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Chapter 7 

Reproduction Biology and 
Embryonic Development 

PAUL JIVOFF, ANSON H. HINES, AND L. SCOTT QUACKENBUSH 

INTRODUCTION 

Reproduction in the blue crab Callinectcs sapidus 
is a complex process requiring precise coordination 
of physiological, behavioral, and ecological processes 
to ensure reproductive success. Mating is timed to 
the female's maturity molt, which occurs once in 
the female's life (Van Engel 1958). It involves intri
cate interactions between males and females, and 
between competing males before, during, and after 
mating (Teytaud 1971; Gleeson 1980; Jivoff 1997a; 
Jivoff and Hines 1998b). Environmental conditions, 
such as temperature and salinity, can modify aspects 
of blue crab mating (and other aspects of reproduc
tion) because they influence the tinting of molting, 
as well as the structure of local populations, includ
ing the spatial and temporal distribution of crabs 
(Hines et al. 1987; Steele and Bert 1994). In blue 
crabs, and a variety of other species, the structure of 
local populations, such as the number of males and 
females that are ready to mate (operational sex 
ratio), influences an individual's ability to find and 
compete for receptive mates (Emlen and Oring 
1977; Borgia 1979). The evidence from other com
mercially important crab species suggests that fishing 
pressure influences reproduction in complex and 
profound ways (McMullen and Yoshihara 1971; 
Nizyaev and Fedoseev 1989; Sainte-Marie et al. 
1995; Jamieson et al. 1998) although how the blue 
crab fishery influences reproduction is still unclear. 
Effects could occur in a variety of ways such as 
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changes in population structure that reduce the 
reproductive success of individuals as well as removal 
of individuals before they have had a chance to 
reproduce. The blue crab reproductive cycle_ of 
molting, maturation, mating, and brood producaon 
differs from other fished crabs such that blue crab 
reproduction may respond differently to intense 
fishing pressure. Developing a better understanding 
of blue crab reproduction will not only lead to 
improved management of harvested populations but 
can also provide a good model for the evolution of 
life history strategies and mating systems. 

In this chapter, we review what is known about 
the reproductive biology of the blue crab and discuss 
potentially important aspects that are known in 
other crustaceans but still unknown in this species. 
The chapter is organized around five major topics 
including (1) sexual maturity, (2) reproductive sys
tems, including internal structures and external 
anatomy, (3) mating and insemination, (4) fertiliza
tion and brood production, and (5) embryonic 
development. 

SEXUAL MATURITY 
Sexual Dimorphism 

Blue crabs are sexually dimorphic. The most 
obvious difference in external anatomy between 
males and females is the shape and co]or of the 
abdomen (Figs. 1 A and B). The abdomen is long and 
slender throughout the life of the male. In contrast, 
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juvenile females have a triangular-shaped abdomen, 
which changes to a semi-circular shape at the termi
nal (puberta l) mo lt to maturi ty. In some o ther 
species of portunids, sexually mature males have tri
angular-shaped abdomens, similar to that of juvenile 
female blue crabs (Will iams ·1984) . 

T he color of the abdomen is white throughout 
the life of the male whereas pre-pubertal and adult 
females exhibit coloration on the abdomen. As pre
pubertal females progress towards the terminal molt, 
the abdomen changes from fa int shades of blue and 
red to dark blue or purple that eventually cover the 

entire abdomen; the perimeter of the abdomen is 
often red (Fig. 2). In adult females, the semi-circular 
abdomen may be greenish-blue or brown . Unbke 
some other families of crabs, including spider crabs 
(Majidae) and fiddler crabs (Ocypodidae), blue crabs 
do not exhibit marked sexually dimorphic chelae, 
except for differences in color. The inner and outer 
surfaces of the chclac and the dactyls arc blue and 
may be tipped with a reddish or purplish color in 
males, whereas the dactyls on the chclae of mature 
females are orange (Williams 1984). Two bisexual 
individuals have been reported from difl-en~nc areas 

Figure I. (A) External anatomy of male n;productivc system, sternal tubercle, prim ary_ I I 
0

1 pkopod, and se~o ndary 

120] pleopod (removed from primary pleopod) . White ar row shows approx1111ate 111scrt1on po111t of secondat: _pleo

pod into pr imary pleopod. (13) External anatomy of female rcproduwve system. (C) I n tt:rnal anatomy of m ah: •e:_~o-_ 

ductive system _ testis [Tl, pcnes IPENj, antt:rior vasa deferentia IAVDl, m1ddh: vasa dt:fcrc~1c1a !MVDl, P ~tc
11

01_ 

vasa deferentia jPVDI . (D) Internal anatomy of fe male reproductive system - ovary lOV l,_st:11111~11 reccptacle !SR.I 01 

spermatheca. Photos (A) :md (B) by P.R.Jivoff; (C) and (D) redrawn fro m Pyle and Cronm ( I 9:->0) . 
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of Chesapeake Bay (Cargo 1980; Jo hnson and O tto 
198] ). Bo th individuals exhibited bilateral division 

of external and internal characteristics, with no rmal 

male characteristics on the right side and normal 

femaJe characteristics on the left side. 

MALES 

Size at Maturity 

Male blue crabs reach sexual maturity at the 18th 

or 19th juvenile instar ( 18 or 19 post-larval molts) , 

and do not have a terminal molt at maturity (Van 

E ngel ·1958) . Sexual maturi ty is associated with size 

(Millikin and Williams ·1980) ; therefore the ti me 
required to reach sexual maturity is influenced by 

A 

B 

C 

factors affecting growth rates (e.g., water tem pera
ture; see also Sm ith and C hang , Chapter 6) . In 

C hesapeake 13ay, the size range (a ll measurements 
reported arc carapace width between tips of the lat

eral spines) of sexually mature males is approximately 

82 to 227 mm (Wil liams 1984), with 50% of males at 

I 07 mm showing fu ll sexual m aturity (Van Engel 
1990). Unlike so me other portunids (H aefoer 1985; 
C hoy 1988; Haefi1er 1990; Gonzalez-Gurriaran and 
Freire 1994; Pinheiro and Fransozo 1998), male blue 

crabs do not exhibit appreciable changes in exte rnal 

morphology at the pubertal instar (Newcombe et al. 

l 949b;Van Engel 1958). In other species from differ

ent families, various methods have been used for esti

mating the minimum size- at- maturity of males in 

Figure 2. External anatomy of pre-pubertal fema le progressing through the pubertal molt, including coloration of 

abdomen and epidermal retraction, and colo ratio n of second- to- last segment of the swimming appendage. (A) Inter

molt female (molt stage C). (B) Early molt stage female ID0- D JI. (C) Late mo lt stage female [D
3
-D_1]. Photos by A. 

Young- Williams. 
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the absence of distinct external morphological 
changes at sexual maturity, including the presence of 
"mating scars" on the chelae or carapace that show 
only after mating (Butler 1960; Ahl et al. 1996; 
Knuckey 1996), the initial appearance of spermato
phores in the reproductive tract (Pinheiro and Fran
sozo 1998), the ability of males to inseminate females 
(Paul and Paul 1989a), and the diameter of the aper
ture of the intromittent organ (K wei 1978). Gray and 
Newcombe (1938) approximated the minimum size 
at which male blue crabs attain sexual maturity as 89 
mm (approximately the 17th juvenile instar), because 
their growth rate increases at that size. Van Engel 
(1990) estimated a minimum size-at-maturity of 82 
mm using the appearance of traits required to 
accomplish copulation, namely that the penes are 
inserted in the secondary pleopods, the secondary 
pleopods are inserted in the primary pleopods (also 
known as gonopods or intromittent organs), and 
there are spermatophores in the gonads. 

In some portunid, cancrid, and majid crabs, 
males exhibit increased development of the gonads, 
positive allometric growth in pleopod length and 
chelae size, and appreciable changes in chelae mor
phology at the pre-pubertal or pubertal instars or 
both (Hartnell 1974; Pinheiro and Fransozo 1998). 
In blue crabs, one measure of chelae size (total 
length) in males exhibits an allometric relationship 
with carapace width (Jivoff 1997b) but it is lower in 
magnitude as compared with similar measures in 
some other species (Hartnoll 197 4). The changes in 
chelae size and form enhance the ability of males to 
compete for mates or physically control females dur
ing mating in blue crabs (Jivoff 1997b) and in many 
other species, including other portunids (Fielder and 
Eal es 1972; Hartnell 197 4; Berrill and Arsenault 
1982; Choy 1988; Gonzalez-Gurriaran and Freire 
1994), cancrids (Edwards 1964), majids (Orensanz 
and Gallucci 1988; Donaldson and Adams 1989; 
Homola et al. 1991; Claxton et al. 1994), ocypodidli 
(Henmi et al. 1993), and xanthids (Knuckey 1996). 

Characteristics of the Sexually 
Mature Male Reproductive System 

The internal male reproductive system is bi-lat
eral, generally "H" shaped, and consists of paired 

testes (sperm production) and vasa deferentia that 
are composed of three main sections: (1) anterior 
(spermatophore production); (2) middle (seminal 
fluid production); and (3) posterior (transports ejac
ulate to the penes) (Cronin 1947; Johnson 1980) 
(Fig. 1 C). The ejaculate of blue crabs consists of 
spermatophores (each containing many sperm) and 
seminal fluid. In sexually mature males, the testes are 
white and contain sperm (in all developmental 
stages), the anterior vasa deferentia are white and 
contain spermatophores, the middle vasa deferentia 
contain pink seminal fluid, and the posterior vasa 
deferentia are translucent and contain a greenish ... ' 
viscous secretory fluid that may aid in the transport 
of ejaculate (Fig. 3) (Cronin 1947;Johnson 1980). 

The external portion of the male reproductive 
system is located beneath the abdomen and consist'i 
of three sets of paired structures for transferring ejac
ulate to the female: the penes, the secondary pleo
pods, and the primary pleopodc; (Fig. 1 A). In imma
ture males, the abdomen is held tightly against the 
sternum by the sternal tubercles, a pair of "snap-fas
tener-like" structures (V.m Engel 1958). In sexually 
mature males (>115 mm), the abdomen is free of 
the sternal tubercles and can easily be pulled away 
from the sternum (Van Engel 1990). This movement 
is necessary during copulation because the male 
holds his abdomen away from his sternum (thus 
exposing the primary pleopods that are inserted into 
the external reproductive openings of the female) 
and delivers spermatophores and seminal fluid to 
each of her sperm storage organs. 

In many species of crabs, differences may occur 
among the sizes at which males are physiologically 
mature (produce sperm), morphologically (or mor
phometrically) mature (fully express secondary sex
ual characters), and functionally mature (actually 
mate) (Comeau and Conan 1992; Paul and Paul 
1995; Pinheiro and Fransozo 1998). To pass ejaculate 
to the female, a male blue crab must (1) pull his 
abdomen away from his sternum, (2) insert his penes 
into the secondary pleopodc;, and (3) insert the sec
ondary pleopods into the primary pleopods. The 
ability to perform these actions is achieved approxi
mately one molt after spermatophores appear in the 
(anterior) vasa deferentia (Van Engel 1990). In a 
sample of males from the lower Chesapeake Bay, the 
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Figure 3 . Internal an atomy of sexually 111awn: 111ak 

rcproductiw system. (A) W ithin the body c;1vi ry. (13) 

R cmowcl from body cavity - testis ITJ, ante rior vasa 

deferentia IAVDI, m idd le vasa cleferencia IMVDI. pos

terior vasa defe rentia IPVD I, spe rmatopho res ISi. 
Photo (A) by A .Yo ung-Williams and (13) by i>. it.Jivoff. 

percentage of males showing all of these characteris
tics was about 8% of 80 111111 males, 50'.¼) of 107 111111 
males, and more than 80'.1/i) of I 17 111111 111ales; these 
d:ita provide an estimate for the minimum size for 
complete sexual maturity (Van Engel 1990). In cap
tivity, the smallest males Van Engel (1990) observed 
mati ng were 82 mm , suggesting t int males may 
attempt to mate before they have attained full sexuaJ 
maturity. The smallest males captured in free-rang
ing mating pairs during 199 1 to 1994 in the R.h ode 
l<..ivcr, a sub-estuary in the upper-third of C hesa
peake Day, were 105 to 110 mm Qivoff 19976). All 
of these males had abdomens free from the sternum 
and most (92.8%, 1991; I 00%, 1992; I 001,V.,, 1993; 
99.4%, ·199-t) had the secondary pleopods inserted 
into the primary pleopods Qivoff unpubl. data), con
firming that males must attain the full suite of sexu
ally mature features to mate successfully in the fi eld. 

The pattern of 111aturation whereby males must 
be both physiologically and morphologically mature 
before they can become functionally 111ature occurs 
in many other species, including some cancrids and 
ocypodids, but differs from others such as in so111e 
majids, including Cltionocmcs sp. and Libinia sp. 
(D:1we et al. 1991; Ahl and L:iufer 1996). I 11 C/1io11oe
rc1cs sp. , two sperm- producing male morphs exist 
that differ primarily in morphology such that mor
phometrica!Jy immature males have relatively smalJ 
cbws but morphornetrically mature males h:ive rela
tive ly large claws (Comeau :ind Conan 1992; 
Stevens et al. 1993). Morphometrically 111:iture males 
arc predo minantly found in mating pairs (Sainte
Maric and Hazel 1992; Stevens et ;ii. 1993; Comea u 
et al. 1998) but so many large, 111orpho111etrically 
mature males are removed by intense fishing pres
sure that morphometrically i111111 ;i ture males, other
wise com petitively excluded fro m mating, h:ive 
o pportunities to mate (Sa inte-Marie :i nd Hazel 
1992; Sainte-Marie and Lovrich 1994). 

Timing and Control of 
Sexual Maturity 

Environmental Factors 

Sexual maturity is closely tied to body size. 
Therefore, environmental facto rs that influence 
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growth or molting, such as temperature, salinity 
(Leffler 1972; Cadman and Weinstein 1988), and the 
quantity and quality of food (Newcombe et al. 
1949b; Millikin et al. 1980) also influence the timing 
of sexual maturity for males (see also Smith and 
Chang, Chapter 6). Environmental variables also 
influence the onset of reproductive readiness such 
that the condition of both the internal Oohnson 
1980) and external (Van Engel 1990) reproductive 
system varies seasonally. In the late autumn and win
ter, the internal reproductive system is inactive, as 
evidenced by arrested sperm production in the testis 
and lack of seminal fluid in the middle vasa deferen
tia Qohnson 1980). In another portunid Callinectes 
ornatus, a tropical species, males exhibit a continuous 
cycle of gonad maturation (Mantelatto and Fransozo 
1999). In addition, otherwise sexually mature male 
blue crabs often do not have the penes inserted in 
the secondary pleopods or the secondary pleopodc; 
inserted in the primary pleopods in the spring, 
before significant mating activity has begun (Van 
Engel 1990;Jivoff unpubl. data). 

Hormonal Factors 

In decapod crustaceans, only males have an 
androgenic gland, which determines sexual differen
tiation and is responsible for primary and secondary 
sexual characters of males (Adiyodi and Adiyodi 
1970; Charniaux-Cotton and Payen 1985). Little 
work has examined the hormonal controls of the 
timing of sexual maturity specifically in male blue 
crabs. In another portunid Carcinus maenas, the 
androgenic gland produces farnesylacetone, a hor
mone similar to the juvenile hormone in insects, 
which stimulates protein synthesis but not spermio
genesis in the testes (Berreur-Bonnenfant and 
Lawrence 1984). In other crustaceans, the activity of 
the androgenic gland varies seasonalJy, producing 
seasonal changes in the testes, vasa deferentia, and 
external reproductive morphology (Adiyodi and 
Adiyodi 1970; Dudley and Jegla 1978). In the blue 
crab, evidence suggests that the androgenic gland 
regulates the courtship behavior of males (see 
below) (Gleeson et al. 1987). In other crab species, 
such as the spider crab Libinia emarginata (Laufer et 

al. 1987), male sexual maturity may be regulated by 
methyl farnesoate, a juvenile-hormone-like hor
mone produced by the mandibular organ, because 
increased levels of this hormone correlate with large 
male size, well developed vasa deferentia, and the 
appearance of the mature chelae allometry (Homola 
et al. 1991; Sagi et al. 1994; Laufer and Ahl 1995;Ahl 
and Laufer 1996). Methyl farnesoate occurs in the 
mandibular gland of blue crabs (Laufer et al. 1984), 
but its influence on sexual maturity in male blue 
crabs has not been investigated. 

FEMALES 

Size at Maturity 

Unlike males, female blue crabs reach sexual 
maturity after a terminal (pubertal) molt, which typ

ically occurs between 90 to 100 mm (after approxi
mately 18-20 post-larval instars) (Newcombe et al. 
1949a;Van Engel 1958). In Chesapeake Bay, the size 
range of mature females is 52 to 207 mm (Williams 
1984), with 50% of females at 132 mm being mature 
(Uphoff 1998). The size range of pre-pubertal 
females is about 70 to 140 mm Qivoff unpubl. data). 
The smallest recorded adult female blue crab (52 
mm) was captured near Cape Hatteras, North Car
olina (Fischler 1959). Also in contrast to males, adult 
females are easily distinguished from juveniles (see 
below). 

The terminal nature of the pubertal molt is well 
accepted because few records of molting in adult 
females exist (see also Smith and Chang, Chapter 6) 
(Abbe 1974; Olmi 1984). However, in Chesapeake 
Bay, a small percentage (11 %) of adult females have 
regenerating limb budc;, suggesting the potential for 
an additional molt (Havens and McConaugha 
1990). One mechanism for the control of terminal 
anecdysis Qack of molt) in other crabs (especially the 
Majidae) is the degeneration of the Y-organ, which 
produces the ecdysteroids responsible for initiating 
molting (Carlisle 1957; Skinner et al. 1985). Adult 
female blue crabs have very low concentrations of 
ecdysteroids in the blood after the terminal molt but 
higher concentrations in the ovaries during vitello-
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genesis, suggesting that there is a physiological link 
between the terminal molt and ovarian develop
ment (Adiyodi and Adiyodi 1 970; Soumoff and 
Skinner 1983). The other mechanism for the control 
of terminal anecdysis is the production by the X
organ of a molt-inhibiting hormone that acti; on the 
Y-organ to inhibit the production of ecdysteroids 
(Carlisle 1957; Skinner et al. 1985). The X-organ is 
located in the eyestalks, and adult females have been 
induced to molt by ablation of the eyestalks, leading 
to the hypothesis that some adult females enter a 
diapause stage as opposed to terminal anecdysis 
(Havens and McConaugha 1990). 

Characteristics of the 
Sexually Mature Female 

Reproductive System 

At the maturation (terminal) molt, a conspicu
ous change transforms the shape of the female 
abdomen from triangular to semi-circular shape 
(Newcombe et al. 1949b; see also Kennedy and 
Cronin, Chapter 3), providing a larger surface area 
for brooding eggs (Fig. 1B).As compared to males of 
the same instar, females at the terminal molt grow 
larger in carapace width relative to carapace length, 
producing relatively longer lateral spines (New
combe et al. 1949b). One advantage of this allomet
ric change may be a greater internal volume in 
which to store the developing ovary (see below) 
(Newcombe et al. 1949b; Hines 1982). 

The internal reproductive system of females 
consists of two paired structures, the ovaries and the 
sperm storage organs (spermathecae) (Fig. 1D). Each 
spermatheca is connected to a genital pore on the 
ventral surface of the female sternum via the vagina 
(Hard 1945; Johnson 1980). During the later stages 
of the pubertal instar, the spermathecae develop to 
full size, with the anterior horns of the early stage 
ovaries attached to their dorsal surface (Hard 1945; 
Johnson 1980). Copulation occurs immediately after 
the terminal molt when the ovaries are thin and 
white, reflecting the lack of yolk (Hard 1945; John
son 1980). In contrast, the spermathecae are dis
tended with ejaculate, which contains the easily 
visible pink seminal fluid, capped with a dense 

accumulation of white spermatophores (Fig. 4B, D) 
(Hard 1945; Johnson 1980). Over approximately a 
2-month period, the ovaries increase in size (with a 
concomitant shrinking of the spermathecae) and 
develop the typical orange coloration as the eggs 
mature and yolk is formed (Fig. 4A, C) (Hard 1945). 

Timing and Control of 
Sexual Maturity 

Environmental Factors 

In females, sexual maturity is linked to body size 
and is established at the terminal molt. Thus, envi
ronmental factors that influence growth or molting, 
such as temperature and salinity (Leffler 1972; Cad
man and Weinstein 1988; Fisher 1999) and the 
quantity and quality of food (Newcombe et al. 
1949b; Millikin et al. 1980), influence the timing of 
sexual maturity. In addition, seasonal and spatial 
(among and within estuaries) variation in the sizes of 
mature female blue crabs (Haefner and Shuster 
1964; Olmi and Bishop 1983; Hines et al. 1987; 
Havens and McConaugha 1990; Fisher 1999) and a 
variety of other crab species (Blau 1989; Hines 
1989; Dumbauld et al. 1996) suggests that environ
mental factors influence the timing of sexual 
maturity. 

Hormonal Evidence 

Little work has examined the influence of hor
mones on the tinting of sexual maturity specifically 
in female blue crabs. However, because sexual matu
rity is linked to the terminal molt, hormones that 
regulate molting also, in part, regulate sexual matu
rity in blue crabs and other crab species (Cheung 
1969; Adiyodi and Adiyodi 1970; Soumoff and Skin
ner 1983; Quackenbush 1986). The X-organ pro
duces gonad-inhibiting hormone as well as molt
inhibiting hormone, so that ablating the eyestalks of 
adult females induces molting in blue crabs (Havens 
and McConaugha 1990), but induces either molting 
or spawning (depending on the season) in other 
species (Cheung 1969; Adiyodi and Adiyodi 1970; 
Fingerman 1987). Ecdysteroids from the Y-organ 
and other tissues that regulate molting may influ-
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Figure 4. Anaton1y of adult female reproductive structures (A and l:l) with in the body cavity and (C and D) r: moved 
from body cavity. Structures from a recenrly mated fcrnalc (l:l and D) and a fema le about 2 111omhs afrer mating (A 
and C) include spermarophores [SI. semi nal fl uid [SFI, and ovary [OV [. JJhoros by P.R.JivofT. 

ence the timing of sexual matu rity because in some 
species th ey arc fou nd in the gonads and sti111u latc 
vitellogenesis (Adiyodi 1985; Quackenbush 1986). 
As in a variety of species, adult fema le blue cr:ibs 
have low concentrations of ecclysteroids i11 th e 
hcmolymph but begin sequestering these hor111ones 
in reproductively active ovaries where they :ilso pro
mote vite llogenesis and embryon ic development 
(Adiyodi and Adiyodi 1970; Soumoff and 'ki nner 
l 983) . As ov:irian development progresses, levels of 
ecdysteroids increase in the ovary, while a concomi
tant decrease occurs in the spermathec:ie (Sou111off 
and Skinner 1983), but it is not known whether the 
spermathecae act as a source of ecdystcroids. 

REPRODUCTIVE SYSTEMS 

Male Internal Structures 

As noted earlier, the internal portion of the male 
reproductive syste111 is bilatcr:il, generall y " H " 
shaped, and consists of paired testes and vasa defer
enci;i th:it :ire cont posed of three main sections: (I) 
:interior, (2) rniddlc, and (3) posterior (Figure 3B) 
(Cronin 1947; Johnson 1980). Cron in ('1947) also 
identified the vasa efl-erentia, :i small tissue connect
ing th e testes to the anterior vasa defe rentia, that 
Johnson (1980) considered as a portion of the ante
rior vasa dcfercntia. 
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The anatomy and histology of the male repro
ductive system have been described in detail by the 
excellent work of Cronin (1947) and Johnson 
(1980); therefore, only a summary of their observa
tions will be presented here. The testes are tubular 
organs consisting of a central seminiferous duct sur
rounded by the testicular lobes. Spermiogenesis takes 
place within the lobes, which contain spermatogo
nia, spermatocytes, spermatids, and mature sperm. 
Mature sperm are typically found in the center of 
the testicular lobes. An epithelium encloses the sem
iniferous duct except where it faces the testicular 
lobes, which open broadly into the ducts allowing 
passage of mature sperm to the ducts. Mature sperm 
begin to appear in the testicular lobes of males as 
small as 65 mm Qohnson 1980). Only mature sperm 
are found in the seminiferous duct, which gradually 
becomes a short, muscular structure (Cronin's vasa 
efferentia) delivering sperm to the anterior vasa def
erentia (AVD) Qohnson 1980). 

The A VD are highly coiled tubules with blood 
vessels, blood sinuses, and connective tissue between 
the tubules. They receive mature sperm from the 
testes, encapsulate groups of sperm (about 2.25 x 104 

sperm per spermatophore; Hines et al. rzo03]), into 
ovoid-shaped spermatophores (from 200 x 150 µm 
to 500 x 300 µm in size), and transport the sper
matophores to the middle vasa deferentia (MVD). 
The MVD are the largest portions of the male 
reproductive system and are composed of many 
large coils, with blood vessels, blood sinuses, and 
connective tissue between them; there are numerous 
lateral out-pockets from the coils. Each coil contains 
a large lumen that is typically filled with a granular, 
pink secretion (seminal fluid). The posterior vasa 
deferentia (PVD) are long, complex tubes also con
taining many lateral out-pockets. The posterior por
tion of the PVD ("ductus ejaculatoris"; Cronin 
[1947]) is more muscular and appears secretory 
because the epithelium bears a "brush" border com
posed of what Cronin (1947) called cilia but that are 
more likely microvilli Qohnson 1980). The PVD 
transport ejaculate to the external penes. 

Ejaculate Contents 

The ejaculate of blue crabs consists of seminal 
fluid and spermatophores (which contain sperm). In 
another portunid Port111111s sm1,{!11i110/cnt11s, the con
tents of the ejaculate are passed to the female in suc
cession such that the translucent secretion from the 
posterior vasa deferentia comes first, then the semi
nal fluid with some spermatophores, and finally the 
majority of spermatophores (Ryan 1967a). In the 
spermathecae, the ejaculate contents occur in the 
reverse order in which they are passed, with most of 
the spermatophores in the dorsal section of the sper
mathecae (some are found within the seminal fluid 
matrix) and the seminal fluid in the ventral section 
(Ryan 1967b), as occurs in blue crabs Qohnson 
1980; Jivoff 1997b). This reversal of ejaculate con
tents in the spermathecae suggest, that males insert 
their pleopods deeply into the spermathecae so that 
individual ejaculate components are flushed ven
trally by successive components. In other crab 
species, the layering of ejaculate contents in the 
spermathecae dictates how (Diesel 1988) or when 
(Sainte-Marie and Sainte-Marie 1999b) the sperm 
are used by the female. In blue crabs Qohnson 1980) 
and many other crab species including other portu
nids (Ryan 1967b; 13awab and El-Sherief 1989; 
Norman and Jones 1993), cancrids (Bigford 1979; 
Elner et al. 1980; Orensanz et al. 1995; Jensen et al. 
1996), and some majids (Diesel 1990), the seminal 
fluid is viscous during copulation but eventually 
(about a week for C. sapidus) hardens in the sper
mathecae into a tough, wax-]ike matrix. In contrast, 
the ejaculate of other species of crabs, such as some 
xanthids Qeyalectumie and Subramoniam 1987), 
contains relatively little seminal fluid and does not 
harden once passed to the female. 

In a variety of taxonomic groups, male seminal 
fluid plays an important role in male, and sometimes 
female, mating success (Boggs and Gilbert 1979; 
Markow and Ankney 1984; Eberhard and Cordero 
1995). In blue crabs and other crab species, little is 
known about the function of the seminal fluid even 
though males may pass a considerable volume to 
females. However, researchers have observed that 
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the hardened seminal fluid "disappears" over a 
period of time (see below) after copulation (see Fig. 
4C, D) (Hard 1945; Ryan 1967b; Sainte-Marie 
1993). The loss of seminal fluid may be accom
plished by materials secreted from the walls of the 
spermathecae (Ryan 1967b; Diesel 1989; Beninger 
et al. 1993) or by metabolic activity during sperm 
storage Oeyalectumie and Subramoniam 1987; 
Anilkumar et al. 1996). Although not analyzed in 
blue crabs, the seminal fluid in other crab species 
contains proteins, carbohydrates, and lipids Qeyalec
tumie and Subramoniam 1987, 1991; Anilkumar et 
al. 1996), and thus it has been suggested that the 
seminal fluid acts as a nutritive source for the stored 
sperm (Subramoniam 1991 ). It has also been sug
gested that the seminal fluid allows for the matura
tion of sperm in the spermathecae (Sainte-Marie 
and Sainte-Marie 1999a), prevents the loss of sperm 
from the spermathecae (Ryan 1967b; Johnson 
1980), stops the entrance of bacteria (Beninger and 
Larocque 1998;Jayasankar and Subramoniam 1999), 
or blocks additional males from mating with the 
female Oensen et al. 1996;Jivoff 1997a; Beninger and 
Larocque 1998). In blue crabs, this latter function of 
blocking other males seems most likely to be the 
major adaptive advantage Oivoff, 1997a) because the 
seminal fluid rapidly "disappears" during storage, so 
that it is essentially gone within 4 to 6 weeks after 
copulation, even though sperm are stored within the 
spermathecae before fertilization for 6 to 12 months 
in Chesapeake Bay and 2 to 12 months in Florida 
(Hines et al. 2003; Hopkins 2002). 

In most species of crabs, many individual sperm 
are packaged in spermatophores that are then passed 
to females (Subramoniam 1991, 1993). As in other 
decapod crustaceans (Felgenhauer and Abele 1991; 
Medina 1994; Guinot et al. 1998), the mature sperm 
of blue crabs lack flagella and consist of a spherical 
acrosome covered by an apical cap and embedded in 
a nuclear cup with eight radial arms (Brown 1966) 
(Fig. 5). In two other portunids and one raninid 
crab, the spermatophore wall or pellicle consists of 
two layers (Uma and Subramoniam 1979; Babu et 
al. 1988; Minagawa et al. 1994): an inner, pliable pro
teinaceous layer (Uma and Subramoniam 1979; 

Babu et al. 1988) and an outer, rigid layer made of 
either protein, e.g., keratin (Babu et al. 1988) or 
chitin (Uma and Subramoniam 1979). The pellicle is 
resistant to acidic, alkaline, and salt solutions (Uma 
and Subramoniam 1979) and thus may protect the 
sperm during insemination (Subramoniam 1991), 
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Figure 5. Diagram of blue crab sperm. (A) Mature, 
unreacted sperm. (B) R .. eacted sperm (acrosomal reac
tion). Radial arms of nucleus [A], apical cap f ACl, 
acrosomal membrane 1AM], acrosomal rays (AR.YI, 
acrosomal tubule [AT], acrosomal tubule membrane 
[ATM], granular material lGM] of acrosomal tubule, 
lamella [L] or central region, limiting membrane [LMJ, 
large "microtubular" layer [LML] of the acrosomal vesi

cle, nucleus [N] or nuclear cup, nuclear envelope [NE], 
subcap zone [SZ], thickened ring [TR]. From Brown 
(1966). 
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although it is permeable to low molecular weight 
substances, which could allow sperm release via 
spermatophore dehiscence (Uma and Subramoniam 
1979; Beninger et al. 1993). In a variety of species, 
spermatophores contain carbohydrates, proteins, and 
lipids in a composition that is distinct from seminal 
fluid Qeyalectumie and Subramoniam 1987, 1991; 
Subramoniam 1991) and that could be metabolized 
by sperm during long periods of storage within the 
female (Subramoniam 1991). By the time of fertil
ization and extrusion through the spermathecae, the 
spermatophores break down and sperm are free 
individually Qohnson 1980; Hopkins 2002). 

Accessory Structures 

In males of a variety of crab species, including 
other portunids, majids, and cancrids, the primary 
pleopods contain gonopod tegumental glands that 
communicate directly with the ejaculatory duct 
(Charniaux-Cotton and Payen 1985; Diesel 1989; 
Beninger and Larocque 1998). Cronin (1947) first 
observed these glands in blue crabs, calling them 
"rosette glands," but did not speculate on their func
tion. In other portunids ( Carcinus maena~~ Porflmus 
sebae, and 011alipes ocellatus), the glands secrete mate
rials that are passed to the female in the ejaculate, 
which may harden the ejaculate once inside the 
spermathecae, and materials that are not passed to 
the female, which may act as a lubricant (Beninger 
and Larocque 1998). 

Male External Structures 

The external portion of the male reproductive 
system is located beneath the abdomen and consists 
of three paired structures: the penes, the secondary 
pleopods, and the primary pleopods (Fig. 1 A). As 
outlined in a previous section, seminal fluid and 
spermatophores are transported from the penes to 
the secondary pleopods, and then to the primary 
pleopod~, which are inserted into the external open
ings of the female reproductive tract during copula
tion and which pass ejaculate to the female's sper
mathecae (Cronin 1947; Hartnell 1968). The penes 
are short, muscular ducts with an internal epithelium 
lined with cilia and an external covering of cuticle 

(Cronin 1947). At the point that the penes enter the 
secondary pleopods, they lose their musculature and 
the internal epithelium is replaced by invaginated 
cuticle (Cronin 1947). The secondary and primary 
pleopods consist of an internal cavity, or ejaculatory 
duct, surrounded by a hard, external cuticulum 
(Cronin 1947). Muscles are present at the base of 
each pleopod, but are absent in the distal sections 
(Cronin 1947). 

Female Internal Structures 

The internal reproductive system of female blue 
crabs consists of two paired structures: the ovaries 
and the spermathecae (Fig. 1 D) (Hard 1945; John
son 1980). The anatomy and histology of the female 
reproductive system has been described in detail by 
the excellent work of Hard (1945) and Johnson 
(1980); therefore, only a summary of their observa
tions will be presented here. Before the pubertal 
molt and at copulation, the ovaries are undeveloped, 
contain only small immature eggs, and appear as thin 
white strands of tissue connected to the dorsal sur
face of the spermathecae (Hard 1945). This pattern 
of ovary development differs from that of other crab 
species, for example, some majids (Sainte-Marie and 
Hazel 1992; Bryant and Hartnoll 1995) in which the 
ovaries are fully developed at copulation and ovula
tion occurs soon after mating. In blue crabs, the 
ovary is enclosed by a thin layer of connective tissue, 
separating it from the hemocoel. During the two or 
three months after copulation (e.g., October to 
December in Chesapeake Bay), vitellogenesis occurs 
and yolk is formed; thus, the ovary increases in size 
and develops an orange color. The developing ovary 
contains two types of cells: oocytes (in various stages 
of development) and accessory cells (also known as 
"nurse cells" or "follicle cells") Qohnson 1980). In 
the portunid Portunus sanguinolentus, some accessory 
cells form a single layer around each oocyte and 
eventually comprise the chorionic membrane of the 
mature eggs, whereas others are arranged, several 
layers thick, as septa that divide the ovary into com
partments, each containing several oocytes (Ryan 
1967b). 

In Chesapeake Bay, some female blue crabs are 



266 THE BLUE CRAB 

able to copulate and spawn within the same season; 
however, most females overwinter after copulation 
and spawn the following spring and summer (Hard 
1945;Van Engel 1958). During the winter and early 
spring, the ovary continues to thicken and elongate 
while the spermathecae continues to shrink. Before 
spawning, in late spring or early summer, the ovary 
is very large and orange because many of the eggs 
are mature and full of yolk. After the first spawning, 
the ovary contains numerous eggs with smaller 
amounts of yolk that will develop into a subsequent 
brood, and the area from which eggs were dis
charged is full of a globular material (Hard 1945). In 
Chesapeake Bay, although never quantified, estimates 
indicate that during a 4 to 6 month spawning sea
son, female blue crabs may produce two to three 
broods of eggs (McConaugha et al. 1983). Measures 
of brood production in Florida indicate that females 
can produce as many as eight successive broods in a 
4 to 6 month period, with as little as 10 to 14 d 
between the release of larvae in one brood and the 
production of a subsequent brood (Hines et al. 
2003). 

As in most brachyurans, the spermatheca of blue 
crabs is a hybrid structure. The dorsal portion, con
nected to the ovary, is derived from the oviduct but 
the ventral portion, connected to the external open
ing of the reproductive tract by the vagina (Hartnoll 
1974; Johnson 1980), is derived from the vagina 
(Bauer 1986). The spermathecae store sperm and 
seminal fluid and are considered the site of fertiliza
tion in blue crabs as eggs move from the ovary to 
the ventral surface of the female (Hard 1945). In 
blue crabs and other portunids, the ovary is con
nected to the dorsal surface of the spermathecae via 
the oviduct (Ryan 1967b; Johnson 1980), a broad 
opening that in Portunus sm~guinolcntus allows the 
passage of four oocytes at one time (Ryan 196 7b). 
In contrast, the ovary is connected to the ventral 
surface of the spermathecae in other species, includ
ing some majids (Hartnoll 1968; Diesel 1989). The 
topographical arrangement of the connection 
between the oviduct and spermathecae has impor
tant implications for how the sperm, which in some 
species may come from different males, are used for 

fertilization (see below) (Diesel 1991; Urbani et al. 
1997). 

In a variety of crabs, including other portunids, 
majids, and cancrids, the spermathecae are complex 
organs and their structure and activity can vary with 
the age or sexual maturity of the female, her repro
ductive state, and the quantity of stored ejaculate 
(Ryan 1967b; Hartnoll 1968; Diesel 1991; Beninger 
et al. 1993; Jensen et al. 1996; Sainte-Marie and 
Sainte-Marie 1998). The spermathecae are essen
tially large sacs surrounded by connective tissue, 
with an inner epithelium that is lined with cuticle 
only in the ventral portion of the spermathecae. As 
indicated by Hard (1945), the overall appearance of 
the spermathecae of blue crabs changes dramatically 
between copulation and fertilization. At the time of 
the pubertal molt and copulation, the wall of the 
spermathecae is thick and well developed but by the 
time the seminal fluid disappears (4-6 weeks after 
copulation), the spermathecal wall becomes thin, 
translucent, and delicate (Fig. 4 C, D) (Hines et al. 
2003). This transformation in the spermathecae may 
be the result of changes in the cellular structure of 
the epithelium, which differs between pre-pubertal 
and mature females and between the dorsal and ven
tral portions of the spermathecae Gohnson 1980). In 
mature females, the epithelium of the dorsal section 
of the spermathecae becomes highly modified and 
localized, occurring only immediately above the 
ventral cuticle-lined portion of the spermathecae 
0ohnson 1980). The modified epithelium with a 
border of many long microvilli appears to be secre
tory because the cells contain material that streams 
off the surface of the tissue into the lumen of the 
spermathecae Qohnson 1980). The secretion may 
dissolve the hard, seminal fluid matrix of the ejacu
late or prevent bacteria from entering the spermath
ecae Gohnson 1980). 

Female External Structures 

At the terminal molt, the shape of the female 
abdomen changes from triangular (Fig. 2) to semi
circular (Fig. 1B) (Newcombe et al. 1949b). In addi
tion, the four pairs of pleopods, or swimmeret~, on 
the abdomen of the adult female contain many fine 
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setae in contrast to those of the immature female 
(Van Engel 1958). The change in the shape of the 
abdomen provides a larger surface area for brooding 
eggs and the addition of numerous setae provides 
structures to which the extruded fertilized eggs are 
attached (Van Engel 1958). 

MATING AND 
INSEMINATION 

Mating in the blue crab is timed to the female's 
pubertal molt which occurs once in the female's life 
(Van Engel 1958). As

1 

a result, mating involves intri
cate interactions between males and females, and 
among competing n~ales before, during, and after 
mating (Teytaud 1971; Gleeson 1980; Jivoff 1997a; 
Jivotf and Hines 1998h). These interactions influence 
blue crab mating behavior and the structure of the 
mating system. 

Pre-mating Interactions 
and Pair Formation 

Both male and female blue crabs play an active 
role in pre-mating interactions and pair formation 
(Teytaud 1971; Gleeson 1980; Jivoff 1997b; Jivoff 
and Hines 1 998b). As in a variety of crustaceans 
(Hartnoll 1969; Ridley and Thompson 1985; 
Christy 1987), female blue crabs mate inunediately 
after molting, and males search for and defend pre
pubertal females approaching their pubertal molt. 
Male blue crabs ensure access to receptive females by 
using pre-copulatory mate guarding, or precopula 
(Parker 1974; Ridley 1983), by physically carrying 
females beneath them for as long as 5 to 7 d before 
copulation (Fig. 6B) (Jivoff and Hines 1998b). In 
blue crabs, pre-pubertal females release a urinary
borne pheromone several days before the pubertal 
molt, which attracts and elicits courtship behavior in 
males (Teytaud 1971; Gleeson 1980). Recent evi
dence suggests that non-urine based chemical signals 
from females and males may also be important in 
courtship (Bushmann 1999). The female pheromone 
is not crustecdysone (Gleeson et al. 1984), which is 
the molting hormone that may also act as a sex 
pheromone in some crustaceans (Dunham 1978). 

Males detect the female pheromone using chemo
sensory structures on the antennules (first antennae) 
(Gleeson 1982) and respond with courtship behav
ior (Fig. 6A) (Teytaud 1971; Gleeson 1980). 

Courtship in blue crabs has been described from 
laboratory observations (Teytaud 1971; Gleeson 
1980). More recently, courtship was described (Table 
1) and the importance of courtship in pair forma
tion, the factors that regulate differences in courtship 
behavior among males, and the relative control of 
each sex in determining pair formation were 
assessed in large field enclosures (Jivoff and Hines 
1998a, b). Courtship behavior, including the out
come of courtship, is influenced by the molt stage of 
females (Fig. 7), but in general, males respond to the 
female pheromone by searching for the female, often 
while in the courtship stance (Fig. 6A). This stance 
consisti; of the male raised on the tips of his walking 
legs, the chelae laterally extended (not shown in Fig. 
6A), and the swimming legs (or paddles) raised 
above the carapace and waved in a circular motion 
(Jivoff and Hines 1998b). When the male locates the 
female he attempts to pair with her, but her 
response, which is influenced by her molt stage, 
determines if pair formation is achieved. Pre-puber
tal females early in the molt cycle (D 0-D 1) resist 
males by threatening and moving away, whereas pre
pubertal females late in the molt cycle (D3-D 4) (Fig. 
2) initiate mate guarding by positioning themselves 
underneath males (Jivoff and Hines 1998a, b). As in 
other crustaceans, female blue crabs may avoid pro
longed pre-copulatory mate guarding due to the 
potential costs of being guarded such as reduced 
opportunities to feed (Robinson and Doyle 1985; 
Donaldson and Adams 1989; Perez and Bellwood 
1989; Jormalainen 1998). As a result, the ability to 
establish and maintain physical control of females, 
including actively subduing resistant females, is criti
cal to male pairing success. 

In some ways, courtship behavior in blue crabs 
is similar to that of other crustaceans, particularly 
other portunids (Ryan 1966; Fielder and Eal es 1972; 
Berrill and Arsenault 1982; Campbell 1982). For 
example, male blue crabs use their chelae to control 
or to manipulate the female before copulation, as 
seen in other crabs (Edwards 1964; Bigford 1979; 



Figure 6. (A) Male mating display. (B) Pre-copulatory mate guarding. (C) Female undergoing term inal rmtur:ition 
molt. (D) Copulation. (E) Post-copulatory mate guarding. Photos by A.Young-Williams. 
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Elner et al. 1987; Donaldson and Adams 1989; Perez 
and Bellwood 1989; Claxton et al. 1994), shrimps 
(Seibt and Wielder 1979; Nakashima 1995), lobsters 
(Lipcius et al. 1983; Atema 1986; Waddy and Aiken 
1991), and crayfish (Mason 1970; Ingle and Thomas 
1974; Stein 1976; Snedden 1990). As part of the 
courtship stance, males spread their chelae laterally 
thus exposing the bright blue inner-surfaces of the 
chelae to the female. Blue crabs can distinguish blue 
from other colors (Bursey 1984), suggesting that the 
lateral chelae spread may be a visual display. How
ever, the importance of the courtship stance as a 
visual display has recently been questioned because 
when either males or females are experimentally 
blinded, courtship behavior and subsequent pair for
mation are unaffected (Bushmann 1999). In con
trast, when males are unable to perceive chemical 
signals from the female, then both male courtship 
behavior and the initiation of pair formation are 
reduced. These observations suggest that chemical 
signals are more important than visual signals in the 
pre-mating interactions between males and females, 
and that chemical signals influence the outcome of 
these interactions (Bushmann 1999). 

A unique aspect of blue crab courtship behav
ior, compared with that of other non-swimming 
crabs (Hartnell 1969) and some other portunids 
(Fielder and Eales 1972; Eales 1974; Campbell 
1982), is the rotation of the swimming legs or pad
dles ("paddling") during courtship. Paddling has 
been considered a visual display (Teytaud 1971) but 
it also produces a strong current that is directed 
towards the female due to the position of the male~~ 
body and his lateral chelae display (pers. obs.; Bush
mann unpubl. data). Males may also produce urine
(Gleeson 1991) or non-urine- (Bushmann 1999) 
based chemicals that attract females. Thus paddling 
may also contain tactile or chemical information 
carried in the strong directional currents produced, 
as seen in other species (Atema 1986; Cowan 1991 ). 
The types of signals involved in blue crab courtship 
are still not entirely clear, but evidence suggests that 
chemical (both urine- and non-urine-based) signals 
may be of primary importance whereas visual infor
mation from both sexes may be of secondary impor-

tance (Teytaud 1971; Gleeson 1991; Bushmann 
1999). 

FACTORS INFLUENCING 
PAIR FORMATION 

Population Characteristics 

As in a variety of crustaceans (Seibt and Wickler 
1979; Ridley and Thompson 1985; Forbes et al. 
1992; Jormalainen 1998), pre-copulatory mate 
guarding in the blue crab is a male response to high 
levels of competition for access to receptive females 
that are limited numerically, temporally, or spatially 
0ivotf and Hines 19986). In a variety of taxonomic 
groups, pre-mating interactions and pair formation 
are influenced by local population characteristics, 
such as the number of males and females that are 
ready to mate (operational sex ratio), that dictate the 
abundance and the temporal and spatial availability 
of receptive females (Trivers 1972; Emlen and Oring 
1977; Borgia 1979). In blue crabs, as the operational 
sex ratio becomes male-biased, males initiate 
courtship more readily and try harder to capture 
resistant females 0ivotf and Hines 1998a, b). Alterna
tively, pre-pubertal females that are late in the molt 
cycle reduce their rate of courtship towards males, 
presumably because they have access to a greater 
number of potential mates 0ivotf and Hines 19986). 
These behavioral responses by both males and 
females to variation in local population structure 
influence the timing of pair formation and the indi
viduals that successfully form pairs (Carver 2001). 

Male Characteristics 

In numerous taxonomic groups, there are a vari
ety of male characteristics that enhance male pairing 
or mating success, including body size, health and 
physical condition, and the quality of secondary sex
ual characteristics (Andersson 1994). Large male 
blue crabs have advantages in competing for access 
to receptive females, as in a variety of other crabs 
(Salmon 1983; Adams et al. 1985; Reid et al. 1994; 
Koga and Murai 1997; Sainte-Marie et al. 1999). For 
example, large male blue crabs have proportionately 



Table 1. Description of blue crab courtship behaviors by each sex-based on observations in field enclosures. 

Behavior 

Approach 

*Chelae Spread 

*Paddle/Paddle-up 

*Jump-back 

Corral 

*Pre-copulatory 
embrace (Guard: 
mate guarding) 

*Bat 

Let Go/Drop 

*Courtship 
embrace 

Backing 

Follow/chase 

Grab/Hold 

*Threat 

Move away 

Flee 

Block/Push 

Poke/Stab 

Performer 

Both sexes 

Both sexes 

Both sexes 

Male 

Male 

Male 

Male 

Male 

Male 

Female 

Both sexes 

Male 

Both sexes 

Both sexes 

Both sexes 

Both sexes 

Both sexes 

Description 

Crab elevated on walking legs, moves towards another crab. Often com
bined with chclae spread and paddle (Fig. 6A). 

Crab lifts and fully extends chelae laterally with dactyls closed. Often 
combined with approach and paddle. 

Crab's paddles (swimming legs) held above dorsal carapace and waved in 
circular motion (not so in paddle-up). Waving rate increases as the pad
dler approaches other crab. Often combined with approach and chelae 
spread (Fig. 6A). 

While raised on the walking legs and paddling, male may vigorously 
thrust his posterior down and back. 

Male physically encloses female between chclae and positions her 
beneath him so both crabs face in the same direction. 

Once male is on top of female, he wraps first pair of walking legs under 
her and carries her with his sternum against her dorsal carapace until just 
before copulation (Fig. 6B). 

Once male is on top of female, she may raise and wave her chelae. The 
male deflects her chelae with his own. 

Once male is on top of female, he may release her temporarily 0et go), 
often in response to female resistance; then he either reassumes mate 
guarding or abandons the female (drop). 

Once female has molted, male flips her onto her dorsal carapace with his 
chelae so that his abdomen rests on hers, his walking legs cradle her, and 
they face in the same direction (Fig. 6D). 

Female turns away from the male and moves beneath him into the pre
copulatory position. 

Crab pursues another crab while both are walking. A chase ensues when 
both crabs are rapidly swimming. 

After chasing a female, the male may capture her with his chelae (grab) 
and restrain her (hold). 

Crab lifts and laterally spreads chelae towards another crab, usually with 
dactyls open. 

Crab walks in the opposite direction of other crab, often combined with 
threat. 

Crab rapidly swims (at least 1 m) in the opposite direction of another 
crab, often combined with threat, follow, or chase. 

Crab lifts and extends chela to obstruct other crab (block). If other crab 
touches first crab, it may thrust chcla to move other crab (push). 

Crab thrusts chela to contact other crab (poke). Crab may thrust both 
chelac and forcefully lunge at other crab (stab). 

* Indicates behaviors previously described by Teytaud (1971). 
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Figure 7. T he cflcct of female molt stage o n the scquence of male courtship behavio rs that occurred in field enclosures 
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longer chelae than small males Oivoff 19976). This 
attribute in other species provides a distinct advan
tage during aggressive interactions for females (Stein 
1976; Berrill and Arsenault 1984; Lee and Seed 
1992; Claxton et al. 1994), as well as in physically 
controlling females (Arnqvist 1989; Snedden 1990; 
Lee 1995). Large male blue crabs more often dis
place smaller guarding males and can prevent dis
placement in competitive interactions for females 
(Fig. 8) Oivoff 19976). In the field, large males have a 
pairing advantage over smaller males in that they are 
more often paired (Fig. 9) and mate with larger, 
more fecund females Oivoff 19976). As in many 
other crustaceans, male blue crabs mate almost 
exclusively in the intermolt stage (C), suggesting 
that molting and mating are incompatible (Lipcius 
and Herrnkind 1982; Lipcius 1985; Sainte-Marie 
and Hazel 1992; Paul et al. 1995). Molting frequency 
decreases with crab size (Tagatz 19686; Millikin and 
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Figure 8. Distribution of successful (s) and unsuccessful 
(u) takeover attempts according to the sizes of the 
guarding male and the unpaired aggressor occurring in 
field enclosures. Successful takeovers resulted in the 
displacement of the guarding male; unsuccessful 
attempts did not. The diagonal line shows where the 
two types of males are the same size. From Jivotf and 
Hines (1998a). 

Williams 1980); therefore, large males spend more 
time in the intermolt stage and can dedicate more 
time to sexual competition and mating than small 
males can (Fig. 9) Oivotf 1995). 

Male health and physical condition may also be 
important factors influencing male mating success 
(Zahavi 1977; Kodric-Brown and Brown 1984; 
Brown 1997). In blue crabs, males spend consider
able time and energy in mating activities; thus a 
male's physical condition may influence his degree 
of sexual receptivity and his ability to cori1pete for 
access to females and to maintain mate guarding 
relationships. There are a variety of factors that may 
influence the physical condition or overall health of 
male blue crabs, including limb loss (autotomy), dis
ease and parasite infection (see also Shields and 
Overstreet, Chapter 8), and male mating history 
(frequency of previous mating, especially time since 
last ejaculation). Males use their chelae during 
courtship to physically capture and control females 
and in aggressive interactions for females with other 
males. Thus, the loss of one chela is a significant 
handicap to male mating success in blue crabs 
(Smith 1992) and in other crab species (Sekkelsten 
1988;Abello et al. 1994; Paul and Paul 1996). 

