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ABSTRACT 
A detailed morphological description of neurosecretory cells in the pedunculate 

barnaclePollicipes polymerw J . B . Sowerby (Cirripedia) is given. The general anatomy 
of its central nervous system conforms to that in other pedunculates. Some neurons 
of the central nervous system are specialized for secretion and are uniformly 
distributed in all of the ventral ganglia and in the brain. The two types are: 
(1) a large and irregularly pyriform cell-type with strongly chromophilic cyto-
plasm, nuclear acidophilia, Niss! substance in a perinuclear zone, peripheral aggre-
gates of neurosecretory granules, and a vacuolate periphery; and (2) a smaller 
rounded type having large vacuoles in a weakly staining cytoplasm and having the 
neurosecretory granules close to the nucleus. Some observations on the secretory 
cycle of the granules are given for the large cell-type. Axon transport of the granules 
was evident but no storage-release structure could be found. Neurosecretory activity 
of this species is compared with that in other Crustacea, the poBBible mode of hormonal 
discharge is discussed, and direct discharge from the cell-body periphery is postulated. 
The poBBible functional aspects of neurosecretion in the cirripides are reviewed and 
areas where there is need for further search for endocrine mechanisms are indicated. 

INTRODUCTION 

The importance of neurosecretory activities in the physiology of 
many crustaceans is apparent from several recent reviews (Scharrer, 
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1955; Welsh, 1955; Knowles and Carlisle, 19563
). It has also been 

stressed by Barnes (1959) and by Bookhout and Costlow (1959) 
that further advances in our understanding of the physiology and 
ecology of the cirripedes will be delayed until something is known 
about the control of many of their activities, particularly growth, 
moultings and reproduction. It is these activities that might be ex-
pected to be under hormonal control and in which neurosecretion 
could well be expected to play an important part. 

Until recently the occurrence of typical neurosecretory cells in 
the Cirripedia (Barnes and Gonor, 1958), or indeed in any other 
Entomostraca (Sterba, 1957), had not been reported. We have now 
demonstrated their occurrence in a number of operculate barnacles 
commonly found in the San Juan Archipelago, Washington; these 
include the intertidal species, Balanus glandula Darwin and Chtha-
malus dalli Pilsbry, as well as the sublittoral species, Balanus nubilus 
Darwin, B. he,sperius laevidomus Pilsbry, and B. rostratus Hoek. 
However, in this account (unless otherwise stated) we confine our-
selves to the pedunculate, Pollicipe,s polymerus J. B. Sowerby, be-
cause at this time its neurosecretory cells are much more easily 
demonstrated than those in the operculates examined. 

P. polymerus is common in the middle and low tidal zones, espec-
ially in exposed situations, along the Pacific Coast of North America. 
In the relatively quiet waters of the San Juan Archipelago it oc-
cupies a rather specialized niche high up in the intertidal, where 
local shore topography in relation to waves and swell provides 
conditions in which this animal can feed. 

MATERIAL AND METHODS 

Fresh newly collected animals were used. Either the nerve cord 
was dissected out under sea water as quickly as possible, or the 
whole body was rapidly removed from the mantle cavity. The 
material was then transferred to one of the following fixatives: 
formalin, Bouin's, or Zenker's with acetic acid. The formalin-fixed 
material was for the most part postchromed with 2.5 °lo potassium 
dichromate to improve fixation. After dehydration in alcohol and 
clearing in toluene or after dehydration and clearing in tertiary 
butyl alcohol, the material was embedded in paraffin ('Tissuemat'). 
Most of the sections were cut at 8-10 µ, but some were cut at 5 µ. 

• See also Carlisle and Knowles, 1959. 
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The following staining techniques (some particularly for examination 
of the neurosecretory material, others for a general histological 
picture of the nervous tissue) were employed: 

(a) Paraldehyde-fuchsin, Gabe's (1953) modification of Gomori's 
technique (PF); 

(b) Gomori's chrome-haematoxylin (CH) and chrome-haema-
toxylin with philoxine (CHP); 

(c) Paraldehyde-fuchsin with either toluidine blue or chrome-
haematoxylin; 

(d) Ehrlich's haematoxylin and eosin (HE) ; 
(e) Periodic acid-Schiff routine, with the addition of an acid sul-

phite rinse after the Schiff reagent (PAS); 
(f) Sudan Black B , mounted in an aqueous medium; 
(g) Toluidine blue in an aqueous medium; 
(h} Masson trichrome technique. 

