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Synopsis of Biological Data on the Blue Crab,
Callinectes sapidus Rathbun'

MARK R. MILLIKIN? and AUSTIN B. WILLIAMS?®

ABSTRACT

This sy

is reviews ta

P

y, morphology, distribution, life history, commercial hard and soft shell

crab fisheries, physiology, diseases, ecology, laboratory culture methodology, and influences of environmental
pollutants on the blue crab, Callinectes sapidus. Over 300 selected, published reports up to and including 1982

are covered.

INTRODUCTION

The importance of the commercial and recreational fisheries of
the blue crab, Callinectes sapidus Rathbun, along the Atlantic and
Gulf of Mexico coasts of the United States is reflected in the large
amount of basic and applied research conducted with this species,
both past and present. Life history and the fishery for the blue crab
have been described for Delaware (Hall 1976), Chesapeake Bay
(Hay 1905; Churchill 1921; Pearson 1948; Van Engel 1958), North
Carolina (Pearson 1951), South Carolina (Eldridge and Waltz
1977), Georgia (Palmer 1974), St. Johns River, Fla. (Tagatz
1968a, b), the Atlantic coast states in general (Sholar 1982), gulf
coast of Florida (Oesterling 1976), Alabama (Tatum 1979), Mis-
sissippi (Perry 1975), Louisiana (Jaworski 1972, 1982; Adkins
1982; Roberts and Thompson 1982), and Texas (More 1969). A
partial bibliography by Cronin et al. (1957) and an annotated bibli-
ography by Tagatz and Hall (1971) on the blue crab have served
researchers, fishery managers, and commercial crabbers. In view
of the continuing contributions to the knowledge of life processes
of this species, a synopsis of biological data of C. sapidus is
presented.

1 IDENTITY
1.1 Nomenclature
1.11 Valid name

Callinectes sapidus Rathbun 1896.
1.12 Objective synonymy

It is not necessary to cite here all references to descriptions or
figures attributable to C. sapidus. The synonymy below is a
modified version of that given by Williams (1974) and does not
distinguish objective and subjective synonyms.

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

*Southeast Fisheries Center Charleston Laboratory, National Marine Fisheries
Service, NOAA, P.O. Box 12607, Charleston, SC 29412.

*Northeast Fisheries Center Systematics Laboratory, National Marine Fisheries
Service, NOAA, National Museum of Natural History, Washington, DC 20560.

Portunus hastatus Bosc 1802 (eastern North America; not Cancer
(= Portunus) hastatus Linnaeus 1767).

Lupa hastata Say 1817 (eastern North America; not L. hastatus
Desmarest 1823 = Cancer hastatus Linnaeus 1767).

Portunus diacantha Latreille 1825 (variety; North America,
Antilles, Brazil, etc., types not extant; restricted to Philadelphia,
Pa., by Holthuis (1962), and name suppressed by International
Commission on Zoological Nomenclature (1964) ).

Lupa dicantha Gould 1841 (variant spelling of P. diacantha
Latreille 1825; also DeKay 1844; Holmes 1858).

Callinectes diacanthus Stimpson 1860 (western Atlantic).

Callinectes hastatus Ordway 1863 (western Atlantic; also A. Milne
Edwards 1879; Rathbun 1884; Young 1900).

Neptunus (Callinectes) diacanthus Ortmann 1894 (Florida; Haiti;
Brazil).

Callinectes sapidus Rathbun 1896 (eastern North America and
Caribbean).

Callinectes sapidus acutidens Rathbun 1896 (Brazil).

Callinectes africanus A. Milne Edwards and Bouvier 1900 (= a
figure of C. sapidus).

