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Abstract of thesis on "Defensive mechanisms in some nudibranchs*'

In a typical mollusc, the shell is the most important de­ 

fensive mechanism. But the shell does not protect the mollusc 

from all predators, and it is for this reason that secondary de­ 

fensive mechanisms have evolved in many species. In some cases, 

these secondary mechanisms become more important than the shell 

as a means of protection from predators, and where this occurs 

selection may favour the reduction and even the total loss of the 

shell. The shell has been lost independently in each of the nine 

orders of the Oplsthobranchia except the Thecosomata, and in the 

Sacoglossa and the Nudibranchia it may have been lost two or three 

times. In all of these cases where the shell-less or nudibranch 

condition has evolved, the animal must be adequately protected by 

defensive mechanisms other than the shell. This thesis studies 

the defensive mechanisms of a number of nudibranch molluscs.

In the Sacoglossa there is a series of forms from the primi­ 

tive Arthessa. with a well-developed defensive shell, through Qxynofe 

and Iiobiger P with reduced shells, to the nudibranch Stiliger on the 

one hand and to the bivalved Berthelinia on the other. The defen­ 

sive mechanisms of Berthelinia and Stiliger are compared. It is 

shown that even in Berthelinia. which is protected by a tightly 

closing bivalved shell, there is a secondary defensive mechanism 

in the form of a secretion from the hypobranchial gland. In 

Stiliger P the defensive mechanisms are located in the cerata.
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Three types of gland are present of which at least one, and 

probably all, are defensive. In addition the cerata can be autoto-

mised and regenerated, and this may also be of defensive importance. 

It is also shown that the ceratal glands of Stiliger and the hypo- 

branchial gland of Berthelinia are aruscle-operated. It is conclu­ 

ded that in both Stiliger and Berthelinia the defensive system in­ 

volves two or three defensive mechanisms; and there is evidence 

that these mechanisms act in series just as do the defensive mechan­ 

isms of many tropical insects.

The defensive mechanisms of the Doridacea are discussed. 

It is concluded that camouflage is of widespread occurrence, but 

that there is as yet no evidence for the occurrence of warning color­ 

ation. Many bright colours are deflection marks, but the importance 

of other bright colours is still not known. Dorsal papillae with a 

probable defensive function are present in some species of the 

Doridacea, and they are usually supplied with glands. The function 

of the caryphyllidia of certain species is not known. Autotomy of 

papillae has not been described, but autotomy of the mantle edge 

occurs in the Discodoridinae. Defensive glands are of widespread 

occurrence in the Doridacea. One type of defensive gland that has 

not been described before in dor ids is the acid gland of Discodoris

pusae and Anisodoris stellifera. Acid secretion is well known from 

certain other opisthobranch and prosobranch molluscs, and the dis­ 

covery of its occurrence in dorids means that it has evolved inde­ 

pendently at least four times in the Mollusca. In D.pusae and
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A.stellifera, the acid glands are large subepidermal pits with a 

mucous plug and a muscular sphincter. The acid is inorganic and 

contains sulphate ions. It may register pH 1 or 2 close to the 

skin of the mollusc. Another species of Discodoris was found to 

secrete acid of a similar pH. In this species acid-secretion is 

from the ordinary epidermal cells, and subepidermal glands are 

totally absent. In the light of these results, the evolution of 

acid-secretion is discussed.

In all four suborders of the Nudibranchia and in the Saco- 

glossa, species with dorsal papillae or cerata have evolved. In 

all cases where these have been studied, they have been found to 

be of defensive importance. Cerata usually contain glands, are 

mobile, can be autotomised without harm to the mollusc, and may 

have yet other defensive mechanisms. The Eolidacea are the best 

known of these groups with defensive dorsal papillae. In the 

eolids, some species are camouflaged, but none has been shown to 

possess warning coloration. Cerata may be brightly coloured to 

direct attacks away from the head, and the behaviour of the mol­ 

lusc supports this view. Cerata can be autotomised and regener­ 

ated, but the ease with which autotomy occurs varies between dif­ 

ferent species, Cerata are especially sensitive at their tips, 

and it is shown that this is because there is a high concentra­ 

tion of neurosensory cilia in this region. Stimulation, by touch, 

of these cilia can cause ejection of nematocysts or of glandular 

secretions as a defensive response.
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Ceratal glands are described for a number of species of 

solid. The role of the cellules speciales is discussed, and it 

is concluded that these are not of defensive importance. Their 

content of RNA and of protein suggests that they synthesize pro­ 

tein, and their high glycogen content suggests that they are storage 

cells. They may have a duct in some species^ and could thus be 

excretory.

