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Table 1

Abstract
The Caribbean spiny lobster, Panulirus argus (Latreille, 1804) is
a highly commercial species and comprises the largest spiny
lobster fishery in the world. Although populations have
declined throughout its range, there is little known regarding
its diseases and pathogens. The objectives of this study were to
provide illustrated and standardized methods for postmortem
examination, and to describe baseline gross and microscopic
pathology for P. argus. From July 2017–March 2019, a
postmortem examination including comprehensive
histological assessment was performed on 313 fishery-caught
lobsters. Epibionts and lesions observed include branchial
cirriped infestation (69%), branchial encysted nemertean
worm larvae (23%), tail fan necrosis (11%), skeletal muscle
necrosis (7%), antennal gland calculi (6%), branchial infarction
(2%), and microsporidiosis (0.6%). This report confirms the
rare prevalence of microsporidiosis in P. argus and describes
nemertean worm larvae in the gill. This study also reports a
condition resembling excretory calcinosis in spiny lobster.
The methods and data produced by this study facilitate disease
diagnosis and sustainable stock management of P. argus.
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1. Introduction
The Caribbean spiny lobster, Panulirus argus (Latreille 1804), is
a commercially valuable seafood which supports the largest
spiny lobster fishery in the world, and the second largest
lobster fishery in the world, second only to the American
clawed lobster, Homarus americanus. The decapod resides in
seagrass beds and surrounding hard bottom areas ( juveniles)
and crevices within coral reefs (adults) of North and South
America. It is found in the Western Atlantic Ocean, the
Caribbean Sea, and the Gulf of Mexico and extends from
North Carolina and Bermuda to Brazil. The Bahamas, Cuba,
Brazil and Nicaragua have the largest fisheries in this range,
based on a report published in 2017 by the Food and
Agriculture Organization of the United Nations (FAO) (Pereira
and Josupeit, 2017). The Bahamas landed 6088 tonnes in 2013,
Brazil landed 6726 tonnes as two of the highest producers of
this lobster species, whereas the lowest producers with
commercial fisheries were Costa Rica and Saint Kitts and
Nevis. Some territories export P. argus to countries outside of
the Caribbean region, such as the United States and Europe.
For example, in 2014, the Bahamas exported lobster valued at
US $33.0 million and 23.2 million to the United States and
France respectively (Pereira and Josupeit, 2017). This report
goes on to mention the need for sustainable fisheries and the
development of hatcheries, which would stabilize fisheries and
reduce fishing pressure on wild stocks. To date, spiny lobster
aquaculture is being practiced in Vietnam, where wild-caught
postlarvae, also known as pueruli, of the ornate lobster,
Panulirus ornatus, are held in net cages and fed until they reach
market size. Due to the success of this venture, other countries
such as Australia and Indonesia are developing spiny lobster
production using aquaculture methods (Jones, 2010, Jones,
2015).
Based on reports by the International Union for Conservation
for Conservation of Nature and Natural Resources (IUCN) in
2011, the P. argus population has decreased throughout its
range (Butler et al., 2011, Ehrhardt et al., 2011). Population
declines of P. argus are mainly attributed to overharvesting
(Butler et al., 2011). Other causes of P. argus decline may
include mortality due to disease, predation, climate change
and habitat loss. It is unclear how these factors may be
impacting spiny lobster populations.
Despite the interest in spiny lobster aquaculture and the
potential contribution of disease to population decline, there
is surprisingly little knowledge regarding the diseases and
pathogens of P. argus. Panulirus argus virus 1 (PaV1), the most
notable pathogen of P. argus, mainly causes disease and
mortality in wild juveniles while clinical disease in adults is
minimal and mortality can be as high as 11% in some areas
(Shields and Behringer, 2004, Behringer et al., 2012). This virus
has contributed to the decline in P. argus landings in Florida
and Mexico since 2000, shortly after the virus was discovered
(Ehrhardt et al., 2011). Other described diseases of P. argus
include microsporidiosis, tail fan necrosis, and infection by a
trematode, Cymatocarpus solearis (Gómez del Prado Rosas et al.,
2003, Shields, 2011). In microsporidiosis, muscle infected by
Ameson herrnkindi is identified by the presence of abnormally
white-colored tail muscle resembling cooked meat. Although
it appears to be rare in adult lobsters from Florida, its
prevalence is uncertain because of the predominance of the
live lobster market and unlikelihood for the consumer to
report infections (Small et al., 2019). Tail fan necrosis,
characterized by lesions of necrosis and melanization and
mixed bacterial infection of the uropods and telson, aﬀects
both captive and wild-caught P. argus. (Porter et al., 2001). Tail
fan necrosis has been identified as a limiting factor in the liveholding of captive Jasus edwardsi from New Zealand for
commercial purposes, since this condition may cause a
reduction of the market value of aﬀected lobsters (Musgrove et
al., 2005, Zha et al., 2019, Zha et al., 2018). Encysted
metacercaria of Cymatocarpus solearis have been reported in the
abdominal muscle of P. argus from Mexico (Briones-Fourzán
et al., 2016, Gómez del Prado Rosas et al., 2003). Infection
presents as white spherical cysts throughout the abdominal
muscle and are easily visualized with the naked eye.
Disease surveillance is an important aspect in the
management of any species. Due to lack of barriers to
dispersal, infectious agents spread rapidly in the aquatic
environment (McCallum et al., 2003), and emerging diseases
are increasing across many marine taxa (Groner et al., 2016,
Maynard et al., 2016).
Central to the traditional biomedical approach of disease
diagnosis in wild animals is the microscopic examination of
tissues, typically collected during a postmortem examination
where animal mortality has occurred (Wobeser, 2006). During
the postmortem examination, tissues are grossly examined to
identify lesions that may indicate a disease process.
Microscopic examinations are typically directed towards
lesions and may consist of wet mount or tissue imprint
examinations, histology or electron microscopy (OIE, 2003).
This step is necessary to elucidate cellular changes that may
indicate the pathogenesis or etiology of a lesion. The need for
ancillary methods to detect etiological agents, including
molecular analyses such as polymerase chain reaction (PCR), is
usually directed by gross and microscopic findings.
Baselines of disease prevalence in wild animals become crucial
when attempting to interpret gross and microscopic
observations during a period of population decline. Despite
the economic importance of P. argus, knowledge of
background pathology is relatively sparse. While diseases and
normal histology of most tissues have been comprehensively
described for P. argus (Ross et al., 2019, Shields, 2011), common
gross and microscopic lesions have not been outlined for P.
argus as has been for the Western rock lobster (Panulirus
cygnus) and tropical rock lobster (Panulirus ornatus) (Evans,
2003). Moreover, disease diagnostics in any species of spiny
lobster would benefit from detailed information and
illustration of the postmortem examination and sample
collection processes.
In order to facilitate disease diagnosis in P. argus, this study
provides methods for a standardized postmortem examination
and describes baseline gross and microscopic pathology
observed in adult lobsters from a fishery on Saint Kitts and
Nevis.

