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Abstract  For the first time in decades, multiple 
lesions on the exoskeleton of wild caught American 
lobsters (Homarus americanus) were observed in 
eastern Canada in 2005 and 2006. These lesions were 
similar to those observed since the mid 1990s in the 
eastern united States. of the 12 lobsters examined, 8 
were males. Scanning electron microscopy showed a 
dense population of rod-shaped bacteria associated 
with the breakdown of the first layer of cuticle. 
however, the ability of bacteria to fully penetrate 
the carapace is unknown. The shell disease did 
not seem to be immediately fatal and was often 
associated with alterations in the histoarchitecture 
of several internal organs (i.e., testis, vas deferens, 
hepatopancreas, and gills). For instance, follicle 
cells responsible for spermatogenesis were damaged, 
resulting in deformed and non-viable spermatozoa 
in the testis and vas deferens. in contrast, the female 
reproductive organ did not show any abnormalities. 
R-cells responsible for the storage of lipids and 
glycogen in the hepatopancreas were severely 
damaged or destroyed, indicating stress and 
starvation. Beside necrosis and calcification of gill 
filaments, debris between the gill filaments was also 
observed that would limit ion exchange and cause 
metabolic exhaustion. it does not seem that shell 
disease was the causative agent or a vector for the 
pathological conditions of internal organs, but one 
of the symptoms of a common agent affecting the 
internal organs. Although shell disease was observed 
in several areas in eastern Canada, its prevalence 

was low, in contrast to the epizootic shell disease 
observed in long island Sound, Rhode island and 
southern Massachusetts, united States.
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INTRODUCTION

in the eastern seaboard of the united States, one 
disease affecting American lobster (Homarus 
americanus Milne edwards, 1837) in the wild is 
shell disease. Many affected animals were reported 
in the mid to late 1990s in the long island Sound 
area (New York and Connecticut), Rhode island 
(Castro & Angell 2000; Castro et al. 2006), and 
in southern Massachusetts (Glenn & Pugh 2006). 
Although animals with shell disease were reported 
in northern Massachusetts (2000–04; Glenn & 
Pugh 2006), New hampshire, and Maine (2003–04; 
Wilson 2005), the level of shell disease has not 
reached the one observed in the most southern end 
of the lobster distribution (long island Sound and 
Rhode island). 
 Shell disease is a degradation of aquatic crustacean 
integument by a variety of micro-organisms that 
invade the chitinous layers of the exoskeleton. 
it is characterised by an erosion of the cuticle 
surface (Fisher et al. 1978; Malloy 1978; Stewart 
1980; Getchell 1989; Young 1991; Smolowitz et 
al. 1992, 2002, 2005) and progressive chitinolysis 
and necrosis of the exoskeleton (Rosen 1970; 
Getchell 1989; Sindermann 1989). histo-pathologic 
symptoms of shell diseases are necrotic lesions with 
bacteria first penetrating and breaking down the 
first layer of the exoskeleton (epicuticle), followed 
by necrosis of underlying tissue. it appears that the 
Flavobacteriaceae clade of bacteria is important in 
the occurrence of epizootic shell disease in lobster 
(Chistoserdov et al. 2005). Sindermann (1989) 
described that the destruction of gills, and adhesions 
of the exoskeleton to underlying connective tissues 
could sometimes occur secondary to systemic 
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infections and may result from previous internal 
inflammation.
 in 2005 and 2006, occurrences of shell disease 
were observed in New Brunswick, Nova Scotia, 
and Prince edward island, Canada. This study 
investigated the relationship between the shell disease 
and pathological conditions of internal organs.