In a variety of species, males with elevated para
site loads have reduced mating success resulting from 
decreased resistance to disease (Hautan et al. 1997), 
reduced competitive ability (Ward 1986; Nakashima 
1995; Zahar and Holmes 1998), or poor quality of 
secondary sexual characteristics Oohnson et al. 1993; 
Kavaliers and Colwell 1995;Thompson et al. 1997). 
Blue crabs can be infected by a variety of parasites, 
viruses, and diseases that lead to poor physical condi
tion (Millikin and Williams 1980; Couch and Mar
tin 1982; Overstreet 1982) and diminished repro
ductive potential (Millikin and Williams 1980; 
O'Brien and Van Wyk 1985; Shields and Wood 
1993) (see also Shields and Overstreet, Chapter 8) 
but in most cases, little is known about their effect 
on male mating success. However, the parasitic rhi
zocephalan barnacle Loxothylacus texanus has a 
marked effect on the mating success of male C. 
sapidus because the parasite castrates or feminizes its 
host and replaces the host's reproductive output with 
its own (O'Brien and Van Wyk 1985) and it is host-
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specific eve n in the presence of closely rehted 

species (e.g., C. si111ilis~ C. dnnne, C. mthb1111ne) (Hsueh 

et al. 1993; Lazaro-Chavez et al. 1996). 
In some species, sperm stores or the ability to 

pass large ejaculates to females influence male mat

ing success (Markow ct al. 1978; Eady 1995; Gage 

and Darn:ird 1996). Male blue crabs pass, on average, 

about 47% of th e ir stored ejaculate conte nts to 
fema les Uivoff 19976) and they require between <) to 

12 d to fu ll y recover their ejaculate stores Uivoff 

19976; Kendall and Wolcott 1999). Recently mated 
males are as equally competitive for access to fema les 

as are virgin males (Kendall and Wolcott 1999), but 

they may forgo additional mating opportun ities by 

ignoring pre-pubertal females or may delay mating 

by exchanging pre- pubertal females late in the m olt 
cycle for fema les early in the molt cycle Uivo ff 

unpubl. data). 

150 
paired 

Female Ch aracteristics 

The re arc a variety o f female ch;iracteristics that 

rn;iy influence pair formation and mating success in 

blue cr;ibs, including body size ;ind proximity to the 

pre- puberrnl molt. As in many othe r species o f cr;ibs, 

the fe cundity of fem;ile blue cr~1bs increases w ith 

their size (Hines 1982,1988,1991). Thus, the larger 
females may be more attractive to males clue to their 

high er reproductive value . However, as compared 

with othe r species (Hines 1982), the re lationship 

between fecundity and female size is highly variable 

in the blue crab: (Hines 1982, log10 egg number = 
I I.022 I log

10 
body weight + 4.57, n = 12, r2 = 

0.51 1; Prager et al. 1990, egg number x 10c, = 10.38] 

c;irapace width - 2.25, n = 134, ,.2 = 0.39), so that 

factors in addition to body size may influence pair 
formatio n in this species Uivoff 19976; Jivoff and 
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Hines 1998b). In other mate-guarding species, male 
mating success is influenced by the amount of time a 
male spends with each female (Parker 1974, 1978). 
Male blue crabs may increase their reproductive suc
cess by balancing the trade-offs related to female size 
and molt stage, such that males may pair with (1) 
larger females, which have higher fecundity but may 
require longer mate guarding, (2) smaller females, 
which may require shorter mate guarding but have 
lower fecundity, or (3) pre-pubertal females late in 
the molt cycle, which require shorter pre-copulatory 
mate guarding and less effort during pair formation 
because they are less resistant to mate guarding than 
are pre-pubertal females early in the molt cycle 
(Jivoff and Hines 1998a, b). 

Environmental Factors 

Environmental factors, particularly temperature 
and salinity, can influence blue crab mating because 
they affect molting behavior (Shirley et al. 1990; 
Wolcott and Hines 1990; Fisher 1999), which dic
tates sexual maturity and the timing of mating. In 
temperate areas, mating typically occurs during the 
warm summer months (Van Engel 1958) but can 
begin much earlier in sub-tropical areas (Steele and 
Bert 1994; Fisher 1999). Molting does not occur 
below about 9°C (see Smith and Chang, Chapter 6), 
creating temporal variation in the abundance (both 
absolute and relative to the number of males) and 
distribution of pre-pubertal females. For example, in 
late spring there is an abundance of pre-pubertal 
females ready for the pubertal molt in the warmer 
waters of lower Chesapeake Bay, whereas further up 
the bay there are very few receptive females due to 
colder water temperatures (Hines et al. 1987; Gibbs 
1996). As a result, there are two periods of mating 
activity in the lower bay (in the spring and late sum
mer to early fall) versus a single peak in mating in 
the mid and upper bay (mid to late summer). Differ
ences in local population structure, particularly sex 
ratio, during the two periods of mating in the lower 
bay may lead to significant variation in the mating 
success of males and females that mate during those 
periods. For example, during the spring, more 
females may go unmated or receive less sperm and 

seminal fluid at mating because males, especially of 
large size or that have not mated recently, are less 
abundant as compared with during the late summer 
(Hines et al. 2003). 

Salinity also influences the temporal and spatial 
distribution of sexually receptive crabs (Hines et al. 
1987; Steele and Bert 1994), dictating the temporal 
and spatial distribution of mating opportunities. In 
the Rhode River, a sub-estuary of Chesapeake Bay, 
low salinity areas are used during the summer for 
molting, predominantly by pre-pubertal males, 
whereas brackish areas are used for mating and thus 
are dominated by intermolt males and pre-pubertal 
females (Hines et al. 1987). 

Hormonal Control 

Different hormones, including ecdysteroids, 
chromatophorotropins, and terpenoids, may con
tribute to sexual receptivity in some species of crabs 
(Quackenbush 1986) and thus influence pair forma
tion and mating success. Ecdysteroids are involved in 
gonad maturation, which may be an important fac
tor determining the sexual receptivity of individuals. 
Chromatophorotropins, released from the eyestalk 
neuroendocrine system, regulate color patterns 
(Quackenbush 1986) that in some species, such as 
Uca musica (Ocypodidae), may indicate reproductive 
readiness or competence (Zucker 1984). Terpenoid 
hormones, such as juvenile hormones in insects, also 
stimulate gonad maturation in some species (Quack
enbush 1986). For example, in the portunid Carci1111s 
maenas, the androgenic gland releases farnesylace
tone, which stimulates protein synthesis in the testes 
(Berreur-Bonnenfant and Lawrence 1984) but not 
spermiogenesis (Ferezou et al. 1977). In the blue 
crab, and other species such as the spider crab Libinia 
emarginata, the mandibular organ may also produce 
terpenoid hormones (Laufer et al. 1984). In Lemar
ginata, male sexual receptivity may be regulated by 
the terpenoid hormone methyl farnesoate because 
increased levels of this hormone occur in adult 
males in the intermolt stage that have well devel
oped vasa deferentia and mature chelae allometry 
(Homola et al. 1991; Sagi et al. 1994; Laufer and Ahl 
1995; Ahl and Laufer 1996). In blue crabs, the role 
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of hormones in regulating male sexual receptivity is 
still unclear despite evidence that there is consider
able variation in the response of males to pre-puber
tal females (Teytaud 1971; Gleeson et al. 1987;Jivoff 
and Hines 1998b; Bushmann 1999). 

INSEMINATION AND 
POST-MATING INTERACTIONS 

In blue crabs, copulation occurs shortly after the 
female completes her terminal molt (Van Engel 
1958). When the female begins the molting process, 
the male loosens the pre-copulatory embrace, and 
may even assist the female out of her old carapace. 
Within minutes of her completing ecdysis, the male 
turns the female upside-down beneath him, such 
that their ventral surfaces meet and both face in the 
same direction (Fig. 6D). Copulation commences 
when both sexes lower their abdomens, allowing the 
male to insert the primary pleopods into the exter
nal openings of the female reproductive tract, and 
may last for 5 to 12 h. After copulation, the male 
turns the female right-side up beneath him in the 
post-copulatory mate guarding embrace, which may 
last for 4 to 5 d (Van Engel 1958; Jivoff 1997a). 
Males may mate several times (the number is unde
termined) within a mating season, and may survive 
through at least two mating seasons (Van Engel 
1958; Fischler 1965). However, recent evidence 
based on the condition of male vasa deferentia sug
gests that males indeed mate more than once during 
the mating season (Kendall and Wolcott 1999; 
Kendall et al. 2001). 

In contrast, female blue crabs have a single 
opportunity to mate, immediately after the pubertal 
molt, and it has been assumed that they mate with 
only one male at that time (Van Engel 1958; Mil
likin and Williams 1980). However, recent experi
mental and field evidence indicates that about 12% 
of females mate with more than one male during 
the pubertal molt, storing both ejaculates such that 
both males' sperm have access to the unfertilized 
eggs (Fig. 10) Qivoff 1997a). In many species from a 
variety of taxono~nic groups, females mate with 
more than one male, which results in competition 

among the different males' sperm for egg fertiliza
tions (sperm competition) and influences the way in 
which post-copulatory mate guarding occurs (Smith 
1984). 

In crabs, post-copulatory mate guarding occurs 
when females mate immediately after molting, when 
their carapace is soft and they are extremely vulnera
ble to predation (Hartnoll 1969; Salmon 1983). In 
blue crabs, unpaired pre-pubertal females suffer 
higher mortality rates during the pubertal molt than 
do paired females (Shirley et al. 1990;Jivoff 1997a), 
indicating that mate guarding protects females dur
ing the pubertal molt. In addition, male blue crabs 
guard longer in the presence of predators than in 
their absence Qivoff 1997a), which is also true for 
the stone crab Menippe mercenaria (Xanthidae), 
another species that mates when the female is soft 
and vulnerable (Wilber 1989). Moreover, in the 
presence of other males, and thus an increased risk 
of sperm competition, male blue crabs guard longer 
and pass larger ejaculates to females, which may pre
vent additional males from mating with the female 
Qivoff 1997a). Furthermore, the longest post-copu
latory mate-guarding durations in the field corre
spond to those produced by an increased risk of 
sperm competition Qivoff 1997a). Thus, varying lev
els of sexual competition (for example, because of 
local population sex ratios) influence male blue crab 
reproductive investment in terms of mate guarding 
time and the volume of ejaculate passed to females. 

Female blue crabs have a single opportunity to 
mate, so it is critical that they copulate at that time 
and that they obtain enough ejaculate to ensure 
their full reproductive potential. Although insemina
ton of most adult female blue crabs has been docu
mented in a variety of estuaries (e.g., Maryland 
Uivoff 1997b; Hines et al. 2003], South Carolina 
[Wenner 1 989], North Carolina [T. Wolcott et al., 
North Carolina State University, unpubl. data], 
Florida [Hines et al. unpubl. data]), the amount of 
ejaculate they store varies temporally (e.g., among 
months) and spatially (e.g., within and among estu
aries) Qivoff 1997b, Hines et al. 2003) (Fig. l 1 ). That 
amount is influenced by the size and mating history 
of their mate Oivoff 1997b; Kendall and Wolcott 
1999; Kendall et al. 2001, 2002), copulation duration 



276 T1-11;· BLUE CRAB 

A 8 

Figure ·t 0. Condition of adul t female spermatheca (A) 111ated with one male and (D) mated with two males including 
spermatophores of ejaculate one rs IL spermatophon.:s of ejaculate two 1s21, se111inal fluid of ejaculate one ISF I I- sem

inal fl uid of ejaculate two rsFJ Photo by P.l<...Jivoff. 

Qivoff 19976), and local sex ratio Qivoff 1997a). Evi
dence from other crab species indicates that the 
amount of sperm females have available for egg fer

tilization influences their reproductive output (Pow

ell et al. 1974; N izyacv and Fccloseev 1989; Paul and 

Paul 1989a; Norman ·J 996) . Preliminary evidence 

indicates that the amount of ejaculate fema le blue 
crabs have stored in the spermathecae also influences 

the number and t he fertili ty of b roods produced 

(Hines et al. 2003) (Fig. 12). Sperm are lost from the 
spermathecae during storage, but factors that affect 

the rate of loss are poorly understood (Hopki ns 
2002). T he only direct study of the loss of sperm was 

done in warm months (H opkins 2002), so that 

effects of storage durin g cold winter momhs in 
Chesapeake Day are unknown . 

Potential Fisheries Implications 

Concern h:is in creased in recent years that 

intense fishing pressure is disrupting mating and 

reproduction in blue crabs (e.g., Cole ·1998; Uphoff 
1998; Carver 200 I; Kendall et al. 2001, 2002; Hop

kins 2002; Hines ct al. 2003) and other comm er

cially important crab species (Caddy 1989; Jamieson 

1993; Sainte- Marie and Lovrich 1994) . C rustacean 
fisheries differ from those of o ther gro ups because 
they typically concentrate o n large, sexually mature 

males that often ;ire removed at the highest ra tes 
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during the reproductive season (Cobb and Caddy 

1989). Analyses of blue crab populations along the 
U.S. east coast indicate that fishing efl:ort is incre,1s

ing; catch per unit efl:ort is decreasing; and the aver

age size of legal-sized males is decreasing in Mary
land (Abbe and Stagg 1996; Uphoff 1998), Louisiana 

(Guillo ry and Perret ·1998), and Texas (H am mer

schmidt et al. 1998) . In blue crabs (Abbe and Stagg 

1996) and o cher c rustaceans (Ennis et al. '1990; 
Smith and Jamieson l 991; Donaldson and Do nald

son 1992), evidence suggest~ chat intense removal of 
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Figure 12. R..elationship between brood hatching suc
cess and 111ale mating history for female blue crabs in 
laboratory mating experimencs in Indian River Lagoon, 
Florida. Histogram bars indicate perc<:nt of first broods 
hatching :is :i fun ction of the number (no.) of pr ior 
feniales mated in sequence to males. Sampk siz<:s (n) 
indicate number of females in each group. Bars sharing 
th <: same letter are not sign ificantly difforc nt. Fro lll 
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large males alte rs local population stru c ture by 

redu c in g both t h e ra tio of sexua ll y ac ti ve 

111alcs:fcmalcs, and the size-structure of a po pulation. 

In ocher commercialJy important crabs, small , less 

competitive, males may have increased opportuni ties 
to mate as a result of fishing presssure (see Jamieson 

et al. 1998) and females may have difficulty finding a 
male o r 111::iy m ace with a male that provides a lim

ited amount of ejaculate (Pau l and Paul 1989a; 

Smith and Jamjeson 1991; Sainte-Marie et al. 1995; 
Hankin c t al. 1997). In blue crabs, such changes in 

population structure have important consequences 

011 the way mating takes place, includi ng providing 

small males with inc reased access to femal es and 
more frequent matings (Jivoff and Hines ·r 998a, b) 

and red ucing th e investments males m ake (mate 

guarding time, quantity of ejaculate) in mating and 

reproductio n (JivolJ 1997a, b; Kendall and Wo lcott 

1999). These changes in blue crab mating may con
tribute to reduced female reproductive output (see 

below). 



278 THE BLUE CRAB 

FERTILIZATION AND 
BROOD PRODUCTION 

Fertilization 

As in many other crab species, fertilization in 
the blue crab is thought to occur in the spermathe
cae (Hard 1945; Johnson 1980). In a variety of 
species (Villavaso 1975; Eberhard and Cordero 1995; 
Arthur et al. 1998; Ward 1998), including other 
species of crabs Qensen et al. 1996; Sainte-Marie and 
Sainte-Marie 1998, 1999a), the processes that occur 
within the female spermathecae to accomplish egg 
fertilization are just as complex as those seen to 
accomplish insemination. Despite large changes that 
occur in the spermathecae between insemination 
and oviposition in blue crabs (Hard 1945; Johnson 
1980), relatively little is known about how those 
changes occur or how they are regulated. 

In temperate areas, insemination occurs during 
the summer months although most females do not 
produce their first brood of eggs until the following 
spring or summer, using sperm stored for "at least" 1 
year or more, depending on the longevity of the 
female (Hard 1945; Van Engel 1958; Hines et al. 
2003). During the 2 months after insemination, the 
hardened seminal fluid softens and "dissolves," which 
eventually allows the unfertilized eggs to move 
through the spermathecae for fertilization (see Fig. 
4) (Hard 1945). It is not clear how the dissolution of 
the seminal fluid takes place, although secretions 
from the epithelium of the spermathecae have been 
implicated in blue crabs Qohnson 1980) and other 
crab species (Ryan 1967b; Diesel l 989; Beninger et 
al. 1993; Sainte-Marie and Sainte-Marie 1998). 
Concomitant with seminal fluid dissolution is the 
process of spermatophore dehiscence, whereby 
sperm from at least some of the spermatophores are 
released into the spermathecae 0ohnson 1980; Hop
kins 2002). In other crab species, secretions from the 
epithelium of the spermathecae may weaken the 
resistant pellicle of the spermatophores (Ryan 
1967b; Diesel 1989; Beninger et al. 1993), then a 
combination of water absorption or physical distur
bance may break the sperrnatophore and allow 

sperm to be released (Uma and Subramoniam 1979; 
Beninger et al. 1993). The unfertilized eggs move 
from the ovary into the spermathecae for fertiliza
tion, but in blue crabs it is not clear what triggers or 
controls this egg movement. In other species, it was 
suggested that muscular contractions assist in the 
evacuation of eggs from the ovary (Ryan 1967b; 
Bawab and El-Sherief 1989; Beninger et al. 1993) 
because as many as 2 to 6 million eggs may travel 
through the spermathecae in approximately 1 h 
(Ryan 19676) to 2 h (Van Engel 1958). It is thought 
that eggs are fertilized in the spermathecae before 
being extruded onto the four pairs of pleopods on 
the female abdomen. 

As noted on page 264, the mature sperm of blue 
crabs lack flagella. Each consists of an acrosome, api
cal cap, and eight radial arms (Brown 1966) (see Fig. 
5). The radial arms attach to the unfertilized egg and 
the apical cap unites with the outer egg membrane 
or chorion (Brown 1966). The acrosome elongates 
through the apical cap and penetrates the egg. A 
complex series of changes in the shape of the sperm 
occurs during attachment to the egg, culminating in 
an acrosomal reaction that "injects" the sperm 
through the chorion (Brown 1966). In addition, the 
radial arms of the sperm consistently attach to the 
egg in the same orientation and subsequently release 
from the egg before the acrosomal reaction, suggest
ing that a chemically driven "attach-and-release 
mechanism" may modulate the injection of the 
sperm into the egg (Brown 1966). The acrosome 
reaction can be induced by the addition of seawater, 
or by osmotic or physical pressure, and occurs in the 
presence of unfertilized eggs (Brown 1966). Several 
hundred reacted sperm were observed with the 
acrosomal region everted through the chorion of a 
single egg (Brown 1966), suggesting that sperm-to
egg ratios required for successful fertilization may far 
exceed 1 :1, as seen in other species (e.g., 70:1, see 
Sainte-Marie and Carriere 1995). In the snow crab 
Cl,io,10ccetes opilio, females will not extrude eggs if 
the sperm-to-egg ratio in the spermathecae is less 
than 7:1 (Sainte-Marie and Carriere 1995). 

In Chesapeake Bay and other estuaries, there is 
temporal and spatial variation in the amount of 
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sperm fe male blue crabs have stored (Hines et al. 
2003) (Fig . 13) . On average, the number o f sperm 
sto red by recently 111ated females in the Rh o de 

R..iver is 6 x 1 Oil (Hines et al. 2003). Given that the 

average number of egsrs per brood is approx.i111ately 

3 x ·106 and that females may produce three broods 

per spaw ning season, the sperm-to-egg ratio is 66: 1. 

If females are capable of producing rno n: broods 

over the ir life time (see below) (H ines et al. 2003), 
then sperm-to-egg ratios may beco111e limi tin g . 

Although it is not known w hether the presence or 

quantity o f sperm in the spe rmathecae d ictates egg 
extrusio n, preliminary evidence indicates tlut the 

quantity o f m aterial in the sper111athecae influences 

the number and/ or fertility of broods produced (see 

below and Fig. '12) (Hines et al. 2003). 

Brood Production 

In the blue crab, relatively little is known abo ut 

the factors governing brood production , :i compli

cated process involving the tempo ral and spatia l 

coordina tio n o f female physiology with particular 
environmental conditions. Previo us work suggests 

that female blue crabs in ten1pe rate areas pro duce 
o ne to three broods of eggs (Hard 1945; Van Engel 

1958; Pr;iger et ;ii. 1990; H ines et ;i i. 2003). In sub

tropical w;i ters o f Florida, blue crabs produced as 
m:111y as 8 broods per season , w hich extrapolates to 

16 broods per li fe time if fe 111ales live for two years 

after mating (Hines et al. 2003). H ovvever, the num

ber o f broods and size of e;1ch brood spaw ned by 
females is influenced by a variety of factors, includ
ing environmental conditio ns (e.g., temperature and 

salinjty) and female characteristics, (e.g., size). As in 

o ther species o f crabs (Hartnoll 1985) , broods are 

produced using sperm stored for long pe riods (e.g., 

8 to 12 mo nths in bl ue crabs), w hich can affect 

sperm viability at the time of fertil izatio n (M o rgan 
et ;ii. 1983; Paul 1984; Sainte-Marie l 993). ln blue 
crabs, no thing is known abou t the factors that influ
ence sper111 viabili ty d uring storage in the fe1nale 

but preliminary evidence suggests the re 111ay be con
sider;ib]e variatio n among fe111ales in the vi;ibili ty o f 

the ir stored sperm (H opkins 2002). As in other crabs 

(Powell et al. 1974; Paul and Paul 1992, 1997), recent 

evidence in blue crabs suggests that the characteris
tics o f the female's sexual partner (e.g., size, m ating 

histo ry) may also influence her reproductive output 

(Hines et al. 2003). 
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TIMING OF BROOD 
PRODUCTION 

In the blue crab, there is temporal and spatial 
variation in the timing and duration of the spawning 
season. The timing of brood production is influ
enced by environmental conditions, and spawning is 
initiated earlier in the spring at lower latitudes (Mil
likin and Williams 1980). Spawning occurs from 
June to August in New Jersey (Jivoff unpubl. data), 
May to September in Chesapeake Bay (Van Engel 
1958; McConaugha et al. 1983), March to Septem
ber in North and South Carolina (Williams 1971), 
and February to October in Florida (Tagatz 1968a). 
In Chesapeake Bay and other estuaries, mating 
occurs throughout much of the estuary whereas 
spawning occurs in high salinity regions in the lower 
estuary (Van Engel 1958; Schaffuer and Diaz 1988). 
Thus, sometime after mating, adult females migrate 
from their mating area to particular regions in the 
lower estuary for brood production and spawning. 

Migration from the mating area to spawning 
regions occurs in two phases (Tankersley et al. 
1998). In phase I, inseminated females move to the 
lower estuary, where they subsequently produce and 
incubate broods; in phase II, ovigerous females 
migrate ~ear or out of the mouth of the estuary to 
hatch their eggs, releasing larvae into the water col
umn. In upper Chesapeake Bay, post-copulatory 
females remain in the mating areas to feed, recover 
from molting, and begin to accumulate nutritional 
stores during summer and early fall. They undergo 
phase I migration in late September to November, 
when environmental conditions (probably colder 
water temperature or changing photoperiod) trigger 
movement to the lower bay (Turner 2000; Turner et 
al. 2003; Aguilar et al. 2005). During phase I migra
tion in Chesapeake Bay, females move as much as 
200 km (although many move much shorter dis
tances) along the deep channel of the mainstem of 
the bay rather than along routes in the shallow 
shoulders or nearshore areas (Aguilar et al. 2005). 
Upon reaching the mid- to lower estuary when 
temperatures drop below about 10°C, the females 
cease movement and bury into the sediment over 

winter and do not begin brood production until the 
following late spring and summer (Hines et al. 2003; 
Aguilar et al. 2005). In phase II migration, females 
with broods in advanced developmental stage move 
further towards and/or into the ocean to hatch their 
eggs, and use particular behaviors cued to photope
riod and tidal and lunar rhythms (see Larval Release 
below). 

BROOD CARE 

While not traditionally considered providers of 
parental care, female blue crabs do perform a variety 
of behaviors that enhance the survival of their off
spring. For example, egg development and hatching 
success are promoted by salinities of at least 201 

(Davis 1965). In addition, larval development occurs 
in offshore waters above the continental shelf 
(Provenzano et al. 1983; Epifanio et al. 1984). There
fore, the down-estuary migration of females to high 
salinity water enhances the development and hatch
ing success of eggs and the dispersal of larvae. Blue 
crabs are excellent swimmers, capable of moving 
considerable distances relatively quickly (Wolcott 
and Hines 1989; Hines et al. 1995), but the down
estuary migration of adult females {as long as 200 
km in Chesapeake Bay) may be facilitated by verti
cal movements into ebb-tide currents (selective 
tidal-stream transport; see Tankersley and Forward, 
Chapter 10). The selective use of these currents may 
minimize energy expenditures during migration, 
thus saving energy for further egg development or 
for maintaining the female during over-wintering. 
However, initial evidence from Chesapeake females 
equipped with data logging tags for depth, salinity, 
and temperature indicates that most crabs move 
along the bottom during Phase I migration (T. Wol
cott, unpubl. data). At the spawning grounds, 
females prefer areas dominated by sediments of sand 

1 Salinity is presented as a pure ratio with no dimensions or 
units, according to the Practical Salinity Scale (UNESCO 
1985). 
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or a mixture of sand and silt in which to bury for the 
winter (Schaffner and Diaz 1988). In spring when 
the eggs are extruded, these sediment types allow the 
adherence of fertilized eggs to the pleopods by pro
moting the formation of the egg membranes and 
attachment strands to the pleopods, which is critical 
for successful egg development (see Ryan 1967b; 
Kuris 1991). It is not known how sediments pro
mote this process, but in laboratory studies in the 
absence of sediment, newly extruded eggs do not 
attach to the pleopods (Sulkin et al. 1976; Jivoff 
unpubl. data). Females carry the developing eggs on 
their abdomen for 14 to 17 d and during that time 
they may flex their abdomens or stroke the eggs with 
their walking legs in order to aerate or remove invi
able eggs or parasites, as seen in other species (Kuris 
1991; Levi et al. 1999; 0 h and Hartnoll 1999). 

FECUNDITY 

There are three main factors that can contribute 
to the total number of eggs produced by female blue 
crabs: (1) the number of eggs per brood, (2) the via
bility of eggs in each brood, and (3) the number of 
broods produced per season and per lifetime. Much 
of the previous work on blue crab fecundity has 
examined the number of eggs produced in the first 
brood. However, females are capable of producing 
two or more broods per spawning season (Van Engel 
1958) and we have a poor understanding of the fac
tors that dictate the reproductive potential of female 
blue crabs beyond the first brood. 

Female blue crabs are highly fecund, producing 
between 0.7 and 6 x 106 eggs in their first brood 
(mean, 3.2 x 106 ±

1 
1.6 x 106 SD; Van Engel 1958; 

Prager et al. 1990) weighing an average of about 30 
g (range, 24-98 g wet weight; Tagatz 1965; Roberts 
and Leggett 1980). One factor contributing to the 
very high fecundity. is that blue crabs have relatively 
small eggs (251 µm diameter; see also Davis 1965) 
compared with other crab species (range among 20 
species, 251-731 µm), including other portunids, 
majids, cancrids, anp xanthids (Hines 1982). As in 
other species (Hin~s 1982, 1988, 1991; Reid and 
Corey 1991; Siddiqi.ti and Ahmed 1992), the mun-

her of eggs produced increases linearly with female 
size (Hines 1982; Prager et al. 1990). The volume of 
the body cavity available for the developing ovary 
constrains brood size (Hines 1982), suggesting that 
the relatively large increase in carapace width of 
females (due to growth of the lateral spines) at the 
pubertal molt (Newcombe et al. 1949b) may 
increase the available space for the developing ovary. 
Illue crabs are more fecund than other crab species, 
but the female size-fecundity relationship is also 
more variable, suggesting that factors in addition to 
female size are also important (Hines 1982). In other 
species, fecundity can vary temporally and spatially 
(Davidson et al. 1985; Shields 1991; Kennelly and 
Watkins 1994), and with the availability of energy 
stores for ovary development (Kennish 1997). In 
addition, trade-offs between egg number and egg 
size (Sainte-Mari_e 1993) or between energy for 
somatic growth (e.g., limb regeneration) and repro
duction (Norman and Jones 1993) also influence 
female fecundity. Little is known of the factors that 
contribute to the variation in fecundity of the first 
brood, and the few observations available indicate 
that subsequent broods are smaller and contain a 
greater percentage of inviable eggs (Darsono 1992; 
Hines et al. 2003). 

Van Engel (1958) noted that "many" eggs in a 
brood do not hatch, indicating that egg infertility 
reduces fecundity between oviposition and larval 
release and contributes to the variation in the female 
size-fecundity relationship. In a variety of species, 
numerous factors result in egg losses between ovipo
sition and larval release (see below). The loss of eggs 
may occur more often in the later stages of egg 
development (Oh and Hartnoll 1999) and may be 
size-related (Kuris 1991; Norman and Jones 1993), 
suggesting that fecundity within one brood can vary 
over time. In other crab species, characteristics of a 
female's sexual partner, including his size and fre
quency of mating in the recent past (mating his
tory), influence egg fertility (Powell et al. 197 4; Paul 
and Paul 1989b, 1997), which suggests that the quan
tity or quality of sperm available for fertilization 
affects egg fertility rates. For example, long periods 
of sperm storage in the female (Paul 1984; Hopkins 
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2002) or the male (Leung-Trujillo and Lawrence 
1987) of other species may limit the number of 
viable sperm available for fertilization. Preliminary 
evidence (Hines et al. 2003) suggests that egg fertil
ity, especially in broods subsequent to the first, 
decreases perhaps as a result of reduced sperm stores 
in the female spermathecae. 

POTENTIAL FISHERIES 
EFFECTS 

A major concern for the management of blue 
crabs {see Cole 1998; Uphoff 1998), as well as other 
commercially important species, is the maintenance 
of an abundant spawning stock to ensure reproduc
tion and sustained levels of recruitment (Caddy 
1989; Lipcius and Van Engel 1990). Although male 
blue crabs are the primary target of the fishery 0arge 
males being of greater economic value), adult 
females are also taken and represent an increasing 
percentage of the catch as a result of a decreasing 
supply of males in Maryland (Rugolo et al. t 998; 
Uphoff 1998) and Delaware (Cole 1998). Therefore, 
fishing pressure results in direct losses in female egg 
production because females are removed before 
spawning, either during their down-estuary migra
tion to the spawning grounds or during overwinter
ing Oordan 1998). However, there is increasing con
cern that changes in population structure due to 
intense fishing pressure on blue crabs and other 
commercially important species Oamieson et al. 
1998) can indirectly reduce female reproductive 
output in complex ways. For example, compared 
with non-fished crab species, commercially impor
tant species show greater losses of eggs to nemertean 
brood parasites as a result of changes in host-popula
tion structure from intense fishing pressure (Wick
ham 1986). 

Reduced female egg production may also stem 
from intense fishing pressure on males (McMullen 
and Yoshihara t 971; Nizyaev and Fedoseev 1989; 
Norman and Jones 1993). In a wide array of species, 
female reproductive output is enhanced by the 
quantity or quality of ejaculate received from males 
(Nakatsuru and Kramer 1982; Gwynne 1984; 
Rutowski et al. 1987). Thus, intense removal of 

males, especially large males with greater sperm 
stores, may prevent females from finding a male alto
gether or a male that can provide enough ejaculate 
for females to achieve their full reproductive poten
tial {McMullen and Yoshihara 1971; Nizyaev and 
Fedoseev 1989; Smith and Jamieson 1991; Sainte
Marie et al. 1995). An analysis of red king crab Par
alithodes cmntschaticus fisheries suggests that reduced 
fishing pressure on breeding males may provide 
more stable and sustainable yields and maintain 
reproductive potential (Schmidt and Pengilly 1989). 
Paralithodes species are particularly vulnerable to 
reduced female reproductive potential via fishery 
depletion of males because females are unable to 
store sperm. In blue crabs, intense removal of large 
males may lead to small males mating more fre
quently than otherwise expected, resulting in 
females receiving reduced quantities of ejaculate 
Oivoff 1997b; Kendall and Wolcott 1999). Receiving 
adequate sperm supplies may be especially impor
tant for female blue crabs because most females use 
stored sperm from a single male to fertilize their life
time supply of eggs (Van Engel 19 58; Jivoff 1997 a). 
Preliminary result4i indicate that adult females with 
reduced ejaculate stores produce infertile eggs more 
quickly, suggesting that female reproductive poten
tial may be limited by the quantity of material avail
able for fertilization (see Fig. 12) (Hines et al. 2003). 

EMBRYONIC DEVELOPMENT 

Embryonic development (Fig. 14) occurs exter
nally on the underside of the female abdomen and is 
influenced by environmental conditions. Newly 
extruded embryos are relatively small (273 x 263 
µm) but increase in volume by about 18% by the 
time of hatching (320 x 278 µm; Davis t 965). 
Development takes 12 to 15 d at 28°C and salinity 
30; (Darsono 1992) but takes longer at colder tem
p era tu res (14 to 17 d at 26°C; Costlow and 
Bookhout 1959). The major steps in embryonic 
development include a granular appearance of suc
cessive cleavage stages ( day 1), development of a 
transparent area that marks the development of 
endodermal cells and the beginning of gastrulation 
(day 2), separation of embryos from the lipid-rich 
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Figure 14. Embryonic development of blue crab eggs during incubation. (A) Female with newly extruded brood of 

eggs, or sponge. (13) 5-day-old embryos with egg attachment stalks evident. (C) 9-clay-old em bryos with eye pig

ments fo rm ing. (D) 1 I- day-old embryos with eyes c lea rl y visible. (E) 12-day-old embryos ready to hatch as zoeas. 

Photos by A. Young-Williams. 
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yolk (days 4-5), the appearance of eye pigments (day 
8), and appearance of zoeal appendages as the yolk is 
reduced to small patches (day 11) (Darsono 1992). 
During development, the color of the entire brood 
changes, appearing yellow to orange 1 to 7 d after 
extrusion and brown to black 8 to 15 d after extru
sion (Bland and Amerson 197 4; Millikin and 
Williams 1980). 

Embryo Loss during Development 

Embryo loss during development is common 
among crustaceans, with one study finding about 
30% of species exhibiting decreases in brood size 
during development (Kuris 1991). The extent of 
embryo loss per brood varies among species but can 
be significant, ranging from O to 69% among cray
fish (Corey 1991) and from O to 100% in other 
crustaceans (Wickham 1986). Numerous factors 
result in the loss of embryos during development 
including lack of embryo adhesion to the pleopods, 
mechanical losses, embryo predation, disease, and 
parasites (see also Shields and Overstreet, Chapter 8) 
(Perkins 1971; Otto et al. 1989; Corey 1991; Kuris 
1991). Relatively little is known about the inci
dence and extent of embryo loss that occurs during 
development in blue crabs. Blue crab embryos are 
susceptible to fungal infection, especially by the 
marine phycomycete Lagenidium callinectes, which 
eventually destroys the infected embryos (Bland 
and Amerson 1974). Temporal and spatial variation 
occurs in both the incidence of infection (as high as 
95%) and the degree of infestation (33-50% of the 
brood), especially in late stage embryos (Bland and 
Amerson 1974). In addition, the nemertean egg 
predator Carcinonemertes carcinophila may infest the 
embryo masses of blue crabs, with the incidence of 
infection among females ranging from O to 100% 
(Overstreet 1982). Infestation rates correlate with 
high salinities and the peak of spawning (Millikin 
and Williams 1980; Overstreet 1982), but little work 
has examined the relative effect of this predator on 
female reproductive output. Nemertean egg preda
tors are an important source of egg loss in other 
crabs, particularly in commercially important 
species because intense fishing pressure leads to 

changes in host-population structures that result in 
a higher prevalence or intensity of infestation 
(Wickham 1986). 

Larval Release 

Blue crab larvae develop in the offshore waters 
above the continental shelf (see Epifania, Chapter 
12; McConaugha et al. 1983; Epifania et al. 1984). 
Evidence indicates that just before larval release, 
females carrying embryos in the later stages of 
development migrate from the spawning grounds to 
the ocean (Tagatz 1968a) by vertically swimming 
into nocturnal, ebb-tide currents (selective tidal
stream transport; Tankersley et al. 1998;Tankersley et 
al. in review). In a variety of crab species, larval 
release is synchronized to light:dark, tidal phase, and 
tidal amplitude cycles such that larval release occurs 
during nocturnal high tides of the largest amplitudes 
(Forward 1986; Morgan and Christy 1994; Morgan 
1996). In blue crabs, larval release is apparently syn
chronized by two coupled endogenous oscillators, 
one with circatidal periodicity and one with circa
dian periodicity (Ziegler et al. in review). Salinity 
and light (photoperiod) serve as cues for the two 
oscillators, and expression of the circatidal rhythm in 
hatching is influenced by the circadian clock such 
that larvae are released and transported seaward dur
ing morning ebb tides (Tankersley et al. 1998; 
Tankersley et al. in review; Ziegler et al. in review). 
This synchrony reduces predation on the newly 
released larvae by rapidly transporting them in 
strong ebb-tides to deeper waters, away from plank
tivorous predators in the near-shore zone (Morgan 
and Christy 1995, 1997). 

Hatching begins with the uptake of water into 
the embryo, which is promoted by salinities of at 
least 18 (Costlow and Bookhout 1959; Davis 1965). 
Osmotic swelling of the inner embryonic mem
brane initiates hatching by rupturing the outer 
embryonic membrane (chorion), then larval move
men ts rupture the inner embryonic membrane, 
releasing the prezoeae (about 14-20 min after 
chorion rupture; Davis 1965). The prezoeae molt to 
the first zoeal stage within 3 min of release (Davis 
1965), which may explain why they were not 
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observed in earlier studies (Costlow and Bookhout 
1959) (see Kennedy, Chapter 2). Both the inner and 
outer embryonic membranes remain attached to the 
pleopod setae of the female for a few days after larval 
release, and thus are an excellent indicator that the 
female has recently spawned, although they do not 
indicate the frequency of spawning (Hard 1945). In 
an ocypodid Uca pugilator, a xanthid Neopanope sayi, 
and several grapsid crabs (Sesarma haematocheir, S. pic
tum, S. dehaani, S. cinereum, and Hemigrapsus san
guineus), the embryos contain a proteinase ("oviger
ous-hair stripping substance") that removes the 
embryonic remnants from the pleopod setae after 
larval release and thus prepares the setae for the sub
sequent brood (De Vries and Forward 1991; Saigusa 
1996; Saigusa and Iwasaki 1999). 

Summary and Areas of 
Future Research 

Blue crab reproduction is complex and inter
esting from a variety of perspectives. Many factors 
influence the way mating and reproduction take 
place, including environmental conditions (e.g., 
temperature, salinity), local population characteris
tics (e.g., sex ratio, size structure), physiology (e.g., 
hormones, pheromones), and the characteristics of 
males (e.g., size, physical condition) and females 
(e.g., size, molt stage). Together, these factors pro
duce a complicated[ mating system with physiolog
ical changes and b:ehaviors that are often highly 
variable and that differ from those of many other 
crabs, including other portunids. As a result, study
ing blue crab reproduction is challenging and a 
number of questions about mating and reproduc
tion remain. 

• What processes regulate sexual maturity and 
receptivity, particularly of males? In other 
species, hormones (e.g., methyl farnesoate) 
play an important role but relatively little is 
known about these in blue crabs. In a vari
ety of species, a male's parasite load, mating 
history, and future mating prospects also 
influence sexual receptivity but little infor
mation exists fot blue crabs. 

• How do sexually receptive males and 
females come together for mating and what 
role does each sex play in finding a mate? 
Visual and chemical signals (from different 
sources) from both sexes seem to be impor
tant in pair formation, but the source and 
identity of these chemicals and how, in 
females, they are linked to the pubertal molt 
are still unknown. 

• What role do males play in determining the 
reproductive potential of females? In blue 
crabs and other species, males make consid
erable investments (e.g., mate guarding time, 
ejaculate volume) in their mates. In other 
species, the quantity or quality of the ejacu
late passed to females enhances their repro
ductive success, and we are beginning to 
understand that the same may also occur in 
blue crabs. This avenue of research is inter
esting from an evolutionary perspective 
because it addresses the selective forces 
behind these investments, and, from a more 
practical perspective, because it examines 
factors that influence the quality of the 
spawning stock. 

The blue crab supports one of the most impor
tant commercial and recreational fisheries along the 
east and Gulf coasts of the United States, including 
Chesapeake Bay (Rugolo et al. 1998), North Car
olina (Henry and McKenna 1998), Georgia (Evans 
1998), Florida (Steele and Bert 1998), Louisiana 
(Guillory and Perret 1998), and Texas (Hammer
schmidt et al. 1998) A major concern for fisheries 
managers of this and other species is how to con
serve the spawning stock to insure sustainable 
recruitment levels. To do -so effectively requires 
information on the factors that influence spawning 
and reproductive output; however, we know rela
tively little about these in blue crabs. This paradox 
was eloquently stated by the late Eugene Cronin 
during a blue crab symposium at the 88th Annual 
National Shellfisheries Association Meeting: "A 
most crucial problem is that of determining the 
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effect of spawning stock on recruitment. Most of 
our management is directed toward the vague hope 
of protecting an 'adequate' or 'prudent' spawning 
stock - and we don't know what they would be." 
(Cronin 1998). Discouragingly, based on our current 
understanding of reproduction in the blue crab and 
information from other commercially important 
crab species, we can expect that increasing fishing 
pressure will negatively influence reproduction in 
complex ways (Lipcius and Stockhausen 2002). 
Therefore, an important area for future research is 
determining the reproductive potential (seasonal and 
lifetime) of females, and the factors that allow 
females to reach their full reproductive potential, 
including environmental conditions, physiological 
constraints, and the characteristics of the female and 
her sexual partner. Specifically, little is known about 
the processes that occur within the female between 
insemination and larval release, including the viabil
ity of sperm during storage, the dissolution of the 
seminal fluid, egg fertilization, and the viability or 
loss of embryos during development. This kind of 
information will provide a better understanding of 
reproduction and how the reproductive biology of 
this species is influenced by fishing pressure, an 
understanding that is critical for maintaining a viable 
fishery. 
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Chapter 8 

Diseases, Parasites, 
and Other Symbionts 

JEFFREY 0. SHIELDS AND ROBIN M. OVERSTREET 

And this <{!reat stmctural diversity [ef marine life] is paralleled by habits and ways ef life which are often 
bizarre to the point effantas}~ Against such a backJ!roimd, it is not swprising that the whole spectrum ef 
animal assodations,ftom the obviously casual to the intimately complex, can be seen. 

R. V. Gotto (1969) 

INTRODUCTION 

We present a critical review of the microbial dis
eases, parasites, and other symbionts of the blue crab 
Callinectus sapidus. Previous reviews have provided 
brief synopses of blue crab diseases (Messick and 
Sinderman 1992; Noga et al. 1998), overviews and 
synthesis of crustacean diseases in general (Couch 
1983; Johnson 1983; Overstreet 1983; Brock and 
Lightner 1990; Meyers 1990), or aspects of specific 
parasitic taxa (Couch and Martin 1982; Overstreet 

I 

1982; Bradbury 1 ?94). Infectious diseases of blue 
crabs have received far less attention than those of 
the intensively cultured eastern oyster ( Crassostrea vir
ginica) or the penaeid shrimps, primarily because of 
differences in resource management as well as the 
dramatic detrimerital influences of protozoa} and 
viral diseases in the latter hosts, respectively. 
Nonetheless, given the appropriate environmental 
conditions, several pathogenic agents (e.g., viruses, 
Vibrio spp., Hematodinium perezi, Paramoeba perniciosa, 
Loxothylacus texanus) have the capacity to severely 
affect blue crab fisheries. Several bacteria and a few 
parasites (e.g., Vibrio spp., microphallid trematodes) 
represent minor human health concerns, and a few 
bacteria (Listeria monocytogenes, Clostridium botulin11m) 
represent safety hazards to the seafood industry. In 
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addition, several symbionts (e.g., Cardnonemertes car
dnophila, Octolasmis muellen) may serve as markers of 
host biology by indicating migration or molting pat
terns, and one syndrome, shell disease, may even 
serve as a useful indicator of poor water quality asso
ciated with pollution. 

Our synthesis is meant to show the gaps in our 
understanding of the primary diseases of the blue 
crab and guide future work on their ecological 
influences and their pathological processes in the 
host. Aspects of the immune system of the blue crab 
are discussed in relation to selected diseases with the 
caveat that immune functions are poorly understood 
in the Crustacea in general. 

Throughout the chapter the term "symbiont" is 
used broadly as an organism in some form of close 
or intimate association with its host (Overstreet 
1978). "Symbiosis" means "living together;' and we 
view it as spanning the gamut of disease, parasitic, 
commensalistic, mutualistic, and phoretic, but not 
predatory, relationships. A "disease" imparts abnor
mal function within the host. "Pathogens" cause dis
ease by damaging physiological functions within the 
host. "Parasites" may or may not be pathogens that 
cause disease, but they have the potential to produce 
a negative effect on the host, especially in heavy 
infections. "Hyperparasitism," a second order para-
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sitism, signifies the condition when one parasite 
infects another. A "facultative symbiont" is not phys
iologically dependent on a host but can establish a 
relationship with it when the opportunity occurs. It 
contrasts with an "obligate symbiont," which has a 
physiological dependency on its host. The terms 
"infection" and "infestation" refer to internal and 
external invasion of the host by endo- and ecto
sym b ion ts, respectively. "Commensalism" and 
"phoresy" are relationships where the symbiont 
derives benefit, but the host is not affected by the 
association. Commensalism results when the sym
biont shares nutritional resources or a living space 
with the host. Phoresy results when the symbiont 
uses the host for transportation. An "epibiont" is an 
organism that lives on the external surface of the 
host. In "mutualism," both the symbiont and the 
host benefit from the association. These definitions 
represent a continuum that exists among symbiotic 
associations. 

Standard parasitological terms were defined by 
Margolis et al. (1982) and updated by Bush et al. 
(1997). Briefly, "prevalence" is the number of 
infected hostc; divided by the total number of hosts 
examined, usually expressed as a percentage. "Inten
sity" is the number of parasites infecting a host, with 
"mean intensity" representing the mean number of 
parasites per infected host. "Density" refers to the 
number of parasites per unit of host or habitat mea
sured in area, volume, or weight (e.g., parasites per 
ml hemolymph), and is often used with bacterial 
and protozoa} agents. An "epizootic," or "epidemic" 
if related to people, is an outbreak of a disease, usu
ally expressed as a large increase in prevalence or 
intensity of infection in the host population. When 
occurring over a wide geographic area, such an epi
zootic is referred to as a "panzootic." An "enzootic," 
or native, disease is one caused by factors consis
tently present in the affected host population, envi
ronment, or region. 

The first reported symbionts of the blue crab 
were the rhizocephalan barnacle Loxothylacus texanus 
by Boschma (1933), the fungus Lagenidinium call
inectes by Couch (1942), and the nemertean worm 

Carcinonemertes carcinophila by Humes (1942). The 
late 1960s and early 1970s saw the advent of scien
tific interest in diseases of the blue crab, especially as 
crab fisheries became more fully exploited. With the 
expansion of the softshell industry has come an 
increased awareness of the role of diseases in the 
short-term culture of the blue crab and their nega
tive effects on the fisheries. Blue crabs are now 
known to be infected by a large, disparate fauna 
comprised of viruses, bacteria, fungi, protozoa, 
helminths, and other crustaceans. Most of the para
sites and diseases are relatively benign and cause little 
pathological alteration in the crab host. Several, 
however, cause considerable alteration and occasion
ally fulminate into epizootics, or outbreaks, resulting 
in crab mortalities. Unlike dead fish that float, dead 
crabs generally sink, hence large mortalities often go 
unnoticed or underreported. The true influence of 
several diseases, therefore, may be difficult to assess 
without intensive sampling in enzootic locations. 

VIRAL INFECTIONS 

Other than those from some penaeid shrimps, 
viral infections in the blue crab are some of the bet
ter known from a marine invertebrate host. These 
blue crab infections are known primarily from 
descriptive ultrastructural studies by Johnson (e.g., 
1986a). There are seven or eight reported viruses 
infective to C. sapidus along the Atlantic Coac;t, with 
at least two occurring in the Gulf of Mexico. Three 
species are lethal and two are found concurrently 
with other viruses, with strong experimental evi
dence indicating a synergistic pathogenic effect. The 
identification and characterization of the viruses 
infecting crabs are less well established than those 
infecting shrimps, perhaps because there is less eco
nomic incentive to culture crabs than to rear 
penaeid shrimps. However, when one of the shrimp 
viruses is introduced to the blue crab, it can produce 
an infection and induce mortality. In addition to 
hosting viruses that are apparently specific to the 
blue crab and its relatives, the blue crab can also 
accumulate human enteric viruses. 
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DNA Viruses 

Bi-facies Virus (BFV) 
Biology 

. B_i-facies vi~s,I formerly referred to as herpes
hke virus (HLV), 1s ~ dsDNA, enveloped virus that is 
extracellular or in the nucleus or cytoplasm of 
hemocytes and hemopoietic cells (Fig. 1 A); it was 
originally described by Johnson (1976c). Initially 
considering the vin;is to be a herpes-like virus,John
son (1988) altered her view because herpes viruses 
become enveloped after - rather than before -
leaving the nucleus, as in BFV. Bonami and Lightner 
(1991) still considered the virus to be HLV and 
related it to Herpesviridae. The virus may also infect 
connective tissue and epithelial cells of the gill, but it 
has not been observed in the skeletal muscle, heart, 
gut epithelium, goriad, or nervous tissues. Infected 
cells have hypertrophied nuclei with Feulgen-posi
tive granules or homogeneously stained nuclei. Such 
infected cells may also contain Feulgen-negative 
inclusions in both nuclei and cytoplasm. When the 
hemocytes lyse, free refractile virus and lysed cellular 
debris can fill the hemolymph, producing a diagnos
tic chalky white hemolymph that does not gel when 
exposed to air. 

The complete1 development of Bi-facies virus 
occurs in the nucleus, where this hexagonal virus 
has two types of 4evelopment leading to two final 
forms. The envelop

1

ed Type A particles (Fig. 1 B) with 
two envelopes (face to face) measure 197 to 233 nm 
~n diameter and thf Type B particles (Fig. 1 C) with 
JUSt one envelope measure 17 4 to 1 91 nm Oohnson 
1988). 

Animal Health a:1id Fisheries Implications 

Other than frof captive stocks, Bi-facies virus is 
known only from -{\ssawoman, Delaware, and Chin
coteague bays on the east coast of the USA. In those 
locations, the pre~alence of infection in a natural 
population of juveniles has been as high as 13% 
Oohnson 1983). '. 

I 

Once the nucleus of an infected cell hypertro-
phies and lyses, the hemocyte becomes dysfunc-

tional and necrotic. The advanced condition proba
bly causes the death of infected crabs, but the condi
tion is not necessarily a stress-related disease. When 
hemolymph from a moribund crab was injected 
into healthy crabs or infected tissue was fed to such a 
crab, death resulted 30 to 40 d later Oohnson 1978), 
much sooner than that for naturally infected indi
viduals. Naturally infected crabs may survive for at 
least 60 d Oohnson 1983). Healthy juveniles main
tained in separate containers supplied with water 
from a common source containing infected individ
uals developed disease that often resulted in mortal
ity. Infected crabs appeared healthy until right before 
death when they became inactive and stopped 
feeding. 