2. Methods
During July 2017 to March 2019, 313 lobsters were sourced
from fishermen on the island of Saint Kitts. These lobsters
were typically caught in baited lobster traps. A special permit
was obtained from the Department of Marine Resources to
source lobsters which are below the legal minimum size limit
of 95 mm carapace length. Adult and sub-adult lobsters were
collected from the waters surrounding Saint Kitts, and the
neighbouring waters of Saint Eustatius and Nevis. Lobsters
were collected live from fishermen and subsequently
anaesthetized and euthanized within two hours of collection.
All lobsters were subject to a comprehensive postmortem
examination using the methods outlined below (see Section
2.1, “Recommended approach for the postmortem
examination of P. argus”). Portions of fixed tissues were placed
in a cassette, embedded in paraﬃn, sectioned at 4 µm
thickness, and stained with hematoxylin and eosin. Ancillary
histochemical stains were done as necessary, depending on the
pathology observed.

2.1. Recommended approach for the post-mortem
examination of P. Argus
We present a field-ready approach for the post-mortem
examination of P. argus over 60 mm carapace length, expanded
from methods previously used in spiny lobsters
(Commonwealth Marine Economies Report, 2017, Evans,
2003). In experienced hands, this approach is expeditious and
adaptable while allowing all major organs and tissues to be
examined. Other dissection approaches are possible (Shields
and Boyd, 2014), and therefore the prosector is encouraged to
consider the objectives of each postmortem examination and
the various steps which can be altered to accommodate
diﬀerent needs.

2.1.1. Euthanasia
Proper post-mortem examination requires humane
euthanasia of lobsters presented to the prosector live.
Euthanasia is important for animal welfare and minimizes
tissue artefacts or confounding results associated with acute
host stress. Current best practice approaches advocate the use
of a two-step approach where the animal is first chemically
anesthetized until unresponsive (for example, with immersion
in clove oil, at a concentration of 0.125 ml/L), followed by
pithing, or by freezing for approximately twenty minutes
(Leary et al., 2013, Reilly, 2001). Both of the latter may create
histological artefacts or possibly destroy organs that may be of
research interest. Alternately, another method for the
euthanasia step is injecting 1 ml of cold saturated potassium
chloride in to the ventral nerve chord in the thorax, at the base
of the second walking leg (Battison et al., 2000). Although a
widely used practice, it is no longer considered humane to
euthanize lobsters in ice or an ice slurry as a one-step method
(Leary et al., 2013). Other guidelines indicate chilling followed
by a secondary step, including severing the ventral nerve cord,
as an acceptable method for crustacean euthanasia, although
with reservations (AEC, 2020, Reilly, 2001).

2.1.2. External examination
Once euthanized, the lobster can be dried using paper towels
to facilitate external examination. Anatomic landmarks
referred to throughout the dissection procedure are illustrated
in Fig. 1. Hemolymph is often analyzed to supplement the
health assessment (Shields and Behringer, 2004, Moss et al.,
2013). A hemolymph sample is drawn from the junction (the
arthrodial membrane) at the base of the fourth and fifth
walking legs of each lobster (Fig. 2a), bleeding from the dorsal
hemal sinus (Butler IV, 2017). This area may be diﬃcult to
properly clean if impacted with sediment or debris, and
hemolymph can alternatively be collected at the base of the
fifth walking leg (Evans, 2003, Moss et al., 2013). If precise
lobster weight is required, the weight should be measured
prior to collecting hemolymph for analyses. The body weight
is measured using a balance, and morphometrics are taken
with calipers, including carapace length, length of the longest
segment of second walking leg, and tail length (excluding
length of tail fan). These values can be used for analyses of
factors such as growth, maturity, and body condition (Kulmiye
et al., 2006, Martinéz-Calderón et al., 2018, Robertson and
Butler, 2003). The carapace length (CL) refers to the length
from between the rostral horns (long, forward-facing spines
which protect the eyes) on the anterior edge to the base of the
carapace, along the mid-dorsal line (Fig. 2b). The integument
is carefully examined for visible abnormalities, such as
epibionts, cuticle cracks, ulcerations or deformations.
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Fig. 1. Illustration of anatomical landmarks referred to in the
recommended approach for the post-mortem examination of
Panulirus argus. (a). Dorsoventral exterior view of P. argus. A – antennae,
C – carapace, R – rostral horn, Tl – Telson, Tr – tergites, U – uropods;
(b). Ventrodorsal exterior view of P. argus. At – antennules, Pl –
peopods, T – tarspot, W – second walking leg; (c–d). Dorsal view of
internal viscera of the cephalothorax, with d showing initial view and c
showing organs visualized after removal of stomach (S), midgut, heart
(H), and gonad (G). A – antennal gland, Cn – circumesophageal nerve
ring, Hp – hepatopancreas, M – skeletal muscle, Sg – supraesophageal
ganglia. Original artwork by Katie Tiley.
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Fig. 2. (a). Hemolymph is collected via syringe inserted 1–2 cm
through the arthrodial membrane (arrow), between the fourth and
fifth walking legs. C, carapace; T, tail. (b). Carapace length is measured
as the distance between the anterior edge (black arrowhead) of the
carapace (C) between the rostral horns (R) and the posterior edge
(white arrowhead) of the carapace along the mid-dorsal line.