MATERIAL AND METHODS

Twelve lobsters with shell disease were collected 
by harvesters from different locations in eastern 
Canada (Fig. 1). in 2005, lobsters were collected 
from Cribbon’s Point (Nova Scotia) and Souris 
(Prince edward island) in June, and Kouchibouguac 
and Cap-Pelé (New Brunswick) in August, whereas 
lobsters from Tignish (Prince edward island) and 
Belledune (New Brunswick) were collected in June 
2006. Affected lobsters were kept alive in a cooler 
with ice packs and brought to the laboratory for 
observations before their dissection. each individual 
was visually inspected for shell disease, defined as 
discoloration and erosion of the carapace before 

dissection. lobsters with shell disease observed in 
this study were processed for histology the same day 
they were captured. The single lobster collected at 
Cribbon’s Point was dead before tissues could be 
collected and only the carapace was sampled.
 At the laboratory, the sex, carapace condition, 
carapace length (Cl, rounded down to the nearest 
mm), and overall animal condition were recorded 
for all lobsters. lesions were visually categorised 
into three types defined by the shell disease degree 
of infection (Sdi): Type-i—small shallow brownish 
circular or oval lesions; Type-ii—larger lesions 
where the superficial carapace layer was affected; 
Type-iii—large lesions with an irregular border 
associated with abundant necrotic material and 
deep exoskeleton erosions. Type-iii also included 
ulcerations. We used the index developed at the long 
island Sound lobster disease Workshop in 2000 for 
assessing the severity and proportion of lobsters with 
shell disease (liiS-ldW 2000, http://www.seagrant.
sunysb.edu/lilobsters/ShelldiseaseWorkshop/
liSli-ShelldiseaseWkshp.htm) to compare our 
observations with those from other areas. The 
index has four categories based on the shell disease 

Fig. 1 General locations of lobster (Homarus americanus) collected with shell disease in southwestern Gulf of St. 
lawrence, Canada, in 2005 and 2006.
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coverage (SdC): 0 = no shell disease, 1 = 1–10%, 
2 = 11–50%, 3 = >50%. 
 The cuticle (carapace and chelae), gills, hepato-
pancreas, ovaries, testis, and vas deferens were 
dissected from both control and affected lobsters. 
lobsters were anaesthetised by chilling them on ice 
for 30 min before removal of the organs. Portions 
of tissue from each organ were aseptically excised, 
cut in half, and placed immediately in vials with 
Bouin’s solution. One half was processed for general 
histology and the other was processed for scanning 
electron microscopic (SeM) observations. Tissue 
samples of control lobsters used in this study were 
collected in southern Gulf of St. lawrence, Canada 
between May and october from 2002 to 2006. 
observations of the cuticle, gills, hepatopancreas, 
and the male and female reproductive organs were 
based on 336 specimens. 

Histological and SEM preparations
Tissues were fixed in Bouin’s fluid and stained 
with modified Masson’s Trichrome (Gabe 1968; 
Martoja & Martoja-Pierson 1967). This procedure, 
routinely used for histological study of the snow crab 
(Chionoecetes opilio o. Fabricius, 1788) carapace 
(Benhalima et al. 1998; Moriyasu & Benhalima 
1998; hébert et al. 2002), provides contrast between 
the different tissues because the connective tissue 
and different layers of the cuticle stain blue, and the 
muscles and nuclei stain red and black, respectively 
(Martoja & Martoja-Pierson 1967). Tissues were fixed 
for 48 h and were dehydrated in a series of graded 
concentrations of aqueous ethanol solution, cleared 
in xylene agent, and then embedded in paraffin in a 
vacuum chamber. They were then sectioned serially 
and transversely at a thickness of 5 µm to 6 µm. Two 
slides per tissue, comprising 5 serial sections, were 
prepared; one was stained with Masson’s Trichrome 
and the other was kept unstained for histochemistry 
if necessary. light microscopic examinations were 
performed under an olympus BX51® compound 
light microscope and photographed with a colour 
digital camera using bright field optics.
 For SeM examinations, small pieces (c. 1 mm 
by 1 mm) of each sample (i.e., cuticle, gill, testis, 
and vas deferens) were dissected. These samples 
were immediately fixed with 2.5% glutaraldehyde 
in 0.1M cacodylate buffer at ph 7.2 for 1 h, rinsed 
for 1 h in cold 0.175M cacodylate buffer at ph 7.2, 
post-fixed in 1% osmium tetroxide in 0.1M buffer 
sodium cacodylate at ph 7.2 for 1 h, and washed in 
the 0.175M sodium cacodylate buffer (Benhalima 
et al. 1998; Moriyasu & Benhalima 1998). These 

