 
Indies, and southern Caribbean Sea to Estado de Sao Paulo, 
Brazil (W illiam s 1974, in press).

C a llin ec tes  ra thbunae  Contreras 1930. G u lf o f  M ex ico  from mouth  
o f  R io  G rande, T exas-M exico  border to  southern Veracruz 
(W illiam s 1974).

C a llin ec tes sa p id u s  Rathbun 1896. S ee beginning o f  section  2 .1 .  
C a llin ec tes  sim ilis  W illiam s 1966. Eastern U nited States and G ulf 

o f  M ex ico  from  eastern L ong Island Sound, C on n ., to  o f f  
C am peche, Yucatan, M ex ico , and Jam aica (W illiam s 1974, 
in press).

Eastern A tlantic

C a llin ec te s  a m n ico la  (D e  Rochebrune 1883) ( =  C. la tim anu s  
W illiam s 1974). West A frica from Baie de Saint-Jean, M auri
tania, to at least as far south as a lagoon  north o f  Luanda, A ngola  
(M anning and H olthuis 1981).

C a llin ec tes  m arginatus  (A . M ilne Edwards 1861). West A frica  
from Cape Verde Is ., and Port E tienne, M auritania, to central 
A ngola  (W illiam s 1974; M anning and H olthuis 1981). 

C a llin e c te s  p a llid u s  (D e  R ochebrune 1883) ( =  C . g la d ia to r  
W illiam s 1974). West A frica from  Baie de Saint-Jean, M auri
tania, to B a ia d o  L obito , A ngola  (W illiam s 1974; M anning and 
H olthuis 1981).

Eastern Pacific

C a llin ec tes  arcuatus  Ordway 1863. L os A n geles Harbor, C a lif ., to 
southern Peru and G alapagos Islands (W illiam s 1974). 

C a llin ec tes be llico su s  (Stim pson 1859). San D ie g o , C a lif ., to 
southern  M agd alen a  Bay; La Paz H arbor around G u lf  o f  
California to Topolobam po, S inaloa, M exico; apparently absent 
from  extrem e southern tip o f  Baja C alifornia (W illiam s 1974). 

C a llin ec tes toxo tes  Ordway 1863. Cape San L ucas, Baja C alif, 
(historical record only) to extrem e northern Peru; extraterritorial, 
Juan Fernandez Islands (W illiam s 1974).

2 .2  D ifferential distribution

2 .21  Larvae and juven iles

Early zoeal stages o f  the blue crab are located in surface waters

(Tagatz 1968a; D udley  and Judy 1971; Sandifer 1973; Dittel and 
Epifanio 1982) o f  high salinity, usually  20'/., or greater (Perry
1975). Z oeae are planktonic and p ositive ly  phototropic (C ost- 
low  et al. 1959). A ccording to N orse (1 9 7 7 ), “the occurrence o f  
[variou s] C a llin ec tes  [ s p .]  in a geographic area [u su a lly ] im plies  
settlem ent from  plankton, rather than adult im m igration .” H ow 
ever, juvenile  m igrations from high sa lin ity  to low  salin ity  areas are 
important in determ ining annual recruitment to brackish water areas 
(Van Engel 1958; Sulkin 1977). N ichols and K en ey( 1963) sam pled  
C allin ec tes  sp. larvae offshore betw een Cape Hatteras, N .C ., and 
Jupiter L ight, F ia. Large numbers o f  early stage zoea e  w ere c o l
lected nearshore w ith progressively later zoeal stages found 2 0 -to 
4 0  mi (32  to 64  km) offshore. H ighest frequency o f  m egalopae  
occurred beyond 4 0  mi (6 4  km) offsh ore. D uring a 6 -m o  sam pling  
period (M ay to O ctober 1978), first stage blue crab zoeae were m ost 
abundant in 5 or 11 m depths in D elaw are Bay as opposed  to 20  m 
(D ittel and E pifanio 1982). Sandifer (1973) reported C a llin ec te s  
sp. larvae from d aytim e sam ples taken from C hesapeake Bay 1 m  
below  the surface and near bottom  from June to N ovem ber, in 
salin ities ranging from  15.8 to 32 .4 '/» . M ost o f  the larvae (8591) 
were co llected  in sa lin ities o f  20 to 30'/.. just outside the m outh o f  
C hesapeake Bay. M ost zoeae occurred in the near surface (1 m  
depth) sam ples, w hereas m egalopae were found on ly  in a few  
bottom  sam ples (Sandifer 1975). Conversely, W illiam s (1971)  
and Sm yth (1 9 8 0 ) reported that m egalopae o f  C a llin ec te s  sp. 
were com m on in surface sam ples at night. An exten sive m onthly  
quantitative sam p lin g  o f  portunid larvae in M ississip pi coastal 
waters from  July 1974 to Septem ber 1979 indicated that blue crab 
m egalopae w'ere about equally distributed in surface and bottom  
waters (Stuck and Perry 1981).

Factors that affect vertical distribution o f  zoeae and m egalopae  
include light intensity, sw im m ing rate, sinking rate, and barokinetic  
and geotactic behavior. A lso , vertical distribution o f  blue crab 
m egalopae m ay be dependent upon base activity levels w hich may 
be rhythm ic due to exogen ou s or endogenous control (Sulk in  et al. 
1979; Sulkin and Van H eukelem  1982). Sm yth (1 9 8 0 ) suggested  
that diel increases in abundance o f  m egalopae o f  C a llin ec te s  sp . in 
surface waters at night is a negative phototropic response. Labora
tory studies w ith  blue crab m egalopae have in d icated  a low  
threshold in barokinetic response (0 .4  atm ), such that m egalopae  
w ould sw im  a short distance from the bottom when subjected to 
artificial pressure increases from above (N aylor and Isaac 1973). 
T hese authors speculated  that such a barokinetic response w ould  
inhibit sw im m ing  in surface waters o f  stratified estuaries where  
net flow  often  is seaw ard, w hile  prom oting occurrence in deeper  
waters w hich often have a net flow  upstream . H owever, data from  
previously described  sam pling studies (W illiam s 1971; Sm yth  

' 1980), suggest that this phenom enon o f  vertical d istribution, w ith  
m egalopae absent from  surface waters, m ay only occur during 
d ay ligh t. S u lk in  et al. (1 9 8 0 ) evaluated  sw im m in g  rate and 
geotactic and barokinetic responses o f  blue crab zoeal stages I, IV, 
and VII. N egative geotax is (upward m ovem ent) occurred in stage I 
zoeae, a period o f  transition betw een negative and positive geotax is  
(dow nw ard m ovem ent) was indicated in stage IV  zo eae, and p o si
tive geotaxis w as indicated in stage VII zoeae. G eotactic  behavior 
m ay explain  w hy Sandifer (1975) did not obtain any zoea l stages  
later than stage IV  in surface sam ples (1 m depth) during daylight. 
A lthough sink ing  rate increased 3 .2  fold betw een the first and 
seventh zoeal stages, sw im m ing rate increased 4 .4  fold  over the 
sam e developm ental period; therefore, Sulkin et al. (1 9 8 0 ) co n 
cluded that sink ing  rate w as not responsible for the geotactic  
behavior that was m easured.
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D istribution and recruitment o f  blue crabs is also affected by 
tem perature-salin ity interactions on  the m egalopal stage. For 
m egalopae m aintained at 15°C , average duration o f  the m egalopa  
stage w as found to increase as salin ity increased ( e .g . ,  15°C , 
20'/«, =  34 d before m etam orphosis; 15°, 407« =  58 d before 
m etam orphosis) (C ostlow  1967). Therefore, C ostlow  and B ook- 
hout (1969) suggested  that transport o f  m egalopae to waters below  
20° C and high salin ities may retard further developm ent to the first 
crab stage, until m egalopae are transported to lower sa lin ities, 
p ossib ly  as an adaptive behavioral m echanism  to increase recruit
m ent. Perry (1975) reported the occurrence o f  C a llin ec tes  sp. 
m egalopae  in sa lin ities as low  as 4%», w h ile  m ost m egalopae  
occurred in sa lin ities >  207«,.

F ollow ing larval developm ent, early ju ven ile  stages m igrate to 
lower salin ity and shallow  waters during sum m er m onths; later they  
m ove to sligh tly  deeper channels or hibernate during colder m onths 
when growth ceases or decreases appreciably in C hesapeake Bay 
(Van Engel 1958) and D elaw are Bay (Cronin 1954). Juvenile blue 
crab distribution in M ississippi waters w as as follow s; 1) First and 
early crab stages (3 to 10 m m ) occurred m ost often  in 15 to 2 0 7 « , 
2) 10 to 2 0  m m  juveniles were m ost frequently found in sa lin ities  
<  IO'/«, and 3) m axim um  number o f  crabs (2 0  to 4 0  m m ) were  
sam pled from  sa lin ities below  57« (Perry and Stuck 1982). Juvenile  
and/or adult blue crabs occur in m uch higher d ensities in  areas 
covered  by eelgrass, Z o ste ra  m arina , than on un vegetated bottom s 
(Fleck and Orth 1980).

2 .2 2  Adults

S ee section  3 .5 1 .

2 .4  H ybridization

2.41  Hybrids

N one reported.

3 BIO NO M ICS A N D  LIFE HISTORY

3.1 Reproduction

3.11  Sexuality

B lue crabs are heterosexual and show  obviou s sexual dim or
p h ism . Im m ature fem ales have a triangular-shaped ab d om en , 
w hereas m ature fem ales have a broader, sem icircu lar-sh ap ed  
abdom en (F ig . 2 ). M ales have a T-shaped abdom en readily d istin 
guishable from  either fem ale stage (F ig . 2 ) . Typical coloration  
differences betw een adult m ales and fem ales are described  in 
section  1 .21 . H isto logy and external m orphology o f  tw o b isexual 
crabs (bilateral gynandromorphs) from  separate areas o f  C hesa
peake Bay have been described by Cargo ( 1980) and Johnson and 
Otto (1 9 8 1 ). Johnson and Otto (1981) indicated that few  sperm  
were in the sem inal receptacle o f  their sp ec im en , ind icating that 
copulation had not been com pletely  su ccessfu l.

3 .1 2  M aturity

M ale blue crabs reach maturity after 18 or 19 postlarval m olts, 
w h ile  fem ales reach maturity after 18 to 20  postlarval m olts (Van 
Engel 1958). T he abdom en o f  im m ature m ales is tightly sealed  to

the ventral surface, w hereas the abdomen o f  mature m ales hangs 
free or is held in place by a pair o f  “snap-fastener-like” tubercles 
(Van Engel 1958). Tagatz (1968a) used the fo llow in g  criteria to 
identify im mature and mature males: Immature m ales have vasa  
deferentia that are sm all and the m iddle vas deferens is w h ite , w h ile  
mature m ales have vasa deferentia with large prom inent ducts and 
the m iddle vas deferens is bright pink. However, Johnson (1 9 8 0 )  
observed that the m iddle vas deferens m ay be w hite or on ly  pale 
pink fo llow in g  copu lation , w h ile m any large, mature m ale crabs 
sam pled during w inter have a w hite m iddle vas deferens. Gray and 
N ew com be (1938b) approxim ated the average size  at w hich m ales 
attain maturity as 89 mm  carapace w idth, sin ce  m ales attain their 
highest growth increm ent per m olt at this size . A s the term inal m olt 
(maturity m olt) in  fem ales approaches, dark coloration o f  the 
m ature, sem icircu lar abdom en show s through the translucent, 
triangular shaped, im mature abdom en within 6 d o f  the term inal 
molt (G leeson  1980). Cronin ( 1942) and Johnson ( 1980) described  
histological- changes in fem ale ovarian tissue as maturation ap
proaches, and Hard (1 9 4 2 ) described ovarian tissue changes before, 
during, and after the first and second spaw nings.

T im e to maturity from  hatching is reduced by longer grow ing  
seasons varying from 10 to 12 m o in M ississippi (Perry 1975) or 
Florida (Tagatz 1968a) to 12 to 20  m o in  C hesapeake Bay (Van 
Engel 1958; L ippson 1973). D ue to sem ihibernation in  winter, 
crabs hatched in  early sum m er in C hesapeake Bay reach sexual 
maturity within 12 to 16 m o , w hile  individuals that are hatched in 
late sum m er and early fall reach sexual maturity w ithin  18 to 2 0  m o  
(L ippson 1973).

3 .1 3  M ating

U nlike m ales, w hich m ay m ate several t im es, fem ale blue crabs 
mate only on ce , w h ile  in  the soft shell stage (A !— se e  section  3 .4 4  
for m olt stage descriptions) fo llow in g  their term inal m olt (maturity 
or pubertal m olt). A ccording to Van E ngel (1 9 5 8 ), m ating may  
occur day or night and m ay last for 5 to 12 h. A blation o f  the outer 
flagella  o f  antennules o f  m ales in  laboratory studies indicated that 
these portions o f  the antennules are probably primary chem orecep- 
tors for a fem ale  pherom one that triggers m ale reproductive  
behavior (G leeson  1980). T he pherom one is believed  to occur in the 
urine o f  pubertal fem ales. Further work indicated that the aesthetasc  
tuft on the outer flagellum  o f  the antennule o f  the m ale is responsib le  
for detection o f  pherom ones produced by fem ales (G leeson  1982). 
Olfactory stim uli are o f  prim ary im portance in the ability  o f  a red 
sign pubertal m olt fem ale to d iscrim inate sex es prior to m ating  
(Teytaud 1971). S till, a visual stim ulus ( e .g . ,  a m ale m odel) 
com bined  with olfactory stim uli (culture water from  a mature m ale) 
provided m ore rapid sex  recognition . W h ite -sign , pubertal m olt 
fem ales did not respond to the aforem entioned stim uli. A lso , 
Teytaud (1971) observed m ating activity in mature fem ales in the 
interm olt stage if  they had not m ated at the tim e o f  their pubertal 
m olt in the laboratory. T he fem ale is protected by a m ale before  
(Stage D 4), and after (Stages A  and B ), her term inal m olt by 
being grasped by the m a le’s first pair o f  w alk ing  le g s , and held  right 
side up in a “cradle-carry” position  under the m ale (Van Engel 
1958; G leeson  1980; Johnson 1980). The first pair o f  p leop od s o f  
the m ale are the functional intromittent organs, each receiv in g  
sperm atophores and sem en  from  the respective pen is. The second  
pair o f  p leopods are inserted into the posterior foram en o f  the first 
pleop od s, forcing the sperm atophores and sem en through the tube
like first p leopods. D uring copu lation , sem en and sperm atophores 
are passed from the first p leopods o f  the m ale into the paired



oviducts and eventually  the sem inal receptacles (sperm athecae) o f  
the fem ale (Cronin 1947). The majority o f m ating occurs in low  
salin ity waters since m ales usually remain in brackish areas during  
the adult stage.

3 .1 4  Fertilization

E ggs are fertilized  w hen passing from the ovaries to  the sem inal 
receptacles before being extruded onto the fem ale’s p leop od s. Egg  
extrusion onto endopodites o f  the fem ale’s p leopods m ay be co m 
plete w ithin 2 h (Van Engel 1958).

3 .1 5  Gonads

T he m ale reproductive system  consists o f  paired testes, vasa 
efferentia, vasa deferentia, external p en es, and highly m odified first 
and second  abdom inal p leopods (Cronin 1947). T he anterior vas 
deferens is the m ost im portant storage region  for com p leted  
sperm atophores. Sperm atophores that transport sperm  are ovoid  
with an average size  o f  300  x  225 g m  (Cronin 1947). Testes o f  
immature m ales <  5 cm  carapace width contain germ inative areas 
and sperm atocytes, but sperm atids and mature sperm  are not present 
(Johnson 1980). M ales larger than 6 .5  cm  carapace width have 
sperm atids and mature sperm  in som e testicular lobes (Johnson  
1980). Sperm  can survive for at least 1 yr in the fem ale’s sem inal 
receptacles (Van Engel 1958).

The fem ale reproductive system  consists o f  the paired ovaries and 
oviducts, part o f  w hich  serve as the sperm atheca. T he m ost ventral 
portion o f  each ovary jo ins the sperm atheca. An open ing in the 
posterodorsal surface o f  the sperm atheca perm its the passage o f  
eggs and the oviduct leads to a genital pore on the ventral surface o f  
the sixth thoracic som ite (P yle and Cronin 1950). Hard (1942) used  
histological techniques to verify stages o f  ovarian growth and 
maturation w hich could  be recognized by gross, external appear
ance. Im m ediately after copulation the ovary is sm all and w hite , 
w hereas the large, p inkish  sperm athecae are distended with sperm . 
F o llo w in g  co p u la tion , ova  require at least 2 m o to d evelop , 
resulting in an increased ovarian size  and orange color. Fem ales 
m ay ovulate m ore than once. Before the first ovu lation , fo llic le s  are 
expanded. A fter the first ovulation , the ovary rem ains large and 
orange colored and eg g  shell remnants are on the p leopods after 
hatching. A fter the second ovulation , the ovary is co llap sed , gray or 
tan colored , and eg g  shell remnants again appear on the p leopods  
after hatching.

3 .1 6  Spaw ning

Spaw ning o f  blue crabs is initiated progressively earlier in the 
spring at lower latitudes. Typically, blue crabs from C hesapeake  
Bay spawn in M ay or June, follow ed by a second spaw ning in 
A ugust (Van E ngel 1958). Spaw ning in North Carolinian waters 
occurs from m id-M arch to October (W illiam s 1971), with peak  
spaw ning in Beaufort Inlet, N .C . , from June to A ugust (D u d ley  and 
Judy 1971). O vigerous fem ales occurred from March through  
Septem ber in southern South Carolina w aters, with peak occurrence  
in A pril (E ldridge and Waltz 1977). In St. Johns River, F ia ., 
sp aw n in g  occurs from  February through O ctober, w ith  peak  
occurrence from March to Septem ber (Tagatz 1968a). In Lake 
Pontchartrain, L a ., tw o peak spaw ning periods for blue crabs are 
February and M arch, follow ed by A ugust and Septem ber (Jaworski
1972), w ith sim ilar spaw ning periods in M ississippi (Perry 1975).

The primary spaw ning ground along the G u lf coast o f  Florida is 
located in A palachicola Bay (O esterling 1976).

Sulkin et al. ( 1976) su ccessfu lly  induced ovarian maturation and 
spaw ning in laboratory cultured fem ale  crabs fo llo w in g  their 
capture during hibernation in w inter in C hesapeake Bay. Ovarian 
developm ent progressed appreciably m ore rapidly over a 2 .5  mo 
period at 19°C than at 15 °C.

3 .1 7  E ggs

B lue crabs generally  produce betw een 1.75 x  IO6 and 2 x  IO6 
eggs per spaw ning (Churchill 1921;G raham  and Beaven 1942; Pyle  
and Cronin 1950; Van Engel 1958). Truitt (1939) reported that egg  
production during a sin g le  spaw ning ranged from 7 2 3 ,5 0 0  to 
2 ,1 7 3 ,3 0 0 . but total number o f  fem ales exam ined and possible  
reasons for variation o f  fecundity were not d iscussed . N o published  
data are available concern ing fecundity as a function o f  fem ale 
carapace'width, length, or body w eight. A dditionally, no data have 
been reported on relative amounts o f  eggs spaw ned from the first 
and second spaw nings from the sam e individual in the laboratory. 
The fertilized  eg g s extruded from the oviduct are distributed on the 
setae o f  the endopodites o f  all four pairs o f  p leopods (Pyle and 
Cronin 1950). A pproxim ate ages o fb lu e  crab egg  m asses (sponges) 
according to color have been assigned  as follow s; Yellow to orange 
=  1 to 7 d sin ce  extrusion; brown to black =  8 to 15 d sin ce  extru
sion (B land and A m erson 1974). A ccording to Roberts and Leggett 
(1 9 8 0 ), a fem ale blue crab produces approxim ately 30 g (wet 
w eight) o f  eg g s in a sin g le  spaw ning. Tagatz (1965) recorded egg  
m ass (sponge) w eights o f  fem ales ranging from 24 to 98 g with an 
average value o f  37 g.

Total sterol concentration o f  eg g s does not change appreciably 
during their developm ent; however, the percent esterified form o f  
sterol decreases appreciably (W hitn ey  1969). C holesterol was 
determ ined to be the dom inant sterol in both free and esterified  
form s. Palm itic acid and stearic acid were the predom inant free fatty 
acids o f  blue crab egg s . Steryl esters contained large am ounts o f  
palm itic, palm itoleic . and o le ic  acids. W hitney (1 9 7 0 ) concluded  
that the blue crab requires an exogen ou s source o f  squalene and 
sterols, sin ce  they were not synthesized  from radioactive labelled  
acetate-1-14C or m evalonate-2-14C by ovaries or eggs.

Lipid-rich blue crab eg g s m ight serve as a clearance route for 
tox ic , lip op hilic  com pounds. E ggs o fb lu e  crabs from selected  areas 
near the Jam es River, V a., had tw o to three tim es m ore Kepone ( 0 . 1 
to 0 .1 5  /ug Kepone per g eggs) than that occurring in backfin m uscle  
(Roberts and Leggett 1980). N evertheless, further research should  
exam ine com parative am ounts o f  K epone in the hepatopancreas o f  
m ales and fem ales, before con clu sion s can be drawn concern ing the 
im portance o f  e g g s  as a .clearance route for to x ic , lip op h ilic  
com pounds. It is unknown to what degree hatchability o f  eg g s or 
viability  o f  larvae m ay be affected by this contam inant (Roberts and 
L eggett 1980).

3 .2  Preadult phase

3.21 Em bryonic phase

H atching occurs between 14 and 17 d fo llow in g  spaw ning (egg  
extrusion) onto the pleopods at 26° C and betw een 12 and 15 d at 
29°C  (Churchill 1921). H atching occurs in high salin ity waters 
(ca. 23 to 3 0 7 .)  near river m ouths, in lets, and coastal areas. 
Extruded eggs in the early stages o f  developm ent are 273 x  263  
jum, w hereas, just before hatching, eg g s are larger (3 2 0  x  278jU.m)
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(D avis 1965). In laboratory studies, successfu l hatching never 
occurred at the next low est experim ental sa lin ity  (15.6%») below  
20.1%» (C ostlow  and Bookhout 1959). A ll su ccessfu l hatchlings  
were first zoea l stage larvae and no prezoeae w ere observed  
(C ostlow  and B ookhout 1959). S im ilarly, su ccessfu l hatching  
occurred in sa lin ities o f  18 and 26%,, in a separate study (D avis  
1965). D avis (1965) observed blue crab larvae escap ing  the e g g ’s 
inner m em brane as prezoeae, with subsequent prezoeal ecd ysis  
w ithin  1 to 3 m in. D av is ( 1965) suggested  that hatching is prom oted  
by osm otic  sw ellin g  o f  the inner membrane w hich ruptures the  
chorion , fo llow ed  by rupture o f  the inner m em brane through  
m echanical action o f  the prezoea.