1.2 Taxonomy
1.21 Affinities
Suprageneric

Phylum Arthropoda
Class Crustacea
Subclass Malacostraca
Order Decapoda
Suborder Pleocyemata
Infraorder Brachyura
Superfamily Portunoidea
Family Portunidae
Subfamily Portuninae

Generic
Callinectes Stimpson, 1860

The generic concept is that of Stimpson (1860), emended by
Rathbun (1896), and Williams (1974), who gave the following



description: Portunid crabs lacking an internal spine on carpus of
chelipeds. Abdomen of males broad proximally, narrow distally,
roughly T-shaped; first segment broad, almost hidden; second
segment broad, slightly overlapping coxae of fifth pereopods at
each side; third-fifth segments fused and tapering sinuously from
broad third to distally narrow fifth; sixth segment elongate and
narrow; telson ovate with acute tip. Abdomen of females exhibiting
two forms: Immature females with abdomen triangular from fourth
segment to tip of telson, segments fused; mature females with
abdomen broadly ovate (excluding telson), segments freely artic-
ulated; first segment almost hidden; second and third segments
slightly overlapping coxae of fifth pereopods at each side; fifth and
sixth segments with greatest sagittal length; sixth segment narrow-
ing distally in irregular broad arc to articulate with triangular telson.
Abdomen and telson of both sexes reaching anteriorly beyond
suture between thoracic sternites IV and V.

The type-species is Callinectes sapidus Rathbun 1896, by des-
ignation of the International Commission on Zoological Nomen-
clature (1964:336).

Stimpson (1860) created the genus Callinectes to contain
portunids in which the males have a T-shaped abdomen and the
merus of the outer maxillipeds is short, sharply prominent, and
curved outward at its external angle. Today only Stimpson’s ab-

dominal character helps to distinguish Callinectes from similar
portunid genera, the obvious affinities leading both Stephenson and
Campbell (1959) and Stephenson (1962) to challenge the validity of
Callinectes, although Stephenson et al. (1968) agreed to its
distinctness after numerical analysis of 57 characters in 41 species
of portunids in 4 genera. Strengthening this position is the lack of
an internal distal spine on the carpus of the chelipeds of both the
megalopa and all crab stages in Callinectes, whereas this spine is
always present, occasionally prominent, in all Portunus species.

Specific

The following species diagnosis for adult specimens of Calli-
nectes sapidus (Fig. 1) is quoted from Williams (1974:779):

“Carapace bearing two broad either obtuse or acuminate,
triangular frontal teeth with mesial slopes (incorporating a pair of
rudimentary submesial teeth) longer than lateral slopes [Fig. 1].
Metagastric area with posterior width approximately 1.2 times
length, anterior width about 2 times length. Anterolateral margins
slightly arched; anterolateral teeth exclusive of outer orbital and
lat=ral spine obtuse to acuminate and directed outward more than
forward. Much of surface smooth, with scattered granules, but
granules concentrated locally on mesobranchial, posterior slope of

Figurc 1.— Mature male Callinectes sapidus from North Carolina in dorszil view. Measured features indicated by numbered lines: 1, carapace length; 2, carapace width to
base of lateral spines; 3, carapace width including lateral spines; dimensions of metagastric area: a, anterior width, b, length, c, posterior width. Other features include: F,
frontal teeti1; O, outer orbital tooth; AL, anterolateral teeth; LS, lateral spine; PL, posterolateral margin; EP, epibranchial line; ES, epistomial spine; MB, mesobranchial
area; CA, cardiac area; BL, branchial lobe; cheliped: M, merus; C, carpus; P, propodus; D, dactyl (figure reproduced from Williams 1974).



cardiac, and anterior portion of mesogastric area; a tendency to
crowding of granules into transverse ridge at summit of cardiac and
mesobranchial area in some individuals. Sculpturing of surface
varying individually from low to raised relief. Lateral spines vary-
ing from rather stout, blunt, and forward trending to slender,
elongate, and slightly backward trending. Epibranchial line nearly
straight over branchial region, otherwise sinuously curved.

“Propodus and carpus of chelipeds with moderate finely gran-
ulate ridges, width of chelae similar, propodal finger of major hand
occasionally with lower margin decurved proximally.

“Male abdomen and telson reaching about midlength of thoracic
sternite 1V, telson lanceolate, much longer than broad; sixth
segment of abdomen broadened distally. Mature female abdomen
and telson reaching about midlength of thoracic sternite I'V: telson
with inflated sides almost equilaterally triangular, fitth and sixth
abdominal segments equal in length [Fig. 2]. First gonopods of
male very long, reaching beyond suture between thoracic sternites
1V and V but not exceeding telson; sinuously curved and overlap-
ping proximally, diverging distally, twisting mesioventrally on axis
lateral to abdominal locking tubercle and recurving to termination
near midline; armed distally with row of large and small retrogres-
sive spinules following ventral and lateral borders with twist of axis;
tip membranous, tlared portion suggesting an elongate quadrilateral
in outline. Gonopores of female paraboloid in outline with apex on
iong axis directed anteromesad, aperture of each sloping from
surface on mesial side under irregularly rounded and linearly
wrinkled anterior border superior to bulbous posterolateral border.”