first stages of SEM preparation were conducted at 
4°C. The dehydration of the samples was through 
a graded concentration of ethanol (up to 100%), 
with 15 min immersion for each concentration. The 
samples were dried at the critical point of Co2 (CPd). 
Then, the samples were mounted on the aluminium 
stubs with double side adhesive tabs, sputter coated 
with gold-palladium for 3 min at 40 mA under a 
vacuum chamber (Benhalima et al. 1998; Moriyasu 
& Benhalima 1998), and examined with a scanning 
electron microscope (Jeol 6400SeM®) at 10 kV 
acceleration voltage.

Sperm viability
Mature spermatozoa from live lobsters with shell 
disease (n = 8) and 5 control lobsters were collected 
from the vas deferens and incubated in living:dead 
fluorescent stains from a liVe/deAd® Sperm 
Viability Kit (Molecular Probes inc., catalogue no. 
l-7011) to assess sperm viability. The kit contains 
a membrane-permeant nucleic acid stain (SYBR®14 
dye with a maximum fluorescence emission of 516 
nm) and a conventional dead-cell stain (propidium 
iodide with a maximum fluorescence emission of 
617 nm). The kit was developed for mammal sperm, 
but has been successfully modified for Arthopoda 
(honey bee, Apis mellifera linnaeus, 1758) using 
less concentrated dyes (Collins & donoghue 1999). 
As proposed by Collins & donoghue (1999), 
SYBR®14 dye diluted at 1 µl/litre and propidium 
iodide diluted at 5 µl/litre were used. For lobster, 
sperm were incubated at 4°C to avoid killing live 
sperm (i.e., condition similar to nature). intact cell 
membranes from live sperm cells stain bright green 
with fluorescence, whereas damaged cell membranes 
stain red. Fluorescence emission was examined with 
a leica TCS-SP2 confocal laser microscope.

RESULTS

Carapace condition  
of lobsters with shell disease
of the 12 lobsters with shell disease, 8 were male 
with a median of 85 mm Cl (74–102 mm Cl) and 
4 were female ranging from 74 to 86 mm Cl. in all 
instances, the severity of the shell disease was low 
(categories 1 and 2) with less than 25% of the animal 
body covered with shell disease (Table 1).
 lobsters with low SdC were only observed in 2005 
(Table 1). Both the lobsters from the Northumberland 
Strait (Cap-Pelé and Kouchibouguac) observed 
in 2005 had small affected regions located on the 
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carapace (SdC = 1) showing irregular brownish 
discoloration (Sdi = i). The lesions were characterised 
by a granular surface with a lack of the cuticular 
matrix (Fig. 2A). The most severe carapace erosion 
was observed on a male lobster captured in Souris 
(Fig. 2B). The shell disease was only localised on the 
right crusher claw (SdC = 1), but the affected area 
was severely eroded (Sdi = iii) with de-lamination 
(peeling) of a discoloured (yellow) cuticle. A deep 
lesion characterised by ulceration and the exposure 
of heavily necrotised muscle was observed.
 Seven lobsters from the Tignish area located on 
the north side of Prince edward island were observed 
in 2006 with more extended shell disease coverage 
(about 25%) (Table 1). The shell disease was located 
on the posterior-lateral surface of the cephalothorax 
and the first abdominal segment. In general, males 
showed multifocal lesions and frequently the entire 
dorsal surface of the carapace was affected, whereas 
both females showed a single lesion. Similarly, SdC 
(2) and Sdi (ii) characterised by irregular-shaped 
eroded and discoloured areas covering large surface 
areas of the posterior cephalothorax and the upper 
abdominal segments, were also observed in 2005 on 
one male lobster captured at Cribbon’s Point (Fig. 2C). 
lesions appeared brownish with irregular surfaces.