3 .2 2  Larval phase

D evelopm ent and environm ental requirem ents

N ew ly  hatched blue crab larvae norm ally  d evelop  through  
seven  zoeal stages before transforming to m egalopae (C ostlow  et al. 
1959; C ostlow  and Bookhout 1959), but have su ccessfu lly  m eta
m orphosed to the m egalopal stage after on ly  six  zoeal stages (Sulk in  
et al. 1976) or occasion a lly  after an eighth zoeal stage in  the 
laboratory (C ostlow  and B ookhout 1959; C ostlow  1965). Sandoz  
and Rogers (1 9 4 4 ) described prezoeae as lacking a dorsal sp ine, 
retaining an em bryonic cu ticle , having an undeveloped te lson , and 
settling  to the bottom  w ithout successfu l m etam orphosis. D uration  
o f  zoeal developm ent (7  stages) in the laboratory at 25° C and a 
salin ity  o f  26%», ranged from 31 to 49 d (C ostlow  and B ookhout 
1959), w hereas the average duration o f  zoeal developm ent that 
included  on ly  six  zoeal stages before the m egalopa w as 3 5 .7  d 
(Sulk in  et aí. 1976). Average duration for com plete zoea l develop 
m ent (7 stages) ranged from 32 to 43 d in control groups o f  four 
separate chem ical contam inant studies (B ookhout and C ostlow  
1975; B ookhout and M onroe 1977; Bookhout et al. 1976, 1980). 
External m orphology o f  the first and second zoeal stages and third 
and fourth zoea l stages w as described by H opkins (1 9 4 3 , 1944, 
resp ective ly ). Thereafter, description o f  all seven zoeal stages plus 
a supernum erary eighth zoeal stage and the m egalopa o f  hatchery- 
raised crabs w as recorded by C ostlow  and Bookhout (1 9 5 9 ) (see  
F igs. 3 A -1 0 A , 3 B -1 0 B ). M ortality o f  zoeal larvae in the laboratory  
is u sually  highest during the first tw o zoeal stages. T he optim al 
salin ity  and temperature com bination for zoeal developm ent w as 
30%» and 2 5 °C , respectively  (C ostlow  and B ookhout 1959; Sulkin  
and Epifanio 1975; B ookhout et al. 1976). O ptim al sa lin ity  and 
temperature for the m egalopal stage o f  developm ent o f  laboratory  
reared blue crabs w as 30%» and 2 5 °C , w ith an average duration o f
8 .4  d and a range o f  6 to 12 d (C ostlow  1967). M ean total length  
and se lected  m orphological characteristics for the various larval 
stages are listed  in Table 1.

C ostlow  (1 9 6 5 ) observed a high degree o f  variability in  several 
zoeal stages o f  laboratory reared crabs. D uring zoeal stages I-IV, 
m orphological characteristics were the sam e as those reported by 
C ostlow  and B ookhout (1 9 5 9 ). C ostlow  (1965) found that in later 
stages som e m olts were not accom panied by any m orphological 
change, a m olt stage w as om itted entirely, or a m olt resulted in a 
larva with som e characteristics from the previous stage that are 
usually not retained, as w ell as so m e new  m orphology. S tages V-V] 
and V1-VI1 w ere the m ost frequent com bined  stages with abdom inal 
segm ents and developm ent o f  p leopod buds m ore sim ilar to the 
previous stage and the m ore advanced characters usually  in the 
anterior portion o f  the larva.

Laboratory studies dem onstrated that i f  a m egalopa lost a 
cheliped  prior to day 4  fo llow in g  the final zoeal m olt, then a 
com pletely  regenerated appendage usually  appeared after m eta
m orphosis from m egalopa to first crab stage (C ostlow  1963a). 
C helipeds lost after the fourth day o f  the m egalopal stage were not 
regenerated until the first or second postlarval m olt. R em oval o f  
both eyestalks from m egalopae w ithin 12 h fo llow in g  the final zoeal 
m olt accelerated m etam orphosis to the first crab stage and increased  
the size  o f  postlarval crabs (C ostlow  1963b). Rem oval o f  both 
eyestalks 1 to 5 d fo llow in g  m etam orphosis did not affect duration 
o f  the m egalopal stage. T herefore, m o lt  inh ibiting horm one o f  
the X -organ m ay not be secreted in m egalopae m ore than 1 d old 
(C ostlow  1963b);~

A  com parative description o f  larval developm ent o f  sp ecim en s o f  
the blue crab and the lesser blue crab, C a llin ec tes  sim ilis, from  
North C arolina w aters in d icated  several m inor d ifferen ces in 
m orphom etry betw een the sp ec ies w hich could  aid in identification  
o f  larval field sam ples (B ookhout and C ostlow  1977). The dorsal 
sp ine o f  C. sim ilis  w as longer than that o f  C . sa p id u s  for each zoeal 
stage. The rostrum and antennae w ere usually  sign ificantly  longer  
in later zoeal stages o f  C . s im ilis  com pared w ith those o f  C. 
sap idu s. Usually, there were m ore short sp ines on the telson  from  
zoeal stages IV-VIII in C . sim ilis. A lso , there were usually  m ore 
natatory setae on the exop od ites o f  the m a x illip ed s in stages V  to 
VIII o f  C . sim ilis. T he m egalopa o f  C . sim ilis  had a shorter 
carapace and longer rostrum and antennae than those o f  C. sap idu s. 
T hese characters were not useful for identification o f  C . sa p idu s  
and C . sim ilis  from M ississippi waters (Perry and Stuck 1982), 
possib ly  due to m orphom etric variation in different geographical 
regions.

Laboratory culture

Several proven laboratory m ethods ex ist for su ccessfu l hatching  
o fb lu e  crab eg g s . Lochhead and N ew com b e (1942) reported 90%  
hatching su ccess w hen 8 e g g s /c m 2 w ere reared in w hite, enam el 
pans (20  X 26  X 6 cm ) in natural water (1 9  to 21%» salinity, 24° to 
27° C ). Sandoz and Rogers ( 1944) observed  prezoeae at hatching in 
sa lin ities o f  10 to 22%», w hereas no prezoeae w ere observed in crabs 
hatched in 2 3 .4  to 32%,, salinity. A lso , eg g s hatched su ccessfu lly  in 
temperatures from  19° to 2 9 °C . C ostlow  and Bookhout (1960) cut 
with fine sc issors eg g s from previously  detached p leopods m ain
tained in seaw ater o f  30%» salin ity  and 20° to 3 0 ° C , and further 
dissociated  the eg g s  with g lass need les into groups o f  100 to 1 ,000 . 
Groups o f  eg g s were placed in com partm ented boxes (9  cm 2) 
containing 2 0  ml o f  freshly filtered seaw ater treated with p en icillin  
(2 0 0 ,0 0 0  units/1). The boxes were then placed on a variable speed  
shaker (110  to 120 o sc illa tion s/m in ) until hatching. M ore recently, 
Bookhout and C ostlow  (1 9 7 5 ) p laced setae bearing black eg g s  (eyes  
and a visib le  heartbeat) into p lastic com partm ented boxes (3 2 .5  x
2 2 .7  cm ) in seaw ater o f  30%» sa lin ity  and 2 5 ° C , on a variable speed  
shaker for 60  o sc illa tion s/m in  until they hatched. Sulkin  et al. 
(1980) rem oved “black eyespot sta g e” e g g s  from fem ale blue  
crabs, culturing sets o f  approxim ately 5 0 0  eg g s in 50  ml o f  seaw ater  
(30%» salinity, 2 0 °-3 0 °C ) w hich  a lso  contained  p en ic illin  (6 0  
mg/1) plus streptom ycin (5 0  m g/1) or chloram phenicol (5 m g/1) to 
im prove eg g  and larval survival. M axim um  survival rate for b lue  
crabs reared from new ly hatched first stage zoea e  to first crab stage  
in the laboratory has been 40%  (C o stlo w 4).

4J. D. Costlow, Duke University M arine Laboratory, Pivers Island, NC 28516, 
pers. commun. November 1982.
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F igure 3 .— S ide (A) an d  fron t (B) views o f first zoeal s tage  o f C allinectes sapidus (from  Costlow  and  B ookhout 1959). F igure 4 .— Side (A) and  
fron t (B) views o f second zoeal s tage o f C allinectes sapidus (from  Costlow and  Bookhout 1959). F igu re  5 .— Side (A) an d  fron t (B) views o f  th ird  
zoeal stage o f Callinectes sapidus (from  Costlow and  B ookhout 1959).
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Table 1 .— Selected cha racte ris tic s  o fb lu e  c ra b  larval stages o f  deveiopm ent.

Mean total
Developmental length

stage (m m )1 Characteristics2

Zoea I 1.0 Five abdominal segments plus telson. Eyes are not 
stalked.

11 1.3 Eyes stalked. Third segment o f endopodite o f first 
m axilliped with one additional spine.

III 1.4 M andible with several small teeth in addition to broad 
cutting surface. Sixth abdom inal segment is present.

IV 1.7 Slight swelling in basal region o f antenna indicates 
beginning of endopodite bud.

V 2.2 Developing endopodite bud larger than in stage IV. 
Buds o f 3rd maxilliped, chela, and pereopods visible 
beneath carapace.

VI 2.3 Pleopod buds appear on abdom inal segments 2 through 
6 for first time.

VII 2.8 Terminal aesthetes o f antennule increase to  7;
5 subterminal aesthetes added. Basal portion 
of antennule is swollen.

M egalopa 3.0 Rostrum pointed, longer than antennule. but shorter 
than antennae. Dactylopod o f first pereopod chelate.

‘From Bookhout and Costlow (1977). 
aFrom Costlow and Bookhout ( 1959).

R esults o f  several studies exam ining the effects o f  various live  
food organism s separately or in com bination on survival rate and 
duration o fb lu e  crab larval developm ent were review ed by M illik in  
(1 9 7 8 ). Briefly, it was recom m ended that the first tw o b lue crab 
zoeal stages be fed sea urchin, A rb a cea  pu n ctu la ta , em b ryos, plus 
fresh ly hatched brine shrim p, A rtem ia  sa lina, naup lii, preferably  
<  12 h old . S in ce  energy content decreases and ash increases over  
tim e in starved A rtem ia  nauplii (C laus et al. 1979), feed in g  freshly  
hatched nauplii to crab zoeae prevents the need  to culture A rtem ia  
nauplii over prolonged periods. Subsequent zoeal stages and the 
m egalopa can be reared entirely on brine shrim p nauplii. Sulkin  
(1978) recom m ended feed ing rotifers, B rach ion us p lic a tilis ,  to 
blue crab larvae for the first 14 d o f  zoeal developm ent, fo llow ed  by  
brine shrim p nauplii beginning with the 15th day o f  developm ent.

M ass culture o f  blue crab zoeae (approxim ately 1 ,000) has been  
accom plished  in large finger bow ls (1 9 .4  cm  diam eter) containing  
7 0 0  ml o f  freshly filtered seawater (30%,, and 2 5 °C ) w hich w as 
replaced daily  (B ookhout and C ostlow  1975). D a ily  rations co n 
sisted o f  one m edicine dropper full o f  A . p u n ctu la ta  em bryos for 
the first tw o zoeal stages and a sim ilar volum e o f  brine shrim p  
nauplii for the last five zoeal stages.

C hem ical toxicity

Toxicities o f  the d isso lved  phase o f  cadm ium  and mercury, 
several chlorinated hydrocarbons, and ju ven ile  horm one m im ics or 
insect growth regulators have been determ ined for several blue  
crab larval stages. M egalopae reared at optim al temperature and 
salin ity survived for 1 to 6 d with no su ccessfu l m etam orphosis to 
the first crab stage when exposed  to 2 5 0  ppb cadm ium  in the form  
o f  C d (N 0 3) 2 (Rosenberg and C ostlow  1976). A lso , a significant 
delay in developm ent from  the m egalopa to third ju ven ile  crab 
stage and reduced survival rate occurred w ithin each salin ity  (1 0 ,  
2 0 , 3 0 , and 40%,.) at 50  ppb cadm ium  com pared w ith  0  ppb 
cadm ium . B lue crab m egalopae had sim ilar survival rates w hen  
cultured at 2 5 °C  in sa lin ities o f  2 0 , 3 0 , or 40%» contain ing either 5 
or 10 ppb m ercury (H g C l2) (M cK enney and C ostlow  1981). 
Significant reduction in survival occurred in m egalopae exp osed  to 
5 or 10 ppb H g in a sa lin ity  o f  10%-. M egalopae exp osed  to 20  ppb 
H g experienced  significant increases in m ortality regardless o f

salin ity (1 0 , 2 0 , 3 0 , or 40%»). A lso , average duration o f  the 
m egalopal stage w as sign ificantly  longer for individuals exposed  to 
10 and 20  ppb H g com pared w ith crabs not exp osed  to H g. 
M eth o x y ch lo r  (1 , 1, l- tr ic h lo r o -2 , 2 -b is  (p -m eth o x y p h en y l)  
ethane) concentrations above 1 ppb ( e .g . ,  1.3 and 1 .9 ppb) were 
acutely toxic to blue crab z o ea e , w ith survival being rare after the 
third zoeal stage (B ookhout et al. 1976). Average duration from  
hatching to first crab increased in individuals exposed  to 0 .7  or 1.0  
ppb m ethoxychlor com pared w ith larvae in the control treatment. 
B lue crab zoeae exp osed  to 2 0  ppb m alathion (0 , 0-dim ethyl 
phosphorodithionate o f  d iethyl m ercaptosuccinate) had reduced  
survival rate (33% ) to the first crab stage and longer average 
duration (4 8 .6  d) to the first crab stage com pared with larvae not 
exposed  to m alathion (54%  survival and 4 4 .5  d average duration 
to first crab stage) (B ookhout and M onroe 1977). Acute toxic  
concentrations (8 0  ppb or more) caused 10% or less survival 
o f  blue crab larvae to the first crab stage and increased duration 
o f  zoeal and m egalopal developm ent. M irex (dodecachloroocta- 
hydro-1, 3 , 4 -m etheno-2H -cyclobuta (cd) pentalen-2-one) con cen 
trations o f  1 and 10 ppb were acutely tox ic to blue crab zoeae, 
w hereas 0 .01  and 0.1 ppb m irex w ere sublethal concentrations 
(Bookhout and C ostlow  1975). K epone (decachlorooctahydro-1, 
3 , 4 -m etheno-2H -cyclobuta (cd) pentalen-2-one) concentrations 
o f  0 .5  and 0 .7 5  ppb were sublethal to blue crab zoeae (increased  
duration betw een hatching and m etam orphosis), w hereas 1 .0 ppb 
caused a reduced survival rate o f  5% to the first crab stage co m 
pared with 22%  in the control group (B ookhout et al. 1980). A  
juvenile  horm one m im ic , M O N O -585 (2 ,6 -d i-t-b u ty l-4 -(a ,a d i-  
m ethyl benzyl) phenol) w as acutely toxic (100%  m ortality) to blue 
crab m egalopae exposed  to 10 ppm  (C ostlow  and Bookhout 1979). 
A lso , concentrations o f  1 ppm M O N O -585 reduced survival to the 
first crab stage from 100 to 40%  at a constant temperature o f  25° C 
com bined  with a sa lin ity  o f  2 0  or 35%,.. Culturing m egalopae in 
5 °C , 24  h cyc lic  temperature regim es (20° to 2 5 °C , 25° to 3 0 °C , 
or 30° to 35° C) did not result in any significant change in  survival 
o f  the control group or m egalopae exp osed  to 0 .1  ppm M ONO- 
5 8 5 , w hereas som e reduction in survival occurred in m egalopae  
exp o sed  to  1 .0  ppm  M O N O -585  in  each  c y c lic  tem perature 
regim e. Another juven ile  horm one m im ic , m ethoprene (isopropyl 
1 l-m eth o x y -3 , 7 , 1 l-tr im ethyl-d od eca-2 , 4 -d ienoate), show ed no 
toxicity  to m egalopae exp osed  to 0 .1  or 0 .0 1  ppm in salin ities o f  
15, 2 5 , and 35%,, com bined  with either 25° to 3 0 °C  or 30° to 3 5 °C , 
24 h cy c lic  temperatures (C ostlow  and B ookhout 1979). Survival 
w as reduced slightly  for m egalopae exp osed  to 0 .1  ppm m etho
prene at a cy c lic  temperature o f  20° to 2 5 ° C at all sa lin ities. 
C ostlow  (1979) evaluated the effects o f  D im ilin  (diflubenzuron), 
an insect growth regulator, on average duration o f  the m egalopal 
stage o f  b lue crabs and survival rates o f  m egalopae to the first crab 
stage. Concentrations o f  0 , 0 .1 ,  0 .3 ,  0 .5 ,  1 .0 , 3 .0 , and 6 .0  ppb 
were com bined  with on e o f  six  d ifferent temperature (2 0 ° , 25°, or 
3 0 ° C) and salin ity (2 0  or 30%.) com binations. Percentage survival 
for m egalopae reared in 0 .5  or 1 .0  ppb D im ilin  com bined  with  
2 0 °C  plus 20  or 30%,. w as sim ilar to that in the control series. 
However, 3 or 6 ppb D im ilin  com bined  with 2 0 ° C plus 20 or 
30%. caused 95 or 100% m ortality o f  m egalopae. A ll sa lin ities

Figure 6 .— Side (A) and  fro n t (B) views o f fo u r th  zoeal s tage o f Callinectes  
sapidus (from  C ostlow  and  B ookhout 1959). F igure  7 .— Side (A) an d  fro n t (B) 
views o f fifth zoeal stage o f Callinectes sapidus  (from  C ostlow  and  B ookhout 
1959). F igure 8 .— Side (A) a n d  fron t (B) views o f  six th  zoeal stage o f  C allinectes  
sapidus (from  C ostlow  a n d  B ookhout 1959).
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F igu re  9 .— Side (A) and  fron t (B) views o f  seventh  zoeal s tage o f  Callinectes sapidus (from  C ostlow  an d  B ookhou t 1959). F igu re  10 .— Side (A) and  
fron t (B) views o f  m egalopal stage o f  Callinectes sapidus (from  C ostlow  an d  B ookhout 1959).
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com bined with 3 0 °C  resulted in 100% m ortality at 0 .5  to 1.0 ppb 
D im ilin . Average duration o f  the m egalopal stage decreased as 
temperature increased from 20° to 3 0 ° C in the control group or 
concentrations o f  0 .1  and 0 .3  ppb D im ilin .

3 .2 3  Juvenile phase

Temperature acclim ation

T herm al to leran ce lim its  o f  b lue crabs are d ep en d en t on  
acclim ation  temperature and salinity. Tagatz (1 9 6 9 ) evaluated  
m axim um  and m inim um  m edian thermal tolerance lim its (48 h) o f  
juvenile blue crabs (4 0  to 60  mm carapace width) and adult blue 
crabs from  St. Johns River, F ia ., acclim ated  in 35 or T L  sa lin ities  
com bined  with 6°, 14°. 22°, or 30°C . Adult fem ales and both sexes  
in the ju v e n ile  stage w ere less  tolerant than adult m ales to 
tem perature extrem es at 7%» sa lin ity . At both low  and high  
sa lin it ie s , the upper and low er to leran ce lim its in creased  as 
acclim ation  temperature increased. The upper thermal tolerance 
lim it w as about 3 7 ° C for juven iles and adults, w h ile  the lower 
m edian thermal lim it was 3°C  w hen crabs were acclim ated  to T L  
salin ity and 3 0 ° C. Adult blue crabs from  South Carolina were 
found to have an upper thermal to lerance lim it o f  3 5 .2 °C  in 36%» 
and a lower thermal tolerance lim it o f  3 .2 ° C  in 8.6%» over 96  h 
(M cK enzie 1970). B lue crabs were less  tolerant to low  salin ities at 
high temperatures and high sa lin ities at low temperatures.

Laboratory culture

Culture o f  juvenile  stage blue crabs has been highly successfu l 
w hen crabs resulted from  individuals hatched in the laboratory and 
juven iles were assigned separate com partm ents to prevent canni
balism . B lue crabs, starting with the first juven ile  crab stage, 
attained 94% survival (375  o f  4 00) to a size  o f  25 m m  carapace 
width (1 .2 5  g) and 88% survival from the first crab stage to 4 0  mm  
carapace width (6 .0  g) in the laboratory (M illik in  unpubl. data). 
For crabs beginning with the first ju ven ile  stage, culture conditions  
included individual rearing in plastic urine cups (1 0 0  m l) contain
ing artificial seawater o f  25%» salin ity  at 2 3 ° C , an 8-h lig h t, 16-h 
dark photoperiod, ad lib itum  feed ing  three tim es daily  over an 8-h 
period with liv e , adult brine shrim p from  San Francisco or San 
D ieg o , but not Utah (see  Bookhout and C ostlow  1970), and daily  
replacem ent o f  100% o f  the culture water (M illik in  unpubl. data). 
Culture conditions for juvenile  blue crabs betw een 40  and 70  mm  
carapace width were sim ilar to m ethods for sm aller juven iles  
excep t for reduced sa lin ity  (20%. or le s s )  and larger rearing 
containers (M illik in  et al. 1980).

Juvenile blue crabs (in itia l carapace w idth ranging from  5 to 40  
mm) sam pled from G alveston Bay show ed  m axim um  w eight gain  
at 29° to 3 0 °C  in the laboratory over a 45 -d  period (Flolland et al. 
1971). Temperatures above 3 0 °C  (up to 3 5 ° C) reduced growth o f  

juvenile crabs in the sam e study. Salin ity values <  1 "L caused high 
m ortality rates o f  juvenile  blue crabs (5 to 4 0  m m  carapace w idth), 
at a temperature o f  2 9 °C , but not at 15°C  (H olland et al. 1971).

D esign  and construction o f  c losed  recirculating seaw ater sy s
tems for juvenile blue crabs during interm olt are described by O gle  
et al. (1 9 8 2 ). T hese researchers recom m ended that research be 
conducted concerning excretion rates, nutrient requirem ents, and 
respiration rates o f  crabs to im prove d esign  o f  closed  system s for 
rearing juveniles and adults.