NERVOUS SYSTEM AND CELL-TYPES 

General Descri ption of the Nervous System. The general anatomy 
of the nervous system of the genus Pollicipes has been studied 
by Darwin (1851) using P. mitella, by Nussbaum (1890) using 
P. polymerus, and by Batham (1945) using P . spinosus. The central 
nervous system of P. polymerus, which conforms to that of other 
pedunculate cirripedes, has a supraoesophageal ganglion (brain) 
connected by oesophageal commissures to the large suboesophageal 
ganglion of the ventral nerve cord, which has only four thoracic 
ganglia, of which the suboesophageal is the largest, as Batham 
(1945) found for P. spinosus. The ventral ganglia of P. polymerus 
are laterally bilobed and are rather less crowded together than 
those figured for P. spinosus by Batham (1945: plate 50, fig. 9); 
also, the double ventral connectives are clearly visible. In cross-
sections of the whole animal, perineural blood spaces similar to 
those described by Cannon (1947) for Lithothyra surround the ganglia. 

The freshly dissected nervous system did not show any localized 
blue-white refractile appearance which is characteristic of fresh 
decapod neurosecretory tissue. However, the surface of the main 
ganglia, and particularly that of the suboesophageal ganglion, of 
freshly dissected material is often white and opaque in contrast to 
the more transparent appearance of the rest of the nervous system. 
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Both the nerve cord and the peripheral nerves are surrounded 
by a thick compact sheath, 10-15 µ thick (see margin of Plate 1, 
Fig. 1), which is made up of two layers of connective tissue fibres-
a thin outer and a thick inner layer. 

In PF preparations, fibres of the outer layer stain an intense 
purple, indicating that they are elastic fibres (Gomori, 1950); in 
HE preparations the outer layer is less eosinophilic than the inner. 
The elastic fibres, which are ovoid in cross-section and range from 
1.0-1.5 µ in diameter, can be individually resolved; they run length-
wise along the nerve cord and often overlap each other to give the 
appearance of a loosely interlaced meshwork. 

The inner layer stains pale red with the PF technique and is 
strongly eosinophilic. The individual fibres are not easily distin-
guished; small elongated nuclei, such as those commonly found in 
connective tissue, may be seen in sections stained with HE. This 
layer is metachromatic with toluidine blue, PAS-positive, and stains 
like collagen with Masson's trichrome technique. 

The large suboesophageal ganglion of all of the species of barnacles 
examined has one distinctive character; each of the two lobes con-
tains a centrally located, sharply defined area within the neuropile. 
These areas are shown only by the PF technique which stains them 
deeply. In P . polymerus such areas are separated by a region of 
large axons which occasionally contain neurosecretory granules. 
Similar large axons, passing for the most part dorsoventrally, are 
also present lateral to these areas. At first the densely staining areas 
were considered areas of granule accumulation, but more detailed 
examination has shown that they are composed of small axons 
and that the densely stained material is not in the form of granules. 
These areas apparently do not then represent 'storage areas' and 
their relation if any to neurosecretory activities is unknown, since 
it was not possible to determine the origin of the small nerve fibres. 
Nevertheless, the presence of neurosecretory granules in the large 
axons here and elsewhere indicates that axon transport occurs in 
this species although it was impossible to trace its course. 

Scattered throughout the neuropile area of all ganglia, in the 
commissures and in the bases of the larger nerves, are small nuclei, 
4-5 µ in diameter, which are presumed to be the nuclei of neuroglial 
cells. These basophilic nuclei, with their small basophilic nucleoli, 
are irregularly spherical. Only in a few cases can a small cell-body 
be distinguished around the larger of these nuclei. Because the cyto-
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plasm of these cells is not basophilic, it is difficult to differentiate 
them from the surrounding neuropile. They are occasionally found 
associated with the small neurons, but they were not found close 
to the large cell-type (see below for cell-types). 