Size: A male from Chesapeake Bay measuring 9 in (227 mm)
in carapace width has been reported (Williams in press). A female
measuring 204 mm across the carapace, including lateral spines,
with a length of 75 mm was reported by Williams (1974). He stated
(p. 779) that “mature size of females varies considerably, the
smallest examined having a carapace length of 21 [mm], width at
base of lateral spines 41 [ mm], including lateral spines 55 [ mm].”

Color: (From Williams 1974:780) “Grayish, bluish, or brown-
ish green of varying shades and tints dorsally on carapace and
chelipeds; spines may have reddish tints, tubercles at articulations
of legs orange, and legs varyingly blue and white with traces of red
or brownish green. Males with propodi of chelae blue on inner and
outer surfaces. . .and tipped with red. Mature females with orange

Figure 2.—Composite ventral view of thoracic sternites (Roman
numerals), abdomen (Arabic numerals), and telson (T) in situ. a,
mature male; b, mature femal i le (figure repro-
duced from Williams 1974).

€, ture fe

fingers on chelae tipped with purple. Underparts off-white with tints
of yellow and pink.”

According to Williams (1974:780), “Color variations other than
those associated with sexual dimorphism and molt cycle are known.
Albinos or partial albinos are in museum collections and have been
reported both in systematic literature and elsewhere.” Other colors
reported are: An adult male lacking dorsal green coloration and
bright blue and scarlet markings on the legs, the upper surface of the
carapace being “robins egg blue” and the appendages paler than
usual, but abdomen and underparts with normal color; a bilateral
gray and brown colored specimen (summarized by Williams 1974).

Type-specimens: No longer extant.

Type-locality: Restricted to “east coast of United States™
(Williams 1965).

For nomenclatural purposes, Holthuis (1962) selected a lectotype
from Latreille’s (1825) original material from Philadelphia, Pa. It is
almost certain that Latreille’s material no longer exists, though it is
equally probable that his specimens were from North America. By
that designation, the “typical” sapidus is associated with a
population belonging to the eastern United States and particularly
to the Middle Atlantic States.

Subspecies: Williams (1974:780) pointed out that “there are
morphological variations in this species having far greater system-
atic interest than size and color.” Study of many specimens from
throughout the range of the species bears out the conclusion of
Chace and Hobbs (1969) that extreme variants “are so different
from each other that they could easily be interpreted as distinct
species,” but there is “no point of demarcation” — morphological,
geographic, bathymetric—between the “typical” rather blunt-
spined form predominating along the east coast of the United States
and the acute-spined form, named C. sapidus acutidens by Rath-
bun, predominating from Florida southward.

According to Williams (1974:780), “Rathbun (1896) character-
ized the ‘acutidens’ form (paraphrasing) as being wider than the
‘typical’ with all prominences more strongly marked, areolations
separated by deeper depressions, granules more raised, gastric
ridges stronger and more sinuous, a transverse granulate ridge on
each cardiac lobe, frontal teeth narrower and more acute and bear-
ing two small intervening teeth, anterolateral teeth broad at base and
narrowing abruptly to long acuminate tips with margins granulate,




lateral spines longer than in ‘typical’ specimens of equal size, and
ridges of chelipeds quite prominent and strongly granulate.

“I thought for a time that a species distributed through approxi-
mately 85° of latitude from North Temperate through Tropic to
South Temperate Zones might reflect responses to temperature in
spination or other characters, "typical’ structure being prevalent in
the temperate zones and sharp spination in the tropics, the differ-
ences thereby justifying nomenclatural recognition. There is weak
but inconsistent evidence for this pattern. Though ‘acutidens’
individuals are uncommon outside the tropics, intermediates occur
everywhere to some degree, and some ‘typical’ individuals occur in
the tropics. Genetic pooling or environmental response reflected in
morphology seems poorly structured.