A similar "herpes-like" virus from the bladder 
and antenna} gland of the Alaskan blue king crab 
Paralithodes platypus has been implicated in a decline 
of the host population and perhaps the populations 
of two related crabs in the Bering Sea (Sparks and 
Morado 1986). 

Future Research 

Because of the pathogenic nature of Bi-facies 
virus, there is a need to establish its geographic 
range, hosts, and effects on host population. There is 
also a need to characterize better the virus by use of 
biochemical and biophysical features. 

Baculovirus A (Baculo-A) 

Biology 

Baculovirus-A is actually a bacilliform virus or 
nudibaculovirid. It is a nonoccluded, rod-shaped, 
enveloped virus that infects juvenile and adult blue 
crabs along the Atlantic coast and perhaps through
out the range of the crab. It infects the nuclei of 
hepatopancreatic epithelium (Fig. 2A, B), causing 
hypertrophy, with the nucleus usually reaching twice 
its normal size and weakly staining Feulgen-positive. 
The trilaminar enveloped dsDNA virion measures 
about 260 to 300 x 60 to 70 nm; with the nucleo
capsid, it measures 240 to 254 x 43 nm. Virions 
occur in ordered paracrystalline arrays along the 
nuclear membrane Oohnson 1976a). 
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Figure l . B i-fac ies virus (BFV) . (A) Infected hemocyte with large viral induced inclusions in both cytopb sm and nucleus. 

From Johnson (1988) . (B) Type-A matu re particle showing electron-dense core bound by electron-dense sphere, v;hich in 

turn is surrounded by an inner and omer membrane. From Overstreet ( 1978). (C) Type-13 mature particle showing single 

envelope. Note mass of rods (perhaps core of undeveloped IJFV) in cytoplasmic material associated with fixed phagocyte. 

Note small rhabdo-like virus in same cell. From Johnson ( 1988). 
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Figure 2. Baculovirus A (Baculo-A) in nuck:i o f hepacopancreatic epithel ium . (A) One of tvvo cells is b i nucleate and all 

nuclei exhibit remains of nuck:oli in addition to the mature virions. (13) Close- up of (A). From same materi:il as reported 

by Jo hnson (1983). 
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Animal Health and Fisheries Implications 

Johnson (1983) thought that Baculo-A might be 
the most ubiquitous of all the blue crab viruses. Its 
prevalence typically ranged from 4 to 20% in all 
stages of the molt cycle of the blue crabs between 
Long Island Sound, Connecticut, and Chesapeake 
Bay, though Johnson (1983) reported 52% preva
lence in one collection from Chincoteague Bay, Vir
ginia. Johnson (1976a) found the agent in all collec
tions from crab populations in low to high salinity 
locations. However, there was no indication that any 
infected crab was harmfully affected. Nevertheless, 
microscopical signs of focal infection were observed; 
hypertrophied nuclei occurred most commonly in 
absorptive cells (reserve cells, or R-cells) and less 
often in secretory (B-cells) and fibrillar (F-cells) cells 
of infected crabs. 

Future Research 

Research might show that larval crabs are 
affected or even killed by Baculo-A. For example, an 
occluded baculovirus typically kills larval and post
larval penaeids but seldom older individuals (Over
street 1994). The apparently nonoccluded "tau" virus 
of the green crab Carcinus maenas, which may be 
related to Baculo-A, kills its crab host (Bazin et al. 
1974). Feeding or injection can experimentally 
transmit both the occluded and nonoccluded agents. 
Because Johnson (1983) thought Baculo-A might 
be the most ubiquitous of all the crab viruses, blue 
crabs from the Gulf of Mexico surely should be sur
veyed for this as well as other viruses. 

Baculovirus B (Baculo-B) 

Biology 

The nonoccluded Baculo-B virus exhibits simi
larities to Baculo-A, but it infects hemocytes and 
hemopoietic cells, often producing diagnostic 
hyperchromatic areas in the center of the nucleus 
Oohnson 1983, 1986a). Nuclear and cellular hyper
trophy is not as marked as in cells infected with BFV 
or Baculo-A, but the cells stain more strongly with 
Feulgen. The infected hemopoietic ceUs and hemo-

cytes exhibit pale, hypertrophied nuclei that can be 
either homogeneous or rimmed with chromatin, 
occasionally with hyperchromatic areas in the 
center. Virions mature after the nucleus becomes 
hypertrophied. The enveloped virions appear ovoid, 
measuring about 100 x 335 nm with tapered and 
rounded ends; developing virions are associated with 
intranuclear vesicles as has been observed in the 
hemocytes and some connective tissue cells of Carci
nus maenas (see Bazin et al. 1974), rather than long 
tubule-like structures as in Baculo-A. Virions occur 
in ordered arrays in the nucleoplasm. The cytoplasm 
becomes a narrow rim around the nucleus with few 
or no granules. Mature granulocytes are apparently 
not infected. Once a nucleus is infected, it ruptures 
and the virions invade the cytoplasm and then dis
perse into the extracellular space upon lysis of the 
cell. 

Animal Health and Fisheries Implications 

Infections occur at least in Chesapeake Bay, 
Maryland, and its tributaries and in Chincoteague 
Bay, Virginia. Experimentally infected crabs became 
sick, but at least one was infected with other viruses 
(RhVA and EHV) (Johnson 1983). Infections are 
not known to harm naturally-infected crabs. 

Future Research 

The pathogenic effect of the virus on the blue 
crab, especially on larvae and young juveniles, needc; 
to be determined. As with Baculo-A, biochemical 
and biophysical data are needed. The lack of infec
tion in granulocytes is intriguing. The specificity of 
Baculo-B for certain hemocyte-types should be fur
ther examined. 

RNA Viruses 

Reo-like Virus (RLV) 

Biology 

Reo-like virus, a nonoccluded member of the 
Type I R.eoviridae, infects primarily hemocytes, 
hemopoietic tissues, and glial cells (Fig. 3A, B). Vari-
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ous other ectodermally and mesodermally derived 
tissues such as epidermis, gill, bladder, blood vessel 
endothelium, Y-organ, and connective tissue cells, 
including fixed phagocytes, can also be infected 

I 

(Johnson 1983). Originally placed incorrectly in 
Picornaviridae, this reovirus has icosahedral virions. 
The virion is a nonenveloped dsRNA that measures 
55 to 60 nm in cross-section and occurs in the cyto
plasm, producing Feulgen-negative inclusions and 
increased cytoplasmic volume. These inclusions, 
basophilic and angulate to rounded in shape, consti
tute paracrystalline arrays of virus particles as well as 
sinuous proteinaceous filaments 20 to 30 nm in 
diameter (Fig. 3C, D). Infected hemocytes invade 
the glia of the brain and thoracic ganglia, which 
become necrotic. Because of this tissue destruction, 
the crab becomes sluggish and exhibits tremor and 
ultimately paralysis Oohnson 1983). 

Based on what is known about the virus, it 
may be the same as that found in the harbor crab 
Liocarcinus depurator (as Macropipus depurator) from 
the Mediterranean Sea (Hukuhara and Bonami 
1991). 

Animal Health an;d Fisheries Implications 

Reo-like virus 
1

has been found commonly in 
juvenile and adult :crabs from Chincoteague and 
Chesapeake bays, wfu.ere it was associated with mor
talities Oohnson aiid Bodammer 1975; Johnson 
1983, 1984). Infect~d crabs occurred in high and 
low salinity habitats. [ 

Also present in RLV-infected crabs was 
Rhabdo-like virus lA (Rh VA), which seemed to 
produce a synergisti! response (Fig. 4) in the result
ing glial necrosis ~nd paralysis Oohnson 1983, 
1984). Other viruses can also be present in RLV
infected crabs, such! as another rhabdo-like virus, 
Baculo-A, and Bactilo-B. The association between 

I 

RLV and each of those viruses requires investiga-
tion. When hemolymph infected with RLV plus 
Rh VA was injected 

1

into healthy nai·ve crabs, those 
crabs died in as little :as 3 to 4 d for pre- or postmolt 
individuals and 11 d for intermolt individuals. 
When crabs were administered infected tissues 
orally, it took 12 to 32 d for the intermolt crabs to 

I 

die (Johnson 1978, 1983, 1986a). The virus can 
probably also enter by other routes, and the result
ing infection represents a potential threat to crabs in 
shedding-tank systems. Diagnosis usually consists of 
examination of hemocytes or hemopoietic tissues 
of sluggish crabs possessing hemolymph that either 
will not clot or that exhibits a reduced clotting rate. 
In many cases, the exoskeleton becomes discolored, 
and the gills of the crab turn a reddish to brownish 
color. 

Future Research 

R.eo-like virus infects juveniles and adults 
in culture, but its prevalence in nature has not 
been established. The virus needs to be better 
characterized. 

Rhabdo-like Virus A (Rh VA) 

Biology 

Rhabdo-like virus A probably occurs as a ubiquitous 
virus in the blue crab along both the Atlantic and 
Gulf of Mexico coasts. This small virus measures 20 
to 30 nm x 110 to 170 run in bacilliform stages with 
rounded ends or 20 to 30 nm x up to 600 nm long 
in a filamentous flexuous stage (Jahromi 1977). It 
buds into the endoplasmic reticulum, infecting glial 
cells of ganglia and large nerves as well as hemo
cytes, hemopoietic tissue, connective tissues, and 
epithelium other than that of the alimentary tract 
and antenna! gland. Rhabdo-like virus A infects sim
ilar sites as Reo-like virus. It does not infect axons 
or striated muscle (Johnson 1978, 1983), but it does 
infect the mandibular organ. Initially, the virus was 
incorrectly reported from the ecdysal gland, and 
consequently it was originally called EGV2 (Yudin 
and Clark 1978, 1979). 

Animal Health and Fisheries Implications 

Rhabdo-like virus A may exemplify a virus 
associated with host stress. Infected crabs (Figs. 1 C, 
3A) usually exhibited disease when they had been 
maintained under stressful laboratory conditions or 
were infected with other viruses (RLV, EHV, CBV, 
BaculoB, or HLV) (Johnson 1983). Those not 
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infected w ith oth e r viruses o r n ot und e r stress 

appare n t ly do not exhibit d isease . In fectio n by 

R.hVA produced no pathological signs visible w ith 
the light microscope. As indicated above, sick crabs 
in fec ted w ith RLV had a mi xed infection with 

R.hVA (Figs. 3A, 4). Experimentally, an injected 
inoculum of both of those viruses can kill a crab in 

as li ttle as 3 cl. T he taxonomic relationshi p w ith a 

similar virus in Cnrci1111s 111editerrn11e11s from th e 

M ed iterranean coast of France is uncertain (Mari 
1987). 

Rhabdo-like Virus B (Rh VB) 

Biology 

Rhabdo-l ike virus B, origina lly called E GV I for 
"ccd ysal gland virus ·1 ," has been reported once 

(Yudin and C lark 1978).Thc reported size w.1s SO co 

70 11111 x I 00 to 170 11111 , or mu c h w ide r than 

n .. hVA.The enve loping membrane exhib ited surface 

projectio ns. T he virus occurred extracellularly under 

the basal lamina of the mandibular organ in crabs 
fro m the Gulf of Mexico. 

Figure 3. R.eo-like vi rus (RLV).Above: (A) Cross-section orlarge nerve with hemocytes present in necrotic glial area !G]; 
tissue also infernxl with RliVA. From Johnson (1984). (IJ) Epoxy-e111bedck:d he111opo i1.:tic tissue, toluidine blue stain, 
exhibiting darkly staining crystalline inclusion. Opposite page: (C) Ultrastructure of cytoplasmic inclusion of viral parti
cles, associated with at:ypical tubules in perinuclear cistern /TP/ of nucleus IN I and in endoplasmic reticulum cistern 
/TE/. (D) Insert shows close-up of virus with cytoplasmic fibrils IF], 11ucleoid-like density fN I, projections fPl , .111d outer 
wall subunits [SJ. (13), (C), (D) from Johnson and J3oda111 111er ( I 975). Bar in (A) = 20 pm. 
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Figure 4 . Rhabdo-like virus A (RJiVA) (Al in endoplas

mic reticulum of cell additionally infected with reo-like 

virus (RLV) (BJ. The sinuous strands (arrow) are associ

ated w ith th e develo pment of RLV. From Jo hnson 
(1984). 

Animal Health and Fisheries Implications 

Rhabdo-like virus B occurred in 3% o f 60 
mandibular organs of crabs fro m the G ulf o f M exico 
examined by transmissio n electro n m icroscopy 

(T EM). N one of the infected crabs appeared sick. In 
one case, RhVA co-occurred with RhVB and the 
viral particles developed in the interlam ellar space of 
the nuclear envelope, forming vario us kinds o f clus

ters in the cytoplasm (Yudin and Clark 1978). 

Future Research 

T he status of Rh VB requires investigation. It is 
important to know what this vi rus is before an effort 

is spent o n de terrn.in.ing its host range, prevalence of 
infection, host specificity, and m eans of infectio n. 
With improved m olecular techniques, RhVB may 
be more easily stud ied and classified. 

Enveloped Helical Virus (EHV) 

Biology 

Envelo ped helical virus is another wide ssR NA 
virus. It is an extracellular virus usually associated 
with the basal lamina o r lying be tween the basal 
lamina and plasma membrane o f hemocyces, or eel.ls 

o f hemo poietic tissue, or certain other connective 
tissue cells (Fig. 5) .Johnson and Farley (1980) tenta
ti vely assoc ia te d it w ith Paramyxoviridae and 
Ortho myxoviridae, but Johnson ('I 986a) later con
sidered it to be a rhabdo-li ke virus. T he v irus is 
either ovoid (approxim ately 105 x 194 nm) o r bacil
li form (1 05 x up to 300 nm lo ng). Like a similarly 
appearing virus from the Y-o rgan o f Cnrci111 1s 111ne11ns, 

it buds virions thro ugh the plasma membrane and 
has fl exuo us nuclcocapsids and g ranular areas of 
development in th e cytoplasm o f ce!Js Qo hnson 
1983). Projectio ns from EHV occur o n th e o ute r 
surface of the envelo pe. M ature virions bud through 
the plasma m embrane where they occur extracellu
larly (Fig. SB, C). 

Animal Health and Fisheries Implications 

Jo hnson and Farley (1980) found this virus in 
crabs fro m C hincoteague and Chesapeake bays and 
the east coast of Flo rida. They found it only w ith 
TEM and only concurrent with other viruses. No 
evidence presently exists linking an infection with ilJ 
heal th. Multiple infectio ns, however, are common 
(Fig. SA) . 

Future Research 

There is a need to characterize th.is virus as welJ 
as dete rmine host range, prevalence of infectio n , 
host specificity, association with o ther viruses, and 
means of infection. A.lso, in spite of the purpo rted 
di fference in size between E HV and Rh VB in the 
blue crab, pe rhaps El-:IV and R..hVB are the sa me 
virus. 

Chesapeake Bay Virus (CBV) 

Biology 

C hesapea ke B ay v irus is a ssR NA, no ne n
veloped, icosahedral, picorna-like virus abou t 30 m11 

in diameter that occurs in the cytoplasm of eccoder
mally derived cells Qohnson 1978, l 983) . It occurs 
in neurosecretory cells (fig. 6A), but no t glial cells, as 
well as in the epidermis and in the epithelium of the 
gill (Fig. 6B), bladder, foregut, and hindgut of crabs 
fro m C hesapeake Bay. It has also been observed in 
hemocytes and hemopoietic tissue. Hypertroph ied 



Figure 5. Enveloped helical vi rus (EHV) . (A) Infection with the cnveloped EHV iaJ as well as the rhabclo- like virus 
RliVA [bl occurring in the extracellula r space, while nucleus [NJ contains the baculovirus 13aculo-B Jc]. (B) Infected 
hemopoietic tissue showing El-IV virions [V J free between cells and under basal lamina (IJ . Note budding form (arrow). 
(C) Close- up showing EHV virions budding (arrow) through plasma membrane of a hemocyte, with nucleocapsids /n) 
and granular area [gJ in cytoplasm. From Jol111son and Farley ( 1980) . 
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cells contain a Feulgen-negative homogenous m:ite

rial consisting mostly of virus, often focally arranged 

in a paracrystalline array (Fig. 6C) that makes detec

tion possible with a light ni.ic roscope. 

Anfrnal Health a.ud Fisheries lmplicatious 

Infections with CBV usually have a ljmjted foca l 

nature, sometimes resulting in blindness when the 

re tina becom es infected. H owever, it ca n cause 

extensive destruction o f central nervous system , gill 

epithelium, bladder epithelium, and neurosecretory 

celJs. Infections can resul t in death, but mortality 

often takes a m o nth or two because of the focal dis

tribution. Abno rmal beh:wio r (including difficulties 

in gas exchange and osmotic control , erra tic swim

ni.ing, and blindness) presumably allo\-vs predators to 

readily feed o n infected crabs. 

T he virus infects captive juveniles and probably 

in fects juveniles and adul ts in w ild populations. Dis

eased crabs w ith foca l lesio ns suggestive of C BV 

have been observed in C hesapeake and Assawornan 

bays. Experimental infections indicate that the virus 

is pathogen ic. M ost crabs experimentally infected 
w ith CBV d ied, bu t RLV, RhVA, or E HV co

occurred in at least some of those individuals Oohn
son 1983) . 

Future Research 

There is a need to confir m that the virus 1s a 

picornavirus, to assess prevalence in natural popula

tions, and co determine if the deleterio us response 

can result from a sole infection by CBV 

Non-Callinectes Viruses 

O ne could argue without evidence that some of 

the viruses reported above are not primarily agents 

of the blue crab. Perhaps the primary host for some 
of those could be o ther crustaceans or invertebrates, 

but, without additional evidence, there is little po int 

in such speculation. More impo rtant, there are prob

ably many viruses that have a wide host range but 

that have never been associated w ith natur:11 in fec

tions in the blue crab. One of these is w hat was pre-

A 

B 

Figure 6. See opposite page. 

vio usly known as a baculovirus o r bacilliform virus 

but w hich is now being proposed as a ~pecies of 

vV/1isp<)l)ir11s (Nimaviridae) and is commonly known 

as w hi te spot vi rus (WSV) . Because it is a double 
stranded D NA virus, it was not included in the list

ing above. Nevertheless, even though it is not con
sidered a blue crab virus, it is a serious threat to w ild 

and cultured blue cra b stocks, and as H1ch is an 
example of a threat from an introduced species. 



Figure 6. Chesapeake 13ay vi rus (CBV), alcian blue-nucle:ir fast red stained tissues. Opposite page: (A) Longitudinal sec
tion through l:irge nerve of infected crab. T he glia re l arc normal. (D) C ill la111ellae wi th epithelial cells in upper and 
lower aspect~ arc hypertrophied and heavily infected with Fculgen negative material consisting almost entirely of virus 
(arrows), vvhile middle lamella is normal. Above: (C) Paracrystallinc arrays of picorna- like virus in cytoplasm of degenerat
ing cell. Spikes project from the surface of virions. (A) and (13) from Johnson (1984). Bar in (B) = 20 ~Lm. 
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White Spot Virus (WSV) 

Biology 

The penaeid shrimp aquaculture community 
has been well aware of WSV under that name or 
any of several others since 1993 because it has killed 
large numbers of cultured shrimp. This is a non
occluded rod-shaped particle with an apical enve
lope extension. The nucleocapsid is cylindrical with 
asymmetric ends and a superficially segmented 
appearance (Durand et al. 1997). Virions measure 70 
to 150 nm x 275 to 380 nm. Infected cells can be 
diagnosed histologically by prominent eosinophilic 
to pale basophilic (with H&E staining), Feulgen
positive intranuclear inclusion bodies in hypertro
phied nuclei of cuticular epithelial (Fig. 7), and con
nective tissue cells. It can also be detected in the 
antenna! gland epithelium, lymphoid organ sheath 
cells, hemopoietic tissues, and fixed phagocytes of 
the heart (Lightner 1996). Because of the interest in 
this disease in aquaculture, gene probes and PCR 
detection methods have been developed to quickly 
detect an infection. Confirmation of bioassays is 
usually made with light microscopy (LM), TEM, 
PCR, and in situ DNA hybridization. In addition to 
infecting several different penaeid shrimps, the virus 
can infect a variety of other crustaceans, including 
the blue crab (Flowers et al. 2000; Krol 2002). More
over, white spot virus has been detected in wild blue 
crabs in Mississippi (Overstreet, Matthews, and 
Grater, unpubl. data) and has been reported from the 
congener C. arcuatus from the eastern Pacific off 
Mexico (Galaviz-Silva et al. 2004). 

Animal Health and Fisheries Implications 

White spot virus has been prevalent in penaeid 
aquaculture facilities in Asia and the Indo-Pacific 
where it has caused enormous losses to commercial 
shrimp farms. After Hurricane Georges in 1998, the 
virus was introduced into South, Central, and North 
America, where it caused major losses to penaeids. 
To assess for potential reservoir and carrier hosts, 
experin1ental work has been conducted on several 
marine and estuarine organisms. In Asia, the portu
nid sand crab Portrmus pelagicus and mud or man-

grove crab Scylla serrata as well as Acetes sp. were 
exposed experimentally.to WSV (Supamattaya et al. 
1998). All exposed specimens of Acetes sp. died in 3 
or 5 d following injection or immersion, respec
tively. All of the injected sand crabs died by day 8 
but only 20% of the mud crabs had died by day 9. 
Neither species of crab died when fed the virus, but 
both demonstrated an infection histologically and 
certainly can serve as reservoir hosts. On the other 
hand, all nai've specimens of the injected blue crab 
from Mississippi and 66% of those fed infected tissue 
died, and the infection in the bioassay animals was 
confirmed with PCR, TEM, and LM histology 
{Flowers et al. 2000; Krol 2002). White spot virus 
demonstrates the potential for a virus common in 
shrimp aquaculture to have a serious influence as a 
pathogen on wild or cultured stocks of the blue crab. 

Future Research 

As indicated, WSV is an example of the ability 
of the blue crab to serve as a host to a virus that is 
extremely pathogenic to members of another crus
tacean group. Regarding WSV, we need to know 
what environmental, host, and viral conditions it 
would take to transform an infected individual or 
stock into a panzootic with heavy mortalities. The 
same approach can be directed to other viruses that 
could be introduced into a habitat in which the blue 
crab occurs. 

Public Health Implications 
of Viruses 

None of the crab viruses discussed above is 
harmful to humans or pose any public health threat. 
However, although the blue crab is not a filter feeder 
like the eastern oyster and other bivalves that con
centrate large numbers of human pathogenic 
viruses, it can readily accumulate human enteric 
viruses. Hejkal and Gerba (1981) experimentally 
determined that poliovirus and other viruses in high 
concentrations in water surrounding the crab were 
rapidly (within 2 h) acquired throughout the tissues 
of the crab. Highest levels occurred in the digestive 
tract and hemolymph. Virus uptake was not affected 
much by salinity, but the levels were clearly influ-



Figun: 7 . W hi te spot virus (WSV) 111 nucleus o f gi ll epithelial cdl of :i n experim cnt;i lly in fected b lue crab 111 

M ississippi. 
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enced by temperature. Some virus survived 6 d in 
the hemolymph at 15°C, but at 25°C the rates of 
both uptake and removal were significantly 
increased, with none detected after 20 h. Conse
quently, especially in cool water, the blue crab can 
accumulate (but not concentrate) harmful viruses 
from the surrounding water or from contaminated 
food in a polluted location, and then migrate to an 
uncontaminated location. Moreover, nearly all the 
virus accumulated in blue crabs that originated from 
areas contaminated with municipal sludge and other 
dumped wastes. Hejkal and Gerba (1981) also 
showed that although boiling a crab for 8 min 
(internal T of 70°C) inactivated 99. 9% of the virus, 
in rare cases some active virus was still detected in 
swimming muscle after 16 min (internal T of94°C). 

Rotavirus and enteroviruses can be detected 
simply by separating the virus from tissue 
homogenates at pH 9 .5, concentrating by absorp
tion to protein precipitates at pH 3.5, and eluting 
from the precipitates at pH 9.2 (Seidel et al. 1983). 
Recovery effectiveness averaged 52% with polio
virus and others when using the polyelectrolyte cat
floe precipitation to remove toxic factors from cell 
cultures without loss in virus recovery. Without such 
removal, the final elute had a toxic effect on the cells 
used for the assay. 

General Future of Viral Research 

Research possibilities dealing with blue crab 
viruses are begging for attention. As an example, 
The Crustacean Society meeting in May 1999 
(Lafayette, Louisiana) included a 16-paper "Blue 
Crab Mortality Symposium" that did not include a 
single paper mentioning viral infections even 
though at least RLV, BFV, and CBV can be fatal and 
potentially serious pathogens to crab stocks. 
Increased experience with penaeid shrimp viruses 
has demonstrated how devastating a few agentli can 
be to wild and cultured stocks. Some of the matters 
that require future attention have been indicated 
above under the separate viruses. There are, how
ever, general approaches that should be addressed. A 
basic need exists to fully characterize each known 
virus and to determine its host range, prevalence of 
infection, host specificity, and means of transmission. 

We speculate that many viruses, under the appropri
ate conditions, can have a devastating effect on cul
tured and wild crabs. Considering the assumed 
potential for catastrophes, a number of issues need 
investigation. Most information about viruses in the 
blue crab comes from descriptive studies by Phyllis 
Johnson and colleagues. One must assume that the 
crab, an apparently good host for viruses, could or 
does harbor numerous others. Any of these could be 
either highly specific to the blue crab or infective to 
a wide range of crustacean hosts. Both the geo
graphic range and the specificity (host range) of the 
known viruses require additional documentation. 
Prevalence of infection from a few locations should 
be documented even though values for a given virus 
are dependent on environmental conditions and 
will differ yearly, seasonally, and geographically. 
Assuming that the viruses all act differently, as the 
penaeid viruses appear to (e.g., Overstreet 1994; 
Lightner 1996), we believe the conditions necessary 
for their infectivity and inactivation should be estab
lished. The primary question is what conditions or 
interactions are necessary to shift a harmless infec
tion in equilibrium into a disease state and mass 
mortality? 

Based on the lack of critical examination for 
viruses along the range of the crab, at least some of 
the agents other than Rh VA and Rh VB can be pre
dicted to occur in the Gulf of Mexico and some 
probably also in the Caribbean Sea. Considering the 
importation of crabs from the Gulf of Mexico to 
the Chesapeake Bay area, we think some Chesa
peake cases could have originated from the Gulf. 
Perhaps the agent for some of these diseases has 
established an equilibrium with its host in the wild, 
including in the Gulf of Mexico. In any event, given 
the high population densities of blue crabs and 
short-term culture of soft-shell crabs, we suggest 
that high mortalities in shedding facilities may 
foment the spread of viral pathogens. Given the fish
ing practices involved in soft-shell culture, the 
movement of diseased crabs and introduction of 
pathogens to new areas is highly likely, especially in 
Chesapeake Bay where molting crabs are shed in 
different watershedli from whence they came. For 
these reasons, we caution against import:1tion of 
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soft-shell and hard crabs into the Chesapeake area or 
the Gulf of Mexico. 

As already indicated, the wealth of information 
on viral infections ih the blue crab has resulted from 
ultrastructural studies by P. T. Johnson (see Refer
ences), including experimental infections, stressing 
animals in confined systems, and surveys. This work 
should be followed with molecular and other tech
niques that are continually being updated for viruses 
in penaeid shrimps (e.g., Lightner 1996). With addi
tional research, infections could be detected and dis
tinguished by genetic probes, PCR, in situ hybridiza
tion, dot blot hybridization, antibody tests (e.g., 
ELISA and fluorescent), direct fresh microscopical 
evaluation, and histopathological criteria as well as 
ultrastmcture of the viruses. Unfortunately, there is 
no well-established, continuous cell line developed 
from any crustacean. Hence, viral culture and plaque 
tests cannot be conducted as they are for viruses 
from most other ariimals. 

Multiple infections often affect the same indi
vidual, and the pathogenic relationship among the 
different species needs to be assessed. In some cases, 
an infection can become patent or an outbreak of 
disease can occur when crabs are in culture, 
crowded, or in a stressed environment Qohnson 
1978, 1984, 1986;Yudin and Clark 1979; Messick 
and Kennedy 1990). Consequently, in addition to 
producing mortalities in cultured products, viral 
infections may prdvide a good indication of envi
ronmental healtli in the natural environment. 
Knowledge of these agents suggests the need for 
increased funding opportunities, if the crab is to be 
cultured on an economically successful basis. 

BACTERIAL DISEASES 

Bacteria are ubiquitous in the marine environ
ment, and, not surprisingly, they are ubiquitous in 
the blue crab. Although most bacteria are relatively 
benign, several species of Vibrio have been impli
cated in some crab mortalities. Other bacteria such 
as Listeria monocyto<~enes and Clostridium botulinum 
represent signifi

1

cant concerns to food safety 
(Williams-Walls 1968; Rawles et al. 1995; Peterson 
et al. 1997). Bacterial diseases of blue crabs sparked 
some debate in th~ 1970s. At that time, the hemo-

1 

lymph of blue crabs was thought to be sterile like 
that of vertebrates and many other invertebrates 
(Bang 1970). Colwell et al. (1975) and Tubiash et al. 
(1975) found high prevalences of bacteria in the 
hemolymph of healthy blue crabs. Johnson (1976d), 
however, posited that bacterial infections were sim
ply acquired through wounds received by the rough 
handling of crabs en route to markets. In 1982, Davis 
and Sizemore definitively showed that species of Vib
rio were present at low to moderate levels in the 
hemolymph and various other tissues of freshly 
caught, unstressed crabs. Mean intensities were 
found to range from 103 to 105 bacteria ml -t, a level 
too low in some cases to detect with microscopy 
(Davis and Sizemore 1982). 

Stress plays a major role in the etiology and 
prognosis of bacterial infections in crustaceans (see 
Brock and Lightner 1990). Blue crabs suffer consid
erable stress as a result of capture, handling, crowd
ing, transport, temperature, wounding, and poor 
water quality, especially in poorly managed recircu
lating systems Qohnson 1976d). Given the back
ground of normal bacterial loads in healthy crabs, 
some stressed hosts will develop rampant, lethal 
infections of species of Vibrio and other bacteria. 
Mortalities of crabs affecting the fishery are periodi
cally reported in the spring and summer, seasons 
when water temperatures and handling stress can 
trigger outbreaks of bacterial disease. 

Blue crabs have a diverse fauna of opportunistic 
bacterial invaders. Using an elegant numerical 
approach, Colwell et al. (1975) and Sizemore et al. 
(1975) identified several genera of bacteria from the 
hemolymph of market-bought, and freshly caught, 
"hardshell" blue crabs. The following species were 
cultured from C. sapidus in Maryland: Aeromonas 
spp., Pseudomonas spp., Vibrio spp., Bacillus spp., Acine
tobacter spp., Flavobacteriwn spp., and coliform bacteria 
similar to Escherischia coli; several isolates could not 
be identified. Babinchack et al. (1982) isolated 
Escherichia coli, Enterobacter aerogenes, and Vibrio spp. on 
the gills of blue crabs from South Carolina. Marshall 
et al. (1996) reported the presence of streptomycin
resistant Plesiomonas shi:{!elloides from blue crabs from 
Mississippi. They implied that antibiotic resistance 
was due to contamination of estuarine areas by 
wastewaters. There are other reports, including some 
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in the grey literature. For example, Overstreet and 
Rebarchik (unpubl. data) found 49 different bacter
ial isolates from blue crabs collected near Pensacola, 
Florida (Table 1). Forty-one of these were isolated 
from the hemolymph. Sterile hemolymph was 
noted in only 24.3% of the 111 crabs examined. 

Bacterial surveys have also been undertaken in 
other species of blue crabs. Rivera et al. (1999) cul
tured 23 different bacterial isolates from the 
hemolymph of six specimens of C. boucourti from 
the eutrophic Mandry Channel, Puerto R..ico. They 
found several human pathogens including Aero,nonas 
hydrophila, Pasteurella multocida, Pseudomonas ma/lei, P. 
cepacia, P. putrejasciens, Salmonella sp., Shigella jlexeri, V. 
cholerae, and Yersinia pseudotuberculosis, but, surpris
ingly, not V. parahaemolyticus. 

Vibrio and Related Bacterial 
Infections 

Vibrio spp. are aerobic, heterotrophic, straight- or 
comma-shaped, Gram-negative rods. Strains of V. 
parahaemolytia,s exhibit lipase and lecithinase activity, 
liquefy gelatin, and hydrolyze casein (Krantz et al. 
1969). Such biochemical features may aid in their 
invasiveness (Krantz et al. 1969). At least three other 
pathogens, V. 11ulnificus, V. cholerae, and V. a{{!inolytic11s, 
are also found in blue crabs (Colwell et al. 1975; 
Tubiash et al. 1975; Davis and Sizemore 1982). Vibrio 
spp. make up the largest portion of bacterial species 
present in blue crabs. Indeed, virtually pure cultures 
of Vibrio spp. were isolated directly from two heavily 
infected crabs (Davis and Sizemore 1982). 

Biology 

Vibrio parahaemolyticus, V. 11ulnfficus, and V. cholerae 
have been isolated from the carapace, hemolymph, 
and digestive tract of the blue crab (see also Table 1). 
Vibrio parahaemolyticus is the most common species of 
bacteria isolated from crab hemolymph (Sizemore et 
al. 1975; Davis and Sizemore 1982). Davis and Size
more (1982) identified V. parahaemolytia,s, V.1111/nifiws, 
and V. cholerae from the hemolymph of 23, 7, and 2% 
and externally on 8, 2, and 1.5% of 140 crabs, respec
tively. Vibrio c/10/erae was isolated from five crabs; 
none of the isolates consisted of the human 
pathogen 01 serovar, but non-01 serovars can also be 

pathogenic (Aldova et al. 1968). Vibrio cholerae may 
represent a significant public health threat as infec
tious doses (104- 108 organisms) are possible from 
eating infected crabs (Davis and Sizemore 1982). 

Isolations of vibrios are typically made on thio
sulfate citrate bile salts (TCBS) agar followed by cul
turing on selective media to confirm physiological 
and biochemical characteristics. The TCBS agar is 
highly selective for vibrios, but species in a few other 
bacterial genera such as Photobacterium will grow on 
it. Formulations for TCBS are inexpensive and sim
ple to prepare. The difficulty in identifying vibrios 
lies in the multitude of species and the large number 
of strains within each species. Growth characteristics 
on selective media, immunoprobes with various 
antigens, primers for polymerase chain reactions, and 
DNA probes have all been used to identify the mul
titude of species. At present, the leading method for 
identification uses variations in gene sequences from 
the small-subunit 16S ribosomal region analyzed 
with the maximum-likelihood and maximum-parsi
mony methods (e.g., Lambert et al. 1998; Farto et al. 
1999). Strain variation is analyzed by ribotyping 
using restriction enzymes and restriction fragment 
length polymorphisms (Farto et al. 1999). Specific 
serovars of V. dwlerae are associated with disease, 
so ribotyping to identify the pathogenic forms is 
extremely important for proper diagnosis. 

Animal Health and Fisheries Implications 

The portal of bacterial entry into the crab may 
be through wounding, limb autotomy, or rough han
dling at time of capture (Tubiash et al. 1975;Johnson 
1976d). The prevalence and conununity characteris
tics of the bacterial flora on the external surfaces, 
however, is quite different from that reported inter
nally (Davis and Sizemore 1982). Invasion through 
the stomach appeared to provide the primary avenue 
of entrance because the flora was more representative 
of that found in the hemolymph. Later, Sizemore 
and Davis (1985) concluded that the source of infec
tions was from the carapace, and crabs were likely to 
become infected from injury or molting. Babinchak 
et al. (1982) equated the dark brown coloration of 
the gills with increased densities of Vibrio spp. and 
fecal coliform bacteria that were assumed to be 



Table 1. Summary of bacterial isolates identified from hemolymph and shell samples from 111 specimens of Callinectes 
sapidus collected from Pensacola Bay, Bayou Chico, Bayou Grande, and Bayou Texar, Florida, on August 15-18, 1994 
(Overstreet and Rebarchik, unpubl. data). Isolates are from H (hemolymph), S (shell), or both and identified with BioLog 
MicroLog software version 3.2.A plus symbol(+) next to the isolate denotes the bacterium as chitinoclastic, producing 
chitinase. 

Isolate identification Isolate source Isolate identification Isolate source 

Achromobacter dentr[ficm,s s Acinetobacter (Jamnannii H&S 

Acinetobacter calcoaceticus H&S Aci11etolJacterjohnsonii H&S 

Acinetobacter lw~ffii H Aeromonas cai,aie H 

Aero111011as liydrop/1ila + H&S Aeromouas sobria + s 
Alcaligenes latus H Ci trobacter.freundii H 

Clavibacter mic/1iganense H Eutcrobacter aerogenes H 

Enterobacter agglomeram1s H E11terobacter cloacae H 

Enterobacter intermedi11s H Escherichia vulneris H 

Haemopliilus parai1if111e11zae H Haemophilus parasuis H 

Haemophi/us so,mms H Kill,(!ella kingae + H&S 

Klebsiella oxytoca H Klebsiella plicnmonaie H&S 

Moraxella sp. H Pasture/la sp. H 

Proteus mirabilis H Proteus pem1eri H 

Provide11cia rust(~iauii s Pse11domo11as sp. + H&S 

Psyclirobacter immobilis s Sa/111011ella sp. H 

Serratia marscescens + H Scrratia rubidaea H 

Shewanella putrifaciens H Shigella sp. H 

Tao11ltella terrigena H Vibrio algillolyticus H&S 

Vibrio a11g11illarum + H&S Vibrio clwlerae + s 
Vibrio jluvialis + H&S Vibrio /,arz,eyi + H 

Vibrio mediterranei + s Vibrio ,nimicus + H&S 

Vibrio parahaemolyticus + H&S Vibrio splendidus + H 

Vibrio vulnificus + H&S Xanthomonas albili11ea11s s 
Xanthomonas campestris s Yersinia sp. H 

Gram-positive Bacillus sp. H&S 
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acquired from the sediments. They did not examine 
internal infections in the crab. 

Injured crabs generally demonstrate heavier 
infections than intact crabs. Tubiash et al. (1975) 
found that crabs injured during fishing had heavy 
infections (>6,600 MPN [most probable number], 
2.71 x 103 bacteria nll-1), while intact crabs had light 
infections (4.6 - 240 MPN, 1.67 x 103 bacteria ml-1). 

The difference in prevalences between injured and 
intact crabs was not discussed, but it was also signifi
cant (86.6% vs. 77%, Chi-square, P<0.05). In con
trast, Davis and Sizemore (1982) reported no differ
ence in the intensity of infection between injured 
and intact crabs. Welsh and Sizemore (1985), how
ever, found no difference in prevalence but did 
observe a significant difference in intensity of bacter
ial infections between injured and intact crabs from 
lightly stressed and highly stressed groups. Sample size 
in the unstressed population was too small to assess 
any relationship with injury. Welsh and Sizemore 
(1985) concluded that although injured or stressed 
crabs were more likely to suffer bacterial infections, 
bacteria were also present in the healthy population. 

Crabs trapped in cages during periods of abrupt 
salinity or other environmental changes can die 
from rapidly developing bacterial infections. For 
example, Overstreet (unpubl. data) noted high levels 
of bacteria (predominantly V parahaemolyticus) in a 
large number of crabs not exhibiting conspicuously 
high levels of shell lesions but dying in traps in an 
area of Mississippi Sound where salinity had recently 
decreased. Similarly caged crabs were not dying in 
nearby areas that did not experience decreased 
salinity. 

There are few outward signs that crabs possess 
bacterial infections. Heavily infected crabs become 
abnormally weak (Krantz et al. 1969), sluggish, and 
moribund (Welsh and Sizemore 1985). These signs, 
however, are also common to infections with other 
disease agents (i.e., viruses, Hematodinium perezi, Ame
son michaelis, Paramoeba perniciosa, Mesanophrys chesa
peakensis). Upon dissection, moribund crabs show 
characteristic and extensive "anterior" acellular clots 
in the anterodorsal and frontal blood sinuses and 
incomplete clotting of the hemolymph Qohnson 
1976d). "Cloudy" aggregations of hemocytes are 
frequently visible in the translucent regions of the 

gill lamellae and the 5th walking leg Oohnson 
1976d). The gross signs of infection may change in 
the fall, presumably because of decreasing water 
temperatures. At that time, few crabs exhibit cellular 
aggregations and "anterior" clotting. 

Histological observations showed a general 
decline in hyalinocytes and granulocytes in infected 
animals Qohnson 1976d). Bacteria were observed in 
the hemocyte aggregations and within phagosomes 
of individual hyalinocytes. Declines in hemocyte 
density were presumably the result of cellular aggre
gation and infiltration. Aggregations of hemocytes 
occurred within 24 h in the heart, gill lamellae, 
antenna! gland, and Y-organ (Fig. 8). Infiltration with 
marked encapsulation was not apparent. Throm
boemboli formed as the aggregates were sloughed 
from the gill lamellae. Such emboli apparently 
caused ischemia through hemolymph stasis and fur
ther clot formation Oohnson 1976d). As the infec
tion progressed, nodules occurred less frequently in 
the heart and blood sinuses, but more frequently in 
the other organs. Large aggregations of hemocytes 
embolized and led to extensive focal necrosis and 
degeneration in heavy infections. The hepatopan
creas showed significant involvement in infected 
crabs. The acinar epithelium exhibited massive 
sloughing and few mitotic figures, while karyolysis 
occurred in affected cells Oohnson 1976d). Fixed 
hemocytes demonstrated karyorrhexis, pycnosis, and 
karyolysis, possibly as a result of their phagocytosis of 
the virulent bacteria Oohnson 1976d). 

Pathological effects occur quickly in bacterial 
infections with mortalities occurring in as few as 2 
to 3 d Oohnson 1976d). Bacterial populations are 
typically controlled by cellular and humeral defenses 
(i.e., phagocytosis, lectins, and callinectins; see 
Defensive Responses below), but proliferation in the 
hemolymph may occur quickly in relation to water 
temperature, handling, or other stressors (Davis and 
Sizemore 1982). 

As expected, seasonality contributes significantly 
to the prevalence and intensity of bacteria in crabs 
(Fig. 9). In Chesapeake Bay, bacterial prevalence was 
84.1 % in the summer versus 77 .2% in the winter, 
but the intensity of infection was significant! y higher 
in spring, summer, and fall versus winter (2.52 x 103 

vs. 1.02 x 103 MPNs, respectively) (Tubiash et al. 
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1975). In Galvesto n Bay, the intensi ty of infection 

peaked in summer (mean inte nsity of I or, Vi/Jrio spp. 
ni.I-1) and declined with cooler water temperatures 
(me,111 intensity of 10s Vibrio 1111-1) , but the tre nds 

were n ot sig nifica nt (Davis ;md Sizem ore l 982) . 
Near Wilmington, North Carolina, bacterial infec

tio ns showed strong positive correlatio ns between 

m ean inte nsity and m ean wate r temperatu re in 

unstressed and lightly stressed crabs (Welsh and Size-

Figure 8. Systemic bacterial infection. (A-C) Granuloma
like aggregation of degenerating hc111ocyt..:s in the heart 
of a blue crab with a bacterial infection (gr:mulocyte, 
!GI). (D) GiU showing distension fron1 he111ocytc aggre
gations. (E) Gill lamella distended with he111olymph. (F) 
L1rgc aggregates of hemocytes in clotted blood. From 
Johnson (1976d). Bar in (A) = IO ~1111, (C), (D) to same 
scale; bar in (B) = 100 pm, (E), (F) to same scale. 

mo re 1985). M ean intensity and prevalence of Vibrio 
infections in highly stressed crabs were higher than 

in unstressed c rabs and remained high throughout 
the diA:e rent seasons. H andling stresses obscured any 

seasonal trends in the stressed crabs. l n unstressed 

conditions, Vibrio spp. represented 52% (winter) to 

70% (su111111er) of the bacterial community in crabs 

from Galveston Bay (Davis and Sizemore 1982). 
H ost sex may be an important factor in bacterial 

in fections, but the data are not conclusive. Tubiash et 
al. ( 1975) repo rted that infected male crabs had a 
mean intensity of 2.76 x 103 MPN and females had 

l .30 x 'I 0·' M PN. Unfortunately, their analysis was 

flawed bec:iuse male crabs sustained m ore injuries 

and were collected in the summer, w hi le larger 

numbe rs of fema les were sampled in the win te r 
when Vibrio infectio ns ,vere decl ining. Davis and 

Size m o re ( 1982) showed significant differe n ces 

between m ale and female crabs, and injuries d id no t 

exp lain those di fferences . W e lsh a n d Size m ore 

(1985) found no differen ce between sexes. 
Field prevalences of Vibrio are high. Tubiash ct 

al. (1975) found that 82% of 290 crabs had bacteria 

in th e h e 1n o ly mph. H eavy in fectio ns (>6,600 
M PN) we re found in 31 % of th e crabs. Davis and 

Sizem ore ( 1982) fou nd a prevalence of Vibrio spp. of 
78% in cr;1bs that were trapped and trawled and held 

for less than I h. Colwell et al. (1975) reported mean 
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Figure 9. l11tcnsity (log scale) of bacterial infections in the 
hcmolymph of naturally infected blue crabs. llcdrawn 
from Tubiash et ;11. ( 1975) . Combined prevalence of bac
teria in the hc111 oly111ph in winter was 69.8% versus 
80.6'¼, in summer. 
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intensities of 105 to 106 MPN mI-1 in hemolymph, 
which is quite high compared to a mean intensity of 
2.4 x 104 colony forming units (CFU) ml-1 (Davis 
and Sizemore 1982) and 1.8 x 103 CFU ml-1 (Welsh 
and Sizemore 1985). Welsh and Sizemore (1985) 
speculated that the absence of crabs with infections 
greater than 104 CFU 1111-1 might have been due to 
mortality or to moribund crabs not entering traps. 
Rivera et al. (l 999), however, reported densities of 
2. 9 x 107 CFU 1111- 1 in C. boucourti, with direct 
counts of 3 .53 x 109 to 4. 64 x 1011 bacteria ml-1• 

Johnson (l 976d) suggested that crabs acquired 
bacterial infections from the stress of capture and 
handling. Her results supported Bang's (1970) view 
that the hemolymph of blue crabs was sterile and 
that infections resulted from stress and trauma from 
handling. She did not, however, attempt to isolate 
and culture bacteria from crabs nor did she quantify 
infections that were observable with the light micro
scope (i.e., infections ~ 106 bacteria 1111-1) Qohnson 
et al. 1981). Microscopic and histological analyses 
were conducted for crabs that were roughly handled 
(conunercially trapped, transported, and held out of 
water from 4 to 8 h) and for those that were trawled 
by research personnel (held out of water for <6 h). 
The commercially caught crabs suffered 80% mor
tality over 12 d compared to 23% for the trawled 
crabs. Bacterial infections were diagnosed histologi
cally in 85% of the mortalities from commercially 
fished crabs versus 45% in carefully handled crabs. 
Mortalities declined after 9 d, but the observations 
may have been confounded by a significant decline 
in water temperature. Mortality to bacterial infec
tions was further reduced in animals that were col
lected and handled gently (<2 h exposure time). 

In a rigorously controlled assessment of the stress 
issue, Welsh and Sizemore (1985) showed that the 
prevalence of bacteria in the spring and summer was 
high (75%) in unstressed, freshly caught crabs (pyra
mid traps). Lightly stressed crabs from pots (research 
collections using pots, with crabs held in situ for up to 
24 h), and highly stressed crabs (purchased live from 
the market) showed somewhat higher prevalences 
(81 and 91 %, respectively). The intensity of infection 
was significantly lower in the unstressed crabs than in 
both of the stressed groups, and the lightly stressed 

crabs had significantly lower intensities than the 
highly stressed group (mean intensities of 14 vs. 19 
vs. 46 CFU ml- 1, respectively). Vibrio spp. comprised 
mean percentages of 27, 26, and 44% of the bacterial 
community, respectively, with the heaviest infections 
represented almost solely by Vibrio spp. From the 
stressed groups, one can infer that heavy infections 
develop quickly from lightly infected crabs. 

Bacterial mortalities are common in shedding 
facilities. Messick and Kennedy (1990) used a split
plot design to examine host mortality and preva
lence of bacterial and viral infections in relation to 
the type of holding system (flow-through vs. recir
culating) and crab density. Moribund crabs were 
examined histologically but not with isolation and 
culture techniques. Although there was no differ
ence in the mean number of mortalities between 
systems, the total number of mortalities was higher 
in the recirculating systems (separately by month and 
in total). Most of the mortalities could be attributed 
to bacterial and viral infections. Mortality rates were 
highest in the recirculating system in June and July 
and declined in August. Interestingly, bacterial infec
tions were common in crabs from the flow-through 
system. Messick and Kennedy's (1990) findings sug
gest that flow-through systems may place less stress 
on crabs because mortalities were lower. even 
though bacteria were prevalent in the systems. The 
study confirmed the importance of careful handling 
of crabs to reduce mortalities in shedding systems. 

Public Health Implications 

Infections of Vibrio spp. in crabs warrant some 
public health concern. Raw or poorly prepared 
crabmeat may be contaminated with pathogenic 
forms. Fortunately, neither the Southeast Asian deli
cacy of drunken crab Qive crab marinated in wine 
before eating) nor the habit of flavoring dishes with 
raw crab juices is popular in the USA. Thus, there 
are few cases in the USA of bacterial poisoning from 
eating crabs. Nonetheless, blue crabs should be 
cooked thoroughly and eaten immediately or stored 
properly before eating (Overstreet l 978). In addi
tion, V. cholerae shows a predilection for chitin (Huq 
et al. 1983; see Pruzzo et al. 1996), and attaches to 
the chitin in the hindgut of blue crabs (Huq et al. 
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1986). Because the bacterium attaches to chitin, it 
may potentially be transmitted by contaminated 
copepods (Huq et al. 1983, 1984; Chowdhury et al. 
1997; Montanari et al. 1999). Food handlers should 
be aware of the potential for exposure to cholera, 
but at present, the : possibility appears negligible in 
the USA (Blake et ~I. 1980). Other species such as V. 
parahaemolyticus arb often transmitted to cooled, 
cooked crabs from contact with live crabs or from 
the juices of uncooked crabs. In any case, live or raw 
crabs should not be in contact with, be stored above, 
or otherwise contaminate cooked foods (Overstreet 
1978). 

Future Research 

Periodically the soft-shell industry experiences 
crab mortalities from species of Vibrio. Blue crab 
mortalities are often localized regionally and can sig
nificantly reduce the short-term production of soft
shell crabs. In most cases, poor water quality, high 
stocking density, and other factors, such as tempera
ture, influence the level of stress in the host. Bacteria 
are ubiquitous, and stress results in an increase in 
bacterial intensity. !Nevertheless, given the impor
tance of crab morthlities in the soft-shell industry, it 
is remarkable that ho one has published conclusive 

I 

experiments to fulfill Koch's postulates as has been 
done with infectioris in lobster (Bowser et al. 1981). 
Because bacteria c~n be inoculated into crabs and 
recovered (Shields, lpers. obs.) and because bacterial 
clearance occurs quickly in some species (White and 
Ratcliffe 1982; M~rtin et al. 1993; Holman et al. 
2004), Koch's postJlates should be relatively easy to 
fulfill. Control grohps of uninfected crabs must be 
established with p~ior sampling. Injection studies, 
well-controlled mbrtality studies, and research to 
show better the ass6ciations among foci of infection, 
water quality, and bther stressors should be consid-
ered priorities. I 

There is at preient no therapeutic treatment for 
symptomatic crabs.lAs with many bacterial problems 
in aquaculture, go6d culture practices and handling 
techniques are the [ best prophylaxis against bacteri
ally induced mortaµties in shedding facilities. Lastly, 
crabs and other shellfish should be further assessed as 

I 

indicators of pathogenic strains of Vibrio including V. 