A striking feature of the histology of the nervous system of 
P. polymerus is the apparent absence of 'ordinary neurons'. Usually 
the 'brain' and other ganglia of arthropods have central or peripheral 
areas, e.g., the corpora pedunculata of insects, where small neurons, 
with small round nuclei and a restricted amount of cytoplasm, are 
crowded together. These are sometimes termed 'association neurons' . 
Matsumoto ( 1954b: fig. 11) has illustrated such a group of small, 
nonsecretory neurons from the thoracic ganglion of the crab, Eiro-
cheir. In contrast, all identifiable neurons in the central nervous 
system of Pollicipes polymerus show some cytological specialization. 

Two types of neurons, both of which contain neurosecretory 
granules, were found in the central nervous system of P. polymerus. 
The cell-bodies surround the central neuropile of the ganglion. The 
most conspicuous cell-bodies in sections of the ganglia are large and 
irregularly pyriform with abundant, strongly chromophilic cyto-
plasm and with their Nissl substance concentrated in a zone around 
the nucleus; small vacuoles, described below in detail, are found 
around the periphery of these cells. Another type, smaller than this, 
is rounded and contains cytoplasm which is extremely vacuolated 
and which does not stain strongly. 

Observations on the Large N eurosecretory Cell-type. These neurons 
are about 30-45 µ in diameter with an oval nucleus 12-15 µ in 
diameter (in fixed sections). The cytoplasm is basophilic, with the 
Nissl substance in a zone around the nucleus. The nucleus has a 
densely staining basophilic membrane and a markedly acidophilic 
nucleoplasm which characteristically was pulled away from the 
membrane regardless of the fixative used. The single nucleolus is 
large, basophilic and invariably found against the nuclear mem-
brane. These cells are found in all ganglia, including the supra-
oesophageal, which shows no specialization that distinguishes it 
from ganglia in the ventral nerve chain. 

The PF technique shows the presence of granules that stain deep 
purple in both cell-types. The only other technique that demonstrated 
these granules was the PAS procedure. In the large cell-type the 
granules usually occur in aggregates just outside the Nissl zone, 
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in an area where the cytoplasm is less basophilic. In addition, ag-
gregates are often present at the extreme periphery of the cell, 
both at the axon hillock and in the large axon itself as it leaves the 
cell. These large axons (diameter c. 10 µ) have neurofibrils and a 
thin but distinct membrane which does not stain with Sudan Black. 
Random sections of such large tubular axons often show granules 
located within them and against the axon membrane. 

Observations on the Small N eurosecretory Gell-type. These cells, 
about 20 µ in diameter, are characterized by their extensive vac-
uolation, each cell containing a few large vacuoles that almost 
completely fill the cytoplasm. The contents of these vacuoles are 
not PAS-positive nor do they stain with any other method used. 
The spherical nucleus, 6-8 µ in diameter, contains acidophilic nu-
cleoplasm. Neurosecretory granules similar to those in the large 
cells are present in the cytoplasm and are particularly concentrated 
around the nucleus. At present, no stages in the secretory activity 
of this small cell-type have been distinguished. Their appearance is 
the same with all fixatives used, apart from some variation in the 
apparent extent of vacuolation. These cells appear to be more 
numerous in the anterior and posterior peripheral parts of the ven-
tral ganglia where the ventral connectives arise and less numerous 
than the large cells in the lateral, dorsal, and ventral peripheral 
regions of the ganglia. They are also scattered among the large 
cells in the supraoesophageal ganglion. 

Observations on the Production of Granules in the Large Neu-
rosecretory Gell-type. Although the entire cycle of formation and 
release of neurosecretory granules has by no means been completely 
determined, a number of pertinent observations have been made. 
Those large cells which appear to be at the beginning of granule 
production are characterized by intense reddish staining of the 
cytoplasm with PF and by strong basophilia with haematoxylin 
and toluidine blue (Plate 1, Figs. 1, 2). Usually the cytoplasm is 
dense and finely granular. The Nissl zone stains more strongly 
than the periphery (Plate 2, Fig. 5). Fully-formed granules, about 
l µ in diameter and staining a deep purple (PF), are peripheral to 
the Nissl zone. In the Nissl area, close to the nucleus, a few small 
purple-staining (PF) granules may occur; these are probably the 
precursors or an incomplete form of the neurosecretory granules. 
Between the peripheral aggregates of fully developed granules and 
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the most densely staining region of the Nissl area, a few purple-
staining granules of intermediate size are occasionally found 
(Plate 1, Fig. 2). It is suggested, therefore, that the granules move 
peripherally from a point of origin in the Nissl zone. 

