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Abstract
Life-long neurogenesis is a characteristic feature of the olfactory pathways of a phylogenetically diverse array of animals. In both
vertebrates and invertebrates, the life-long addition of olfactory interneurons in the brain occurs in parallel with the continuous
proliferation of olfactory receptor neurons in the olfactory organ. It has been proposed that these two processes are related
functionally, with new olfactory interneurons being added to accommodate the new olfactory receptor neurons added in the periphery.
While this has not been tested directly because the two processes are not readily separable, this question can be addressed in the
olfactory pathway of the crab, Libinia emarginata. Unlike most decapod crustaceans, which moult and grow throughout life,
L. emarginata has a terminal, maturational moult after which animals become anecdysic (stop moulting). Because the addition of new
receptor neurons in crustaceans is associated with moulting, a comparison of neurogenesis in immature and mature L. emarginata
provides an opportunity to examine the interdependence of central and peripheral neurogenesis in the olfactory pathway. This study
demonstrates that the continuous addition of olfactory receptor neurons in L. emarginata ceases at the terminal moult but that
proliferation and differentiation of olfactory interneurons in the brain continues in mature animals. Contrary to the general assumption,
therefore, continuous neurogenesis in the central olfactory pathway of this species does not occur as part of a process involving the
coregulation of central and peripheral neurogenesis. These findings suggest that peripheral neurogenesis is not a requirement for
continuous neurogenesis in the central olfactory pathway.

Introduction
Neuronal proliferation and survival within innervating and target
neuronal populations in many developing systems are coregulated to
achieve numerical or functional balance (Sanes et al., 2000). While
most neuronal populations are established during embryogenesis, lifelong neurogenesis amongst interneurons innervating the primary
olfactory brain neuropil is a characteristic feature of the brains of a
phylogenetically diverse array of taxa. Olfactory interneurons are
continually added to the brains of adult decapod crustaceans (Beltz &
Sandeman, 2003) as they are in adult ﬁsh (Byrd & Brunjes, 2001),
reptiles (Font et al., 2001) and mammals (Corotto et al., 1993; Lois &
Alvarez-Buylla, 1994). In each of these taxa, this life-long addition of
olfactory interneurons occurs in parallel with the continuous
proliferation and turnover of olfactory receptor neurons (ORNs) in
the olfactory organ (decapods: Sandeman & Sandeman, 1996; Steullet
et al., 2000; ﬁsh: Byrd & Brunjes, 2001; mammals: Graziadei &
Monti-Graziadei, 1978; Farbman, 1992). It has been proposed that
these two processes may be related functionally, with new olfactory
interneurons being added to accommodate the ingrowing axons of new
ORNs (crustaceans: Schmidt, 1997; Sandeman et al., 1998; Harzsch
et al., 1999; see review of mammalian studies by: Lledo &
Saghatelyan, 2005), though this has yet to be tested directly.
Most decapod crustaceans, such as crayﬁsh and lobsters, have
indeterminate growth and continue to moult and grow throughout their
lifetimes, which can span several decades (Cooper & Uzmann, 1980).
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With each moult new olfactory sensilla are added to their olfactory
organs (Sandeman & Sandeman, 1996; Steullet et al., 2000; Harrison
et al., 2001) and growth of these animals is also accompanied by the
continuous addition of both new ORNs and new olfactory interneurons in the brain (Beltz & Sandeman, 2003). While indeterminate
growth is characteristic of most decapod crustaceans, individuals of
some crab taxa become anecdysic (stop moulting) once they have
become mature (Hartnoll, 1963). If, as proposed, the continuous
addition of olfactory interneurons is a mechanism by which the central
olfactory pathway accommodates the addition of ORNs, it would
follow that the proliferation of olfactory interneurons in crabs with
determinate growth would not continue beyond the terminal moult
when the turnover of ORNs ceases. Such crabs offer, therefore, a
unique opportunity to examine the dependency of adult neurogenesis
of olfactory interneurons on continuous neurogenesis in the olfactory
organ.
In the present study, we addressed this question by examining
neurogenesis in the olfactory pathway of immature and mature Libinia
emarginata, a crab that undergoes determinate growth and has a
terminal, maturational moult accompanied by visible morphological
changes (Hinsch, 1972). We demonstrate that although the continuous
addition of ORNs ceases at the terminal moult of L. emarginata, the
proliferation of olfactory interneurons in the brain continues in mature
animals. Life-long neurogenesis in the central olfactory pathway of
this species, therefore, does not occur as part of a process involving
the coregulation of developing innervating and target populations,
demonstrating that continuous proliferation of ORNs is not a
requirement for life-long neurogenesis amongst interneurons in the
central olfactory pathway.
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Materials and methods
Animals
Immature (pre terminal moult) and mature spider crabs, Libinia
emarginata (Malacostraca, Decapoda, Brachyura), of both sexes were
obtained from the Aquatic Resources Center at the Marine Biological
Laboratories (Woods Hole, MA, USA) and maintained at 14 C in
aquaria with circulating artiﬁcial seawater and a light : dark cycle of
12 : 12 h. Immature spider crabs undergo a terminal, maturational
moult following which the glands involved in the synthesis of moulting
hormones degenerate (Carlisle, 1957; Chaix et al., 1976; Laufer et al.,
1997) and the animals become incapable of further growth. Both male
and female L. emarginata undergo pronounced morphological changes
during their terminal moults with the claws of the male and the
abdomen of the female increasing markedly in size (Hinsch, 1972;
Rottlant & Takac, 1999; Laufer et al., 2002). Immature and mature
animals are therefore readily distinguishable from one another.