2.1.3. Dissection
In these methods, we advocate an approach where the tail is
removed at the beginning of the dissection, facilitating the
opening of the cephalothorax (Commonwealth Marine
Economies Report, 2017, Evans, 2003). As the hindgut and
nerve, and potentially distal regions of gonad, are severed with
this technique, researchers requiring careful in situ
examination of these organs may opt for an approach that
leaves the tail attached (Shields and Boyd, 2014).
2.1.3.1. The tail/abdomen

The tail is removed by incising and transecting the exposed
muscle between the cephalothorax and abdomen (Fig. 3a, 2b).
The cephalothorax is the anterior part of the lobster,
including head and thorax, and is the location of most viscera.
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Fig. 3. (a). The tail is removed by incising the integument and
transecting the muscle between the cephalothorax (Ct) and tail (T). (b).
Hindgut (H) and ripe female gonad (G) extends into the tail, revealed
during tail removal. (c). To remove the hindgut (H), a dorsal midline
incision is made through tergites to the third abdominal segment (S)
using scissors and caudal traction is placed on its transected edge. (d).
To remove the ventral nerve cord (N), a ventral midline incision is
made through pleonites of the tail to the third abdominal segment (S).
(e). The incision to open the cephalothorax (yellow dotted line) starts
with a midline incision extending from the posterior edge of the
carapace, past its anterior edge, to the base of the eyestalk. The
incision is extended laterally to one side where the base of the eyestalk
and the junction of antennae and anterioventral carapace are
transected. A similar incision is then placed on the other side. Bluntended scissors may be used to facilitate shallow incisions.

Gonads may extend into the tail and can be easily severed
during separation of the tail from the cephalothorax (Fig. 3b).
Great care should be taken during this step if required intact
for gonad research. During this process, the ventral nerve cord
and arteries providing blood to the abdominal region are
severed. Next, to remove the hindgut, a dorsal midline
incision is made through the tergites up to the third
abdominal segment using scissors (Fig. 3c). Caudal traction is
then placed on the transected edge of the hindgut to facilitate
its sampling. The ventral nerve cord is removed by making a
ventral midline incision on the abdomen, through pleonites,
extending from the anterior end of the tail to the telson (Fig.
3d). Alternately, one ventral incision can be made to collect the
ventral nerve cord, but this will require carefully cutting
through abdominal muscle to locate the hindgut. The telson,
together with the uropods, forms the tail fan which is the
most posterior segment of the lobster. During these steps, the
uropods and telson are examined for lesions of tail fan
necrosis. Tail fan necrosis is mainly characterized by erosion,
softening, and darkening of the tail fan (see Section 3.4).
2.1.3.2. The cephalothorax

The cephalothorax must be opened in order to examine the
visceral organs. First, the lobster is placed in ventral
recumbency such that the anterior end is pointing away from
the examiner, and the eyestalks are removed by making a
lateral incision across the base of the eyestalks (Fig. 3e). If the
brain is of primary focus, the eyestalks can be left attached at
this stage and removed last, so as to minimize any potential
for artefactual disruption of brain tissue. A sagittal midline
incision is made along the dorsal carapace, extending from the
posterior edge of the carapace, past its anterior edge between
the rostral horns, to the eyestalk area. The incision should be
as shallow as possible to prevent accidental damage to
underlying organs, particularly the heart and foregut.
(Alternatively, two parallel para-sagittal incisions can be made
at the lateral margins of the carapace.) From this point, the
incision is extended to both lateral regions in line with the
location of the eyes and ending at the region where the base of
the antennae and the anterioventral carapace transect. Both
halves of the carapace can then be removed easily by lifting the
shell along the dorsal incision (Fig. 4a). After the carapace is
removed, the branchial chamber is visualized, but may be
covered with the brachiostegite. The brachiostegite, which is
an extension of the carapace, is removed by cutting this
structure oﬀ using a scissors to expose the gills (Fig. 4b). The
gills are then closely examined for lesions, ectoparasites, and
epibionts. Examination of the gills with the assistance of a
dissecting microscope greatly facilitates identification of
subtle lesions and epibionts (Fig. 4b).
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Fig. 4. (a). Two halves of carapace are produced by the incisions in Fig.
3e. The integument may remain attached to the inner surface of the
carapace, or may remain in situ as depicted here (asterisk), and must
be removed to reveal internal viscera. Arrow indicates base of left
antennae. (b). Lateral view of cephalothorax with carapace removed,
exposing the gills (G) within the branchial chamber. Some
brachiostegite (asterisk) remains attached dorsally and barnacles (B,
inset) are present in at the base of the gill arches. (c). Dorsal view of
internal viscera of the cephalothorax, showing heart (H, inset), spent
female gonad (O), foregut (or stomach) (S), and hepatopancreas (Hp);
G, gill. (d). Once the heart is removed, the midgut (M) is apparent
beneath the gonad (O).; Hp, hepatopancreas. (e). Spent female gonad,
removed intact. The orange regions represent remnant vitellogenic
ova. (f ). Male reproductive tract, removed intact, including testes (T)
and vas deferens (V).

Most major organs can be viewed dorsoventrally at this stage,
including heart, gonads, muscle, stomach, midgut and
hepatopancreas (Fig. 4c). The most dorsal organ, the heart, is
excised first by transecting it from connective tissue and
arteries such as the ophthalmic (anterior), sternal and
abdominal (posterior) arteries, which hold this organ in place
and allow the movement of hemolymph to tissues in the tail
and cephalothorax (Fig. 4d). Once the heart is removed, the
gonads are accessible, and are removed intact by severing
connective tissues which anchor the gonads to the side of the
stomach and other internal structures (Figs. 4e and f ). The
gonads may be weighed for the purpose of other analyses,
such as calculation of the gonadosomatic index (GSI). The
foregut (which houses the ossicles of the gastric mill) and
midgut can then be removed whole by transecting the
eosophagus, the region of the digestive tract that is connected
to the mouth (Fig. 5b). The lumen of the foregut is opened
during or after its removal and its contents examined. If the
prosector has diﬃculty locating the midgut in this sequence,
the midgut may be more obvious in situ, visualized right after
removing the heart. The gastric mill is a structure that is being
used to age crustaceans, including P. argus, and can therefore
be placed in a preservative to facilitate this (Gnanalingam et
al., 2018, Kilada et al., 2017, Kilada et al., 2012).
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Fig. 5. (a). Gonad has been removed and the stomach (S) and midgut
(M) are situated dorsal to the hepatopancreas (Hp). (b). Stomach (S) and
midgut (M) removed. (c). The stomach and midgut have been removed
and the antennal glands (A), circumesophageal nerve ring (C), the
dorsal supraesophageal ganglion (Sg), and the bulk of the
hepatopancreas (Hp) are now evident. (d). The hepatopancreas
removed intact.