I 

parahaemolyticus, V. vulnificus, and V. cholerae in moni
toring programs for public health. Bacterial contam
ination of crabs and other shellfish should not be 
ignored. 

Shell Disease (Chitinoclastic 
Bacteria) 

Shell disease is typically a non-fatal external bac
terial infection of the blue crab and other crus
taceans that have been subjected to stress. Injuries 
sustained from high stocking densities, long-term 
confinement, molting, and environmental pollutants 
have been implicated as stressors inducing shell dis
ease in many decapods (Rosen 1967; Iversen and 
Beardsley 1976; Overstreet 1978; Johnson 1983; 
Getchell 1989; Sindermann 1989; Smolowitz et al. 
1992). Chitinocla.)tic bacteria are a part of the nor
mal fauna found on crustaceans. Although bacteria 
are clearly involved in the etiology of the disease, 
pollutants (i.e., sewage sludge, dredge spoils, heavy 
metals, and organic debris, sometimes in conjunc
tion with wave abrasion) and other symbionts can 
play a significant role in the syndrome (Young and 
Pearce 1975; Couch 1983; Morado et al. 1988; 
Gemperline et al. 1992; Weinstein et al. 1992; 
Ziskowski et al. 1996; Vogan and Rowley 1999, 
2002a; Andersen et al. 2000). 

Biology 

Shell disease was first described from the Ameri
can lobster Homarus americanus (see Hess 1937). A 
similar disease had been observed in freshwater cray
fish in the 1880s, but it was later determined to be a 
fungus (krebspest, or burn-spot disease caused by 
Aphanomyces astaci). While fungal infections of crus
taceans also cause shell lesions, few fungi have been 
isolated from the characteristic lesions of shell dis
ease (Rosen 1967). Chitinoclastic bacteria are iso
lated by streaking infected shell onto difco-marine 
agar with precipitated chitin (Skerman medium) 
(Cook and Lofton 1973) or by swabbing the lesion 
with a sterile loop and inoculating into enrichment 
broth with chitin (Malloy 1978). 

Shell disease in blue crabs is typically caused by 
small, chitinoclastic, gram-negative rods (Rosen 
1967). The genera of bacteria have been tentatively 
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identified as Vibrio, Bencckcn (now Vibrio), and Pse11-
doJ11011ns (Cook and Lofton 1973) . As noted in Table 

1, l 4 of the 49 bacter ia co!Jected from near Pensa

cola, Florida, produced chicinase, an enzyme a!Jow

ing the bacte ria to break down the crab 's chi tinous 
exoskeleton (Overstreet and R ebarc h ik, unpubl. 

data). These bacteria belonged in the genera Vibrio, 
Aero111011ns, Pse11doJ11011ns, Kin,{!clln, and Sermtin. As in 

o ther studies, l/.pamlrneJ110/ytiws was the predominant 

species. Kin,(!ella ki11gne, also common in the crab and 

also found in the eastern oyster :md shrimp in the 
G ulf of M ex ico, is a non-motile g ram-negative, 

straight rod that has not been regarded before now as 
a chitinoclastic bacterium. It is known from th e 

human respiratory syste 111 and does not grow in 

media w ith NaCl concentrations of 4% and higher; 

perhaps it was introduced into the ecosystem follow

ing a heavy r;i infa ll ;ind is not a typic;il p;irt of the 

no rmal microbial fl o ra of the blue crab. Other bacte

ria (Photobncteri11111 sp., V n11g11illmw11 , and Vibrio spp.) 
have been isolated from lesions on Chio11oecctcs bairdi 
(Baross et al. 1978). She ll disease lesions on Cancer 
png11ms h::ive been associated w ith several species of 

Vibrio (Vogan et al. 2002) . 

The c rustacea n exoskeleton is comprised o f 
three layers: the epicuticle, the exocuticle, and the 

m embranous layer overlying the li ving epide rm is 

(Skinner 1962, 1985; G reen and Neff 1972; O'Brien 
e t al. ·199·1) . Polyphenolic substances contained in 

the epicuticle provide resistance to microbial degra

dation (D e nneU 1960), but a w ide range of bacteria 

colo nizes th e surface of the epicuticle, and slow 

degradation o f the cuticle over the mo lt cycle of the 

host 111ay ::ilJow penetration of chitinoclastic bacteria 
(Baross et al. 1978). Damage to the exoskeleton pro

vides a portal of entry for chitinoclastic bacteria 

(Cook and Lofton 1973; Malloy 1978; Vogan et al. 

2001 ), and the developing lesions represent a portal 

of entry an d m edia for other in fectious agents. 
Trauma, fu ngi, and other facto rs 111ay also effect por

tals of entry (Getche ll ·1989). ln shrimp, lipo lytic 

enzymes may ini t iate the lesion , w ith chitinase, 
lipase, and proteases important to lesio n develop
ment (Cipriani et al. 1980) . Lipases may be impor
tant in initiat in g invasio n th rough the waxy 

epicuticle, with chitinases and proteases faci litating 

expansion into the chitin- rich exocuticle and mem
branous layer. 

Animal Health and Fisheries Implications 

Early stages of shell disease ini tiate as numerous, 

small, brown puncture- or crater-like marks o n the 

ventral carapace (sternum) or legs (R.oscn 1967; 

Johnson 1983). As the epicuticle of the car:tpace is 
d isrupted, the exposed chitin is infected by chitin

oclastic bacteria (Figs. 10-1 2) . T he condition co:i
lesces in th e later stages to form b ro:id, irregu lar 

B 

Figure 10. Bacterial shell disease. (A) Advanced case. (B) 
Section through cuticle of a blue crab showing 11: ild ero
sion of the epicuticle IEl'll and exocuticle IEXO I. (C) 
Section through a b te stage of shell disease s owing 
necrosis of the epicuticle and exocutick :111d lack of pen
etration into the cndocuticlc IENDO I. IC. ENDOJ = 
calcified endocuticlc, INC. EN l)O I = 11011c.1lcified 
endocucicle. From R osen ( 1967). 
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Figure 11. ShcU disease in exoskelecon of a cr:ib cb w 111 

Mississippi. Fro111 Overstreet Cl 978). 

lesions w ith deep necrotic cente rs (R osen 1967) 

that may o r m ay not pene trate through the she ll 

(O verstreet 1978;Jo hnson 1983; N oga et al. 2000) . 

Lesions tend to spread along the integument rather 
than through it. Affected areas arc fri able and turn 

black o r blue fro m m elanin deposition Qoh nso n 

1983; Vogan ct al. 2001) . R osen (1970) viewed the 

necrotic pits as miniature communities of bacterial 

colonizers, including chitinoclastic and non-chitin

oclastic forms. 
In advanced cases, the lesion penetrates into the 

noncalcified membranous layer, and limbs and spines 

may become necro tic and are lost (R osen 1967). 

The gills can also be attacked Qo hnson 1983; Vogan 
et al. 200'1). Infected American lo bsters show varying 

stages of host response ranging from cellular infiltra

ti o n , epicu ticle deposit io n , and m elanization to 

pseudom em b ran e fo rmation (Smolowitz e t a l. 

1992). Lightly and moderately infected individuals 

can overcome the d isease by molting (R osen 1967), 

but the area of the lesions may not refl ect the sever

ity of the disease (Noga et al. 2000) . N ewly molted 

crabs are usualJy free of shell disease, but in advanced 
cases, the new inscar dies fro m ;rn inability to cast off 
the old molt (Sandifer and Eldridge l 974; Fisher et 

al. 1976; Overstreet 1978;Jo hnson ·1983) . O lder blue 

crabs, w hich molt less frequently, are m ost affected 
by the disease (Sandifer and E ldridge 1974). H eavily 

infected c rabs are le thargic, weak , and die w he n 

stressed . 

Figure 12. Shell dise:isc on underside of 111ale crabs in 
Mississippi, not indicative of wounds. (A) Early lesions. 
(13) More advanced lesions. From Messick and Sinder
man n (1992) . 
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Cook and Lofton (1973) inoculated cultures of 
bacteria directly onto sterile, rasped, or scraped sur
faces of crab exoskeletons. After a few weeks, shell 
necrosis was observed on all of the rasped surfaces. 
Inoculated but undamaged areas did not obtain dis
ease. McKenna et al. (1990) undertook sentinel stud
ies with "rasped" versus control crabs in "high" and 
"low" risk areas (with risk based on prevalence of 
shell disease). Blue crabs in the high-risk areas took 
approximately 4 d to develop early lesions with all of 
the rasped crabs (n=20) exhibiting lesions after 10 d. 
Those from low risk areas took approximately 8 d to 
develop lesions with 80% (n=20) exhibiting lesions 
after 21 d. Interestingly, only one crab developed 
severe shell disease and only after 30 d. None of the 
unrasped control animals developed lesions. 

Shell disease typically indicates a significant 
problem with water quality. Several studies on blue 
crabs have focused on the high prevalence of shell 
disease in the Pamlico River, North Carolina. The 
river has experienced significant deterioration in 
water quality with freshwater runoff, erosion, sedi
mentation, nutrients (primarily phosphate), heavy 
metals; salinity, and low dissolved oxygen (Rader et 
al. 1987). McKenna et al. (1990) suggested that cad
mium and fluorine may interfere with calcium 
deposition and thus interfere with shell synthesis. 
Gemperline et al. (1992) and Weinstein et al. (1992) 
found a relationship between the presence of several 
heavy metals and shell disease in crabs from the 
Pamlico River. Compared with levels in crabs from 
outside the area, levels of aluminum, arsenic, cad
mium, manganese, tin, and vanadium were higher in 
the gill tissues while aluminum, manganese, and 
vanadium were higher in hepatopancreas and mus
cle. Since calcium deposition is driven by cationic 
shifts in pH (Cameron 1985b), heavy metals likely 
could interfere with the deposition process and, 
thus, render the carapace susceptible to invasion. 

Alternatively, Noga et al. (1994, 2000) found 
that shell disease was significantly correlated with a 
decline in the antibacterial activity of serum in crabs 
from polluted sites. Such crabs had less activity than 
crabs from relatively pristine sites. Additionally, at 
polluted sites, crabs with shell disease had lower 
serum activity than those without lesions. Noga et al. 

(1994, 2000) speculated that shell disease was corre
lated with declines in immune function. The 
antibacterial activity was recently identified as being 
due to a polypeptide, callinectin (Khoo et al. 1996), 
with specific activity against species of Vibrio and 
other Gram-negative bacteria isolated from the blue 
crab (Noga et al. 1996). In contrast, Engel et al. 
(1993) found that hemocyanin, the primary serum 
protein in blue crabs, was significantly depressed at 
several sites on the Neuse and Pamlico rivers, North 
Carolina. The depressed hemocyanin levels indicate 
that aftlicted crabs may be compromised in several 
ways. Engel et al. (1993) suggested that hemocyanin 
level may be a useful marker in identifying or n10ni
toring polluted or otherwise impacted sites. Burk
holder et al. (1995) suggested that toxins produced 
by the dinoflagellate [3/iesteria piscicida caused the shell 
lesions observed on blue crabs from these rivers. No 
experimental evidence, however, was presented on 
the possible link in etiologies nor was the association 
with pollution and shell disease presented. 

Overstreet and Rebarchik (unpubl. data) investi
gated the presence and degree of shell disease in 
Pensacola Bay, Florida, and three various]y contami
nated nearby bayous. The presence of lesions 
appeared to serve as an indication of environmental 
health. In contrast, their incomplete data showed no 
correlation between chitinoclastic bacteria in the 
hemolymph and degree of exoskeletal lesions. Con
sidering crabs with lesions, they identified chitin
oclastic bacteria from 46, but 41 others had no iden
tified chitinoclastic bacteria. Shell disease was 
conunon in crabs from all four localities, with the 
highest prevalence and the greatest number of 
lesions exhibiting moderate to heavy intensities at 
Bayou Chico. Several crabs from Pensacola Bay 
exhibited a heavy degree of lesions, but these con
sisted mostly of females in anecdysis, some of which 
had probably migrated recently from Bayou Chico, 
in relatively close proximity to Pensacola Bay. The 
presence of lesions in adults was higher in females 
that had ceased molting than in males that contin
ued to molt. No specific chitinoclastic bacterium 
was linked to environmental conditions, and none 
was linked to fecal coliform pollution. All corre
sponding water samples had enterocci, E. coli, and 
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fecal coliforms within the Environmental Protection 
Agency's acceptable limits, except for one from 
Bayou Chico and all from Bayou Texar. Total num
bers of Vibrio spp. were highest in Bayou Grande and 
lowest in Bayou Texar. 

The benthic life style of the blue crab con
tributes to the transmission of shell disease. Sedi
ments foster high densities of chitinoclastic bacteria 
(Seki 1965; Cook and Lofton 1973; Hood and 
Meyers 1977); hence, burying activity places crabs in 
direct contact with the highest densities of chitin
olytic forms. Vogan et al. (1999) found a higher 
prevalence of lesions on the posterodorsal carapace 
and the ventral surfaces of the legs of Cancer pa,gums. 
They suggested that lesions develop from sand abra
sion, with subsequent infection resulting from the 
burying activity of the crab. Young and Pearce 
(1975) showed that lesions developed in lobsters 
held in aquaria containing sludge from a dumpsite. 
McKenna et al. (1990) found that lesions on blue 
crabs were more frequent on the anterodorsal cara
pace and on the posterodorsal carapace than else
where on the carapace or limbs, but they did not 
record lesions on the sternum, one of the more 
common areas for •initial infections (Rosen 1967; 
Iversen and Beardsley 1976; Overstreet 1978; John
son 1983; Getchell 1989). Dredged crabs from 
Chesapeake Bay exhibit the characteristic pinpoint 
lesions on the ster~a and limbs in late winter, pre
s u ma bl y from their residence in the sediments 
(Shields, pers. obs.). Although Hood and Meyers 
(1974) found peak populations of chitinoclastic bac
teria in the spring and summer, shell disease in blue 
crabs was highest in fall and winter (Sandifer and 
Eldridge 1974). Thus, shell disease on blue crabs 
arises from abrasions acquired from their burying 
activities, from other wounds to the epicuticle, and 
from stress due to poor water quality. 

Shell disease is '· contagious, especially in long
term, crowded conditions such as those found at 
American lobster holding facilities (Rosen 1970; 
Sandifer and Eldridge 1974). Mortality can be high 
in lobster facilities, but less so with blue crabs where 
culture conditions are generally of short duration 
(e.g., soft-shell production). Brock and Lightner 
(1990) note that shell disease is often associated with 

stress and that the underlying causes of stress must be 
determined in a differential diagnosis. Wound avoid
ance, proper attention to hygiene, and proper hus
bandry lessen the prevalence of shell disease in lob
ster culture systems (Stewart 1980). 

Heavily diseased animals can be difficult to treat. 
Dips of malachite green have been used for lobsters 
(Fisher et al. 1978), and antibiotic baths (penicillin
streptomycin, furanace, erythromycin, oxolinic acid) 
and malachite green and formalin have been used 
for shrimp (Tareen 1982; Brock 1983; El-Gamal et 
al. 1986). Disinfection of aquaria can be achieved 
with bleach solutions. Advanced cases should be 
destroyed to prevent further spread and to avoid 
excessive trauma. 

In general, shell disease is not a significant factor 
in mortality of wild stocks of blue crabs. High preva
lences of it, however, may indicate significant issues 
involving water quality or stress in resident crus
tacean populations. Shell disease does have a small 
economic impact in that afilicted animals are not 
aesthetically pleasing to eat; thus there may be a 
lower grading of meat value (Rosen 1970; Getchell 
1989). Because blue crabs are not held for long peri
ods, shell disease in culture systems is not a significant 
issue. Rosen (1967) recorded 3% prevalence in three 
shedding houses in Maryland. 

Other reported values for prevalence of infec
tion vary considerably. Sandifer and Eldridge (1974) 
reported monthly prevalences in field and commer
cial samples of 15,000 crabs collected from four 
locations in South Carolina. Prevalences ranged from 
0.0 to 53.1 1¾'>, with field samples having a higher 
overall prevalence (9 .2%) compared with that in 
commercial samples (3.4%). Males were slightly 
more susceptible than females, but the data were not 
consistent. McKenna et al. (1990) did an extensive 
survey of shell disease in the Pamlico River (trawl, 
pot, and sentinel studies). In July 1987, 5% of 1459 
trawled crabs had shell disease. Males had a preva
lence of 5.1 %1, females, 16.2%, and immature females, 
2.5%. Although more crabs were found in shallower 
waters, there was no association between shell disease 
and depth (5.1 vs. 4.4% prevalence, 0-1.82 m vs. 
1.83-3.65 m depth, respectively, Chi-square). 
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Future Research 

Shell disease is relatively innocuous in blue 
crabs. However, important research questions can be 
addressed through study of the disease. Stress is a sig
nificant issue in the onset of numerous diseases and 
conditions in invertebrates. Further investigation of 
the association between different stressors and the 
onset of shell disease will provide a usefol model to 
study the effects of stress on crustaceans and other 
invertebrates. Indeed, the decrease in immune func
tion and decline in hemocyanin in diseased crabs 
from polluted waters (e.g., Engel et al. 1993; Noga et 
al. 1994, 1996) highlights the need for just such 
studies. In addition, the prevalence of shell disease 
may be an excellent indicator of water quality (e.g., 
pollution, nutrient enrichment). Thus, monitoring 
for shell disease may provide an inexpensive early 
warning tool for pollutants or other stressors. 

Other Bacteria 

Other bacterial infections have been reported 
from the blue crab. A rare, Gram-negative bacterium 
has been observed in the midgut and hepatopan
creas Oohnson 1983). It was associated with focal 
necrosis of the hepatic tubules. An unusual filamen
tous, non-septate Gram-negative bacterium 
("strand-like" organism - Johnson 1983; Messick 
1998) was also observed attached to the tubules of 
the hepatopancreas. It was reported in 2% of crabs 
from the Atlantic and Gulf coasts Oohnson 1983). 
The prevalence of the bacterium was lower in flow
through (12%) versus recirculating seawater (31%) 
systems in the summer (Messick and Kennedy 
1990). The bacterium exhibited a peak in prevalence 
in the summer (up to 16% in Maryland), and signifi
cantly higher prevalences in juveniles than adults 
(Messick 1998). The localized effect of the bac
terium included subtle changes in the epithelial cells 
with the formation of syncytia. The strand-like 
organisms are of doubtful pathogenicity to their crab 
host as the epithelial cells of the hepatopancreas are 
being replaced continuously Qohnson 1983; Messick 
1998). 

Rickettsiales-like organisms (RLOs) are typi
cally considered obligate intracellular bacterial para-

sites. They are rarely reported from crustaceans. Mass 
mortalities of shrimp, however, have been associated 
with RLOs (Krol et al. 1991; Lightner et al. 1992; 
Loy et al. 1996). In the blue crab, the prevalence of 
RLOs from field samples is low, probably because of 
the few histological analyses available. Rickett'iiales
like organisms had a prevalence of 2.3% in a Mary
land shedding facility, but heavy infections were not 
fatal (Messick and Kennedy 1990). In a later study, a 
single infected crab exhibited a focal infection of the 
hepatopancreas, with moderate increases in hemo
cyte numbers in the adjacent hemal spaces (Messick 
1998). Given the emerging importance and abun
dance of RLOs in invertebrates, especially molluscs, 
it is surprising that so few have been described in 
Crustacea. 

Leucothrix mucor is an ubiquitious filamentous 
bacterium found on the external surfaces, gills, and 
eggs of crabs, algae, and various other surfaces Qohn
son et al. 1971; Bland and Brock 1973). It is com
mon in the egg masses and occasionally on the gills 
of the blue crab (Bland and Amerson 1974; Shields, 
pers. obs.). Bacterial fouling of the egg masses occurs 
with several crustaceans. Leucothrix mucor was sus
pected of contributing to egg mortalities in Cancer 
spp. (Fisher et al. 1976), but its contribution to mor
talities was negligible; rather, nemertean worms were 
shown to cause significantly more egg mortality 
through predation (Shields and Kuris 1988a). Many 
strains of L. mucor and related species typically 
develop on hosts in the presence of excess nutrients, 
such as in natural areas contaminated with domestic 
sewage or in overfed aquaculture facilities. Solangi et 
al. (1979) tested a variety of treatments on infesta
tions on the brine shrimp. Bacterial mats and associ
ated debris sloughed as a single unit, most effectively 
with 100 ppm Terramycin® (an oxytetracycline for
mulation). In the field, some crustaceans preen 
themselves of infestations with their third maxil
lipeds and, thus, control their infestations (Bauer 
1979). 

Lastly, bdellovibrios occur on the external sur
faces of the carapace and gills of the blue crab (Kel
ley and Williams 1992). Bdellovibrios are predatory 
bacteria that are ubiquitous in the marine environ
ment. They are not pathogenic and apparently feed 
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on other bacteria. They should be considered foul
ing organisms. 

FUNGI 

Historically, the
1 

oomycetes (water molds) were 
described as fungi.iWith the advent of TEM and 
advanced molecular techniques, they have been 
removed from the !fungi and placed in their own 
phylum. For the sake of simplicity, we refer to the 
oomycetes and oth¢r "lower fungi" as fungi. Fungal 
infections in crustaceans range from the benign to 
the severe. Epizootic outbreaks have affected several 
crustaceans includitig copepods, crayfishes, tanner 
crab, penaeid shrimp, and American lobster. One of 
the most notoriods and disastrous is krebspest, 
Aphanomyces astad. Ibtroduced into Europe with the 
American signal crayfish Pacifastacus leniusculus in the 
1880s, it has since 1

1

wiped out most stocks of the 
European crayfish .,tlstacus astacus (Unestam 1973). 
Fungal diseases in crustaceans have been reviewed 

I 

by Unestam (1973), Alderman (1976), Lightner 
(1981), and Johnsort (1983). In aquaculture, infec
tions of Lagenidium dallinectes, Haliphthoros mi!fordensis, 
and Fusarium solani are relatively common in 
penaeid shrimp an 1d American lobster embryos, 
imposing significant[ threats to the culture of these 
crustaceans (Lightner 1981). The embryos of the 
blue crab can be qperimentally infected with H. 
milfordensis, but natural infections have not been 
reported in that host I (Tharp and Bland 1977). 

Lagenidium callinectes 
I 

Fortunately, thete are few serious fungal infec
tions reported frorii the blue crab. A significant 
pathogen, Lagenidium callinectes, was first isolated 

I 

from the embryos of the blue crab (Couch 1942). It 
has since been repor¥d from the embryos and larvae 
of several decapod cry.istaceans and algae. 

I 

Biology 

Lagenidium callin~ctes is a holocarpic oomycete 
fungus-like protis~ that attacks and kills crab 
embryos. The fungal thallus consists of coenocytic, 
intramatrical hypha~ within a crab embryo, and 

extramatrical hyphae that function in sporogenesis 
and spore discharge (Fig. 13). The life cycle of L. call
inectes was elucidated by Bland and Amerson (1973), 
with additional work on an algal isolate by Gotelli 
(1974a, b). Sporangia start discharging spores after 12 
to 15 h in sterile sea water, with continued release 
extending over 48 h. The pyriform zoospores, 10 x 
13 µm, have two flagella arising from a groove that 
spans the length of the spore. Polycomplexes indica
tive of meiosis have been observed in the encysting 
spores (Amerson and Bland 1973). Cysts, 9 to 11 µm 
in diameter, germinate a single germ tube that pene
trates the egg and grows rapidly into vegetative 
hyphae that in turn ramify throughout the embryo. 
Young hyphae have few septa. Septa usually delimit 
sporangia or separate older sections of the hyphae 
(Gotelli 1974b). 

Upon death of the embryo, several holocarpic 
sporangia form at the end of discharge tubes (Fig. 
14) and release monoplanetic zoospores. Sporogene
sis begins at the tips of the extramatrical hyphae 
with the formation of septa to differentiate the spo
rangium (Gotelli 1974a). After the discharge tube 
develops, cytoplasm is discharged (5-30 min) into a 
gelatinous vesicle. Flagellar formation precedes 
cleavage and the flagella can be observed actively 
beating inside the sporangium (Gotelli 1974a). 
Cleavage is rapid and spore release occurs within 10 
min of sporogenesis. From 20 to 200 zoospores are 
produced by a single sporangium. Zoospores swim 
to, encyst on, and infect new embryos, but extrama
tri cal hyphae also grow into and infect new 
embryos. 

Several strains of L. callinectes have been isolated 
from decapod embryos and algae. Couch (1942) 
described one with short extramatrical hyphae, and 
Bland and Amerson (1973) described another with 
elongate extramatrical hyphae. Bahnweg and Bland 
(1980) indicated the need for a review of the taxon
omy of the group based on biochemical attributes 
between different isolates. In a statistical analysis 
using morphological and physiological parameters, 
Crisp et al. (1989) showed that strain differences are 
part of intraspecific variation. Molecular taxonomy 
would no doubt improve our understanding of this 
taxon. 



328 THE B LUE C tU I B 

Figure 13. Lllgenidi11111 calli11ectcs. Sporangial development 

in a modified Vishniac medium. 

Nutrient requirements vary significantly among 
strains of Lage11idi11m cal/i11 ectes . Fu ng;i l growth is 

rapid, with hyphal tips recognizable after 12 h in sea
water PYG- agar (B land and Amerson 1973) . An 
algal strain was g rown on a defined medium con
taining glutamate, glucose, vitamin B consti tuents, 
and trace metal mix (Go telJi 1974a, b). Vitamin B

1 
was required for the isolate from the blue crab (L-1 ), 

and cultures g rew better o n simple sugars (e.g., fruc
tose, glucose) than o n complex carbo hydrates and 
polysaccharides (B ahnweg and B land 1980). Most 
strains are o bligate marine forms, but isolates fro m 
the American lobster and the Dungeness crab Ca11cer 
111agister do not require NaC l (Bahnweg and Gorelli 
1980). Isolate L-1 is strongly pro teolytic, and chitin 
is not used for growth (Dahnweg and Dland 1980). 
Chitin is not present in hyphal walls, but beta-glu

cans and both 1-3 and 1-6 glucosamines are abun
dant (Be rtke and Aronson l 992). The n itrogen 
sources and simple energy requirements of L call
inectes appear representative of a marine sapro phyte, 
not a "fastidious" parasite (Bahn weg and B land 
1980); this is not surprising when one considers the 
rich " medium" of an undifferentiated crab embryo. 

Animal Health and Fisheries Implications 

In the blue crab, La<{?e11idi11111 calli11ectes naturally 
infects embryos. It has no t been observcd in zoeae, 
albeit experimentally infected larvae quickly lose the 
ability to swim; hence, larvae sink and their mortal-

100µm 

Figure 14. Lllge11idi11111 wlli11eaes. Dead crab egg showing 

extramatrical hyphae ·with sporangia containing develop

ing zoospores (arrow) . N ote the opacity of the ,·gg. 

i ty may be diffi c ult to d ocum e n t in th e fie ld 
(Rogers-Talbert 1948). T he presence o f the fungus 
can be o bserved as b rown o r g ray patches in the 

clutc h. D ead eggs are o paqu e and small e r than 
healthy o nes (Couch 1942; R ogers-Talbert 1948). 
The fungus is usually restricted to the periphery of 
the clutch, penetrating rarely more than 3 mm into 
it (Fig . ·1 s) . Diseased eggs die befo re hatching. ln 
heavy infections, the fun gus may kill approximately 
25% of the clutch. Older clutches are attacked more 
heavily than recently bid ones (Fig. 16) . 

Transmissio n to new hosts is rap id . Zoeae of 
Cancer 111agister acquire in fectio ns w ithin 48 h o f 
molting, and uninfected fernaks can develop in fec
tio ns within 2 to 3 d o f being housed with infected 
fe males or exposed to water that contains infected 
clutches (Armstrong et al. 1976) . infection~ establish 
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in the visceral organs of the larvae and then ramify 

througho ut the body and tissues (Armstro ng et al. 
·1976). Zoeal stages may become in fected during the 

molt (Armstrong et al. 1976), but because the ger

mination tube can penetrate the cho rion o f the egg, 

the tube can probably penetrate thro ugh the thin 

cuticle of the larva. ln larval specimens of C. 111n51ister, 
the fungus ,.vas highly pathogenic, w ith 40%1 mortal

ity over 7 d. Transmission can be difficult to control 

and may involve other crustaceans such as brine 

shrimp that are often used as food (H o and Lightner, 

pers. comm. in Armstrong et al. 1976). 

Ovigero us blue crabs experience a high preva

lence o f t he fungus th rough out the summer in 

C hesapeake Bay (Fig. 16) (R.ogers-Talbert '1948) . 

There is an apparent lag period in May when crabs 

arc not infected. In North Carolina, the fu ngus has a 

high prevalence from May through June (')5%1) with 

prevalence in July (after the main ovigerous period) 

dropping to 30%, and to zero thereafter (Bhnd and 

Amerson 1973, 1974). Anecdotally, the prevalence of 

the fungus increased vvith the density of female crabs 

(131ancl 1974) . 
Although the fungus has a w ide salinity toler

ance, in C hesapeake Bay it is primarily restricted to 

the lower regions of the Bay w here salinity is high 

(Fig. 17; R.ogers-Talbert 1948; Bahl1\.veg and 131and 

1980) . In the l 940s, the fungus occurred at high 

prevalcn ces (40-62%) in th e Virg in ia M arin e 

R .. esources Commjssio n's C rab Sanctuary (l<..ogers

Talbert 1948) and was m oderate to high in Yo rk 

l~iver, Virginia, in the 1960s (Scott 1962). 

Natural in fections have been reported frorn the 

embryos of the blue crab (Sa ndoz c t al. 1944; 

R ogers-Talbert 1948), the barnacle Chc/011ibin pn111/n 
Qohnson and B o nner 1960), the zoeae of Cnncer 
111agister (Armstrong et al. 1976), and algae (Fuller et 

al. 1964; Gorelli 1974a, b) . The embryos o f the crabs 

Dyspn11opeus texa11n, Panopeus herbstii, and Pi1111othcres 
oslre11111 but not those of Libinin e111mxi11atn, Meuippe 
,nercenarin, o r Sesnn11a cinereu,n ;ire susceptible to 
in fection (Rogers-Talbert 1948; Bland and Amerson 

1974). T he reason for such differences in susceptibil

ity has not been resolved, tho ugh the depth o f the 

cho rion o r its resiliency may be factors (but see 

below). 

C 

D 

Figure 15. (A) Dead blue crab egg w ith fu ngal hyphae. 

(B) Live crab egg fo r comparison. (C) R epresentative 

cross-section through a healthy clutch o f a blue crab. (D) 

Cross-section through a clutch infected with La~Qe11idi11111 

calli11cc/cs showing the peripheral location (arrow) of most 

infected eggs. From ltogers-Talbert (] 948). 
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Figure 16. Prevalence of Lagc11idi11111 calli11ectcs in clutches 

of blue crabs during summer months. Yellow (early) , 

brown (mid) and black (bte) refer to the relative age of 

the clutch . Data from R.ogers-Talberr (1948). 
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5 0 10 
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Figure 17. Prevalence (%, numbers in circles) of La._{!e11id
iw11 callinectes in portions of lower Chesapeake Bay dur
ing 1946. From Rogers-Talbert (1948). The fungus is still 
quite prevalent in the clutches of blue crabs from the 
region (Shields, pers. obs.). nm= nautical miles. 

In an elegant study of bacterial and fungal pa
thogenesis, Fisher (1983) showed that L. callinectes 
grew only on the detached eggs of the oriental 
shrimp Palaemon macrodactylus except when the first 
pleopods had been excised. Caridean shrimp, 
including P. macrodactylus, are excellent groomers; 
they may limit the spread of egg diseases by periodic 
preening of the clutch (Bauer 1979, 1981, 1998, 
1999). Nonetheless, the fungus presents a significant 
problem to crustacean aquaculture (Lightner and 
Fontaine 1973; Nilson et al. 1975). 

Curiously, the embryos of the oriental shrimp 
and the American lobster exhibit some resistance to 
infection by L. callinectes (Gil-Turnes et al. 1989; Gil
Turnes and Fenical 1992). Gram-negative bacteria 
have been isolated from these embryos and the pres
ence of penicillin-sensitive bacteria is correlated 
with resistance. On P. macrodactylus, the bacterium 
Alteromonas sp. attaches to the outer chorionic coat 
of the embryo and releases 2,3 indolinedione, or 

isatin, and on lobster, a similar Gram-negative bac
terium releases 4-hydroxyphenethyl alcohol, or 
tyrosol; both are known antifungal compounds (Gil
Turnes et al. 1989; Gil-Turnes and Fenica] 1992). 
The presence of the 2,3 indolinedione alone was 
sufficient to inhibit mortality in embryos exposed to 
the fungus. We speculate that poor water conditions 
may limit bacterial protection of the embryos in 
aquaculture systems. 

Presumably several different fungi infect the 
blue crab and its eggs, but few, if any, recent studies 
have explored the possibility. Haliphtlwros mi!Jordensis, 
a phycomycete that infects the eggs of several 
decapods and a gastropod and that appears grossly 
similar to L. callinectes, can infect blue crab eggs 
experimentally; however, it has not been found in 
naturally occurring infections (Fisher et al. 1976, 
1978; Tharp and Bland 1977). 

F11t11re Research 

Lagenidium callinectes may very well represent the 
greatest fungal threat to the successful culture of sev
eral marine decapods. Hence, various fungicides 
have been examined for use in shrimp aquaculture. 
Early studies that reported on the efficacy of mala
chite green in shrimp culture used reduced zoopore 
motility as the primary measure (Bland et al. 1976). 
Trifluralin and captan showed efficacy (as reductions 
in mortalities) over 96-h exposures with minimal 
larval mortalities (Armstrong et al. 1976). Benomyl 
was toxic to larvae in 96-h exposures but showed 
some efficacy over 48 h. Furanace showed excellent 
efficacy against H. mi!fordensis in shrimp aquaculture 
(Lio-Po et al. 1985). None of these compounds is 
currently available for use in USA aquaculture. 

LAgenidium callinectes is often found in association 
with a filamentous bacterium and the nemertean 
worm Carcinonemertes carcinophila (see Rogers-Tal
bert 1948; Bland and Amerson 1973). The bac
terium was thought to be Chlamydobacteriwn. but it 
is more likely the common filamentous Leucothrix 
mucor (see Bland and Amerson 1974; Shields, pers. 
obs.). Leucothrix mucor is a common constituent on 
the surface of crab eggs Gohnson et al. 1971). It was 
at one time implicated in egg mortalities in Cancer 
magister (see Fisher 1976; Fisher and Wickham 



DISEASES, PARASITE'S, AND OTHER SYMBIONTS 331 

1976). Although the bacterium may be a significant 
fouling organism, at moderate densities it was not a 
causal factor in egg mortality involving the yellow 
rock crab Cancer bnthonyi (see Shields and Kuris 

I 

1988a). The cumulative effect of bacterial and fungal 
agents and predatory worms may cause significant 
mortality to the clutches of crabs (Wickham 1986; 
Shieldc; and Kuris 1988a; Kuris et al. 1991). One can 
speculate on the adaptive significance of egg preda
tion by the worm inside the clutch versus fungal 
mortality (and abrasion) on the periphery. 

Other Fungi 

Leptolegnia marina is a saprolegnid oomycete that 
was first reported in ova, embryos, and body organs 
of the pea crab Pinnotheres pis11m by Atkins (1954). 
While seemingly rare, it has been reported from a 
number of invertebrate eggs, including those of 
other crabs Pinnotheres pisum, P. pinnotheres, and Call
inectes sapidus and the bivalves Bamea candida and 
Cardium ecliinatum (Atkins 1954; Johnson and Pin
schmidt 1963). It or a related species also occurs as a 
facultative parasite on cultured salmonid eggs 
(Kitancharoen et al. 1997). The fungus has profusely 
branched, intramatrical and extramatrical hyphae, 
but often the latter appear as the "apical portions of 
the sporangia" Oohnson and Pinschmidt 1963). Spo
rangia are similar to hyphae in appearance with an 
apical or lateral discharge pore. Spores form in two 
to three rows within a sporangium. The diplanetic, 
biflagellate spores encyst and excyst as reniform 
biflagellate spores 8 to 14 µm long x 3 to 4 µm 
wide. Oogonia are 6 to 40 µm in breadth, generally 
with hypogynous antheridia or lacking antheridia, 
with potential oospores developing in the form of a 
large oogonial mass. The saprolegnids on salmonid 
eggs have been successfully treated with ozone 
(Benoit and Matlin 1966). 

Another fungus-like protist, a thraustochytrid, 
also occurs on the egg masses of C. sapidus (Rogers
Talbert 1948). Most thraustochytrids are saprophytic, 
but some are serious pathogens to molluscs (QPX) 
(Maas et al. 1997) and sea grasses (wasting disease) 
(Short et al. 1987). In the milieu of the egg mass, 
several fungus-likJ protists, including thraustochy
trids and oomycetbs, are attracted to dying and dead 

I 

eggs, which make an excellent medium for benthic 
saprobes (Shields 1990). 

Yeast infections are rare in crustaceans. None has 
been reported from C. sapidus. However, yeast infec
tions have been observed in the hemolymph of blue 
crabs from Virginia and Mississippi (Overstreet and 
Shields, pers. obs.), but their prevalence and role in 
disease in nature have not been investigated. 

PROTOZOANS 

Microspora 

The blue crab hosts a variety of microsporidians 
that are in many cases destructive to the crab. 
Microspora is a phylum containing strictly intracell
ular parasitic species that produce small (usually <6 
µm) unicellular spores with an imperforate wall. The 
spores lack mitochondria, but contain a sporoplasm 
and a hatching apparatus, including an extrusible 
hollow polar tube that injects the sporoplasm into 
the host cell. In species of many genera, including 
"Pleistoplwra" and Tl,elohania parasitic in crabs, spores 
develop inside a membranous structure termed the 
sporophorous vesicle (SPV, previously termed pan
sporoblast). In members of other genera, such as 
Amcsou, the spores do not develop in an SPV. The 
phylogenetic position of the phylum is uncertain 
(Miiller 1997). It has been considered by some as 
one of the earliest diverging eukaryotes, related to 
blue-green algae (e.g., Sogin et al. 1989). In contrast, 
other evidence involving the loss of mitochondria 
(Germot et al. 1997; Hirt et al. 1997) and the pres
ence of cytokeratin filaments and desmosomal ana
logues suggests the group may be more recently 
derived, at least in the sense of acquiring the latter 
features from a vertebrate host (Weidner et al. 1990). 
Several recent studies also have suggested a close 
relationship between Microspora and fungi (e.g., 
Keeling and McFadden 1998). All microsporidians 
are parasitic, with some infecting vertebrates and 
others infecting invertebrates; some have a direct life 
cycle not requiring an intermediate or additional 
host, but others need another host or life stage. The 
life cycle for most species is not known. Whereas 
morphological features seen under the light micro-
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scope are sti ll usefu l to identify and classify species, 
other characteristics involving developmental, ulcra

structural , biochem ical, and molecular features are 

now being used in the systematics of the phylum 

and are continually be in g updated (e.g . , Larsson 

1986, 1999; Sprague et al. 1992; Po mporc- CasciUon 
et al. 1997). 

Biology 

Most well- known and probably most common 
of the species infecting the blue c rab is Ameso11 
111ichaelis (Fig . 18) , previously kn own as Nosema 
111ic/1aelis (see Sprague 1965, 1970). I c wi ll serve as a 

representative for this group of parasites (Fig. 19), but 

other known species will be d iscussed. T he life cycle 

of A. michaelis was first described by Weidner (1970), 

who d emonstrated a direct cycl e no t requiring 

another host. The fresh spore is re latively small and 
ovoid; its size varies. For example, in c rabs from 

Maryland, spores m easured 2.2 ~m1 long x 1.7 ~m1 

wide, w ith a polar tube about 40 ~m1 long (Sprague 

1977). In crabs from Louisiana, spores were 1.2 to 

3.5 ~t111 long x 0 .9 to 2.0 ~tm wide, averaging 1.3 x 

1.0 ~tm (Weidner 1970). In Louisiana and Missis
sippi, spores ave raged ·1.9 x ·1.s ~u n (Overstreet 

1988). When infected c rab tissues o r spo res are 

Figure 18. O il emersion micrograph of fresh skeletal 
muscle tissue exhibiting the microsporan A111eso11 111ichaelis 
in Louisiana. From Overstreet ('I 978). 

ingested by an uninfected crab, the spore c, ·ercs its 

coiled polar tube by means of its lameUar po laro plast 
and rapidly injects the sporoplasm into an epithdial 

cell lining the lumen of the m idgut. The vegetative 

cell then invades, d evelo ps, and multipli es in the 
hemocyces in the adjacent submucosal connective 

tissue of the rnidgut. When the hem ocyte~ reach 

skeletal muscles, the parasite in these cells undergoes 

further development in th e myofibrils, first forming 

chains of e ight meronts (m erogo ny) ch:it S('parate 
into pairs of cells chat finally result in isobted m :iture 
spores (sporogony) (Weidne r 1970; Weidne r and 

Overstreet, unpubl. data). 

Aspects of the nutrition, invasion into the host 

cell, and ocher features of A. 11,ichaelis arc considered 

representative of the phylum in gener;1l (e.g., Weid

ner 1972, 1976). One should apprecia te the foct that 

if the sporoplasrn is injected into a general culture 

media such as medium 199 or blue crab gut extract, 
rather than being injected into a host cell , it will dis

integrate within minutes (Weidner 1972) . When 

adenosine triphosphate, but not various o ther com

pounds, is added to the culture medium, the ;;po ro

plasm maintains its structural integri ty for at least 6 h 
(Weidner and Trager l 973) . 

A.t least five species in additio n to A. 111ic/1nelis 
infect the blue crab. One is a species o f T11e!ohauia 
chat is presently be ing described (Weid ne r et al. 

1990; Overstreet and Weidner, in prep.) . Thelohania 
sp. has eight spores developing in an SPV T h is vesi

cle has a highly persistent membrane. The species, 

,vhich infects skeletal muscles as do the other species 

known to infect blue crabs, has cytoskelctal fe 1tures, 
as indicated above, that suggest nucrospo ridians arc 

highly evolved and that Thelohania sp. is esp ·cially 

complex (We idne r e t al. 1990) . Nose111a sapidi 
(referred to as A111eso11 sapid11s by Couch and M artin 

[1 982], Noga et al. [1998], and o thers) has single 
spores massed in the skeletal muscle th:tt me:isure 3.6 

~1111 long x 2.1 µm w ide. le has been reported in the 
blue c rab from North C aro lina o nl y (D cTurk 

·1940a). What was o rigin:illy described as Nose111a 
sapidi in an unpublished thesis (DeTurk 1940a) actu
ally consisted of both A. mir/,ae/is and N sapi,li (sec 

Sprague 1977). Pleistop/1ora cai;(?oi has an SPY con
taining 32 to > 100 ellipsoidal, mononucleatc mature 
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Figure 19. Life cycle of A111eso11 miclzaelis.This direct life cycle proceed,;; without an intermediate host.The mature spore is 
acquired when an uninfected crab feeds on infected crab tissue or on spores ultimately released from such tissue. The 

I 
polar tube everts froni the ingested spore and the sporoplasm passes through the tube and apparently infects a crab hemo-
cyte. Once reaching muscle tissue, the intracellular parasite undergoes development first in a string of eight cells and then 
of two cells before prc}ducing single spores, which occur in large numbers within the muscle. The muscle becomes chalky 
and weakened from this vegetative multiplication. From Overstreet (1978). 

! 

spores measuring approximately 5.1 µm long x 3.3 
µm wide (4-6 x 3-4 µm) when live (Sprague 1977). 
The extruded polar tube is usually unevenly thick 
along most of its 80-µm length except where it nar
rows abruptly near the distal end. When additional 
material is examined, P. cargoi will most likely be 
transferred to another genus because species of 
Pleistophora sensu stricto do not infect crustaceans. A 
cooked crab from Mississippi contained a species of 
"Pleistophorat but 

1
it was too altered to identify 

(Overstreet, unpubl. data). A related species, 
Pleistophora sp. of Johnson (1972) from North Car
olina, is reported to !have smaller spores than P. cargoi 

(see Sprague 1977). Finally, a hyperparasite identified 
as Nosema sp. infects an unidentified microphallid 
metacercaria in C. sapidus, rather than infecting crab 
tissue directly (Sprague and Couch 1971). 

Animal Health and Fisheries Implications 

Ranges for the different species are not known, 
but at a minimum they extend from at least 
Delaware and Chesapeake bays to Louisiana and 
probably farther south for A. michaelis (see Over
street and Whatley 1976; Overstreet 1988). In the 
Lake Pontchartrain area, commercial crabbers esti-
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mated prevalence to be less than 1 % year-around, 
with more than 1 % in relatively warm areas, lagoons, 
and close to shore (Overstreet and Whatley 1976), 
where infections occurred in crabs measuring 2 to 
13 cm in carapace width. Prevalences of up to 10% 
occur in restricted locations from Chesapeake Bay 
to Georgia (Messick 2000). 

Of the other species infecting the blue crab in 
the Gulf of Mexico, the species of Thelohania 
presently being described by Overstreet and Weid
ner (in prep.; Weidner et al. 1990) occurs in crabs 
from at least Mississippi and Central Florida. What 
may be the same species occurs in Chesapeake Bay 
(Shields, unpubl. data). In the Gulf Coast locations, 
infections are associated with morbidity and mortal
ities (Steele and Overstreet, unpubl. data). At least 
one other species of Thelohania exists in the Gulf, 
but nothing is known about it. In regard to the 
other species reported from the blue crab along the 
Atlantic coast, Nosema sapidi occurs in Beaufort, 
North Carolina, as does A. michaelis (see Sprague 
1977). Only 3 of 120 crabs examined by DeTurk 
(1940a) exhibited microsporidian infections. 
Pleistophora cargoi was originally described from one 
crab in the Patuxent River, Maryland (Sprague 
1966), and we are unaware of any other reports. 
Pleistophora sp. from North Carolina with smaller 
spores than P. cargoi infected 2% of a population in 
coastal waters of salinity less than 171, but not in 
higher salinity water Qohnson 1972). The hyperpar
asite identified as Nosema sp. occurred in Pry Cove 
on the Eastern Shore of Chesapeake Bay, Maryland. 
What may be the same microsporidian occurred 
also in North Carolina, South Carolina, and Georgia 
(Sprague and Couch 1971). 

All species of microsporidians from the blue 
crab are relatively rare. Infected crabs become inac
tive and the occasional "outbreaks" may be artifacts 
caused by the departure of uninfected crabs from 
shallow water habitats during seasonal migrations. 

1 Salinity is presented as a pure ratio with no dimensions or 
units, according to the Practical Salinity Scale (UNESCO 
1985). 

Findley et al. (1981) demonstrated lactate concentra
tions six to seven times higher in the muscle tissue 
and hemolymph of infected crabs compared with 
those in uninfected ones. Conunercial fishers com
monly collect crabs infected by A. michaelis near or 
among the vegetation along the shorelines of 
Louisiana lakes. Perhaps infected crabs have a buildup 
of lactic acid that inhibits their innate migration and 
spawning behaviors (Overstreet and Whatley 1976; 
Overstreet 1988). Because of the parasite's direct life 
cycle, dead or weakened crabs serve as a source of 
the disease for their cannibalistic cohorts, resulting in 
deleterious effects on stocks both in culture or in 
confined habitats in the wild. Infected crabs, includ
ing dead individuals and spoiled tissues, should not 
be returned to the water because the infection could 
spread (Overstreet 1978, 1988). 

Crabs infected by A. michaelis in Chesapeake 
Bay and Louisiana are considered to have "sick crab 
disease," or "cotton crab disease." Experimentally 
infected crabs are clearly weakened by the agent, 
with at least some dying (Weidner 1970; Overstreet 
and Whatley 1976) but in the natural environment, 
infected individuals may seem to be healthy. The 
parasite lyses infected muscle and adjacent tissues 
(Fig. 20). The actin and myosin filaments of the host 
disassemble in the presence of the sporoblasts (Weid
ner 1970; Overstreet and Weidner 1974), and a cell
free extract of infected tissue can produce lysis of 
normal blue crab muscle tissue (Vernick and 
Sprague 1970). Grossly, the infected muscles appear 
chalky white through joint-; of the appendages, and 
the abdomen may appear grayish (Overstreet 1988). 
This species does not have an SPV, also called a 
"pansporoblast wall," like species in some other gen
era such as Inodosporus spraguei in the grass shrimp 
Palaemonetes pugio and P. kadiakensis. The SPV in J. 
spraguei was suggested by Overstreet and Weidner 
(1974) to function as a sink for toxic byproducts of 
parasitic metabolism. Such a sink could provide pro
tection for the host shrimp, and would be unavail
able in infections of A. michaelis in the blue crab. 

Ameson michaelis also promotes an internal bio
chemical imbalance in the host. Findley et al. (1981) 
found significant changes in hemolymph protein 
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Figun.; 20. (A) A 111cs/!11 sp. infection in the muscle of Por-
1111111s pelagiws. Note the presence of uninfected muscle 
tissue and the densi ty of the microspores i11 lysed muscle 
tissue (thick section, roluidi11e blue). Virtually identical 
pathologies occur in Calli11crtes sapid11s. (13) Electron 
micrograph of an infection of A111cso11 sp. fro m P pclagiws. 
Note how the parasites (arrow) grow along and lyse (star) 
a 11n1scle syncytium with no lysis of nearby musck. 

and ion concentrations in in fected blue crabs. T his 

imbalance is in marked contrast to the condi tio n in 

infections of Theloha11ia 111ae11adis in Carci1111s 111ae11as 
(see Vivares and C uq 1981 ). The difference was con
side red to be re lated to the lower sa liniti es and 

higher temperatures experienced by the experimen

tally infected blue crab (Findley e t al. 198 1) . The 

he m o lymph o f the blue c rab infected w ith A. 

111iclwclis exhib ited lower levels of c1- and Na+ and 

hig her leve ls of free a mi no acids. In add it ion , 
infected individ uals showed increased levels of lac

tate and d ecreased leve ls of blood glucose in the 

hem o lymph , thoracic muscle, and hepatopancrcas. 

Increased levels o f amino acids in the hemo lymph 

m ay have resulted from proteolysis o f m uscle o r 

lea ka ge of am in o ac ids from ce ll m embran es . 

Increased lactic acid levels may result fro m the use of 

muscle tissue as an energy source by the parasite 

(Find ley c t al. 198 1) o r fro m parasite-induced 
hypoxia in muscle tissues that m ay arise in heavy 

protozoa! infectio ns (Taylor et al. 1996). 

T he simple li fe cycle of A. 111ic/1aelis allowed 

Overstree t an d Whatley (1976) and Ove rstree t 

(1 975, 1988) to co nduc t experiments screening 
drugs and assessing control m ethods for th is agent. 

In culture fa c ili ties, in fections can be prevented 

using m onensin or buquinolate concurrent with or 

before administration of the agent. N either drug is 
available for use in aquaculture in the USA. Disin

fection was ach ieved w ith commercial bleach o r an 

iodine-containing solutio n such as Wesco dync®. 

Treatment o f crabs containing developed spo res was 
not successful when attempted with a varie ty o f 

compounds. Som e spores tolerated freezing for at 
least 67 d at -22°C (Overstreet and Whatley 1976). 