In vivo bromodeoxyuridine labelling
Proliferating neurons within the olfactory pathway were labelled using
the substitute nucleoside bromodeoxyuridine (BrdU). BrdU (Sigma, St
Louis, MO, USA) was dissolved in crab saline (in mm: NaCl, 440;
KCl, 11; CaCl2, 13; MgCl2, 26; glucose, 8; Trizma base, 11; maleic
acid, 5; pH 7.4) at a concentration of 3 mg ⁄ mL and injected into the
haemolymph of the crabs (1 mL per 100 g body weight) via the base
of the last walking leg. Crabs received either a single injection or
weekly injections over 2–4 months and were killed 24 h after the ﬁnal
injection. To reveal BrdU incorporation, animals were anaesthetized
on ice and then decapitated. Brains and ﬁrst antennae (the olfactory
organ) were removed under cold crab saline and ﬁxed for 1–2 days in
4% paraformaldehyde in 0.1 m phosphate buffer (PB; pH 7.4) at 4 C.
Subsequently, preparations were rinsed for 4 h in PB, suspended in
6% Noble agar (DIFCO, Detroit, MI, USA), and sectioned at 100 lm
on a vibratome (Technical Products, St Louis, MO, USA). Tissue
sections were rinsed in PB containing 0.3% Triton X-100 (PBTx) for
1 h then incubated in 2 n HCl for 20 min. The sections were then
rinsed for 1 h in several changes of PBTx, incubated for 150 min at
room temperature in a mouse anti-BrdU primary antibody (1 : 100;
Amersham, Arlington Heights, IL, USA) and then rinsed for 1 h in
PBTx. In some preparations, brain sections were then incubated
overnight at 4 C in a mouse anti-Drosophila synapsin primary
antibody (SYNORF1, provided by E. Buchner, Universität Würzburg,
Germany) diluted 1 : 50 in PBTx. All sections were then incubated
overnight at 4 C in a goat antimouse Alexa 488 secondary antibody
(Molecular Probes, Eugene, OR, USA) diluted 1 : 50 in PBTx.
Antennal sections were counterstained with the nuclear stain propidium iodide (25 lg ⁄ mL in PB) for 15 min. Subsequently, sections
were rinsed for 2 h in PB and mounted in Gelmount (Biømeda, Foster
City, CA, USA).

