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Abstract 

This report describes the first occurrence of the rhizocephalan Loxothylacus panopaei (Gissler, 1884) in North America, north of Virginia 
and the Chesapeake Bay. Of the panopeid mud crabs suitable for infection by L. panopaei (Panopeus herbstii, Rhithropanopeus harrisii, 
etc.), the parasite only infected Eurypanopeus depressus. In particular, L. panopaei disproportionately infected small E. depressus (20.5% of 
crabs with carapace width (CW) of 5–10 mm and 11.8% of crabs with 10–15 mm CW) but did not infect any crabs over 15 mm CW. 
Analysis of genetic data (COI sequences) suggests this Long Island Sound population could have derived from a range expansion from the 
mid-Atlantic, where the parasite is invasive. Given the parasite’s disjunct distribution, human-mediated dispersal is the most likely vector for 
this northward range expansion. 

Key words: estuarine; Eurypanopeus depressus; invasion; Long Island Sound; marine; panopeid; parasite 

 
 
Introduction 

Parasites are common in marine and estuarine 
systems, but they can be easily overlooked or 
their roles poorly understood. This omission may 
stem from many parasites being neither 
conspicuous nor recognizable; consequently, 
their establishment in, or range expansions to, 
new regions may go unnoticed for some time 
(e.g. Carlton 1996). Here, we describe the 
discovery of Loxothylacus panopaei (Gizzler, 
1884) (Figure 1) in Long Island, NY (USA). 
L. panopaei is a parasitic, rhizocephalan barnacle 
that infects several species of panopeid crabs. 
The parasite’s natural range extends throughout 
the Gulf of Mexico (GOM), the Caribbean, 
Venezuela, and along the Atlantic coast of 
Florida to Cape Canaveral (Boschma 1955; 
Hines et al. 1997). It was first described in 1884 
as a parasite of the panopeid crab Panopeus 
lacustris Desbonne, in Desbonne and Schramm, 
1867 collected in Tampa, FL (Gissler 1884; 
Hines et al. 1997). However, L. panopaei can 

parasitize at least nine species of panopeid crabs 
(Hines et al. 1997), including Eurypanopeus 
depressus (Smith, 1869). L. panopaei was first 
noticed outside its native range in 1964 when 
infected panopeid crabs were found in the lower 
Chesapeake Bay (Van Engel 1966). The parasite 
was probably introduced with E. depressus or 
Rhithropanopeus harrisii (Gould, 1841) that had 
hitchhiked on oysters transplanted from GOM 
(Van Engel et al. 1966; Hines et al. 1997; Kruse 
et al. 2012; Carlton et al. 2011). From the Chesa-
peake Bay, L. panopaei has spread northeast to 
Chincoteague, Virginia (Hines et al. 1997) and 
south to North Carolina (Turquier and Payen 
1978), Georgia, and Florida (Kruse and Hare 
2007). In some locations, L. panopaei parasitizes 
over 90% of the available host population (Hines 
et al. 1997; Kruse and Hare 2007). Based on our 
review of the literature and personal communi-
cations (P. Foffonoff, Smithsonian Environmental 
Research Center, Edgewater, MD and J. Carlton 
Williams-Mystic, Mystic, CT), there appear to be 
no records of L. panopaei north of Virginia, 
USA (Hines et al. 1997). 
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Figure 1. The crab Eurypanopeus 
depressus displaying an externa 
of the parasite Loxothylacus 
panopaei. Photograph by ASF. 

 
Loxothylacus panopaei has a highly modified 

life cycle (Hoeg and Lutzen 1995). The free-
swimming, female cypris larva infects a crab by 
burying into the carapace, develops as an 
endoparasite (internal phase), and after about one 
month extrudes a virgin brood sac (externa) 
beneath the crab’s abdomen. After fertilization 
by a free-swimming male cypris, the externa 
matures and produces several broods of thousands 
of naupli larvae. Both infection and emergence 
of the virgin externa usually occur after the host 
crab molts. From the moment of initial infection 
to the formation of this virgin externa, the crab 
undergoes a series of physiological and morpho-
logical changes in which L. panopaei assumes 
control over several of the crab’s major biological 
functions, including molting and reproduction, 
while also compromising its immune system 
(Walker et al. 1992; Alvarez et al. 1995 and 
references therein). 