The Nissl substance itself is in the form of fine basophilic gran-
ulations in an area of basophilic cytoplasm. By combining the PF 
technique with toluidine blue or Gomori's chrome-haematoxylin, 
Nissl basophilia and neurosecretory granules may be demonstrated 
in the same preparation (Plate 2, Fig. 7). The granules are purple 
in contrast to the blue Nissl area; in addition, a few purple-staining 
granules of small size can be distinguished among the basophilic 
Nissl granulation. 

Cells that appear to be further advanced in the secretory cycle 
are characterized by reduction in intensity of paraldehyde-fuchsin 
staining of both the general cytoplasm and the Nissl zone. At this 
stage the cytoplasm is less dense and more coarsely granular than it 
is earlier. The granules are present at the periphery of the cells 
where the cytoplasm stains lightly (Plate 2, Fig. 5), and immediately 
peripheral to the granules is a zone of fine vacuolation. In later 
stages, this zone becomes wider and is accompanied by a decrease 
in the staining intensity of the Nissl zone itself. The granules are 
now closely applied to the inner edge of the vacuoles which they 
partially surround (Plate 2, Fig. 7; Plate 4, Fig. 15); a few granules 
of intermediate size can still be recognised between the nucleus 
and the peripheral concentrations of granules. In cells at this and 
at the somewhat earlier stage, some sections show granules in the 
axon as it leaves the cell (Plate 3, Fig. 10). 

There are occasional scattered cells which also appear to be in an 
intermediate stage of the cycle of granule production and discharge. 
They are of the same size range and same general appearance as 
those already described. However, the cytoplasm is packed with 
granules in contrast to all other stages where the granules are 
peripheral. In these cells the cytoplasm between the granules stains 
only lightly; in some cells the granules themselves, instead of being 
homogeneous discrete particles, appear to show signs of disintegration. 

The next stage observed seems to be one of depletion and degen-
eration (Plate 2, Fig. 8). The absence of cells showing a gradual 
transition between this and the intermediate stages described sug-
gests that this final stage may be reached rapidly. It would appear 
that, as these degenerative processes take place, the cytoplasm, 
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finely vacuolar rather than dense, stains less strongly and that the 
Nissl zone becomes narrow and stains weakly. The only granules 
present are closely applied around peripherally located large vac-
uoles. In some cases there may even be PF-positive amorphous 
substance around the vacuoles, suggesting disintegrating neuro-
secretory granules. 

Some Re,actions of the Granules and Vacuole Contents. Sections 
stained by the PAS technique give some information on the nature 
of the granules and their movement. The large neurons are char-
acterized by an extensively developed peripheral zone of vacuoles. 
These vacuoles do not take ordinary stains but give a strong 
positive reaction to PAS, so that the large cells are sharply delim-
ited by the red coloured zone of the densely staining vacuoles 
(Plate 3, Figs. 9, 10, 11). While these vacuoles stain deep red, the 
neurosecretory granules themselves stain less strongly-varying from 
pink to red. The PAS-positive reaction indicates the presence of 
carbohydrate in these structures, since periodic acid oxidation is 
necessary to produce the PAS staining; the Schiff reagent without 
prior oxidation does not give a positive reaction. Furthermore, 
sections from the same series as those used for PAS staining 
showed no indication of lipid material in the vacuoles or granules 
(demonstrable by the Sudan Black technique), nor is the material 
metachromatic with toluidine blue in aqueous mounts. Both buf-
fered and unbuffered malt diastase as well as saliva remove the 
PAS-positive material from the vacuoles in about 15 minutes at 
room temperature with 10 µ sections (Plate 3, Fig. 12; Plate 4, 
Figs. 13-15). 

The neurosecretory granules vary in their reaction to the PAS 
procedure, staining from pink to red. Those in the cell-body are 
usually less intensely stained than the vacuoles, but on occasions 
granules in the periphery of the cell-body and in the axon stain 
deep red. It has been noted that in certain preparations the granules 
in some cells may be distinctly positive, in others faintly positive. 
The PAS staining property of the granules is unaffected by enzym-
atic digestion in the time required for complete removal of this 
property from the vacuoles (Plate 3, Fig. 12; Plate 4, Figs. 13-15). 
The cytoplasm, particularly that of t he Nissl zone, sometimes 
stains moderately PAS-positive, the degree varying from cell to 
cell ; enzymatic digestion does not remove the staining property. 
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Note that in sections of both the whole animal and of the dis-
sec1'.8~ nervou~ s)'."stem, with all fixatives used, the strongly PAS-
pos1t1ve material rn the vacuoles was present, distributed all around 
the cells. There was no evidence of fixation drift. 