Histology of cuticular structure
For animals with Sdi i (Table 1), cross-sections of 
the affected region of the cuticle showed damage 

to the epicuticle and exocuticle with a broad area 
of necrosed tissues stained in dark red (Fig. 3A). 
No damage of the endocuticle was observed. The 
tissues underlying the affected region showed 
severe inflammation with multifocal encapsulating 
granulomas (Fig. 3B). SeM examinations of the 
surface lesions revealed colonies of coccoid rod-
shaped bacteria (Fig. 3C) associated with other 
organisms such as diatoms, algae, and fungus-like 
structures (Fig. 3d).
 For animals with Sdi ii (Table 1), cross-sections 
of the affected region of the cuticle showed that the 
cuticle had completely disappeared with degenerating 
epithelium and disruption of the connective tissue. 
Cross-sections through the oedema associated with 
shell disease showed a lytic space formed between 
the membranous layer and the underlying epithelium 
(Fig. 4A). A large dilated sinusoid was present in the 
spongy connective tissue. A large number of dark 
red stained haemocyte infiltrations were present in 
the sub-epithelial connective tissue. Proliferation 

Table 1 Carapace length (Cl) and sex of American lobster (Homarus americanus) reported with shell disease in 
New Brunswick (NB), Nova Scotia (NS), and Prince edward island (Pei), Canada between 2004 and 2006. The shell 
disease coverage index (1 = 1–10%; 2 = 11–50%) and degree of infection (i = small lesions; ii = large lesions with 
significant carapace erosion; III = deep carapace erosion with necrotic material) are indicated.

    Shell Shell
    disease disease
  Cl  coverage degree of
Sample location date (mm) Sex index† infection

Cap-Pelé, NB Aug 2005 77 male 1 i
Cribbon’s Point, NS Jun 2005 102 male 2 II
Kouchibouguac, NB Aug 2005 85 female 1 i
Souris, Pei Jun 2005 97 male 1 iii
Belledune, NB Jun 2006 86 female 2 ii
Tignish, Pei Jun 2006 80 male 2 ii
Tignish, Pei Jun 2006 85 male 2 ii
Tignish, Pei Jun 2006 83 male 2 ii
Tignish, Pei Jun 2006 74 male 2 ii
Tignish, Pei Jun 2006 92 male 2 ii
Tignish, Pei Jun 2006 76 female 2 ii
Tignish, Pei Jun 2006 74 female 2 ii

†Shell disease coverage index: http://www.seagrant.sunysb.edu/lilobsters/ShelldiseaseWorkshop/liSli-
ShelldiseaseWkshp.htm [accessed 15 June 2006].

Fig. 2 (opposite) American lobster (Homarus america-
nus) captured in eastern Canada with shell disease. lobster 
captured in: A, Northumberland Strait, 2005 with low 
coverage (<10%) and severity; B, Souris (Prince edward 
island), 2005 showing a severe claw infection (necrosis), 
but localised shell disease; C, Cribbon’s Point (Nova 
Scotia), 2005 with large coverage (c. 25%) and significant 
carapace erosion.
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Fig. 3 (at right) Cuticle of American lobster (Homarus 
americanus) mildly affected by shell disease (stage i). A, 
light micrograph of a transversal section of stage C4 inter-
moult cuticle showing damage to the epicuticle (dep) and 
the exocuticle (dex) layers, but not to the endocuticle (en) 
and the membranous layer (Ml). B, Melanotic haemocyte 
necrosis (Nc) in the connective tissue (Ct). C, Scanning 
electron micrograph showing the cuticle surface colonised 
by rod-shaped colonies of bacteria. D, High magnification 
showing colonies of bacteria associated with fungus-like 
structures and diatoms. 
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of intense haemocyte infiltrations associated with 
dark red stained necrotic tissues was also observed. 
SeM examinations showed the presence of bacteria 
surrounding the oedema but not on its surface (Fig. 
4B). observations of the ulceration revealed a deeply 
eroded cuticle forming necrotic tissue filled with 
colonies of rod-shaped bacteria (Fig. 4C).
 histology of the lobster from Souris with the most 
severe lesions (Sdi iii) showed that the erosion was 
extended from the epicuticle to the exocuticle with 
the loss of the cuticular matrix. The endocuticle 
was damaged by necrosis where infiltration of 
haemocytes had occurred. Melanisation was noted 
between the cuticular layers and the connective 
tissue (Fig. 5A). The inflammation of underlying 
tissues was characterised by the increased number 
of haemocytes with foci of encapsulation and 
by the influx of abundant haemocytes forming a 
melanised pseudo-membrane between the underlying 
connective tissue and the necrotic overlying carapace 
(probably extending laterally from a more severe 
adjacent area of the lesion). SeM observations of the 
lesions revealed the presence of rod-shape bacteria 
at the surface of the eroded cuticle intermitted with 
other unidentified organisms (Fig. 5B). 