C hem ical toxicity

Several pesticid es and other chem icals have been tested for 
tox icity  to juven ile  stages o f  the blue crab. Low e (1 9 6 5 ) reported in 
a prelim inary study that individuals averaging 27 m m  carapace 
width died w ithin a few  days o f  exposure to D D T  ( 1 ,1 ,  1-trichloro- 
2 , 2-b is (p-chlorophenyl) ethane) concentrations >  0 .5  p g l \ ,  
w h ile  ex h ib itin g  extrem e irritability , in creased  se n s itiv ity  to 
external stim u li, and finally, paralysis. M irex w as determ ined to be 
a m ore potent stom ach poison than D D T  for juvenile  crabs (3 5 -50

m m  carapace w idth), since lower internal concentrations o f  mirex 
(0 .0 2  to 0 .2  ppm) than D D T  (0 .8  ppm) were required to increase  
m etabolic rate (L effier 1975b). Internal concentrations o f  0 .0 2  
ppm mirex were accom panied by inhibition o f  the autotom y reflex. 
A lso , juvenile  crabs were slightly  m ore sensitive to m irex when  
reared in dilute (5 0  m O sm /1) or concentrated (1 ,0 0 0  m O sm /1) 
m edia com pared w ith individuals reared in 200  or 6 0 0  m O sm /1. 
N o acute effects were elicited  by four w eek ly  feed ings o f  0 .5 3  p g  
D D T  over a 35-d period, whereas three w eekly  feed ings o f  0 .1 4  p g  
m irex over a 35-d  period produced acute p oison ing in ju ven iles (ca. 
35 to 45 m m  carapace w idth). In a separate study, m irex leached

from  fire ant, S o len opsis rich teri, bait caused significant m ortality  
o f  ju ven ile  b lue crabs (21 to 75 mm  carapace width) over a 28-d  
period at average concentrations o f  0 .0 6  p g / l  (fall) or 0 .1 2  ju.g/1 
(sum m er) (Tagatz et al. 1975). Growth (percent increase o f  cara
pace width) w as not affected by concentrations ranging from 0 .0 4  
to 0 .1 2  p .g/1 o f  m irex over a 28-d period. Juvenile blue crabs 
(m ean carapace width =  34  mm) were shown to have a 96  h 
L C 50  to K epone o f  >  2 1 0  /¿g/1 (nom inal concentration), sin ce  this 
was the h ighest o f  a set o f  experim ental concentrations, none o f  
which, were tox ic  (Schim m el and W ilson  1977). Juvenile blue  
crabs (m ean carapace width =  37 m m) fed 0 .5  g eastern oyster,

C r a ss o s tr e a  v ir g in ic a ,  m u sc le  con tam in ated  w ith  0 .2 5  p g  
K epone/g  tissu e tw ice  weekly, for 4  w k , accum ulated 0 .1 p g  
K epone/g  in m uscle (Schim m el et al. 1979). N o K epone was 
detected  in m uscle  or w hole body tissue o f  blue crabs exposed  to 
0 .3  p g / l  K epone for 28 d. Juvenile blue crabs (m ean carapace 
width =  28 m m ) fed 0 .5  g o f  oyster m uscle contam inated with 1.9 
p g K epone/g  tissue tw ice  w eekly  for 8 wk had an 80%  m ortality  
rate. G ross external signs o f  Kepone p oison ing were characterized  
as excita tion , fo llow ed  by several days o f  lethargy, then death  
(Schim m el et al. 1979). Cadm ium  and chrom ium  tox icity  in terms 
o f  L C 50’s at 2 4 , 4 8 , 7 2 , and 96 h to juvenile blue crabs (m ean  
carapace w idth =  1.5 cm ) decreased appreciably with increasing  
salin ity  (1 , 15, or 35%» salin ity) as show n in Table 2 (Frank and

Robertson 1979). Juvenile blue crabs (m ean carapace width =  2 .6  
m m ) evaluated for tox icity  to brom ine chloride had a 48-h  L C 50 
(m edian concentration) o f  1 .2  mg/1 and a 96-h L C 50 (m edian  
concentration) o f  0 .8  mg/1 (Burton and M argrey 1978). M edian  
tim e to death for the sam e size  crabs at 1.6 m g brom ine chloride/1  
w as 36 h. Fluoride concentrations o f  20  mg/1 decreased growth  
increm ent per m olt o f  juven ile  crabs (m ean carapace w idth =  70  
m m) by 4 .5%  (M oore 1971). Juvenile blue crabs w eigh in g  betw een  
25 and 40  g assim ilated  portions o f  radiolabelled paraffinic and 
arom atic hydrocarbons such as benzo(a)pyrene and naphthalene, 
chiefly  in the hepatopancreas, w hich contained m etabolites in 
the form o f  d ihydroxy com pounds and their conjugates (L ee et al.
1976). H ighly polar m etabolites were found in the green gland, 
probably in readiness tor excretion . Juvenile blue crabs (1 to 8 cm  
carapace w idth) exp osed  to 1 ppm benzene had sign ificantly  longer  
interm olt periods (5 0  vs. 33 d) and slow er rates o f  lim b  regenera-
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Table 2 .— C adm ium  an d  chrom ium  toxicity to  juven ile  b lue c rab s  
in  several sa lin ities.1

Time (h) Salinity
l c 50

(cadmium, mg/1)
LCS0 

(chrom ium, mg/1)

24 1 1.25 48
15 13.8 142
35 34.1 171

48 1 0.9 39
15 9.4 126
35 23.8 130

72 1 0.65 36
15 7.4 98
35 17.8 114

96 1 0.32 34
15 4.7 89
35 11.6 98

1 From Frank and Robertson (1979).

tion fo llow in g  induced autotom y com pared with individuals not 
exposed  to benzene (C antelm o et aí. 1981).

3 .3  Adult phase

Laboratory culture

Adult blue crabs are easily  cultured in  the laboratory in  either 
freshly filtered seawater or artificial seawater, i f  crabs are reared 
ind ividually  to prevent cann ibalism . M axim um  and m inim um  
m edian thermal tolerance lim its (48 h) o f  adult crabs were reported  
by Tagatz (1969) (see  section  3 .2 3 ) . D esigns for closed  recirculat
ing culture system s include those for peeler crabs (Perry et al. 
1982) and interm olt crabs (B iddle et al. 1978; O gle et al. 1982). 
D escrip tion s o f  shedd ing  tanks in natural w aters and closed  
system s include those by H aefner and Garten (1974) and Perry et 
al. (1 9 8 2 ), respectively  (see  section  7 .5 ) .

C hem ical toxicity

Several pesticides and tox ic  inorganic contam inants have been  
evaluated with respect to their effects on adult b lue crabs. Adult 
blue crabs (120  to 167 mm  carapace width) that were exp osed  to 
either 0 .0 1 , 0 .1 , or 1 .0 ppm D D T  (d issolved) for 12 h, show ed a 
pattern o f  g ili absorption, hem olym ph transport, and biotrans
form ation o f  D D T  to D D D  (1 , l-d ich loro -2 , 2-b is (p-chlorophenyl) 
ethane) and D D E  in  the hepatopancreas over a 240-h  period  
(Sheridan 1975). E xposure to either 0 .1  or 1 .0  ppm o f  D D T  for 
12 h, resulted in hepatopancreatic accum ulation levels o f  D D T  
ranging from  100 to 8 0 0  ppb (w et w eight) over 12 to 240  h fo llow 
ing exposure, 7 0  to 3 0 0  ppb o f  D D D , and 60  to 2 8 0  ppb o f  D D E  
over the sam e tim e period. H igh m ortality rates o f  blue crabs in  
salt m arshes o f f  A lligator Harbor, F ia ., in  N ovem ber and D ecem 
ber 1973, were attributed to reduced temperatures (below  18°C ) 
and high body burdens o f  D D T  (K oenig et al. 1976). Crabs from  
salt m arshes that were h igh ly  contam inated from  D D T  and its 
m etabolites had hepatopancreatic concentrations ranging from  
approxim ately 1 .4 to 39 ppm total D D T  (D D T  plus its m etabolites). 
Schoor (1974) suggested  that d isso lved  m irex is absorbed through  
the g ills  o f  adult b lue crabs because hem olym ph had traces o f  
m irex-14C after 5 m in  o f  exposure and the hepatopancreas had 
labelled  mirex after 15 m in . M ean K epone concentration o f  back- 
fin m uscle in ovigerous blue crabs sam pled from the lower Jam es 
River, Va., was <  0 .0 5  p .g lg  (Roberts and Leggett 1980). E ggs

had approxim ately three tim es m ore K epone than in m uscle con
nected to the fifth pair o f  pereopods. Further study indicated that 
adult m ale crabs had higher K epone concentrations in backfin  
m uscle than fem ales (Roberts 1981). H igher K epone concentra
tions usually  occurred in the ovary ( s  0 .2  p-glg) com pared with 
backfin m uscle ( <  0 .1  f i g / g)  o f  ovigerous and nonovigerous  
fem a les from  the low er Jam es R iver. N o n o v ig ero u s fem ales  
generally  concentrated m ore K epone into the ovary than ovigerous 
fem ales. Two cadm ium -binding proteins (m olecu lar w eight =  
1 0 ,600  and 9 ,4 0 0 ) were isolated from the hepatopancreas o f  adult 
blue crabs fo llow ing su ccessive laboratory in jections o f  cadm ium  
chloride over 3 d o f  10, 5 0 , and 100 p ,g cadm ium /d  (W iedow  et al. 
1982). Adult b lue crabs exposed  to either 1 x  IO- 6  M , 5 x  IO- 5  
M , or 5 X  IO- 3  M  o f  pentachlorophenol or 2 ,4-d in itrophenol had 
reduced respiration rates at the h ighest concentration o f  either 
p estic id e  (C an telm o and R anga R ao 1 9 7 8 ). Several en zym e  
activ ities o f  mature blue crabs were m easured fo llow in g  injection  
w ith either sodium  pentaclorophenol (N a-PC P) or dinitrophenol 
(D N P ) at a rate o f  6 p g ig  body w eight, or the hepatopancreas w as 
rem oved and subjected to N a-PC P or D N P  in  in  vitro experim ents 
(R ao et al. 1979). Fum arase, m alate dehydrogenase, succinate  
dehydrogenase, pyruvate k inase, and lactic  dehydrogenase were 
inhibited by N a-PC P and D N P  under both in  v ivo  and in vitro 
cond itions. M icrosom al C a+ + -ATPase from  blue crab hepato
pancreas w as a lso  inhibited by N a-PC P and D N P  under in  v ivo  and 
in  vitro conditions.

3 .3 1  L ongevity  .

Tagatz (1968a) reported that few  b lue crabs survive m ore than 1 
yr after reaching maturity (2 yr o f  age) and estim ated  a m axim um  
age o f  4  yr for individuals from the St. Johns River, F ia. Van Engel 
( 1958) estim ated  m axim um  age o f  b lue crabs in  C hesapeake Bay to 
be 2  to 3 yr.

3 .3 2  H ardiness

O xygen

A bnorm ally high local m ortalities o f  b lue crabs in  com m ercial 
pots have been observed in  C hesapeake Bay (Carpenter and Cargo 
1957) and M obile Bay (Tatum 1979), probably due to low  d is
so lved  o x ygen  concentrations. Several experim ents by Carpenter 
and Cargo (1 9 5 7 ) evaluated the effects o f  low  d isso lved  oxygen  
concentrations on blue crabs o f f  the western shore o f  C hesapeake  
Bay, s lig h tly  north o f  the m outh o f  the P atuxent R iver. N o  
m ortality w as observed in  34  blue crabs exp osed  for 2 4  h to 1.8  
m g/1 o f  d isso lved  oxygen  at 30  m , w h ile  70%  m ortality occurred  
w hen 32  crabs were exposed  to 0  mg/1 o f  d isso lved  o x ygen  for 
13 h. The authors concluded from  these and several other studies, 
that at 28° to 3 0 °C , 25%  or greater m ortality occurred with oxygen  
concentrations o f  0 .6  mg/1 or less over 24  h and at 24° to 2 6 °C , 
sign ificant m ortality occurred at o x ygen  concentrations o f  0 .5  mg/1 
or less over 24  h.

3 .3 3  Com petitors

O ccurrence o f  other sp ec ies o f  C a llin ec tes  in the sam e areas as 
C. sa p id u s  im plies com petition  am ong them  for food . In the St. 
Johns River, F ia ., C allin ec tes  s im ilis  and C. o rn a tu s  occurred up 
to 13 .5  km  (25 m i) upstream along with C . sa p id u s  in the main  
river (as low  as 15%,. salin ity) and in som e tributaries (as low as 1 i(~
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salinity) (Tagatz 1967). A  general description o f  total distribution  
o f  the various C a llin ectes  species is in section  2 .1 .

Several other crab species such as the m ud crab, P anopeus  
h erb s tii,  the stone crab, M enippe m ercen a ria , and the shore  
crab, C arcin u s m aenas, cohabit w ith the blue crab in certain  
geographical regions and prey on sim ilar organism s (W illiam s and 
D uke 1979).

3 .3 4  Predators

Predators o fb lu e  crabs include num erous fish sp ec ies as w ell as 
other blue crabs. B lue crabs are especia lly  subject to predation  
during m oltin g  and fo llow in g  m olting w hile  still in the soft shell 
stage. Lack o f  sufficient cover, such as eelgrass, to provide refuge 
m ay have an appreciable effect on rate o f  predation upon the blue 
crab. Jaworski (1 9 7 2 ) reported that black drum, Pogonias crom is, 
red drum , S ciaen ops oce lla ta , and the A m erican e e l, A nguilla  
ro s tra ta ,  are im portant predators o f  b lue crabs in the Lake  
Pontchartrain estuary o f  Louisiana. Forty-one percent o f  stom achs 
exam ined from  young (6 0 -1 1 0  cm  total length) sandbar sharks, 
C archarhinus p lu m beu s, from C hincoteague Bay, V a.. contained  
blue crabs (M edved and Marshall 1981). B lue crabs occurred in
11.1%  o f  131 sm all (95  to 198 m m  SL  (standard length) ) A tlantic 
croakers, M icrop o g o n ia s undulatus, and 4 .6%  o f  119 large (2 0 0  to 
350  mm SL) A tlantic croakers from M ississippi Sound (O verstreet 
and Heard 1978b). B lue crabs first appeared in stom ach contents o f  
red drum at 4 0 -4 9  m m  SL , assum ing im portance in the diet o f  red 
drum o f  7 0 -7 9  mm  S L (B a ss  and Avault 1975). B lue crabs were the 
predom inant sp ec ies o f  crustaceans (42%  occurrence) in red drum  
o f  2 5 0 -9 3 2  m m  S L  (B ooth b y  and A vault 1971). B lu e  crabs 
occurred in 31%  o f  the d igestive  tracts o f  16 red drum (43 to 102  
cm  SL ) from  Sapelo Island, G a ., and 17% o f  104 red drum (1 9 0  to 
7 8 0  m m  S L )  exam ined  from M ississippi Sound (O verstreet and 
Heard 1978a). Soft b lue crabs are a m ajor prey item  o f  the 
A m erican ee l (W enner and M usick 1975). The blue crab w as a 
major food item  o f  the A m erican ee l (3 0 0  to 7 0 0  m m  SL ) sam pled  
in the Jam es River, Va. (33 .3%  o f  total food vo lu m e), York River, 
Va. (68 .2%  o f  total food volum e), and the Rappahannock River, 
Va. (35%  o f  the total food volum e). O yster toadfish, O psanu s tau, 
A m erican ee l, and w hite  catfish, Ic ta lu ru s catus, w ere the three

major predators o f  softsh ell b lue crabs captured in habitat pots and 
peeler pots in the Wando River estuary, S .C . (B ish op ’’). Spotted 
gar, L ep iso steu s ocu la tu s, prey h eav ily  upon blue crabs along the 
M ississip p i G u lf C oast, e sp e c ia lly  in sa lin it ie s  o f  2 to 10°/., 
(G oodyear 1967). A dult striped b ass , M orone sa x a tilis , prey 
heavily  upon blue crabs during M ay in A lbem arle Sound, N .C . 
(42 .2%  occurrence) (M anooch  1973). Several freshwater fishes 
inclu d in g  alligator gar, L e p iso s te u s  sp a tu la , spotted gar, and 
largem outh b ass , M ic ro p te ru s  sa lm o id e s  (L am bou 1961), in 
waters adjacent to brackish water feed upon blue crabs.

H erring or m enhaden sp ec ie s  w h ich  con su m e Zooplankton  
during som e life  stages are probably important predators o f  blue 
crab larvae. -Van Engel (1 9 5 8 ) speculated that ch ie f predators 
o f  blue crab larvae m ight include je lly fish e s, com b je llie s , and 
fish larvae.

3 .3 5  D isea ses , parasites, and com m ensals  

D iseases

Viral in fections

Eight viruses have been found in the blue crab (Table 3). Several 
are pathogenic s in g ly  or in com bination . R eolike virus (RLV), 
sin g ly  or in  com bination with R habdolike virus-A  (R hV A ), causes 
fatal in fection s characterized by w eak n ess, decreased clotting  
ability  o f  the hem olym ph, and eventual paralysis (Johnson 1977d,
1978). H erpeslike virus (HLV) also  causes fatal d isease. The crab 
b ecom es progressively weaker, w ith no external or internal signs 
until shortly before death, when the hem olym ph b ecom es a chalky  
w hite (Johnson 1977b, c). Laboratory-reared juven ile  blue crabs 
with HLV had several external signs shortly before death (usually  
24  h or less) including: 1) D arkened and/or retracted eyestalks, 
2) extension  o f  ch elae , 3) anorexia, and 4) loss o f  equilibrium  
(anterior facing dow n) (B iddle et al. 1978). H em olym ph w as often  
chalky w hite w ith lack o f  norm al clotting and the hepatopancreas

5J. M . Bishop, South Carolina M arine Resources Research Institute, P.O. Box 
12559, Charleston, SC 29412, pers. com mun. October 1982.

T able 3 ,— V iruses of b lue  c rab s .

Probable Size (nm) M ain tissues
taxonomic (including envelope Location and cells

Name affinities if present) Shape Enveloped in cell attacked References

RLV (Reolike virus) Reoviridae 55-60 Icosahedral No Cytoplasm Many types, 
esp. hem ocytes, 
hem opoietic 
tissue, glia, 
epidermis

Johnson and Bodammer (1975) 
Jo h n so n ( 1977b,d)

CBV (Chesapeake Bay virus) Picornaviridae 30 Icosahedral No Cytoplasm Ectodermally 
derived, esp. 
nervous tissues; 
also hemocytes

Johnson ( 1978)

RhVA (Rhabdolike virus*A) Rhabdoviridae 20-30 x  110-170 
and 

20-30 x  600

Bacilliform
and

elongate

Yes Cytoplasm M any meso- and 
ectodermally 
derived tissues

Jahromi (1977)
Yudin and Clark (1978, 1979)

RhVB (Rhabdolike virus-B) Rhabdoviridae 50-70 x  100-170 BaciJJiform Yes Cytoplasm M andibular organ Yudin and Clark (1978)
BHV (Enveloped helical virus) Uncertain 105 x  194 

and 
105-300

Bacilliform
and

elongate

Yes Cytoplasm Hemocytes,
hem opoietic
tissue

Johnson and Farley (1980)

HLV (Herpeslike virus) Herpetoviridae 185 x  214 Icosahedral Yes Nucleus Hemocytes Johnson (1976b,c)
Baculo-A (Baculovirus-A) Baculoviridae 70 x  285 Bacilliform Yes Nucleus Epithelium of 

hepatopancreas
Johnson ( 1978)

Baculo-B (Baculovirus-B) Baculoviridae 100 x  335 Bacilliform Yes Nucleus Hemocytes Johnson, unpubl.
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was cream y colored with little texture. C hesapeake Bay virus 
(C B V ), w hich is related to the P icornaviridae, attacks neurosecre
tory and other ce lls o f  the nervous system  and has a predilection  for 
ectoderm al tissues (Johnson 1978). Infected crabs show  behavioral 
abnorm alities and m ay be blinded. S igns o f  C B V  disease m ay be 
present at least 2 m o before death ensues. Baculovirus A (Baculo- 
A) does not cause serious d isease, although up to 50%  o f  a crab 
population may be infected  (Johnson 1978). N oth ing is known  
regarding pathogenicity o f  the rem aining viruses listed  in Table 3. 
The im portance o f  viral d isease in natural populations o f  the blue  
crab has not been ascertained. With the exception  o f  HLV and 
B aculo-A , all inform ation on blue-crab viruses is based on study 
o f  captive populations.

Bacterial in fections

Shell d isease o f  the blue crab is characterized by the presence o f  
cratered lesion s or softened and darkened areas on the exoske leton . 
A s shell d isease progresses, the lesions becom e confluent (R osen  
1967; C ook and Lofton 1973; Sandifer and Eldridge 1974; Sinder- 
mann 1977a). C hitinoclastic species o f  Vibrio, P seu d o m o n a s, and 
B eneckea  have been isolated from the lesion s (C ook and Lofton
1973). S hell d iserse  is contagious. It occurs in  natural populations  
and m ay becom e ep izootic  in shedding tanks and other artificial 
enclosures, especia lly  during periods o f  h igh water tem peratures. 
It is  not fa ta l, and the cu tic le  apparently is  not co m p le te ly  
perforated. However, extensive erosion m ay lead to secondary  
invasion o f  the soft tissues by pathogenic bacteria and fungi. S in ce  
m oltin g  rids a crab o f  shell d isease, older crabs have a prevalence  
due to ionger interm olt periods.

H em o co elic  bacterial in fection  is caused by various gram - 
negative bacteria, often species o f  Vibrio  (Krantz et al. 1969; 
Johnson 1976b, !977e). S igns o f  d isease are w eakness, nonclotting  
hem olym ph, prom inent aggregations o f  hem ocytes and bacteria in 
the g ills , and presence o f  gram -negative bacteria in  the hem olym ph  
(Johnson 1976c; 1977e). H em o co e lic  bacterial in fectio n  m ay  
cause exten sive m ortalities in wounded or otherw ise stressed crabs 
b eing held in shedding tanks, especia lly  during tim es o f  h igh water 
temperatures (Johnson 1977e).