Tests show the presence of carbohydrate in the vacuoles; its 
PAS-positive character together with its removal by amylase 
digestion suggests that it is glycogen, but this interpretation is open 
to question in view of the ease with which it is preserved in the 
fixatives employed. Certainly, the material is not lipid (negative 
Sudan Black, positive amylase digestion). 

Neurons in Sexually Immature Animal,s. Some preliminary work 
was done on sexually immature individuals; serial sections were 
prepared from formalin-fixed, postchromed, whole bodies of small 
P. polymerus that were attached to adults. Although these adults 
showed the typical neurosecretory granules, none was found in 
the juveniles with either the PF technique or with CHP. However, 
two types of neurons were present-a large type with nuclear acid-
ophilia, strongly basophilic cytoplasm and a wide, densely baso-
philic Nissl zone as well as a small type with vacuoles. The large 
cells showed little peripheral vacuolation, and neither type had any 
affinity for the paraldehyde-fuchsin stain. Since the adults to which 
the small animals were attached were treated in the same manner 
and showed neurosecretory granules, it is unlikely that the absence 
of the latter in the juveniles was due to technique. 

DISCUSSION 

Comparison with Neurosecrewry Activity in Other Animal,s. Apart 
from a preliminary note (Barnes and Gonor, 1958), it is believed 
that this is the first account of neurosecretory cells in the Cirri-
pedia and only the second time that these cells have been recorded 
in the Entomostraca (see Sterba, 1957). In general, the appearance 
of the large neurosecretory cells in P. polymerus resembles closely 
that of cells described in the thoracic ganglia of some other Cru-
stacea. Miyawaki (1956a, b), in his work on Telmessus cheira-
gonus, observed the aggregation of Nissl substance around the 
nucleus, the presence of peripheral vacuolations containing PAS-
positive carbohydrate material, and the occurrence of uniformly 
dense, finely granular cytoplasm ( 1956 b : plate 26 ). The similarity 
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also extends to the pronounced variability of different cells with 
regard to their moderately positive cytoplasmic PAS reaction. It is 
also of interest to observe that, although Miyawaki (1955) first 
doubted whether the extensive vacuolation seen in sections of 
fixed material corresponded to that area of watery peripheral 
cytoplasm observed in living cells under phase-contrast, he was 
later (1956b) able to demonstrate vacuolations in living cells. Small 
types of neurosecretory cells have been repeatedly described in 
other Crustacea. In view of the great diversity of neurosecretory 
cell-types, a detailed comparison is not warranted, but attention 
may be drawn to the resemblance of the small cells described by 
Miyawaki (1956a, b) in Telmessus and by Matsumoto (1954b) in 
Eriocheir to those described here. 

The distinctive features of the nuclei in the large neurosecretory 
cells of P. polymerus, namely their large size and the marked acid-
ophilia of their contents, recall similar features in the large neuro-
secretory cells described by Matsumoto (1954b). These findings 
support the suggestion that the nucleus in such cells may be in-
volved in the secretory process (Scharrer and Scharrer, 1945). 
From our evidence, it seems that recognizable neurosecretory 
granules arise in the zone of Nissl bodies and basophilic cytoplasm 
around the nucleus and that, from this region, they move peri-
pherally; as more granules are produced, the width and intensity of 
staining of this zone decreases -a correlation that has frequently 
been observed in other neurosecretory cells (Scharrer, et al., 1945; 
Scharrer and Scharrer, 1945). These observations suggest that the 
RNA-rich Nissl substance is playing an active part during the for-
mation of the secretory product. 

We have been largely concerned with the central nervous system. 
However, sections of whole bodies showed no evidence of storage 
organs either in P. polymerus or in any of the operculate species 
examined. No obvious tracts containing neurosecretory material 
could be found leaving any portion of the ganglion chain. However, 
the possibility remains that there is in barnacles a storage release 
center quite distinct from the central nervous system. Matsumoto 
(1956) has demonstrated that in Ohionoecetes the staining properties 
of the neurosecretory granules are radically changed as soon as 
t~ey enter th~ a~~n; t~ereafter their form is also rapidly changed, 
with loss of mdividuality and eventual disappearance as discrete 
particles. If this type of change occurs in P. polymerus, then it has 



1958] Barne-Sand Gonor: Neurosecretory Cells in P. polymerus 91 

not been shown by the technique used thus far; the fate of gran-
ules in the axon remains unknown. 