Future Research 

A need c:,.; ists to determjne the taxono my, biol

ogy, and distributio n of the various microspo rid ian 

species and to develop complete diagnostic features 

o f each species th at in cludes molecular analyses. 
Presently, molecular data o n many m.icrospo ridians 

are being ;1ccum ulated in several laboratories world

w id e. Th e li fe c yc les of species othe r than A . 
niiclraelis also need to be de termined. Not all life 

cycles are direct like that of A. michaclis. For exam

ple, efforts to transmit Thelolrania sp. from crab to 

crab b y di rec t feedin g have b een unsu ccessful 

(O verstreet, unpubl. d;i ta) . 
Som e species arc in fective, develop, multiply, and 

detr imentally affect their hosts only w ithin a specific 

enviro nmental range. Fo r example, low oxygen lev

e ls produced m o re rapid m o r tality o f crangonid 
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shrimp infected with Pleistophora crangoni than of 
uninfected shrimp. Large shrimp were also more 
heavily infected than smaller, young ones (Breed and 
Olson 1977). Prevalence of that microsporidian 
reached 30 and 41 % in two of the four infected host 
species during winter. Infections appeared to shift 
the sex ratio in favor of females as well as effectively 
castrating those females. The relationship between 
environmental factors and infection by A. michaelis 
also needs critical investigation. Apparently, A. 
michaelis infectli the blue crab most readily in areas of 
low salinity, high temperature, and reduced oxygen 
(Findley et al. 1981). Alternatively, these conditions 
may represent those where infected crabs survive 
longer (Overstreet and Whatley 1976). 

The effect of infections on the crab population 
may be more pronounced in juveniles than in 
mature crabs (Overstreet and Whatley 1976). Exper
imental infections of A. michaelis clearly demonstrate 
that infected crabs are not as active or strong as non
infected ones, but no critical evaluation has been 
conducted. In the case of Thelohania sp., infections 
may weaken the blue crab host sufficiently for it to 
be eaten by the next host in the life cycle of the par
asite. Vivares (1975) indicated that Carcinus maenas 
infected with Thelohania maenadis when compared 
with uninfected ones exhibited increased explora
tory activity and decreased aggressive reactions, ago
nistic reaction time, strength, and locomotive speed 
when out of the water. Most likely, blue crabs 
infected with any microsporidian are more vulnera
ble prey than their uninfected counterparts. 

Host resistance may explain the relatively low 
prevalence of infection considering the potential for 
high rates of infection. Overstreet and Whatley 
(1976) collected A. michaelis-infected crabs in 
Louisiana (Lake Pontchartrain and Lake Borgne) 
and administered the spores per os to wild crabs col
lected from inshore waters nearby in Mississippi 
where infections had not been observed. Exposures 
to several groups of crabs usually produced infec
tions in 40 to 65% of the individuals over a several
year period. Then, abruptly and continually for sev
eral attempts with additional groups of crabs, spores 
that had proven to be infective as well as additional 
fresh spores from Louisiana crabs no longer pro-

duced infections. At that time, two crabs infected 
with A. michaelis were collected in Back Bay of 
Biloxi, Mississippi. Perhaps, weather conditions and 
current flow had allowed crabs or the parasite from 
Louisiana to enter the Mississippi estuary and with it 
promote some type of resistance. Regardless. much 
remains to be learned about factors that influence 
the temporal and spatial dynamics of microsporidian 
infections in the blue crab. 

Haplosporidia 

The Haplosporidia is a small phylum of spore
forming protozoans that have a multinucleated 
naked plasmodial stage in their life cycle. Members 
contain uninucleated spores without extrudible 
polar tubules, but they contain mitochondria, char
acteristic haplosporosomes, and an anterior orifice 
or operculum. Most of the approximately 40 
known species occur in molluscs, but a few infect 
crustaceans and other invertebrates. Little is known 
about them, and various unclassified spore-forming 
protists have at one time or another been placed 
within the group (e.g., Sprague 1979). There 
is considerable attention directed to the group 
because of the severe panzootics caused by Hap
losporidiwn nelsoni in the eastern oyster along the 
Middle Atlantic USA and to a lesser extent other 
species in wild oysters and in hatchery-produced 
spat. (See recent references by Burreson et al. 
[2000], who discussed increased virulence in intro
duced H. nelsoni, and by Hine and Thorne [1998, 
2000], who discussed recent mortalities in Aus
tralia.) Problems occur in identifying and classifying 
members of the Haplosporidia sens11 stricto. The 
group is considered to be a phylum by some 
(Perkins 1990; Flores et al. 1996) and a major com
ponent of the phylum Ascetospora by others (e.g., 
Sprague 1979; Corliss 1994). 

Presently, all or nearly all species are placed into 
three genera, but authors disagree as to what features 
are diagnostic for each. Members of the genus 
Urosporidium, perhaps the basal genus of the extant 
genera (Siddall et al. 1995; Flores et al. 1996), have an 
oval or spherical spore with an anterior orifice cov
ered by a tongue of wall material tucked inside the 
aperture. The several species in the genus are primar-
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ily hyperparasites of digeneans or nem atodes and 

have character istic extensions of the epispore cyto

plasm. M embers of the genera !-lnplosporidi,1111 and 

Mi11chi11in have an oval spo re with an o perculum 
covering the o ri fice. Differentiating species into 

these rwo genera is contentious, especialJy because 
what are considered species of !-lnplosporidi11111 do 

not form a m onophyletic assemblage (e .g. , 

McGovern and Burreson 1990; Flores et al. 1996; 

Perkins 1996); nevertheless, many taxonomists tem

porarily consider those of J-lnplosporidi11111 to have a 

spore w ith fila111ents w rapped around it that do not 
form a prominent extension visible with the light 

microscope. Using that criterion, the gen us in cludes 

several freshwater and marine species occurring in 

decapods and a variety of invertebrates, w he reas 

Mi11c/1i11in contains species parasitizing marine poly

chaetes and molluscs only. M embers of genus Mi11-
chi11in have spores possessing prominent extensions, 

or " tails," visible with the light 111 icroscope (Perkins 

2000) . N o li fe cycle of a spec ies of haplospor

idian has been established, but an inte r mediate 

host in the cycle is suspected (e.g., Perkins 1996, 

2000). 

Biolog)' 

Most obvio us of the haplosporidians in the blue 

crab is Urosporidi11111 crcsce11s because it causes "pepper 

crabs" that exhibit ''pepper-spot," or "buck-shot," in 

the skeletal muscles, visceral o rgans, and gilJs (Fig. 

21, see also Fig. 38) . The haplosporidian does not 

infect the actual crab tissue, but rather it hyperpar;i

sitizes the encystetl metacerc;iria o f th e d igenean 
Microplrnl/11s bnsodnctylop/{(1//11s that infects the crab. 

W hen thjs parasite infects the fluke and undergoes 

extensive multiplication, its brownish colored spores 

in the greatly enlarged worm create a black spot 
readily visible to the naked eye. The u ltrastructure 

and developmen t of U. crescc11s was described by 

Perkins ('1971 ). A hyperparasitized worm can be up 
to three or more times larger (up to I 111111) than the 

uninfected 450-~Lm long worm within its 200-~1111 
diameter cyst. The infected worm hJs no functiona l 
reproduc ti ve o rgans, ca n h a rd ly move when 

excysted , and serves only as a culture medium for U. 
cresce11s. Couch (l 974) described details of the histo-

Figure 2 1. (A) Pepper-spot disease (arrow) in the connec

tive tissues surrounding the foregut of a blue crab. (l3) 

Spores of Ums11oridi11111 rrcsrrns in the tissues of a tre111a

tode met:H:ercaria infecting the blue crab (wet sm ear). 

Note the dark coloration of th e..' mature spores. Bar in (A) 

= .) 111111. 

logical changes in the same species niisidenti6ed as 

Mc:(!(1/op/{(1//11s sp. (see Heard and Overstreet 1983). 
At lc:1st one other haplospor idian in fects crab 

tissue directly. Newman et al. ("I 976) reported a Hnp
losporidi11111-like agent in a few moribund crabs in 

N orth Carolina and Virginia. Affected crabs exhib

ited opaque hemolyrnph with unin ucleated cells 
containing perinuclear haplosporosomes and mito

chondria; incerstitialJy, m u ltinuclear plasmodial stages 

of this parasite occupied much of the vascular 

spaces. As w ith members of the Haplosporidia, the 
nuclei of the plasmodial stage contained bundles of 

1nicrotubules and the cytoplasm of these celJs con-
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tained no haplosporosome, but they did have empty 
membrane-bound vesicles the same size as the hap
losporosomes (Newman et al. 1976). No spore was 
observed in those cases. 

A focal haplosporidian infection with developed 
spores in the hepatopancreas of the blue crab was 
found in Mississippi (Overstreet, pers. obs.); this 
species may or may not be the same as that found 
along the Middle Atlantic coast. The ultrastructure 
of the agent is presently being examined to deter
mine its identity and whether it is conspecific with 
that from the blue crab in the Atlantic, conspecific 
with U crescens from a concurrent digenean infec
tion, conspecific with one from other crabs or hosts 
in the area, or a unique species (Krol and Overstreet, 
pers. obs.). 

Few species of Haplosporidia have been 
reported from crustaceans, although Haplosporidium 
louisiana infects xanthid mud crabs from both the 
Atlantic seaboard and the Gulf of Mexico. The 
paucity of known species probably reflects the lack 
of attention given to investigation of this group 
because we have seen species in majids, penaeids, 
and amphipods as well as molluscs (Heard, Over
street, and Shields, unpubl. data). 

Animal Health and Fisheries Implications 

Reports, several of them unsubstantiated, of U 
crescens exist from microphallids found north of 
Chesapeake Bay to as far south as at least Texas. This 
haplosporidian was originally described from 
Spelotrema nicolli (probably a misidentification of 
Microphallus basodactylophallus) from North Carolina 
(DeTurk 1940b). Because the "pepper-spots" pro
duce an unappetizing appearance, the infected crabs 
are either unmarketable as a seafood product or have 
a lesser value and therefore negatively influence the 
crab fishery (Perkins 1971; Couch and Martin 1982; 
Overstreet 1983; Noga et al. 1998). From a human 
health perspective, U crescens will not infect humans, 
but the hyperparasitized, hypertrophied, darkly-col
ored, infected, encysted metacerceria may keep the 
seafood consumer from eating the nearly invisible, 
opaque, co-occuring uninfected metacercaria of M. 
basodactylophallus, which may be infective and patho-

genie to humans who eat the crab host uncooked 
(Heard and Overstreet 1983). 

Sprague (1982) indicated that although U. 
crescens and other species of Urosporidium in trema
todes were not known to be of any practical signifi
cance as pathogens, the metacercaria infected with 
U. crescens became hypertrophied and eventually 
transformed into a large bag of haplosporidian 
spores. Nevertheless he continued, "it remains appar
ently healthy and active." We note that an infected 
metacercaria can hardly move and does not possess 
the reproductive organs typical of the healthy speci
men; consequently, infected worms are neither 
healthy nor active, and the haplosporidian, whereas 
not pathogenic to the crab, is highly pathogenic to 
the worm. 

The unidentified Haplosporidium-like agent 
(above) reported by Newman et al. (1976) was sus
pected to cause morbidity in the crabs from Chin
coteague Bay, Virginia, and coastal North Carolina. 
As indicated above, no spore stage was present. From 
Virginia, more than 475 crabs examined throughout 
the year by Phyllis Johnson included only three 
infected with the haplosporidian; those cases were in 
May and July (Newman et al. 1976). Unlike the 
apparent rare pathogenic infection along the Atlantic 
coast, the one in Mississippi (above) did not seem to 
severely harm the host; it infected the alimentary 
tract epithelium and formed brownish spores. 

Future Research 

One of the most important challenges concern
ing the Haplosporidia is to determine a representa
tive life cycle of a member of the group and ascer
tain if any additional host exists. The one or more 
haplosporidian species within tissues of the blue crab 
should be identified and the distributions deter
mined. More important, the question of whether 
the agent(s) causes disease and mortality in the host 
needs to be confirmed. If it does cause disease, what 
is the relationship among salinity, temperature, size of 
crab, and parasite? A better understanding of the 
biology of U cresccns may allow for a better under
standing of the biology of other crab- and oyster
infecting species. 
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Dinoflagellata/Dinophyceae 
Hematodini,mi perezi 

u d' · I · . . . d' fl 11 n.emato 1nium p,erezt 1s a parasitic mo age ate 
that proliferates internally in the hemolymph and 
tissues of crustacearis. It infects the blue crab, where 
it is highly pathog~nic, and in most cases kills its 
host. Two species in the genus, H. perezi and H. a11s
tralis, have been described, but several forms warrant 
species status. Hematodinium perezi, the type species, 
was originally described from the green crab Card
nus maenas from France ( Chatton and Poisson 1931). 
The parasite in the blue crab is morphologically 
identical to H. perezi, and until there is convincing 
molecular or ultrastructural data to the contrary, we 
refer to H. perezi sensu lato Chatton and Poisson 
1931 as the infectious form in the American blue 
crab (see Newman and Johnson 1975; MacLean and 
Ruddell 1978). 

Species of Hematodinium or Hematodinium-Iike 
dinoflagellates have been identified from a wide 
range of host species from many geographic regions. 
On the eastern se~board of the USA, H. perezi 
infects the blue crab (Newman and Johnson 1975; 

I 

Couch 1983), the rock crabs Cancer irroratus and C. 
borealis, and the la

1

dy crab Ovalipes ocellatus (see 
MacLean and Ruddell 1978). A more recent study 
by Sheppard et al. (t003) using PCR and morpho
logical features has also reported it from dying 
infected individuals 'lof blue crabs, spider crabs (Lib
inia emm;ginata), and xanthid mud crabs (Neopanope 
say,) in Georgia. The infection seems to be responsi
ble for the disappearance of the blue crab but not 

I 

the lesser blue crab [( C. similis) and some other crab 
species that exhibited increases in their populations 
in the high salinity 

1

water ofWassaw Sound during 
summer months. A possibly related parasite has been 
reported from several genera of amphipods Qohnson 
1986b). Well-studi~d but undescribed species of 

I 
Hematodinium-like dinoflagellates have caused signif-
icant damage to fislieries for the Tanner crab Chio-

I 

noecetes bairdi and snow crab C. opilio (see Meyers et 
al. 1987, 1990, 1996;Taylor and Khan 1995), the edi
ble crab Cancer paguius (see Latrouite et al. 1988), the 
velvet crab Necora },,.,her (see Wilhelm and Miahle 
1996), the harbor crilb Liocarcinus depurator (see Wil-

l 

helm and Boulo 1988), and the Norway lobster 
Nephrops norvegicus (see Field et al. 1992; Field and 
Appleton 1995). In Tanner and snow crabs, the para
site causes "bitter crab disease," resulting in unpalat
able, unmarketable crabs. Infected blue crabs do not 
taste bitter; perhaps they die before acquiring the 
vinegary, bitter flavor. 

Biology 

Infections with H. perezi can be difficult to 
diagnose. The vermiform plasmodium is the most 
readily identifiable stage in the hemolymph (Fig. 
22), but the trophont or vegetative stage is most fre
quently observed; to the layperson, it is often con
fused with a hemocyte. Previously, infections were 
described as a neoplastic granulocytemia from the 
blue crab (Newman 1970). Neutral red is an excel
lent vital stain for the parasite in fresh hemolymph, 
because the dye is taken up by the lysosomes of the 
parasite; hemocytes do not generally acquire the 
stain. Electron micrographs reveal the distinctive 
dinokaryon, alveolate pellicle, and trichocysts that 
firmly establish affinities of the parasite to the 
dinoflagellates (Fig. 23). 

At least four different stages can be observed in 
the hemolymph. The vermiform, multinucleate plas
modia are motile and range in length from approxi
mately 15 to 100 µm. They are found in early infec
tions and probably arise from an infectious 
dinospore. The ameboid trophont resembles an 
immature or atypical hemocyte ranging in size from 
9 to 22 µm. Trophontli occur in at least two mor
phologically different stages: an ameboid form with 
few, small refractile granules and a large rounded 
form with many, large refractile granules. The latter 
may represent a sporont because it is generally 
observed in later stages of infection. Dinospores are 
rarely observed in the hemolymph. Distinct macro
spores and microspores (see Meyers et al. 1987, 
1990; Appleton and Vickerman 1998) occur in the 
blue crab, but they have not been characterized 
(Shields, pers. obs.). In massive infections, few host 
hemocytes remain, and rounded forms of the para
site (prespore or effete stages) can be observed in the 
hemolymph. Effete stages of the parasite have many 
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Figure 22. l-le11,nror/i11i11111 pcrez i from the blue crab Calli11crtcs snpid11s. (A) Verrniforn1 plasmodia in hc111olymph (granulo
cytes [CJ). (8) Plas111odiu111 stained with neutral red (arrow). (C) Amoeboid rrophonrs (arrow) with few refracrilc gr:mulcs 
(granulocytes [Cl). (D) Round trophonts (arrow) with many rcfractilc granules. Fro111 Shields and Squyars (2()()0:,. 

large vacuoles and are typically associated with large 
quantities of cellular debris in the hernoly1nph. 

Partial progression of the li fe cycle of /-/. pere::i 
has been observed in primary cultures of th t: parasite 
(Shields, unpubl. data). T he 111ul tim1cleate plasmod
ium initially reproduces by budding and further 
develops by rnerogony to produce the vegetative 
trophont (Fig. 2-1-). Ameboid trophonts undergo suc
cessive rounds of binary fission co produce presporcs 
(rounded trophonts) or sporonts that undergo rapid 
division to produce dinospores. Sporulation is rapid 
and occurs over 2 to 4 d in blue crabs (Shields and 
Squyars 2000); the ephemeral sporont may develop 
over a very brief period; it is rarely observed in pre
pared sme;irs. D inospore density in the hen1oly111ph 
can be extraordinarily high Cl .6 .x I 08 clinospores 

ml-1) during sporulation. Sporulation can be prolific 
enough to turn large (38-200 L) aquaria rnilky or 
cloudy with discharged clinospores. A different pro
gression of st;iges that resulted in a free sporocyst 
enc;ipsulating the dinosporc was proposed by Lee 
and Frischcr (200-1-). 

Culture attempts have succeeded with :1 related 
"species" of He111n1odi11i11111. Appleton and Vickerman 
( 1998) achieved the continuous culture of He111a10-
di11i11111 sp. from the Norway lobster at 6 to 10°C. 
The life cycle of He11iawdi11i11111 sp. from the Norway 
lobster is different from that reported for other para
siti c dino flage llates and includes filame ntous 
trophonts (cf. the plasmodium of Chatton and Pois
son 1931) developing into unusual colonies of plas
modia termed "gorgonlocks," followed by arachnoid 
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Figure 23 . Electron micrograph of a plasmodium of 
He111atodi11i11111 pcrezi showing characteristic condensed 
chromatin bands in the nuclei, alveolate pell icle, and 
large vacuoles. Trichocysts not shown. 

trophon ts (fi lam entous forms), clump colon ies, 

arachn oid spo ro n ts, sp o ro b las ts, an d fin:il ly 

dinospores (Appleton and Vickerman 1998) . Con
tinuo us cultures of Hemator/i11i11111 sp. from the N or

way lobster are no infectious (Appleton and Vicker

m an ·1998), suggest ing a loss of infcctiv ity o r 

viab ili ty in cul tured parasi tes . The arach no idal 
sporonts that occur in in vitro cultures of He1 11ato

r/ i II i 11111 sp. fro m the Norway lobster (Fie ld and 

Appleton 1995; Appleton and Vickerman 1998) have 

not been observed in natural infectio ns o r in labora

tory inoculations of H . perez i in blue crabs, but they 

do occur in culture (Shields, pers. obs.). 
Culture of H . perez i was not successfu l using a 

modification o f the medi um of Appleton and Vick
erman (1998) (S hields and Sma ll , u n p ubl. data) . 
Infectio ns, however, have been main tain ed in the 

laboratory for ove/· 7 months using ser ial passage in 

crabs (Shields and Squyars 2000).T hree o ther species 
have also been transm itted by inoculatio n into their 

Water Crab host column/Benthos ~_;___;__ __________ __, 

Amphipods? 

I 
Dinospore 

Merogony and 
f( budding ' 1 

', Plasmodium tJ. 

~ 1' Merogony ,
1 

', Trophont tJ. 

Sprnoo<?/ 

Figure 24. Presumptive li fe cycle of /-le11ia1odi11i111 11 perezi 

in Calli11eaes sapir/11s. 

host crabs: Tanner crab (M eyers e t al. 1987), snow 
crab (Shields and Taylor, unpubl. data), and A ustralian 

sand crab Porlum1s pelr,gic11s (see Hudson and Shields 

1994). Tropho nts fro m primary cell cultures were 

successful in establishi ng in fectio ns in the Tanne r 

and blue crabs (M eyers ct al. '1987 ; Shields, unpubl. 

data) . Natural transmissio n w ith dinospores has yet 

to be achieved. 

Animal Health and F isheries Implications 

T he main sign of in fectio n by H . perez i in heav

ily infected blue crabs is lethargy. Lightly and m od
erately infected crabs exhibi t no overt sign of infec

tio n . An ecdotal o bser v;i t io ns suggest th at m ost 

infected crabs cease feed ing approximately 14 d after 

infec tion (at 20°C, S h ie ld s, pers. o bs.) . Ac utely 

in fected crabs tend to die fro m stress before their 

hem olymph exhib its g ross discolo ration (Shields and 
Squyars 2000; Shields 200·1 a) . H eavily infected crabs 

exh ibit radical changes in the che mistry of t he 

hemolym ph. Gross changes include chalky or yellow 

discoloratio n of the hemolym p h, lack o f clotting 

abil.ity, and the above- noted decl ine in total herno

cyte density. Loss of clotting is a common endpoint 

fo r t he hem o lymph in many d iffe re n t decapod 
infections. The changes leading to the loss are not 

readi ly ap pa ren t . Dec lin es in h ya li nocy tes, 

hemoly mph proteins, and var io us enzym e systems 

suggest that an overall decrease in proteins associated 

\Nith clotting may resul t fro m infection (Shields et al. 
2003) . Alternatively, the clotting mechanism s may be 
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specifically suppressed or reduced. Pauley et al. 
(197 5) suggested that the lack of clotting in 
Paramoeba infections in the blue crab was due to 
alterations of the hemolymph resulting from para
site-modulated proteolytic activity or from the loss 
of serum fibrinogen as a component of the total 
serum protein. 

The route of infection by H. perezi is unknown. 
However, in the Norway lobster the route of infec
tion appears to be through the midgut (Field et al. 
1992; Field and Appleton 1995). The disease then 
progresses with the degeneration of the hepatopan
creas and muscles, followed by general congestion of 
gill filaments and hemal sinuses with trophonts and 
plasmodia (Meyers et al. 1987; Latrouite et al. 1988; 
Field et al. 1992; Hudson and Shields 1994; Messick 
1994). Respiratory dysfunction is indicated by the 
low oxygen-carrying capacity, decreased hemo
cyanin levels, and reduced copper concentrations of 
the hemolymph of infected lobster (Field et al. 1992; 
Shields et al. 2003). Reduced hemocyanin levels and 
respiratory dysfunction may explain the induced 
lethargy, resulting in tissue hypoxia, necrosis, and 
eventual death of the host (Field et al. 1992;Taylor et 
al. 1996; Stentiford et al. 2000; Shields et al. 2003). 

In experimental infections, hemocyte densities 
declined rapidly, approaching an 80% decrease 
within the first week of infection (Fig. 25) (Shields 
and Squyars 2000). The decline in circulating hemo
cytes is evident within 3 d, possibly sooner (Persson 
et al. 1987), although the parasites are not detectable 
in hemolymph. Experimentally infected crabs also 
exhibit marked shifts in hemocyte populations with 
proportionally more granulocytes than hyalinocytes. 
The large decline in hemocyte density also occurs 
with other hosts infected with Hematodinium spp. 
(Meyers et al. 1987; Hudson and Shields 1994; Field 
and Appleton 1995). Disruption of the hemocytes 
may result from the sheer number of trophonts in 
the blood and their contact with the host cells. The 
shift in hemocyte subpopulations may result from 
the mobilization of tissue-dwelling reserves, differ
ential cell death (Mix and Sparks 1980), increased 
mitotic stimuli of hemopoietic tissue (Hose et al. 
1984), sequestration, or loss of specific hemocyte 
types during infection. 
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Figure 25. Log10-transformed total hemocyte densities 
in uninfected, infected, and "immune" crabs. "Immune" 
crabs were inoculated with 105 parasites but never devel
oped infections. From Shield~ and Squyars (2000). 

Hematodinium perezi was highly pathogenic in 
experimentally infected blue crabs, with a mortality 
rate of 87% over 40 d (Fig. 26) (Shields and Squyars 
2000; Shields 2001a). Survival analysis indicated that 
inoculated crabs were seven to eight times more 
likely to die than uninfected crabs. Mortality rates of 
50 to 100% over several months have been reported 
for laboratory-held Tanner crabs and Norway lob
sters (Meyers et al. 1987; Field et al. 1992). Interest
ingly, during challenge studies, a small number of 
blue crabs was refractory to infection (Shields and 
Squyars 2000). These "immune" crabs exhibited sig
nificant relative and absolute increases in granulo
cytes, and they did not develop hemocytopenia, loss 
of clotting ability, or changes in morbidity. On sev
eral occasions other "immune" crabs were serially 
challenged with infectious doses of H. perezi and did 
not develop infections (Shields, unpubl. data). 

Few physiological markers have been investi
gated in Hematodinium-infected blue crabs. Serum 
proteins, hemocyanin, and tissue glycogen levels 
show gradual changes with infection, and indicate a 
decline in the metabolic resources of the host 
(Shields et al. 2003). Total serum protein level has 
been used as a marker for physiological condition in 
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Figure 26. Survival J,ction (Kaplan-Meier method) for 
uninfected blue crabs ~nd blue crabs experimentally inoc
ulated with Hematodiiiium perezi. Upper and lower stan-

1 

dard errors (se) are shown. From Shields and Squyars 
(2000). I 

American lobster (Stewart et al. 1967; Stewart et al. 
1972) and snow crab (Courmier et al. 1999). In blue 
crabs, heavily infecJed males had significantly lower 
serum proteins and hemocyanin levels than unin
fected males (Fig. 27 A, B; Shields et al. 2003). 
Infected females did not show different levels of 

I 
serum proteins and hemocyanin levels compared 
with uninfected feinales. Acid phosphatase activity, 
however, increased !with intensity of infection (Fig. 
27C; Table 2; Shielos et al. 2003). Acid phosphatase 
activity was localizkd intracellularly in the parasite 
(as opposed to lysdzymes that occur extracellularly 
in oysters); hence, atid phosphatase activity may be a 

useful marker for eily or latent infections. 
Physiological terations have been investigated 

in Norway lobster infected with a Hcmatodinium
like dinoflagellate. : ree amino acids in the plasma 
showed significa1t changes with high intensity 
infections; serine concentrations decreased with 
intensity of infecti~! n but glutamate concentrations 
increased 10-fol , and ta urine concentrations 
increased 13-fold with high intensity infections 
(Stentiford et al. 1999). Taurine and taurine-serine 
ratios were good iddicators of intensity of infection 
and status of infection. Plasma lactate concentrations 
were significantly higher in infected Norway lob
sters and, when c4upled with high parasite loads, 
appeared to cause hypoxic stress resulting in muscle 
necrosis (Taylor et _f,_. 1996). 

Glycogen levt; showed significant decreases 
with infection, anl males showed proportionally 

Table 2. Number of crabs naturally infected with Hemato
dinium perezi with detectable levels of acid phosphatase in 
their hemolymph. From Shields et al. (2003). SU= stan

dard units. 

Infection 
level Below 

(parasites per detection Above 
100 host cells) (0.1 SU mI-1) detection 

Uninfected (0) 16 3 

Light (0.3-3.2) 4 4 

Moderate (3.3-10) 5 11 

Heavy (10+) 2 13 

greater declines in glycogen than females (Fig. 
27D). Glycogen is the main storage substrate in 
many invertebrates, providing energy for several 
physiological processes including chitin synthesis 
(Gabbot 1976; Stevenson 1985). Glycogen appar
ently is used for energy metabolism during summer 
(with lipid storage) followed by glycogen storage 
over winter (with lipid metabolism) (Heath and 
Barnes 1970; Nery and Santos 1993). Large quanti
ties of glycogen can be found in the epidermis and 
underlying connective tissues before ecdysis (Travis 
1955; Johnson 1980). The juvenile green crab 
C. macnus stores glycogen in the hepatopancreas 
before molting whereas large, adult crabs (anec
dysial) do not store large quantities (Heath and 
Barnes 1970). The cessation of feeding in infected 
blue crabs may hasten the depletion of glycogen, 
but lightly infected blue crabs have successfully 
molted in the laboratory (Shields, unpubl. data). 
Because there is no difference in the prevalence of 
H. perezi in postmolt, intermolt, and premolt crabs 
(Messick and Shields 2000), the reduction in glyco
gen may not occur before molting in lightly 
infected blue crabs. 

Hematodinium perezi is endemic to the high 
salinity waters of the mid-Atlantic states (Messick 
and Shields 2000). The parasite occurs in blue crabs 
in high salinity (> 11) waters from Delaware to 
Florida and in the Gulf of Mexico (Newman and 
Johnson 1975; Messick and Sinderman 1992; Mes
sick and Shields 2000). It has occurred along the 
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Figure 27. Pathophysiological indices in Calli11ectcs sapid11s naturally infected w ith J-fe111modi11i11111 percz i. Intensity levels 

were lightly (0.3-3.2 parasi tes per I 00 host cells), moderately (3.3-10), and heavily ( IO+) in fected crabs. (A) Total 

serum proteins (Biuret method). (B) Serum hcmocyan in levels. (C) Acid phosphatase activity (log scale) in whole 
hemolymph; dashed li ne, detection limit for activity level. (D) Glycogen levels in the hepatopancreas o f uninfected and 

heavily infected male and fema le crabs. Vertical lines indicate standard errors; **, P < 0 .0 I. R eproduced with permis
sion from Shields et al. (2003). 

Delmarva Peninsula of Delaware, Maryland, and Vir
ginia at moderate prevalences for several years (Mes
sick and Shields 2000). T he parasite occurs in small 
foci along the Peninsula throughout much of the 
year, with small to moderate outbreaks occurring in 
the mouth and southeastern portions of the main
stem of C hesapeake Day during fall (Fig. 28) . In 
1975, 30<¼> prevalence was reported in blue crabs 
from Florida, where it was thought to have a large 
effect on the crab population (Newman and Johnson 
1975). Jn 1991 and 1992, an epizootic of the parasite 
affected 70 to 100% of juvenile blue crabs in the sea
side bays of Maryland and Virginia (Messick 1994) . 
Conrn1ercial watermen reported reduced catches, as 
well as lethargic, moribund, and dead crabs in pots 
and shedding facilities. The epizootic virtually shut 
down the blue crab fishery in seaside bays of the 
Delmarva Peninsula. In 1996 and 'I 997, prevalence 
ranged from 10 to 40<.¼'i on the eastern embayments 
of the Delmarva Peninsula and I to 10% in the east-

em portions of lower C hesapeake Bay (Messick and 
Shields 2000). Even though relatively few crabs have 
been sampled in the Gulf of Mexico, with reported 
infections restricted to Texas (Messick and Shields 
2000), infections of I-/. perez i or a related species 
occur abundantly in Mississippi (Zimmerman, Over
street, Lotz, and Grater, unpubl. data) . 

Hel/latodi11i11m perez i exhibi ts a strong peak in 
prevalence in fall and a rapid decline in winter (Fig. 
28B) (Messick and Shi elds 2000) . Temperature 
experiments with in fected crabs suggest that some 
crabs either lose their infections or overwinter with 
latent infections (Messick et al. 1999). Messick 
(1994) found that juvenile crabs had a higher preva
lence of infection than older, mature crabs (as high as 
'100 vs. 70%, respectively; prevalence in juveniles was 
generally 20% higher than in adulcs).The fail peak in 
prevalence in mature females and the predilection of 
the disease for juvenile crabs indicate that during 
epizootics the disease lllay threaten reproduction in 
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the fishing sanctuaries and possibly have a negative 
effect on survivorship of the next season's crabs. Peak 
periods of mortality may kill a large portion of the 
population, leaving only uninfected and lightly 
infected crabs. Sudden mortalities may explain the 
decline in mean intensity in November and preva
lence in December, and the low to moderate preva
lences occurring through spring. The possible effect 
of the disease on recruitment to the stock has not 
been modeled as has been done for Cancer magister 
and the egg-predator nemertean worm Carcinone
mertes errans (see Hobbs and Botsford 1989). 

The smaller coastal fisheries appear at most risk 
to H. perezi because the infection occurs in high 
salinity waters. Epizootics, however, tend to occur 
during fall, at or near the end of the primary migra
tion and reproductive periods. In 1996, the parasite 
was present at low prevalences during fall in the 
main spawning grounds of the blue crab in Chesa
peake Bay. The peak season for crab reproduction is 
late spring and summer (Van Engel 1958, 1987; Hill 
et al. 1989). Therefore, although crab reproduction 
occurred during fall, the parasite was not present 
during the peak periods of reproduction. However, 
1996 exhibited unusually high rainfall/runoff and 
lower than average temperatures. The parasite does 
not occur in salinities below 11; therefore, it could 
feasibly infect and cause significant mortalities to 
juvenile and adult crabs in much of the mainstem of 
the Bay. 

The Delmarva Peninsula may be an ideal region 
for the growth and spread of parasitic diseases in blue 
crabs. Epizootics of both H. perezi and Paramoeba per
niciosa recur there. The region possesses several char
acters that may facilitate such epizootics, including 
relatively closed crab populations (in this case, little 
immigration and emigration ofjuveniles and adults); 
relatively high salinity with the potential for entrain
ment of water within the backwaters and lagoonal 
systems; and stressful conditions such as high temper
atures, seasonal hypoxia, seasonal fishing, and preda
tion pressure (Shields 1994). Similar conditions exist 
in many small estuaries along the mid-Atlantic and 
southeastern USA. 

Mississippi waters in the Gulf of Mexico serve as 
another variable locality to assess infections. This can 

best be done with PCR in conjunction with micro
scopic examinations. Some primers in addition to 
those by Hudson and Adlard (1994, 1996) have 
already been developed (e.g., Gruebl et al. 2002) and 
we have had good success detecting and assessing 
infections in Mississippi (Zimmerman, Overstreet, 
and Grater, unpubl. data). 

Overfishing, density-dependent juvenile mortal
ity, and predation are considered overarching causes 
for declining stocks. In stock assessment models, dis
ease is considered as natural mortality, and it is typi
cally given a low, stable, discrete value (e.g., Lipcius 
and Van Engel 1990; Abbe and Stagg 1996; Rugolo 
et al. 1998). Stock assessment models do not consider 
the potential for epizootics and resulting mortalities 
caused by H. perezi. Differential models of exploita
tion by region may be warranted, especially during 
or after epizootics (Shields and Squyars 2000). Given 
that all of the blue crabs in Chesapeake Bay migrate 
through high salinity waters, there is potential for the 
parasite to have a large effect on the fishery. 

F11ture Research 

Clearly, the genus Hematodinium needs better 
taxonomic definition. Given the importance of the 
disease to several commercial fisheries, high priority 
should be given to the taxonomy of the genus. The 
type species requires ultrastructural study to com
pare it with other forms. Unfortunately, the type 
species may be rare in the green crab, in that Chat
ton and Poisson (1931) found three infected indi
viduals out of 3500 crabs examined. Molecular and 
electron microscopic studies using parasites from the 
type host should be undertaken to resolve taxo
nomic questions to adequately diagnose species 
within the taxon. 

Molecular probes should be developed to deter
mine whether other crabs (Cancer spp., Ovalipes spp.) 
are alternate hosts for H. perezi, whether amphipods 
are involved in the life cycle or transmission of the 
parasite, and whether low level infections persist in 
crabs through the winter and spring. For example, 
because Hematodinium-like infections occur in 
amphipods Qohnson 19866) that are a significant 
component of the diet of juvenile blue crabs, a 
DNA probe may be the best means of determining 
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if amphipods are re~ervoir hosts for the crab parasite. 
The internal transctibed spacer region of the riboso
mal RNA gene cluster from H. perezi has been 
described (Huds)on and Adlard 1994, 1996). 
Although their s~udy did not include the type 
species (H. perezi frbm Carcinus maenas), Hudson and 
Adlard (1996) fouJd substantial sequence variation 
among the differe~t species of Hematodinium from 

I 
the Norway lobster, the Tanner crab, and the blue 
crab. Thus, species-ipecific PCR primers or custom
made DNA probesi should provide exquisitely sensi
tive tools to investikate transmission pathways in the 
life cycle of the paf?site. 

Additional studies are needed to obtain H. perezi 
in continuous cultJre. Success with modified physi
ological saline will! improve our efforts to study the 
parasite. Successful! in vitro culture of the organism 
will facilitate studyt of many comparative aspects of 
its transmission and life history. For example, sporu
lation is relatively rJpid and difficult to observe in H. 

I 

perezi from blue crabs. The development and pro-
duction of dinosp?res for transmission studies and 
the determination I if resting cysts occur in the life 

cycle are two ;\11111ediate goals for culture 
experiments. 

Mortality an life cycle/transmission studies 
should be done w th juveniles and adult" to refine 
models for bette, estimates of natural, disease
induced mortality, and to identify important factors 
in the host-parasite! association. For example, experi
mental evidence indicates an innate resistance in 
some crab hosts. Siich resistance needs to be docu-

1 

mented and more fully characterized. 
I 

I 

R.HIZOPODA 

Paramoeba perniciosa 

"Gray crab" disease is a relatively common 
affliction recognizJd by watermen along the Del-

1 

marva Peninsula (Pelaware, Maryland, and Virginia). 
I 

It is caused by a systemic infection of the pathogenic 
ameba Paramoeba p~rniciosa. The ameba causes mor
talities in high sa,inity waters, and the disease is 
named for the daddy discolored sternum and ventral 

I 
surfaces of heavily infected and dead crabs (Sprague 

• 

and Beckett 1966; Sprague et al. 1969). The disease 
was first thought to be viral in origin because the 
causative agent resembled a semigranulocyte with an 
inclusion-like "Nebenkorper," a secondary nucleus 
(Sprague and Beckett 1966; Sprague et al. 1969). As 
with Hematodinium perezi, there is anecdotal evi
dence that the ameba is limited to salinities over 25 
(Sawyer et al. 1970). 

Biology 

Paramoeba perniciosa is a lobose ameba with few 
linguifom lobopods and a distinct, intensely baso
philic nucleosome, or secondary nucleus (Fig. 29) 
(Sprague et al. 1969). The N ebenkorper is Feulgen 
positive, is siderophilic, and possesses two basophilic 
polar caps (Sprague et al. 1969). The organelle is 
comprised of a eukaryotic nucleus situated as a polar 
cap with finger-like extensions into a prokaryotic
like nucleus, the whole enclosed in discrete cyto
plasm (Fig. 30) (Perkins and Castagna 1971). Phago
cytosis occurs in the cytoplasm of the Nebenkorper; 
the organelle is apparently a symbiont that has estab
lished a mutualistic relationship with the host ameba 
(Grell 1968; Perkins and Castagna 1971).The forma
tion of such a relationship has been well docu
mented with a bacterial symbiont in Amoeba proteus 
and can occur over relatively short periods (see Jeon 
1983). 

The parasite has two forms that can both be 
found in the same individual (Fig. 30). The small 
form is spherical and ranges from 3 to 7 µm long, 
but the large form is lobose and measures from 10 to 
25 µm (Sawyer 1969; Sprague et al. 1969; Johnson 
1977b; Couch 1983). The small form (Fig. 30) is 
more commonly seen and can be observed in the 
hemolymph in the late stages of the disease Qohnson 
1977b). The large form generally occurs in the con
nective tissues of the antenna} gland, the endothelia 
of the blood vessels, and within the nervous system; 
it rarely occurs in the blood except in late-stage, ter
minal infections. Mitotic activity in the ameba was 
observed in 30 to 40% of the heavy infections and 
generally in large organisms. The presence of abun
dant small forms, the paucity of mitotic figures, and 
the distribution of the two forms indicate that 
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Figure 29. R epresentative forms of Para11101'/Ja pcmiriosa 
from Calli11 cctes sapid11s. From Sprague :ind Becket t 
( 1966). 

mitotic act1v1ty may be synchronous and o f short 

duration Qohnson 19776). The ameba does not form 
cysts and does not form extensive pseudopodia! 
extensions (Couch '1983). 

Pam/1/oeba pemiciosa has not been grown in con

tinuous cu lture. Primary cultures in 10% calf serum

agar overlaid wi th sterile sea water showed the best 

surviva l at 2 weeks (Sprague et al. 1969) . Othe r 
media were also tested, including sterile sea,vate r 

supplemented w ith bacteria , yeast, algae, o r d i:ito ms; 

10% calf o r crab serum in sterile se:1 wate r; and 

biphasic media of serum-agar ove rlaid with serum 
or sea water. N e ith e r cysts no r trop honts of the 
ameba were found in cu ltured sediments obtained 

from aquaria containing infected crabs (Sprague et 

aJ. 1969). Couch (l 983) considered P pcruiciosa an 

Figure 30. Para1110cha pemiriosa in Calli11cuc.i sapid,1.i. (A) 

Small (asterisk) and large (arrow) forms of amebac in the 

heart. From Shields (pers. obs.). (B) Electron micrograph 

of the Nebenkorper or secondary nucleus of P. pemiriosa: 

cytoplasm of N ebenkorper [CJ; polar caps of Ncbcnkor

per [EN]; probryotic-like nucleoid of N ebenkorpcr IM I: 

host nucleus fN], N cbenkorper INbJ ; phagosomes IPI 
within cytoplasm of N ebcnkorpcr. From Perkins and 

Castagna (1971 ). 

opportunistic invader because other m ember · of the 

genus are free-living. Because the parasite was not 

obtained in culture in standard medi:1 for nonp::ira

sitic forms, Sprague e t a l. CI 969) considered the 
ameba an obligate rather than a facultative parasite. 

Animal H ealth and Fisheries Imp lications 

C rabs with li g ht an d m odera te infections 

exhibit no overt sign of d isease . H eavily in fected 
crabs, however, arc sl uggish and often die sho rtly 

after capture Qohnso n 19776). Infected " pcekrs" die 

shortly after mo lting. M ortali ty in laboratory- held 
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animals can be sporadic (Johnson 1977b). During an 
epizootic, Newmari and Ward (1973) examined crab 
mortality in relatiJn to the disease. In an unusual 
and uncontrolled n\ortality study, they estimated that 
P. perniciosa caused la 30% loss to the population of 
crabs in Chincotea~e Bay during June 1971. 

In light infections, the ameba occurs in the 
antenna} gland,Y-otgan, and endothelial lining of the 

I 

blood vessels. Connective tissues of the midgut are 
frequently involved, containing numerous amebae 
and infiltrating htjst hemocytes Qohnson 1977b). 
The hemal spaces bf the gills and heart rarely have 
amebae in light i infections, but those in the 
hepatopancreas aire occasionally invaded. As the 
infection progresses, the hemal spaces, connective 
tissues, muscles, and nerve tissues are infiltrated by 
the amebae. In heavy infections, necrotic lesions 
occur in the hem6poietic tissues but never in the 

I 
pericardial connective tissue (Johnson 1977b). 

Hemolymph sinears often reveal a large amount 
oflysed muscle (Sprague et al. 1969). Necrosis of the 
heart muscle. and ~ocal nec~osis an~ l~sis of skeletal 
muscle occas10nally occur m heavily infected crabs 
Qohnson 1977b). lLysis of the connective tissues, 
hemocytes, hemopoeitic tissues, and Y-organ can 
also occur in heavy infections. Because hypoxia can 
cause focal necrosii in the muscles of the blue crab 
Qohnson 1976b, ~), and because hemocyanin is 
depleted in heavily infected crabs (Pauley et al. 

I 

1975), Johnson (1 r7b) speculated that necrosis of 
the muscles may result from hypoxia rather than 
directly from effec~ of the amebae. A similar patho
logical condition tHat includes the additional burden 
of the parasite's res~iration and intensity of infection 
has been posited for Norway lobster infected with 
Hematodinium sp. (laylor et al. 1996). 

In terminal infections, P. perniciosa is abundant in 
I 

the hemolymph. The sheer number of organisms 
may cause extensiye disruption of the connective 
tissues, hemopoiet1c tissues, and Y-organ Qohnson 
1977b). The epid~rmis is also involved in heavy 
infections, with a displacement or lysis of epithelial 

I 

cells. The effect on ~he metabolism of the host is sig-
nificant. In approxirately half of the heavily infected 
crabs, the reserve , ells (R cells) of the hepatopan
creas appeared to be depleted, and little fat was 

stored (Johnson 1977b). Hosts were clearly depleted 
of metabolic reserves. 

Hemolymph from heavily infected crabs is 
cloudy and does not clot (Sprague et al. 1969; Sawyer 
et al. 1970;Johnson 1977b). The lack of clotting may 
result from alterations of the hemolymph by the pro
teolytic activity modulated by the parasite, from the 
loss of serum fibrinogen as a component of the total 
serum protein (Pauley et al. 1975), or from the loss of 
hyalinocytes which carry clotting factors (see Defen
sive Responses below). There is some evidence for 
the destruction of the alpha subunits of hemocyanin 
(Pauley et al. 1975).The loss ofhemocyanin indicates 
that death is due to a combination of hypoxia and 
nutrient depletion (Pauley et al. 197 5). 

Amebae do not generally occur in the 
hemolymph until late in the course of the infection. 
In heavy infections, amebae can reach densities as 
high as 238,500 cells mm-3 (Sawyer et al. 1970). In 
such infections, the parasite virtually replaces the 
hemocytes and may thus contribute to the loss of 
vital functions of the hemolymph, hemocytes, and 
muscle (Couch 1983). Hemocyte densities were 
variable in light and moderate infections, but in 
heavy infections, hemocytopenia was evident 
(Sawyer et al. 1970). The cause of the decline in 
hemocyte numbers is unknown, but lysis of phago
cytic cells, aggregations ofhemocytes, and endocrine 
disruption of the hemopoietic tissues have been pos
tulated (Johnson 1977b). Johnson (1977b) suggested 
that a study of the mitotic index of the hemopoietic 
tissue during the molt cycle in relation to pathogen
esis of the infection may help determine the fate of 
the hemocytes. 

Dead or degraded amebae occur in the lumen 
of the heart, even in light infections Oohnson 
1977b). Free and fixed hemocytes are capable of 
phagocytizing amebae; however, the hemocytes are 
often destroyed during the process (Johnson 1977b). 
Phagocytic hemocytes form aggregates in the hemal 
spaces of the antennal gland, not in the hepatopan
creas or gills. The phagocytic hemocytes are rarely 
necrotic Qohnson 1977b). In contrast, in bacterial 
infections, bacteria-laden hemocytes are deposited 
in the antenna} gland, Y-organ, hepatopancreas, and 
gills, and such hemocytes frequently form large 
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aggregates of necrotic cells in the hemal spaces 
(Johnson 1976d). Granulocytes and hyalinocytes 
phagocytize bacteria, but apparently only hyalino
cytes phagocytize amebae (Johnson 1977b). 

Encapsulation and nodule formation are less fre
quently observed in amebic infections than in bacte
rial infections (Johnson 1977b). Hemocytes infiltrate 
areas with amebae, especially the regions around the 
midgut and the antenna! gland, but nodule forma
tion is uncommon. The fixed phagocytes of the 
hepatopancreas do not appear to play a role in com
batting the disease (Johnson 1977b). Whereas a cel
lular defensive response clearly occurs, there has 
been no study on the potential role of specific 
humoral factors in ameba-infected crabs. The loss of 
clotting and the drain on metabolic resources (see 
below) suggest that humoral factors may be com
promised relatively early in the infection. 

Few physiological markers have been evaluated 
in Paramoeba-infected blue crabs. Heavily infected 
crabs have significantly less total protein and glucose 
in the hemolymph than uninfected crabs (Pauley et 
al. 1975). Progressive loss of total protein was noted 
among uninfected, lightly, moderately, and heavily 
infected hosts. Infected males showed a 79% 
decrease in total serum proteins compared with 
uninfected males (9.4 ± 4.6 (standard deviation) vs. 
45.4 ± 15.1 mg ml-1). Total serum protein in 
infected females declined by over 49% (7.4 ± 3.9 vs. 
14.6 ± 5.6 mg m1-1). Serum copper levels, a measure 
of hemocyanin concentration, were reported, but 
the declines were not quantified. Serum glucose lev
els declined significantly. Glucose in infected males 
declined by 59% (14.1 ± 15.8 vs. 34.7 ± 18.4 mg 
100 m1-1) and in infected females by 61 % (9. 4 ± 
10.4 vs. 24.4 ± 18.6 mg 100 mI-1). Serum glucose 
may not be a good indicator of pathophysiology 
because it varies considerably with season and physi
ological condition of the organism (Lynch and 
Webb 1973). Nonetheless, for several heavily 
infected crabs, Pauley et al. (1975) observed values of 
zero glucose, indicating that the amebae were capa
ble of outcompeting their host for short term 
energy resources. 

The blue crab is the primary host for P. perni
ciosa. The green crab (Campbell 1984), Jonah crab, 

and American lobster have also been reported as 
hosts (Sawyer 1976 as cited by Sawyer and MacLean 
1978), but the paucity of reports suggest these 
decapods are not important reservoirs for the 
ameba. Interestingly, a Paramoeba-like organism has 
recently been reported in H. americanus from west
ern Long Island Sound. It apparently infects the 
nerves of the lobster and has been implicated in an 
epizootic that resulted in serious losses to the lobster 
industry there (Russell et al. 2000). In addition, 
Paramoeba invadens occurs in epizootics in green sea 
urchins Strongylocentrotus droebachiensis (see Scheib
ling and Hennigar 1997), and P. pemaquidensis causes 
disease in cultured salmonids (Kent et al. 1988; 
Roubal et al. 1989). 

The mode of transmission of P. perniciosa 
remains unknown. Cannibalism may spread the dis
ease (Johnson 1977b) because lethargic and mori
bund crabs are eaten by conspecifics. Infections, 
however, have not been experimentally established 
by feeding infected tissues to na1ve hosts (Newman 
and Ward 1973; Couch 1983). The fact that infected 
crabs are found in high salinity waters, coupled 
with the fact that blue crabs are osmoregulators, 
suggest that cannibalism plays little role in transmis
sion; otherwise, infections should be sustained at 
moderate salinities. Because mortalities peak in late 
spring, Newman and Ward (1973) and Couch 
(1983) speculated that transmission may occur dur
ing ecdysis or in postmolt when the carapace is 
soft. In general, mortalities may result from the 
stress of handling the pre-molt crab, especially dur
ing warm periods. 

As in early Hematodinium sp. infections, amebae 
are typically present in the connective tissues sur
rounding the midgut (Johnson 19776). This loca
tion suggests feeding as a route of entry. The anten
na! gland also shows early involvement with 
amebae, hemocyte aggregations, and granulomas. 
Amebae, however, occurred in the lumen of the 
antenna! gland in advanced stages of the disease 
(Johnson 19776). The antenna! gland is probably 
not a portal of entry, but it may represent an exit for 
the ameba. 

Inoculation experimentc; with the ameba have 
been inconclusive. Two of seven crabs inoculated 



DISEASES, PARASITES, AND OTHER SYMBIONTS 351 

with infected hemblymph developed infections and 
I 

died after 34 and 3~ d, but the density of the inocula 
was not assessed Qbhnson 19776). Progression from 
light (few individJals in the hemolymph, 1 % ame
bae relative to hostll cells) to terminal infections (96% 
amebae relative to. host cells) occurred over 1 to 2 
weeks (Newman ¥Id Ward 1973). This finding is in 
contrast to Johnson's (19776) histological study, 
where amebae were found in the hemolymph only 
in late stages of tHe infection, and was probably an 
artifact of Newmdn and Ward's (1973) focusing on 

I 

hemolymph instead of connective tissues. Couch 
(1983) was unable l to transmit the disease by inocu
lation, but no sample size or condition was given. In 
reportc; by Johnson (19776) and Couch (1983), crabs 
were held at lower salinities than those occurring 
where infections were normally present. Although 
crabs are osmoregulators, hemolymph osrnolality 
decreases signficantly at lower salinities (Lynch et al. 
1973); this decrease supports the hypothesis that 
high salinity plays a role in determining the distribu
tion of the parasite. 