Fungal d isease o f  eggs and larvae

B lue crab eg g s are attacked and k illed  by the m arine p hycom y-  
cete , L agen id iu m  ca llin ec tes  (C ouch 1942; Rogers-Talbert 1948; 
Sinderm ann 1977b). Zoospores o f  L . ca llin ectes  settle on blue 
crab e g g s , germ inate on the surface, and extend  germ  tubes 
w hich develop  into a branched, septate m y ce lia  (S inderm ann  
1977b). M ore than 25%  o f  an egg  m ass m ay be destroyed and, 
in the laboratory, new ly hatched larvae can also be k illed  by 
L . ca llin ec tes . Fungal invasion  is lim ited  to the periphery o f  
the eg g  m ass. D iseased  portions are brow nish in yellow  to orange 
egg  m asses and grayish in the more mature brown to black eg g  
m asses. Incidence o f  in fection  in natural populations varies from  
year to year, according to locality, and prevalence m ay be up to 
95%  o f  ovigerous fem ales sam pled (B land and A m erson 1974). 
L agen id iu m  ca llin ec te s  is capable o f  in fectin g  blue crab eg g  
m asses in sa lin ities ranging from 5 to 3 0 "L, occurring on the east 
and g u lf  coasts o f  the United States (Sinderm ann 1977b).

Param oebiasis

Sprague and B eckett (1966) discovered  param oebiasis (gray

crab d isease) in blue crabs often characterized by grayish-colored  
a p p en d ages and ventral su rfa ce  and h em o ly m p h  co n ta in in g  
am oeboid  ce lls  w ith  tw o n u cleu slik e  b od ies h av in g  d ifferent 
m orphology. M ortalities o f  20  to 30%  attributed to this d isease  
occurred in several shedding tanks on the low er seaside shore o f  
M aryland (C hincoteague Bay) and V irginia (W achapreague) in 
1965 (Sprague and B eckett 1966). The crabs suffering from the 
in fection  were lethargic w ith  grayish-colored  appendages and 
ventral surface. T hese am oeboid  ce lls  were later identified as a 
P aram oeba  sp. The am oebae range from  3 to 35 /xm  and contain  a 
w ell-defined  nucleus and a secondary nucleus (am phosom e) w hich  
is a major diagnostic character (C ouch and M artin 1982). H epato
pancreas, gonad, m uscle , g i l ls , and b lood are heav ily  infected  
during advanced stages o f  the d isease. N ew m an and Ward (1973)  
reported that hem olym ph sm ears containing 95 a m o eb a e /100 ce lls  
usually occurred in blue crabs exh ib itin g  grayish-colored append
ages (Sprague and B eckett 1968). Johnson (1977a) extended the 
known geographical range o f  P aram oeba  p ern ic io sa , detecting the 
organism  on ly  from  high salin ity  areas o f  Sandy H ook Bay, N .J .,  
and L ong Island Sound near M ilford , C o n n ., as w ell as C hesapeake  
B ay and C h in coteague Bay. P a ra m o eb a  p e r n ic io s a  gen era lly  
occu p ies connective tissues and hem al spaces during early stages 
o f  infection fo llow ed  by invasion  o f  hem olym ph and replacem ent 
o f  hem ocytes (Johnson 1977a, f) . Saw yer et al. (1970) reported 
that param oebiasis occurs in  blue crabs only in  sa lin ities >  25%». 
Param oebiasis has not been reported to occur in  blue crabs from  the 
g u lf  coast o f  the United States (Tatum 1979; Couch and M artin  
1982).

G as bubble d isease

Gas hubble d isease has been  dem onstrated in  laboratory cultured 
blue crabs (Johnson 1976a). Interm olt b lue crabs (9 .5  to 14 cm  in 
width) were held in flow -through system s and exposed  to water 
supersaturated w ith air resu lting in  38%  m ortality (25  o f  66) w ithin  
the first 2  d after exposure (Johnson 1976a). E xposure to water 
supersaturated with air caused form ation o f  gas em boli in the hem al 
system , w hich caused local ischem ia . H em al spaces o f  m any g ili 
lam ellae and stem s were filled  w ith gas. C onnective tissues were  
m echanically  disrupted by gas bubbles, but ischem ic injury w as 
rare. Areas o f  thickened lam ellar ep ithelia  (sa lt glands) that occur  
basally  on som e g ills  were not a ffected . Gas bubbles in the heart 
frequently disp laced  m uscle  fibers, causing partial hem al stasis, 
and blood vessels were often  distended by large gas em b oli. John
son  (1976a) suggested  that focal degeneration o f  the heart m uscle  
and associated pacem aker nerves m ay contribute to hem al stasis.

Parasites, eg g  predator and com m ensals  

M icrosporidian infections

A  m icrosporidian protozoan o rig in a lly  referred to as N osem a  
m ich aelis  (O verstreet 1975), and m ore recently called  A m eson  
m ich aelis  (O verstreet 1978), m ay cau se  heavy m ortalities o f  blue  
crabs in natural populations. Infection often occurs w hen a crab 
ingests tissues containing spores from  an infected crab that is being  
cannibalized or eaten after death (O verstreet 1975). Vegetative  
growth occurs in hem ocytes located in  sin u ses in  con n ective tissu e  
surrounding the m idgut. A ccording to W eidner (1 9 7 0 ) and Over
street (1 9 7 5 ), this is follow ed by sp orogenesis in the sarcoplasm  o f  
striated m uscle c e lls  and d isso lu tion  o f  in fected  and adjacent 
uninfected m uscle fibers. Crabs w ith  this so  called  “sick  crab
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d isease” usually  die under any additional stress, such as high water 
temperature or suboptim al water quality. G ross signs o f  the d isease  
in the term inal stages include sluggish  m ovem ent and coarse w hite  
appearance and fibrous texture o f  m uscles (Sprague 1965; Over
street 1977). Prelim inary results by Overstreet and W hatley (1975)  
and O verstreet (1975) indicated that incorporation o f  Buquinolate  
(ethyl 4 -h yd roxy-6 , 7 -d iisobutoxy-3-qu inoline-carboxylate) into  
food offered  to blue crabs 48  h before or after in fection  with  
A . m ich aelis  spores retarded and often term inated “sick  crab 
d isea se .” O val spores o f  A . m ich aelis  are characteristically  2 .2  x
1 .7 f im  and are known to occur in blue crabs from the A tlantic and 
G u lf States (Sprague 1965; Sprague and C ouch 1971). A lso , the 
c lo se ly  related m icrosporidian, A m eson  sa p id i  (O verstreet 1978), 
occurs in m uscles o f  the blue crab in North Carolina waters. The  
oval spores o f  this protozoan are 3 .5  x  2 .1 g m .  B iochem ical 
changes in  b lue crabs infected with A . m ich aelis  include: 1) L actic  
acid accum ulation in the hem olym ph, thoracic m uscle , and hepato
pancreas, 2) increases in m ost free am ino acids (taurine, aspartic 
acid , threonine, proline, g ly c in e , arginine) detected in the h em o
lym ph except glutam ic acid, 3) lower m uscle  protein content, 4) 
h yp og lycem ia  (6 6 .3  m g g lu c o s e /100 m l hem olym ph d eclin in g  to 
51 m g g lu c o s e /100 ml hem olym ph), and 5) reduced C l-  and 
N a + ion  lev e ls  in the blood (F ind ley  et al. 1981).

A  M in ch in ia -\ik e  haplosporidian w as observed in hem olym ph  
from  a blue crab from C hincoteague Bay, V a., as w ell as an in d i
vidual from  Beaufort, N .C . (N ew m an et al. 1976). U ninucleate  
c e lls  ranged from  3 .4  to 7 .3  g m  greatest diameter.

Sprague (1966) found the protozoan P le is toph ora  ca rg o i  ( =  
Plistophora) in m uscles o f  an infected m ale blue crab from  the 
Patuxent River, M d. T he spores are e llip so id a l (3 .3  by 5 .1  g m )  
and g iv e  rise to m any spores (32  to 100). Infected host tissues 
include skeletal and cardiac m uscle. T he vegetative stages and 
sign ificance o f  m ortalities o f  the blue crab in  natural populations 
is  unknow n.

N em ertean eg g  predator

T he nem ertean C arcin on em ertes carcin oph ila  infests g ills  and 
eg g s o f  adult fem ale blue crabs. The nem ertean produces a m ucus 
capsu le that cem ents tw o g ili lam ellae together (O verstreet 1982). 
T hen , C . carcin oph ila  m igrates from  the g ili cavity into the b lue  
crab eg g  m ass, soon after eg g  extrusion onto the p leopods (D avis 
1 965). T he nem ertean feeds on the h o st’s eg g s and b ecom es  
sexu a lly  m ature in  the blue crab egg  m ass (H opkins 1947). Fem ale  
C. carcin oph ila  w ithdraw from  their m ucus tubes after m ating, 
leav ing  their eg g s behind w h ile  they m igrate back to the g ills  (P y le  
and Cronin 1950). C iliated nem ertean larvae hatch and either stay  
in the m ucus tube or sw im  w ithin  the eg g  m ass. F o llo w in g  
m etam orphosis into a creeping stage, individuals m ay rem ain in  
the original host or infest other crabs (D av is 1965). Large, bright 
red adult C . carcin oph ila  occur on the g ills  o f  fem ale blue crabs 
that have ovu lated , serv ing  as a usefu l indicator o f  previous  
spaw ning (P y le  and Cronin 1950). H opkins (1947) noted that 
nem ertean infestations o f  both the sponge and g ills  w ere greatest 
during A ugust and Septem ber in blue crabs in C hesapeake Bay  
fo llo w in g  the peak fa ll sp aw n in g  p eriod . In festation s o f  C . 
carcin oph ila  on blue crabs are lim ited  to high salin ity  regions, 
therefore g ills  o f  m ale blue crabs are se ldom  infested.

Parasitic d inoflagellates

N ew m an and Johnson (1975) found a new  d isease caused by 
parasitic d inoflagellates (H em atodinium  sp .)  in blue crabs exam 

ined from North C arolina, G eorgia, and Florida in 1968 and 1969, 
w hereas ind ividuals from  South C arolina did not exh ib it the 
d isease. A ccording to C ouch and M artin (1 9 8 2 ), H em atodinium  
sp. in fections have been  reported in blue crabs from  M aryland to 
northeastern G u lf o f  M ex ico . Both m ale and fem ale crabs ranging 
from  70 to 170 mm  carapace width were sam pled from sa lin ities o f
0  to 36%o. Crabs infected with these parasitic d inoflagellates were 
on ly  found in sa lin ities >  ll% o. In advanced stages, w hen crabs 
were m oribund, the internal tissu es were m ilky w hite and the 
hem olym ph w as m ilky  w hite w ith few, if  any, hem ocytes. A lso , in 
advanced in fection s, total ly sis  o f  hepatopancreatic tubules and 
partial destruction o f  m uscle occurs (C ouch and M artin 1982). The  
parasites were unicellu lar with a m ean diam eter o f  8 .1  g m  and the 
ce lls  were nonm otile.

H yperparasitism  in the blue crab

M etacercariae o f  tw o d igenetic  trem atodes (M icrophallu s baso-  
da c ty lo p h a !lus and M egaloph a llu s  sp .) being hyperparasitized by 
the haplosporidian U rosporid iu m  crescen s  have been  isolated  
from  blue crab m usculature and hepatopancreas (C ouch 1974; 
Overstreet 1978). T he m etacercariae o f  the trem atode encyst in the 
blue crab w hich  serves as an interm ediate host, w ith a m am m al 
( e .g . ,  racoon) often serv ing  as a definitive host. Harm is incurred 
by the blue crab on ly  in  the case o f  very heavy infestations, which  
cause a loca lized  m uscle  w eaken ing. M etacercariae o f  M . baso-  
d a c ty lo p h a llu s  in fect thoracic m u sc le s , h ep atop an creas, and 
ventral ganglion  o f  blue crabs from  C hesapeake Bay to Texas 
(Overstreet 1982). U ninfected and ligh tly  infected m etacercariae 
are w hite to cream  colored and range from  189 to 2 6 9  gim in 
diameter, w hereas in fected  m etacercariae are ea sily  recognized  
b ecau se they b ecom e enlarged (4 1 0  to 6 5 4  gim ), darkly p ig 
m ented, and easily  ruptured. T he sin g le  layered cyst w all o f  the 
m etacercariae decreases in thickness from  2 .3  to 0 .8  g m  with  
heavy in fection , and m ost o f  the c e ll parenchym a is replaced by the 
hyperparasite. N orm ally, the hyperparasite is released upon death 
o f  the blue crab as the m etacercarian ce ll w all ruptures. Couch  
(1 9 7 4 ) suggested  that release o f  the hyperparasites through death o f  
the m etacercariae in liv e  blue crabs w ould probably result in death 
o f  U . crescens  due to destruction by hem ocytes or other defense  
m echanism s o f  the b lue crab.

M etacercariae o f  the m icrop h allid  trem atode L ev in sen ie lla  
cap ita n ea  w ere isolated  from  the hepatopancreas and gonads o f  
several adult blue crabs from  Cat Island, M is s ., (4  o f  92  crabs) and
1 o f  41 crabs sam pled near R accoon Island, La. (O verstreet and 
Perry 1972). H yperparasitism  o f  the m etacercariae was not noted.

Peritrichous ciliates

C ouch ( 1966) found tw o peritrichous c ilia tes on the g ills  o f  blue 
crabs from C hincoteague Bay and C hesapeake Bay. T hese crabs 
were sam pled from  sa lin ities ranging from 11 to 30ÍL . T he loricate 
genus L a g en oph rys ca llin ec te s  proliferated in high concentrations 
in the g ili lam ellae o f  several crabs in a shedding operation in 
Franklin City, V a., w hen water tem peratures exceed ed  2 7 ° C. 
O nce the g ili surface w as h eav ily  occu p ied , g ili lam ellae becam e  
fastened together and respiratory current w as apparently retarded 
by L. ca llin ectes. A lso , the stalked genus E p isty lu s  sp . w as found  
in low  am ounts on the g ills  o f  32 o f  41 individuals exam ined . 
A lthough a com m ensal relationship . C ouch (1966) theorized that 
high density rearing con d ition s, h igher water temperature ( i .e . ,  
low er oxygen  so lu b ility ), and an increase o f  peritrich c ilia tes may 
cause anoxia. C ouch (1 9 6 7 ) later reported that L . ca llin ec tes
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as w ell as other g ili fauna rem ained on the “old" g ili cu ticle  o f  
blue crabs fo llow in g  ecd ysis. H owever, crabs that had reached  
their term inal m olt no longer have such a m echanism  for rem ov
in g  these organism s. Peritrichs feed on bacteria (Saw yer and 
M acL ean 1978) and adhere to the g ili lam ellae by the lorica ( i .e . ,  
L a g e n o p h ry s  c a llin e c te s )  or by a s in g le  basal holdfast ( i .e . ,  
E p is ty lis  sp .) . T hese species have not been reported to occur in 
g u lf  coast blue crabs (Tatum 1979). L a g en o p h rys ca llin ec te s  has 
been reported on som e blue crabs sam pled from Beaufort, N .C .,  
and T rechard’s In le t , S .C . ,  M ary lan d , and V irg in ia  w aters  
(C ouch 1967).

Barnacles as ectocom m ensals and parasites

A  gooseneck  or pedunculate barnacle, O cto la sm is m u elleri, 
is often  found on the efferent side o f  g ills  o f  b lue crabs as w ell 
as other decapods in high salin ity  waters ( i .e . ,  generally  above  
157«,). T his ectocom m ensal does not gain nutrition from  crabs, 
but it m ay interfere with respiration during heavy infestations due  
to decreased activity o f  the h ost’s scaphognathite (W alker 1974: 
Overstreet 1978).

T he acorn barnacle. C helon ib ia  p a tu la , is an ectocom m ensal 
that often occurs on the carapace o f  blue crabs, esp ec ia lly  those  
reach ing their final postlarval m olt. Acorn barnacles on blue 
crabs have been reported from  D elaw are Bay (W illia m s and 
Porter 1 9 6 4 ) , South C arolin ian  w aters (E ld r id g e  and W altz 
1977), M ississippi (Overstreet 1978), and St. Johns River, Fia. 
(Tagatz 1968a).

The cypris larva o f  the parasitic sacculin id  barnacle, L o x o th y
lacu s texanus, settles on early postm olt juven ile  b lue crabs and 
enters into the interior o f  the crab in toto (O verstreet 1978). Growth  
o f  the b lue crab is often retarded to a m axim um  siz e  o f  3 to 8 cm  
carapace width (often  called  button crabs), thereby m aking the 
individual unavailable to the fishery. M ost in fected  crabs appear 
sim ilar to m iniature adult fem ales, w ith m ales often transform ing  
secondary sexual characteristics to those o f  fem ales, p ossib ly  as a 
result o f  alteration o f  the androgenic gland. Parasitized m ales often  
have 6  d istinct abdom inal segm ents, w hereas norm al m ales on ly  
have 4  abdom inal segm ents (Reinhard 1950). A lso , parasitized  
m ales have abdom inal m usculature that is sim ilar to that o f  fem ales  
and parasitized fem ales have a broadened abdom en sim ilar to adult 
fem ales. A fter form ation o f  an extensive “root sy stem ” inside the 
crab, externae con sistin g  o f  a brood pouch for larvae and gonads o f  
the parasitic barnacle protrude betw een the crab's abdom en and 
thorax. O ccurrence o f  L . texanus  is rare in low  sa lin ity  waters 
(D arnell 1959) and appears to be restricted to g u lf  coast waters such  
as Louisiana (A dkins 1972), M ississippi (Perry ¡9 7 5 ), and Texas 
(Reinhard 1950). L oxo th ylacu s texanus  has not been  reported on  
blue crabs in C hesapeake Bay (L aw ler and Van E ngel 1973).

A  leech  (M y zo b d e lla  lu gu bris  Leidy) occurred on several b lue  
crabs (from  B ulow  C reek, V olusia C ounty, F ia .)  w h ich  had  
suffered recent m ortality (Hutton and Sogandares-Bernal 1959). 
The leech es were located inside the crab near perforations on the  
carapace and articulations o f  the pereopods. It is not clear from  
their report w hether the leech es infested the crabs before or after 
death. Further study indicated that M . lu gu bris  derives nutrition  
prim arily from fishes, but uses the carapace o f  blue crabs as a 
substrate for its co coon s (D an ie ls and Saw yer 1975). T he cocoon s  
were equally  distributed on  the posterolateral regions (both dorsal 
and ventral) o f  the carapace and occurred on  blue crabs from  the

A shley  River, S .C ., (0  to 14%») from  March to N ovem ber with  
peak occurrence in O ctober and Novem ber.

3 .4  Nutrition and growth

3 .41  Feeding

D ietary protein concentration  requirem ents o f  ju ven ile  blue  
crabs have been exam ined  in several laboratory feed ing studies. 
Juvenile m ale and fem ale blue crabs (m ean initial w eight =  1 .2 g , 
m ean carapace width =  2 .5  cm ) achieved better growth w hen fed 
44  or 60%  crude protein diets (as percent o f dry w eight) com pared  
w ith ind iv id u als fed 27%  crude protein over a 105-d period  
(M illik in  et al. 1980). A dult, liv e  brine shrim p, A rtem ia  salina, 
fed as reference diet to  a separate group o f  juvenile  b lue crabs, 
prom oted better growth than any o f  the laboratory formulated  
diets. Apparently, there were important nutritional d ifferences 
other than dietary protein concentration betw een the high protein 
(60% ) laboratory form ula diet and the live brine shrim p diet (58 to  
64%  crude protein, dry w eight). In a separate study, juven ile  blue 
crabs o f  larger in itial s ize  (m ean initial w eight =  7 . 8 ± 3 . 9 g S D , n  
=  62) gained  significantly m ore w eight per m olt on a 5-d postm olt 
basis w hen fed 25 or 40%  crude protein than w hen fed 15% crude 
protein (Fortner6) . T herefore, laboratory reared ju v en ile  blue  
crabs ranging from  approxim ately 1 to 10 g (25  to 55 m m  carapace  
width) require a m inim um  o f  40%  dietary protein in  term s o f  
growth rate, w h ile  slig h tly  larger ju v e n ile  b lue crabs require 
dietary protein concentrations o f  25%  or m ore, but <  40% . 
W inget et al. (1976) reported no significant d ifferences in growth  
o f  juvenile  blue crabs (in itia l m ean carapace width =  59 m m ) fed 
2 6 , 4 6 , 6 2 , or 75%  crude protein on a dry w eight basis over a 60-d  
period. However, growth d ifferences in the previously described  
protein requirem ent studies (M illik in  et al. 1980; Fortner footnote  
6) w ere not observed  until after 105 and 63 d, respectively. 
Therefore, a longer experim ental period by W inget et al. (1976)  
p ossib ly  w ould  have dem onstrated  d ifferen tia l grow th due to 
dietary protein concentration.

Salin ity is  not an im portant factor governing food conversion  
in  laboratory reared ju ven ile  b lue crabs. H olland et al. (1971)  
reported that juvenile  blue crabs (in itia l w eight =  0 .2  to 0 .4  g) 
had sim ilar food conversion  rates regardless o f  sa lin ities ranging  
from  6 to 21 "L.

B lue crabs require an ex o g en o u s source o f  sterol. W hitney  
(1970) dem onstrated that ju ven ile  and adult blue crabs at interm olt, 
prem olt, and soft sh ell stages were incapable o f  synthesizing  either  
squalene or sterols from  a ceta te -1-14C , or m evalonate-2-14C.

B idd le-et al. (1978) concluded that 3 or 9% dietary fiber (dry 
w eight basis) w as satisfactory for ju ven ile  blue crabs o f  tw o size  
groups (2 .5  to 6 .0  g and 6 .1  to 3 6 .4  g  in itial w eight) in  term s o f  
su rv iv a l, grow th , and food  co n v ers io n  ov er  a 9 -w k  p eriod . 
H ow ever, crabs fed diets con ta in in g  27%  fiber had increased  
m ortality due to a H erpeslike virus. A lso , crabs fed 27%  dietary  
fiber had poorer food conversion  ratios and greater feed intake, 
possib ly  due to less ava ilab ility  o f  nutrients per unit w eight o f  
food  ingested .