~i~w of the _apparent absence of a storage-release organ, the 
possibility that discharge may take place directly from the cells 
themselves assumes even greater importance than otherwise. That 
discharge may take place, at least in part, at the periphery of the 
cell-body and that the vacuolar contents are involved is indicated 
by the close association of the neurosecretory granules with the 
peripheral vacuolation. Vacuolations in neurosecretory cells have 
not only been described repeatedly but have often been correlated 
with the production and discharge of secretory material. Direct 
discharge from neurosecretory cell-bodies may indeed be more 
common and more important than is usually envisaged even in 
those animals with axonal transport and storage-release organs. 
Progressive vacuolation and in some cases strong peripheral vacuo-
lations have been found by Scharrer (1941) in cockroaches; by 
Scharrer et al. (1945) in several lower vertebrates; by Matsumoto 
(1954a, b), Parameswaran (1955, 1956), and Miyawaki (1956a, b) 
in several genera of crabs; by Durand (1956) in crayfish; and by 
Gabe (1954) in heteropod gastropods. Perhaps these findings indi-
cate some direct discharge. 

Furthermore, Matsumoto (1954a, b, 1956) concluded from his 
observations that in the thoracic ganglion of Ohionoecetes peripheral 
discharge is accompanied by axon transport whereas only peripheral 
discharge from the cell-bodies occurs in this ganglion of Eriocheir. 
He cites several other examples of this double mode of discharge. 
That both types of discharge may take place in Pollicipes polymerus 
is indicated by the fact that the same cell may show granules closely 
associated with peripheral vacuoles and in the base of the axon 
as well. Note also that Matsumoto (1954a, b) has described 'capil-
laries' surrounding the large neurosecretory cells of a crab thoracic 
ganglion and that Parameswaran (1956) found 'blood vessels' 
similarly situated. In this way any material discharged at the periph-
ery of these cells may be taken into the haemolymph. There is 
no such system in P. polymerus. Nevertheless, in barnacles the mass 
of nervous tissue in the ventral ganglion is much less than that in 
a crab; furthermore, all cell-bodies are very close to the margins 
of the ganglia. In addition, the whole ganglionic chain is immersed 
in a blood space-the perineural blood sinus. Thus the cell-bodies 
lie in close proximity to the body fluid, and diffusion into it may 
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be the mechanism by which active material reaches the body fluid. 
In any scheme such as that proposed by Welsh (1955), the lack of 
any storage organ or any specialized 'glandular areas' for neuro-
secretory products puts the Cirripedia in a more 'primitive' stage 
in relation to other Crustacea and to Insecta. 

The only other entomostracans in which neurosecretory cells are 
known are Daphnia and Simocephalus, as recently described by 
Sterba (1957). In Daphnia these cells are small (10 µ in diameter), 
few in number, and localized in five groups in the brain and sub-
oesophageal ganglia. It has been shown that they form granules 
that are carried into the axons. Sterba could not find neurosecretory 
cells in the optic ganglion, nor were there any such cells or stored 
neurosecretory material associated with the naupliar eye, the com-
pound eye, or the frontal organ. 

P. polymerus resembles Daphnia in the absence of a storage-
release organ and in the fact that neurosecretory cells are not as-
sociated with the optic ganglion or with the naupliar eye. 