In past studies, genetic analysis of two genes 
(mitochondrial cytochrome oxidase I (COI) and 
nuclear cytochrome c) in L. panopaei has 
revealed a complex set of lineages (Kruse et al. 
2012). Within Atlantic and GOM populations, at 
least two distinct lineages (deemed the ‘ER’ 
clade and ‘P’ clade) infect different crab species. 
The ‘ER’ clade infects both E. depressus and 
R. harrisii, while the ‘P’ clade infects at least 4 

species of the genus Panopeus (Kruse and Hare 
2007; Kruse et al. 2012). Recent genetic analysis 
has revealed that GOM, and Louisiana in 
particular, is the likely source region for the 
initial introduction of L. panopaei to the Atlantic 
coast (Kruse et al. 2012).  

In this study, we describe the discovery of a 
new population of L. panopaei in Long Island 
Sound (LIS), its prevalence in host crabs, genetic 
evidence of its source population(s), and potential 
vectors for the species’ range expansion. 

Methods 

Field Surveys: In August 2012, we collected 
crabs at five sites on Long Island, NY (Figure 2). 
Each site was surveyed as follows: at randomly 
selected intervals, 15 1-m2 quadrats were placed 
on the sand/cobble beach, below the mid-tide 
level during low tide. Each quadrat was then 
systematically searched for crabs by overturning 
rocks and digging through sediments for 5 
minutes or until no additional crabs were 
discovered for > 1 minute. Any crabs > 5 mm 
carapace width (CW) were removed from 
quadrats, classified into 5 mm CW categories, and 
the presence of any egg masses or rhizocephalan 
externae  recorded.  Because the number of crabs 
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Figure 2. Map of Long Island, NY where surveys were conducted for Loxothylacus panopaei infections in panopeid mud crabs. Triangles 
indicate sites where panopeids were present but not infected. Circle and star indicate sites where parasitized mud crabs were found 
(Hempstead Harbor, map inset). In Hempstead Harbor crab surveys were conducted at Glen Cove and infected Eurypanopeus depressus for 
genetic analysis were collected from Sea Cliff. 

 
in these 5-mm incremental categories (5–10mm, 
10–15mm, etc.) was recorded for each quadrat, a 
median size for each category was used when 
calculating overall averages. When applicable, 
the prevalence of rhizocephalan infection was 
calculated by dividing the number of infected 
crabs by the total number of crabs sampled at a 
site.  

DNA sequencing and Genetic Analyses: In 
August 2012, seven infected E. depressus were 
collected for genetic analysis during a haphazard 
survey at Sea Cliff, an intertidal site in 
Hempstead Harbor 2 km south of the Glen Cove 
crab survey site (Figure 2). Eight rhizocephalan 
externae were removed from seven infected 
E. depressus (one of these seven crabs had a 
double infection and both externae were removed 
for genetic analysis) and were extracted using a 
standard CTAB protocol (France et al. 1996). 
Extracted DNA was amplified using COI primers 
designed by Kruse et al. (2007). Samples were 
subjected to 95° C for 2 min followed by 29 
cycles of 95° C for 45 s, 55° C for 45 s, and 72° 
C for 45 s, and a final extension at 72° C for 2 