G lycogen  content o f  the hepatopancreas o f  b lue crabs has been  
evaluated according to m olt sta g e , season , and sex . B lue crabs (5 to 
15 cm  carapace width) sam pled from  D elaw are Bay had highest

6A. R . Fortner. Southeast F isheries C en ter C harieston Laboratory. National
M arine Fisheries Service, NOAA, P.O. Box 12607, Charleston, SC 29412, pers.
com mun. September 1982.



hepatopancreatic g lycogen  concentration (8 .1  m g /g  tissue) during 
prem olt (stage D ), follow ed by 6 .6  m g g ly co g en /g  hepatopancreas 
(m idgut gland) during soft shell stage (stage A ), and approxim ately
3 .0  m g g ly cogen /g  tissue during early postm olt (stage B) and 
interm olt (stage C) (R ouse 1972). G lycogen  concentrations o f  the 
hepatopancreas were significantly lower in  sum m er, w ith highest 
concentrations during winter and decreasing concentrations during 
spring. A lso , hepatopancreatic g ly co g en  concentrations were 
higher for fem ales in m olt stages A , B , and D  than com parative 
stages in m ales. Lower hepatopancreatic g ly co g en  concentrations 
for fem ales than m ales in stage C m ight be the result o f  m obiliza
tion o f  g lycogen  reserves to aid in production o f  ova  (R ouse 1972). 
M idgut gland glycogen  content appears to have an annual cyc le  in 
blue crabs, according to a study from  Indian R iver Bay, D el. 
(W inget et al. 1977). Crabs ranging from  11 to 150 g , had 8 .4  mg 
g ly co g en /g  tissue during N ovem ber-D ecem ber, 10 .4  m g during 
February-M arch, 5 .3  m g during A pril, and 3 .3  m g during June- 
Septem ber (W inget et al. 1'977). Sam pling during each season  for 
several years is necessary to verify these prelim inary results.

M ean w h ole  body protein values o f  interm olt ju v en ile  b lue crabs 
3 to 7 cm  carapace width ranged from  3 4 .7  ±  0 .27%  (SE ) on a dry 
w eight basis for individuals fed 27%  dietary crude protein over 18 
w k to approxim ately 40%  w hole body protein for crabs fed 4 4  or 
60%  dietary crude protein (M illik in  et al. 1980). Crabs fed adult 
brine shrim p over the sam e tim e interval had sign ificantly  higher  
w h ole  body protein (46 .1  ±  1.8% ) than ind ividuals fed the labora
tory formula diets containing 2 7 , 4 4 , or 60%  crude protein. W hole  
body glucosam ine values were approxim ately 4%  on a dry w eight 
b a sis  for ju v e n ile  b lu e  crabs regard less o f  d ietary treatm ent 
(M illik in  et al. 1980).

A sh  com position  o f  ju ven ile  b lue crabs reared in  the laboratory 
that were from  8 d postm olt to late prem olt stage (3 to 7 cm  
carapace width) consisted  o f  30 to 40%  o f  total, w h ole-body dry 
matter, w h ile  calcium  w as 9 to 13% o f  w h ole  body dry matter and 
phosphorus w as 0 .7  to 1.5%  o f  w h ole  body dry matter (M illik in  
unpubl. data). W hole-body dry matter o f  ju ven iles 8 d postm olt to 
late prem olt ranged from  20 to 32% . B lu e crabs that were 2 to 6  d 
postm olt generally  had low er w hole body ash as a percent o f  dry  
matter (24-28% ), lower calcium  as a percent o f  dry matter (5 to 
6% ), low er w h ole-bod y  dry matter content (1 7  to 20% ), and  
sim ilar phosphorus concentrations as a percentage o f  dry matter 
(1 .3  to 1.4% ).

3 .4 2  Food

Data are scarce on food  organism s consum ed  by larval stages o f  
the blue crab in natural waters. A lthough phytoplankton m ay be 
con su m ed , plant m aterial alone is b e liev ed  to be d eficien t in 
protein content (C ostlow  and Sastry 1966). Various phytoplankton  
species fed to early zoeal stages in  the laboratory w ithout con 
current feed in g  o f  Zooplankton, p rolonged  tim e before death  
com pared with survival tim e o f  starved larvae (C ostlow  and 
Bookhout 1959), but unicellular algae fed  alone did not result in 
su ccessfu l m olting o f  first stage zoea e  to second stage zoeae. 
A ccording to Sulkin  and Epifanio (1 9 7 5 ) and Sulkin  (1 9 7 8 ),  
rotifers, B rach ionus p lic a tilis ,  ranging from  4 5  to 80  p m ,  prom ote 
high  su rv iva l and m o ltin g  su c c e ss  d u rin g  the first 14 d o f  
developm ent, w hereas recently hatched nauplii o f  A rtem ia  salina  
(2 5 0  p. m) fed alone to first and second  stage zoeae produce low  
survival and m o ltin g  su ccess (C ostlow  and B ook h ou t 1959). 
T herefore, Zooplankton in  the size  range o f  45  to 80  p .m  probably

are am ong the ch ie f  sources o f  food organism s for blue crab larvae, 
especia lly  in the early stages.

Ju ven ile  and adult stages o f  b lue crabs feed ch ie fly  upon  
m o llu scs, crustaceans, and fish. A ccording to Tagatz (1 9 6 8 a ), 
crustaceans and m ollu scs are the ch ie f food item s o f  ju ven ile  blue 
crabs <  21 m m  carapace w idth. Juveniles larger than 21 mm  
carapace width fed prim arily upon clam s, fish, and crustaceans. 
Jaworski (1972) reported that crustaceans and m ollu scs are equally  
important in terms o f  percentage stom ach volum e in blue crabs 
betw een 30  and 74  m m  carapace width. M olluscs com prised an 
appreciably greater stom ach volum e than crustaceans in crabs >  
125 mm  carapace width (Jaworski 1972). Laughlin  (1982) divided  
blue crabs from  A palach icola  Bay into three trophic groups based  
upon stom ach contents. Sm allest juveniles ( <  31 mm  carapace 
w idth) fed m ainly upon b ivalves, plant matter, ostracods, and 
detritus. T he second trophic group (31 to 60  mm  carapace width) 
consum ed m ostly  fish es, gastropods, and xanthid crabs, w hile  
the third trophic group o f  b lue crabs ( >  60 m m  carapace width) 
fed on b iva lves, fish es, xanthid crabs, and blue crabs. Van Engel 
(1958) listed  occurrence o f  several food item s in juven ile  and adult 
blue crabs, such as fresh and d ecayin g  fish; ju v e n ile  oysters 
( C rassostrea  v irg in ica );  hard clam s, M ercenaria  m ercen aria ;  sea  
lettuce, U lva  sp .; roots, shoots, and leaves o f  eelgrass; and salt 
m arsh grass, S p a r tin a  a lte rn if lo ra . T he co o t c la m , M u lin ia  
la tera lis , is an im portant prey item  o f  blue crabs in the York River, 
Va., estuary (V irnstein  1977). Other food item s o f  b lue crabs 
include sm all oysters (M enzel and H opkins 1956; M en zel and 
N ichy 1958), three sp ec ies o f  m ussels: C on geria  leu coph aeta , 
M y tilo p s is  leu coph ea ta , and B rach idon tes exustus  (D arnell 1961; 
O dum  and H eald  1 9 7 2 ), the so ft sh e ll c la m , M y a  a re n a r ia  
(D unnington  1956), and the w edge clam , Rangia cuneata  (D arnell 
1961). H am ilton (1 9 7 6 ) observed predation by juven ile  b lue crabs 
(25  to 65 m m  carapace length) on marsh periw ink les, L ittorina  
irrora ta  (9 to 15 m m  shell length). Laboratory studies indicated  
that ju ven ile  b lue crabs ranging from  10 to 15 cm  carapace width  
consum ed cu ltch less oyster (C . v irg in ica ) up to 4  cm  sh ell length, 
w h ile  blue crabs from  65 to 80 mm  carapace width could  not feed  
upon oysters >  25  m m  shell length (Krantz and C ham berlin 1978). 
Large blue crabs (15  to 16 cm ) consum ed A tlantic ribbed m ussel, 
G eu ken sia  ( =  M o d io lu s)  dem issa , <  8 cm  sh ell length (Seed  
1980). M edium -sized  crabs (1 0  to 11 cm ) and sm all crabs (6  to 7 
cm ) consum ed A tlantic ribbed m ussels up to 5 .5  and 4 .8  cm , 
respectively, in the laboratory. B lue crabs >  80 mm  carapace 
w idth were capable o f  breaking open the largest M ya arenaria  
sh ells (90  m m  dorsoventral axis) tested according to com pression  
m easurem ents o f  ch elae  force at the dactyl tip  (B lundon  and 
Kennedy 1982a). The sam e investigators reported that on ly  large 
( >  40  m m  shell height) w edge clam s were capable o f w ithstand
ing crushing capab ilities o f  large blue crabs (1 0 0  to 165 mm  
carapace w idth). In a separate study, M . arenaria  (30  to 4 0  mm  
sh ell length) buried at either 5 , 10, 15, or 20  cm  were consum ed  
less frequently at either 15 or 20  cm  depths than at 5 or 10 cm  
depths by large blue crabs (121 to 180 m m  carapace width) 
(B lundon and K ennedy 1982b).

3 .4 3  Growth and morphom etry

Growth o f  blue crabs is dependent upon tem perature, m olting  
frequency, food ava ilab ility  and nutritional quality, and life  stage 
o f  the in d iv id u a l. G row th prim arily  occu rs during m o ltin g ,  
although sm all w eight increases occur through relative changes 
in tissue content during the interm olt period (relative increases



o f  w h ole  body protein com pared with m oisture). G enerally, as 
temperature decreases, food consum ption  rate d ecreases, esp e
c ia lly  betw een  34° and 13°C  (L effler 1972). Tagatz (1 9 6 8 b )  
observed that growth per m olt o f  blue crabs rem ained sim ilar  
regardless o f  temperature (sum m er vs. winter) in the St. Johns 
River. F ia ., but that intermolt intervals were three to four tim es 
longer in winter. Therefore, low  temperatures that prevent m olting  
altogether or increase intervals between m olts sign ificantly  reduce 
growth rate. Churchill (1921) reported that fem ales cease  feed ing  
activ ity  in C hesapeake Bay below  10°C. A ccording to Van Engel 
et al. (1 9 7 3 ), growth occurs in blue crabs in C hesapeake Bay from  
late April to m id-O ctober w hen temperatures are generally  above 
15° C and blue crabs undergo sem ihibernation w hen temperatures 
fall to 5°C  or less.

S alin ity  values ranging from 6 to 30%» do not d ifferentia lly  affect 
growth o f  juvenile  and adult blue crabs. Growth o f  fem ale crabs 
during and fo llow ing their term inal m olt w as not d ifferentia lly  
affected  by sa lin ities o f  9 , 16, or 27%» (H aefner and Shuster 1964) 
or 10, 2 0 , or 30%». (H aefner 1964). H olland et al. (1 9 7 1 ) reported 
that sa lin ities ranging from 6 to 21%» (6 , 11, 16, or 21%«) did not 
affect growth or food conversion o f  laboratory reared juven ile  
crabs (5 to 4 0  mm  carapace width).

Growth rate o f  juvenile  blue crabs up to at least 7 cm  carapace 
width does not vary betw een sexes. O nly one o f  eight groups o f  40  
juven iles o f  equal age fed various diets over an 18-w k period  
show ed differential growth betw een sexes (M illik in  et al. 1980). 
S ize  variation o f  the first seven juvenile instars reared in the 
laboratory is described  in Table 4  (N ew co m b e , S an d oz, and 
Rogers-Talbert 1949).

Table 4 .— Size varia tion  o f first seven juven ile  stages o f  b lue c ra b s .1

Juvenile instar
Carapace width 
(range— mm)

Mean carapace 
width 
(mm) SD

1 2.2 to 3 .0 2.5 0.14
2 3.0 to 4.2 3.7 0.25
3 4.1 to 6.0 5.1 0.42
4 5.5 to 7.4 6.6 0.46
5 7.2 to 10.0 8.6 0.66
6 8.7 to 12.4 10.2 0.85
7 9.7 to 13.0 11.0 0.81

' N  =  50 for first 6 instars, ,V =  35 for seventh instar (Newcombe,
Sandoz, and Rogers-Talbert 1949).

A fter  early ju v e n ile  sta g e s , con sid era b le  overlap  in  s iz e s  
betw een instars occurs. Tagatz (1968a) reported that fu lly  grown  
crabs range from 100 to 240  m m  carapace w idth. Tyler and Cargo 
(1 9 6 3 ) show ed considerable overlap in carapace w idth betw een  the 
penultim ate instar (81 to 135 m m , N  =  254) and the ultim ate instar 
(118  to 195 m m , N  =  88) for fem ales from  several sam p lin g  sites  
o f  C h esapeake Bay. Tagatz (1 9 6 8 b ) reported m ean carapace  
w idths and ranges for adult m ales (mean =  147 m m , ranging from  
117 to 181 m m ), mature fem ales (mean =  148 m m , ranging from  
128 to 182 m m ), immature fem ales (m ean =  111 m m , ranging  
from  100 to 130 m m ), and ovigerous fem ales (m ean =  152 m m , 
ranging from  116 to 180 m m ). Tagatz (1 9 6 8 b ) a lso  found a 
considerable range betw een the sm allest mature fem ale (9 9  mm  
carap ace w idth) and the largest im m ature fem a le  (1 7 7  mm  
carapace width) sam pled from St. Johns River, F ia. Tagatz (1965)  
reported a m axim um  carapace w idth for m ales sam pled  from  
com m ercial catches in St. Johns River to be 2 4 6  m m  carapace 
w idth , w h ile the heaviest.m ale (225  mm  carapace width) w eighed  
5 5 0  g . Van Engel et al. (1973) reported a m axim um  siz e  for m ale

blue crabs from  V irginia as 241 mm  carapace w idth. The largest 
immature fem ale sam pled from  com m ercial catches during a 3-yr 
period from five estuaries in South Carolina w as 154 mm  carapace 
width (E ldridge and Waltz 1977).

Variation o f  growth increm ents per m olt ( (postm olt w eight — 
prem olt weight) -t- (prem olt w eight) x  100) m ay be largely the 
result o f  both dietary nutritional quality and temperature. Tagatz 
(1968b) reported that temperatures betw een winter (1 5 °C ) and 
sum m er (25° to 30°C ) in St. Johns River were not reflected in  
significant seasonal alteration in growth increm ents o fb lu e  crabs. 
However, Leffler (1 9 7 2 ) reported that blue crabs o f  20 to 69  mm  
carapace w idth, dem onstrated an average increase in growth per 
m olt as temperature decreased from 34° to 15°C . Juvenile blue 
crabs ranging in in itia l w eight from  3 .5  to 2 3 .7  g increased  
3 3 ± 8 .4 % ( n  =  18) in w eight w hen fed a 15% crude protein diet,
5 1 .9  ± 9 .6 %  (n  =  19) increase in w eight w hen fed a 25%  crude 
protein diet, and 5 7 .6 ±  12.2%  (n  =  23) increase in w eight w hen  
fed a 40%" crude protein diet for individuals w eighed on a 5-d  
postm olt basis in the laboratory (Fortner footnote 6).

Growth per m olt o f  b lue crabs is highly variable in natural 
waters. Growth increm ents per m olt in term s o f  carapace width  
varied from 7 .8  to 50%  in juven ile  and adult blue crabs held in 
floating tanks in St. Johns R iver (Tagatz 1968b). Percent growth  
increase averaged 32%  for fem ales during their term inal m olt. 
M ean percent increm ents in growth in 10 mm  width intervals 
varied from  21 to 34%  for crabs from St. Johns River (Tagatz 
1968b). M ean percent increm ents in  carapace width ranged from
11.9%  for sm all juven ile  fem ales (1 0  to 19 .9  m m ) to 33 .7%  for 
large fem ales (100  to 109 .9  m m ) w h ile  m ean percent increm ents 
ranged from 14.4%  for sm all juven ile  m ales (10  to 19 .9  m m ) to 
32.9%  for m ales ranging from 80  to 8 9 .9  mm  carapace width (Gray 
and N ew com be 1938b). Growth per m olt (percent increase in 
carapace width) during the term inal m olt o f  fem ales from St. Johns 
River averaged 34.4%  ( n =  85) in sa lin ities >  5%« and 30 .2%  ( n 
=  85) in sa lin ities <  1%» (Tagatz 1968b). Average values o f  
growth per m olt (percent increase in length) during the term inal 
m olt o f  fem ales from  three sam pling sites in C hesapeake Bay 
ranged from 2 3 .4  to 25 .6%  (H aefner and Shuster 1964).

Average size  (carapace w idth) at m aturity for fem ales w as 
appreciably sm aller for C hincoteague Bay crabs (5 .3  in =  13.5  
cm ) com pared with D elaw are Bay crabs (6 .3  in =  16 cm ) and 
C hesapeake Bay crabs (6 .5  in =  16 .5  cm ) (Porter 1955).

A utotom y and regeneration o f  appendages are com m on am ong  
m any crustacean sp ec ies (W eis 1976), including blue crabs. If 
an appendage is firmly im prisoned or seriously  injured, a break 
occurs along a fracture plane located on the distal end o f  the basis, 
w ith eventual replacem ent o f  the appendage by regeneration (P yle  
and C ronin 1950). T he regenerating  lim b s grow  in a fo lded  
position  and are often  functional fo llow in g  the next m olt (W eis 
1976). Laboratory studies show ed that m ortality am ong b lue crab 
m egalopae w as low  w hen chelae were induced to autotom ize, 
com pared with m egalopae w ith chelae cut at a site other than the 
b asi-isch iopodite fracture plane (C ostlow  1963a). I f  the chelae  
were lost prior to day 4  o f  the m egalopal interm olt period, then the 
com pletely  regenerated appendage norm ally appeared at m eta
m orphosis. A lthough 100% o f  hatchery-raised crabs had a right 
“crusher” cheliped  (larger) and a left “cutter” ch elip ed , only  
79%  o f  1 ,156  crabs sam pled from  natural waters show ed the sam e  
m orphological character (H am ilton  et al. 1976). A  trend ex isted  for 
larger crabs to have a larger percent occurrence o f  a left “crusher” 
cheliped  and right “cutter” ch elip ed , w hich  H am ilton et al. (1976)  
felt to be due to reversed cheliped  laterality through autotom y and 
regeneration. Shuster et al. (1 9 6 3 ) attributed m ost o f  the bizarre



claw  deform ities o f  blue crabs sam pled from  the field to new  
growth in  the form  o f  duplication at the site o f  injury rather than 
autotom y follow ed by regeneration.

M ale blue crabs are gen erally  heavier than fem ale blue crabs for 
a given  carapace w idth. P ullen  and Trent (1970) reported carapace 
width-total weight relations for crabs from G alveston Bay, Tex., 
>  25 m m  carapace w idth, exclud ing gravid fem ales: M ale crabs 
(log  w eight =  — 3 .7 4  +  2 .7 7 5  log carapace w idth) and fem ale  
crabs ( lo g  w eigh t =  — 3 .5 4  +  2 .6 3 9  log  carapace w id th ). 
N ew com b e, C am pbell, and E ckstine (1949) reported carapace 
width-total w eight relationships for blue crabs from  C hesapeake  
Bay (V irginia portion) using untransformed data as follow s: M ale  
crabs (w eight =  0 .0 0 0 2 6  w idth2'67) and fem ale crabs (w eight =  
0 .0 0 0 3 4  w idth2,57). A  graphic presentation o f  carapace width vs. 
w eight a lso  dem onstrated that m ale blue crabs are gen era lly  
heavier than fem ales from  St. Johns River for a given  carapace  
width betw een 100 and 2 0 0  m m  (Tagatz 1965).

Length to width ratio (in  the form  o f  a percentage) steadily  
decreases as carapace w idth  in creases in  b lue crabs. Tagatz  
(1968b) reported values o f  50%  for m ales and fem ales from  St. 
Johns R iver betw een 10 and 19 m m  carapace width and 40 .7%  for 
m ales and 38.8%  for fem ales for individuals betw een 140 and 149 
m m  carapace w idth . N ew co m b e, S an d oz, and Rogers-Talbert 
(1 9 4 9 ) reported v a lu es eq u iva len t to length: w idth ratio as a 
percentage as being 53.2%  for m ales and 53.9%  for fem ales from  
C hesapeake Bay betw een  10 and 19 m m  carapace width. Carapace 
length w as 44 .9%  o f  carapace width for m ales and 41 .7%  for 
fem ales from  C hesapeake Bay betw een 140 and 149 m m  carapace 
width.

M ature m ales from  A sh ley  River, S .C ., had a greater average  
w eight than im m ature m ales having the sam e carapace width, 
w hile  immature fem ales were heavier than mature fem ales for a 
given  carapace w idth (O lm i and Bishop 1983). A ccording to Olmi 
and Bishop (1 9 8 3 ), the ligh ter w eight o f  adult fem ales com pared  
with immature fem ales o f  the sam e carapace w idth, m ay result 
from the maturity m olt transform ation o f  fem ales into long spined  
forms as observed by Tagatz (1965) and Gray and N ew com be  
(1938a).

D u e to the problem  o f  variation in  lateral sp ine lengths for a 
given  size  crab ( e .g . ,  carapace length or width at the base o f the 
sp ine), O lm i and B ishop (1 9 8 3 ) suggested  that m easurem ent o f  
carapace length or w idth at the base o f  the lateral sp in es m ight 
be m ore accurate in  develop ing a regression analysis w ith closer  
agreem ent betw een observed and predicted values o f  body w eight. 
Carapace length w as orig ina lly  suggested  by Gray and N ew com be  
(1938a) as an alternative to carapace width for prediction o f  body  
w eight, whereas W illiam s (1974) suggested  the use o f  carapace 
width at the base o f  the lateral sp ines (rather than from  tip to tip) to 
predict body w eight.