(Sullivan & Beltz, 2005). This differentiation occurs over 4–5 months.
Preliminary studies showed that many of the olfactory projection
neurons of L. emarginata also express crustacean-SIFamide. Dextran
dyes were applied to the main olfactory brain region, the olfactory
lobe, to label the interneurons innervating this neuropil (Sullivan &
Beltz, 2005).
Immature and mature L. emarginata received two injections of
BrdU (3 mg ⁄ mL in crab saline; 1 mL per 100 g body weight), 1 week
apart, into the base of the last walking leg. Crabs were then placed into
aquaria with circulating artiﬁcal seawater for 6 months, during which
time they were fed thrice weekly with prawns. Subsequently, brains
were dissected from the animals in cold crab saline and desheathed in
the region surrounding the olfactory lobe. Projection neurons innervating the lobe were labelled using dextran ﬂuorescein, mol. wt. 3000
(micro-emerald; Molecular Probes) applied using the technique of
Utting et al. (2000). Brieﬂy, a small dextran crystal was dissolved in
1 lL of distilled water containing 2% bovine serum albumin and left
to dry. Upon the reapplication of water to this mixture it develops a
paste-like consistency and was used to coat the tips of glass electrodes.
The dextran-coated tips were then dipped into molten embedding wax
and left to cool. The wax coating prevents the highly soluble dextrans
from going into solution before they are applied to the brain. The
coated electrode tips were then placed into the olfactory lobe and
moved from side to side to dislodge the wax and bring the dextrans
into contact with the neuropil. Electrodes were applied at locations
distributed throughout the lobe in order to label as many olfactory
projection neurons as possible.
Following the dextran applications, brains were incubated in the
dark for 150 min at room temperature in L-15 medium (Sigma) altered
to be iso-osmotic with crab saline. The brains were then ﬁxed,
sectioned, and processed for BrdU immunocytochemistry as described
above. Subsequently, tissue sections were then incubated overnight at
4 C in rabbit anticrustacean-SIFamide (1 : 12 000; a generous gift
from Dr Akikazu Yasuda, Suntory Institute for Bioorganic Research,
Osaka, Japan). Following incubation in the primary antibodies,
sections were rinsed for 4 h in PBTx and then incubated overnight
at 4 C in goat antirabbit Alexa 594 (1 : 50; Molecular Probes) and
goat antimouse Cy5 (1 : 100; Jackson ImmunoResearch, West Grove,
PA, USA) secondary antibodies. Sections were then rinsed for 2 h in
PBTx and mounted in Gelmount.

Confocal microscopy and image processing
Specimens were viewed using a Leica TCS SP laser-scanning confocal
microscope equipped with argon, krypton and helium–neon lasers.
Serial optical sections were taken at intervals of 0.75–1 lm and saved
as both three-dimensional stacks and two-dimensional projections.
Individual neurons were considered to be double-labelled when a
BrdU-labelled nucleus was observed to be completely surrounded by
an immunocytochemically or dextran-labelled soma. Images were
processed to adjust brightness and contrast using Adobe Photoshop
7.0 (Adobe Systems).

Olfactory interneuron labelling and BrdU immunocytochemistry
In order to determine whether newborn cells in the central olfactory
pathways of immature and mature L. emarginata differentiate into
neurons, BrdU labelling of proliferating cells was combined with a
neuronal marker (crustacean-SIFamide) and neuronal tract-tracing
methods (dextran dyes). Crustacean-SIFamide is a newly described
neuropeptide (Yasuda et al., 2004) and we have shown that large
numbers of newborn cells in adult crayﬁsh Cherax destructor
differentiate into olfactory projection neurons expressing this peptide

Results
Organization of the olfactory pathway of the crab
The olfactory pathway of the crab originates in the olfactory organ,
which is comprised of specialized sensilla (aesthetascs), located on the
ﬁrst antennae, that are innervated by clusters of olfactory receptor
neurons. The axons of the olfactory receptor neurons project
ipsilaterally to the brain where they terminate within the glomerular
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Fig. 1. Schematic diagram outlining the olfactory pathway of the crab Libinia emarginata. The axons of the olfactory receptor neurons project ipsilaterally to the
brain where they terminate within the olfactory lobe. The olfactory lobe is also innervated by populations of local interneurons and projection neurons whose somata
reside within soma clusters 9 and 10, respectively. The main output pathway from the olfactory lobe is provided by the projection neurons, whose axons form the
olfactory globular tract. The olfactory globular tract bifurcates at the midline of the brain before projecting bilaterally to the lateral protocerebral neuropil in the
eyestalk. The lateral protocerebral neuropil is innervated by a large population of local interneurons whose somata reside in a cluster, known as soma cluster A.

neuropil of the olfactory lobe, the functional homologue of the
vertebrate olfactory bulb (Fig. 1). The olfactory lobe glomeruli are
sites of synaptic contact between the olfactory receptor neurons, local
interneurons and projection neurons. The somata of the local
interneurons are found in a cluster medial to the olfactory lobe (soma
cluster 9) while those of the projection neurons reside within a densely
packed cluster (soma cluster 10) that lies lateral and caudal to the
olfactory lobe (Fig. 1; terminology from Sandeman et al., 1992). The
main output pathway from the olfactory lobe is provided by the axons
of the projection neurons. These axons form a large tract, known as the
olfactory globular tract, which bifurcates at the midline of the brain
before projecting bilaterally to the lateral protocerebrum (Fig. 1). The
lateral protocerebrum contains a higher-order integrative neuropil that
is also innervated by a population of local interneurons whose somata
reside in a cluster, known as cluster A (Fig. 1; terminology from
Blaustein et al., 1988). Previous studies of neurogenesis in the crabs
Carcinus maenus and Carcinus pagarus have shown that neurons are
added continuously to soma clusters 10 and A in the brains of adult
animals (Schmidt, 1997; Schmidt & Harzsch, 1999).