Functional Aspects of N eurosecretion in the Oirripedia. In the 
Malacostraca, structures associated with the eye and eye stalk 
(sinus gland, X-organ) are particularly involved with various forms 
of neurosecretory activity. These endocrine structures vary greatly 
in organization and complexity (Hanstrom, 1939), yet in no 
form do they appear to have any counterpart in the Cirripedia. 
It must be stressed, however, that the cirripedian adult eye is 
extremely different from, and indeed not homologous with, the 
compound crustacean eye. In the Cirripedia, free-living naupliar 
Stages I - V have a single median eye which does not, according to 
Fales (1928), have a double origin ; it has a central, heavily pigmented 
area and a nonpigmented area with two visual cells. Paired eyes, 
found in the Stage VI nauplius, become fully developed in the 
cyprid and resemble the compound crustacean eye (Darwin, 1851; 
Hesse, 1874; von Willemoes-Suhm, 1876; Fales, 1928). During the 
change to adult, however, these compound eyes, after some mi-
gration and absorption, are cast off at ecdysis with the carapace 
of the cypris (Doochin, 1951). The naupliar eye remains; and even-
tually, after dividing into two parts, it gives rise to the paired eyes 
(often fused) of t he adult; subsequently these come to lie deep 
within the body and are attached by fibrous tissue to the radiating 
muscles of the lower part of the oesophagus. It is necessary for 
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light reaching the eye to pass through the exterior membrane and 
underlying corium connecting the two scuta so that it can pene-
trate deeply into the body. In view of these facts, it is not sur-
prising that we have been unable to find a structure associated with 
the eye in either P . polymerus or in balanids that may be interpreted 
as being involved in neurosecretory activity. 

In the structure of the eye and in the absence of any chromato-
phore system, the Cirripedia stand in marked contrast to many 
other crustaceans. Cirripedes are sensitive to light, however, as 
evidenced by the so-called 'shading reflex'; during cirral beat, the 
opercular valves close when the animal is subjected to a sudden 
change in light intensity from above. The sensitivity varies ac-
cording to the species, but in those cases examined, the eye is the 
effective receptor (Fales, 1928). The reaction is presumably a de-
fence mechanism against those predators which, approaching from 
above, cast a shadow; this is the case with inshore fishes, which are 
particularly active in this respect and which often bite off the cirri 
and sometimes take the body. However, there is evidence that in 
many cases neurosecretory processes are in some way (as yet little 
understood) under the influence of light, and it is suggested there-
fore that the cirripede eye, divorced from many of its usual functions 
and indeed not homologous with the compound crustacean eye, may 
still serve as a receptor to mediate between light changes and neuro-
secretory activity; indeed this may be its most important function. 
If this were the case, then it would be easy to explain some of the 
seasonal changes in activity that take place under conditions where 
light intensity appears to be the only major variable of the envi-
ronment. 

In their discussion of crustacean hormones, Knowles and Carlisle 
(1956) have distinguished between those endocrine mechanisms 
which are immediately adaptive (energetic hormones) and those 
concerned with the more gradual processes of growth, development, 
and maturation (metabolic hormones). In view of the foregoing it 
might be anticipated that the energetic hormones would be absent 
in the cirripedes; the absence of a normal compound eye, of chro-
matophores, and of retinal pigment systems, all lend support to 
this view. 

We may now consider the metabolic hormon~s. Here ~gain it 
may be anticipated that in the cirripedes there will ~e co~1derable 
variation from the pattern in other crustaceans - possibly with some 
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'simplification'. Some of the most fundamental processes known 
to be associated with metabolic activity in the Crustacea are those 
relating to the moulting cycle, and in these the eye-stalk complex 
appears to play a part by producing a moult-inhibiting hormone. 
However, Carlisle (1953a, b) has suggested that the neurosecretory 
cells in the thoracic ganglion of shrimps may also play a part in 
moulting. By far the greater part of this work on the relation be-
tween moulting and hormonal activity has been done on Brachyura 
and Astacura, in which the moulting cycle is complex and intimately 
bound with calcium metabolism; in cirripedes moulting appears to 
stand in some contrast to that in these groups of higher Crustacea. 
Barnacles often moult rapidly and continuously and, under favour-
able conditions, they may moult every few days. Costlow and Book-
hout (1953) have shown that Balanus improvisus, maintained in 
laboratory culture, moults every 2-3 days and that the moulting 
regularity is in part dependent on the type of food. Further, they 
found no indication of a correlation between shell growth (i .e., 
calcium carbonate deposition) and moulting. Recent work on 
B. amphitrite var. niveus by Costlow and Bookhout (1956, 1957; 
Costlow, 1956) gave a similar high rate of moulting which was 
independent of various changes in conditions of illumination; again, 
no association between the moulting cycle and shell growth could 
be demonstrated. In contrast to the condition in decapods, there-
fore, there is some evidence that certain phases of the calcium 
metabolism in cirripedes have been divorced to a large extent from 
the moulting process. (There are, of course, stalk-eyed Crustacea 
which have sinus glands but which do not lay down a calcareous 
skeleton.) The continuous and rapid moulting of cirripedes suggests 
a situation similar to that found in Lysmata (Carlisle and Dohrn, 
1952, 1953; Carlisle, 1953b), where the moult inhibitor is absent; 
a moult-accelerating hormone is present in the eye-stalk and in the 
thoracic ganglion and brain. 