Simple, unicellular mucous glands occur in probably all eolids, 

but they may be epidermal or subepidermal in different species. They 

probably protect the animal from abrasion. They may also be res­ 

ponsible for the mucin cuticle, or for the presence of a mucous film 

just outside the cuticle which is continuously being carried off the 

tips of the cerata by ciliary action. Mucous glands are the only 

glands present in some species, for example Eolis M and Tergipes 

despectus. In other acleioproct eolids there are glands which have 

a defensive functions the species of Catriona studied have two types 

of defensive gland, whilst the eubranchids studied have three and 

possibly five types of defensive gland. These defensive glands 

are usually concentrated at the tips of the cerata and are exuded 

when the animal is violently disturbed. Some of them are muscle- 

operated and are proteinaceous, others contain mucopolysaccharides 

or mucoproteins. In the smaller species of both Catriona and Ei*- 

branchua. the surface area of ceratal epithelium is limited, and 

the defensive glands are packed so as to utilize all available space. 

The method of packing the glands is different in the two genera,



suggesting that it is a case of parallel evolution. It is further 

suggested that the defensive glands of Calma. Catriona and the 

Eubranchidae are convergent. In the cleioprocts studied, no 

such concentration of glands at the ceras tip was found, but all 

species possess two or more types of ceratal gland. There is evi­ 

dence that some of these may be defensive in function.

Nematocysts are used in defence by many eolids, but for them 

to be effective, they must be ejected from the cnidosac and an appre­ 

ciable percentage of them must explode. It is shown that whilst 

nematocysts are frequently ejected and exploded as a defensive re­ 

action, there is considerable variation between different species. 

In Calma. glands are of considerable defensive value, but nemato­ 

cysts are totally absent; whilst in Tergjpes despectus P defensive 

glands are absent and nematocyets are important in defence. Other 

species utilize both defensive mechanisms, but to varying extents. 

In the Cleioprocta generally, and particularly in the Aeolidiidae, 

glands are not of great importance in defence whilst neraatocysts 

are; but in the Eubranchidae and in Catriona glands are well-developed 

and of considerable defensive importance. There is even variation 

within one genus. Thus Catriona tina rarely uses glands but fre­ 

quently uses nematocysts in defence, whilst C.perca rarely uses 

nematocysts but frequently uses glands. This interspecific variation 

in behaviour is probably related to the different predators which 

different species of eolid are likely to encounter.

The predators of nudibranchs in the sea are not well known,
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but laboratory experiments have demonstrated that many nudibranchs 

are relatively unpalatable to many species of fish. However, some 

species of fish are not deterred from eating eolids by nematocysts, 

and it is likely that it is with relation to these predators that 

glandular defensive mechanisms have evolved. Thus nematocysts may 

be protective against one set of predators whilst glands are pro­ 

tective against another set of predators.

Nematocysts may be damaging not only to potential predators 

of eolids, but also to the eolid itself when it crawls over coe- 

lenterates. The mechanism by which eolids escape damage from nemato- 

cyste is not known, but there is evidence that the vesicular struc­ 

ture of the epidermis is involved.

It is concluded that in many nudibranchs the defensive system 

involves several distinct mechanisms which come into action in series. 

There is some evidence that certain mechanisms are adapted to specific 

predators. The eolidiform condition is a particularly efficient 

defensive adaptation since it concentrates several mechanisms into 

that part of the mollusc which is expendible, and which is the first 

to be encountered by a potential predator.

Three papers are included in the appendix. The first des­ 

cribes the occurrence of Polycera elepans (Bergh) in Britain, and 

discusses its taxonomy. The second gives notice of a new species 

of bivalved gastropod from Jamaica, and the third is a description 

of this animal.
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Chapter 1

INTRODUCTION



Chapter 1
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The typical mollusc is more or less completely covered 

by a thick calcareous shell which presents a number of problems 

not found in shell-less animals. The most important of these 

problems are :

1) Mechanical. The shell (in gastropods) is asymmetrical and 

hence lopsided. It is also heavy, even under water j and thus 

it impedes movement and renders a rapid escape from predators 

an impossibility.

2) Sanitary. Since the molluscan shell covers most of the body, 

the parts from which the anal and renal ducts can discharge are 

limited. It is not uncommon for the reproductive ducts to open 

in close proximity to the anal and renal ducts (in Galliostoma. 

for example), and clearly this could be detrimental if the eggs 

were to be harmed by faecal and renal material. Eales (1950) dis­ 

cuss s how many molluscs have overcome these sanitary problems.

3) Respiratory. Since the shell covers most of the body surface, 

gaseous exchange can only occur in limited p^rts. These parts

are the ^ills, and it is important that there should be a regular 

flow of clean water over their lamellae.