Histology of reproductive organs
The cross-section of the testis showed subspherical 
follicles filled with spermatogenetic cells at various 
development stages (Fig. 6A). The follicle lumen 
was filled with a large number of spindle-shaped 
spermatozoa. General observations of the serial 
transversal sections of the vas deferens in control 
lobsters (n = 40) showed the lumen densely filled 
with homogenous spermatozoa containing large 
alcianophilic areas. SeM observations revealed that 
the spermatozoon was cylindrical with an acrosome 
and three spikes (Fig. 6B).
 unlike the cuticle damage, abnormalities to the 
male reproductive organ were similar for all males 
(n = 11) observed with shell disease. Cross-sections 
of the testis follicle cells showed hypertrophied 
basophilic nuclei with degenerating spermatogenetic 
cells containing cellular debris (Fig. 6C). The free 
spermatozoa in the follicle lumen and the vas 
deferens were stained blue, i.e., basophilic. SeM 

Fig. 4 oedema associated with the cuticle of American lobster (Homarus americanus) moderately (stage ii) affected 
by shell disease. A, light micrograph of a transversal section of a stage C4 intermoult cuticle showing oedema (oe) 
below the cuticle layers (epicuticle (ep), exocuticle (ex), endocuticle (en)), and the epithelium (e) with large lacunae 
present in the connective tissue (Ct). B, High magnification showing haemocyte infiltration (He). C, Scanning electron 
micrograph showing rod shaped colonies of bacteria and oedema (oe) on the cuticle surface.
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Fig. 5 Cuticle of American lob-
ster (Homarus americanus) se-
verely (stage iii) affected by shell 
disease. A, light micrograph of a 
transversal section of a stage C4 
intermoult cuticle affected by shell 
disease showing damage to all lay-
ers of the cuticle: epicuticle (ep), 
exocuticle (ex), endocuticle (en), 
and the damage epithelium (de) 
with haemocyte infiltration (He) 
and increased cellularity of the 
connective tissue (Ct). B,  Scan-
ning electron micrograph showing 
the colony of bacteria associated 
with other unidentified organisms 
(or) at the surface of the chelae 
cuticle.

Fig.  6 Male American lobster 
(Homarus americanus) reproduc-
tive organ. A, light micrograph 
of a transversal section through 
the testis showing normal sper-
matogenetic cells (Sc) and the lu-
men (l) of the follicle full with 
spermatozoa (Sp). B, Scanning 
electron micrograph of the vas 
deferens showing a general view 
of the spermatozoa (Sp). C, light 
micrograph of a transversal sec-
tion through the testis showing 
spermatozoa (Sp), nucleus (N) and 
damaged spermatogenetic cells 
(dSc). D, Scanning electron mi-
crograph showing abnormal sper-
matozoa (Sp) and spermatozoa 
acrosomes (Ac). E, Spermatozoa 
viability based on living:dead 
(SYBR®14:propidium iodide) 
fluorescent stains with live sper-
matozoa stained bright green and 
dead spermatozoa stained red with 
a swollen membrane.