min. Sequencing was performed at the Smithsonian 
Institution’s Laboratory of Analytical Biology 
(Suitland, MD). Sequences were aligned by eye 
using LaserGene DNAStar software (9.1.1 (4)) 
and collapsed into haplotypes using TCS1.21. 
We also included representative L. panopaei 
sequences from Kruse et al. (2012)’s population 
set, accession #s: HQ848063-HQ848077. The 
latter sequences included invasive Atlantic and 
native GOM samples of L. panopaei from 
different panopeid host species (R. harrisii, 
E. depressus, Panopeus spp.) and also included 
four sequences from a related rhizocephalan, 
Loxothylacus texanus (Boschma, 1933), as an 
out-group. We incorporated the Kruse et al. 
(2012) population set with our eight sequences to 
identify if our sequences were indeed L. panopaei 
and if so, create a COI phylogenetic tree 
incorporating the LIS sequences into the Atlantic 
and GOM phylogeny. To do this, we constructed 
a neighbor-joining tree with PAUP* v4.0b10 
(Swofford 2001) and used TCS1.21 (Clement et 
al. 2000) to identify haplotypes that the LIS 
samples shared with those from the Kruse et al. 
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(2012) population set. In addition, we used 
Arlequin (v 3.1.5.2; Excoffier and Schneider 2005) 
to calculate fixation indices for population pairs 
using the combined data set. The latter analysis 
explored pairwise differences between haplotypes 
(ФST) and tested for significance of differentiation.  

Pairwise ФST patterns were further explored 
using a multidimensional scaling (MDS) analysis 
(with Primer 6, Plymouth Marine Laboratory, 
UK; Clarke 1993) to look for spatial patterns 
between and among the LIS, non-native Atlantic, 
native Atlantic, and native GOM populations of 
L. panopaei. 

Results 

Field Surveys: In August 2012, Loxothylacus 
panopaei was discovered infecting panopeid 
crabs in Hempstead Harbor but not at our four 
other sampling sites (Shinnecock Bay, Jamaica 
Bay, Bayville, and Bay County Park; Figure 2). 
Of the 101 panopeid crabs found at Hempstead 
Harbor, only E. depressus were infected, and all 
12 infected E. depressus were < 15 mm CW 
(Figure 3). The number of infections found in small 
E. depressus (< 15mm CW) was disproportionate 
to the number of infections in larger panopeids 
(> 15mm CW) (Chi-Squared likelihood ratio 
8.397; P = 0.0038). Based on close examination 
of 30 panopeids subsampled from Hempstead 
Harbor, E. depressus made up the majority of the 
panopeid population (approx. 90%), while two 
other species, Panopeus herbstii (approx. 3.3%) 
and Dyspanopeus sayi (approx. 6.7%) were also 
present. In addition, 223 Asian shore crabs 
(Hemigrapsus sanguineus De Haan, 1835) (Mean 
± SD: 17.3 ± 8.2 mm CW) were found in our 
surveys at Hempstead Harbor, but none were 
parasitized with L. panopaei (which is unsurprising 
given that L. panopaei is specific to parasitizing 
panopeid mud crabs). Moreover, our prevalence 
calculations represent a conservative estimate 
because they are based on the presence of virgin 
and mature externae and do not account for early 
stage infections, which show no external evidence of 
rhizocephalan infection. 
Genetic Analyses: Our eight samples corresponded 
to three of the eight haplotypes reported by Kruse et 
al. (2012). All eight sequences were located within 
the ‘ER’ clade defined in Kruse et al. (2012) as 
haplotypes 1 (n=1), 2 (n=4), and 3 (n=3). Of note 
is that the two externae extracted from a single 
crab represented two distinct haplotypes (hap1 
and hap2),  indicating  a double  infection  by  two 
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Figure 3. Size distribution of all panopeids and those infected by 
Loxothylacus panopaei. All infected panopeids were identified as 
Eurypanopeus depressus, however not all panopeids collected 
were identified to species. 