The hepatopancreas is prone to autolysis and ideally a sample
should be collected for fixation as soon as the organ is
visualized, prior to finishing the dissection. If studies require
small segments of the hepatopancreas, samples can be
collected and fixed quickly. Some studies may require the
complete removal of the hepatopancreas, (also called the
digestive gland or midgut gland) (Felgenhauer, 1992, Johnson,
1980a), and great care must be taken in doing so, since it
occupies anterior and ventral regions of the thoracic cavity
and therefore some lobes of the hepatopancreas are hard to
reach and remove easily (Fig. 5c and d). The hepatopancreas
can be removed by severing the atrium, which links both lobes
of this organ to the pyloric stomach. The antennal glands, also
called the green glands, are located at the base of each
antenna. They are overlaid by a connective tissue which
should be incised to facilitate removal using forceps and
scissors (Fig. 6a–b). Two nerves make up the ring-commissure,
also known as the circumesophageal nerve ring. This structure
surrounds the esophagus, connecting to the supraesophagal
ganglion (brain) and other ganglia associated with the mouth
and esophagus (Fig. 6a). The brain is located dorsal to the
esophagus and between the eyes and the two antennae,
attached to the internal aspect of the antennules. To remove
the brain, an incision is made on either side of the cuticular
plate between the antennae, and while orienting the lobster so
that the antennae are pointing towards the examiner, a lateral
incision is made under the antennule, and extended in a
posterior direction (Fig. 6a). The brain is apparent as a white
structure within yellow tissue (Fig. 6c).
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Fig. 6. (a). Hepatopancreas has been removed allowing closer view of
antennal gland (A), circumesophageal nerve ring (C), and the dorsal
supraesophageal ganglion (Sg); E, remaining esophagus. Green dotted
line indicates starting incisions for removal of the supraesophageal
ganglion. (b). Antennal glands removed intact. (c). Supraesophageal
ganglion (Sg) removed en block with antennules (At) and associated
shell (underside).

2.1.4. Tissue sampling and fixation
A variety of fixatives can be used, depending on the objectives
of the post-mortem examination and laboratory resources
available. In our lab, we prefer Davidson’s seawater fixative, for
its rapid tissue penetration and mild decalcifying properties
facilitating histology of the shell and gill (Howard et al., 2004).
Alternately, 10% neutral buﬀered formalin is readily available
and suitable, but a decalcification step will be required for
calcified tissues. Bouin’s solution produces superior fixation,
but its availability may be restricted to some laboratories due
to the picric acid component (Howard et al., 2004). Ideally,
portions of tissue less than 0.5 cm thickness are immersed in
the fixative at a ratio of at least 1:10. Samples of eyestalks,
heart, gut, supraesophagal ganglion, gonads, hepatopancreas,
circumesophageal nerve ring, thoracic muscle, gill, midgut,
ventral nerve cord, integument, and antennal gland, and any
other tissues showing gross lesions are typically fixed for
histological assessment. Sampling should first be directed
towards those which are prone to autolysis, especially the
hepatopancreas. Samples of integument which include
epidermis and all cuticle layers can be collected by clipping oﬀ
a somite of the tail at its dorsolateral attachment. Tissues
should be fixed immediately, and for 48–72 h prior to
processing for histology. If histology processing cannot be
done directly, tissues may be removed from the fixative of
choice and stored in 70% ethanol.

3. Results
3.1. Study population
Three hundred and thirteen lobsters (37 juveniles, 276 adults)
were evaluated by this study. The sample population included
147 males and 166 females, with a mean (standard deviation,
range) CL of 93 (±14.2, 66–157) mm. Comprehensive
postmortem examinations were conducted on all lobsters,
including microscopic assessment of the antennal gland
(n = 297), gill (n = 312), muscle (n = 312), hepatopancreas
(n = 311), brain (n = 179), heart (n = 305) and tail fan (n = 312).
Lesions aﬀected 88/313 (28.1%) lobsters and epibionts were on
213/313 (52.4%) lobsters. Of lobsters with lesions, 49/88 (55.7%)
were grossly apparent whereas 39/88 (44.3%) were only evident
upon histological analysis. The most common epibionts
included adult and larval (cyprid) barnacles (201/213, 94.4%)
and encysted nemertean larvae (70/213, 32.9%). The most
common lesions included tail fan necrosis and antennal gland
calculi (Table 1).

Table 1. Epibionts and lesions observed in adult and sub-adult lobsters

sampled on Saint Kitts from July 2017 to March 2019.

Lesion

Proportion

Prevalence Confidence

aﬀected/evaluated

(%)

interval (95%)

Branchial adult cirripeds

188/312

60

54.8, 65.7

Branchial cyprid larvae

74/312

22

16.3, 25.3

Branchial encysted

70/304

23

18.3, 27.8

Tail fan necrosis

35/312

11

7.53, 14.47

Skeletal muscle necrosis

23/312

7

4.17, 9.83

Antennal gland calculi

20/297

6

3.3, 8.7

Branchial infarction

6/312

2

0.45, 3.55

Microsporidiosis

2/313

0.6

0, 1.52

Other lesions*

11/313

3.5

1.47, 5.55

nemertean worm larvae

*
Carapace deformation (n = 1), myocarditis (n = 6), and intestinal
granulomas (n = 4).

3.2. Branchial cirripeds
Ectoparasites of Infraclass Cirripedia, resembling Octolasmis
sp. were present in 69% of the lobsters examined (Table 1),
with 45% having only adult barnacles and 9% having only
cyprids present. Both life history stages were observed in 15%
of the lobsters in this study. Adult barnacles were evident
grossly (152/312, 49%), approximately 2.5 to 4.1 mm in length,
and morphologically identified by the presence of a capitulum
supported by a peduncle attached to the host at its base (Fig.
7a). They were attached to the base of the gill arches or the
inner epidermal surface of the carapace lining the gill
chamber, and externally at the base of the walking legs of the
host. Histologically, adult barnacles were crustaceans
characterized by the presence of a cuticle, striated muscle,
paired appendages (cirri), hepatopancreas, gut, gonad, and
reserve inclusion cells, contained within a cavity surrounded
by a thin mantle (Fig. 7b). While the mantle blended with
adjacent host cuticle, there was no gill pathology associated
with the presence of adult barnacles. Cyprid larvae were
present between the gill filaments and only evident
microscopically. They were highly motile ovoid organisms
when observed under a dissecting microscope (0.58–0.7 mm
length), and had two eyes, and antennules (Fig. 7c–d). Based on
gross and histological observations, they are not attached to
the host cuticle and, similar to adult barnacles, were not
associated with pathology.