Neuronal proliferation in the olfactory pathways of immature
crabs
In vivo BrdU labelling in immature L. emarginata revealed the
presence of clusters of BrdU-labelled cells in both the olfactory organ
and the brain (Fig. 2). In the olfactory organ, elongate clusters of
labelled cells were observed at both the proximal and distal margins,
suggesting the presence of more than one proliferation zone in the
periphery (Fig. 2A and B). Within the brain, clusters of labelled cells
were observed within each of the soma clusters associated with the
central olfactory pathway: soma clusters 9, 10 and A (Fig. 2C–F).
These labelled cells occurred within proliferation zones located in
characteristic positions within the soma clusters (Fig. 2C–F). In order

to determine whether BrdU-labelled cells within the brain differentiate
into neurons, juvenile L. emarginata were injected with BrdU to label
proliferating cells and then left for 6 months to enable these cells to
differentiate. Subsequent labelling of the brains of these animals for
BrdU and crustacean-SIFamide (Fig. 2G and H) and dextran (Fig. 2I)
revealed the presence of numerous double-labelled cells, indicating
that many of the newborn cells had differentiated into neurons
innervating the olfactory lobe.

Neuronal proliferation in the olfactory pathways of mature crabs
In most of the mature crabs examined (n ¼ 7 of 8), the olfactory organ
did not contain clusters of BrdU-labelled cells though numerous
labelled glial cell nuclei, distinguishable by their characteristic size,
shape and distribution (Harrison et al., 2001; Hollins et al., 2003),
could be observed scattered throughout (Fig. 3A and B); the identity
of glial cells in the olfactory organ has been conﬁrmed using
molecular markers (Hollins et al., 2003). In one mature crab, however,
a small cluster of BrdU-labelled cells was observed towards the distal
margin of one of the olfactory organs (Fig. 3C). The rarity with which
labelled cells were observed within the olfactory epithelia of mature
crabs, and the fact that in the one animal in which they were observed
they were only present unilaterally, suggests that new olfactory
receptor neurons are not added continuously in mature crabs but that
the olfactory organ nevertheless retains the capacity to produce new
neurons. Localized addition of olfactory receptor neurons has been
described in the spiny lobster Panulirus argus as a regenerative
response to aesthetasc ablation (Harrison et al., 2004). We therefore decided to examine whether the olfactory organ of mature
L. emarginata has a similar capacity. To assess regenerative abilities,
the aesthetascs of mature crabs (n ¼ 3) were removed at their bases
from both ﬁrst antennae using ﬁne forceps. The animals were then left
for a period of 7–9 days during which they were injected with BrdU

ª 2005 Federation of European Neuroscience Societies, European Journal of Neuroscience, 22, 2397–2402

2400 J. M. Sullivan and B. S. Beltz
on alternate days. The antennae were then removed from the animals
and processed for BrdU immunocytochemistry. Clusters of BrdUlabelled cells were observed within the olfactory organ of each of the
animals examined, often at sites distant from the sites at which the
proliferation zones in the olfactory organs of immature crabs occur
(Fig. 3D). Taken together, these observations show that the continuous
addition of new olfactory receptor neurons to the olfactory organ
ceases at the terminal moult, but that quiescent precursor cells are
present in the olfactory organs of mature animals and that they can be
activated by damage to the organ.
In contrast to the absence of neurogenesis in the proliferation zones
of the olfactory organs of mature crabs, robust neurogenesis within the
central olfactory pathway was observed in all of the animals
examined. Clusters of BrdU-labelled cells were observed in soma

clusters 9, 10 and A of mature crabs (Fig. 3E–G), as in immature
animals. Experiments examining the differentiation of newborn cells
in the brains of mature L. emarginata revealed the presence of
numerous cells double-labelled for BrdU and crustacean-SIFamide
(Fig. 3H) or BrdU and dextran (Fig. 3I) 6 months after the injection of
BrdU. These observations indicate that newborn cells in mature crabs
survive to become functional olfactory interneurons. Furthermore,
they indicate that neurogenesis in the central olfactory pathway of
mature crabs occurs in the absence of neuronal proliferation in the
olfactory organ.