 
Figure 4: MDS plot of pairwise results for the newly discovered 
invasive Loxothylacus panopaei Long Island population (LI 
Invasive) in Hempstead Harbor, the Atlantic invasive (ATL 
Invasive), the Atlantic native (ATL Native), and the native Gulf 
of Mexico populations (GOM Native). Three-letter abbreviations 
refer to the sample sites included in our analyses. From our study: 
HHL=Hempstead Harbor, Long Island (NY); From Kruse et al. 
(2012): BRU=Brunswick (GA), CHA=Chauvin (LA), 
COC=Cocodrie (LA), COX=Chesapeake Bay, Oxford (MD), 
CST=Chesapeake Bay, Queenstown (MD), FTM=Ft. Myers (FL), 
FTP=Ft. Pierce (FL), JAC=Jacksonville (FL); PAN=Panacea 
(FL), SAV=Savannah (GA), SAP=Sapelo (GA), STM=St. Mary’s 
(GA). In the figure, SAP and SAV were genetically identical and 
thus cannot be distinguished from one another. 

separate parasites. Our MDS ФST analysis based 
on pairwise differences demonstrated that all 
seven of the invasive Atlantic populations were 
not significantly (at p<0.05) differentiated from 
our Hempstead Harbor population (HHL), and the 
closest connections were from Chesapeake Bay 
(Queenstown, MD), Brunswick (GA), and 
Jacksonville (FL) (Figure 4). In contrast, all 
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native GOM and southern Florida parasite 
populations were significantly differentiated 
from our LIS population. Thus, the LIS 
population was more similar genetically to the 
invasive populations (MD, GA and FL) than to 
the native GOM populations, where the invasive 
populations originated. 

Discussion 

In this paper, we document the northward 
expansion of the rhizocephalan Loxothylacus 
panopaei into LIS. At the LIS site where we 
observed the parasite, it exclusively infected small 
(<15 mm) E. depressus and derived from an ‘ER’ 
clade (infecting the mud crabs Eurypanopeus sp. 
and Rhithropanopeus sp.) in the parasite’s 
invasive, Atlantic range (Kruse et al 2012). The 
disproportionate infection of small E. depressus 
that we observed (see also: Hines et al. 1997) is 
likely because crabs are most vulnerable to parasite 
infection soon after molting (i.e., when their 
carapace is soft and easier to penetrate) and 
small crabs (megalopae and juvenile stages) molt 
more frequently (Alvarez et al. 1995). Moreover, 
though initial infection can occur at a variety of 
sizes and infections may persist through multiple 
crab molts, infected crabs have higher mortality 
rates, thus crabs surviving to large size will be 
less often infected (Walker et al. 1992; Alvarez 
et al. 1995; Hines et al. 1997). Finally, once 
infected, the parasite halts the crabs’ growth, 
contributing to the apparent high prevalence 
among small size classes (Alvarez et al. 1995). 

Consistent with L. panopaei’s patchy 
distribution in other parts of the Atlantic coast 
(Hines et al 1997), we found the rhizocephalan at 
Glen Cove (in Hempstead Harbor), but no 
evidence of the parasite in Bayville, NY, an 
adjacent Long Island Sound harbor with a similar 
cobble and sand intertidal habitat (Figure 2). 
This may be because of patchy host distributions 
limiting opportunities for the parasite’s dispersal 
(Hines et al. 1997), or perhaps it could indicate 
an early stage of invasion and the influence of 
Allee effects on mating success (e.g., Pringle et 
al. 2011; Chang et al., 2011). Because L. panopaei 
has a brief larval stage (at 25 oC, a 48 hour non-
feeding planktonic nauplius), it must infect a 
crab host within 2–4 days. L. panopaei males 
that cannot find a female in this time may not 
recruit in the system, or may be swept 
downstream on prevailing currents (Walker et al. 
1992; Hines et al. 1997). Thus, the parasite’s 

complex life cycle, as well as the availability of 
crab hosts, may influence its patchy distribution 
in the Atlantic, including the new populations in 
Long Island Sound.  

If L. panopaei’s present northward expansion 
into LIS is derived from source populations in 
Virginia/Chesapeake Bay as our genetic data 
suggests, a natural current-driven spread into LIS 
would actually be against the prevailing southerly 
currents along the Middle Atlantic Bight in the 
Atlantic. While other analyses (e.g. Pringle et al. 
2011) have shown that species can expand into 
upstream populations, this process is slow and 
typically requires large population sizes to alleviate 
Allee effects, or a series of retention zones to 
prevent larvae from advecting away from upstream 
populations. In the case of the new Hempstead 
Harbor population, Long Island itself is a large 
geographic barrier to natural dispersal from the 
middle Atlantic region into the LIS, and to date, 
we have found no record of L. panopaei at any 
other sites between Virginia and Long Island.  