Download : Download high-res image (1MB)
Download : Download full-size image

Fig. 7. Gill infestations and lesions observed among Panulirus argus
harvested from St. Kitts. (a). Adult stalked barnacles from a wet-mount
preparation of gill, showing peduncle (arrow), capitulum (arrowhead)
and cirri (asterisk). Bar = 400 µm; (b) Histologically, adult barnacles are
evident by striated muscle (arrow), cirri (asterisk), and a thin mantle
(M). HE. Bar = 100 µm; (c). A gill arch viewed with a dissecting scope,
revealing the presence of cypris larvae (arrow) between lamellae and
nemertean worm larvae (white arrowheads) at bases of lamellae. Inset
shows cypris larvae from a wet-mount preparation of gill, arrow head
indicates antennule. Bar = 250 µm; (d) Histological section of cypris
larva associated with gill filaments (F). Note thick cuticle and
antennules (arrowhead). Bar = 90 µm; (e) Gill infested with barnacles
(arrowhead) and nemertean worm juveniles as indicated by the pink
discoloration (arrow). Inset shows a pink area of gill arch viewed with
a dissecting microscope, revealing ovate encysted larvae with two eyes;
(f ) Histology section of gill with encysted juvenile nemertean worms
between base of filaments (F). They are encysted beneath a thin
mucous sheath (arrow) and have ciliated epidermis (arrowhead). Inset
shows the organism in a wet-mounted gill scraping examined with a
dissecting scope, demonstrating two eyes and a central stylet
(arrowhead). Bar = 50 µm; (g) Gill viewed under dissecting scope to
show infarcted filaments, indicated by dark brown color. (h) Histologic
section of gill with infarcted filaments (arrow, inset) and clotted
hemolymph within hemolymphatic channels of the gill arch (asterisk).
Bar = 200 µm.

3.3. Branchial nemertean worms
Nemertean worm larvae of an undescribed Carcinonemertes sp.
were encysted at the base of gill lamellae in 23% of lobsters,
including 43 females and 27 males (Table 1). Detailed
descriptions of the branchial nemerteans in these lobsters,
along with those from a separate sample of ovigerous females,
are included in a survey for Carcinonemertes sp. in Saint Kitts
(Atherley et al., 2020, in press). Branchial nemerteans were
most obvious histologically as ovate metazoans with ciliated
epidermis, subcuticular muscle, and a lobed brain but were
also subtly evident grossly by a pink discoloration of the gill,
predominantly involving the fourth gill (Fig. 7e–f ).

3.4. Tail fan necrosis
Tail fan necrosis aﬀected 11% of lobsters (Table 1). This was
grossly evident in all cases, consisting of regional areas where
the uropods or telson was eroded, dark brown to black soft,
depressed, and in some cases had a raised margin (Fig. 8a). Tail
fan necrosis lesions were examined histologically (with
suﬃcient decalcification from immersion in Davidson’s
fixative for up to 96 h) in 10 lobsters. These lesions
histologically consisted of cuticle splitting or fissures (10/10,
100%), detachment of the epidermis from the cuticle (8/10,
80%), epicuticle and exocuticle erosion (3/10, 30%), complete
ulceration with or without pseudomembrane formation (6/10,
60%), exocuticle and endocuticle degeneration (diﬀerential
staining, blending of cuticle layers, loss of laminae of the
endocuticle, vacuolation) (8/10, 80%), cuticle melanization
(7/10, 70%), epidermal necrosis (8/10, 80%), epidermal
hyperplasia (7/10, 70%), and hemocyte infiltration of dermis
(9/10, 90%), epidermis or cuticle (8/10, 80%) (Fig. 8b–c).
Melanization was typically in the epicuticle and outer
exocuticle or on the surface of cuticle cracks. Bacteria were
identified in most cases (7/10, 70%), typically on the surface of
eroded or ulcerated cuticle, or in cuticle cracks. Two of these
cases were evaluated with Brown-Brenn Gram stain and
bacteria consisted of gram-negative rods.

Download : Download high-res image (865KB)
Download : Download full-size image

Fig. 8. Shell lesions observed among Panulirus argus harvested from St.
Kitts. (a). Tail fan necrosis with several foci where uropods are eroded,
dark brown and have dissociated softened cuticle; (b). Histologic
section of tail fan necrosis with erosion of the epicuticle and bacterial
colonization (arrowhead), loss of laminar distinction of the
endocuticle (E), a vesicle in the deep endocuticle (arrow), and
hemocyte infiltrate (H) in the subepidermal soft tissue. Inset shows
Gram stain of gram negative bacilli in degenerate cuticle.
Bar = 100 µm. (c). Histologic section of tail fan necrosis with
degenerate and fissuring endocuticle (E), melanization of the fissure
(arrowhead), necrosis of epidermal epithelial cells (N), and hemocyte
infiltrate of subepidermal tissue (H). Bar = 50 µm. (d). Carapace
deformation where the ventral margin is sharply diverted and
compressed dorsomedially, revealing the gill chamber.

3.5. Skeletal muscle necrosis
Skeletal muscle necrosis aﬀected 7% of lobsters (Table 1),
typically identified microscopically, but evident
macroscopically as white firm areas of muscle tissue in some
aﬀected lobsters (Fig. 9a). Histologically, muscle necrosis
consisted of bundles or fascicles of myocytes that were
swollen, with vacuolated sarcoplasm that lost cross-striation,
and nuclear pyknosis (Fig. 9b). A minority of cases were
accompanied by mild hemocyte infiltrate. In all cases the
lesion was mostly localized to abdominal muscle (i.e. tail), but
could also be found to extend to neighboring muscle in the
cephalothorax.
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Fig. 9. Muscle and hepatopancreas lesions observed among Panulirus
argus harvested from St. Kitts. (a). Grossly, muscle necrosis is evident
by white streaks in muscle tissue (arrow); (b). Histology section of mild
muscle necrosis with swollen myofibers with homogenized and
vacuolated cytoplasm and pyknotic nuclei. White arrowhead indicates
normal fascicle for comparison. Bar = 100 µm. (c). Microsporidosis
indicated by white “cooked”-appearing tail muscle. (d). Histology
section of skeletal muscle with myofibers having intrasarcoplasmic
spores (arrow). Nuclei are pyknotic, but otherwise convincing features
of necrosis (loss of distinction of cell borders, cytoplasmic
vacuolation, condensation, fragmentation and loss of cross striation)
are not evident. Inset shows Gram stain where spores are gram
positive. Bar = 30 µm. (e). Histologic section of heart showing possible
dimorphism of spores encysted within cardiac myocytes. Some spores
are similar to those within skeletal myofibers (arrow), but
predominant spores (arrowhead) are elongate and do not stain Gram
positive (inset). Bar = 30 µm. (f ). Histologic section showing fixed
phagocyte hyperplasia (arrow) where the number and size of
phagocytes around arterioles are increased. Bar = 30 µm.