In rare instances, crabs may be capable of clear
ing infections, butl the evidence is anecdotal. New
man and Ward (1973) found 100% mortality of 
infected crabs, burl they speculated that some crabs 
may survive the infection.Johnson (19776) reported 
that six infected Jrabs possessed large numbers of 
dead or dying am~bae. Although two of these crabs 
died, the remaininf

1 

four later had light, moderate, or 
heavy infections. 

Paramoeba pernf ciosa infects blue crabs from Long 
Island Sound south to the Atlantic coast of Florida 

I (Newman and W~rd 1973;Johnson 19776). It has 
not been found itl the Gulf of Mexico (Overstreet 

I 1978). Prevalence ranged from 3 to 30% from South 
Carolina to Florida (Newman and Ward 1973). 
Background losses! occur at low levels, but epizootics 
fulminate to cause noticeable mortalities. Around 
Chesapeake Bay,I mortalities occur in shedding 
houses from May to June and in the dredge fishery 
from October to February (Couch 1983). During 
epizootics, prevalences ranged from 17 to 35% in the 
hemolymph of pebler crabs at shedding facilities on 
Chincoteague BJy (Sawyer 1969; Sprague et al. 

I 1969; Newman aldWard 1973). Newman and Ward 

(1973) assessed mortality at 30% per month from 
Chincoteague Bay. After peak mortality events, 
prevalence dropped to 8% in trawled crabs (Sawyer 
1969). Such declines in prevalence probably reflect 
host mortality and not a seasonal reduction of dis
ease or an increase in host resistance. 

Newman and Ward (1973) found peak preva
lences of P. perniciosa in June and July, but Johnson 
(19776) found a peak of 57% in July during an epi
zootic (Fig. 31; Newman and Ward 1973; Johnson 
19776). Couch (1983) reported peaks of20% preva
lence in May and June and from October through 
February. Amebae apparently overwinter in crabs 
Qohnson 19776), but more histological study of 
overwintering crabs from high salinity areas is 
needed. Mortalities of the blue crab during winter 
are often thought to be caused by low water tem
peratures. Although such mortalities may occur in 
low salinity regions, the ameba cannot be ruled out 
as the cause of death in high salinity regions. Preva
lences of over 20% have been reported from winter 
dredge samples from Chincoteague Bay (Couch 
1983). Winter prevalence in lower Chesapeake Bay 
near the York Spit Light ranged from 3 to 13%, and 
was 3% in July 1969. Couch (1983) speculated that 
the lower Bay was not optimal habitat for P. perni
ciosa. The higher winter prevalence suggests that 
either crabs acquire the infection in late fall, or that 
infected crabs may be moving into the lower bay to 
overwinter. 
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Figure 31. Prevalence of Paramoeba perniciosa in Chin
coteague Bay from 1974 to 1975. Redrawn from John
son (19776). Dotted line indicates projected increase in 
prevalence during unsampled winter months. Break in 
X-axis indicates additional unsampled months. 
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Future Research 

Paramoeba pernidosa should not be introduced to 
the Gulf of Mexico. To avoid this occurrence, trans
portation oflive crabs should be eliminated or mini
mized between Atlantic and Gulf states. Survival 
analyses and mortality estimates from ameba
infected crabs are mostly anecdotal; they require bet
ter documentation. Infection and transmission stud
ies with larger sample sizes should be pursued to 
investigate the issues of overwintering, the role of 
host defenses, and the prospect of alternate hosts in 
the life cycle of the ameba. Because the parasite pri
marily occurs in the connective tissues, molecular 
techniques should be developed for detecting the 
parasite without killing the host. One possible tech
nique may be to sample an autotomized leg or 
develop a relatively benign needle biopsy for later 
testing with molecular primers or probes. 

Ciliophora 

The blue crab hosts a variety of ciliates, both in 
terms of species, taxonomic groups, and potential for 
affecting health. Most of these occur externally on 
the gills or appendages. Because of this external 
habitat, infestations are generally strongly influenced 
by environmental conditions. On the other hand, 
internal ciliates are also affected, albeit indirectly, by 
environmental conditions. 

Mesanophrys chesapeakensis 

Most ciliates associated with crustaceans are 
epibionts or ectocommensals. Records of internal 
ciliate infections in crustaceans have a long but 
sparse history (see Morado and Small 1994, 1995). 
With the exception of Synophrya parasitica, which has 
not been reported from C. sapidus, internal infec
tions in the blue crab are considered to be cases of 
facultative parasitism generally caused by Mesano
phrys chesapeakensis (as Anophrys and Paranophrys). 
Infections occur more frequently in captive or 
injured hosts than in healthy, unstressed hosts. 

Biology 

Mesanophrys chesapeakensis is an opportunistic, 
facultative scuticociliate parasitic in blue crabs (Mes-

sick and Small 1996). The ciliate has a fusiform body, 
28 to 48 µm long, with 10 ciliary bandc; (kineties) 
and three sets of oral polykinetids. Conjugating 
forms have been observed in the hemolymph. Cul
ture studies have used a modified marine axenic 
medium and sterile artificial sea water. Both media 
are capable of supporting growth; albeit, the latter 
could not maintain the ciliate for extended periods. 
Cryopreservation with reconstitution was successful 
at -40°C from aliquots stored in culture media con
taining 15% dimethyl sulfoxide, but the results were 
not consistent. The ciliate grows slowly at 4°C, a 
temperature encountered during mid-Atlantic win
ter (Messick and Small 1996). 

Blue crabs infected with M. chesapeakensis show 
lethargy and poor clotting of the hemolymph. The 
ciliate invades the connective tissues, the hemal 
sinuses, heart, muscle, thoracic ganglion, and hemo
poietic tissues (Fig. 32). It is most often observed in 
the connective tissues and the hemolymph. Infiltra
tion and nodule formation by hemocytes may result 
from tissue damage caused by the ciliates (Messick 
and Small 1996). 

Animal Health and Fisheries Implications 

The ciliate occurs in blue crabs from Chesa
peake Bay, Delaware Bay, and Assawoman Bay, 
Maryland. It has an extremely low prevalence of 
0.3% (8 of 2500 crabs were infected) (Messick and 
Small 1996). A ciliate in the hemolymph, possibly 
M. chesapeakensis, infects both wild and confined 
crabs in Mississippi estuaries (Overstreet and What
ley 1975; Overstreet 1978). High intensity infections 
have been associated with mortalities from mid
salinity regions in Mississippi. 

Transmission of iv!. chesapeakensis remains 
unknown. As in other protozoa! infections, the cili
ate may be an opportunist that enters the host either 
during ecdysis or through a "compromised" 
exoskeleton (Messick and Small 1996). A ciliate 
resembling M. chesapeakensis has been observed feed
ing in and around damaged gill cleaners and injured 
gill branchiae (Shields, pers. obs.). Although the par
asite has been cultured in vitro, no transmission stud
ies or experimental infections have been attempted. 
However, inoculation studies with another species 
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Figure 32. Mesa11ophrys clwsapeakc11sis in Calli11crrcs sapid11s. 
(A) C iliates (arrows) w ithin the tho racic ganglion and in 

hemal spaces; conncc!ive tissue IC TJ. (B) C iliates (arrow) 

w ith in antenna] glanq; a cil iate w ith an :im o rpho us sh:ipc 

is noted IS i. (C) Ciliate (arrow) insinuated between fibe rs 

of rhoracic muscle. From J\llessick and Small ( 1996). Bar 

in (A) and (.B) = 35 µ111 ; b:1r in (C) = 20 ~Ull. 

from Ca11cer l/lagister indicate a rapid growth rate and 

high host m ortaljty w ith major declin es in host 

hcm ocytes, presumably from phagocytosis by th e 

parasite (Cain and M orado 200J ). 

Peritrich and Suctorian Epibionts 

Several peritrich and suctorian ciliates occur as 

epibionts on the gills, carapace, eggs, and other exter

nal su rfaces of the blue crab. Most are considered 
commensals, b ut at high intensities, some may be 

implicated in disease. Lage11oplirys rnlli11ectes, Lager10-
pl,rys epistylus, Epistylis sp., and the suctorians Aci11eta 
sp. and Epl,e/ota sp. are com monly found on blue 

crabs (Couch 1966, 1967; Sawyer et al. 1976; Over

street 1078; Couch and M artin 1982) . There have 

been few studies on their relationships w ith the host. 

Biology 

Lage11ophrys rnlli11cctes is an ectocommensal, lori

cate per itrich ciliate that shows distinct host speci

ficity much like most species in the genus (Corliss 

;md Bro ugh 1965; M orado ;md Sm;ill 'J 995). It lives 

in a ye ll owish lori ca, a t ransparent en c;isement, 

cemented to the fht surfaces of the gill lamellae o f at 

least three species of Calli11cctcs (Fig. 33).The distinc

tive protective lorica is 48 to 59 ~Lrn long x 45 to 57 

~Lm wide and often remains on the crab o r its molt 

even ;iftcr the death of the ciliate (Couch and Mar

tin 1982). The body of the cifote has o ne medio

do rsal cifory band (kinety), one set of po lylcinetids, 

and one set of haplokinetids. The lips of the buccal 

;iperture are spli t into fo ur clem ents ;ind are use ful in 

di;ignosi ng th e spec ies. Asexual reproduction is 

throug h bimry fission with the formation of a 

telotroch larva. Sexual reproduction involves the 

fu sion o f microconjugants with macroconjug;ints, 

but little else is known (Couch 1967) . 

Epistylis sp. is a stalked peritrich ciliate from the 

gills of the blue crab (Fig. 34). Members of the genus 

;i re typicalJy host generalists (Nenninger 1948), but 

the species on the blue crab probably is restricted to 

relatively few cr;ib hosts. On the blue crab, the ciliate 

occurs in the margins ,md stems of the g ill lameLlae 

(Overstreet ·1978) ;ind infrequently o n the eggs or 

pleopods of the fem;iles. 
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Figure 33. Heavy infestatio n on the flat portion of g ill 

lamclbe of the peritrich ciliate Lage11ophrys rnlli11ectes from 

the northern Gulf o f Mexico. Note ci liate w ithin the 

transparent lo ricate w ith conspicuous aperture (arrow). 

Aci11eta sp. is a suctor ian ciliate that lives inter

spersed with L. calli11ectcs o n the flat su rfaces of the 

g ill lamellae (Overstreet 1978) . Signs o f a prio r 
infestation include the rem ains of thei r small, disk

shaped ho ldfasts o n the surface of the gill lamellac 

(Overstreet and Shi elds, pers. obs.). O n Por/11111 ,s 
pelagiws, a re lated species of Aci11eta showed a distinct 

preference for mature female crabs (Fig. 35) (Shields 

1992). Littl e e lse is known about in festat ions of 

Aci11eta sp., but it docs not seem to harm its host. 

A nimal H ealth and Fisheries Implicatio11s 

Peri trich ciliates do not penetrate the gill tissues 

of their crustacean hosts (e.g., Foster et al. 1978). In 

heavy infestations in blue crabs, they may occlude 

portio ns of the lamellae and interfere with respira

tio n or excretion of the g ill tissues (Couch 1967; 
C ouch and Marcin 1982). Such interfe rence has 
only recently been examined in detail, in this case in 

a freshwater crab (Schuwerack et al. 200 I). C ouch 
(1966) associated the high prevalence and intensity 

of L. calli11ectes on g iUs of crabs in floats, shedding 

tanks, and traps w ith high mo rtality. In observations 
lacking appro priate controls, he reported that several 

dying crabs main tained in running seawater for 3 

Figure 34. Infes tation of Epis1ylis sp. 0 11 ,mrgin o f gill 

bmella of blue crab fro m northern G ulf of M exico. (A) 

Feeding specimens w ith cilia in mo tio n and spherical 

food vacuo les at mid level. (B) Constricted sp,ximcns 

with cilia withdrawn. Note stalk with a few individual 

zooicls missing. 

m o nths had extreme ly heavy infestatio ns when 
compared to crabs fresh from C hesapeake 13ay. M or

ta lity cou ld also involve a combinatio n o f other dis

ease-causing agents, crowding, and lowered oxygen 
tensio n. Any o f th e sessile ciliates and othcT sym

bionts can compete w ith their host fo r available 
oxygen and ca n cover mu ch of the cu ticle, no t 

allowing suffic ient gas exchange be tween gill and 

water o r excretion to maintain a healthy cond irion. 
Fo r example, pcnaeid shrimp haw suffered rnortal i-
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Figure 33. The succol ian Aril1cta sp. on a g ill larnelb ~-f 

Por1111111s pelaj!iws. ! lci11cta spp. arc relative ly con1111on on 

the g ills of porcunid crabs. 

ties caused by heavy in festat ions of peritrichs in 

stressfu l cu lture c1onditions (Ove rst reet 1973). 
In fected freshwater c rabs develo ped microscopic 
lesions due to the pericrich ciliates and experienced 

significantly greater oxygen consumptio n w hile rest

ing (Schuwerack e~ al. 2001). H eavy loads of per

itrichs probably induce o r add to the stress level of an 

infested crab. Experimental wo rk with ano ther g ill 
symbiont, the gooseneck barnacle Octolas111is 11111elleri, 
indicates that heavily infested crabs are in a func

tional state of heavy\ exercise (see External Barnacles 
below; Gannon and Wheatley 1992, 1995). H eavy 

infestations of cik1tel may cause a sim.ilar conditio n. 
uge11oplrrys wllil'rectes is abundant along both the 

Atlantic and Gulf coasts. It ranges along the Atlantic 

coast~ of North and1South America and the Gulf of 

Mex ico (Couch 1967; Overstreet 1978; C lamp 

l 989). The c iliate is probably the 111ost com111o n 

symbiont of th e blue c rab. Couch an d M ;1rtin 

(1982) reported a lo'rv prevalence o f infest;:ition from 
December through Apri l in Ch incote;:igu e Bay 

when cr;:ibs were nwstly in winter dormancy and 

largely buried in the mud o r sand (Fig. 36). As tem
per;:itures increased from April to August, the prev;:i

lence increased as did the mean intensity o f in festa

tion. In Mississippi, µ,reva lence and intensity are less 

correlated with tern erature. The water temperature 

is relatively high most o f the year, pro111o ting higher 
intensities of infestation. The frequent 111olting of the 

100 3.0 z. 
~ 

2.5 "cii 
80 C 

~ 
(1) 

(1) • 2.0 E 
(..) 60 (1) 
C .. 1.5 
(1) 

,._ .... .?: 
<ii 40 ....... <ii 
> .• .... 1.0 Qj 
~ 

20 
er: 

0.. 0.5 

0 0 
J F M A M J J A s 0 N D 

Month 

Figure 3(L Prevalence (solid line) and relative intensity 

(dashed line) of U1,QC11ophrys calli11cctes infesta tions on Call

i11ccrcs sapid11s from C hincoteague Bay, 1969. R.edrawn 

from Couch (1983). Relative intensity is a semi-quantita

tive scale from 0 , no t infected, to 3, heavily infec ted. 

host results in individuals periodically harbo ring few, 

if any, organisms. When the crab molts, the infesta

tio ns are lost, but the ciliates appear co respond to the 
upcoming m o lt , perhaps cued by ecdysal fluid s, 

allowing them co produce reproductive stages capa

ble of re-infesting the fresh cuticle. 
Epistvlis sp. is generally less abundant than L wll

i11ectes but also occurs along both Atlantic and G ulf 

coasts. In Mississippi, Epistylis sp. and Acinctn sp. are 

typically found on o ld or heavily fouled crabs (Over

street 1978) . Molti ng rids the crab of the epibionts 
(Couch 1967); reinfestatio n of the related portunid 

e pelagiws occurs quickly by similar external ciliates 
(Shields ] 992). Taxonomic studies of vario us peri

trichs on C. .rnpid11s in Mississippi are presently 

underway (Ma and Overstreet, unpubl. data) . 

Apostome Ciliates 

Apostome c iliates include both external and 

internal symbionts of invertebrates. O n crustaceans 

they are generally nonpathogenic and feed on the 
exuvial fluids that remain within the m o lt. Sma ll 

tom ites se ttle and e n cyst as phoronts o n th e 

exoskeleto n o r gills of their host. J ust before ecdysis, 

th e phoro nts deve lop into large tomonts and 

undergo rapid division to produce trophonts, which 
feed on exuvial fluids fro m host ecdysis. C yl/lnodi
llllidcs inlq sta11s, C. koz lo_{Ji, and 1-Iynloplrysn c/1ntto11i 
occur o n the g ills and carapace of the blue crab along 
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the Atlantic coast and in the Gulf of M exico (Brad

bury 1976; Landers 2004; M a and Overstreet, 

u npubl. data) . Surprisingly, th e mo de rately patho

genic, hjstotrophic apostome Synophryn ltypertrophicn 
has no t been observed in C. snpidus Uo hnson and 

Bradbury 1976). Offshore specimens of C. snpid"s, 
however, have not been exarnined. In other brachyu

ran decapods, including several portunids and espe

cially those offshore in high salini ty (>32) waters, the 

trophonc of S. hypertrophiw burrows into gill lamellae 
and causes localized damage to the site of infection. 

T here it feeds on hemolymph and surrounding host 
tissues and eventually encysts as a tomont. The host 

response includes hem ocytic encapsulation of the 

affected area, wi th subsequ e nt m eLrniza tion co 

encapsulate the intrude r. The tomont no rmally 

divides precerung host ecdysis, producing trophonts 

that feed on the exuvial fluids Uohnson and Brad
bury 1976; Bradbury 1994). 

Future Reseai-ch 

Blue crabs fro m high salini ty waters should be 

assessed for ciliate infections, especially S. ltyper
trophim, w hich infects a multi tude of decapod species 

including several other portunid crabs Uohnson and 
Bradbury 1976; Haefoer and Spacher 1985). T he 

possible role of high intensity infections of L. m/1-
inecfes in the health of the blue crab should be criti
cally examined. 

Other Protozoans 

lso11e11w-like euglcnoid flagellates an: extremely 

rare in the hemolymph of blue crabs (Fig. 37). They 

have been o bserved in the hemolym ph on three 
separate occasions during field and culture studies 

w ith H . perez i. These flagellates are relatively easily 

cul tured in blue crab saline augm ented with ·10% 
fetal bovine serum; anecdotaUy, they do not appear 
to be pathogenic w hen inoculated into blue crabs 

(ShjeJds, unpubl. data). /s011e11Jn-like flagellates occur 

as pathogens in the larval geoduck Pn11ope nbnrptn 
from Washington and at least ;is commensals in the 
hemolymph or mantle cavity of the eastern oyster 
from Maryland (Kent et al. 1987; Nerad et al. 1989). 
Some euglcnoid flagellates, however, are relatively 
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Figure 37. lso11e111a-likc amebofbgcllatl'. cul tured from the 
hcmolymph of a blue crab from C hcsapl'.ake Bay (phase 
contrast). 

commo n pathogens of copepods (see Bradbury 
1994). 

G reg:i ri ne and coccidian apicomplex:ins are 
notably absent fro m C. snpidus. T hese protozoan 

groups arc well represented in othe r crustacea n 

hosts, including several common portunicls (e.g., 

species of Ne111ntopsis :ind Jlg(?re,<zn tn in species of 

Cnrci11us, Necom, and Portu1111111s) (Vivares 1974). 
T hese :ind o ther gregarines and coccidians use mol

luscs as addition:i l hosts in the ir life cycles. T he lack 
of these parasites in blue crabs is even more su rpris

ing, because blue c rabs eat a L1rge numbe r of 
molluscs. 

HELMINTHS 

D igeneans 

Digencans, flatworms chat are also ki1own as 

trematodes or flukes, are common parasites of the 

blue crab. Although some species from other hosts 

;ire quite large, those in the blue cr:ib are all encysted 
metacercariae, and most are so small that one may 

not realjze they are present. Digencans are gencr:illy 

hermaphroditic platyhelrninths that typically have ;i 
selectively absorptive tegument, a blindly ending ali

mentary tr:ict, and two suckers. Each species has a 
complicated Lfe cycle that includes a molluKan first 

intermedi;i te host, usually a second intermedi:ite 
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host, occasionally a ~econdary or additional interme
diate host, and a definitive host, which is usually a 
vertebrate such as h bird, fish, or mammal. Unlike 
the cestodes, which\ nearly always occur as adults in 
the alimentary tract1of vertebrates, many adult flukes 
occur in a variety o~ sites in addition to the intestine. 
Nevertheless, those \ that use the blue crab as their 
intermediate host mature in the intestine of their 
definitive host. 1 

Biology 

All digeneans reported from the blue crab 
belong in the family Microphallidae sensu Jato. Con
sequently, they all have a similar general pattern in 
their life cycle, and this pattern will be represented 
by that of Microphallus basodactylophallus, the most 
prevalent species in C. sapidus (Fig. 38; Heard and 
Overstreet 1983; Overstreet 1983). The 450-µm 

Figure 38. Life cycle of ~he digenean Microplial/11s basodactylopl1allus. The adult worm in the intestine of the raccoon Pro
cyon lotor, rice rat Oryzomys pal11stris, Norway rat Rattus 11orvegicus, and at least certain other mammals matures rapidly and 
deposits eggs in the hos+ feces. The feces and associated eggs are eaten by any of several species of hydrobiid snails. The 
miracidium in the egg ~roduce~ a sporocyst that reproduces it,;elf asexually and ultimately produces large numbers of 
swimming cercariae.Theicercaria penetrates a crab and develops into an encysted metacercaria.After a period of develop
ment, the stage is infectivb to the raccoon and other hosts and the cycle continues. The larger darker spherical cysts in the 
crab are commonly call~d "buckshot," a hyperparasitized cyst of M. basodactylopl1all11s containing the haplosporidian 
Urosporidium crescens. This 1protozoan debilitates the worm without harming the crab. From Overstreet (1978). 
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long adult occurs naturally, sometimes in very large 

numbers, in the intestine o f the raccoon Procyo11 lotor 
o r the marsh rice rat Oryzo111ys pa/11stris and experi

m enca!Jy in mice or rats. E ggs of the flukes are clis

persed in tidal marsh es w ith the defini tive host 's 

feces and are subsequently eaten by one of at least 
six different hydrobiid snails fro m four genera. Once 

the egg is ingested by the prope r snail species, a 
ni.iracidium hatches. Its germinal cells infec t the snaiJ 

and produce a moth er sporocyst that reproduces 

asexually to form daughter sporocysts, w hich in turn 

produce a continual release of many free-swimming, 

tailed cercariae. In other words, the products of one 

egg (and millio ns can be dep osited daily fro m a 
moderately infected raccoon o r rat) can result in 

hundreds to thous,mds of these 90-~Lm long larvae 

w ith th eir 90-~un lo ng tails. The cercaria swims 

erratically, stopping when disturbed so that the respi
ratory curre nts of th e c rab sweep it into th e 

branchial chamber where it subsequently penetrates 

a gill. The cercaria produces around itself a thin pen

etratio n cyst that permi ts leverage for that cercaria, 

along w ith assistance of its movab le stylet, to pene
trate the gi!J and enter the circulatory system o f the 

crab. The now tailless larva ends up as a metacercaria 

in the ske letal muscle, hepatopancreas, connective 

tissue, or nervous tissue w here it and the crab pro

duce a thin, layered , spherical, encircling cyst about 

230 ~un in diameter (Fig. 39). After abo ut 25 d , the 
encysted m etacercar ia looks q u ite sim ilar co the 

adult stage and becomes infective to any definitive 

host that feeds on the crab (H eard and Overstreet 

1983). Bridgman (1969) repo rted larger cyst~, up to 

355 pm in diam eter, that did not develop the thick 

cyst wa!J after 40 d. H eard and O verstreet (1983) 

fou nd at least three species o f fiddler crabs that can 

also serve as the secondary intermediate host. The 
worm in the definitive host starts pro ducing eggs 

vvithin 48 h of infection and starts the cycle over 

again. One can appreciate the large number o f eggs, 
larvae, inte rmediate hosts, and definitive hosts neces

sary to assure completio n o f the life cycle. The o th er 
mi crophallid species ind icated below have fewer 
hosts and are no t as common. 

As indicated above, the rnetacercarial cyst o f M. 
basodactyloplrn/l11s is relatively small , abo ut 300 ~Lm in 

Figure 39. Live mctacercariae o f Mirrophaffus basor/a(ly
lopl/(/fft1s fro m hepatopancreas; specim ens m ore com

mo nly occur ring in skeletal muscle tissue. (/\) Encysted 

worm with thick cyst wall. Note rolled up specimen. 

(B) Specime n rem oved fro m cyst u n der covcrslip 
pressure. 



DISEASES, PARASITES, AND OTHER. SYMBJONTS 
359 

diameter, relatively llear, and very difficult to see 
without a microscope. However, when the metacer
caria is hyperparasitiked by the haplosporidian Uro
sporidium crescens (Fii 21), it enlarges several times its 
normal volume to >650 µm diameter and takes on 
the brownish black toloration of the haplosp?ridian 
spore~ inf':cting th9 ~orm. ~he hyperparas1te -~as 
described m the pre:v10us section on Haplospond1a; 
it makes the metacetcaria readily visible to a seafood 

I 
consumer or biologist. 

At least five o~her species of Microphallidae 
infect the blue crao. Two of these are Microphallus 
nicolli (reported by ~ few authors as Spelotrema nicollt), 
which occurs in cyits up to 0.5 mm in diameter in 
the connective fibers extending from the viscera to 
the bases of the Jalking legs, and Megalophallus 
diodontis, which oc¢urs primarily along the base of 
the gill filaments 'i7here it can impede the flow of 
blood. Microphallus basodactylophallus has occasionally 
been misidentifie8 as one of those two species 
(Heard and Overs~eet 1983). Additionally, Hutton 
(1964) reported Microphallus pygmaemn in the blue 
crab from the are, of Tampa Bay, Florida, but did 
not indicate the site in the host or reference to any 
morphological da6. The record is probably also a 

I 

misidentification of M. basodactylophallus. Possibly the 
same species has 6een tentatively and incorrectly 
suggested as being ~icrophallus simile. 

I Heard and Oyerstreet (unpubl. data) are pres-
ently studying adclitional described and at least two 
undescribed spec· es of microphallids in the blue 
crab. One of these, Levinseniella capitanea, differs con
siderably from M. asodactylophallus. It reaches nearly 
4 mm in length in the fixed state after being 
excysted from it spherical yellowish cyst and 
becomes even lo~ger in the live state. In fact, this 
species is the largelt member of this rather abundant 
digenean family. A so unusual but not unique to the 
family, the species has little or no gut and no well
developed pharytUF and thereby receives its nutrients 
almost entirely t~rough the tegument (Overstreet 
and Perry 1972). It also appears to be restricted to 
the raccoon and a/ specific fish definitive host rather 
than any of a varilty of vertebrates. Heard, Semmes, 
and Overstreet (urubl. data) did not see it in birds 
and mammals thal presumably had fed recently on 

infected crabs, and they could not establish it in rate;, 
mice, or chicks, experimental hosts for a variety of 
other microphallids (Overstreet 1983). The cyst, 
appearing like tapioca among the gonads and 
hepatopancreatic tubules, measures up to 1.2 mm in 
diameter and can be seen easily with the unaided 

eye. 

Animal Health and Fisheries Implications 

Microplrallus basodactylophallus is probably the 
most wide ranging of the digeneans in the blue crab. 
Its range extends from at least Chesapeake Bay to 
Texas and probably to Costa Rica and further south, 
if it is indeed a junior synonym of Microphallus skr
jabini as questioned by Heard and Overstreet (1983). 
Prevalence of infection varies considerably, depend
ing on location and environmental conditions. For 
example, values ranged from 85% at Pass a Loutre to 
0% at Bonne Carre Spillway, Louisiana (Bridgman 
1969). The cercaria from one snail, Litterodinops palus
tris, appears to encyst in the thoracic ganglion only 
(Heard and Overstreet 1983). Its presence could 
influence the behavior of the crab host and put it in 
more jeopardy of being eaten by a predator than a 
cohort not infected in the nervous tissue. Whereas 
this particular host-parasite relationship may facili
tate the completion of the life cycle and serve the 
worm's population, it may be more detrimental to 
the individual or stock of infected crabs. Regardless, 
sufficiently high numbers of this metacercaria or any 
of the other species of microphallids in any tissue 
can weaken or kill a crab, especially if the infection 
occurs in a critical organ (Heard and Overstreet 
1983). 

Infection with M. basodactylophallus hyperpara
sitized by U. crescens also affects the aesthetic appear
ance of the infected crab. Fishermen, biologists, and 
seafood consumers readily see the cysts in both fresh 
and cooked crabs, especially in the mass of muscle at 
the bases of the swimming legs. They refer to these 
cysts as "buckshot" or "pepper spot" and to infected 
crabs as "pepper crabs:' These black cysts, occurring 
from the Chesapeake Bay to Texas, can decrease the 
marketability of the infected product (Perkins 1971; 
Couch and Martin 1982; Overstreet 1983; Noga et 
al. 1998). 
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Microphallus nicolli has been reported as a com
mon metacercaria in the blue crab from the Woods 
Hole Region, Massachusetts, where the first inter
mediate host is the cerith Bittiolum alternatum and 
an experimental definitive host is the young he;ring 
gull Larus argentatus. Eggs of the 540-µm long 
worm began passing with the feces 12 h after the 
bird acquired the infection (Cable and Hunninen 
1940). There is no other verified report for this 
species; however, the 400- to 500-µm diameter cysts 
reported from the blue crab in Rhode Island 
(Melzian and Johnson 1988) are probably conspe
cific with M. nicolli. The 1-mm long adult of Mega
lophallus diodontis occurs in specific fishes and mam
mals in Puerto Rico (Siddiqi and Cable 1960) and 
Florida (Overstreet and Heard 1995). Levinseniella 
capitanea has been reported from Louisiana and Mis
sissippi (Overstreet and Perry 1972), but it extends 
farther eastwards (Heard and Overstreet, unpubl. 
data). 

All microphallids from the crab may impair the 
normal behavior of the host or may cause death if 
the intensity of infection is high (Heard and Over
street, unpubl. data). Even though mortalities are 
probably rare in the natural environment, the agent 
should be considered a potential risk in aquaculture 
ponds. Stunkard (1956) exposed the green crab to 
large numbers of cercariae of Microphallus similis. 
Infected crabs died after 10 to 20 d. In the natural 
environment when juvenile blue crabs become 
heavily infected, they likely become more available 
as prey, but no data exist to support our assumption. 
Melzian and Johnson (1988) found a metacercaria 
encysted in the nerve tissue of 22 of 114 crabs in 
Rhode Island that were being used to determine the 
effects of No. 2 fuel oil on the crab. The unidenti
fied worm, possibly M. nicolli, selectively infected the 
nerves in the hepatopancreas and muscle tissues. The 
authors detected localized compression and distor
tion of some nerves as well as peripheral-nerve 
necrosis and hemocytic aggregations in the vicinity 
of many cysts. Nevertheless, they, unlike Sparks and 
Hibbits (1981) who studied a metacercaria in the 
nerves of Cancer magister, detected no indication of 
ataxia. 

Public Health Implications 

Some human cultures promote the use of raw 
crabs to enhance the flavor of a dish. The flavor of 
the blue crab would certainly enhance the recipe, 
but we definitely do not promote the practice of 
eating the blue crab raw. In addition to normal com
munities of Vibrio parahaemolyticus and other bacteria 
in and on the crab, which if not heated could cause 
gastric distress, M. basodactylophallus is a potential 
human pathogen. Whereas some of the other 
microphallids in crabs nught also be able to infect 
humans, M. basodactylophallus is a stronger candidate. 
In the Philippines, the closely related Microphallus 
brevicaeca from a prawn has been implicated in 
adverse and fatal involvement of the heart, spinal 
cord, and other organs of people who eat the prod
uct raw (Africa et al. 1935, 1936, 1937). The irony is 
that metacercariae hyperparasitized by the hap
losporidian probably keep American consumers 
from eating raw crabs, although it is not those indi
vidual metacercariae but the uninfected indistinct 
cohorts that are potentially harmful to humans 
(Heard and Overstreet 1983). Cooking blue crabs 
properly elinunates all risk of acquiring any parasite. 

Future Research 

Digeneans offer a range of research problems. 
For example, do cercariae from specific snail hosts 
locate in specific sites within the crab (Heard and 
Overstreet 1983)? Do infections in the nervous tis
sue make the crab more vulnerable to predation? 
Melzian and Johnson (1988) found no indication of 
ataxic behavior in infected crabs. However, we stress 
the need to compare the effect of infections in a 
range of different sizes of juveniles and adults. 

Taxonomic and life history studies of digeneans 
are presently undeiway. Other studies to help assess 
crab-fluke relationships include determination of 
geographic ranges, optimal and threshold salinity 
and temperature values, intensity necessary to pro
duce morbidity by size of crab, ability to infect 
humans or human models, and ability to serve as 
biological tags, or indicators of host nugration and 
position in food webs. 
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Cestodes 

Cestodes are tapJworms, and Eke the digeneans, 

they are all parasiti! and mostly hermaphroditic. 

W ith few exceptio n , adult tapeworms are restricted 

to vertebrate hosts. n addition to the blue crab, a 

variety of crustacean serve as intermediate hosts for 
many marine cesto9es (Overstreet 1983). Bo th the 

metacestode and the adult of most cestode groups 

have a d iagnostically shaped scolex , or ho ldfast 

organ, that the adult l1ses to maintain itself in contact 

with the host tissue, ilvhich usually is the intestine. 
Al though rare, th e m e tacestode Uuven ile o r 

incorrectly " larval") stage of at least a few species of 

cestodes infects the blue crab. The m etacestodes that 
occur in the c rab are re latively small, req uirin g 

microscopic examination of the viscera and skeletal 

muscles o f the host. They occur free, encysted, or 

encapsulated, depending o n the group of cestode. 

R egardless o f w h ich g roup, those metacestodes 

known from the blt1e crab all mature in an elasmo

branch definitive host. 

Biology 

In Mississippi, ~t least the trypanorhynch plero
cercoid metacestode of Prochris1in11elln sp. infects the 

hepatopancreas of the crab (Fig . 40) . This is the first 

report for a memb r of this genus in the blue crab. 
However, DeTurk 1940a) repo rted an infection by 

the plerocercoid of the trypanorhynch R..hy11c/10/Joth
ri11111 sp. in North Carolina. It was encysted in the tis

sue surrounding the body cavity. This species, 5.6 to 

11.3 nm1 long x i / 1 m111 wide with two bothridia 
(as "suckers"), may ~veil be conspecific with Prochris
tinnclln sp. from Mi sissippi, altho ugh the illustration 

by De Turk (1940a: his Fig 3 1) is not diagn ostic. 

Another member f f the genus Prorlnistianclla has a 
life cycle that has been partially de termined by Torn 

M attis (see Overst~eet '1983). A dasyatid stingray is 
the definitive host, as suspected for the species from 
the blue crab, and t e ft lamented eggs from the adult 

worm are released in the feces of the ray. A harpacti

coid copepod and presumably other specific cope

pods becom e infec ed by eating the egg, which con
tains the larval cestode. Whether the crab also can 

Figure 40. R.<:111oved mctacestod<: stage of trypano
rhynch<:an Prochrisria11e/la sp. from the hcpacopancreas of a 

Mississippi blu<: crab. 

become infected frolll an egg o r whether the crab 

would have to feed o n an in fec ted copepod to 

become infec ted is uncertain. R egardless, the ray 

probably becom es infected by feeding on the crab. 

Other cestode ple rocercoids also occur in C. 
sapir/ 11s, bu t non e of th ese has been ide nti fi ed , 
described (e.g. , Overstreet ·1978), o r seen in recent 

years. Hutton ('I 9(i4) reported th e lecanicephalan 

Polypoccplia/11s sp. frolll the blue crab in Tampa Bay, 

Florida. H owever, he also repor ted and illustrated 
the same o r similar species tentatively as a lecani

cephala n fro lll penaeids and o ther decapods earl ier 

(Hutto n at al. 1959). The species occurring in the 
intestine of penaeids was no t identifiable, but it was 
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definitely not Polypoceplw/11s sp. (Overstreet 1973). 

Infection by the cestode in the blue crab probably 

occurs in high sa linity water. A leca nicephalan, 
Polypocep/,a/11s 111oreto11e11sis, occurs in large numbers 

in the thoracic ganglion of Port11nus pclagiws from 

Australia, bu t it does no t appear to harm the host 
(Shields 1992) . 

Another unidentified small tapeworm metaces
tode, about 200 ~Lm long x 25 ~Lm wide ;ind possibly 

a tetraphyllidean (Fig. 41 ), occurs in high numbers 

free in the muscle tissue of at least the lesser blue 

c rab Callinectes si111ilis in Mississippi (Overstreet 

1978); w hat <1ppears to be the same species occurs in 

the same site in the blotched swimming crab Por
t111111s spi11i111a1111s and in the shelligs Calli11ectes omatus 
in North Carolina (DeTurk 1940a). As indica ted 

above, this species o r a complex of species probably 

incorporates elasmobranch definitive hosts in its li fe 
cycle. 

Animal Health and Fisheries Implications 

Rhy11chobothri11111 sp. infected just 2 of 83 speci

mens of the blue crab in the vicinity of Beaufort, 

North Carolina (DeTurk 1940a), and Prochris1ia11ella 
sp. (which may be conspecific, see above) was also 

uncommon in crabs in Mississippi. The geographic 

range of none of the trypanorhynch metacestodes in 

the blue crab is certai n. Because of the low preva

lence of infection in North Carol in a, DeTurk 

(1940a) suggested that the crab was not the normaJ 

host. Richard Heard (The University of Southern 
M ississippi, pers. comm.) has observed what may be 

the sam e cestode in Calli11ectes 111a1ginatus from the 

Florida Keys. Because of the relatively high host 

specificity in related trypanorhynchs, we suggest that 

the blue crab is the normal host, but that infections 

pro bably occur mo re often in individuals in high 

saljnity water than has been recognized previously. 

The unidenti fi ed plerocercoid in Portr111us spi11i11ta11us 
and Calli11ectes oma/11s in North Carolina infected 31 

and 8% of those hosts, respectively (De Turk 1940a). 

Once the ljfe cycles of the cestodes in the blue 
crab are determined, the cestodes could serve as use

fu l biologicaJ indicators of host range and migration 

patterns. Based on the taxonomic position of ces-

Figure 4 1. Metacestode of non-encapsula ted unidenti
fied tetraphyllidcan moving within skeletal muscle of 
Calli11cC1es .,i111ilis. (A) Specimen in extended posit:ion. (B) 
Same specim en in constri cted position moving by 
" inchworm" fashion through tissue. From O,·erstreet 
(1978). 

codes encountered to date, we doubt that any ces

tode in flu ences the health of its hosts o r represents 

any potential human health risk. 

Future Research 

C ritical examination of blue crabs fi-0111 high 
salinity areas may reveal m etacestodes of additional 

species that use elasmobranchs as defin itive hosts. 

Such records need to be established. Other cestodes 

that mature in birds may use the crab in inshore 
areas as an intermediate host, but none has yet been 
reported. The identity and life cycles of ~pecies 
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reported fro m the blue crab sho uld be determined 

o r resolved.These w~I be especia lly useful for assess

ing ecological aspeds of the host invo lving migra

tions, predatio n, and ood webs. 

Nematodes 

Various species f crabs serve as hom for nema

todes, or ro undworms, but the reported species and 
presumably several others that use the blue crab as 

an intermediate host do not seem to be specific to 
the blue crab or to portunids. Nevertheless, a juve

nile ascaridoid nematode and an adult "free-living

like" species infect C. sapid11s. 

Biology 

The blue crab in the northern Gulf of M exico 

is one of many hofts of the j uven ile stage of the 
ascaridoid J-/ ysterot/,y/aci11111 reliq11e11s (also referred to 

as Hys1ero1/,y/aci11111 type MA) (Overstreet 1982) . 
D eardorff and Overstreet ('1981 a) described this 4 to 
9 mm-long third stage juvenile from the hemococl 

among hepatopancreatic tubules (Fig. 42) . It is often 

encapsulated, and it lhas a boring tooth, w hich allows 
the worm to penetrate into and migrate through a 

host such as the blue crab. T he crab is a paratenic 

host, or a host in w11ich no development occurs and 
that is used as an 'cological "bridge," ,vhich is not 

bio logically necessary, to in fect the definitive host. 

No significant dev~opment of the worm occurs in 

the crab.T he blue crab can acquire its infection from 

either a copepod o r another paraten ic host. This 

nematode, as a thlrd stage juvenile, can , in turn, 

in fect eithe r a widel range of other paratenic inverte
brate and fish h o~ts (Deardorff and Overstreet 
1981 a) or an appropriate fish definitive host (D ear

do rff and Overstre~t 19816) in which it w ill mature 

and mate w ith an6the r individual of the opposite 

sex. I 
What may be one or m o re monhysterid ne111a

tode species, or at J 1east nem atodes tlut :ire usu;i lly 
refer red to as belong ing to " free- living" g ro ups, 

occur on o r in the p lue crab in the northern Gulf o f 
Mexico (MississipRi and Louisiana). In this regio n, 
they probably infdst crabs as symbionts because a 

few cases were ob. e rved w here :ill stages of the life 

Figure 42. Live partially coiled ascaridoid specimen of 

H ys1ero1hylnri11111 reliq11c11s removed from a host capsule 
loc:ited in the hcmocoel of a blue crab from Mississippi. 
T his nematode is a juvenile stage infective to a fish defin

itive host. 

cycle of the unidentified nematodes were present on 

the gilJ , w ith individuals of one of the same species 

occurring among the hepatopancreas. The monhys
terids Diplolai111ella ocellata and Tl,eristus cf. bipu11ctat11s 
occurred in the gill c hamber o f an unidentifi ed 

species of Calli11ectes in the Caribbea n area (Rie

mann 1970). 
N ematodes that supe rficially are tho ught o f as 

free-living and that occur o n blue crabs are not 

unique. Several species have been repo rted from 

crustaceans, and som e appear restricted to crustacean 

hosts. For the Monhysteridae, a family considered to 

be a free-living group o f marine, brackish, linmic, 
and terrestrial spec ies w ith conspicuous cephalic 

setae and a large pair of round amphids (sensory 

o rgans), all m embers of the genus Ca111111arinema, 
occur on crust:iceans, :ind some m embers of related 
gene ra also occur o n crustaceans (Lorenzen 1978, 

1986). Fo r example, Ti-ipyli,.1111 carci11ico/11111, J\!Io11/,ys
tri11111 aff. tm11sita11s, and Mo11/,ystri11111 wilsolli infested 

the gill chambers o f the land crabs Cecarci1111s latemlis 
and Cecarci1111s r11ricola in the Caribbean area (e.g., 
Baylis 19156; Riem ann 1970) . In som e cases, no 

male worm was observed, but hermaphrodites were 

reported (l3ay lis 19 156). Numerous free-liv ing 
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nematodes occur in the gill chambers of crayfish. 
For example, Schneider (1932) reported 14 species 
in 8 genera (e.g., Actinolaimus, Prochromadorella, Chro
madorita, Dorylaimus, Monhystera, Rhabditis, and 
Trilobus) in the crayfishes Potamobius sp. and Cam
barus sp. from Germany, but only Procl1romadorella 
astacicola was found associated consistently with the 
crayfish. Edgerton et al. (2002) provide more exam
ples of crayfish infestations. Because of the range and 
habits of the blue crab, it probably is also a good host 
candidate for a variety of similar nematodes. 

Animal Health and Fisheries Implications 

Hysterothylacium reliquens matures in various 
fishes, including the red drum Sciaenops ocellatus, 
which feed~ heavily on the blue crab in Mississippi, 
Georgia (Overstreet and Heard 1979a), and else
where. It also occurs in other predators of the blue 
crab (Overstreet and Heard 19796, 1982) but pri
marily infects batrachoids (Deardorff and Overstreet 
1981 b). During some years in Mississippi, it has 
occurred in such large numbers in the sheepshead 
Archosargus probatocephalus that it was named 
"reliquens" after the evacuation of individuals from 
the mouth, branchial chamber, and anus of the fish 
when lying in a boat or on the fisherman's "cleaning 
table" (Norris and Overstreet 1975). This is an 
unusual nematode because it has such diverse groups 
of both intermediate or paratenic hosts and fish 
definitive hosts. Infected hosts occur over a wide 
range in the Atlantic and Pacific oceans and the Gulf 
of Mexico (Deardorff and Overstreet 1981 b). 
Because the worm ranges along the Atlantic coast
line, the blue crab probably hosts the species there as 
well. DeTurk (1940a) reported an unidentified and 
non-illustrated juvenile that may have been H. 
reliquens from among the viscera of two specimens 
of C. sapidus in North Carolina. 

Adult and juvenile monhysterids and probably 
other "free-living" nematodes infest the blue crab in 
Mississippi and Louisiana and perhaps elsewhere 
throughout its range. Even though the crab probably 
hosts a variety of juvenile nematode species that 
have wide host specificity, those symbionts may not 
play an important role in the health of the crab.Also, 
the crab may not be important in maintaining the 

life cycle of the nematodes. If crabs are reared in sys
terns excessively rich in detritus and other organic 
matter, we would expect high levels of "free-living" 
nematodes, assuming the temperature and other 
environmental conditions were appropriate. 
Caughey (1991) exposed the freshwater monhys
terid Gammarinema sp. from crayfish in Australia to 
five doses of toltrazuril (Baycox®, in doses of 1-50 
µg 1111-1) and all doses were effective. Doses of 5 µg 
mI-1 killed all the worms when exposed for 24 h 
and over 50% when exposed for 2 h. 

The hemolymph of some crabs infested by a 
"monhysterid" nematode and dying in a Louisiana 
commercial soft-shell crab facility revealed a pinkish 
color. Bacteria were ruled out as a cause of death, 
but a virus, perhaps associated with the nematode, 
was not ruled out, even though there was no obvi
ous light microscopic histopathological evidence 
(Overstreet, unpubl. data). 

In summary, at present there is no evidence that 
any juvenile or adult nematode plays an important 
role in the health of the blue crab. However, in cer
tain circumstances such as when a young crab expe
riencing poor water quality becomes infested by 
numerous monhysterids or when a young crab 
receives a heavy ascaridoid infection, the crab could 
be negatively affected. 

Pnblic Health Implications 

The juvenile of Hysterothylacium reliquens possi
bly could be an irritant to the human alimentary 
tract if an infected crab is eaten raw or inadequately 
prepared for human consumption. Nevertheless, 
such infections would seldom be intense, and the 
worm would probably have to be in an early stage of 
development (Overstreet and Meyer 1981). Dige
neans are a more common and more serious health 
risk if one chooses to eat raw crab. 

F11t11re Research 

Additional crabs from different localities need to 
be surveyed, and all of their nematodes identified. 
For example, some of the different "free-living-like" 
species from the northern Gulf of Mexico that 
spend their entire life on the gill of crustaceans need 
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to be identified and I their life histories determined. 
We assume there exists for one species a complicated 
life history that depe~ds upon the blue crab because 
all of its stages can b! encountered internally and on 
the gills of the host.I Understanding the life history 
of all the species ahd their relationship with the 

environment shouljprovide an important indicator 
of host biology. 

emerteans 

Cardnon}mertes cardnophila 

N emertean wo!ms belong in a small phylum 
distinguished from flatworms by the presence of a 
rhynchocoel, a body cavity housing the proboscis. 
Nemerteans are iniportant but often overlooked 
worms of sand and mud benthos. Several species 
have developed syn~biotic relationships that range 
from commensalisrlic (e.g., Malacobdella grossa in 
bivalves) to semi-patasitic (e.g., species of Carcinone
mertes on crabs and I lobsters). In general, species of 
Carcinonemertes are obligate, semi-parasitic egg preda

tors that feed prim1
1 

rily on yolk. Epizootics of C. 
regicides and C. errans have been implicated in declin-
ing stocks of the red king crab P. camtschaticus and the 
Dungeness crab C. ma,{!ister, respectively (Wickham 
1979; Hobbs and B tc;ford 1989; Kuris et al. 1991). 
Hence, the presence! of nemertean worms should be 
considered when e amining underlying causes of 
poor recruitment or lost fecundity in crabs or 
lobsters. 

Biology 

Carcinonemertes rcinophila is a nemertean worm 
commonly found Jxternally on the gills and egg 
masses of female ~lue crabs (Figs. 43, 44). One 
species of worm occurs on several species of blue 
crabs, with two subJpecies, C. c. carcinophila and C. c. 
imminuta, occurringl in the north and south of the 
ranges of the hostc;, ~espectively (Humes 1942). Juve
nile worms and nonf eeding adults live encapsulated 
in mucous sleeves c~mented between the gill lamel
lae of host crabs. After the host oviposits, the worm 
moves into the clu~ch and begins feeding on crab 
embryos (Humes 1942). While in the egg mass of its 

Figure 43. Several specimens of Carcinonemertes carcinophila 
ensheathed on a gill lamella of Callinectes sapidus. Afferent 
vessel [VA]; efferent vessel [VE]; "cyst" or sheath [C]; 
lamella [L]. From Humes (1942). 

host, the adult worm lives in a mucoid, parchment
like tube or sheath, where it lays several hundred (up 
to 1200) eggs in a gelatinous strand. The worm 
matures only after it has fed on host embryos. 
Unlike other species of Carcinonemertes, C. car
cinophila does not reside in the limb axillae between 
host clutches; rather, worms migrate back into the 
branchial chamber and encapsulate between the gill 
lamellae. Although Humes (1942) and Hopkins 
(1947) noted that the worms were lost with host 
ecdysis, other species of Carcinonemertes move to the 
new instar ( C. errans, C. epialti; Wickham et al.1984) 
or show no reduction in prevalence between molts 
( C. mitsukurii on Portunus pelagicus; Shields 1992; 
Shields and Wood 1993). This retention of individu
als may also occur with C. carcinophila. 

Carcino11emertes carcinophila is a long, filiform, 
monostyliferous hoplonemertean with a greatly 
reduced, slightly extrusible proboscis. The species has 
separate sexes, with the males growing to 20 mm 
long and females to 25 mm long ( C. c. imminuta) or 
40 to 70 111111 long ( C. c. carcinophila). The male worm 
has a distinct seminal vesicle known as Takakura's 
duct (afterTakakura 1910,from Humes 1941a).Fer
tilization of the eggs is internal but may also occur 
during oviposition (Humes 1942). Embryos develop 
over 11 to 12 d and hatch as planktonic, highly 
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C 

Figure 44. The ribbo nworm Carci11011e111ertes rnri:i11opl,i/a 
from between gill lam cllac in a h igh salinity area of 

Mississippi. (A) Long specimen removed from between 

two lamellae, leaving additional spec im ens between adj;i

cent lamelb e. From Overstreet (1978). The worms arc 

orangish , dem onstrating tha t they have already fed o n 

host eggs, an indication that the crab has spaw ned at least 

o nce. (B) C lose-up of encapsulated specimen. (C) Ante

rior end of specimen. 

modified b rvae ('I 25 pm lo ng), with apical sensory 

tufts. With several species of Carci11011el/lertes. the lar

val worms hatch in synchro ny with their host crab's 
zoea (Humes 1942; Roe ·1988; Shie lds and Ku ris 

1990) . Hatching of the worms may be stimulated by 

the vigoro us pumping activity that the fem ale host 

uses to stimulate the zoeae to hatch (R oe 1988). 

The nevvly hatched nem ertean larva exhibit5 posi
tive p h ototaxis and can swi m for severa l days 
(Humes 1942; Davis 1965). 

A 11i111al Health and Fisheries I111plicatio11s 

The presence of C. mrci11opl,i/a can sometimes be 

detected by the large number of dead or empty crab 

egsrs in clutches that have not reached eclosion. Egg 

mortali ty due to nemertean in fections can be high 

at the periphery of the clutch o r at the ba e of the 

pleopod, depending upon the degree of phototaxis 
and the host-parasite relationship of each species 

(Wickham and Kuris 1985; Sh ields and Kuris 1988a; 
Shields and Kuris 1990; Shields et al. 1990a; Kuris et 

al. 199 1 ). Because adults of C. wrci11op/1ila are nega

tively phototactic (Humes l 942), egg m ortality due 

to the worm sho uld be greatest at the bases o f the 
pleopods as is the case for ocher carcinonemercids 

(Shields et al. ·1990a) . 