“I consider the whole C. sapidus complex to be a single species
which has diverged into ill defined populations in certain portions
of its range. The ‘acutidens’ form predominates over most of the
latitudinal range, but there are variations. Among these are ‘typical’
features that reach their most pronounced expression in the popula-
tion along the east coast of the United States. Taxonomic thinking of
biologists has been clouded by the fact that the form originally
described was the North American variant which became the
standard against which all comparisons were made.

“Callinectes sapidus is the member of the genus which has most
successfully invaded the Temperate Zone, and in this respect it may
be that speciation into forms associated with temperature regimes
is progressing, but the process is not yet complete enough that
morphological separation is distinct.”

A detailed key for identification of the various species of Calli-
nectes was presented by Williams (1974). Diagnostic characters of
importance for adults include granulation of the carapace, shape
and size of frontal and anterolateral teeth, and shape of the male
gonopods. Distinguishing characters of various Callinecres sp.
occurring in the western central Atlantic (lat. 35°N to 5°N: long.
50°W to 95°W) were described by Williams (1978).

Keys to species occurring in eastern and southern United States

Callinectes sapidus is the only species in the genus having 2
broad based, triangular teeth located on the front between the inner
orbital teeth. The 7 species of Callinectes whose ranges may
overlap in parts of the eastern and southern United States can be
identified with the aid of the following keys adapted from Williams
(1974). Also, color and morphology of these species were discussed
by Norse and Fox-Norse (1982).

Key to species based on carapace (excluding juveniles)

la.  Front with 2 prominent, broad based, triangular teeth
between inner orbitals; each with or without rudimentary
submesial tooth on mesial slope ............ C. sapidus
1b.  Front with 4 teeth between inner orbitals or 2 prominent
teeth separated by a space often bearing pair of rudimen-
tary submesial teeth . .......... ... ... ... ... L 2
2a.  Submesial pair of frontal teeth well developed and more
than half as long as lateral pair (measuring from base of
latzral notch between teeth) ............... C. bocourti
2b.  Frontal teeth decidedly unequal in size, submesial pair
no more than half as long as lateral pair (measuring from
base of lateral notch betweenteeth) ................. 3
3a.  Carapace very smoothly granulated, lines of granules
visible but barely perceptible to touch (except epi-
branchial line variably prominent) ........... C. similis

3b.

4a.

4b.

6a.

6b.

2a.

2b.

2a.

3b.

4a.

4b.
Sa.

5b.

6a.

6b.

Carapace not so smooth, scattered granules and lines
of granules quite evident to sight and touch ........... 4
Carapace coarsely granulated; anterolateral teeth (exclu-
sive of outer orbital and lateral spine) lacking shoulders
and swept forward o wsiuismii i nisaeiuiwsae s n 5
Carapace finely granulated; anterolateral teeth 2-6 (exclu-
sive of outer orbital, 7-8 and lateral spine) with shoulders,
not swept forward ........... ... ... i 6
Anterolateral teeth well separated, all except first 3 and
lateral spine with anterior margins concave; chelipeds
with ridges finely granulated .............. C. larvatus
Anterolateral teeth adjacent, stout, anterior margins not
noticeably concave, fifth tooth often largest; chelipeds
with ridges coarsely granulated ......... C. exasperatus
Submesial pair of frontal teeth absent or vestigial
...................................... C. ornatus
Submesial pair of frontal teeth never vestigial, but no
more than half length of lateral pair........... C. danae

Key to mature or nearly mature males
based primarily on first pleopods

Tips of tirst pleopods falling well short of suture between
thoracic sternite VI and mesially expanded sternite VII . 2
First pleopods reaching to, almost to, or beyond suture
between thoracic sternite VI and mesially expanded

sternite: Vil : v azssmssmeinvspsmpisisimesmsamesmes 4
First pleopods well separated from each other, never
touching or crossed: tips not lanceolate .............. 3