3.6. Antennal gland calculi
Antennal gland calculi were diagnosed histologically, aﬀecting
6% of lobsters (Table 1), all adults. The lesion was grossly
evident in 3/20 aﬀected lobsters due the presence of military
brown foci throughout the antennal gland (Fig. 10a).
Histologically, the lesion consisted of spherical lamellated
deposits within lumina of antennal gland labyrinth (Fig. 10b).
The deposits were composed of basophilic to brownpigmented material that was refractile under polarized light,
and stained black with von Kossa stain, indicating the
presence of mineral (Fig. 10c). The deposits were often
encapsulated by dense circumferential aggregates of
hemocytes, forming small granulomas (i.e. encapsulation or
nodulation response).
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Fig. 10. Antennae gland calculi observed among Panulirus argus
harvested from St. Kitts. (a). Calculi could be identified grossly by the
presence of miliary brown foci throughout the antennal gland; (b).
Histological section of antennal gland showing brown calculi within
lumina of the labyrinth (arrows). Inset shows hemocyte encapsulation
around a calculus. Bar = 100 µm; (c). Histological section of the same
field illustrated in the previous image when viewed under polarized
light, showing birefringence of calculi. Inset demonstrates black
staining with von Kossa stain.

3.7. Branchial infarction
Branchial infarction aﬀected 6/20 (30%) lobsters with antennal
gland calculi (Table 1). It was evident macroscopically as dark
brown lamellae in 6/6 lobsters (Fig. 7g). Microscopically,
branchial infarction consisted of casts of clotted
(hypereosinophilic and homogenous) hemolymph within
hemolymphatic channels and lamellar hemal sinuses and
necrosis and loss of lamellar epithelium (Fig. 7h). The clotted
hemolymph was variably melanized and contained hemocytes
and necrotic cell debris.

3.8. Microsporidiosis
Microsporidiosis was diagnosed in 2 lobsters (0.6%, Table 1).
Grossly, a provisional diagnosis could be made based on the
presence of severe skeletal muscle necrosis in the tail, as
indicated by rubbery and white (‘cooked’-appearing) muscle
(Fig. 9c). Histologically, microsporidial spores were
predominantly found within skeletal muscle of the tail,
eyestalk, and muscle associated with the shell, but were also in
very low numbers within the hemolymph of most organs in
both lobsters. In the more severely infected lobster, spores
were present within cardiac myocytes, and occasional
interstitial cells of male gonad, antennal gland, and
hepatopancreas. In skeletal muscle, spores filled and replaced
segments of myofiber sarcoplasm, and were also extracellular
to a lesser degree, interspersed throughout the interstitium
(Fig. 9d). Convincing features of necrosis were not evident in
infected cells. Spores were ovoid, 1–2 µm in diameter, with a
thin poorly-stained cell wall. Most spores were gram positive
when stained with Brown-Brenn Gram stain, facilitating their
identification when present in low numbers (Fig. 9d, inset). In
cardiac myocytes, the microsporidian cells were elongate,
lacked a defined wall or cell border, and were not gram
positive (Fig. 9e).

3.9. Other abnormalities
Other lesions aﬀected 2% of the study population (Table 1),
and included carapace deformation (n = 1, Fig. 8d), myocarditis
(n = 6) and intestinal granulomas (n = 4). The intestinal
granulomas were located in the walls of the midgut in each
instance. Of the six lobsters with myocarditis (i.e. hemocyte
infiltrate of the heart), inflammation was confined to the
epicardium in five, including regional hemocyte infiltration
(n = 3) or distinct granuloma (i.e. encapsulation or nodulation
response) formation (n = 2). Hepatopancreas autolysis (71/311,
23%) was a common microscopic finding, although not a true
lesion. It consisted of tubules with segmentally sloughed
epithelial cells that often lost cellular detail or had faded
cytoplasmic staining, sometimes associated with presence of
mixed bacteria. Fixed phagocyte hyperplasia was in the
hepatopancreas of 51/311 lobsters (16%) and was of uncertain
pathological significance. Fixed phagocyte hyperplasia was
evident histologically by an increase in number and size of
fixed phagocytes surrounding arterioles in the interstitium
between tubules (Fig. 9f ), with cells sometimes having
cytoplasmic vacuoles.