Carci11011e111ertes carci11ophila has a b road hose 

range; it has been repo rted fro m 28 species of crabs, 

mostly portunids (reviewed in W ickham and Kur is 
1985) . The blue crab, however, is a very comm on 

host for C. rarci11opl,i/a (see H umes 1942; O verstreet 

·1978, 1983) . Wo rms on several of these hosts are 

like ly not C. carci11opl,i/a, especially those on , anthids. 

C :ire sho u ld be t:1ken to docum ent h istological fea
tures and character istics of the symbiont in e:ich host 

relatio nship. 

Aspects o f the biology of o ther species of Carci-
11011e111erres are relevant to those of C. carci11opl, i/a. 
Low s:i linity appears to lim it the distributions of C. 
erm11s and C. 111its11Jwrii (see M cCabe e t al. 1987; 
Shields and Wood 1993). Neither Humes (1942) nor 

Hopkins (1 947) examined infestations in relation to 

salini ty. Salini ties below 10 may limi t distribu tion of 

C. mrci11opl,i/a, but controlled studies are needed to 
define the lovver limits and survival times of each 
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species on their hbsts (e.g., Scrocco and Fabianek 
1970). Infestations bf C. errans on several species of 
Cancer have been sJccessfully treated with freshwater 
baths and low dosds of malachite green (Wickham 
1988; Shields, pers. bbs.). 

Juveniles of c\ errans are found between the 
limb axillae and t9e sterna of infested Dungeness 
crabs. There they a<rtively absorb amino acids (Roe 
et al. 1981). Cance1 magister and presumably other 
crabs leak amino acids from the arthrodial mem
branes. These nutribnts are sufficient to meet the 
metabolic needs fo~ the maintenance of juveniles 
and regressing adul~ but not reproductive adults of 
C. errans (see Crowb et al. 1982). Interestingly, the 

I 
gills of blue crabs actively eliminate certain foreign 
proteins (Clem et a1- 1984), and consequently they 
may "leak" nutrients! used for the maintenance of C. 
carcinophila in the gil~. 

Although carcinbnemertidc; have separate sexes, 
parthenogenesis occirs in C. errans on Cancer magis
ter (see Roe 1986) 

1

and simultaneous sexual her
maphroditism occurs in Ovicides julieae on the xan
thid crab Clzlorodiella\ nigra (see Shields 2001b). Such 
asexual features are a~ptations for low mate-finding 
potentials due to th~ rarity of adults, low transmis
sion rates, or relative~y sparse distributions of small 
populations of hosts and symbionts. Roe (1986) 
found that both ha~loid and diploid larvae were 
produced and later sPieculated on the ecological sig
nificance of parthenogenesis (Roe 1988). Hermaph
roditism and parthenbgenesis are clear examples of 
the semi-parasitic adJptations present in the family. 
Curiously, several sp~

1

cies of Carcinonemertes exhibit 
overdispersed, or contagious, distributions (Shields 

I 
1993); hence, their abyity to find conspecifics should 
be high. I 

Juvenile carcinonfmertids occur on both sexes 
of the crab host, albeit they are much more com
mon on the female. Itl several carcinonemertid-host 
associations, the wordis are found only on females 

I 
(Shields and Kuris 1990). On the blue crab, C. car-
cinophila occurs at low\ prevalence on mature males 
(1.5%) and immature females (4.2%) when com
pared with mature (3f .2%) and ovigerous females 
(55.6%) (Humes 1942), and this may result from the 

salinity preferences between the different host sexes. 
On male blue crabs, worms may still mature and 
contribute to the population as they may migrate 
from the male to the female crab during host copu
lation (Wickham et al. 1984; Shields, pers. obs.). 
Unlike some shrimps that preen, or remove, dead 
eggs from the clutch (Bauer 1979, 1981, 1998, 
1999), the blue crab cannot respond to infestation by 
C. carcinophila. 

The nemertean can reach high intensities of 
infestation on the blue crab. Humes (1942) reported 
an intensity of "at least 1000 worms" on one crab, 
and over 800 worms have been observed in infesta
tions of the related C. mitsukurii on P. pelagicus 
(Shields 1992; Shields and Wood 1993). Hopkins 
(1947) reported that mature, pre-ovigerous over
wintering female crabs had higher prevalence and 
intensity than those female hosts in less advanced 
reproductive states. Thus, larval settlement appears 
timed to occur when the female crab moves to high 
salinity water to reproduce and then overwinters in 
the sediment. Interestingly, worms decreased in 
intensity on post-ovigerous crabs during winter, a 
decline indicative of senescence or mortality from 
starvation. Prevalence was not correlated with size 
of mature crabs (Humes 1942), though intensity
size correlations were not examined. On P. pelagicus, 
C. mitsukurii showed significant increase in preva
lence with the progression of the ovarian cycle, 
although there was no increase in intensity (Shields 
and Wood 1 993). This increase suggests that settle
ment is at least partially dependent upon cues 
related to the reproductive status and salinity expo
sure of the host. 

In Chesapeake Bay, the prevalence of infestation 
generally increases through the summer spawning 
period of the crab and into autumn (Hopkins 1947). 
Prevalences (reported up to 85%) peak in August 
and September, or near the end of the spawning 
period. In Louisiana, sexually mature worms 
occurred from May through August (Humes 1942), 
with a prevalence of 27% in Barataria Bay and 13% 
in the Gulf of Mexico. 

Cardnonemertes cardnophila can be used to indi
cate the spawning status of the host. Hopkins (194 7) 
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and Overstreet (1983) noted that worms from post
ovigerous females were large and bright reddish in 
color, but those on pre-ovigerous females were 
smaller and pale white to pinkish in color. Appar
ently, egg predation changed the color of the worm. 
Because the blue crab usually spawns two or more 
times per season, the presence of brightly colored 
worms can indicate at least one successful spawning 
event. 

The effect of high intensity infestations of C. 
cardnophila on C. sapidus has not been documented. 
In other carcinonemertid infestations, high intensi
ties can result in the complete loss of the egg 
clutch, a condition resembling parasitic castration 
(e.g., Shields and Kuris 1988b; Kuris et al. 1991). 
Outbreaks of nemerteans on other species of crabs 
have contributed to declines in certain fishery 
stocks (see Wickham 1986; Shields and Kuris 
1988b; Kuris et al. 1991). Models indicate that the 
impact of C. errans on population density of C. mag
ister is similar in effect to density-dependent recruit
ment mechanisms (Hobbs and Botsford 1989). 
Taken together, worm-derived egg mortality and 
density-dependent juvenile mortality can account 
for significant fluctuations in the Dungeness crab. 
Changes in salinity and temperature appear to limit 
infestations of C. mitsukurii on the related portunid 
Portunus pelagicus (see Shields and Wood 1993); such 
factors probably limit infestations of C. cardnophila. 
Lastly, carcinonemertid worms represent no human 
health risk. 

Future Research 

Nemertean worms can be ecologically impor
tant predators and are often overlooked in habitats 
where they are abundant. The crab or lobster host is 
one such habitat. Epizootics in commercially 
important hosts suggest that C. sapidus may be sus
ceptible to outbreaks of C. carcinophila. Given that 
crabs with their high fecundity are expected to 
experience high larval and juvenile mortality, egg 
predation reaching over 50% of the clutch clearly 
represents a significant mortality factor to the host 
population (Shields and Kuris 1988b). In certain 
circumstances, egg predation by species of Carci
nonemertes on hosts other than C. sapidus approaches 

100% of the clutch and can occur at high preva
lences in large sectors of the host population 
(Wickham 1986; Shields and Kuris 1988b; Kuris et 
al. 1991). Intensities of infestation, egg predation 
rates, host settlement patterns, transference at ecdy
sis, host preferences, migration cues, and other bio
logical aspects are unknown for C. carcinophila. 
Comparative studies would greatly facilitate our 
understanding of these unusual worms. 

The taxonomy of carcinonemertid worms 
requires observations on live specimens and qualita
tive histology using serial sections. With the plethora 
of host species thought to harbor C. carcinophila, and 
the recent description of C. pinnotheridophila from 
the pea crabs Pinnixa chaetopterana and Zaops ostreu,n 
(McDermott and Gibson 1993; McDermott 1998), 
it is apparent that several species remain to be 
described from the Atlantic and Gulf coasts. 

Annelids (Clitellata) 

Annelids are not usually considered common 
symbionts of crabs, but a few species are, and these 
can be prevalent on blue crabs from low salinity 
water. These are readily seen, are commonly noted 
by recreational and commercial fishermen, and 
include leeches and a branchiobdellid worm (e.g., 
Overstreet and Cook 1972; Perry 1975; Overstreet 
1983). 

Leeches (Hirudinea) 

Biology 

The most common leech on the blue crab is 
Myzobdella lugubris (Fig. 45). This piscicolid has a 
broad distribution that follows distribution of the 
blue crab from at least Massachusetts south through 
the Gulf of Mexico. The blue crab serves as a sub
stratum for the deposition of egg cases and as a 
means of dispersal for the leech. In shallow, low 
salinity (< 15) habitats rich in vegetation, young 
leeches attach to fishes and acquire multiple blood 
meals. Several different species of fishes serve as 
haste;, sometimes for the same individual leech. The 
most common fish hosts include Paralichthys 
lethost('<111a, Mugil cephalus, Fu11dul11s <{!randis, F. majalis, 
and Ictaltmts catus. Large numbers of the leech can 
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Figure 45. The leech M yzobdc/la /11g11bris from relatively 

low salinity waters in Mississippi. (A) A few engorged 

specimens near the 9ostcrior nurgin of the carapace. 

(D) Egg case which is deposited alo ng the carapace's pos

terior margin. A sing\e leech develops in and hatches 

from each cocoon to !ultimately settle on fish to obtain 

blood meals. Fro111 O y rstreet (1978). 

in fest the skjn, fins, k iJls, mouth , and nostrils of an 

indi vidual fish. Us(1a ll y about late autum n , the 

engorged leech d ropi off and is associated w ith veg
etation and oyster shblls until it can attach to a blue 

crab. The leech can atso attach to a grass shrimp o r a 
penaeid shrimp, but it has a predilectio n for the blue 

crab (Sawyer et al. 975) . Once one is on a host, 

additional specimens arc attracted to the same host 

(Sawyer et al. 1975). he blue crab host is usually an 

adult male, at least in Mississippi, because most adult 

females migrate to re latively high salini ty wate r 
where the leech canJ ot survive. 

On the crab, th leech transforms from a thin, 

approximately 1 cm-/ong individual, which appears 
reddish because the gut is engorged w ith fish blood 

and its byproducts, t9 a larger, more robust, mature 

ind ividual w ith a green ish-tan co lo r. The mature 

leech can extend as long as 4 cm, is hermaphroditic, 

and presumably mates on the carapace of the crab. 

T hese two morpho logical forms, one fro m a fish 
and one from the crab, were once considered to rep

resent separate species. The species can be character

ized by having a distinct trachelosome and urosome 

region o n its relative ly smooth body that lacks 

tubercles or papillae. A pair of eyes are fou nd o n the 
smaJI oral sucker which is o nJy slightly w ider than 
the neck and about three-fifths of the width of the 
caudal sucker. The caudal sucker is continuous with 

the posterior end of the body and conspicuously 

narrower than the maxima l body width. 
A group of mature specimens of M. l11g11bris usu

ally occupies the posterior margin of the carapace of 

the infested blue crab (Fig. 45) . T here they deposit 

large numbers of egg cases (averaging 43 per indi

vidual under experimen tal conditions) and are out 

o f reach of the claws of the crab; crab or shrimp 
hosts will eat the leech , if able. Egg cases usual.ly are 

not deposited o n the g rass shrimp or o ther crus

taceans other than the blue crab. One egg is lajd per 

egg case, and developing egg cases are dark brown 

versus ligh t tan in non - deve lo pin g ones. Th e 

embryo develops over abo ut 35 d, and the young 
swimlllingjuvenile, about 1.5 mm long ,rnd appear

ing much like a miniature adult, hatches through a 

terminal pore. At 23 to 26°C, ne ither the juvenile 

nor the adult can survive long at saJinities > 15; at 

lower temperatures they can tolerate somewhat 

higher salinities. After the young leech starts feeding 

on the blood of fish es, the cycle continues. 
In the Easte rn Pacifi c off C olombia , oth er 

species of Calli11ectcs, primarily Callinectcs toxotes and 

Calli11ectcs mwat11s, host a leech identified as Myz ob
ddla sp. (perhaps M. l11,gubris) . That leech also attaches 

its egg cases to the posterior margin of the carapace 

(Norse and Estevez 1977) , just as seen on C. sapid11s 
in Mississippi and Sou th Carolina (Sawyer e t al. 

1975; Overstreet 1978) . 
In addition to hosting species o f JVlyzobdella, the 

blue crab in Mississippi can also harbor Calliobdella 
11i11ida (see Overstreet 1983) . UnJike M. l11gubris, this 
leech does no t depend on the blue crab to deposit 

egg cases and to maintain its life cycle. Morphologi

cally, it differs from M. !11g11/Jris by having lateral puJ-
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satile vesicles and a caudal sucker distinct from the 
posterior end and roughly equal to the maximal 
body width. 

Branchiobdellida 

Biology 

The branchiobdellids comprise an odd group of 
relatively primitive annelids that have a close symbi
otic relationship with their freshwater crustacean 
hosts. They require a specific live crustacean to sur
vive or at least as a site to deposit egg cases (e.g., 
Overstreet 1983). The taxonomic group is usually 
considered related to oligochaetes, with its suckered 
species having 15 body segments, no seta, and 
unpaired gonopores. It is presently considered an 
order (Martin 2001). What has been reported as 
Cambarincola vitreus occurs on the gills and carapace 
of the blue crab. The worm is often called a "mullet 
bug" in Mississippi, possibly because of its resem
blance to one of the true leeches that are common 
on mullet. This leech-like branchiobdellid normally 
infests crayfish over a wide geographic range in 
freshwater, but it also occurs on the blue crab from 
Florida to Louisiana in oligohaline water (Overstreet 
1983). 

The identification ofbranchiobdellids from blue 
crabs presently remains confused. Specimens pro
vided by Gretchen Messick (National Marine Fish
eries Service, Oxford, Maryland) from C. sapidus in 
Chesapeake Bay exhibited similarities to both C. vit
reus and Cambarincola osceola (Overstreet, unpubl. 
data). Gelder et al. (2001) identified Cambarincola 
mesochoreus senso latu from an unidentified species of 
Callinectes that he received from an uncertain locality 
in the Gulf of Maine. Additional well-fixed speci
mens from Maine to Louisiana should permit an 
understanding of how many species infest blue crabs 
and how they differ biologically. The fact that speci
mens occur in large numbers on the blue crab in 
water with even a minimal concentration of salt is 
remarkable for the group. The branchiobdellid can 
be grossly differentiated from M. lugubris by its pink
ish color and smaller length (approximately 3 mm). 
Most branchiobdellids feed on detritus, small proto-

zoans, algae, and other microorganisms (e.g., Jen
nings and Gelder 1979), but a few have been 
reported to feed on their hosts. There is no evidence 
indicating that C. vitreus feed~ on the blue crab host. 

Animal Health and Fisheries Implications 

The leech M. lugubris has a wide geographic dis
tribution on its blue crab host. Further examination 
may reveal the range of the leech to be even greater, 
probably comprising the entire range of che blue 
crab. The association typically occurs in low salinity 
when water temperature is relatively high (Daniels 
and Sawyer 1975; Sawyer et al. 1975). In contrast, 
Myzobdefla uruguayensis, which apparently differs 
from M. lugubris by having two pairs of eyespots on 
the oral sucker rather than one, has never been 
observed on the blue crab in Uruguay (reported as 
Ca/linectes sapidmn acutidens), which is at the southern 
limit of the crab's distribution (Mafie-Garz6n and 
Montero 1977). 

The distribution of C. vivida on the blue crab 
has been reported from Mississippi and Louisiana 
(Overstreet 1982) and probably includes an occa
sional infestation throughout the range of the crab. 
The leech should be most evident on the crab in the 
Gulf of Mexico during winter and spring when 
water temperature is relatively low. Calliobdella vivida 
harbors trypanoplasma and hemogregarine proto
zoans that infect fishes and, under specific condi
tions, the protozoans can cause mortality of the fish 
hosts (Burreson and Zwerner 1982). These blood 
protozoans do not infect crustaceans. Consequently, 
the leech may influence the ecosystem by hosting 
pathogenic protozoans that reduce the fishery stock 
rather than directly by affecting the crab. 

Although a few leeches other than M. lugubris or 
C. vivida consume crustacean tissues, M. lugubris 
clearly benefits from its association with C. sapidus. 
Hutton and Sogandares-Bernal (1959) suggested 
that the leech might be implicated in causing fatal 
lesions. However, Overstreet (1978, 1979, pers. obs.) 
questioned any severe action harming the crab host, 
based on observations of thousands of specimens of 
M. /ugubris on crabs that had lesions on the carapace 
but with no leech nearby. However, there is no rea-
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I 

son that leeches wduid not enter lesions already 
present, especially on \crabs caught in traps or placed 
in containers. Most ciabs with leeches attached have 
no lesions. 

Future Research \ 

Because M. lu
0
~1,Jis and C. vitreus occur exter

nally on blue crabs, \often in large numbers and 
occasionally on dying\ individuals or on those with 
lesions, fishermen occ~sionally think that the organ
isms inhibit host molting or cause mortality (Over
street 1983). Conseqbently, experimental studies 
should be conducted ~ determine if the symbionts 
feed on the host or ban cause any pathological 
effect. Both the leech ind branchiobdellid and their 
egg cases can be indiqators that the host crab has 
spent considerable tiine in fresh or oligohaline 
waters. Mortality of C. \vitreus in fresh water can also 
be used as an indicatr of specific toxicants and 
water quality. When used in combination with other 
indicator species that i~fect the crab, considerable 
information could be dbveloped on the movements 
and health of the crab, ahd on environmental health. 

I 
More careful examination of blue crabs might 

I 

also reveal symbiotic oligochaetes because at least 
two species ofEnchytradidae infest the gill chambers 
of gecarcinid land crabs (Baylis 1915a). 

CIRRIPEDS (BARNACLES) 

The barnacle symbi0nts on the blue crab com
prise an illustrative gr6up because they include 
species that are clearly fobling organisms, a symbiont 
that occurs on a numBer of different decapods, 
another that occurs on fe~ crabs other than the blue 
crab, and another that is a true parasite that lives 
internally in a few differJnt blue crab species. All of 
the barnacles influence tl~e blue crab host, but they 
affect it at different life ~tages and under different 
ecological conditions. Th~ true parasite Loxothylacus 
texanus may have a maj6r influence on blue crab 
populations. Overstreet (1:982) suggested that L. tex
anus probably influences blue crab stocks in the Gulf 

I 

of Mexico more than any other metazoan sym-
biont. That barnacle will b1e treated separately below. 

External Barnacles 

Biology 

The fouling balanid barnacles such as Balanus 
venustus and Balanus elmrneus commonly attach to 
the carapace of the blue crab (e.g., Scrocco and 
Fabianek 1970; Overstreet and Cook 1972; Over
street 1978, 1982). Balanus venustus niveus as reported 
from the northern Gulf of Mexico (Overstreet 
1978) has been considered a color variant of Balanus 
venustus (see Henry and McLaughlin 1975), and it 
often encrusts on appendages and the carapace 
(Overstreet 1982). These balanomorphs are also 
mentioned under "Fouling Organisms" (below) 
because the crab offers nothing more than a hard 
substratum on which to attach. 

The acorn barnacle Chelonibia patula has wide 
geographic and host distributions and is often found 
on a variety of decapods and the horseshoe crab 
Limulus polyphemus. In the southeastern United 
States, it has a preference for the carapace of C. 
sapidus (Fig. 46) and L. polyphemus, but in the north
ern Gulf of Mexico it also commonly infests spider 
crabs (e.g., Pearse 1952); it even has been found on 
gastropod shells (e.g., Busycon spp.) (Gittings et al. 
1986). Just like other fouling organisms and Octolas
mis muelleri (see below), C. patula feeds heavily on 
phytoplankton. Lang (1976a) demonstrated that the 
larvae completed development on 3 of 8 experi
mental algal diet<;, and required 8 to 11 d to develop 
to a cypris at 24 to 27°C. Coker (1902) reared the 
larvae to cypris on a culture of unidentified diatoms 
from the sediment. In Delaware Bay, crabs can 
spawn over a period of 2 years, and based on evalua
tions of ovarian stage and fouling on the carapace, 
Williams and Porter (1964) considered a large crab, 
estimated at 25 to 26 months old, to host the single 
largest reported specimen of C. patula from the blue 
crab. That specimen lacked competitor barnacles, 
and it was estimated to be at least 1 year old. The 
specimen was described as 36 mm across, though if 
the crab's stated width and the magnification value 
of the photograph were presented correctly, the 
measurement of the barnacle was actually 4 7 mm 
long x 4 7 mm wide. 
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Figure 46. T he external acorn barnacle symbiont Chc
l011ibia pa111/a 0 11 a blue crab from high salini ty waters in 
Mississippi. From Overstreet ( 1978). 

More specific to the blue crab than those barna
cles mentioned above is the gooseneck barnacle 
Octolns111is 11111elleri, a species o riginally named by 
Coker (1902) as Dirhelnspis 11111elleri (spelled as D. 111iil
len). It cemen ts itself to the branchial chamber of 
various crabs, usually on the gi lJ filaments and often 
fusing several lamellae together. For example, in 
Brazil it infested Cnlli11ectes spp., Libi11in spi11osn, Pc>r-
1111111s spi11icmp11s, Por/111111s spi11i111n1111s, l-lepn111s p11dib1111-
d11s, and an unidentified species of Majidae (Young 
l 990). Young found that L spi11osn, Cnlnppn Jlm11111en, 
and Scylnrides sp. also were infested with Octolns111is 
hoeki. In Louisiana and South Carolina, 0. 11111elleri 
was reported from C. snpid11s and C. dn11ne as welJ as 
species of Libi11in, Por/111111s, and Cnlnppn (see Causey 
1961 ). In the northern Gulfof Mexico, C. snpir/11s is a 
principal host, but Cnlnppa s11/cnra and Me11ipµe spp. 

are also commonly infested . Octolns111is hoeh, a more 
highly calcified species, can infest the same individual 
host as 0. 11111elleri, but it occurs outside the gill 
chamber (Gittings ct al. 1986; Overstree1, unpubl. 
obs. from Mississippi). Humes (1941b) lists other 
hosts for 0. 11111elleri. Most reports list the barnacle on 
the gills as Ocrolns111is /o111ei, a name considered a 
senior synonym of 0. 11111elleri by many researchers 
(e.g., Gittings et al. 1986). Young ( 1990) described 
how to differentiate the two, but 0. l0111ei from the 
type locality requires redescription. Presently, we 
refer to this important species on C. sn11id11s as 0. 
11111elleri. 

Infestations of 0. 11111elleri are well documented 
(e.g., Coker 1902; Humes 1941b;Walker 1974;Jef
fries and Voris 1983; Gannon 1990; Key ·t al. 1997; 
Voris and Jeffries 2001).The inhalant aperture of the 
branchial chamber allows access fo r the cyprid to 
attach to the inner sides of the gills, where up to 
90% of the individuals can reside (Fig. 47 A, B). The 
barnacle ranges in capitular length (ht:ight) fro m 
0.14 to 5.58 111111 , with the sn1.allcst reproductively 
active individual 1.1 4 mm long 0effri('s and Voris 
1983). T he peduncle is usually 1.5 to 3 .0 times 
longer than the cap itulum (F ig. 47C), and it is 
translucent unless pinkish when colored by the ova. 

All gills can contain infestations, bu1 in festations 
primarily involve gills 5 and 6 of 8, counting from 
the anterior. Most individuals attach to the proximal 
segment, with ne:irly as many on the medial portion 
and a few on the distal portion. T he relatively large 
optimal site on the basal and medial portions of the 
hypobranchial sides of gills 3 to 6 constituted 29% of 
the available gill surface and 6% of the available areas 
used for attachment, w hereas it contained 6 1 % of 
the infestation (Gannon 1990) . Darnacle density, the 
number of barnacles per gi ll , did not correlate to gill 
size, although abundance, the number of barnacles 
per host, was greater in larger crabs. At least in Sea
horse Key, Florida, there was no obvious seasonality 
for prevalence or intensity of infesta rion (Gannon 
1990), although in areas like Mississippi where sea
sonal temperatures differ more, fe male crabs occur 
only off the mainhnd in the warmer months when 
they spawn and acquire barnacles. Brood size for 
mature individual barnacles ranges from 21 to 4459, 
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Figure 47. The goo~eneck barnacle Or10/ns111is 11111ellcri 
from a moderate infestation in high salinity waters off 
Mississippi. The carapace of the host has been removed 
to readily view the gi lls. (A) Individual barn ad es on the 
upper surface near the base of the gills. (B) The same 
crab as in (A), showi1 g the underside of some gills (note 
a few large and several mediulll-sizccl individuals) . (C) 
Close-up of a single relatively large individual. From 

Overstreet ( 1978). 

with synchronous deve lopm ent. C rabs rarely con

tain more than a few hundred attached individuals. 

H owever, C oker (1902) and Overstreet (1978, 1983) 

have counted over 1000 per crab, although som e 

ind ividuals were relative ly sm a ll and many also 
occurred on the exposed outer porti o n of th e 

lamellae and elsewhere in the g ill chamber. Over

street (1 978) no ted that over 700 could coat the 

underside of the g ills w hile hardly apparent on their 

dorsal surface. 
The life history of 0. 111uelleri includes six free

living nauplii and o ne cyprid (Lang 1976b) . The lar

vae require at least ·15°C to feed, and they develop 

w hen fed o n a diet of e ither of two of eight tested 
algae. D evelopment to cypris takes 2 to 3 weeks at 

24 to 29°C. Gooseneck barnacle larvae are less tol
erant to temperature than are larvae of C. pnt11/a, and 

they require a live crab o n w h ich to settle. Barnacles 

grow quickly o n the blue crab. The growth rate of 

the capitulum of juvenile and adult 0. 11111elleri was 

estimated at 0.0 ·16 111111 per clay over 68 cl, w hile that 
of smaller juveniles was estimated at 0 .023 111111 per 

day (Jeffries and Voris 1998). 
Species of Octolas//lis can re infest crabs quickly 

after ecd ysis. Shie lds (1992) fo und individuals of 

Ortolasmis spp. on postmo lt P. pelagicus at the same 

pn.:valencc of infestatio n as concurrent inte rmolt 
crabs, bu t with 10\ver intensities of infec ti on. A 

pulsed mode o f colonizatio n has been described for 

0. cor on newly molted specimens of Scylla sermta 
(see Jeffries et al. ·1989). M o lting of the host and the 

life cycle of the barnacle appear synchronized. How

ever, infestatio ns o n the blue crab o ccur primarily 

o n the adult and slowly increase as a "trickle m ode" 

of colonizatio n (Voris and Jeffries 2001 ) . 

Animal Health and Fishe1'ies Implications 

Bala1111s ve,u1st11s and Ba/anus elmrne11s are w idely 

distributed, occurring in the Indian O cean, M edi
terranean Sea, and the Atlantic Ocean. Ba/anus e/}l{r-
11ws is enclenuc to the Weste rn Atlantic and has been 

introduced into other areas including the Pacific 
Ocean (Newman and Ross 1976) . It is a euryhaline 
species but rarely enco untered in normal marine 

salinities, perhaps because of competition w ith Se//li
l>ala11us balanoir/es (see H enry an d M cLa ug hlin 
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1975). These and other balanoid barnacles occur on 
most species of blue crab and a few other crus
taceans, including Litopenaeus setifems (e.g., Dawson 
1957). 

Chelonibia patula occurs worldwide in warmer 
seas (Zullo 1979) and occurs on the blue crab as far 
north as Delaware Bay on the North Atlantic coast 
(Williams and Porter 1964). It also has been reported 
from a number of portunids from Brazil, including 
C. ornatus and C. danae (Mantellato et al. 2003). On 
the blue crab, it typically does not cause harm. 
However, the weight of a heavy infestation may bur
den a crab; encrusted appendages can hamper its 
movement and the extra weight can increase vul
nerability to predation (e.g., Overstreet 1983). Infes
tations on crabs in the northern Gulf of Mexico 
occasionally become so great that the barnacles 
weigh as much the crab (Overstreet 1982). Eldridge 
and Waltz (1977) investigated C. patula on male and 
female crabs monthly for over 2 years from com
mercial pot catches in four areas in South Carolina. 
The total prevalence in those areas ranged from 1.1 
to 3.2%, with most infestations restricted to a spe
cific sex of crab in a specific locality at a specific 
time. For example, 5 to 57% monthly prevalences 
occurred on females in May to August of one year 
in St. Helena Sound relative to 0 to 25% on male 
counterparts. In North Carolina, Pearse (1947a) 
found more infestations in relatively deep water 
compared with shallow nearshore water, with a 
maximum number of 485 specimens on a crab at 12 
m depth. Nevertheless, the relationship is more 
likely to represent salinity than depth. 

Salinity and temperature affect the presence of 
barnacles on the blue crab. For example, Crisp and 
Costlow (1963) determined that development of 
nauplii of C. patula was normal between salinities of 
25 and 40 at typically encountered high ambient 
temperatures; 50% of the eggs hatched, with 75 to 
80% developing normally, but hatching success 
dropped sharply outside those ranges. Of those indi
viduals that could tolerate 15 to 25 salinity, few 
hatched, development was delayed, and the resulting 
larvae were sluggish. Later stage larvae could tolerate 
salinities from 15 to SO.The tolerance to salinity was 
greater for B. eburneus and even greater for Ba/anus 

amphitrite. As an example of the effects of tempera
ture, 90% of the embryos of B. elmrneus developed at 
15°C when in 29 to 43 salinity, but, with an increase 
to 30°C, they survived a range of 22 to 47 salinity. It 
took about 80 h at 30°C to reach the final stage 
compared with about 240 h at 15°C. The tolerance 
values were much more defined for B. amphitrite and 
C. patula. Lang (1976a, 1976b) investigated the biol
ogy of the nauplii and cyprid stages of C. patula and 
0. muelleri at high salinity. He determined that the 
former developed to a cypris in 8 to 11 d at 24 to 
27°C and the latter took 14 to 18 d, with reduced 
or no development at lower temperatures. 

The early study by Coker (1902) reported more 
female than male crabs (89 vs. 56%) infested with 0. 
muelleri in North Carolina, and these infestations 
occurred in late rather than early summer. He found 
80% of crabs infested with 0. muelleri also had "Bal
anus" (presumably C. patula), and he found only the 
rare female crab with C. patula that did not also have 
0. muelleri. He speculated that when females were 
berried, they would be burdened by the eggs and 
were therefore less vigorous in their movements, 
with a correspondingly slower respiratory current, 
affording a better opportunity for the cyprids to 
attach. Humes (1941b) and More (1969) also found 
mostly older crabs and mostly females being infested 
in Louisiana and Texas. In Mississippi, it is the same, 
though we discount Coker's (1902) speculation 
because females in Mississippi and adjacent waters 
move offshore, usually without their male counter
parts, to the high salinity waters around barrier 
islands and passes where they can spawn. Because 
the mature females do not molt, those that spawn 
and do not move inshore to lower salinities before 
spawning a second or third time accumulate more 
individuals of 0. muelleri and other barnacles, which 
also req~ire high salinity water to survive. Also, males 
continue to molt, so although individual males that 
migrate to higher salinities can acquire epibionts, 
they lose them when they shed the encrusted 
exuvia. 

Octolasmis /owei is widely distributed from 41 °N 
to 43°S on decapod hosts. It is a shallow water 
species and does not occur deeper than 38 m in the 
Gulf of Mexico, and it apparently is not present in 
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the eastern Pacific (Gittings et al. 1986). It has 
recently been reported from a number of decapods 
including C. similis and C. danae from Brazil (Man
tellato et al. 2003) as well as C. similis and C. sapidus 
from the Gulf of Mexico (Jeffries and Voris 2004). 
Jeffries et al. (1982) provided information on ten 
related species, including 0. lowei, on a wide range of 
crustaceans near Singapore. If 0. niuelleri is a separate 
species rather than conspecific with 0. lowei, it prob
ably is restricted to the Western Atlantic. 

Callinectes sapidus in warm marine waters often 
carries heavy burdens of barnacles and other associ
ates. Both C. patula and 0. muelleri are most prevalent 
in high salinity water (e.g., Overstreet 1982). The 
relationship of the various stages of the different bar
nacles with temp~rature, salinity, host sex, and geo
graphic locality can be used as indicators of age, 
migration, and origin of the crab. For example, many 
female crabs in ~lorida and the Gulf of Mexico 
spawn two or even three times in high salinity water 
during one season. Also, mated but unspawned crabs 
in the autumn can overwinter, become ovigerous in 
March and April, and then be ready to spawn in the 
spring (Perry 1975). Spent females typically return 
from offahore or Gulf waters to inland areas to 
develop their subsequent egg clutches. Each case can 
result in a different pattern or appearance of infesta
tion. The repeat spawners can be distinguished from 
the others with tlieir clean, bright-colored shells by 
having dull-colorJd shells encrusted with C. patula 
and fouling organ~ms and by having ragged abdom
inal appendages ahd remnants of egg shells (Tagatz 
1968). The reddish or orangish rather than opaque 
creamy coloration I of typically concurrent specimens 
of Carcinonemertesl carcinophila on the gills indicates 
that the colored worms had fed on a crab's egg clutch 
and consequent!} that crabs with those colored 
worms had previoµsly spawned (Hopkins 1947). 

Finding different sizes (ages) of different barna
cle species either independently or concurrently 
allows one to estimate the age of the crab host, peri
ods when crabs occurred in relatively high salinity 
water, whether an inshore crab had previously been 
offshore, and other features. For example, prelimi
nary results by O:verstreet and Rebarchik (unpubl. 
data) tentatively s4ggested that shell lesions indicated 

contamination in tributaries of Pensacola Bay, 
Florida, and that the presence of attached organisms 
aided that evaluation. The presence of 0. muelleri and 
C. carci11opllila in conjunction with the presence or 
absence of other symbionts allows one to recognize 
crabs that have recently migrated inshore or that 
have migrated inshore a long time earlier, thereby 
representing different subpopulations. 

Along the Eastern Pacific waters of Colombia, 
Norse and Estavez (1977) noted no barnacle on 
species of Callinectes located up rivers, but they 
reported Ba/anus sp. on some crabs near the mouths 
of rivers. They also found higher infestations on 
crabs from the continental shelf. In the latter sites, 
the different species of Callinectes also hosted C. pat
ula, 0. lowei, encrusting and arborescent bryozoans, 
and small sabellid polychaetes. Those crabs with 
heavy infestations of 0. lowei also had abnormal pur
plish-black gills with substantial amounts of trapped 
sediments among their gill lamellae, similar to that 
encountered on C. sapidus along the eastern U.S. 
Coast (DcTurk 1940a; Walker 1974) and Gulf of 
Mexico Coast (Overstreet, pers. obs.). Norse and 
Estevez ( 1977) found no associated symbionts on 
the gills and carapace of Portunus asper and few sym
bion ts on Euphylax robustus, presumably because 
these species were more effective cleaners. 

Symbionts on the gills of crustaceans apparently 
can compete with their hosts for oxygen (e.g., 
Couch 1966, 196 7; Overstreet 1973; Schuwerack et 
al. 2001). Walker ( 197 4) and Scrocco and Fabianek 
(1970) thought that neither 0. muelleri nor C. car
cinophila impaired respiration of the crab. However, 
Overstreet (1978) assumed that the combination of 
heavy infestations and debris on the gills of the blue 
crab could impede respiration. Moreover, once 
established on the gill, 0. muelleri seems to impair 
gill cleaning, and with growth of any individual bar
nacle, cleaning of the filament surrounding it is fur
ther hampered until more barnacles attach, and 
heavy infestations soon occupy progressively more 
of the gills and gill chamber. 

Clearly, 0. muelleri can be lethal to a crab. This 
effect becomes evident by the poor survival of crabs 
under stress such as handling and aerial exposure 
when there were over 50 individuals per crab (e.g., 
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Gannon and Wheatly 1992). Gannon and Wheatly 
(1992, 1995) critically examined the physiological 
responses to the barnacle at different intensities. 
Oxygen uptake, lactate levels, pH, and other blood 
parameters were not different in infested (not heav
ily) and non-infested crabs. Still, infested crabs had 
an elevated heart rate and ventilation rate, appar
ently to compensate for the infestation, because the 
differences disappeared during exercise and recov
ery. At rest, the individuals without heavy infesta
tions paused ventilating more frequently, often more 
than once every 2 min, but heavily infested ones 
paused only once every 20 min. Neither group 
paused during exercise. Crabs with extremely heavy 
infestations have to compensate more and probably 
do not survive long in nature. Overstreet (1978) 
noted a sluggish behavior most of the time in heav
ily infested crabs in captivity and assumed they 
attracted predators in nature. On occasion and espe
cially during late summer, there have been many 
dead, spent, female crabs lining the barrier island 
beaches of Mississippi. Most of these crabs are heav
ily fouled with barnacles on their carapace and gills 
(e.g., Perry 1975; Overstreet, pers. obs.). Spent 
females during these periods are expected to die, 
but the fouling organisms presumably hastened 
their demise. 

Future Research 

Use of external barnacles as indicators of host 
migration and previous locations of inhabitation 
provides an opportunity to assess polluted areas and 
various aspects of the biology of the crab and other 
conditions. When one can age the instar of a crab 
based on the age classes of barnacles, the infestations 
become an even more valuable tool. There is a need 
to determine the effect of infestations on crabs that 
spawn two or three times, as well as the life histories 
of barnacles in estuaries compared with those that 
occur offshore. 

No one has examined gill cleaning in C. sapidus 
in detail, but Bauer (e.g., 1981, 1998, 1999) and oth
ers have critically investigated mechanisms of clean
ing in other decapods. A comparison between 
mechanisms of C. sapidus, that can allow establish
ment of masses of barnacle symbionts and various 

fouling agents, and one or more species of Portunus, 
which rarely accumulates such organisms, would 
shed considerable insight into the biology of a 
female blue crab both before and after her first 
spawn. 

Rhizocephala (Internal Barnacles) 

Loxothylacus texanus 

Rhizocephalan barnacles provide some of the 
most unusual examples of parasitism and adaptations 
of a host-parasite relationship. Virtually all rhizo
cephalans castrate their hosts and many cause femi
nization of male crabs. The barnacles have complex 
life cycles and at several stages they are difficult for 
the novice to identify correctly. 

Biology 

An infection in the blue crab with the rhizo
cephalan barnacle Loxothylacus texanus can be recog
nized by an external brood sac, the externa, superfi
cially appearing like crab eggs under the host's 
abdomen and by the host's modified secondary sex
ual characteristics. It is an obvious and potentially 
serious parasite to its host but not an obvious barna
cle. Primarily by looking at the larval stages, one can 
realize its true taxonomic affiliation. The internal 
structure, or interna, of the barnacle exhibits rather 
strict host specificity; it occurs abundantly in some 
areas and is most widespread in Callinectes sapidus, 
although reported from a few other species of Call
inectes. 

The life cycle of L. texanus and other rhizo
cephalans involves initial separate female and male 
naupliar stages. These larvae, adapted for dispersal, 
develop into relatively small female or larger male 
cypris larvae, which separately produce stages that 
infect the crab or fertilize the female parasite, respec
tively. The female cyprid of L. texanus attaches to the 
blue crab, metamorphosing into a kentrogon that 
penetrates the young juvenile host's exoskeleton 
(Glenner et al. 2000). This penetration typically 
occurs on the arthrodial membranes of the joints, 
apparently in postmolt crabs less than about 18 mm 
wide (O'Brien et al. 19936; Overstreet and O'Brien 
1999). After about 3 d, a worm-like vermigon is 
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relcasl:d from the dart-like female krntrogon (Glen

ner et al. 2000) . The vermigon nligratcs to the con

nective tissues surro unding the midgut w here it 
eventually produces the interna (Fig. 48), o r the 

internal complex web of root-li ke bran ches, th:it 

obtains its nutrition from the host. After appropriate 

growth, under sui table environmental condi tio ns, 
and fo llowing the host's fina l molt, the par;isite 

extrudes the pouch-like structure externally as ;i 

bud, or virgin externa, under the host's abdomen. 

The male cypr id must then encounter such ;i n 

extern;i for the testis and associ:ited structures to 
develop and subsequently for fertilization to occur. 

Fertilized eggs incubate to naupli i in a mantle cavity 

surrounding the visceral mass. LarvaJ development 

promotes the externa, or mantle, to expand into the 
relatively large, characteristic reniform sac protrud

ing from under the abdomen of the crab (Fig. 49). 

Most infected blue crabs contain one externa, 

initially light yellowish-tan or creamy in appearance 
because of its eggs. T he occasional host w ill have 

two or up to e ight externae (Ragan and M:itherne 

1974), but these multiple sacs are correspondingly 

sm:illcr th:in a single one (Fig. 49B). As the n:iuplii 

w ithin the externa develop, the s;ic appears a brown
ish to purplish color untiJ the larvae :ire shed. T he 

extcrna in som e senescent individuals appears dark 

Figure -+8. Deta il of the rootlet (arrows) of Samtli11a ,Qm11i

Jera infecting the ventral thoracic ganglion IN I of Por-
111111,s pcla,(!iws (wet sm ear). T he rootlet has penetrated the 

nerve tissue and has begun to ramify through it into the 

surrounding tissue. 

brown. Naupli i are released from the parasite's man

tle o pening in a dozen or so pulses of many thou

sands every 2 to 7 d, with the n umber of broods per 

month increasing w ith water tem perature. The nau

plius molts within 3 d to the cypris stage which can 
competently find and infect a soft-sh ell crab w ithin 

3 d (Boone e t al. 2003) . 13ased o n experimen tal 

Figure 49 . Ventral views of the imern:il rhizocephalan 

barnacle Loxothylaws rexm111s front crabs in Mississippi 

Sou nd. (A) An infected stunted individual showing 

cxterna and placed below a normal sized berried female, 

both caught togetht.:r and presumably of the same age. 

From Overstreet (1982) . (B) lnfoctt.:d individual exhibit

ing three externae. From Overstreet ( 1978). Typicall y, 

o nly a single externa is present, though several can also 

be present. 
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infections, O'Brien ('I 999) found tha t considerable 

variabibty occurred in the period between w hen a 

kentrogon infected a young juvenile and :111 externa 
appeared. It took fro m 3 to 7 m o nths w ith up to 

nine molts of the host crab. The potential for consid

erable variability in growth during that period can 

mjsJead an observer about when an externa-bearing 
crab actuaLly became infected. 

Animal Health and Fisheries Implications 

Loxothylaws texan11s infects primarily C. sapid11s 
but also infects Calli11ectes omat11s in the shallow 

wa rm insh o n.: areas of Biscayne Day (Miami ), 
Florida Keys, and the west coast of Flo rida (Over

street 1978, 1983); Calli11ectes lan111t11s (listed as the 

subjective junior synonym Calli11ectes 111111~~i1111t11s by 
Boschma 1955 and othe rs) in Panama (Rathb un 

1930; Boschma 1933, ·1955); and Calli11ertes mthb1111ne 
in southwestern Gulf of M exico coasts in M exico 

(Nvarez and C alde ron 1996; Alvarez et al. 1999). 

Actually, Rathbun (1 895) ini tially reported it as 

probably Peltogaster from C. sapidus in Texas (see also 

Boschma 1955). Several other species o f Calli11ectes 
co-occur with the infected species indicated above, 

but they do not exhibit infectio ns. C urio usly, the 

in fectious cyprid lavae ca n se ttle o n a variety of 

brachyuran crabs, but infections develo p o nl y in 
species of Calli11ectes (see Boone e t al. 2004) . 

In C. sapid11s, L. tex111111s has occasio nally infected 

over half of the crabs collected in specific areas of 

the northe rn G ulf o f M exico (e.g., O'Brien and 

Overstreet 1991). The infectio n occurs, usual ly at 

low prevalence, up the Atlantic coast, at least alo ng 
South Carolina in late summer and in overwintering 

females (Eldridge and Waltz 1977; James E. Jenkjns, 

Marine R esources D ivisio n, South Caro lin;:i Depart

m e nt of N:itural R esources, C h:irl escon, pers. 
comm.) and south into southern M exico (Alvarez 

and C alderon 1996) and Colo mb ia (Yo ung and 

C ampos 1988; Alvarez and Blain 1993). The rare 

occurrence of w hat may be the same b::irnacle, pre
sumably by introduction of C. snpid11s, has been 
repo r ted fro m G reece in the M edi terr;mean Sea 
(Boschma 1972) . 

In the case of L. tex111111s in the blue crab, but not 
necessarily all rhizocephalans in other fam ilies, the 

infected crab stops molting after the externa is pro

duced. Molting, and therefore subsequent growth, is 
inhibited. An equal number of m ale and fem ale 

crabs are usually infected, and they typically measu re 

3 to 6 cm wide (e.g., Overstreet et al. 1983), with 
the occasional one reaching 10 cm along the north

ern Gulf of M exico (Overstreet 1983) . In fected 

crabs, however, along Flo rida's G ulf of M exico coast 

are much larger (Hochberg et al. 1992). Females in 

Mississippi having undergon e th eir final ecd ysis 

between the prepubertal and first mature instars 
were significantly larger than in fected individual ; 

mature females reached a peak at 16 cm wide com
pared with 4 cm w ide for individuals when in fected 

(Overstreet et al. 1983). Moreover, those blut:'. crabs 

infected with L tex111111s in Mississippi occasional.ly 

accumulated large numbers of di verse fou lin g 
organisms (Fig. 50). 

Infected male blue crabs show distinct changes 
in the morphology of their abdominal segments and 

pleopods (Reinhard 1950a, b; Alvarez and Calderon 

1996). Infected males become femin ized , and th e 

physiological features of both sexes are altered. The 
normal, narrow, T-shaped abdomen of the unin

fect ed ma le w idens and b ecomes roun d ed in 

infected indiv iduals, like that of an unin fected, 
mature female. Unjnfected immature females have a 

triangularly shaped abdomen from the fourth seg
m ent to the extremity. The abdomen rounds off 

when the crab matures. Both sexes are castrated. In 

Figure 50. A hydroid, probably Ohelia bidc11ta/(I or a 

related species, attached co a stunted blue crab illfected 

w ith Loxothylaws texm111s in Mississippi. 
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the sand crab Portunus pelagirns infected with Sac
culina <.{!ranifera, partial clutches have been observed 
on infected females (Shields and Wood 1993). 
Behavioral modifications also occur. In the case of P. 
pelagicus, the crab digs a hole and grooms and cares 
for the externa of, S. granifera, a surrogate egg mass, 
just as the female would do for her developing egg 
mass (Bishop and Cannon 1979). O'Brien and 
Overstreet (unpubl. obs.) have not seen the digging 
behavior in crabs infected with L. texmms, but War
dle and Tirpak (1991) noted that externa-bearing 
crabs were generally less aggressive than non
externa-bearing crabs when presented with food, 
and the crabs with externa were unable to burrow. 
Crabs exposed to infective larvae appeared more 
active than their unexposed counterparts (Tindle et 
al. 2004). Regardless of the sex of infected individu
als, the gonad does not develop fully and the crab 
neither mates nor spawns, resulting in parasitic cas
tration. 

Infected crabs are altered in several ways, few of 
which have been analyzed in much detail. Manwell 
and Baker (1963) found, on the basis of four male 
crabs, that the infected male had higher serum levels 
of electrophoretically "fast" hemocyanin compo
nents and higher levels of "dianisidine oxidase" than 
the uninfected one. They found no change in the 
blood of blue crabs infested with Octolasmis muelleri 
or Carcinonemertes I carcinophila on the gills. They did 
not find respiratory pigment in L. texanus. Uglow 
(1969), using m~re sophisticated methods, also 
found no difference in the blood of Carcim1s macnas 
infected with Saccu/ina carcini when compared with 
non-infected individuals. 

Rhizocephalan infections typically cause cas
tration and feminization of male hosts, which 
apparently results from destruction of the andro
genic glands soon after infection (Veillet and Graf 
1958). When R.ubiliani (1985) injected an extract 
(multiple injections over 2 to 3 weeks) of interna of 
L. panopaei into the xanthid crab Panopeus herbstii, he 
observed pycnotic spermatogonia, hypertrophy of 
residual primary gonia, and signs of degeneration of 
the androgenic glands. The related xanthid Rhithro
panopeus harrisii Jas affected less severely by similar 
injections. Theref,re, at least for L. panc>paei in R l,erb-

stii, feminization and castration appears to be 
effected through the biochemical destruction of the 
reproductive organs, not the androgenic gland. 
Degeneration of the glands was not apparent in the 
blue crab. Unlike the blue crab with L. texanus, P. 
pelagicus was susceptible to infection by S. granifera at 
any size (Shields and Wood 1993). Some species 
secrete pheromones that stimulate various reproduc
tive behaviors (DeVries et al. 1989). O'Brien and 
Van Wyk (1985) discussed aspects of why different 
hosts are affected differently and why different para
sites exhibit different effect~. 

Many of the features that affect the health of an 
individual crab also influence populations. Loxothyla
cus texanus has the potential to severely affect a crab 
stock. When large numbers of young crabs and 
infective cyprid larvae occur simultaneously in con
junction with optimal water conditions, a high per
centage of crabs will become infected. The 
settlement of infectious cyprids is constrained by 
moderate salinities (>20) and temperatures (Boone 
et al. 2004;Tindle et al. 2004). Infected crabs in Mis
sissippi exhibiting externae typically occur most fre
quently from May to August, with few such crabs 
occurring in February and March (O'Brien and 
Overstreet 1991). Infected crabs, however, can occur 
year-around as documented in Louisiana (Ragan 
and Matherne 1974). Infections have reached 50% 
or more of some samples in Mississippi (Christmas 
1969; Overstreet 1978; O'Brien and Overstreet 
1991), Galveston Bay, Texas (Wardle and Tirpak 
1991), and Tamiahua Lagoon, Mexico (Lazaro
Chavez et al. 1996). Prevalence is no doubt underre
ported as most studies only note the prevalence of 
the external stage of the parasite. 

Nauplii are attracted to light and to high salinity 
water, but cyprids, perhaps only males, have a weaker 
phototactic response (Cej et al. 1997). Larvae are not 
viable at salinities below 12 (O'Brien et al. 1993a, b; 
Tindle et al. 2004). Consequently, the nauplii in sea 
water occur near the surface, and the cyprids, espe
cially males, occur near the benthos. Virgin externae 
appear to be fertilized near the bottom of the water 
column, where male cyprids are more likely to be 
encountered (Cej et al. 1997). A pheromone from 
the immature female may attract the male cyprid 
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(O'Brien et al. 1993a). The female cyprid may use 
pheromones to find the host, but it settles in 
response to a carbohydrate or glycoprotein cue 
containing mannose (Boone et al. 2003). The com
bination of environmental conditions and the pres
ence of young vulnerable crabs determines the 
prevalence of infection and may ultimately influ
ence individual crab mortality and abundance of 
the crab stocks. 