3 .4 4  M etabolism

O xygen  con su m p tion  in blue crabs is a fun ction  o f  s iz e , 
tem perature, and m olt c y c le . L effler (1 9 7 2 ) reported greater  
increases in standard m etabolic rate in  blue crabs (20  to 69  mm  
carapace width) reared in 34° v s. 2 7 °C  com pared with crabs reared 
in 27° vs. 2 0 ° C. O xygen  consum ption  increases as temperature 
increases from 10° to 2 5 °C  (Laird and Haefner 1976). L ew is and 
H aefner (1976) dem onstrated that prem olt fem ale blue crabs in the 
penultim ate instar had higher oxygen  consum ption rates (/x i 0 2/g  
wet weight per h) than m olting or postm olting crabs. Twelve hours 
or less  after co m p letio n  o f  m o ltin g , w eig h t-sp ec ific  o x y g en

consum ption w as depressed, w hereas o x y g en  uptake increased  
after 12 h. A lso , total oxygen  consum ption increased  with higher  
wet w eights o f  fem ales in the term inal m olt stage, but weight- 
sp ecific  oxygen  consum ption decreased as total w et w eight o f  the 
blue crabs increased (L ew is and H aefner 1976). Laird and H aefner
(1976) a lso  found that oxygen  uptake decreased  with increases o f  
total wet w eight o f  b lue crabs. O xygen  uptake evaluated  in a 3 x  3 
factorial (10°, 17°, and 25°C ; 10, 2 0 , and 30%» sa lin ities) resulted  
in no d ifferences in oxygen  consum ption betw een  se x es (Laird and 
H aefner 1976). Lower average oxygen  consum ption  occurred at a 
sa lin ity  o f  20%» than at 10%». A lso , blue crabs acclim ated  to co ld  
tem peratures (1 0 °C ) had a higher m ean o x y g en  uptake w hen  
acclim ated  to a sa lin ity  o f  10%. than w hen acclim ated  to a sa lin ity  
o f  30  %o.

O xygen  consum ption  rates generally  in crease as salin ity d e
creases. K ing (1965) show ed that o xygen  consum ption  increased  
53%  in juven ile  b lue crabs reared in sa lin ities o f  7 to  9%. com pared  
with crabs reared in  full strength seawater, regardless o f  the salin ity  
from  w hich  the experim ental anim als were captured. E xc ised  g ills  
from  adult blue crabs dem onstrated higher respiration rates w hen  
crabs w ere reared in 300  m O sm  seawater than ind ividuals reared in  
94 0  m O sm  seaw ater (C antelm o and Ranga R ao 1978). Further
m ore, F ind ley  et al. (1978) dem onstrated that adult blue crab 
respiration w as significantly higher at sa lin ities o f  10 and 20%» than 
at 30%». O xygen  consum ption rates decreased  w ith  increase in 
sa lin ity  from  5 to 35%. am ong adult m ale and fem ale crabs and 
im m ature crabs during winter (E ngel and E ggert 1974).

T he m ixed  function oxygen ase , arylhydrocarbon hydroxylase, 
w as show n to have highest sp ecific  activity in the pyloric stom ach  
and antennal gland (green gland) o f  m ales and fem ales (S in ger  and 
L ee 1977). S in ce  m ixed  function ox y g en a ses function  in the 
m etabolism  o f  b ile acids, fatty acids, and steroid horm ones as w ell 
as hydroxylation  o f  the arom atic ring o f  petroleum  hydrocarbons, 
the authors suggested  that exposure to sublethal concentrations o f  
petroleum  could con ceivab ly  interfere with m etabolism  related to 
m oltin g  ( i .e . ,  grow th).

3 .4 5  M olting

S tages o f  the m olt cy c le  o f  the blue crab w ere described  by  
Johnson (1 9 8 0 ) as m odified from  Passano (1 9 6 0 )  as show n in 
Table 5.

Interm olt periods increase w ith age o f  b lu e  crabs, but are 
g en era lly  shortened  by am ple food a v a ila b ility , h igh  d ietary  
nutrient quality , and h igher w ater tem peratures. B ased  upon  
laboratory stud ies, blue crabs are b elieved  to m olt 8 tim es (seven  
zoea l stages plus a m egalopal stage) (C ostlow  and B ookhout 
1959), fo llow ed  by as many as 18 to 20  postlarval m olts for fem ales 

and 21 to 23 postlarval m olts for m ales (Van E ngel 1958). B lue  
crabs ranging in carapace width from  10 to 160 mm attained  
m axim um  expansion  o f  their new  exoskeleton  w ithin  6 h fo llow in g  
m oltin g  (Gray and N ew com be 1938b). Graham and B eaven (1942)  
suggested  that blue crabs cease m olting w hen temperatures are 
depressed  to about 16°C from approxim ately N ovem ber to the 
m iddle o f  April in C hesapeake Bay. E cdysis has been observed at 
temperatures as low  as 3 .8 ° C  in blue crabs from St. Johns River, 
Fia. (Tagatz 1968b). Leffler (1972) observed appreciably shorter 
interm olt intervals for blue crabs (2 0  to 69  m m  carapace width) 
reared at 27° or 3 4 °C  than individuals reared at 13°C . H ow 
ever, growth per m olt frequently decreased as interm olt period  
decreased . Sim ilarly, blue crabs m olted m ore frequently at 30°C  
than at 2 0 °C , but growth per m olt was greater at 2 0 °C  (W inget et
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Table S . MoJt cycle stages o f  the b lue  c ra b , Callinectes sapidus (from  Johnson
1980).

Stage Name Characteristic

Stage A 
At Newly molted C ontinued water absorption and initial m ineralization

A2 Soft Exocuticle mineralization
Stage B Papershell

Bí Endocuticle secretion begins
b 2 Active endocuticle formation, chelae hard; tissue

Stage C Hard
growth begins

c, M ain tissue growth
C 2 Tissue growth continues
C 3 Com pletion o f exoskeleton; membranous layer

C4
or

Permanent

- formed
“Interm olt” ; major accumulation o f organic reserves

c 4t Terminal stage in adult female; no further growth

Stage D
anecdysis
Proecdysis

Do Epiderm al and hepatopancreas activation
Di Epicuticle formed and spine formation begins
d 2 Peeler Exocuticle secretion begins
d 3 M ajor portion o f skeletal resorption

d 4 About to  molt Ecdysial sutures open
Stage E Molt Rapid water uptake and exuviation

al. 1976). M olting frequency o f  juven ile  blue crabs w as greater 
w hen individuals were fed  liv e , adult brine shrim p, A rtem ia  
sa lina , than when fed laboratory formula diets over an 18-wk  
period (M illik in  et al. 1980). Importantly, lim ited  data from  the 
sam e study indicated that growth per m olt did not d eclin e  in  blue 
crabs that m olted m ore frequently.

Interm olt periods during early juven ile  developm ent o f  blue  
crabs that occurred in the laboratory are listed in  Table 6 (M illik in  
unpubl. data). M ean duration o f  the first and second crab stage was 
longer in a salin ity o f  25% and 2 3 .5  ±  1 .5°C  (M illik in  unpubl. 
data) than in studies conducted  at a sa lin ity  o f  30% and 25° C  
(Rosenberg and C ostlow  1976; M cK enney and C ostlow  1981). 
M ean duration o f  the first crab stage in  control groups w as 
3 .0 ± 0 .4  d (SD ) or 4 .5 ± 0 .2 5  d (SE ) (Rosenberg and C ostlow  
1976; M cK enney and C ostlow  1981).

F em ale b lue crabs rarely, i f  ever  su cc ess fu lly , m o lt again  
fo llow in g  their maturity m olt (term inal m olt) (Churchill 1921; Van 
Engel 1958). A n adult fem ale in the process o f  m olting  (buster  
stage) w as reported by A bbe (1974) and four different mature 
fem ales in  the buster stage have been observed by C ronin7. O lm i

7L. E. Cronin. Chesapeake Research Consortium , Shadyside, MD 20764, pers. 
commun. August 1982 and M arch 1983.

Table 6 .— In te rm o lt periods d u r in g  ea rly  juven ile  developm ent o f b lue c rabs  
rea red  ind iv idually  in  the  labora to ry .1

Instar numbers of 
juvenile stage

Mean interm olt 
period (d )2

Instar numbers of 
juvenile stage

Mean intermolt 
period (d)

1-2 1,2 ± 2 .1  (104) 8-9 16.6 +  4 .6 (1 5 6 )
2-3 7.6 +  3 .0 0 5 7 ) 9-10 19.7 +  7.1 (143)
3-4 8 .0 + 2 .5 0 5 7 ) 10-11 22.9  +  8 .0 0 1 9 )
4-5 9.2 +  3 .8 0 5 7 ) 11-12 27.6 + 7.7 (75)
5-6 I I . 1 + 4 .2  (157) 12-13 27.7  +  7.1 (38)
6-7 12.6 + 2.8 0 5 7 ) 13-14 27.7 +  6.1 (32)
7-8 14.7 +  5.1 (156)

’Temperature =  23.5 +  1.5°C, salinity — 25"L with gradual reduction to 20't. 
after 160 d. photoperiod =  8 h lig h t/16 h dark. (M illikin, unpubl. results.)

'M ean  ±  standard deviation o f  num ber o f  days between molt instars o f juvenile 
development. Number of crabs for each intermolt period are in parentheses.

and B ishop (in  press) reported capture o f  an adult fem ale in 
proecdysis (p ink  sign) that consequently died during ecd ysis in  
the laboratory.

T he absolute am ount o f  calcium  in  b lue crabs (s iz e  not reported) 
increased  stead ily  in individuals up to at least 10 d postm olt with  
a 2 .5 -fo ld  in crease in total protein  and a 4 -fo ld  in crease in  
chitin  in  the cu ticle  from  ecd ysis to 10 d p ostm olt (V igh  and 
D endinger 1982).

3 .5  Behavior^,-,

3 .5 1  M igrations and local m ovem ents

A fter hatching and larval developm ent o f  b lue crabs in high  
sa lin ity  w aters (C ostlow  and B ookhout 1959; C ostlow  1967), 
m egalopae are recruited into estuarine waters (B oicou rt 1982; 
Sulk in  and Van H eukelem  1982) fo llow ed  by m igration  o f  early  
ju v en ile  stages o f  both sex es upstream  to low er sa lin ity  waters 
(Van E ngel 1958). Early juvenile  stages feed in  sh a llow  waters 
(Van E ngel 1958; Tagatz 1968a; Jaworski 1972). D uring  fall 
m igrations in  C hesapeake Bay, concentrations o f  fem ales in  the 
V irginia portion o f  the Bay occur in  deep  channels, w h ile  m ales  
gen erally  overw inter in low er salin ity w aters, w ith larger m ales  
occurring in  deeper waters than sm aller m ales (Van E ngel 1958). 
E sp ecia lly  in  spring, im mature fem ales approaching their term inal 
m olt m igrate to low er sa lin ity  waters to seek  out m ature m ales for 
m ating. Soon  after m ating, fem ales in itiate m igrations back to 
higher sa lin ity  waters that are favorable for larval developm ent. 
T his pattern o f  m igration has been  observed in m any geographical 
reg ion s, such as D elaw are Bay (C ronin 1954), C hesapeake Bay  
(Van E ngel 1958),-'Newport and W hite O ak R ivers, N .C . (Judy  
and D udley  1970), South Carolina (E ldridge and Waltz 1977), 
Barataría estuary, La. (Jaworski 1972), Lake Pontchartrain, La. 
(D arnell 1959), M obile  Bay (Tatum 1979), M ississip p i Sound  
(Perry 1975), and to so m e degree in St. Johns River, F ia. (Tagatz 
1968a). M igration o f  adult fem ales along the g u lf  coast o f  Florida 
is generally  in a northward direction alongshore fo llo w in g  m ating  
(O esterling 1976). M ost tagged adult m ales that w ere recaptured  
had rem ained in the estuary o f  initial capture. Adult b lue crabs do  
not m igrate appreciab ly  betw een  adjacent estu a r ies in  South  
Carolina (F isch ler and Warburg 1962).

M ost m igrations o f  adult fem ale crabs w ere southw ard from  
four release sites w ithin  D elaw are-M aryland-V irginia seasid e  bays 
(north to south; A ssaw om an Bay, Isle o f  W ight, S inepuxent Bay, 
and C hincoteague Bay, M aryland and Virginia) (C argo 1958). 
This occurred despite lack o f  a continuous increase in sa lin ity  from  
north to south across several in lets (Cargo 1958).

Several studies have been  conducted  to d eterm in e op tim al 
tagging m ethods for tracking m ovem ents o f  ju v en ile  and adult blue  
crabs. Cronin (1949) reported that N esbit-type tags wired across 
the carapace and looped over the lateral sp in es o f  adult blue crabs 
were a better technique for tracking m ovem ents than are tags 
placed in the branchial cham ber through a slit in the carapace, 
external tags inserted into slots on the carapace, or a N esbit m odi
fication o f  a Petersen tag on the lateral sp ine. Fannaly (1978)  
reported high rates o f  retention o f  a spaghetti-type tag by juvenile  
and adult blue crabs (8 0  to 150 m m  carapace w idth) fo llow in g  
m oltin g  in the laboratory. The tag consisted  o f  a m onofilam ent 
leader (3 0  m m) and anchor to w hich plastic tubing w as connected . 
T he tags were inserted through the thick m em brane at the dorso- 
posterior articulation o f  the fifth pereopod.



B lue crabs frequently m ove inshore during rising tide , forage in 
the intertidal zon e, and m ove offshore during ebb tide (N ish im oto  
and Herrnkind 1978). A ccording to both field and w ave tank 
experim ents on “eye-cap p ed ” individuals, blue crabs are capable  
o f using the beach slope and w ave surge for directional orientation.

3 .5 2  S ch oolin g

A ccording to Van E ngel (1 9 5 8 ), schools o f  adult fem ale crabs 
have been observed m igrating downstream  in  tributaries o f  the 
C hesapeake Bay. A lso , schoo ls o f  “sea  run” or “ o cean ” crabs 
appear in late July or early A ugust in the Lynnhaven Roads area 
(V irg in ia), c o n sis tin g  o f  older, adult fem ales w ith  carapaces 
h eavily  encrusted with barnacles (Van Engel 1958). However, it is 
m ore accurate to describe these groups as aggregations rather than 
schools (see  Partridge 1982).

3 .5 3  R esponses to chem ical stim uli

D etection  o f  seaw ater so lutions o f  freeze-dried clam  extract by  
blue crabs w as assessed  by noting rates o f  antennular flicking and 
g ili bailing activ ity  (Pearson and O lla 1977). B lue crabs detected  
the extract so lu tion  at IO“ 15 g/1, w h ile  feed ing behaviors were  
elic ited  at concentrations o f  IO- 1  to IO- 2  g/1. B lue crabs were 
reported to d etect naphthalene co n cen tra tion s o f  0 .1 2  m g/1  
(Pearson and O lla 1979). Further study revealed that the threshold  
concentration at w hich 50%  o f  the crabs detected naphthalene was
8 .5  X 1 0 " “ mg/1 (Pearson and O lla 1980). Lack o f  inform ation  
regarding tox icity  o f  naphthalene to blue crabs, e sp ec ia lly  sub- 
lethal effects , prevents com parison o f  detection threshold con cen 
trations w ith concentrations w hich m ay be toxic.

4  POPULATION

B lue crab populations or stocks in the fishery m anagem ent 
context have not been  adequately defined for adjacent estuarine 
areas along the A tlantic coast or g u lf  coast o f  the United States. 
Recently, a w orkshop w as convened  to attempt to develop  m ethods 
for analysis o f  local b lue crab stocks, particularly in C hesapeake  
Bay (Cronin footnote 7 ). Results o f  this w orkshop are not yet 
available. M iller et al. (1975) suggested  as a result o f  a 2-yr  
sam pling study that the C hesapeake and D elaw are Canal provides 
litt le , i f  any, a c c e ss  for crab m igration  from  D elaw are Bay  
westward to upper C hesapeake Bay. C ole and M organ (1978a) 
suggested  that observed  gen etic  sim ilarity (gen e frequencies o f  
polym orphic en zy m es, percentages o f  polym orphic en zym es, and 
average heterozygosity) betw een C hesapeake Bay and C hinco- 
teague Bay populations is the result o f  larval interm ixing o f  zoeae  
just outside C hesapeake Bay. However, Porter (1955) reported that 
adult fem ale crabs in C hincoteague Bay are significantly sm aller  
than those in either D elaw are or C hesapeake Bay populations. 
Possibly, adult fem ales that occur in the C hincoteague Bay are 
sm aller from spending m ore o f  their life cycle  in waters containing  
less available food.

4 .1 Structure

4 .11  Sex ratios

Sex ratios o f  adult blue crabs differ spatially w ith respect to 
salinity, and tem porally w ith respect to peak occurrence o f  m ating, 
and fem ale m igrations to high sa lin ities for spaw ning. Truitt ( 1939)

reported that 64%  o f  all (adult) crabs captured in the C apes section  
(C ape Charles to Cape Henry, Va.) o f  C hesapeake Bay during June 
and July were egg-bearing fem ales. Crabs taken from  areas below  
the York R iver and Cape Charles averaged about 9 .8%  m ales over 
a 1-yr period, w hereas m ales m ay reach 90%  o f  the total adult 
population in  headwaters o f  the M aryland portion o f  C hesapeake  
Bay. S ex  ra tio s (m a le  to  fem a le )  for crabs sam p led  in  the  
C hesapeake and D elaw are Canal com b ined  w ith  im m ediately  
adjacent waters in C hesapeake Bay and D elaw are Bay (in sa lin ities  
o f  0 .6  to 2 .3 %o) ranged from 1.0  (June 1972) to 5 .8  (A ugust 1971) 
for recruitm ent stage classification  (1 -5 9  m m  carapace w idth), 0 .4  
(June 1972) to 4 .7  (Septem ber 1971) for growth stage classifica- 
t io n (6 0 to  1 Í9  m m  carapace w id th ),an d  1 .9 (A u g u st 1971 ) to 16.0  
(A ugust 1972) for mature stage ( >  120 m m  carapace width) 
(M iller et al. 1975). M uch lower m ale to fem ale sex  ratios varied  
from  0 .3  to 1.8 for crabs sam pled by the sam e m ethods in  Tangier 
Sound, M d ., a h igher sa lin ity  area than the C hesapeake and 
D elaw are Canal and adjacent waters (M iller et al. 1975). Tagatz 
(1968a) reported that 60  to 90%  o f  crabs sam pled in the lower 24  
km  o f  the St. Johns River, F ia ., from  January through September, 
w ere fem ales w h ile  only 10 to 25%  o f  crabs sam pled from  O ctober 
through D ecem ber were fem ale. In the next 2 4  km  upstream , 75%  
o f  the crabs sam pled from  D ecem b er through February were 
fem ales, w hereas from  March through N ovem ber 15 to 55%  were 
fem ales. M ales dom inated the lower salin ity  areas (farther up
stream than 48  km  from the m outh o f  the river). A ccording to 
Eldridge and Waltz (1 9 7 7 ), incidental crab catch contained 84%  
fem ales during shrim p traw ling operations conducted  prim arily 
during w inter in high salin ity  areas ( e .g . ,  sounds) w ithin  0 .8  to 4 .8  
km  offsh ore o f  South C arolina. Crab pot ca tch es, w hich  are 
prim arily in lower salin ity  w aters, contained  72%  m ales and 28%  
fem ales in southern qstuaries o f  South C arolina (E ldridge and 
Waltz 1977). Van E n gel8 reported that 85 to 95%  o f  the winter 
dredge crab fishery o f  Virginia is adult fem ales.

4 .1 3  S ize  com position

T agatz (1 9 6 5 )  m onitored  s iz e  c o m p o sit io n  o f  com m ercia l 
catches o f  the St. Johns River, Fia. (8 0  sam ples from  crab pot 
catches y ie ld in g  1 1 ,6 2 0  individuals and 12 sam ples from  trawl 
catches y ield in g  1 ,655 individuals). The m odal 10 mm  carapace 
width interval for both gear types w as 160 to 169 m m . M ean  
carapace w idths from  three different areas along the St. Johns 
River ranged from  155 to 166 m m .

M ean carapace w idths o f  m ales from  com m ercia l crab pot 
catches from five estuaries in South Carolina ranged from  135,5 to
137.9  m m , w h ile  m ean carapace widths o f  fem ales ranged from  
148 to 154 mm  (E ldridge and Waltz 1977).

4 .2  A bundance and density (o f  population)

4 .2 2  C hanges in abundance

Variations in abundance o f  blue crabs can be estim ated  to som e  
extent by exam in in g  fluctuations o f  annual com m ercial catches, 
although factors other than abundance such as dem and and ex
vesse l price a lso  affect blue crab landings. A m ong m any factors 
that cause w ide fluctuations in annual population sizes o f  blue 
crabs are: 1) M aturation at an early a g e (  1 to 2 yr), 2 ) short life  span

*W. A. Van Engel. Virginia Institute o f M arine Science, Gloucester Point. VA 
23062. pers. com m un. August 1982.
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(3  to 4 yr), and 3) natural catastrophes that m ay cause higher than 
average m ortality rates during hatching or winter (D intam an9).

In the m id -1930’s , the d eclin e o f  the Rhode Island blue crab 
fishery began (Jeffries 1966). By the early 1940’s , com m ercial 
landings were no longer recorded (Table 6).

In a 3-yr sam pling study in Core Sound, N .C ., juven ile  crabs ^  
4  cm  reached greatest numbers between D ecem ber and A pril in 
creeks, follow ed by m igrations to deeper waters, causing low  
annual am ounts o f  this s ize  range in M ay (D udley and Judy 1973). 
These authors proposed using the m ean catch o f  juvenile  blue crabs 
from  creeks in this area as an annual index o f  juvenile  abundance 
and predictive m easure for subsequent adult abundance.

4 .2 4  C hanges in density

M iller et al. (1975) reported catch density values (num ber o f  
crabs/m 2 x  IO- 3 ) o f  three s ize  classes o f  crabs (recruitment: 1-59 
m m  carapace w idth, growth: 6 0 -119  m m  carapace w idth, and 
m ature: 2  120 m m  carap ace w id th) in  D e la w a re  Bay and  
C hesapeake Bay (E lk River) near the C hesapeake and D elaw are  
Canal, the C hesapeake and D elaw are Canal itse lf, and Tangier 
Sound. For “recruitm ent s iz e ,” values changed from 1.27 in June, 
to 0 .8 8  in A ugust, to 0 .2 8  in  Septem ber in the Elk River, and 0 .5 5  
in June, to 0 .0 8  in A ugust, to 0 .0 7  in Septem ber in upper D elaw are  
Bay. For the “grow th” size  c la ss , catch density values varied from  
1.99 in June, to 2 .4 9  in A ugust, to 1 .04  in Septem ber in the Elk  
River and from  0 .6 5  in June, to 1 .56  in A ugust, to 0 .1 6  in  
Septem ber in upper D elaw are Bay. Catch density values were at 
least two to three tim es greater for crabs in each size  class in 
Tangier Sound than in the Elk River sam pling area for sim ilar  
sam pling periods. A lso , catch density values in the C hesapeake  
and D elaw are Canal were 0 .8  or lower for the growth size  c la ss, 
0.1  or lower for the recruitm ent size  c lass, and 0 .3  or low er for the 
mature size class.