4. Discussion
We document several epibionts and lesions previously not
reported in P. argus and help address a deficit in baseline
pathology data for the species. Branchial cirriped infestations,
branchial encysted nemertean larvae, tail fan necrosis, skeletal
muscle necrosis, antennal gland calcinosis, branchial
infarction, and microsporidiosis were the main findings
documented with the postmortem examination of 313 fisherycaught lobsters, using the methods illustrated herein. It is
hoped that future studies investigating disease and mortality
in P. argus will use these methods to further expand our
knowledge of its pathology. Because sick lobsters may be less
likely to enter the baited lobster traps used in this study, the
prevalence of some lesions may be under reported. In
addition, the traps and associated stress may also contribute to
the pathogenesis of some lesions.
Branchial cirriped of the genus Octolasmis (Cirripedia:
Poecilasmatidae) infestations, including adult stalked
barnacles and cyprid larvae, were common in our study. These
stalked barnacles are gill epibionts of decapods, and have been
isolated from many crab species such as the swimming crab,
Portunus sanguinolentus, and the blue crab Callinectus sapidus (Li
et al., 2014, Shields and Overstreet, 2007, Voris and Jeﬀries,
2001). Stalked barnacles have also been isolated from the spiny
lobsters Panulirus polyphagus (Octolasmis sp.), Panulirus versicolor
(O. angulata) and Panulirus interruptus (O. californiana) (Shields,
2011, Yusgita et al., 2019). There are only two reports of
Octolasmis spp. on P. argus. An unidentified species closely
related but not identical to Octolasmis warwickii (87%
similarity) was found in Saint Lucia (Commonwealth Marine
Economies Report, 2017) and Octolasmis forresti in Florida
(Pilsbry, 1907). High infestations may aﬀect the eﬃciency of
gaseous exchange in the gills due to a reduction in the
available surface area of the gills. However, barnacle
infestation does not usually negatively impact the host
(Gannon and Wheatly, 1992, Li et al., 2015). Given their high
prevalence in this and other studies, morphological and
molecular identification of the cirripeds to the species level is
warranted (Chen et al., 2013), and would help determine
whether or not the two life stages (adult barnacle and cyprid
larvae) are indeed of the same species. The data collected in
such a study will provide valuable information on the genetic
analyses of Octolasmis spp. since sequences of some species are
not available.
The encysted nemertean noted in this study is an undescribed
Carcinonemertes sp. (Atherley et al., 2020, in press). Adults
parasitize the brood masses of P. argus, and have only been
documented in Saint Kitts. While encysted larvae were not
associated with significant gill pathology, adult nemertean
worms of the family Carcinonemertidae are egg predators of
their respective hosts, possessing one or two stylets that allow
them to puncture the egg and ingest the contents, causing
high egg mortality in several economically important
decapods (Kuris and Wickham, 1987). The only described
nemertean worm of P. argus, Carcinonemertes conanobrieni, is
geographically widespread, aﬀecting gravid females from the
Florida Keys, the Colombian Caribbean coast and Saint Kitts
and Nevis (Gonzalez-Cueto and Quiroga, 2018, Simpson et al.,
2017; Atherley et al., 2020, in press). The life cycles of the two
Carcinonemertes spp. are distinct: C. conanobrieni completes its
entire life cycle within the host egg mass and has not been
found in any other regions of the host, whereas larvae of the
undescribed Carcinonemertes sp. are also found in the gills of
male and female hosts (Atherley et al., 2020, in press).
Identification and possible characterization of the
undescribed Carcinonemertes sp. present in Kittitian P. argus
requires further study.
Shell disease is a common issue among shrimps, crabs, and
lobsters and goes by a variety of names dictated largely by host
species, lesion distribution, and suspected etiology. Tail fan
necrosis is the most problematic shell disease of captive and
wild spiny lobsters (Bryars and Geddes, 2005, Zha et al., 2019,
Zha et al., 2018). It aﬀected 11% of P. argus in the present study
in contrast to another study in Florida which found shell
disease to be uncommon (<1%) in P. guttatus and P. argus
(Iversen and Beardsley, 1976). The lesion of tail fan necrosis is
localized to the telson and uropods making up the tail fan. In