First pleopods overlapping each other, often crossed;
tipsilanceolate . qccnasnssmasniemasmsamsne C. ornatus
First pleopods slender distally, nearly straight, tips bent
slightly mesad . .......................... C. similis
First pleopods fairly stout distally, angled toward midline
then abruptly bent forward in short slender terminal
EXteNnSION . ....... .. C. larvatus
Tips of first pleopods curved abruptly mesad
................................... C. exasperatus
Tips of first pleopods not curved abruptly mesad . ...... 5
First pleopods with tips never extending beyond abdom-
inal locking tubercle on thoracic sternite V, slender distal
part almost straight, minutely spined, tips almost always
bent Ventrolaterally ; cou s o sem s 50w o s sie s C. danae
First pleopods with tips extending beyond abdominal
locking tubercle on thoracic sternite V, slender part
definitely curved or sinuous, variously spined, never
bent ventrolaterally attip . ... . cv s cmiysiwns wsamm s oy o 6
Front with 2 prominent, broad based, triangular teeth
between inner orbitals; each with or without rudimentary

submesial tooth on mesial slope ............ C. sapidus
Front with 4 teeth between inner orbitals reaching nearly
COMMON-1EVEY ¢y wis s vwiss wusmvnwssmssmass C. bocourti

1.22 Taxonomic status

This is a morphospecies exhibiting some variation.

1.23 Subspecies

None. See section 1.21 for discussion on the “forms” of Calli-

nectes sapidus.



1.24 Standard common names, vernacular names
Blue crab

1.3 Morphology

1.31 External morphology

Detailed accounts of external morphology of the blue crab are
presented by Pyle and Cronin (1950) and in section 1.21 of this
Synopsis.

1.33 Protein specificity

Polymorphism of several enzymes of the blue crab have been
determined. Polymorphic enzymes for both Chesapeake Bay and
Chincoteague Bay blue crab populations include: Gonad acid
phosphatase, glutamate oxaloacetate transaminase-1, phospho-
glucose isomerase, hydroxybutyrate dehydrogenase, malic en-
zyme, 6-phosphoglucomate dehydrogenase, phosphoglucomutase,
esterase, peroxidase, a-glycerophosphate dehydrogenase, and
glyceraldehyde-3-phosphate dehydrogenase (Cole and Morgan
1978a). Only the first three enzymes provided reliable zymograms
in the gonad, muscle, and green gland tissues, respectively.
Monomorphic enzymes for both populations included acid phos-
phatase of the green gland, adenylate kinase, creatine kinase,
esterase (from gonad and gill), hexokinase-1 and -2, lactate
dehydrogenase-1 and -2, leucine amino peptidase-1 and -2, malic
dehydrogenase, sorbitol dehydrogenase, and xanthine dehydro-

genase. Comparison of muscle, eye, and serum protein from adult -

male crabs from the Choptank River, Md. (8 to 12% ), Backbay,
Va. (17 to 20% ), and Chincoteague Bay (35%.) with discontinuous
polyacrylamide electrophoresis yielded no differences in muscle
protein and low polymorphism in eye and serum proteins (Cole and
Morgan 1978b). In adult male crabs, lactate dehydrogenase
occurred as one band of activity and 6-phosphogluconate dehydro-
genase occurred as two bands of activity following electrophoretic
separation from each of seven tissues (muscle, heart, gill, vas
deferens, midgut gland, testes, and hypodermis) (Dendinger 1980).
Conversely, glucose-6-phosphate dehydrogenase occurred as four
bands of activity with different bands in different tissues.

Genetic similarity in the Chincoteague and Chesapeake Bay
blue crab populations is suggested from similar percentage poly-
morphism and similar gene frequencies of the polymorphic en-
zymes, acid phosphatase, glutamate oxaloacetate transaminase-1,
and phosphoglucoisomerase-1. Therefore, Cole and Morgan
(1978a) suggested that genetic uniformity is most likely maintained
by larval intermixing offshore and that recruitment to estuarine
populations of blue crabs is accomplished by immigration of
megalopae.

1.34 Aging
Aging of blue crabs is difficult because of the lack of annuli
formation on hard body parts. Variation in age to maturity is
covered in section 3.12.

1.35 Endoskeleton

A brief description of the endoskeleton was presented by Pyle and
Cronin (1950).