observations revealed pathological abnormalities in 
the structure of spermatozoa showing ring-shaped, 
swollen acrosomes and loss of typical spikes (Fig. 
6d). Furthermore, based on the liVe/deAd® 
Sperm Viability Kit and confocal microscope 
observations, live spermatozoa from control males 
(n = 5) stained bright green, whereas more than 
50% of the spermatozoa collected from males with 

shell disease (n = 8) stained red and showed swollen 
membranes (Fig. 6e) suggesting that spermatozoa 
collected from those males were dead.
 There was no observed difference in the ovaries 
of the four females with shell disease and the 
controls (n = 244). At the developing stage 4, 
the yolk granule process increased in the oocyte 
and oogonia strand between mature oocytes (Fig. 
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Fig. 7 Female American lobster 
(Homarus americanus) ovary. de-
veloping stage 4 ovary showing 
large oocytes (oc) with nucleus 
(N) and oogonia strands (os) for 
A,  unaffected  and  B, lobster af-
fected with shell disease. Maturing 
stage 5 ovary showing oocytes 
with prominent nucleus and vac-
uoles (V) for C,  unaffected and 
D, lobster affected with shell dis-
ease.

Fig. 8 Gill of American lobster 
(Homarus americanus) with shell 
disease. A, light micrograph of a 
cross-section through the row of 
gill filament (Gf) showing an accu-
mulation of unstained detritus (d). 
B, High magnification of a trans-
verse section of gill filament (Gf) 
showing densely stained necrotic 
areas (Nc). C, Stereomicroscopy 
micrograph of gills showing brown 
gill filament (BGf). D, Scanning 
electron micrograph showing 
necrosis (Nc) of the tip of the gill 
filament.

7A,B). At the maturing stage 5, the process of yolk 
granule increased in the oocyte and large granules 
of yolk (globules) were prominent (Fig. 7C,d). The 
nuclei began to migrate to the periphery in the late 
phase of this stage.

Histology of gills
in general, all animals with shell disease showed 
an accumulation of unstained debris between the 
gill filaments (Fig. 8A). Furthermore, the septum 
separating the afferent and efferent channels was 
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distorted with some showing degeneration. A spherical 
inclusion was present indicating an inflamed focus 
in the gill filament and stained dark red (Fig. 8B). 
The female lobster from Kouchibouguac (SdC = 1, 
Sdi = i) with a damaged opercular cuticle showed 
congested thick brown pigment (melanisation and 
fusion of gills) on the underlying gills (Fig. 8C). 
Cross-sections through the gill showed the cuticle 
layer covering the epithelium of the gill filaments 

was extended and distorted with accumulation of 
detritus. Coagulated necrosis surrounded by a thick 
pseudo-membrane staining red was also observed 
among the gill filaments. SEM observations showed 
a hard deformed mass of tissue firmly embedded 
among the gill filaments (Fig. 8D). Gills from the 
lobster with the most severe degree of shell disease 
infection (Type-iii) showed multifocal pinpoint 
blackened filaments (i.e., melanisation; Fig. 9A). 

Fig. 9 Gill of American lobster 
(Homarus americanus) with se-
vere damage from shell disease 
(stage iii). A, Stereomicroscopy 
micrograph showing gill with 
black filament. B, Scanning elec-
tron micrograph showing a gen-
eral view of gill filament coating. 
C, High magnification showing 
numerous thin filamentous-shape 
fungi covering the gill.

Fig.  10  American lobster 
(Homarus americanus) hepato-
pancreas. A, light micrograph of 
cross sections of hepatopancreas 
tubules showing a lumen (l), 
uniform epithelium (e), and B-, 
F-, and R-cells. (F-cells are small 
and located between the R- and 
B-cells. R-cells contain large num-
bers of empty vacuoles (V) and 
B-cells are vacuolised.) B, light 
micrograph of a cross-section of 
the hepatopancreas tubules show-
ing epithelial cells undergoing 
necrosis from animals with shell 
disease. C, high magnification 
showing pyktonic nuclei (PN).
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SeM observations revealed that the blackened 
portions of the gills were covered by a dense coat 
of thin filamentous-shaped fungi (Fig. 9B,C).

Histology of the hepatopancreas
The digestive lobe of control lobsters showed tubules 
composed of an epithelium showing three principal 
types of cells: B-, F-, and R-cells (Fig. 10A). The 
connective tissue around each hepatopancreatic 
tubule was detached in all lobsters with shell disease 
(Fig. 10B) compared with normal tubules. only R-
cells, easily detected by their pyknotic nuclei (Fig. 
10C), were affected showing compressed cells with 
cuboidal epithelium associated with supranuclear 
vacuoles. The basal portion of the R-cell epithelium 
was damaged or destroyed and the cytoplasm was 
diffused. A large amount of granular material was 
present in the cytoplasm.