Jasus edwardsii, the lesion microscopically involves the cuticle,
epidermis, and underlying soft tissue, consisting of
melanization, necrosis, detachment of the epidermis or
cuticle, and hemocyte infiltration (Zha et al., 2018). Cuticle
detachment alone is a common artefact of histology
preparation, but in tail fan necrosis, detachment is
accompanied by other microscopic changes. The microscopic
pathology of tail fan necrosis has not previously been
described in P. argus. Our findings are consistent with those
described by Zha et al. (2018), suggesting similar pathogenesis.
In many types of shell disease, the lesion is thought to be
instigated by cuticle injury with subsequent bacterial infection
(Musgrove et al., 2005). Porter et al. (2001) isolated Vibrio spp.
from the shells of P. argus with and without tail fan necrosis
and hypothesized that these bacteria, while normal flora and
ubiquitous in the marine environment, can also induce tail
fan necrosis under certain circumstances. However, bacteria
were not consistently microscopically present within tail fan
necrosis in P. argus, suggesting that they are not a necessary
cause of the lesion. Ancillary microbial analysis including
microbiome analysis could be beneficial to establishing the
role of bacteria in the pathogenesis of tail fan necrosis in P.
argus (Porter et al., 2001). Increasing water temperatures may
perpetuate the occurrence of tail fan necrosis (Musgrove et al.,
2005). The prevalence of tail fan necrosis in P. argus has not
been previously reported, therefore, the role of water
temperature is uncertain for Kittitian P. argus.
Antennal gland calculi do not seem to be a standard
observation in crustaceans (Bell and Lightner, 1988,
Murchelano and MacLean, 1990, Johnson, 1980b), and were
not described in a histological atlas produced from
examination of 50 P. argus in Florida (Ross et al., 2019). The
histological features of antennal gland calculi, and the
association with branchial infarctions, is consistent with the
early phase of excretory calcinosis, a condition documented in
a mortality event of wild American lobsters Homarus
americanus (Dove et al., 2004), and not previously reported in
spiny lobster species. In American lobsters, the calculi form
from calcium aragonite crystals, potentially resulting from
deranged calcium homeostasis associated with elevated seabottom temperatures. Sea surface temperatures have been
rising throughout the Caribbean basin in decades, and it is
possible an increase in temperature may be influencing the
prevalence of this condition, particularly for lobsters resident
to shallow coastal areas (Taylor and Stephenson, 2017).
However, this warrants further attention as warm-water
adapted P. argus might not be expected to be aﬀected in a
manner comparable to temperate H. americanus. On the other
hand, it is possible these lobsters are not aﬀected by excretory
calcinosis as calcified antennae gland granulomas could also
reflect a bacterial or other unidentified infection. Other
reports of granulomas present in the antennal glands of P.
argus indicate a response to bacterial infection within the
organ (Commonwealth Marine Economies Report, 2017, Ross
et al., 2019). In addition, histologically-similar deposits of
uncertain physiological significance, not associated with
granulomas and deemed to be composed of uric acid, have
been observed in the antennal glands of Callinectes sapidus
(Johnson, 1980b, Murchelano and MacLean, 1990). Although
all instances of branchial infarctions were associated with
antennal gland calculi in our study, mild foci of gill necrosis
are also often observed in otherwise healthy American lobsters
(Shields et al., 2012), presumptively due to numerous causes
not histologically evident.
Microsporidians (Phylum Microspora) are obligate
intracellular pathogens that are common parasites of
arthropods. Microsporidiosis is a rare disease of wild spiny
lobster (Dennis and Munday, 1994), but similar pathogens
have been observed with high prevalence in cultured shrimp
(Han et al., 2016). There have been six prior reports of
microsporidiosis in P. argus, including one lobster from the
present study, recently characterized as a new species of
Ameson, A. hernnkindii (Kiryu et al., 2009, Small et al., 2019). The
present study is the first to establish prevalence of
microsporidiosis in fished P. argus, confirming that it is a rare
infection (<1% prevalence). Previous reports describe the
organism only associated with skeletal muscle, including the
tail and eyestalk (Kiryu et al., 2009, Small et al., 2019). However,
we also found spores within cardiac muscle, gonad interstitial
tissue, antennal gland, hepatopancreas, and hemolymph.
Tissue and cellular localization of spores in the present study
was facilitated by the use of Gram stain (Bruno et al., 2006),
and showed a wider distribution than previous reports.
However, it is possible that the infected interstitial cells were
hemocytes, and diﬀerentiation would require electron
microscopy. Previous reports also described microsporidia
associated with liquefactive and coagulative necrosis of the
skeletal muscle, particularly in very heavily infected tissue
(Kiryu et al., 2009, Small et al., 2019). However, convincing
necrosis, resembling what was depicted in Kiryu et al., 2009,
Small et al., 2019, was not a feature of either case in the
present study. We observed possible dimorphism among
spores in one lobster, suggesting that the species may
demonstrate plasticity (Stentiford et al., 2013), a finding that
requires further investigation to substantiate.
Another common lesion in our study was skeletal muscle
degeneration and necrosis observed in 7% of lobsters. Muscle
autolysis can be similar to necrosis at the microscopic level,
thus lobsters should be dissected immediately after death and
skeletal muscle fixed promptly to prevent autolysis from
confounding results (Howard et al., 2004). In our study, muscle
degeneration and necrosis were often accompanied by gross
changes or hemocyte infiltrate in aﬀected muscle, findings not
expected with autolysis, and consistent with necrosis reported
in other crustaceans (Akiyama et al., 1982, Momoyama and
Matsuzato, 1987, Stentiford and Neil, 2000). In this study, an
infectious etiology was never microscopically evident within
this lesion and its cause remains otherwise unknown.
Idiopathic muscle necrosis aﬀects a number of prawn species
(Akiyama et al., 1982, Momoyama and Matsuzato, 1987).
Skeletal muscle degeneration and necrosis is also a feature of
post-capture myopathy of the Norway lobster, Nephrops
norvegicus, thought to be caused by stress from air exposure or
mechanical damage possibly from repetitive tail flipping
during capture and handling (Stentiford and Neil, 2000).
Muscle necrosis in decapods may be associated with stress
factors including changes in temperature, salinity and
exertion (Rigdon and Baxter, 1970; Stentiford and Neil, 2000).
It is also possible that necrosis is a result of the activation of
proteases important in ecdysis, although this possibility was
not elucidated in our study (Murchelano and MacLean, 1990).
The lesion in P. argus was typically mild and of minimal
impact on the host, but since it is macroscopically apparent
and involves the commercial product of P. argus, the lesion is
potentially of economic significance.
The decapod hepatopancreas is prone to autolysis because of
its high enzymatic activity (Johnson, 1980a) and this was a
common finding in the present study which may confound
histological assessment and should not be confused with
necrosis. For example, idiopathic necrotizing
hepatopancreatitis (INH) in the American lobster, Homarus
americanus, is distinguished by hypereosinophilia of necrotic
cells associated with hemocyte infiltrate and remodeling of
adjacent connective tissue (Shields et al., 2012). The
predominance of this finding in our study underscores the
importance of fixing the hepatopancreas as soon as possible
after death in order to avoid this change which may obscure
true lesions. Fixed phagocyte hyperplasia was also common
among lobsters of the present study and its significance is
unknown. Phagocytes in the hepatopancreas however function
to clear viruses, bacteria, and other particulate matter from the
hemolymph (Johnson, 1987). The finding resembles early
changes in the hepatopancreas infected with PaV1, though
lacking viral inclusion bodies, and should not be considered
specific for this infection (Li et al., 2008).
Carapace deformation, was observed in one lobster in this
study, and shell deformities seem to be rare among spiny
lobsters in general. Deformations in other lobsters species are
generally fatal (Evans, 2003). While pathogenesis is uncertain,
it is possible that this lesion was a consequence of injury
during molting, exposure to marine pollutants, or poor
nutrition (Waddy et al., 1995). Antennal deformity was
observed in the Western rock lobster, Panulirus cygnus, and
possibly resulted from incomplete separation of new and old
exoskeleton (Evans, 2003).
Important diseases of P. argus and other lobsters that were not
observed in the study population include PaV1 and milky
hemolymph syndrome. PaV1 was not found in lobsters
(≥75 mm carapace length) from Saint Kitts during a study
conducted in 2013 (Moss et al., 2013). Juvenile (65–79 mm
carapace length) and adult lobsters did not display signs of
PaV1 infection when examined by our study. However, a larger
sample of juvenile lobsters, including those <65 mm carapace
length, should be screened since lobsters at this ontogenic
stage are more susceptible to PaV1 infection (Shields and
Behringer, 2004). Alternately, the virus may be absent from the
Eastern Caribbean since ocean currents may limit the
movement of virus from the Western Atlantic and the Gulf of
Mexico to these upstream locations (Moss et al., 2013). The
trematode, Cymatocarpus solearis, nicothoid copepods and
stalked ciliates of the genus Epistylis (Gómez del Prado Rosas et
al., 2003, Li et al., 2008, Nunan et al., 2012, Ross et al., 2019) did
not aﬀect the study population. The absence of these
conditions in our study suggests that they are likely
uncommon in adult lobsters in the northern Lesser Antilles.
Our study did not examine the stomach, as this tissue was
reserved for another study. Thus, lesions involving the
stomach and its associated hematopoietic tissue would have
been overlooked.

5. Conclusion
This is the first complete instructional guide to the dissection
and post mortem examination of the Caribbean spiny lobster.
To our knowledge, this report is also the first to highlight the
common epibionts and background lesions observed in the
test species. We report a condition resembling excretory
calcinosis in spiny lobster, the first microscopic description of
tail fan necrosis and confirm the low prevalence of
microsporidiosis in P. argus. This work assesses the health of
the Caribbean spiny lobsters in the waters surrounding Saint
Kitts and Nevis.
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