1.36 Hemolymph (blood)
Osmoregulation and ionic regulation

Except for the larval stages of development, blue crabs are
euryhaline and hyperosmoregulate in the majority of the salinities in
which they occur. Blue crabs sometimes occur in freshwater
habitats that have access to estuarine waters, at least seasonally
(Mangum and Amende 1972). Blue crabs have been reported in
freshwater in Louisiana (Gunter 1938), Florida (Odum 1953),
Virginia (Mangum and Amende 1972), and Delaware (Ettinger and
Blye 1981). Freezing-point depression determinations of blood
samples have shown that all adult crabs sampled were hyperosmotic
to salinities of 10, 20, and 30% (Tan and Van Engel 1966). Males
had more ability than females to regulate blood sodium concentra-
tions, especially at a salinity of 10%. , thereby suggesting a physio-
logical adaptation which allows adult male crabs to inhabit low
salinities (Tan and Van Engel 1966). Ovigerous females do not
regulate as well as nonovigerous, mature females or adult males at
salinities of 1.7 or 17%. (Tagatz 1971). This is consistent with the
fact that ovigerous females usually occur in salinities higher than
17%. . Temperatures between 10° and 30°C did not significantly
affect the osmoregulatory ability of various stages or sex of blue
crabs. According to Leffler (1975a), juvenile blue crabs (30-50
mm carapace width) reared in 25°C, hyperosmoregulate in media
of < 700 mOsm/l (25% salinity) and conform osmotically at
higher salinities. Regarding sodium ions, juvenile blue crabs
hyperosmoregulate in environments of up to 720 mOsm/1 (26%
salinity), whereas adult blue crabs hyperosmoregulate below 28%,
(Colvocoresses et al. 1974). Engel (1977) examined the acclima-
tion abilities of the blue crab and C. similis to osmoregulate in
salinities of 5, 20, and 35% . In agreement with distribution in
natural waters, hemolymph and muscle concentrations of Na™,
Cl™, and K™ indicated that adult C. sapidus is better adapted for
ionic regulation than adult C. similis at lower salinities (e.g., 57.).
Callinectes similis had significantly lower hemolymph Na™ and
Cl™ concentrations than C. sapidus at 5%. . Acclimation at the two
higher salinities (20 or 35%.) resulted in similar hemolymph Na™*
and Cl~ concentrations for both species. Engel and Eggert (1974)
showed that ovigerous and nonovigerous adult female blue crabs
have lower respiration rates than adult male blue crabs at a salinity
of 5% during summer.

The physiological mechanism allowing blue crabs to hyper-
osmoregulate was discussed by Mangum and Towle (1977) based
upon several experimental studies. Gilles (1973) reported increased
"CO, production as a result of amino acid catabolism, following
120 min exposure of isolated axons of blue crabs to salines con-
sisting of one of two salinities containing one of several uniformly
labelled (U-'*C) amino acids (arginine, alanine, leucine, glutamate,
aspartate, or serine). Oxygen consumption also increased in the
diluted medium (850 mOsm/l) compared with seawater (1,100
mOsm/l). Weiland and Mangum (1975) reported that decreased
salt concentrations of the blood in blue crabs are accompanied by
increases in blood pH. Thereafter, Mangum et al. (1976) demon-
strated that male blue crabs (100 to 235 g) produced higher amounts
of ammonia (and subsequent higher pH due to combination of NH;
+ H™) when acclimated to salinities of 28 or 5% compared with
crabs acclimated to 35%,. This is probably the result of increased
amino acid catabolism which occurs when blue crabs are located in
salinities lower than that of their blood (Gerard and Gilles 1972;
Gilles and Gerard 1974). An enzyme believed to be involved in the
“salt pump” of the blue crab, Nat + K™-dependent ATPase is
responsive to increased Na™ uptake in blue crabs migrating



upstream (Mangum and Towle 1977). Specific activity of this
enzyme in gill microsomes from crabs at a salinity of 5% was nearly
twice the value for crabs acclimated to a salinity of 34% . Mangum
and Towle (1977) suggested that an increase in blood NH,™ might
increase “extrusion” of Na™ from the gill cell into the blood.
Conversely, Kormanik and Cameron (1981) proposed that ammo-
nia excretion (free base, NH;) in adult blue crabs occurs via passive
diffusion in blue crabs adapted to 28 to 30%. salinity. These inves-
tigators demonstrated that the net excretion rate of ammonia was
unchanged by sodium transport inhibitor amiloride or by transfer
to Na™- and K™ -free artificial seawater. Cameron (1979) reported
that 33 to 50% of sodium effluxes and 50 to 70% of chloride
effluxes from adult blue crabs in freshwater resulted from ex-
change diffusion, with sodium and chloride transport probably
occurring via largely independent, electroneutral processes.