4 .3  Natality and recruitment 

4 .3 3  Recruitm ent

Tim e to recruitment to blue crab fisheries varies according to 
geographical reg ion , m ostly  as a function  o f  peak sp aw n in g  
periods and length o f  grow ing season . In C hesapeake Bay, crabs 
hatched in M ay m ay reach 5 to 6 cm  (carapace width) in N ovem ber  
and 12.7 cm  the fo llow in g  A ugust (15 m o to m aturity), or crabs 
hatched in A ugust to Septem ber m ay reach 1.3 cm  in N ovem ber,
7 .5  to 10 cm  the fo llow in g  Novem ber, and 12.7 cm  in M ay (20  m o  
to maturity) (Van Engel 1958). In southern estuaries o f  South  
Carolina, m ost recruitm ent to the blue crab pot fishery occurs 
in Septem ber and O ctober for m ales and O ctober and N ovem ber  
for fem ales (E ldridge and Waltz 1977). In Texas and the St. 
Johns River, F ia ., recruitment occurs approxim ately 1 yr fo llow 
ing spawning; therefore peak recruitment in Texas is in M ay to 
July and Septem ber to O ctober (M ore 1969), w h ile  in the St. 
Johns River, peak recruitment occurs from March to Septem ber  
(Tagatz 1968a).

Recruitment into the M aryland portion o f  C hesapeake Bay is 
determ ined by reproductive success o f  blue crabs spaw ned in the 
Virginia portion o f  the Bay and the exten t o f  m igrations o f

‘R. C. Dintaman. Tawes State Ot'tice Biiildinti C-2. 5K0 Taylor Ave., Annapolis. 
MD 21401. I t o h i  "The status o f the blue crab population in M aryland's oceanside 
bays.” 21 p. (mitneoitr.).

ju v e n iles  (Su lk in  1977). Year c la ss strength in the M aryland  
portion o f  C hesapeake Bay is determ ined prim arily from  sam pling  
areas in Tangier and P ocom oke Sounds, w hich  are im portant 
nursery areas for early juven ile  instars (D intam an 1982). A bun
dance o f  crabs in the size  range o f  61 to 120 m m  carapace width that 
are sam pled in Septem ber and O ctober provide a goo d  indication  o f  
the fo llow in g  spring’s harvest in the M aryland portion o f  C hesa
peake Bay and M aryland’s oceanside bays (D intam an footnote 9 ).

4 .4  M ortality and morbidity

4 .4 2  Factors a ffectin g  m ortality rates

Factors a ffectin g  natural m ortality rates o f  b lue crabs include  
predation, d isease , extrem e weather con d ition s, environm ental 
contam inants, and lack o f  food availability . Presum ably, lack o f  
food availab ility  is esp ecia lly  im portant for blue crab larval stages. 
D ifficu lty  in  quantitating these factors is reflected in the sm all 
am ount o f  data present in the literature. Van E n gel (1982b )  
reported that extrem e temperature d ec lin es during January 1977  
and February 1978 in C hesapeake Bay were correlated w ith high  
m ortalities in V irginia’s w inter crab-dredge fishery. A lso , during  
winter low pressure centers accom panied  by high w inds in south
ern C hesapeake Bay often  cause strong onshore surface currents 
coupled with strong offshore subsurface currents that result in 
abrasion o f  blue crabs sw ept along the bottom  in shallow  waters 
(Van Engel 1982b). Gray crab d isease w as prevalent (percent 
occurrence not reported) in sam ples o f  dead blue crabs during 1966  
and 1967 from South Carolina (M cK enzie 1970).

4 .4 3  Factors affectin g  m orbidity rates

See section  3 .35 .,

5 EXPLOITATION

5.1  Crabbing equipm ent

5.11 Gear

In the early years o f  the C hesapeake Bay fishery, trotlines were 
the principal gear used for catch ing hard blue crabs, but eventually  
the crab pot (patented by L ew is in 1938) becam e the ch ie f  gear for 
hard blue crabs except during winter (Van E ngel 1962). The pri
mary gear in winter in the Virginia fishery is the crab dredge, a 
heavy, rectangular fram e, bearing a 1.8 m (6-ft) toothed drag bar 
on its lower ed g e , follow ed by a m esh bag m ade o f  rings, cotton , 
and tw ine (Van Engel 1962). D escriptions o f  com m ercial crabbing 
gear include those by W harton ( 1954) and Cargo (1 9 5 4 ).

Typical C hesapeake Bay crab pots are com m on ly  0 .6  m (2 ft) 
square, top and bottom , and 5 3 .3  cm  (21 in) h igh , m ade o f  18 
gauge steel wire o f  2 .9  cm  m esh ( 1 Ya in) sp ec ia lly  treated with z in c  
(Warner 1976). Crab pots consist o f  tw o to four con ical funnels 
serving as entry ports, a partition separating the “upper” and 
“ low er” section , w hich u tilizes a blue crab’s tendency to sw im  up 
and aw ay from the bottom  if alarm ed, and a cylindrical bait " b ox” 
in the center o f  the lower section  (Warner 1976). Crab pots are set 
about 3 0 .5  m ( 100 ft) apart at the edges o f  river or bay channels o f  
C hesapeake Bay in depths o f  1.8 to 18 m (6  to 60  ft), with actual 
fishing tim e averaging 2 .5  h /1 0 0  pots (Van Engel 1962). The  
number o f  pots used by com m ercial crabbers in M ississippi Sound  
ranged from 65 to 4 0 0  (Perry 1975).
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Trotlines are plain cotton tw ine con sistin g  o f  bait (e e l, other 
fishes, or chicken  parts) tied interm ittently to the lin e  0 .4  to 1 .6  km  
(0 .2 5  to 1 m i) set in water depths o f  1 .5  to 4 .5  m  (5 to 15 ft). H eavy  
m etal ob jects, such as en gin e  b locks, are used as anchors at either 
end, attached to 1.2 to 1.5 m (4  or 5 ft) o f  chain , a rope pennant, 
and several p lastic  (b leach) bottles serv in g  as m arker buoys  
(Warner 1976).

Otter trawls used in North Carolina are generally  10 .6  m  (33 ft) 
across the m outh and have 10 cm  stretched m esh  at the cod end 
when used prim arily to harvest crabs and a 3 .1  cm  stretched m esh  
at the end w hen used prim arily to harvest shrim p (F isch ler 1965).

Crab dredges and crab scrapes are described briefly in se c 
tion 5 .4 1 .

5 .1 2  Boats

D redge boats in the Virginia winter dredge fishery are usually
9 .7  to 12 .2  m (3 2  to 4 0  ft) long, w ith tw o dredges som etim es towed  
sim ultaneously. Boats usually contain a captain plus a crew  o f  two  
or three persons (Van Engel 1962).

5 .2  B lu e crab areas

5 .2 1  General geographic distribution

S ee section  2 .1 .

5 .2 2  G eographical ranges 

S ee  section  2 .1 .

5 .2 3  Depth ranges 

See section  5 .1 .

5 .2 4  C onditions o f  the grounds

P ollution  by K epone contam ination (Roberts and L eggett 1980) 
has forced the closure o f  the blue crab fishery in the Jam es River, 
Va. Total blue crab catch from the James River estuary declined  
90%  from  1972 through 1975 (Schim m el et al. 1979), whereas 
landings from the adjacent Rappahannock R iver estuary did not 
d eclin e  appreciably over the sam e period.

5 .3  Crabbing seasons

G eorgia and G u lf C oast States (Florida, A labam a, M ississip p i, 
Louisiana, and Texas) have no c losed  season  for harvesting blue 
crabs (Bearden 1978). In South Carolina it is unlaw ful to trawl 
sp ecifica lly  for blue crabs in specified  offshore areas and sounds 
from April through Novem ber. In Virginia and North Carolina it is 
unlaw ful to catch b lue crabs with crab scrapes or dredges betw een  
1 April and 1 D ecem ber and 1 April and 30 N ovem ber, respectively  
(Bearden 1978). Capture o f  hard crabs is unlaw ful in M aryland  
waters betw een 1 January and 1 A pril. North Carolina and Virginia  
have designated sanctuary areas in which crabbing is unlawful 
during certain season s (Bearden 1978).

5 .4  Crabbing operations and results

5 .41  Effort and intensity

Catch per unit effort (pounds/pot day =  total pounds caught on a 
given  day -s- number o f  pots used on  a given  day) in M ississippi 
Sound averaged over m onthly periods ranged from  1.3 to 7 .2  lb 
(0 .6  to 3 .3  kg) over a 3-yr period for com m ercial size  crabs (Perry 
1 9 7 5 ) .'A ccording to Perry (1 9 7 5 ), rises in catch per unit effort 
accom panied 1) m igration periods o f  mature fem ales into the 
Sound, 2) fall-w inter arrival o f  fem ales from Lake Borgne, L a ., 
and 3) maturation o f  both se x es in early spring with warm ing  
temperatures.

Several studies have evaluated  catch effic ien c ies o f  various 
sam pling gears, both m odified  and unm odified , for several size  
classes o f  b lue crabs. A  crab dredge divided equally  into lined  (1 .3  
cm  m esh) and unlined  (7 .6  cm  m esh) portions had significantly  
better catch effic ien cy  o f  crabs <  60  m m  carapace width in the 
lin ed  section  (Sulk in  and M iller 1975). A lso , a lined  crab dredge 
(1 .3  cm  m esh) had sign ificantly  better catch effic ien cy  than a lined  
oyster dredge (1 .2  cm  m esh) for tw o size  cla sses (1 -5 9  and 6 0 -119  
m m  carapace w idth). For experim ental sam pling purposes, no 
sin g le  gear type e ffectiv e ly  sam ples all juvenile  stages and adults, 
all season s, depths, and bottom  types considered (M iller et al. 
1980). C om parison o f  a push net (8 1 .3  cm  w ide, 6 0 .9  cm  high , 0 .6  
cm  stretch m esh b ag), a crab scrape (9 6 .5  cm  w id e , 38 .1  cm  high, 
0 .6  cm  stretch m esh net), and an otter trawl (w orking width o f  3 .6  
m , cod  end lined  with 0 .6  cm  stretch m esh netting) indicated that 
the crab scrape had h ighest catch effic ien cy  (num ber o f  crabs/m 2) 
in each o f  three carapace width size  classes (1 to 20  m m , 20 .1  to 40  
m m , 40 .1  to 6 0 .0  m m ). A lso , M iller et al. (1980) m entioned  that a 
crab scrape can be operated by one person and is cheaper than an 
otter trawl.

Sam pling studies in the York River, Va. (0  to 15 mí upstream ), 
evaluated the effects o f  tow  duration and attachment or rem oval o f  
a tickler chain  (2 0  m m  link) w ith a 9 .1  m sem iballoon  trawl on  
catches o f  blue crabs (C hittenden and Van Engel 1972). Five- 
m inute tow s produced m ean catch values sim ilar to either 10- or 
15-m in tow s. C atches alm ost tripled when the tickler chain  w as 
attached to the trawl.

A nnual sam pling o f  blue crabs (all sizes) in M aryland from  M ay  
through O ctober is conducted with a 4 .9  m (1 6  ft) sem iballoon  otter 
trawl for 6 m in at a speed  o f  4  kn (D intam an 1982, footnote 9 ). 
Average catch values were low er for 3 .6  m ( 12 ft) and 7 .6  m  (25  ft) 
trawls conducted  on an experim ental basis in the m id-1970's  
(D intam an 1982).

5 .4 2  S electiv ity

An experim ental se lf-cu llin g  crab pot containing tw o escape  
rings (6 .3 5  cm  diam eter) in the top and one (6 .3 5  cm  diam eter) in 
the bottom , trapped on ly  9 .5 %  (72  o f  761 crabs caught) sublegal 
crabs ( <  127 mm carapace w idth) com pared with 37.691  sublegal 
crabs (398  o f  1 ,059) caught in com m ercial crab pots w ithout 
escape rings (E ldridge et al. 1979). A ccording to E ldridge et al. 
(1 9 7 9 ), advantages o f  a se lf-cu llin g  crab pot (3 escape rings, each  
6 .3 5  cm  diam eter) include: 1) L ess cu llin g  required by law  abiding  
crabbers, 2) less injury to sublegal crabs, and 3) reduced law  
enforcem ent problem s and fewer deliveries o f  illegal crabs to 
processors. S im ilar studies for ideal escape ring size  may be 
necessary in various regions having a blue crab fishery if  length to
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width relationships o f  crabs are appreciably different from those in 
South Carolina (Eldridge et al. 1979).

5 .4 3  Catches

C om m ercial blue crab landings (hard crabs) along the Atlantic 
and gu lf coasts o f  the United States are listed  in Tables 7 through 9. 
A lso , com m ercial fisheries for the peeler and soft crab stage o f  blue 
crabs are listed in Table 10. Only M aryland, V irginia, Louisiana, 
and North Carolina currently have important fisheries for soft shell 
crabs. Suggested  m ethodology for estim ating annual total harvest 
for blue crabs using sim ple or stratified random sam p lin g  o f  
licensed  crabbers via questionnaires w as described by Sum m ers, 
H offm an, and Richkus (1983) and Sum m ers, R ichkus, H offm an, 
B onzek. K ing, and Burch (1983).

Crab pots and otter trawls are principal gear types for hard crab 
harvesting in several states. The G eorgia blue crab fishery consists  
m ainly o f  otter trawls and crab traps or pots (Palm er 1974). O ver a 
5-yr period (197 2 -7 6 ) a mean o f  1 3 .4 ± 5 .8 %  o f  the annual hard 
crab harvest resulted from shrimp otter trawls and 0 .9  to 12.8%  o f  
the harvest in different years resulted from  crab otter trawls 
(W heeland 1975; P ilegg i and Thom pson 1976, 1978, 1980; W ise

Table 7. —  C om m ercial b lue c rab  landings (h ard  crabs) o f  New England« M iddle 
A tlan tic , and  C hesapeake Bay fisheries (in  thousands of kg ).1

Year
Rhode
Island

Connec
ticut

New
York

New
Jersey Delaware M aryland Virginia

1939 71.5 1.7 18.8 2,174.8 348.7 10,934.4 12.243.0
1940 53.6 29.0 364.3 125.9 6,824.2 10,449.5
1941 5,436.8 7 .135.4
1942 37.9 0.1 333.5 177.1 6,377.9 8,464.4
1943 4.8 176.9 10.9
1944 132.9 10.9 7,788.4 10,863.7
1945
1946 0.1 11,557.8- 12.196.6
1947 1.7 286.0 566.6 11,608.0 15,587.4
1948 1.4 6.7 299.6 662.4 9.361.7 19,382.7
1949 1.5 905.4 1,013.8 10,048.0 18,456.3
1950 0.5 3.8 967.7 2.002.9 12,495.1 21,063.6
1951 0.8 3.2 474.7 2.109.3 12,338.1 17,061.7
1952 1.7 25.8 484.2 567.5 12,484.6 15,225.9
1953 0.4 2.2 34.0 271.5 784.5 11 ,971 .1 14,677.4
1954 13.6 0.9 20.4 395.4 1,322.0 8,659.1 14,741.0
1955 0.9 19.5 286.0 1.276.6 6,915.3 12,206.7
1956 1.8 4.1 314.1 1,706.1 9,628.4 11.688.2
1957 1.4 4.1 551.1 2,234.6 12,879.5 11.295.5
1958 1.4 8.2 394.1 1,114.1 12.301.1 8,060.3
1959 0.9 0.9 446.3 749.1 9 ,618.9 9.601.2
1960 1.4 0.4 695.9 947.5 12,288.9 17,828.6
1961 1.8 0.4 293.3 344.6 12,102.7 19,965.1
1962 0.9 683.3 855.3 12,558.1 24,366.6
1963 0.4 390.9 236.9 7.688.0 20.946.7
1964 0.4 258.3 142.1 10,233.2 '23 ,413.7
1965 0.4 410.9 247.9 14,527.1 22,955.6
1966 310.5 259.2 13,789.3 28,933.9
1967 210.5 130.8 11,162.9 24,890.1
1968 61.3 101.2 4 ,242.6 20.357.8
1969 282.4 231.5 10,448.3 15,272.6
1970 0 .4 340.9 276.0 11,320.5 19,526.9
1971 0.4 500.8 460.4 11,838.0 21.704.4
1972 652.4 1.158.6 10,660.8 22.043.5
1973 1.167.7 1.077.3 8 ,870.7 16.682.7
1974 1,246.2 1.020.6 11,195.6 18.545.9
1975 1,302.9 1,612.1 11.015.9 15,807.8
1976 1,223.9 1.618.5 8 .821.2 11.695.5

11939-67 =  Fishery Statistics o f the United States, U.S. Dep. Inter.. Fish Wildi. 
Serv., Stat. Dig. 1-61. 1968-76 =  Fishery Statistics o f the United States. U .S. Dep. 
Comm er.. NOAA. NM FS. Stat. Dig. 62-70.

and T hom pson 1977). Hard crab harvest from pots plus traps 
averaged 7 9 .9 ±  11.5%  over the sam e 5-yr period. In A labam a, 
hard crab harvest from 1972 through 1976 averaged 9 5 .9 ±  1.9%  
from crab pots with the rem ain ing catch resulting from  shrim p otter 
trawl operations (W heeland 1975; P ilegg i and T hom pson 1976, 
1978, 1980; W ise and T hom pson 1977). L ik ew ise, in M ississippi 
Sound, m ost o f  the com m ercia l hard crab catch is harvested with  
crab pots (Perry 1975). Crab pots produced 9 5 .4 ± 2 .3 %  o f  the 
total annual hard crab harvest in Texas from  1972 through 1976. 
Crab otter trawls in  North C arolina contributed 15.6  ±  6 .6%  o f  the 
total hard crab catch from  1972 through 1976, w hereas crab pots 
produced 7 6 .7 ± 7 .2 %  o f  the hard crab catch. O ver a 10-yr period  
(1 9 6 5 -7 5 ), Eldridge and Waltz (1 9 7 7 ) estim ated that 12% o f  South  
C arolina’s com m ercial crab landings were from  trawl catches, 
w h ile  m ost o f  the rem aining catch resulted from  crab pots.

T he hard crab fishery o f  M aryland results m ainly from  crab pots 
(62 .1  ±  3.5% ) and trotlines (3 7 .4  ± 3 .5 % )  as indicated by the 1972  
to 1976 period (W heeland 1975; P ilegg i and T hom pson 1976, 
1978, 1980; W ise and T hom pson 1977). This represents a larger 
contribution (total k ilogram s and percentage o f  total catch) from  
trotlines than in any other blue crab fishery. E stim ates o f  blue  
crabs harvested in 1981 based upon sim ple and stratified random  
sam pling o f  licen sed  crabbers v ia questionnaires indicated that 
com m ercial crab potters and trotliners accounted for 51 and 36%  o f  
the annual harvest, resp ectively  (Sum m ers, R ichkus, H offm an, 
B onzek , K ing, and Burch 1983).

T able 8 .— C om m ercia l b lue c ra b  land ings (h ard  crabs) of 
South  A tlan tic  fisheries (in  tho u san d s o f kg).1

Year2
North 

Carolina ^
South

C arolina Georgia Florida'1

1939 1,295.7' 1.133.5 999.8 2,038.9
1940 ¿8 1 9 .5 1.879.5 1.065.8 2,561.7
1949 "*933.3
1950 3.032.9 1,302.6 2.282.5 2 ,799.6
1951 3.551.3 1.156.9 2,963.0 3 ,956.4
1952 2,797.4 1,182.5 4 .294.0 3,692.6
1953 4,761.1 1,709.8 4.206.6 4 ,303.9
1954 4.416.1 1,129.5 4,830.6 4 ,462 .9
1955 4,303.9 2,108.4 4,878.2 5,737.2
1956 3,743.2 863.5 3,878.1 5,346.7
1957 5,253.7 1,627.1 4,071.5 5 .373.0
1958 5,685.4 2,196.9 4 ,623.0 7 ,577.3
1959 6,691.5 2,166.5 5.727.6 9 ,310.6
I960 6,781.0 3,232.9 7,157.8 11,626.9
19 6 1 7,209.5 2,121.1 5,589.6 11,175.6
1962 5,548.3 2 ,877.0 5,585.6 8,274.1
1963 8,551.1 4 ,012 .0 6,583.0 9 ,851.3
1964 10.937.8 4 ,283 .9 5.235.5 9 ,542.0
1965 10,139.6 3,368.7 4,657.6 12,058.7
1966 8,586.9 2,598.7 3,884.4 10,836.9
1967 6,479.5 2,382.1 3.857.1 10,576.4
1968 8,703.2 1,753.3 1,665.7 7 ,092.8
1969 10,060.2 3,745.5 2,336.7 7 ,857.8
1970 9,479.5 3,155.3 3,219.8 10,244.5
1971 6,572.1 3,408.6 3,829.5 9 ,720.6
1972 6,119.5 3,369.6 4.112.8 7,700.3
1973 5,431.2 3,610.2 3.624.7 6 ,134 .9
1974 5,976.5 3.426.8 4.599.5 7,993.1
1975 5,026.7 2,896.5 4,024.7 7 ,714.4
1976 5,326.3 2.605.9 2,666.3 7,296.7

' 1939-67 =  Fishery Statistics o f the United States, U .S. Dep. 
Inter., Fish Wildi. Serv., Stat. Dig. 1-61. 1968-76 =  Fishery 
Statistics of the United States. U .S. Dep. Com m er., NOAA, 
NM FS. Stat. Dig. 62-70.

2 No data for 1941-48.
'includes Atlantic and gulf coast catches, combined.
4G ulf coast catch only.
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W inter crab dredge fisheries exist in N ew  Jersey, D elaw are, and 
V irginia. Over the 1972 through 1976 period , crab dredging  
operations contributed an average o f  18 .6  ±  6 .3%  o f  N ew  Jersey’s 
hard crab catch and 2 1 .2  ± 5 .1 %  o f  V irginia’s total annual hard 
crab catch (W heeland 1975; P ilegg i and T hom pson 1976, 1978, 
1980; W ise and T hom pson 1977). From 1974 through 1976, 
D elaw are’s crab dredging operations contributed 15.3  ± 5 .1 %  o f  
that state’s hard-crab harvest. The large rem ainder o f  hard crabs 
harvested in each o f  these states was from  crab pots or traps -  
(8 1 .3  ± 6 .3 %  for N ew  Jersey and 7 8 .6 ± 5 .1 %  for Virginia).