DISCUSSION

our investigation revealed that lobsters with shell 
disease also showed internal pathology of the testis, 
the vas deferens, gills, and the hepatopancreas. 
Although shell disease results from bacterial invasion 
of the carapace (hess 1937; Rosen 1970; Malloy 
1978; Stewart 1980; Getchell 1989; Smolowitz et al. 
1992, 2002, 2005; Chistoserdov et al. 2005), reasons 
for the increased ability of bacteria to penetrate the 
carapace are unknown. our results show that there is 
no evidence that the destruction of the cuticle leads 
to systematic infection by organisms associated with 
the cuticular lesion. hence, it does not seem that 
shell disease was the causative agent or a vector for 
the pathological conditions of internal organs, but 
more likely one of the symptoms of a process also 
affecting the internal organs.
 Abnormalities observed in the testis and vas 
deferens of male lobsters with shell disease are 
reported for the first time and would have prevented 
males from producing usual amounts of viable 
sperm. The structure of spermatozoa produced by 
males with shell disease showed severe deformities. 
Besides having swollen acrosomes and wrinkled 
bodies, spermatozoa lost their typical three spikes 
which could greatly limit their mobility during 
copulation and egg fertilisation. More importantly, 
the chemical composition of the male reproductive 
organ is usually acidic (K. Benhalima unpubl. 
data) whereas the histochemistry of animals with 
shell disease revealed a basophilic condition. This 
change in ph of the reproductive organ prevents 

the formation of viable spermatozoa (K. Benhalima 
unpubl. data). The production of viable spermatozoa 
in a basophilic environment was corroborated by 
living:dead fluorescent stains that revealed the 
presence of more than 50% of dead spermatozoa in 
the reproductive organ of males with shell disease. 
in population dynamics, the abnormalities of the 
testis and vas deferens could affect the lobster 
reproductive potential by reducing the production of 
viable spermatozoa and subsequent egg fertilisation 
success, likely reducing recruitment of the lobster 
population.
 The hepatopancreas is a main organ in crustaceans 
that is involved in diverse metabolic activities, 
mainly the synthesis and secretion of digestive 
enzymes, and lipid glycogen reserves (Gibson & 
Baker 1979). our histological investigation revealed 
that the cell structure of B-cells, responsible for 
intracellular digestion, and F-cells, responsible for 
the synthesis and secretion of digestive enzymes, 
of shell-diseased animals were similar to those of 
control lobsters. However, significant changes in the 
cell structure of R-cells, responsible for the storage 
of lipid and glycogen, were observed. Mainly, the 
damage or destruction of the cell, the presence of 
hypertrophied nuclei and diffused cytoplasm (i.e., 
devoid of lipid vacuoles) were observed. lipid 
reserves play an important role in growth and 
reproduction processes (Al-Mohanna & Nott 1987). 
Changes in the condition of R-cells could be used as 
an indication of environmental and nutritional stress 
(Al-Mohanna & Nott 1987; Niles et al. 1993), as a 
few days of starvation lead to a rapid depletion of 
the hepatopancreatic glycogen reserves (Cuzon & 
Ceccaldi 1973; Williams & lutz 1975; Rosemark 
et al. 1980; Niles et al. 1993; Mcleod et al. 2004). 
Based on gross and histological changes, Rosemark 
et al. (1980) reported that dietary stress took place 
within 4 days for unfed small juvenile lobsters. 
Similarly, Niles et al. (1993) reported a significant 
and rapid reduction in the number and size of R-
cells for unfed juvenile lobsters. hence, based 
on the hepatopancreatic condition, it seems that 
lobsters with shell disease were under stress and 
not feeding adequately, either from a lack of food in 
their environment or, most likely, a change in their 
feeding behaviour, possibly owing to a concurrent 
disease (hart 1990).
 Pathology of the gills would limit the oxygen 
absorption and ion exchange. The level of debris 
accumulated between the gill filaments and the 
degeneration of the gill septum would limit the 
contact area for gas and ion exchange. Furthermore, 