In southwest Florida, infections of L. texanus in 
C. sapidus were not common (23 of 16,282 crabs), 
but the 0.2 to 5.1 % local annual prevalence of infec
tion along the west coast of Florida from Cape Sable 
to Apalachee Bay included much larger infected 
individuals than in the northern Gulf of Mexico 
(Hochberg et al. 1992). At least 51 '¼> of these 
infected crabs from West Florida had carapaces mea
suring 100 mm or more wide, with a few individu
als reaching 17 cm across. There was a relationship 
between crabs with externae and salinity, but most 
infections were noted when the temperature was 21 
to 25°C. Hochberg et al. (1992) hypothesized, based 
on an assumed 4- to 6-week period between matu
ration of externa to infective female cyprid stage, 
that because most crabs hatched during spring, 
infected crabs would be approximately 10- and 40-
mm wide during autumn and early winter, respec
tively. Because the relative abundance of infections 
in Florida was greatest during August and Septem
ber, it would allow infective female cyprids, which 
would have been abundant in October through 
December, to synchronize their presence with the 
abundance of juvenile crabs. This may account for 
the observed midwinter to early spring increase in 
crabs with a mature externa. This method of analy
sis, however, seems somewhat misleading as indi
cated earlier because of the variability in length of 
time and number of molts between infection and 
protrusion of externa. Perhaps blue crabs in South 
Florida grow faster between ecdyses due to relatively 
higher ambient temperature, producing larger 
infected crabs than those in the northern Gulf of 
Mexico where the temperature and salinity are typi
cally lower. Such crabs could have become infected 
in spring through summer, resulting in the larger 
infected hosts. In warm southern coastal lagoons of 

Mexico, infected C. sapidus ranged from 7 to 13 cm 
wide and infected C. rathbrmae ranged from 5 to 14 
cm (Alvarez and Calderon 1996), although the mean 
width was still less than 10 cm. Unlike in Florida 
where infections were not common, in Tamiahua 
Lagoon, Mexico, one seasonal October sample of C. 
sapidus had a 51.1 % prevalence of infection, 
although overall prevalence was 13.3% (Lazaro
Chavez et al. 1996). 

The relationship between salinity and intection 
by L. texanus plays an important role in larval trans
mission and host health. Larvae of the barnacle can
not survive low salinity. Mortalities reach 85% at a 
salinity of 10 and 10% at a salinity of 15 (Tindle et 
al. 2004). Infected individuals survive best at salinities 
from 25 to 30. In a few cases when a crab was placed 
in low salinity water, it did not die, but the externa 
was shed and the crab survived. However, infected 
C. rathbunae survived for at least 15 d at a salinity of 
15, and, in osmoregulation studies, these infected 
crabs had significantly lower hemolymph osmolality 
than uninfected crabs (Alvarez et al. 2002). Further, 
the oxygen consumption in crabs with mature 
externae held at different salinities was significantly 
higher (57-139%) than that in uninfected crabs, but 
those with internal infections or virginal external 
infections did not show such differences in oxygen 
consumption (Robles et al. 2002). 

Different rhizocephalans affect their hosts differ
ently. Eight species of king crabs are infected by Bri
arosaccus callosus; those in Alaska, especially the blue 
king crab Paralithodes platypus, have been assessed by 
Hawkes et al. (1985) and others. The golden king 
crab Lithodes aequispina and red king crab P. cmntscha
ticus had a pronounced hemolymph response to the 
barnacle, but the blue king crab did not (Shirley et 
al. 1986). Unable to respond as well as its relatives, 
the blue king crab exhibited greater inhibition of 
growth, lethargy, and castration, with the prevalence 
of infection greater in smaller crabs and in females, 
reaching 90% of the female population versus 65% 
of males in southeastern Alaska. Because the infected 
blue king crab was not retained in the commercial 
harvest, Hawkes et al. (1985) recommended a poten
tial management strategy for control of parasitism 
consisting of allowing the commercial harvest of 
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infected crabs regardless of sex or size. Lester (1978) 
noted that a possible strategy for controlling Sacculina 
granffera in the P. pelagicus fishery would be to fish 
heavily and destroy infected crabs, but fishery regu
lations would have: to be modified to allow the cap
ture of seemingly small animals for removal. Kuris 
and Lafferty (1992) have developed models to sitnu
late the effects of different harvesting strategies for 
the control of diseases in crustacean fisheries. 

The portunid ,population of Charybdis longicollis 
that resulted after migration of the species through 
the Suez Canal from the Red Sea to the Mediter
ranean Sea has been heavily infected by the rhizo
cep halan Heterosaccus dollfusi. Galil and Innocenti 
(1999) reported a rapidly established prevalence of 
77%, with 58% of the crabs bearing more than one 
externa. They expect the Mediterranean crab popu
lation will suffer drastic perturbations as a result of 
the infection because of a dense host population and 
reproduction of the parasite throughout the year. 

In summary, L. texanus can kill young blue crabs 
or weaken them so that they readily become prey. It 
can also affect larger crabs, probably making infected 
individuals more available prey than their non
infected counterparts, especially after they have left 
the marshes and migrated into open water. More 
important, they may compete with non-infected 
individuals for r~productive partners and space, 
thereby reducing the potential for a harvestable crab 
or for reproduct~~e effort (see Shields and Wood 
1993). To reiterate, infected crabs do not molt and 
are too small to bnter the commercial and recre
ational harvest. These small crabs are not to be con
fused with the occasional dwarf specimens such as 
the berried specimen 20.0 mm long by 46.7 mm 
wide figured by Overstreet et al. (1983). 

Future Researchi 

O'Brien, Sherman, and colleagues (University 
of South Alaban;ia, pers. comm.) are developing 
a DNA probe for L. texanus, which will allow 
determination of infected juveniles that do not 
exhibit externae :or altered morphological features 
(Woodard et al. 1989). This probe should allow for 

I 

the assessment of infections in specific stocks and 
subsequent comiliiercial crab production. In addi-

tion, the dwarf crabs in the fishery present problems 
involving management decisions, especially because 
dwarf crabs seldom exhibit the modified secondary 
sexual characteristics that are diagnostic for infected 
individuals. These stunted and parasitized crabs may 
accumulate in the population due to harvesting of 
their uninfected counterparts (Meyers 1990), and 
thus may persist as reservoirs for further transmission 
of the parasite. Clarification of infection should help 
one evaluate the biological influence of infections 
on populations. In addition, based on gonad size and 
host mortality, Obrebski (1975) modeled evolution
ary strategies that could lead to parasitic castration. 
Rhizocephalan barnacles may be ideal candidates to 
explore such models further. 

Research is also underway on elucidating the 
parasite's life cycle, which will clarify other aspects of 
infections and host management. Heavy mortalities 
of megalopae, especially in the Gulf of Mexico, have 
been attributed to predation (Heck and Coen 
1995), which might include cannibalism (Dittel et 
al. 1995; Hines and Ruiz 1995). Much of this mor
tality could periodically result from infection of 
young crabs and possibly even megalopae by L. tex
a11us, and this possibility deserves attention. In the 
case of Rhithropa11opeus harrisii experimentally 
infected with L. panopaei while in a megalopal stage 
(<1 mm wide carapace), only 6% survived to juve
nile 9 stage (C-9, about 9.5 mm wide) compared 
with 50% of the controls (Alvarez et al. 1995). 

The threat of introduction of L. texanus along 
the middle Atlantic coastline should be investigated. 
Perhaps the salinity and cooler weather would or has 
already prevented such an introduction or spread 
further north than, perhaps, Cape Fear, North Car
olina. A related species, Loxothylacus panopaei in mud 
crabs, was introduced from the Gulf of Mexico into 
Chesapeake Bay in 1963 (Van Engel et al. 1966; 
Overstreet 1983). Hines et al. (1997) have evaluated 
the long-term effects of that and other introductions 
of L. panopaci and determined that a lag of nearly 30 
years occurred for the barnacle to disperse 200 km 
up Chesapeake Bay. Also, the spread of the barnacle 
south into mud crabs of the North Carolina sounds 
may have occurred by the late 1970s or early 1980s. 
Apparently, because of the limited dispersal capabili-
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ties of the crab larva in conjunction with the salinity 
tolerance of the parasite, spatial and temporal factors 
control the parasite's persistent nature and its ability 
for rapid build-up of infections in local crab popula
tions. Loxothylacus panopaei seems to have acquired 
additional hosts, and the different availability of vul
nerable host stages of different crab species promotes 
long-term stability in some species and sporadic and 
epizootic infections in others. 

FOULING ORGANISMS 

The blue crab, especially the female in her ter
minal molt in high salinity water, hosts a diverse 
fouling community. For example, Pearse (1947b) 
reported several fouling organisms from North Car
olina and Overstreet (1982, 1983) reported several 
from Mississippi. Most fouling organisms (e.g., oys
ters, mussels, corals) show facultative phoresy, but 
especially one, the bryozoan 'friticella elongata, 
exhibits an obligate phoretic relationship on crus
taceans. The fouling community has been used to 
examine basic biological and ecological questions 
that include aspects of host molting, longevity, com
munity succession, migration, and differences in the 
spatial patterns between host sexes. Important issues 
such as the presence or absence of a terminal molt 
for Callinectes ornatus and C. danae have been 
addressed through the study of the fouling commu
nity (Negreiros-Fransozo et al. 1995). Abell6 et al. 
(1990), Becker (1996) and Key et al. (1996, 1997, 
1999) have reviewed aspects of the fouling commu
nities on crab hosts. 

Crabs and other large-bodied crustaceans in 
general represent a hard substratum for settlement, 
and competition for space on such substrata is often 
intense (Connell 1961; Paine 1974), even when such 
space is molted frequently (Shields 1992; Key et al. 
1996, 1997, 1999). Additionally, the crab carapace is 
a biologically active surface comprised of chitin, cal
cium, and bacterial films, all on a mobile platform. 
Thus, the carapace is an ideal habitat for several ses
sile, short-lived organisms. This may be particularly 
true over mud and sand substrata, habitats encom
passing much of the range of the blue crab. Probably 
the best example of fouling communities on crabs 

are the epibionts found on various majid decorator 
crabs. The decorator crabs actively select small rocks 
and specific species of symbionts to facilitate camou
flaging their carapaces (e.g., Wicksten 1980). The 
blue crab, however, has a characteristic and diverse 
fauna of its own. 

The blue crab's fouling community represents a 
disparate fauna from several different phyla. Proto
zoans are common on the external surfaces and egg 
masses of blue crabs, but other than a few ciliates 
(see Ciliates above), they have been largely ignored. 
Bacteria, diatoms, other algae, foraminiferans. ame
bae, thraustochytrids, and ciliates represent the fauna 
of the underlying benthos, and crabs acquire such 
organisms primarily from their association with the 
benthos. Such is particularly the case for ovigerous 
crabs, as they bury into the sediments during ovipo
sition. Amphipods, in particular, can be found on the 
egg masses of ovigerous crabs, and they may repre
sent opportunistic egg predators as has been 
observed on cancrid and lithodid crabs and lobsters 
(Kuris et al. 1991; Shields, pers. obs.). Pearse (19476) 
noted the presence of amphipods, and Overstreet 
(1979) noted caprellid amphipods on the carapaces 
of blue crabs. Other fouling organisms include the 
stony coral Astrangia danae, soft coral Leptogo,gia vir
gulata, zoanthid Epizoanthus americanus, tunicatc Mol
.~ula manhattensis (Pearse 194 7b), hydro ids Bougainvil-
1 ia sp. and Obelia bidentata (Fig. 50) (Overstreet 
1983), and others (Williams and Porter 1964). Oys
ters, sponges, algae, and bryozoans occur on the 
abdomen of blue crabs but only on hosts in high 
salinity waters and typically on senescent hosts or 
hosts in terminal molts (Fig. 51), such as those 
infected by Loxothylacus texanus (Overstreet 1979). 
The slipper shell Crepidula plana, serpulid worms, 
and colonial ascidians occasionally foul the carapace 
(Pearse 1947b; Key et al. 1999). 

In small numbers, fouling agents have little, if 
any, effect on their host. Heavily fouled crabs, how
ever, may suffer from increased drag, impaired swim
ming ability, burdensome weight (especially with 
barnacle infestations), and thus, greater energy 
demands (e.g., Gannon and Wheatley 1992, 1995). 
From riverine systems, mature female crabs migrate 
to high salinity areas to reproduce. Thus, females 



DISEASES, PAIUIS!TES, AND On-ft;R 5)1M/JION 'fS 383 

generally have a higher prevalence and intensity of 

infestatio ns than males in the freshwate r reaches 

(Key et al. 1999). The egg clutches of females inde

pendently attract a community of fouling agents and 
saprophytic o rganisms. In additio n, the fema le blue 

crab generally molts to a te rm inal instar at maturi ty, 
but the male may continue to molt and grow; thus, 

females, par ticu larly older, senescent o nes, appear 

most at risk to heavy fou ling ;ind such infestations 

can be considered harmfu l (Ove rstree t 1983; 

Wi lliams 1984; Becker '1996). Heavily fou led dead 

crabs occasionaJJy wash up on beaches, and the gen

eral public ofte n assumes that the fo ul ing agents 
killed the crabs. T he underlying causes of such mor

tali ties are rarely examined, but physiological stress, 

senescence, or microbial infection should be ruled 

out before considering foul ing o rganisms as the sole 

pathogens (Overstreet l 982) . 
Altho ugh not su·ictly fouling organisms, adult 

sarcophagid flies have been observed emerging from 

baskets of blue crabs containing live and dead indi

viduals, but the deposition of fly em,rs o n living crabs 
is uncertain (Overstreet, pers. obs.). Similarly, ch i

ronomid fly brvae are occasionally seen on de;id 

pee le r c ra bs , especia ll y from freshwater fl oats 

(Sh ie lds, pers. obs.). C learly, fl ies and ocher scav

engers are attracted to dead fl esh as well as the 
microorganisms feeding off the bacter ial community 

o n the dead crabs. 

Figure S I. A rebtively b \ge specimen of the eastern oys

ter Cmssostrca ,,i,gi11ira :ittached to the ventra l surface 

under the abdom en of a blue crab in M ississippi. 

Other ch;in external barnacles (see above), bry

ozoans arc probably the best stud ied of the actual 

fou ling organisms occu rring on b lu e c rabs (see 

review by Key et al. 1999). Severa] species have been 
recorded, including Alcy<>11idi11m albescens (reported as 

A . polyo11111 ;ind A. 111ytili) , Alcyo11idi11111 vcrrilli, Conop
c11111 tc1111issi11111 , JV!e111brm1ipom arboresce11s, 1\1e111bm11ipom 
cr11st11/cn1a, Mc111bm 11ipom tc1111is (probably M . arbo
resccns) , and 1,·itice/la e/011gata (Van E ngel, Virgin ia 

Institute of Marine Science, as pers. comm. in Over

street 1982; Key et al. 1999). All but T c/011gata have 

facu lt;i tive pho re t ic relationsh ips. T riticell ids are 
apparently obligate symbionts o n crustaceans. Infes
tations originate in th e branc hi al cham ber and 
spre;id to the external surfaces (De Turk I 940;i; Watts 

·1957 in Key et al. 1999). T he other bryozoans typi

ca!Jy infest the ventral surfaces of the carap;ice or 

limbs, but dorsa l infestations are not uncommon , 

espccia lJy for A . albcsce/15 (see Key et al. 1999). 

Bryozoans are often rarer than barn;icles on host 

crabs. Sal inity, temperature, se;isonality, location, and 
migra tion patterns of the host may influence their 

se ttl e m e nt. Bryozoa n in fes tat ions are typica ll y 

restr icted to salinities above 8, with most occurring 

above ·18 (Winston 1977) . A prevalence of 16% was 
repo rted for b ryozoans from the N ewport R iver, 
near W ilmington, North Carolina (Key cc al. 1999). 
Barnacles fro m the same crabs had a prevalence of 

67% (Key ct al. 1997) . N egreiros-Fransozo et al. 
('I 995) noted that barnacles were more common 

than b ryozoans on C. ornat11s and C. da11ae fro m 

U bacuba Bay, Brazil. Watts (1957, ci ted in Key et al. 

1999) reported a prevalence of 97% for b ryozoans 

on blue crabs fro m D elaware Bay, a high num ber 

possibly indicative of o lde r, mature female hosts. 
Missing from the fouling co mmun ity of blue 

crabs are obligate relationships with polychaeces and 

isopods. Eunicid polychaetes live in the branchial 

ch;im bcrs of decapods (reviewed by Paris ] 955). 
Porcunid, majid, go neplacid , and cancrid crabs are 

infes ted with eu ni cid polyc haetcs in th e gen us 

lplriti111e (Abella e t al. 1988; Comely and Ansell 

l 989; Paiva and Nona to 199 ·1 ). Notably, 1. we11oti 
was not observed on host crabs from mud and sand 
benthos (Comely and Ansell 1989), a fin ding that 

may explain the lack of euni cids on blue crabs. 
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Leeches and branchiobdellid annelids are treated 
elsewhere. Van Engel (1987) listed an unidentified 
isopod in the branchial chamber of blue crabs from 
the York River, and suspected it of having a close 
relationship with the blue crab. Bopyrid isopods are 
highly host-specific parasites of crustaceans that 
infest the branchial chamber or external surface of 
the host. Although bopyrid isopods are common 
parasites of crabs and shrimp, none has been 
reported from the blue crab. Other portunids, how
ever, are commonly parasitized by bopyrids and 
other epicaridean isopods (e.g., Markham 1985, 
1989; Shields and Early 1993). 

The blue crab can also be highly susceptible to 
fouling when infected by an agent that impedes or 
completely inhibits molting. In the Gulf of Mexico, 
the rhizocephalan Loxothylacus texanus serves as a 
prime example in the blue crab, especially in late 
summer or autumn. The rhizocephalan can be eas
ily detected without intrusive dissection and crabs 
infected by them can accumulate seemingly mas
sive infestations of fouling organisms. The role of 
the rhizocephalan in the dynamics of the fouling 
community has not been published, but the associ
ation may be useful in exploring succession in foul
ing communities (Shields 1992), or in assessing pos
itive and negative species associations (Shields, pers. 
obs.). 

OTHER SYNDROMES 

Two other syndromes, winter mortality and gas
bubble disease, will be briefly addressed. Winter 
mortality was first reported by Van Engel (1982). 
Although the data are anecdotal, low temperatures 
(<5°C) may kill female crabs in the mainstem of 
Chesapeake Bay. Mortalities in dredge catches are 
highest in lower salinity waters (<15). Blue crabs are 
less able to osmoregulate at low temperatures 0ohn
son 1980, p. 99) and failure to osmoregulate, indi
cated grossly by swelling of the paddles and arthro
dial membranes, could be a major cause of death in 
winter crabs held at low salinities Oohnson, unpubl. 
data, cited in Johnson 1976c; Rome et al. 2005). At 
higher salinities, winter mortalities may be related to 
protozoan (see Paramoeba perniciosa and Hemato-

dinium perezt) infections that overwinter in the crab. 
In addition, hemopoietic tissues show little activity 
in winter Oohnson 1980); thus, crabs may be more 
susceptible to secondary infections, albeit most bac
teria and presumably viruses grow optimally at rela
tively high temperatures. 

Gas bubble disease occurs in invertebrates and 
fishes exposed to supersaturated air or other gases. 
Johnson (1976b) inadvertently caused a supersatura
tion event in the blue crab and followed the course 
of the syndrome and recovery of individuals. Gas 
emboli were observed regularly in the crab gills over 
13 d. The emboli became less prevalent and were 
not observed after 40 d. Emboli were present in the 
hemal sinuses after 20 d. Ischemia, recognized as 
focal necrosis, was evident from 4 to 13 d after the 
event. The gills were mechanically disrupted by the 
gas emboli, with lamellae being broken off or other
wise damaged by hemal stasis. The heart and anten
na} gland were damaged by ischemia; in some cases, 
the antennal gland was severely altered. On occa
sion, muscle and nervous tissues exhibited focal 
necrosis. Interestingly, there was no cellular response 
except for the infiltration of hemocytes into the gill 
lamellae, and that presumably was due to the physi
cal damage from the emboli. The lack of cellular 
response is intriguing, especially because crab 
hemolymph clots quickly when exposed to air. Gut 
tissues and hepatopancreas were not overtly affected. 
The pathology appears most consistent with disrup
tion of tissues as opposed to focal necrosis from 
ischemia. Most of the crabs showed signs of recovery 
over 20 to 40 d after the event. Johnson (19766) 
diagnosed Paramoeba perniciosa from several of the 
affiicted crabs. She speculated that the syndrome 
probably killed the most heavily infected individuals 
first. 

DEFENSIVE RESPONSES 

Crustacean immunology presents a rich, if not 
contentious, area for new research. More studies are 
needed to clarify hemocyte classifications among 
taxa, the origin and development of hemocytes, the 
location(s) for synthesis of clotting facton, the puta
tive roles of probable defensins, and aspects of 
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inducible non-specific responses. The development 
of a conceptual model for the crustacean defense 
system should integrate the above with the role of 
the prophenyloxidase (proPO) system, proteases, 
and humoral factors such as lectins, callinectin, and 
other defensins (Fig. 52). Numerous morphologi
cal studies on hemocytes of crayfishes, lobsters, and 
shrimp have been reported, probably because of the 
ease of culturing these crustaceans as well as 
because of their commercial importance. A critical 
review of crustacean defensive responses is beyond 
the scope of this chapter. For reviews of hemocyte 
morphology and function, see Johnson (1980), 
Bauchau (1981), and Hose et al. (1990). For general 
reviews on crustacean immunity, see Sindermann 
(1971, 1990) for pertinent observations on the 
older literature, and Smith and Chisholm (1992), 
Soderhall and Cerenius (1992), Bachere et al. 
(1995), and Holmblad and Soderhall (1999) for 
newer syntheses. 

Hemocytes and Cellular Defenses 

The number and types of hemocytes differ 
among crustaceans, with differences depending on 
how the cells are assessed. Typically, hemocytes are 
divided into large and small cells, whether with or 
without granules, or inclusion bodies. For example, 
Owens and O'Neill (1997) made light-microscopic 
countc; on the four cell types they observed from the 
giant tiger shrimp Penaeus monodon. When those 
authors used flow cytometry, they detected five cell 
types, and the counts differed significantly between 
the two methods. 

There are currently two conflicting views on 
the development of hemocytes in crustaceans. 
Cuenot (1893) suggested that hemocytes originate 
from a single stem cell lineage and that the different 
cell morphologies and categories represent a contin
uum. Several authors have supported his findings 
(e.g., Bodammer 1978; Johnson 1980; Bauchau 

COMPONENTS OF CRUSTACEAN DEFENSIVE RESPONSES 

Cellular defenses 
- hemocytes , 

• hyalinocytes 
- clotting via lysis 
- lectins and opsonization 
- phagocytosis? 

• semigranulocytes 
- phagocytosis? 
- 76 kD peptide 
- opsonization, encapsulation 

• granulocytes 
- phagocytosis? 
- encapsulation, nodules 
- proPO cascade and melanization 1 ,3 

» beta glucans 
» endotoxins 

- cell-derived components 
• lectins as hemagglutinins 
• callinectin (defensins) 
• proteases 

- hemocyte density critical to resistance 
• immediate decline normal 
• sustained decline results in morbidity 

! 

Humoral 
- clotting via coagulogen (fibrinogen) 
- trypsin inhibitor 

• modulates clotting, proPO cascade, 
serine proteases 

- lectins (mostly cell bound) as agglutinins 
• inducible, but short-lived response 

- a2-macroglobulin - proteinase inhibitor 

Organ-derived components 
- heart and gills: blood pressure 

• clearance of nodules to gills 
• removal at molt 

- podocytes of gills and antenna! gland cells 
• process small viral particles 
• foreign proteins 

- fixed phagocytes in hepatopancreas 
• analogous to "serous" cells in molluscs 
• process bacterial and large viral particles 

- stimulation of hemopoeitic tissues 

Figure 52. CompoJents of the crustacean defensive response to infectious diseases. proPO = prophenoloxidase. Excerpted 
I 

from Hose et al. (1990) and Soderhall and Cerenius (1992). 
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1981). However, there is some evidence that differ
ent portions of the hemopoietic tissues give rise to 
the disparate hemocytes (Clare and Lumb 1994). 
Accordingly, the hyalinocytes may develop along a 
separate line as they serve a very different role than 
the granulocytes (Hose et al. 1990; Clare and Lumb 
1994; Martin et al. 1993). 

Hemocytes of crustaceans have several known 
defensive functions, including phagocytosis, wound 
repair, encapsulation, and nodule formation. They 
also function in tanning of the cuticle, transport of 
nutrients, and coagulation or clotting to prevent 
blood loss. Hemocytes may also function in glucose 
regulation, hemocyanin synthesis, and possibly 
osmotic regulation (see Bauchau 1981). The hemo
cytes of blue crabs are variously classified into three 
cell types: hyalinocytes, semigranulocytes or inter
mediate cells, and granulocytes. At the light micro
scopic level, as indicated above, the presence of gran
ules is one of the defining characters for the cell 
types. All hemocytes, however, have granules at the 
sub-micron level (Bodammer 1978; Clare and Lumb 
1994), and certain biochemical and defensive char
acters may serve as useful markers to differentiate 
cell types (Hose et al. 1990). Visualization of the 
granules with the light microscope, particularly with 
phase contrast, however, does serve to distinguish 
among cells Qohnson 1980). 

Hyalinocytes of the blue crab are cells 6 to 13 
µm in diameter with a high nucleus-to-cytoplasm 
ratio and few sub-micron granules. The morphology 
of the hyalinocyte varies considerably with the tech
nique and handling in each study. Unfortunately, this 
variation has led to some contention in identifying 
the role of hyalinocytes in the cellular defenses of 
the crab. In raw clotted hemolymph, hyalinocytes 
will spread out to become star-shaped with long 
filopodia or become flattened and difficult to see 
Qohnson 1980; Shields, pers. obs.). In hemolymph 
mixed with seawater, the hyalinocytes will lyse and 
cause clotting (see below, Clare and Lumb 1994); 
hence, their nuclear details, pseudopodia, and ability 
to phagocytize foreign particles are not apparent. In 
histological preparations, the hyalinocytes do not 
lyse, nor do they exhibit pseudopods. 

The primary hemocytes involved in clotting 

have been classified as either hyalinocytes (Hose et 
al. 1990) or semigranulocytes (Stang-Voss 1971; 
Johnson 1980). Both cell types may actually be 
involved in clotting (Bauchau and DeBrouwer 
1974). Hyalinocytes dehisce (lyse) upon contact 
with seawater, foreign bodies, or air. The products of 
their granules catalyze coagulogen, or fibrinogen 
(Fig. 53), the main clotting protein in the plasma of 
many crustaceans (Ghidalia et al. 1981 ; Martin et al. 
1991), to effect coagulation and form the clot 
(Bauchau and DeBrouwer 1974; Durliat 1989; Hose 
et al. 1990; Martin et al. 1991 ;Theopold et al. 2004). 
The type of clotting may be dependent on the titer 
of coagulogen, or fibrinogen, in the plasma 
(Bauchau 1981) or on the number of hyalinocytes 
present in the hemolymph (Hose et al. 1990). The 
blue crab has Type C clotting, or explosive cytolysis 
(Clare and Lumb 1994). Transmission electron 
microscopy shows that the granules in the hyalino
cytes dehisce by means of exocytosis and release 
their products into the extracellular matrix (Hose et 
al. 1990). Hemocytes form pseudopods rapidly and 
in association with clotting/ coagulation (Bauchau 
and DeBrouwer 1974). Clotting in blue crabs is also 
temperature dependent, but few if any studies have 
investigated the role of temperature in activating and 
regulating the response. 

In the blue crab, semigranulocytes or intermedi
ate cells are 13 to 20 µm long x 6 to 10 µm wide, 
have a low nucleus-to-cytoplasm ratio, and contain 
several sub-micron and micron-sized granules. They 
share similar morphological features with hyalino
cytes and granulocytes, namely similar types of gran
ules, highly organized organelles, and size 
(Bodammer 1978). Semigranulocytes are distin
guished from granulocytes by the central or eccen
tric location of the nucleus, an intermediate number 
of granules, a mixture of granule sizes as opposed to 
a relatively constant size, and the presence of non
refractile granules (Bodammer 1978; Hose et al. 
1990). Semigranulocytes are identical to the small 
granule hemocytes of Clare and Lumb (1994) and 
are consistent with the small granule hemocytes 
described by Hose et al. (1990). 

Granulocytes are variable in size from 12 to 25 
µm in diameter, with a low nucleus-to-cytoplasm 
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CLOTTING CASCADE 
(proposed for Crustacea) 

Simple version: Bacterial LPS ( lipopolysaccharides) induce hyalinocytes to exocytotically release ser
ine protea~es and coagulogen (fibrinogen). Proteases cleave and activate fibrinogen to fibrin which 

! forms a clot. Coagulogens may also be present in plasma. 
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LPS induces hyalinoctes to lyse 

I 
LPS binds directly to factor C {serine protease) 

autocatalysis to active form 

I 
activates 

I 
factor B (serine protease) 

I 
activates via cleaveage 

I 
Proclotting enzyme 

I 
activates 

i 
Fibrinogen to fibrin 
to effect the clot 
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Figure 53. Generalized clotting cascade proposed for Crustacea. Modified from Martin et al. (1991) and Soderhill and 
Cerenius (1992). 

ratio compared to hyalinocytes. They can be distin
guished from the emigranulocytes by the presence 

I 
of numerous, large (> 1 µm) granules. Although not 
reported for the hemocytes of blue crabs, the granu
locytes are often Racked with either small ( < 1 µm) 
or large (> 1 µm) ~ranules (see Cornick and Stewart 
1978). The latter kre occasionally basophilic when 
stained with hemitoxylin and eosin (Shields, pers. 
obs.). Granulocyte~ initiate encapsulation and nod
ule formation and show more intense staining for 
proPO than hyaliriocytes (Hose et al. 1990). Granu
locytes do not l)fl!se during clotting (Bodammer 
1978; Hose et al. 1990), but some may dehisce to 
release their granples when exposed to bacterial 
invaders (Soderhall and Cerenius 1992). 

I 

Chisholm and Smith (1992) determined that 
antibacterial activity against Gram-positive and 
Gram-negative bacteria resides exclusively in the 
granulocyte, at least in Carcinus maenas. The factor or 
factors for this activity, effective within an hour, was 
heat stable, independent of divalent cations, and 
non-lytic for 8 of the 12 bacteria tested. Chisholm 
and Smith (1994) also determined that the activity 
of the hemocyte lysate supernatant responded to 
temperature. The factor in the supernatant, collected 
during all months except those with the highest and 
lowest temperatures, responded well, indicating the 
importance of temperature for immunity in the host 
and use of such biomarkers for assessing environ
mental health. Clearance of the bacterium Vibrio 
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camphellii from the hemolymph was shown to 
occur quickly in blue crabs compared with bacter
ial colony-forming units that declined significantly 
over 60 min after inoculation (Holman et al. 
2004). However, crabs held in hypoxic and hyper
capnic conditions for 75 min to 240 min had a 
reduced capacity for clearance. Further, total 
hemocyte counts did not decline in these crabs as 
compared to sham-inoculated controls, thus indi
cating a significant impairment of the crabs 
exposed to hypoxic and hypercapnic conditions 
(Holman et al. 2004). 

Phagocytosis of invaders, cell debris, and waste 
products is an important function of the hemocytes. 
All hemocyte types are capable of phagocytosis, but 
hyalinocytes and semigranulocytes are more actively 
phagocytic than granulocytes (Bauchau 1981). 
Johnson (1976d, 1977a) stated that the hyalinocytes 
and semigranulocytes are phagocytically active 
against Gram-negative bacteria while hyalinocytes 
are active against amebae. Smith and Ratcliffe 
(1980) used heat-killed Gram-negative bacteria and 
TEM to demonstrate phagocytosis in the hya
linocytes of Carcinus maenas. Soderhall et al. (1986) 
indicated that hyalinocytes are the phagocytic cells 
in C. maenas and that hyalinocytes and semigranulo
cytes are phagocytic in crayfish. However, Hose et 
al. (1990) elegantly demonstrated that granulocytes 
are the primary phagocytic cells in lobsters (Pan
ulirus interruptus and Homarus americanus) and the 
majid crab Loxorhyncus grandis. The granulocyte is 
involved in encapsulation for all of these species, but 
the hyalinocytes and semigranulocytes are both 
involved in encapsulation in blue crabs Gohnson 
1980). Some hyalinocytes lyse in the presence of 
bacteria and other protozoa 0ohnson 1980; Hose 
et al. 1990), presumably as part of an activation 
mechanism for further defensive responses such as 
encapsulation. 

The fixed phagocyte is a tissue-bound defensive 
cell capable of phagocytosis. In blue crabs and other 
brachyurans, the fixed phagocytes are found in nod
ules or rosettes surrounding to the hepatic arterioles 
Gohnson 1980, 1987). They resemble semigranulo
cytes in size and appearance, but the clusters are 
always coated with a dense "interrupted layer" simi-

lar to a basal lamina. Circulating hemocytes may 
give rise to the fixed phagocytes 0ohnson 1987). 
Phagocytosis of bacteria and viruses causes distinct 
changes to the pericellular space underlying the 
interrupted layer. The intracellular granules dehisce, 
and a finely granular material containing bacteria or 
large virions can be observed in the perinuclear 
space. Bacteria, bi-facies virus, and a baculovirus can 
be ingested by fixed phagocytes, while the smaller 
reovirus and picornavirus are not phagocytized 
0ohnson 1980, p. 325). Fixed phagocytes may die, 
becoming necrotic and frequently destroyed by the 
bacteria and viral pathogens they ingest. 

Cellular Responses and 
Melanization 

A review of melanization and the related pro
phenoloxidase (proPO) cascade is beyond the 
scope of this chapter. For reviews, see Soderhall 
(1982),Johansson and Soderhall (1989), and Soder
hall and Cerenius (1992). Briefly, melanization is a 
chemical process initiated by the cellular defenses 
of invertebrates. It is typically an encapsulation 
response to isolate large foreign invaders or repair 
large wounds. Phenoloxidase is a key enzyme that 
triggers melanization. The inactive proenzyme 
proPO is found in the semigranulocytes and gran
ulocytes of crustaceans Gohansson and Soderhall 
1989; Hose et al. 1990). Activation of the proen
zyme involves a complex cascade of peptides and 
enzymes (Soderhall and Cerenius 1992). Bacterial 
cell wall components, primarily lipopolysaccharides 
and peptidoglycans, and presumably some meta
zoan invaders, directly trigger degranulation of 
semigranulocytes (Fig. 54). Bacterial lipopolysac
charide also induces a small proportion of semi
granulocytes to enter the S phase of mitosis and 
thus replenish those hemocytes responding to the 
infection (Hammond and Smith 2002). The 
degranulated semigranulocytes release a 76 kD 
peptide into the hemolymph that causes further 
degranulation of the granulocytes, which then 
release proPO. Fungal cell wall components, pri
marily beta-1,3 glucans, and some bacterial com
ponents bind with beta-glucan binding protein in 
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the hemolymph W;hich then stimulates degranula
tion of the granuldcytes. A serine protease, ppA, or 

h 1 .d I . . prop eno ox1 ase act1vatmg enzyme, catalyzes 
proPO to phenolokidase, which acts on phenols in 
the hemolymph t~ produce quinones that poly
merize to form 1pelanin. Several enzymes and 
other proteins are 'involved in regulating the level 
of encapsulation, melanization, cell adhesion, and 
degranulation CTohansson and Soderhall 1989). 
Phenoloxidase activity in Carcinus maenas has been 
correlated with th~ seasonal occurrence of bacteria 
. h I m t e water column (Hautan et al. 1997) but not 
with crabs experi~ncing shell disease (Vogan and 
Rowley 2002b). 

Humoral Defenses 

Various humoral factors contribute to extracel
lular and intracellular destruction of parasites in 
crustaceans (see Smith and Chisholm 1992; Soder
hall and Cerenius 1992). Lectins are part of the 
self/ non-self recognition system in crustaceans and 
most invertebrates. They are polyvalent proteins or 
glycoproteins with binding affinities for specific 
carbohydrates, primarily polysaccharides and lipo
polysaccharides. The suggested defensive roles for 
humoral factors include agglutination of bacteria by 
lectins and agglutinins leading to inactivation, lysis 
of inactivated bacteria by extracellular lysosomal 
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enzymes, activation of hemocytes for encapsulation 
or phagocytosis of agglutinated particles, and 
opsonization for recognition of non-self particles by 
hemocytes (Hardy et al. 1977; Vasta and Marchalonis 
1983"; Ey 1991). Opsonin-like activation by agglu
tinins probably occurs in the blue crab when hemo
cytes form nodules in response to bacterial and pro
tozoa! infections Qohnson 1976d, 1977b; Messick 
1994). For a comparative review oflectins in inver
tebrates and vertebrates, see Arason (1996). 

In crustaceans, agglutinins and other lectins have 
been found that bind vertebrate erythrocytes 
(Pauley 1973), bacteria (Huang et al. 1981 ), inverte
brate sperm (Smith and Goldstein 1971), protozoans 
(Bang 1962), and other cells (Tyler and Metz 1945). 
In most crustaceans, agglutinins occur naturally in 
the plasma or serum or bound to the cells (Cassels et 
al. 1986, 1993; Smith and Chisholm 1992; Chisholm 
and Smith 1995). Agglutinins generally have low 
titers in crustaceans when compared to other inver
tebrates (Smith and Chisholm 1992). Several lectins 
have been discovered in the blue crab (Pauley 197 4; 
Cassels et al. 1986, 1993). These lectins can be bound 
to the hemocytes or remain free in the serum and 
show specificity to N-acylaminosugars that are com
mon constituents of bacterial cell walls. Such sugars 
are found in a number of serotypes of Vibrio para
haemolyticus and may thus function in the innate 
resistance to th.is bacterium by the blue crab (see dis
cussion in Cassels et al. 1986). 

There is surprisingly little correlative evidence 
on the role of agglutinins or other humeral factors 
in the disease resistance of crustaceans. Foreign bod
ies such as vertebrate red blood cells (RBCs) 
induced increased agglutination titers in the blue 
crab (Pauley 1973). Rabbit and chicken RBCs 
induced a short but weak rise in the titers of aggluti
nins over 2 d. Lobster sera, however, did not aggluti
nate Aerococcus viridans, but sera from three species of 
crabs, Cancer irroratus, Chionoecetes opilio, and Geryon 
quinquedens, produced varying levels of agglutination 
(Cornick and Stewart 1968, 1975). Agglutination 
was not correlated with infectivity of the pathogen. 
Pooled sera of Marsupenaeus japonicus agglutinated 
horse, sheep, chicken, and human RBCs (Muramoto 
et al. 1995). In blue crabs, hemagglutination by indi-

viduals did not correlate with infection by Hemato
dinium perezi (Shields et al. 2003). Several infected 
crabs, however, did show relatively high titers of 
activity (>1 :64). Interestingly, the serum of crabs that 
were refractory to infections of H. perezi showed 
marked precipitation when frozen at -80°C, but 
hemagglutination was not determined for these 
animals. 

More recently, callinectin, a bacteriolytic killing 
factor, has been found in the sera and on the hemo
cytes of blue crabs (Noga et al. 1994, 1996; Khoo et 
al. 1996). Callinectin is a small peptide that exhibits 
specific activity against several marine bacteria, 
including Vibrio spp. Decreased levels of callinectin 
are associated with shell disease in the Pamlico 
River, North Carolina (Noga et al. 1994). Interest
ingly, blue crabs in similar areas in the Pamlico and 
Neuse Rivers were also reported to have decreased 
levels of hemocyanin (Engel et al. 1993), which nor
mally comprises over 90% of the serum proteins. 
Correlations between hemocyanin concentrations 
and callinectin activity should be further investigated 
as biomarkers for stress in these crabs. 

Lysozymes, key lytic enzymes in the hemo
lymph of vertebrates and other invertebrates includ
ing insects and molluscs, have not been reported 
extracellularly in crustaceans (Smith and Chisholm 
1992). They are probably present in the lysosomes, 
but their absence in the hemolymph is notable. 

Blue crabs also have humeral receptors tl1at neu
tralize bacteriophages. Clearance is probably through 
passive circulation followed by adherence to cell
bound receptors in the gills and hepatopancreas 
(McCumber and Clem 1977; Clem et al. 1984). The 
plasma is apparently more effective than serum in 
neutralizing the bacteriophages (McCumber et al. 
1979). The neutralizing factor is a polymer of non
covalently linked subunits, each with a MW of 80 
kDa. 

Bacterial and protozoa! diseases commonly lead 
to reduced hemocyte densities in crustaceans. 
Because many of the defensive reactions are cell
bound or cell-mediated, it is no surprise that mor
bidity and mortality are associated with declining 
hemocyte density. With H. perezi, hyalinocyte densi
ties decline with infection, and hemocyte densities 
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are correlated with, host mortality (Shields and Squ-
1 

yars 2000). Loss of dotting is probably dependent on 
the decline in hyalihocytes in infections and may be 
associated with mbrtality. Because blue crabs have 
Type C clotting, ~own as explosive cytolysis (Tait 
1911 cited in Clar~ and Lumb 1994), a rapid decline 
in hyalinocyte de~sities, coupled with changes in 
serum proteins, probably leads to loss of clotting 
ability. 

Organ-derived Components 

The gills, ante*nal glands, and hemopoietic tis
sues are passively or actively involved in the cellular 
defenses of the blu~ crab. The gills act as passive fil
ters trapping hemocyte-formed nodules that contain 
bacteria. The flow of hemolymph from the heart to 
the gills is under positive pressure (Maynard 1960). 
That positive pressure, coupled with the highly vas
c ularized nature of the gills, makes them ideal 
"sinks" for foreign particles and reacting hemocytes 
(Smith and Ratcliffe 1980). Localization of nodules 
in the gills is a hallmark of bacterial and fungal 
infections in crustaceans (Cornick and Stewart 
1968; Solangi and Lightner 1976; Smith and Rat
cliffe 1978, 1980; White and Ratcliffe 1982; White et 
al. 1985; Martin et al. 1998). Gross observations of 
white nodules in the gills are often indicative of Vib
rio spp. infectionsl in blue crabs Oohnson 1976d; 
Overstreet and Shields, pers. obs.). Cell-bound lee
tins apparently recbgnize and agglutinate some bac
teria, assist phagodytosis, initiate encapsulation and 
melanization of a~glutinated bacteria, and facilitate 
deposition of nodtiles in the narrow spaces of gill 
lamellae (Smith ahd Ratcliffe 1980; Martin et al. 
1999, 2000). The ~ermeability of gill lamellae may 
also allow removal of waste products generated by 
host defenses or m'.ay perm.it sloughing of melanized 
capsules with ecdy~is. 

The gills and ~ntennal glands actively clear for-
1 

eign proteins an9 small particles such as virions. 
McCumber and diem (1977) and Clem et al. (1984) 
injected blue crabi with radiolabeled bovine serum 
and examined the !clearance of the protein from the 
hemolymph and vr· rious organs. The gills and anten
na! glands showed high levels of radioactivity over 1 
to 4 h, while the hemolymph showed declines in 

activity after 30 minutes. Johnson (1980) found that 
large viruses may be selectively removed by the 
podocytes at the bases of the gill branchiae and 
lamellae. Podocytes possess membrane diaphragms 
that apparently act to filter the hemolymph. She 
speculated that foreign proteins and smaller viruses 
are removed by the podocytes while large viruses are 
taken up by the fixed phagocytes and hemocytes. 
Clem et al. (1984) found that the relatively large 
poliovirus was deposited in the gills, whereas the 
smaller bacteriophages were removed less actively 
through receptors in the hepatopancreas (McCum
ber and Clem 1977; McCumber et al. 1979). 

Lastly, the hemopoietic tissues of the host may 
be stimulated by certain types of infection Oohnson 
1980, p. 283). Hyperplasia of tissues with increased 
mitotic activity has been noted for bacterial infec
tions but not for protozoa! infections. The process 
for this stimulation has not been well studied, but it 
can occur quickly, within several hours for dormant 
crabs subjected to warmer laboratory conditions. 
Hemopoiesis also changes with the molt cycle 
Oohnson 1980), and that may obscure a response 
directed to infectious agents. Nonetheless, activation 
of the hemopoietic tissue and factors controlling 
increases in changes in the sequestration of hemo
cytes are ripe areas for investigating the nature of 
inducible cellular responses in crustaceans. 

Future Research 

Several studies have highlighted aspects of cellu
lar and humeral defenses in shrimp, crabs, crayfishes, 
and lobsters, but most of these have focused on sin
gle elements in the defensive system of the host. 
With the exception of Aeromonas viridans in the 
American lobster (for review see Stewart 1980), 
studies have not focused on specific pathogens and 
host responses per se. For example, whereas lectins 
are important molecules in recognizing self versus 
non-self, their functional response to different 
pathogens is relatively unknown. Are they induced 
by pathogenic invaders? Does lectin activity decline 
with the loss of condition of the host? Similar ques
tions can be asked for most elements of the defen
sive system, especially for hemocytes. Hemocytes 
may decline with pathogenic infections, but do all 
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hemocyte types decline or are subpopulations 
affected differentially by specific pathogens? Blue 
crabs infected with Hematodiniwn perezi exhibit dif
ferential changes in cell types against the back
ground of absolute declines in hemocyte densities 
(Shields and Squyars 2000). The relative decline in 
hyalinocytes in bacterial, amebic, and Hematodinium 
spp. infections Gohnson 1976d, 1977b;Johnson et al. 
1981; Messick 1994; Field and Appleton 1995; Hol
man et al. 2004) probably represents their activation 
in encapsulation and nodule formation, but their loss 
may also be associated with loss of clotting ability 
and resulting host mortality. 

Lastly, some blue crabs appear refractory to 
infection by H. perezi and presumably to other 
pathogens. What elements of the defense system are 
responsible for this resistance and do they confer 
immunity to other invaders? Clearly, our under
standing of the defensive responses of the blue crab 
would advance through studies on lectins, defensins, 
inducible non-specific responses, proteases, and cell
derived components such as prophenyloxidase, 
phagocytosis, and hemopoietic responses, in relation 
to pathogens. 

CONCLUSIONS 

Pathogenic diseases have obvious negative 
impacts on individuals, but extrapolation to host 
populations and their dynamics can be difficult. The 
importance of diseases in the population dynamics 
of the host is the subject of considerable debate, even 
in human populations where plagues have had 
major impacts on populations and the course of 
modern history. Parasitic diseases can negatively 
affect, and possibly even regulate, crustacean popula
tions (Blower and Roughgarden 1989a, b). As we 
have indicated, pathogenic diseases such as Hemato
dinium perezi, Paramoeba perniciosa, and Loxotlzylaws 
texanus may play a key role in the population 
dynamics of the blue crab. Before dying, diseased 
crabs are weakened by their infections, and they 
often succumb to stressors such as temperature (high 
or low), hypoxia, cann.ibalism, or increased preda
tion. Measuring the effects of the diseased state on 

predation rates may be possible using tethering 
experiments as has been done for juvenile blue crabs 
in the field (Heck and Coen 1995). 

Diseases can have important negative conse
quences to crab populations. As with most fisheries, 
the question arises as to why be concerned about 
diseases when nothing can be done to limit their 
effects on the fished population. First, natural mor
tality is often assumed to be 0.2 in pre-recruit-; in 
many fishery models. Unfortunately, background 
levels can be much higher, especially during out
breaks of pathogens such as Hcmatodinium perezi or 
Paramoeba perniciosa where mortalities to the pre
recruit and adult populations can approach 100% in 
endemic locations. Stock assessments and fishery 
models must incorporate losses to diseases if they are 
to be used in managing the resource. Second, several 
parasitic diseases cause marketability issues through 
stunting of the host or by causing unsightly lesions 
in the crabmeat. Market losses can influence public 
opinion about quality of the product. Third, certain 
fishing practices such as transporting crabs between 
watersheds may help to spread diseases. By under
standing transmission and pathogenicity of a disease, 
one can curtail or minimize such practices. Fourth, 
with the advent of shipping live crabs and lobsters, 
there is an increased potential for the inadvertent 
introduction of pathogenic agent-; to new regions. 
This is not a trivial issue as introduced diseases have 
wreaked havoc on the shrimp industry worldwide 
and have marginalized the aquaculture of abalone in 
California. 

Diseases of the blue crab affect fecundity, 
recruitment, and mortality, yet there are few practical 
responses to control or mitigate effects of diseases in 
crustacean fisheries. Simple measures such as "cull
ing" infected individuals on station or within a 
watershed, culling or removing dead animals to 
onshore fertilizer processing plants, limiting trans
portation of live animals, and changing "baiting 
practices" may limit the spread of pathogens to new 
locations. Changes in fishing policies may also be 
warranted. Regulations on minimum size may 
enhance populations of parasites that stunt their 
hosts, and the accumulation of stunted crabs may 
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further affect the fishery. By using outreach or other 
education programs, fishermen could practice 
destroying stunted I and parasitica1ly castrated crabs, 
but many fishermen are loathe to keep or kill small 
crabs for fear of pbnalties from enforcement agen
cies. Lastly, many !state or regional agencies have 
monitoring programs for stock assessments. Rhizo
cephalan barnacles, which cause alterations and 
appear similar to egg masses, could easily be 
included in monitoring protocols. The wealth of 
information from such monitoring programs would 
enhance our understanding of disease prevalence 
and association with host and environmental vari
ables and help to document effects on the individual 
hosts and the fished populations. 

The role of stressors in crab mortalities cannot 
be overstated. Seasonal hypoxia and temperature 
extremes are often associated with crab mortalities, 
but neither stressor has received much attention 
when associated with infectious diseases (Holman et 
al. 2004; Rome et al. 2005). The sudden mortalities 
in Hcmatodinium perczi-infected crabs could be 
related to hypoxic events, especially given the oxy
gen demands of the parasite and the moribund host. 
Low temperatures 1are often cited as causes of winter 

I 

mortalities reported for blue crabs, yet Paramoeba pcr-
niciosa is known to overwinter in blue crabs, and 
Hematodinium pereii may persist in crabs during win
ter (Messick et al.11999). These parasites may con
tribute as underl1ng causes of winter mortalities, 
especially in midi to high salinity areas. Physico
chemical influences should be further examined in 
laboratory and mJsocosm studies as they no doubt 
contribute to the J10rtality of diseased crabs. 

Host factors Juch as size, sex, maturity status, 
ovigerous state, and molt stage often affect the nature 
of the crustacean host-symbiont relationships. 
Indeed, the blue crab and other crustaceans may be 
vulnerable to infection especially during ecdysis, 
oviposition, and dormancy. Throughout the range of 
symbioses, we see remarkable adaptations to host 

I 

molting. Such adaptations range from symbionts that 
simply migrate mito the new instar (e.g., Carcinonc
mcrtes carcinophila ahd possibly Myzobdella lugubris), to 
those that have elquisitely timed reproduction such 

I 

I 

that new propagules can find their mobile substra
tum (peritrich and apostome ciliates), to a parasite 
that interferes with ecdysis to enable its own repro
ductive efforts (Loxothylacus texa1111s). It is the very 
nature of these relationships and their association 
with host factors that provide insights into the biol
ogy and ecology of the crab host. 

As we have shown, several symbionts can serve 
as indicators of the biology of the blue crab. Shell 
disease shows clear affinities with poor water quality 
and pollution; the nemertean C. carcinophila can be 
used to indicate spawning status; barnacles show 
relationships with host molting, longevity, and 
migration patterns; and leeches and branchiobdellid 
annelids can indicate host origin and water quality 
conditions. Fouling agents can indicate the timing of 
migration, the anecdysial molt stage, water quality, 
and more. The presence and abundance of these 
indicators are not difficult to assess, and their indica
tions should be further developed to aid in assess
ment~ of impacts of migrations and water quality on 
the host. 

We have focused attention on much needed 
research priorities for each symbiont. Although our 
comments are primarily directed to host-parasite 
relationships and effects on the fisheries, other 
avenues are open for exploration. For example, 
many of the pathogens associated with blue crabs 
show narrow salinity tolerances. We speculate that 
the extensive catadromous migrations of the host 
may have resulted from selection pressures induced 
by the myriad fouling organisms and pathogenic 
parasitic diseases. Regardless, blue crabs found in 
freshwater reaches generally have fewer species of 
parasites and diseases than those found in high salin
ity regimes. Why these patterns have evolved is 
intriguing. Addressing such evolutionary questions 
on host-symbiont relationships will enhance our 
understanding of how such intimate associations 
develop in invertebrate hosts. 
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