Discussion
Although the widespread occurrence of adult neurogenesis in both
invertebrate and vertebrate species suggests that this phenomenon
plays a fundamental role in adult brain function, the nature of this role
remains unclear. The goal of the present study was to test whether one
of the primary functions of adult neurogenesis in the central olfactory
pathway is to match the continuous proliferation of olfactory receptor
neurons that occurs throughout life in most animals. Does proliferation
amongst the afferent neurons drive the proliferation of central target
neurons? To address this question, we examined peripheral and central
neurogenesis in the olfactory pathway of a crab (Libinia emarginata)
known to undergo determinate growth (Hinsch, 1972). As the addition
of olfactory sensilla (aesthetascs) in crustaceans is associated with
moulting (Sandeman & Sandeman, 1996; Steullet et al., 2000;
Harrison et al., 2001), a comparison of the patterns of neurogenesis in
immature and mature L. emarginata enabled an examination of the
interdependence of peripheral and central neurogenesis in the
olfactory pathway of this animal. These studies demonstrate that the
continuous addition of new olfactory receptor neurons in L. emarginata ceases at the terminal, maturational moult but that the proliferation of olfactory interneurons in the brain continues in mature
animals. Continuous neurogenesis of olfactory receptor neurons,
therefore, is not a requirement in this species for life-long neurogenesis amongst olfactory interneurons in the brain.
Growth in crustaceans is restricted to the period after moulting
when the old exoskeleton is shed and the soft, new exoskeleton is able
to expand. The addition of new aesthetascs and olfactory receptor
neurons in these animals is also associated with the moult cycle
(Sandeman & Sandeman, 1996; Steullet et al., 2000; Harrison et al.,
2001). The observation that the continuous addition of olfactory
receptor neurons in L. emarginata ceases at the terminal moult is

Fig. 2. BrdU labelling in the olfactory pathway of immature animals. ORN,
olfactory receptor neuron. (A and B) Clusters of BrdU-labelled cells (arrows) at
(A) the distal and (B) proximal margins of the olfactory organ. (C–F)
Clusters of BrdU-labelled cells (arrows) within (C and D) soma cluster 10,
(E) soma cluster 9 and (F) soma cluster A. The olfactory lobe glomeruli
(C) and lateral protocerebral neuropil (F) are labelled with an antibody against
Drosophila synapsin. (G) BrdU (blue) and crustacean-SIFamide (green)
labelling in cluster 10 1 day after the injection of BrdU. Note the absence of
crustacean-SIFamide-immunoreactive cells in and around the proliferation zone
of cluster 10 (*), indicating that crustacean-SIFamide labelling is speciﬁc to
mature neurons. The inset shows a higher magniﬁcation view of BrdU-labelled
cells within the proliferation zone, showing the absence of crustacean-SIFamide
labelling in these cells. (H) BrdU (blue) and crustacean-SIFamide (green)
labelling in cluster 10, 6 months after the injection of BrdU. The arrows
identify neurons double-labelled for BrdU and crustacean-SIFamide.
(I) BrdU (blue) and dextran (green) labelling in cluster 10, 6 months after
the injection of BrdU. The dextran dye was applied to the olfactory lobe to label
the somata of interneurons innervating this neuropil. The arrows identify
double-labelled neurons. Scale bars, 50 lm (A, B, D and G), 100 lm (C, E and
F), 10 lm (H and I, and inset in G).
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consistent therefore with our understanding of crustacean postembryonic development. Regeneration in crustaceans is also linked with
moulting, and anecdysic animals, unlike other crustaceans, are unable
to regenerate lost or damaged limbs or cuticular sensilla such as
aesthetascs (Skinner, 1985). Therefore, we did not expect that
regenerative responses could be induced in the olfactory organs of
mature crabs by damage to the aesthetascs. Localized aesthetasc
ablation in spiny lobsters, which have indeterminate growth, has also
been shown to result in localized proliferation of olfactory receptor
neurons within the affected regions (Harrison et al., 2004). Aesthetasc
ablation in these animals does not, however, inﬂuence the rate of
neurogenesis within the proliferation zone of the olfactory organ and
the localized proliferation seen following ablation is not observed in
undamaged animals, suggesting that it is speciﬁc to injury (Harrison
et al., 2004). Similarly, clusters of BrdU-labelled cells observed in the