267Comeau & Benhalima—Shell disease in American lobster

the presence in some lobsters of coagulated 
necrosis in the gill filaments could cause ischemia 
(circulatory blockage). Similarly, the total coverage 
of the gills by dense, thin, filament-shaped fungi for 
the animal from Souris would have also severely 
limited the physiological efficiency of the gills. 
hence, ventilation for animals with these types of 
conditions might not be sufficient to meet the oxygen 
requirement for cells of internal organs (Young & 
Pearce 1975) and gill obstruction could reduce the 
ability of the animal to eliminate the Co2 from its 
haemolymph. These two conditions could potentially 
cause severe metabolic disturbance or trauma 
(i.e., metabolic exhaustion). Thus, the pathology 
observed in the male reproductive organ and the 
hepatopancreas could have a metabolic origin in the 
gills.
 in 2002, similar gill pathologies were observed 
for moribund and dead lobsters from long island 
Sound (dove et al. 2004). Although these lobsters 
were not reported specifically to have shell disease, 
granulomas were frequently seen to be embolised in 
the gill filaments, resulting in congestion, ischemia, 
and coagulative necrosis of gill tissues. dove et 
al. (2004) hypothesised that the lobster deaths 
were a result of hypercapnia (excess Co2 in the 
haemolymph) caused by high sea temperatures 
(c. 23°C) observed that year. They explained that 
temperature-related respiratory stress could cause 
disruptions of the calcium chemistry of lobsters 
in favour of deposition of calcium minerals in soft 
tissues and, under appropriate conditions, could 
represent a fatal positive feedback loop, i.e., cause 
death (dove et al. 2004). Temperatures at or above 
20°C have been reported yearly in the coastal waters 
of the southern Gulf of St. lawrence (Savoie & 
Comeau 2004; Paulin et al. 2005). The highest 
bottom temperatures (20–24°C) were only observed 
for short periods of up to 2 weeks in localised fishing 
areas and estuaries at depth <5 m during the summer 
(M. Comeau unpubl. data).
 histological and SeM observations in this study 
revealed that shell disease is associated with bacteria 
colonising the outside of the cuticle and that lobsters 
have an inflammatory response to prevent further 
infection by forming a melanised defensive clot. 
This type of response has been well described by 
Sindermann (1989) and Smolowitz et al. (2005) for 
animals with shell disease. our observation of cuticle 
damage in relation to the degree of shell infection 
is similar to Smolowitz et al.’s (2005) histological 
observations. The cuticle that is grossly normal has 
no histological changes, whereas the eroded cuticle 

has different degrees of shell damage to the four 
distinct layers with a melanisation response. 
 Shell disease on the carapace was most commonly 
observed on the dorsal portion of the cephalothorax. 
exoskeleton lesions were characterised by partial or 
complete erosion of the first two calcified layers (i.e., 
epicuticle and exocuticle), whereas the innermost 
layer (endocuticle) was not attacked or eroded. The 
only exception, and more severe instance of shell 
disease, was the animal from Souris with a deep 
ulceration of the claw and necrosis of the muscle. 
Trauma could be the original cause of the claw 
lesions. Although a severe degree of infection, it 
was only observed on the claw and all other lobsters 
examined had relatively small coverage with less 
than 25%.
 The number of lobster with shell disease reported 
in southern Gulf of St. lawrence is extremely low 
(12 lobsters from total landings of over 45 000 t), 
and none was detected in over 250 000 lobsters 
examined during the at-sea sampling, trawling 
surveys, and female condition programmes in the 
last 5 years (Comeau et al. 2004, 2008). Results 
from this study could be used to establish a database 
for further research and monitoring of shell disease 
in Canada. Currently, such a structured database 
on shell disease does not exist for lobsters fished 
in Canadian waters, but is considered important 
throughout the geographical range of this lobster 
species to assess the extent and the level of severity 
of shell disease (Tlusty et al. 2005).
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