Human-mediated dispersal better explains the 
rhizocephalan’s northward spread into LIS. In 
particular, several towns in Hempstead Harbor 
have hosted ship-based trade with various 
northwest Atlantic ports, especially New York 
City, for over two centuries (HMPHH 2004), and 
New York City itself is a major destination port 
for a substantial amount of North American 
shipping. Therefore, New York City may in fact 
serve as an introduction ‘hub’ for nearby LIS 
populations, such as Hempstead Harbor. In 
recent years, shipping (e.g., ballast water release 
and hull fouling) has been an important vector 
for establishing novel populations of invasive 
species throughout North American harbors 
(e.g., Ruiz et al 2000). In particular, hull fouling 
may transport larval and adult stages, perhaps 
including adult crabs infected by L. panopaei. For 
example, one of L. panopaei’s mud crab hosts 
(R. harrisii) is a globally invasive crab species 
and is suspected to have been transported to over 
20 different countries by various means, including 
on ship hulls (Projecto-Garcia et al. 2010). 
Oyster translocation is believed to be responsible 
for the original introduction of L. panopaei to 
Chesapeake Bay (Van Engel et al. 1966) and could 
be another human-mediated vector for the 
parasite’s northward movement into LIS. Though 
this vector has been identified as responsible for 
many marine bioinvasions around the globe 
(Carlton 1996), it may be less likely in this 
system because: 1) Hempstead Harbor shellfish 
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beds have been closed for most of the last 70 
years due to industrial and residential run-off, 
making oyster seeding (from the Chesapeake) 
unlikely; and 2) New York State Department of 
Environmental Conservation limits any import of 
oysters to LIS from southern waters (S. Tettelbach, 
personal communication); however, illegal transport 
of oysters to Long Island from other populations 
cannot be ruled out. 

Loxothylacus panopaei alters host behavior 
and lowers host survival rates (Alvarez et al. 
1995), thus understanding the susceptibility of 
crab species to the parasite is important in 
predicting the parasite’s impacts (Kruse et al. 2012). 
It also shows fairly high host generalization 
among mud crabs (Hines et al. 1997) and is able 
to cross-infect other native panopeid crabs (e.g. 
from E. depressus to R. harrisii in the laboratory) 
(Alvarez 1993). However, it is unlikely to infect 
other common coastal crab species found in LIS, 
including the alien European green crabs (Carcinus 
maenas (Linnaeus, 1758)) and Asian shore crabs, 
or the commercially important blue crab 
(Callinectes sapidus Rathbun, 1896). A congener, 
L. texanus, infects several crab species, including 
C. sapidus in the Gulf of Mexico, but at present, 
it is not established along the Atlantic coast 
(Briggs 1974; Shields and Overstreet 2003). 

The potential for L. panopaei to attain epidemic 
population levels (as witnessed in other invasive 
populations; e.g., Hines et al. 1997) and impact 
host crab physiology and reproduction emphasizes 
the importance of continued and expanded 
surveys of the parasite’s distribution in LIS and 
beyond. In particular, high levels of localized 
parasitism can occur due to the relatively short 
planktonic phase of L. panopaei larvae, especially 
in recently invaded areas and where there are 
large aggregations of panopeid mud crabs (Hines 
et al. 1997; Kruse and Hare 2007). Unfortunately, 
eradication of L. panopaei from LIS is not likely 
to feasibly control its spread because crabs can 
harbor internal infections that are not visible 
externally; e.g., the externa may drop off 
periodically, and a new externa emerges after the 
host molts (Alvarez 1993), or the crab may be 
recently infected and the female L. panopaei has 
not yet produced a virgin externa.  