olfactory organs of mature L. emarginata following aesthetasc
ablation were found in regions outside the sites at which the
proliferation zones of immature crabs occur. The rarity with which
neurogenesis was observed in the olfactory organs of mature crabs
suggests that, as in spiny lobsters, these precursor cells are normally
quiescent in undamaged animals and are functionally distinct from
those present in the proliferation zones.
Studies of neurogenesis in crustaceans with indeterminate growth
have shown that while the numbers of olfactory lobe glomeruli remain
constant beyond early postembryonic development (Helluy et al.,
1996), as in the mammalian olfactory bulb (Pomeroy et al., 1990; La
Mantia et al., 1992), neurogenesis of olfactory interneurons occurs
throughout the lifetimes of these animals. These newborn neurons
survive for at least a year and become incorporated into the circuitry of
the olfactory pathway (Schmidt, 2001; Sullivan & Beltz, 2005), as
they do in mammals (Carlén et al., 2002; Winner et al., 2002; Belluzzi
et al., 2003). Similarly, pulse-chase BrdU experiments in mature
L. emarginata demonstrate that after several months many newborn
cells in the central olfactory pathway express the neuropeptide
crustacean-SIFamide and have arbors within the olfactory lobe,
indicating that these cells have differentiated into functioning neurons.
Together, these results suggest that adult neurogenesis in the central
olfactory pathway of L. emarginata is the same process as that
observed in animals such as crustaceans with indeterminate growth
and in vertebrates, in which life-long neurogenesis also occurs in the
olfactory organ. We propose, therefore, that the functional independence of central and peripheral neurogenesis observed in L. emarginata
may also be a feature of adult neurogenesis in other taxa.
Experimental studies in adult decapod crustaceans and mammals
have shown that both the proliferation and survival of olfactory
interneurons can be regulated by physiological activity in the olfactory
receptor neurons and by their physical presence (decapod crustaceans:
Sandeman et al., 1998; Hansen & Schmidt, 2001; insects: ScottoLomassese et al., 2002; Cayre et al., 2005; mammals: Corotto et al.,
1994; Petreanu & Alvarez-Buylla, 2002; Rochefort et al., 2002;
Mandairon et al., 2003). While these studies demonstrate, therefore,
that the peripheral olfactory system plays a role in modulating central
neurogenesis in adult organisms, the results of the present study
suggest that continuous peripheral neurogenesis need not be the factor
that drives it.

Fig. 3. BrdU labelling in the olfactory pathway of mature animals. ORN,
olfactory receptor neuron. (A and B) Clusters of BrdU-labelled cells were not
observed either (A) distally or (B) proximally within the olfactory organs of
mature animals, though numerous labelled glial cells (*) could be observed.
The inset in A shows the elongated nucleus of a labelled glial cell (*)
surrounded by the smaller, round nuclei of unlabelled olfactory receptor
neurons. (C) BrdU-labelled cells observed in the olfactory organ of a mature
crab (n ¼ 1 of 8). (D) Cluster of BrdU-labelled cells in the olfactory organ of
a mature crab following aesthetasc ablation, a procedure designed to examine
regenerative responses. This cluster was located midway along the olfactory
organ. (E) BrdU labelling in soma cluster 10 of a mature animal injected with
BrdU both 4 months and 24 h before being killed. Cells labelled by the ﬁrst
injection (arrowheads) are present amongst the other cells in the cluster while
those labelled by the second injection (arrow) occur within the proliferation
zone, adjacent to the olfactory lobe. (F and G) Clusters of BrdU-labelled cells
(arrows) in (F) soma cluster 9 and (G) soma cluster A of mature crabs.
(H) BrdU (blue) and crustacean-SIFamide (green) labelling in cluster 10 of a
mature crab injected 6 months earlier with BrdU. The arrow identiﬁes the soma
of a double-labelled neuron. (I) BrdU (blue) and dextran (green) labelling in
cluster 10 of a mature animal 6 months after the injection of BrdU. The dextran
dye was applied to the olfactory lobe. The soma of a double-labelled neuron is
identiﬁed by the arrow and its primary neurite by the arrowheads. Scale bars:
100 lm (A–C and G), 50 lm (D–F), 10 lm (H and I), 20 lm (inset in A).
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