Hemolymph composition

Gleeson and Zubkoff (1977) estimated hemolymph volume
(25.4=1.4 ml at 95% confidence intervals) of 9 penultimate
instar females weighing 98.2+6.2 g (standard deviation) in the
intermolt-white sign molt stages (C4-D1).

An ultrastructural study of hemocytes prompted Bodammer
(1978) to suggest that granulocytes, hyaline cells, and intermediate
cells represent different stages of cytogenesis along a path of
cellular differentiation. Granulocytes were broadly oval, less
elongate (13.4 to 15.7 wm), and wider (6.8 to 9.3 um) than inter-
mediate cells. Hyaline cells were slightly round to oval, 7 to 13 um
diameter with centrally located nuclei. Intermediate cells were 13.5
to 19.5 wm long and 6.3 to 9.8 um wide with eccentric nuclei.

Lynch and Webb (1973a) found that serum protein of intermolt,
adult males (20-80 mg/ml) and females (35-100 mg/ml) did not
differ significantly. Temperature and salinity did not appear to
affect serum protein concentration. Total serum protein increased as
ovary weight increased. After egg transfer from the ovaries to the
pleopods, a slight decrease in serum protein occurred.

Serum glucose did not differ between males (2.3 to 125.5 mg/
100 ml) and females (1.3 to 305.3 mg/100 ml), nor did it vary with
reproductive stage of females (Lynch and Webb 1973b). However,
molt status of the crabs examined was not monitored. Serum
glucose levels were lowest in late summer/early fall in males and
“old year class” females. Glucose concentrations rose to yearly
high levels during spring and early summer (Lynch and Webb
1973b).

Serum zinc and copper of adult blue crabs have been found to be
unrelated to environmental temperature and salinity (Colvocoresses
and Lynch 1975). Serum copper (ranging from 35 to 150 ppm) was
directly related to total serum protein; probably as a result of copper
being a component of hemocyanin. Copper content of blue crab
serum ranged from 10.7 to 16.2 mg/100 ml (N = 6 at 227%, salinity)
(Mangum and Weiland 1975). Serum zinc (6 to 22 ppm) was also
strongly related to total serum protein, possibly as a result of zinc
being a cofactor for carbonic anhydrase.

Serum calcium concentrations of females in their penuliimate
instar were found to be similar regardless of salinity (10, 20, or
30%) within any one molt stage (Haefner 1964). Late premolt
females had 500 to 700 ppm serum calcium, early postmolt females
had 250 to 300 ppm serum calcium, and intermolt females had 420
to 450 ppm serum calcium (Haefner 1964).

1.37 Internal anatomy

The digestive, muscular, reproductive, circulatory, respiratory,
excretory, and nervous systems, and sense organs of the blue crab
were described by Pyle and Cronin (1950). Additionally, Cochran
(1935) described the skeletal musculature. Descriptions of ovarian
tissue at various stages of sexual maturity include those by Cronin
(1942), Hard (1942), and Johnson (1980). A detailed account of the
male reproductive system was presented by Cronin (1947). Anat-
omy and neurophysiology of the fifth pair of pereopods (swimming
legs) were described by White and Spirito (1973). Johnson (1980)
presented a detailed account of the histology of various blue crab
tissues and cell types including connective tissue, cuticle, epi-
dermis, gills, antennal gland and bladder, central nervous system,
the gut, circulatory system, hemopoietic tissue and hemocytes,
phagocytes, and male and female reproductive systems. Ultra-
structural features of the myocardium were described by Hawkins
et al. (1977). Special features discussed were components of the
myocardial cell, structure of the intercalated discs, and organization
of the neuromuscular junctions.

Gill morphometry of the blue crab was described by Aldridge and
Cameron (1982). Two types of gill epithelial surface included the
site presumed to be for respiratory exchange (0.5 wm in thickness)
and the primary site for active ion transport (averaging 10 um
thickness).

An anatomical and cytological description of the mandibular
gland of the blue crab was presented by Yudin et al. (1980). The
authors believe that this gland