In conclusion, given the potential for 
L. panopaei to impact native mud crabs and 
spread to new crab hosts and new locations, we 
believe that it is highly important to obtain a 
better understanding of this invasion through the 
following: 1) determining the extent of the 

parasite’s invasion with extensive sampling in 
New Jersey, New York, and southern New England; 
2) determining the prevalence of infections in all 
native panopeid species in these communities; 3) 
understanding how the infection could influence 
species interactions (native and invasive) in these 
communities; and 4) definitively determining its 
vector(s) of spread. With such information, we 
will be able to resolve many of the remaining 
questions surrounding the parasite’s recent 
invasion. 

Acknowledgements 

Support for this work was provided by Adelphi University and 
LIU. M. Record and T. Corey assisted with surveys. J. Carlton 
assisted with species identification. S. Tettlebach provided 
invaluable input. We also thank the four anonymous reviewers 
that contributed substantially to the revisions of this manuscript. 

References 

Alvarez F (1993) The interaction between a parasitic barnacle, 
Loxothylacus panopaei (Cirripedia: Rhizocephala), and three 
of its crab host species (Brachyura: Xanthidae) along the east 
coast of North America. PhD Dissertation, University of 
Maryland, College Park, MD, USA, 188 pp 

Alvarez F, Hines AH, Reaka-Kudla ML (1995) The effects of 
parasitism by the barnacle Loxothylacus panopaei (Gissler) 
(Cirripedia: Rhizocephala) on growth and survival of the host 
crab Rhithropanopeus harrisii (Gould) (Brachyura: 
Xanthidae). Journal of Experimental Marine Biology and 
Ecology 192: 221–232, http://dx.doi.org/10.1016/0022-0981 
(95)00068-3 

Briggs JC (1974) Marine zoogeography. McGraw-Hill, New 
York, 475 pp 

Blakeslee AMH, Byers JE, Lesser MP (2008) Solving 
cryptogenic histories using host and parasite molecular 
genetics: the resolution of Littorina littorea’s North 
American origin. Molecular Ecology 17: 3684–3696, 
http://dx.doi.org/10.1111/j.1365-294X.2008.03865.x 

Boschma H (1955) The described species of the family 
Sacculinidae. Zoologische Verhandelingen 27: 1–76 

Carlton JT (1996) Biological invasions and cryptogenic species. 
Ecology 77(6): 1653–1655, http://dx.doi.org/10.2307/2265767 

Carlton JT, Newman W, Pitombo F (2011) Barnacle Invasions: 
Introduced, Cryptogenic, and Range Expanding Cirripedia of 
North and South America. In: Galil BS, Clark PF, Carlton JT, 
(eds), In the Wrong Place - Alien Marine Crustaceans: 
Distribution, Biology and Impacts. SE–5, Springer, 
Netherlands, 716 pp, http://dx.doi.org/10.1007/978-94-007-
0591-3_5 

Chang AL, Blakeslee AMH, Miller AW, Ruiz GM (2011) 
Establishment failure in biological invasions: A case history 
of Littorina littorea in California, USA. PLoS ONE 6 (1): 
e16035, http://dx.doi.org/10.1371/journal.pone.0016035 

Clarke KR (1993) Non-parametric multivariate analyses of 
changes in community structure. Australian Journal of 
Ecology 18: 117–143, http://dx.doi.org/10.1111/j.1442-9993. 
1993.tb00438.x 

Clement M, Posada D, Crandall K (2000) TCS: a computer 
program to estimate gene genealogies. Molecular Ecology 
9(10): 1657–1660, http://dx.doi.org/10.1046/j.1365-294x.2000. 
01020.x 



Northward expansion of Loxothylacus panopaei in the northwest Atlantic 

Excoffier LLG, Schneider S (2005) Arlequin ver. 3.0: An 
integrated software package for population genetics data 
analysis. Evolutionary Bioinformatics Online 1: 47–50 