In their reproductive activities, cirripedes are again atypical of 
the Crustacea. Although there are females and dwarf parasitic males 
as well as hemaphroditic individuals in a few pedunculates, e. g. , 
in Ibla and Scalpellum, most cirripedes are hemaphroditic, and 
obligate cross-fertilization is general yet not essential (see Barnes 
and Crisp, 1956; Barnes and Barnes, 1958). It seems probable, 
therefore, that the hormonal organization in cirripedes will differ 
considerably from that found in other crustaceans where the sexes 
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are usually separate and where distinctive secondary sexual char-
acters are known to be directly under hormonal control. 

Some cirripedes breed only annually (e. g., Balanus balanoides and 
B . balanus), and these are Boreo-Artic forms. Others, typically warm-
water species, may breed all year round with variable intensity, 
but only during summer months in the northern parts of their 
range. However, certain species which in many respects are typically 
Boreo-Arctic or Temperate in behaviour (B. crenatus and B. glan-
dula) do not entirely retain the single annual brood at their south-
ern limits (Barnes and Barnes, 1956). These species would repay 
further investigation. Furthermore, it has been shown that release 
of nauplii by some Boreo-Arctic species (e.g., B. balanoides) is 
synchronized with the spring diatom increase over the whole range 
of distribution (Barnes, 1957). In other species, e. g., Verruca stroemia, 
the naupliar release tends to take place a short time before the 
spring diatom increase; the latter cannot, therefore, initiate the 
release. It is possible that light, acting through the adult eye and 
initiating hormonal activity, may be involved; such action could 
occur either at the time of the release or at some time before it. 
In the latter case, light might stimulate hormonal activity and 
thus initiate processes that are not necessarily under direct hor-
monal control so that the naupliar release will occur at the time 
of the spring diatom increase. It should be pointed out, however, 
that any such hormonal activity need not be only of a neu-
rosecretory kind. 
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Fig. 1. Bouin, PF, Hematoxylin. Early stage in 
secretory cycle with few granules. Scale 10/L for 
all figures. 

.•,: 

Fig. 3. Bouin, PF. Granules now accumulated at 
margin ; some vacuoles present. 

Fig. 2. Bouin, PF. Beginning of cycle; small 
granules near nucleus, large at periphery. 

Fig. 4. Bouin, PF. Two cells of early stage. 
Note surrounding axons. 
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Fig. 6. Zenker, PF. Note peripheral vacuoles Fig. 6. Bouin, PF. Di scharge phase. Peripher-
around margin, zone of granules just inside ally massed granules closely associated with 
vacuoles. extensive vacuoles. 

Fig. 7. Zenker, PF, Toluidine Blue. Di scharge 
phase with nar row Ni ssl zone; e:-..1:ensive vacu-
oles with granules at their inn er periph ery. 

Fii;:. 8. Bouin, PF. Cell at cycle end. Cytoplasm 
vesicular, weakly cbr omophilic. 
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Fig. 9. Zenker, PAS. Extensive peripheral Fig. 10. Formalin , Post-chromed, PAS. Vacu-
vacuoles strongly PAS positive. oles and granules positive. Control for F igs. 

12-15. 
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F ig. 11. Formalin . Post -chromed. PAS. As Fig. F ig . 12. Forma lin , Post -chromed. Amy lase. PAS. 
10, but Ni ssl area moderately positive. Serial Negat ive vacuoles, N issl area. Positive g ranules. 
control for F igs. 12-15. 
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Fig. 13. Formalin, Post-chromed, Amylase, PAS. Fig. 14. Formalin, Post-chromed, Amylase, PAS. 
Negative vacuoles. Positive peripheral granules, Vacuoles negative. Cytoplasm positive. 
Niss! area. 

Fig: ~5. Formalin, Post-chromed, Amylase, PAS. 
Positive granules closely applied to vacuolations. 