S in ce  1960, usage o f  trotlines in Louisiana for hard crab capture 
has steadily decreased from  75%  o f  the total catch to 1% in 1977, 
w hile  hard crabs harvested by crab traps has increased from  1 to 
98%  over the sam e period (Roberts and T hom pson 1982).

G enerally, increases or decreases in catches o f  hard crabs from  
one year to the next occur sim ultaneously for N ew  Jersey and 
D elaw are (Table 6 ), probably due to dependence on the m outh o f  
the D elaw are Bay as a m ajor spaw ning site  for several river  
populations in both states. Sim ilarly, hard blue crab landings in  
Virginia and M aryland generally  increased or decreased in  the 
sam e years due to the dependence o f  crab fisheries in  both states on 
the spaw ning area at the m outh o f  C hesapeake Bay (Table 6).

Peeler and soft crabs in M aryland were harvested m ainly by crab 
scrapes ( 7 7 .8 ± 4 .0 % ) ,  pound nets (10 .1  ± 2 .2 % ) , and peeler pots 
(8 .2  ±  2.0% ) over a 5-yr period from 1972 through 1976. Over the 
sam e tim e interval, 55 .1  ±  10% o f  V irginia’s peeler and soft crab 
harvest resulted from peeler pots, 1 5 .8 ± 8 .7 %  resulted from crab 
scrapes, and 2 8 .9 ±  11.9%  resulted from  pound nets.

Table 9 .— C om m ercial b lue c rab  land ings (h a rd  c rab s) o f 
G u lf  C oast S tates (in thousands o f kg ).1

Year2 Alabama M ississippi Louisiana Texas

1939 253.1 667.1 5,097.8 184.5
1940 626.8 675.7 6,384.1 114.6
1948 1,077.1 2,498.2 9,583.8 238.9
1949 966.1 1,890.0 8 ,114.7 169.8
1950 271.7 „ 1,834.2 5,950.3 175.8
1951 503.5 736.9 3,954.2 127.0
1952 297.5 783.6 3,329.6 153.4
1953 493.5 641.0 3 ,691.4 196.1
1954 441.3 570.2 3,216.6 172.1
1955 732.3 800.4 4,908.2 161.6
1956 329.2 898.5 4 ,268.5 88.5
1957 663.7 1,089.6 3,885.8 91.2
1958 536.6 964.3 4,238.5 258.8
1959 496.2 1,363.3 4 ,344.8 541.2
1960 226.5 1,276.6 4,562.7 1,301.6
1961 380.5 1,137.3 5,407.1 1,305.3
1962 287.8 411.8 4 ,323.4 2 ,030.7
1963 588.8 504.8 3,623.8 1,352.9
1964 799.9 583.8 2 ,584.0 1,127.0
1965 822.6 768.2 4 ,214.0 1,644.4
1966 991.1 661.5 3 ,625.0 1,261.2
1967 1,068.3 461.8 3 ,431.8 1,191.8
1968 898.9 515.7 4 ,336.2 1,854.1
1969 871.7 789.9 5,267.3 2,879.7
1970 638.8 920.2 4,655.3 2.508.3
1971 906.6 571.6 5 ,532.4 2 ,637.7
1972 732.3 618.3 6,847.7 2 ,934.7
1973 952.5 824.0 10,478.3 3,123.9
1974 829.0 756.8 9 ,370.6 2,763.9
1975 744.6 516.2 7,783.3 2,720.4
1976 589.8 606.1 6.905.8 3,027.3

11939-67 =  Fishery Statistics of the United States. U .S. Dep. 
Inter.. Fish Wildi. Serv.. Stat. Dig. 1-61. 1968-76 =  Fishery 
Statistics o f the United States, U.S. Dep. Com mer., NOAA, 
NMFS, Slat. Dig. 62-70.

2 No data tor 1941-47.

S in ce 1957, o cean sid e  blue crabs (hard and soft crabs) have 
com prised betw een  1 and 7% o f  the total annual catch o f  blue crabs 
in M aryland on an annual basis (D intam an footnote 9). D uring  
A pril, the oceanside bays contribute the majority o f  the total catch  
o f  blue crabs in M aryland w aters, m ost o f  w hich are interm olt, hard 
crabs. The prim ary m onth for harvest o f  so ft/peeler crabs is usually  
M ay in the ocean side  b ays, fo llow ed  by peak total blue crab 
catches (hard, peeler, and soft crabs com bined) in C hesapeake Bay 
from  June through September.

Peak harvest m onths for blue crabs in A labam a (M ob ile  Bay) are 
July, A ugust, and Septem ber (Tatum 1979). B lue crabs (hard) are 
harvested prim arily from  M arch through O ctober in North Carolina  
w aters, w h ile  soft sh e ll crabs are harvested prim arily from  April 
through July (Pèarson 1951). Peak m onths for hard crab catches in 
L ouisiana are July and A ugu st, w hereas low est m onthly y ie ld s  
occur from  D ecem ber through M arch (Roberts and T hom pson  
1982). Peak crab pot catches occur from  June to N ovem ber in 
South Carolina and the trawl fishery for blue crabs operates m ainly  
from  D ecem ber through M arch (E ldridge and Waltz 1977).

T hough recreational fish ing for blue crabs is substantial in 
locations where im portant com m ercial fisheries ex ist, recreational 
catch statistics for b lue crabs are generally  not availab le. Sport 
crabbers were estim ated  to land about 2 2 ,5 0 0  kg (5 0 ,0 0 0  lb)

T able 10 .— P eeler an d  so ft shell b lue  c ra b  fisheries in  th e  U nited S ta tes (in  
thousands o f kg).1

Year
New

Jersey Delaware Maryland Virginia
North

Carolina Louisiana

1939 27.8 11.5 1,468.1 1,263.5 78.5 97.5
1940 24.9 9.9 812.9 /  897.6 129.8 114.3
1941 379.7 776.1
1942 24.3 4.2 746.9 656.2
1943 9.9 2.9 '
1944 9.6 *. 2 -9 504.8 1.099.8
1945
1946 1,173.0 745.4
1947 0.2 1.4 1,366.7 1 .109.0
1948 1.4 4 .0 845.5 1,257.8 399.9
1949 5.8 26.2 1,058.3 1,139.4 206.7
1950 6.2 4.3 1,315.7 1,466.6 94.8 164.8
1951 4.6 3.0 412.7 663.1 75.9 159.0
1952 3.6 2.0 720.8 1.002.2 56.4 203.4
1953 2.3 0 .9 865.3 1.171.8 76.2 221.6
1954 3.2 1.4 361.8 585.2 43.1 206.6
1955 4.9 3.6 545.2 820.8 11.8 263.8
1956 4.1 0.9 830.4 824.5 32.2 272.4
1957 2.3 0 .4 718.7 732.8 29.1 250.2
1958 2.3 0.4 1,482.3 611.9 34.5 261.9
1959 0.4 772.7 689.6 59.3 274.7
1960 7.7 18.2 1,265.8 721.9 41.3 233.4
1961 25.9 24.5 1,222.1 711.9 45.9 281.5
1962 70.8 11.8 1,766.9 611.5 44.5 156.2
1963 15.0 1.4 957.0 430.8 37.7 149.4
1964 4.5 0 .9 1,588.1 453.1 31.8 90.8
1965 15.0 5.4 1.223.1 489.9 107.6 92.6
1966 1.8 0 .4 855.3 466.7 57.2 58.1
1967 2.3 1.4 992.4 552.5 39.0 66.3
1968 0.4 0.9 454.9 365.9 38.1 128.9
1969 4.1 4.1 1.021.0 894.8 42.2 89.4
1970 15.0 4.5 717.3 413.0 27.2 40.9
1971 5.9 8.2 694.6 314.6 22.2 57.7
1972 6.8 33.1 715.1 389.5 22.7 46.3
1973 10.4 15.4 686.9 446.3 20.4 54.0
1974 57.2 38.6 827.2 369.6 15.0 43.6
1975 17.7 750.9 342.3 9.1 49 .9
1976 40.9 669.2 345.4 9.1 40 .0

' 1939-67 =  Fishery Statistics o f the United States. U.S. Dep. Jnter.. Fish Wildi. 
Serv.. Stat. Dig. 1-61. 1968-76 =  Fishery Statistics of the United S tates. U .S. Dep. 
Comm er.. NOAA, NM FS. Stut. Dig. 62-70.
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annually in M ississippi waters (H erring and Christmas 1974, cited  
in Perry 1975). Tatum (1979) estim ated that the recreational catch 
equals about 2091- o f  the com m ercial catch in M obile Bay, A la.

6 PROTECTION A N D  M A N A G E M E N T

6.1  Regulatory m easures

6 .11  Lim itation or reduction o f  total catch

M inim um  sizes allow ed for harvest o f  hard crabs, p eelers, and 
soft crabs in various states are listed  in Table 11. S in ce  the 
m inim um  harvestable size  for hard crabs is 10 .2  cm  (4  in) in 
A labam a, percentage o f  immature fem ales com pared with mature 
fem ales harvested should be evaluated to determ ine i f  the m ini
m um  size is perm itting capture o f  too  m any im mature fem ales.

Table I I . — M inim um  size lim its an d  laws reg ard in g  pro tection  o f fem ales for 
various states having  blue c ra b  fisheries.1

State Minimum size limits Laws protecting females

D elaw are” Hard crabs— 5 in Possession o f egg bearing females 
caught in Delaware waters unlawful

M aryland Hard crabs— 5 in‘* Possession of egg bearing females
Peelers —  3 in 
Soft crabs— 3.5 in

caught in M aryland waters unlawful

Virginia Hard crabs— 5 in Unlawful to catch female crabs within
{Adult females, peelers a designated sanctuary area from
and soft crabs exempt) 15 M ay to 15 September

North Carolina Hard crabs— 5 in 
{Peelers exempt)

None

South Carolina Hard crabs— 5 in Possession o f egg bearing females
(Crabs in commercial caught in South Carolina waters
shedding floats exempt) unlawful

Georgia Hard crabs— 5 in Unlawful to retain spawning females
Peelers— 3 in 
Soft crabs— 3 in

May or June

Florida Hard crabs— 5 in Unlawful to sell egg bearing blue crabs
Mississippi None Unlawful to harvest sponge crabs 

from south o f intracoastal waterway, 
com m encing at A labama-M ississippi
boundary and running west to Gulf- 
port-Ship Island Channel

Alabama Hard crabs— 4 in None
Louisiana Hard crabs— 5 in 

Soft crabs— 1.5 in
Retention o f berried females unlawful

' From Bearden ( 1978). 
s From M iller (1976).
3M ature females may be harvested in M aryland regardless o f size.

6 .1 2  Protection o f  portions o f  population

Law s protecting gravid ( i .e . ,  berried, sp on ge, eg g  bearing) 
fem ales in various states are listed in Table 11. Eldridge and Waltz
(1 9 7 7 )  reported that 85%- o f  im m ature fem ales captured in 
com m ercial crab pots were less than the m inim um  legal size  o f  5 in 
(127  m m) carapace width in several South Carolina estuaries. 
T h erefore , the authors su ggested  that retention  o f  im m ature  
fem ales, regardless o f  actual size , should be discouraged.

6 .4  Control or alteration o f  the b io log ica l features o f  the 
environm ent.

6.41  Control o f  aquatic vegetation

The im portance o f  eelgrass as a habitat for blue crabs has 
prompted investigations to evaluate the causes for its d eclin e  in

abundance in C hesapeake Bay as w ell as m ethods o f  restoration o f  
eelgrass beds and evaluation o f  lim itin g  factors for growth o f  
eelgrass. Orth (1 9 7 7 ) induced significant increases in  b iom ass o f  
eelgrass in fertilized  (5 or 10% N H 4N 0 3 , 10% P20 5 , 10% K 20 )  
plots com pared with unfertilized , adjacent plots in  C hesapeake  
Bay o f f  Church N eck  on the “D elm arva” Peninsula, Va.

6 .5  A rtificial stock ing

A n attempt to supplem ent a natural population o f  b lue crabs near 
C risfield , M d ., by m eans o f  ovigerous fem ales in shedd ing floats, 
failed because o f  low  survival o f  the fem ales, possib ly  as a result o f  
transport from the areas o f  capture (Graham and B eaven  1942). 
Additionally^ larval survival rate w as low  s in c e  sa lin ity  w as  
probably below  the m inim um  level o f  18X, for su ccessfu l hatching  
(D avis 1965) and below  the m inim um  level o f  20%» for early larval 
developm ent (C ostlow  and Bookhout 1959). D ram atic increases  
occur in survival rate o f  b lue crabs in the laboratory beg in n ing  with 
the first crab stage (M illik in  1978; M illik in  et al. 1980) com pared  
with larval stages reared in the laboratory (see  section  3 .2 2 ) . This 
su g g ests  that any attem pts to supplem ent natural popu lations  
w ould m ore lik ely  be su ccessfu l if  early juvenile  stages were used.

7 SO FT C R A B  SH E D D IN G  OPERATIONS

7 . 1 Use o f  cultured blue crabs

B lue crabs are often harvested in the peeler stage (1 to 3 d 
premoit) in M aryland, Virginia, North C arolina, and L ouisiana  
for subsequent culture until ecd ysis in shedding floats in natural 
waters or land-based flow-through shedding tanks located near 
natural w aters. B lu e  crabs st ill in the so ft sh e ll stage (A O ,  
esp ecia lly  <  3 to 6 h after m oltin g , are rem oved from  water to 
prevent further sh ell hardening (exocu tic le  m ineralization) and 
packed in ice for shipm ent or stored frozen for eventual human 
consum ption . A lso , peeler crabs o f  a m inim um  size  o f  3 in (7 .6  cm ) 
are often sold  as bait for sport fishing in C hesapeake Bay (H aefner  
and Garten 1974).

7 .2  Procurem ent and m aintenance o f  stock

B lue crabs are harvested in the peeler stage by several gear 
types, m ainly as a function o f  m ating season  and location  o f  
vegetated areas w hich can provide refuge for crabs from  predators 
during the soft shell stage. Peeler pots are larger versions o f  
com m ercial crab pots but with sm aller m esh (2 .5  cm ). Usually, 
peeler pots are “baited” with two or three liv e , adult m ale crabs 
w hich m ay attract as m any as 20  or 30 fem ale peelers approaching  
their term inal m olt into the peeler pots (Warner 1976). Use o f  bare 
pots (w ithout bait or large m ale crabs) is less com m on  and used  in 
areas devoid  o f  bottom  vegetation , where the pot m ay appear to be 
a refuge to peeler stage crabs. Peeler pounds consist o f  a w ire lead 
(2 .5  cm  m esh) oriented perpendicular to the shore w hich  channels 
peelers into the head section  w hich is 0 .0 8  x  0 .11  x  0 .1 4  m (3 x  
4 x 5  ft) w hich is not com p lete ly  covered at high tide (O tw ell 
and Cato 1982). Crab scrapers in C hesapeake Bay harvest the 
largest portion o f  peelers and soft crabs, catching as m any as 2 0 0  to 
500/d  during peak occurrence o f  m ating, m ostly in seagrass beds 
(Warner 1976). T he first peak occurrence o f  peelers in C hesapeake  
Bay occurs in the third or fourth w eek o f  M ay (w ater temperature 
approaching 18°C) near a full m oon (Warner 1976). Experim ental 
work in South C arolina, d esigned  to determ ine the best m ethods for

30



harvesting peelers in that area, indicated a peak run o f  fem ale 
peelers preparing for their term inal m olt during the w axing and 
w aning o f  the fu ll m oon in  A pril (B ishop  et al. 1982, 1983). 
Optim al m ethods for peeler crab capture in South Carolina were 
evaluated by com paring hard crab pots, fyke nets, bush lin es, 
habitat pots (sim ilar to hard crab pots except w ith 2 .5  cm  m esh , 
covered with interw oven plastic flagging tape and unbaited), and 
peeler pofs (B ishop et al. 1983). Crab scrapes were not evaluated  
due to the lack o f  subtidal grass beds in South C arolina. Bush lines  
and fyke nets were unsuccessfu l because o f  the strong tidal cur
rents ( >  1.8 km /h) and large tidaL am plitude (1 .5  m  =  m ean) in 
South Carolina. Large intertidal areas o f  marsh m ay aiso  have 
rendered bush lin es less effective . Habitat pots captured 2 .5  tim es  
as m any m ale peelers as fem ale peelers and 2 .5  tim es as m any late 
prem olt crabs (6 d or less prem olt) as early prem olt crabs (7 to 14 d 
prem olt). Hard crab pots captured the h ighest am ount o f  peelers/ 
gear-day, but cu llin g  and dam age to peelers from  interm olt crabs 
reduces this gear’s effectiven ess. Peeler pots on ly  captured good  
numbers o f  peelers during the full m oon  o f  A pril. Bush lines  
are unique to the L ouisiana soft crab fishery and consist o f  six  or 
seven  branches o f  w ax m yrtle. M y rica  cerifera , bound together 
at the bases and tied  to the crabbing lin e  at regular intervals 
(Jaworski 1972).

Soft shell crab production has h istorically  been  low  in South  
C arolina, G eorgia, F lorida, A labam a, M ississip p i, and Texas. 
A ccording to Perry et al. (1 9 8 2 ), m inim al growth o f  the soft crab 
industry in these states is prim arily the result o f  lack o f  a reliable  
source o f  supply o f  peeler crabs.

Initial investigations have suggested  that heated effluents in 
discharge canals from power plants m ay provide a feasib le culture 
m edium  for soft shell crab production during w inter (R eim er and 
Strawn 1973; Parker et al. 1976). T he m ain season for soft shell 
crab production is A pril to O ctober in  C hesapeake Bay and March 
to O ctober in  L ouisiana (R eim er and Strawn 1973).

7 .4  Spaw ning

See section s 3 .1 7 , 3 .2 1 , and 3 .2 2 .

7 .5  Shedding operation m anagem ent

M olting  sign s on the translucent penu ltim ate and ultim ate  
segm ents o f  the fifth pair o f  pereopods (sw im m in g paddles) o f  
juven ile  and adult blue crabs include the fo llow ing: 1) W hite sign  
or lin e  (7 to 14 d), 2) pink sign or line (3 to 6  d), and, 3) red sign  or 
lin e  (1 to 3 d prem olt) (Van Engel 1958; Warner 1976; Perry et al. 
1982). External signs often  associated  w ith the red sign  stage are 
possession  o f  w ell developed , lim b buds due to regeneration o f  
autotom ized pereopods or changes in  the color o f  the abdom en o f  
an immature fem ale approaching her pubertal m olt from cream y  
w h ite  to reddish purple (Perry et a l. 1982). O ther external 
characters related to m olt stage that are com m only used within  
com m ercial shedding operations or by crabbers are: 1) Papershell 
(sligh tly  st iff  exosk e leton , 12 h p ostm olt), 2) buckram (crinkly  
hard exoskeleton . 24  h postm olt), and 3) external carapace sim ilar  
to intermolt (72  h postm olt) (Warner 1976).

At least four or five shedding floats or tanks are desirable to 
separate various m olt stages, such as w hite  lin e , pink lin e , red line, 
and busters (crabs that are m olting) (Van Engel 1958) into different 
containers (Bearden et al. 1979). P in e  w ood sh ed d in g  floats 
constructed with laths on the sides and ends for water circulation

are often  about 3 .7  m  long x  1 . 1 m  w ide x  0 .3  m to 0 .4 5  m deep  
w ith 23 cm  o f  water depth in the float (B eaven  and Truitt 1940).

N ick in g , a process w hereby crabbers push in the free or m ovable  
segm en t (d acty l) o f  the ch elip ed  until it snaps and b ecom es  
nonfunctional, is often  perform ed to reduce cannibalistic behavior  
in shedding operations. H owever, ex cessiv e  b leed ing  or sw ellin g  
m ay result in low ered rates o f  su ccessfu l m olting  (B eaven  and 
Truitt 1940; H aefner and Garten 1974) or potentia lly  harmful 
bacterial in fection  (John son 10).

A lthough blue crabs occur in a w ide range o f  sa lin ities (see  
section  1 .36 ), recently harvested peelers should not be placed in 
shedding tanks having a salin ity m ore than 10%. different from  the 
area o f  harvest (H aefner and Garten 1974).

E yestalk  rem oval from  the m egalopal stage o f  b lue crabs in the 
laboratory prom otes m olting (C ostlow  1963b), s in ce  the m olt- 
inhibiting horm one occurs in the X -organ/sinus gland com plex  
w ithin  the eyestalks. S till, rem oval o f  eyestalks o f  blue crabs 
o f  peeler s ize  or larger is not recom m ended becau se o f  high  
m ortality rates o f  subadults and adults fo llow in g  this procedure 
(Van Engel 1982a).

7 .6  Foods; feed ing

B lue crabs in the peeler stage or buster stage do not require food , 
sin ce  feed ing activ ity  tem porarily ceases until after m oltin g  (Van 
E ngel 1958; H aefner and Garten 1974; Johnson 1980). O bserved  
final feed ing  activ ity  prior to ecd ysis occurred at variable tim e  
intervals for 79  m olts undertaken by 68 crabs (2 .9  to 6 .9  cm  
carapace w idth) reared in  the laboratory (M illik in  unpubl. data) 
as follow s:

L a st d a y  o f  fe e d in g  a c tiv ity  F requency (nu m ber
p r io r  to  m o ltin g  (d ) ' o f  m olts)

I t  -  3
6  ' 9
5 6
4  7
3 14
2 26
1 14

It is notew orthy that these crabs were acclim ated  to laboratory  
culture con d ition s, w hereas recently harvested peelers that are 
placed in shedding tanks do not have tim e to acclim ate before  
ecd y sis . N everth eless, these data strongly suggest that blue crabs 
in  natural waters derive nutritional benefit from  feed consum ption  
up to and in clu d in g  part o f  the “red sign s ta g e .” T herefore, 
laboratory-acclim ated crabs should be offered food at least through  
the w hite sign  and pink sign stages prior to m olting.

7 .7  D iseases

See section  3 .3 5 . S h ell d isease and param oebiasis are two  
d iseases that som etim es occur in shedding operations (Sinderm ann  
1977a; Johnson 1 9 7 7 0 - A lso , if  early prem olt crabs that are still 
feed ing are m istakenly placed in shedding tanks w ith late prem olt 
peeler stage crabs, bacterial infection in late prem olt peelers may 
result from  w ounds inflicted by the early prem olt crabs.

“ 'P. T. Johnson, Northeast Fisheries Center Oxford Laboratory, National M arine 
Fisheries Service. NOAA, Oxford. MD 21654. pers. com mun. July 1982.
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