France SC, Rosel PE, Agenbroad JE, Mullineaux LS, Kocher TD 
(1996) DNA sequence variation of mitochondrial large-
subunit rRNA provides support for a two-subclass 
organization of the Anthozoa (Cnidaria). Molecular Marine 
Biology and Biotechnology 5(1): 15–28 

Gissler CF (1884) The crab parasite, Sacculina. The American 
Naturalist 18: 225–229, http://dx.doi.org/10.1086/273608 

Hines AH, Alvarez F, Reed SA (1997) Introduced and native 
populations of a marine parasitic castrator: variation in 
prevalence of the rhizocephalan Loxothylacus panopaei in 
xanthid crabs. Bulletin of Marine Science 61: 197–214 

HMPHH (2004) Harbor Management Plan for Hempstead 
Harbor, pp 1–208 

Høeg JT, Lutzen J (1995) Life cycle and reproduction in the 
Cirripedia Rhizocephala. Oceanography and Marine Biology 
Annual Review 33: 427–485 

Kruse I, Hare MP (2007) Genetic diversity and expanding 
nonindigenous range of the rhizocephalan Loxothylacus 
panopaei parasitizing mud crabs in the western North 
Atlantic. Journal of Parasitology 93: 575–582, 
http://dx.doi.org/10.1645/GE-888R.1 

Kruse I, Hare MP, Hines AH (2012) Genetic relationships of the 
marine invasive crab parasite Loxothylacus panopaei: An 
analysis of DNA sequence variation, host specificity, and 
distributional range. Biological Invasions 14(3): 701–715, 
http://dx.doi.org/10.1007/s10530-011-0111-y 

Pringle JM, Blakeslee AMH, Byers JE, Roman J (2011) 
Asymmetric dispersal allows an upstream region to 
control population structure throughout a species’ range. 
Proceedings of the National Academy of Sciences of the 
United States of America 108(37): 15288–15293, 
http://dx.doi.org/10.1073/pnas.1100473108 

Projecto-Garcia J, Cabral H, Schubart CD (2010) High regional 
differentiation in a North American crab species throughout 
its native range and invaded European waters: a 
phylogeographic analysis. Biological Invasions 12: 253–263, 
http://dx.doi.org/10.1007/s10530-009-9447-y 

Ruiz GM, Fofonoff PW, Carlton JT, Wonham MJ, Hines AH 
(2000) Invasion of coastal marine communities in North 
America: Apparent patterns, processes, and biases. Annual 
Review of Ecology and Systematics 31: 481–531, 
http://dx.doi.org/10.1146/annurev.ecolsys.31.1.481 

Shields JD, Overstreet RM (2003) Diseases, parasites and other 
symbionts. In: Kennedy VS, Cronin LE (eds), The blue crab, 
Callinectes sapidus, Maryland Sea Grant College, University 
of Maryland, College Park, Maryland, pp 223–339 

Swofford DL (2003) PAUP*. Phylogenetic Analysis Using 
Parsimony (*and Other Methods). Version 4. Sinauer 
Associates, Sunderland, Massachusetts 

Turquier Y, Payen G (1978) Contribution a la connaissance de 
Loxothylacus panopei (Gissler), rhizocephale parasite de 
Rhithropanopeus harrisii (Gould), decapode Xanthidae, 
Cahiers de Biologie Marine 19: 99–114 

Van Engel WA, Dillon WA, Zwerner D, Eldridge D (1966) 
Loxothylacus panopaei Cirripedia, Sacculinidae, an 
introduced parasite on a xanthid crab in Chesapeake Bay 
U.S.A. Crustaceana 10: 111–112, http://dx.doi.org/10.1163/ 
156854066X00135 

Walker G, Clare AS, Rittschof D, Mensching D (1992) Aspects of 
the life-cycle of Loxothylacus panopaei (Gissler), a 
sacculinid parasite of the mud crab Rhithropanopeus harrisii 
(Gould): a laboratory study. Journal of Experimental Marine 
Biology and Ecology 157: 181–193, http://dx.doi.org/10.1016/ 
0022-0981(92)90161-3 

 

 