The shell has only one advantage to outweigh these im­ 

portant disadvantages: it is protective. Very few molluscs escape



by movement, but they can retract into their shells and remain 

out of reach of most predators until danger has passed.

The molluscan shell, although it is hard and impenetrable, 

does not protect the animal from all predators. The barrier of 

the shell is penetrated in at least four different ways, for 

instance:

1) Some animals, such as flatfish, swallow molluscs whole, and 

dissolve the shell in their acid stomach.

2) The skates and rays have powerful batteries of teeth and they 

crush molluscs before swallowing them.

3) Starfish evert their stomachs into the shells of molluscs,

digest and dissolve the soft parts, and then suck up the resultant

fluid.

4.) Shell borers drill holes through the shell and then suck up

the soft parts inside. This group includes the gastropods Nucella. 

where boring is entirely mechanical, and Natica. in which boring is

facilitated by the secretion of aciri (Graham, 1952).

It is probably because the shell has proved ineffective as 

a barrier to so many predators that secondary defensive adaptations 

have evolved in many molluscs. The most widespread of these is se­ 

cretion of slime by simple mucous glands (Graham, 1957). Defensive 

protein glands may also be present on the sides of the foot, at the 

mantle edge, or in the hypobranchial gloru?. Muscle-operated glands 

have been found in Acmaea. Calyptraea f and Crepidula 'Graham, 1



Fretter and Graham, 1962) Thompson (I960-,a51961) describes defen­ 

sive secretion of inorganic acids in Lamellaria t Velutina and Trivia. 

-mother type of defensive adaptation is camouflage, but a shell is 

exceedingly difficult to camouflage since it normally has a sharp 

outline. This outline is broken up by ridges and spines in Murex. 

and by a permanent covering of the mantle in Lamellaria which re­ 

sembles in colour and texture the sponges and tunicates on which it 

is found. Secondary defensive mechanisms may be directed towards one 

specific predator, particularly the starfish. For example, Nassa 

responds to a starfish by a series of violent jerks caused by sudden 

contractions of the foot. Physa responds similarly to the fresh-water 

leech Glossiphonia. In Natica f the foot covers the shell making it 

impossible for a starfish to grip it; arid the lamellibranch Pecten 

swims by clapping its valves when touched by a starfish. Russell 

(1934-) discusses these examples and gives references.

Thus the molluscan shell does not protect ihe animal from all 

predators, and even shelled molluscs often possess accessory defensive 

mechanisms. In the opisthobranchs, the shell is reduced or absent, 

and is rarely of defensive value. Bulla and Haminoea have glands 

similar to those of the prosobranchs Acmaea and Calyptraea (Fretter 

and Graham, 1%2), but the shell is still of protective value. Aplysia 

secretes a purple fluid when it is disturbed; Pleurobranchus. Berthella 

an<* Philine all secrete inorganic acids (Thompson, I960,a); other 

species, such as Scaphander. possess glands wi ich are probably of



defensive value (Thompson, l>60,b). In Cnchidella the shell is 

completely lost, and protection is presumably entirely by means of 

glandular secretions. In those molluscs which are protected by 

glandular secretions, the shell may become a positive disadvantage, 

since it may no longer be of defensive value, and it gives rise to 

mechanic?!, sanitary and respiratory problems. In such animals, 

selection will favour reduction of the shell, and in some cases 

it may be lost altogether. The shell has been completely lost in 

this way at least seven times in the Opisthobranchia (eight if we 

include the Onchidiidae, as is recom ended by Fretter, 194-3). 

Table 1 illustrates that loss of the shell has occurred in every group 

of the Opisthobranchia except the Thecosomataj it has probably occurred 

several times independently in both the Sacoglossa and the Imdibranchis

Table 1. Opisthobranch groups in which the shell has been lost. 
The classification is that of Horton (1958), but with the 
addition of the Onchidiacea (Fretter, 1943; Marcus, l ( 6l).

Order Families with shell-less genera

Cephalaspidea

Anaspidea

Thecosomata

Gymnosomata 

Sacoglossa

Acochlidiacea 

Onchidiacea 

Notaspidea 

Nudibranchia

Runcinidae 

Aplysiidae

- none -

- all -

Hermaeidae, Zlysiidae, Limapontiidae

- all -

- all - 

Pleurobranchidae
-all -



Two possibilities are open to the shell-less or nudibranch 
mollusc which are closed to shelled molluscs.

1) The nudibranch mollusc can occupy habitats such as crevices which 

are too narrow to take a shell, or expcx-ed places where a shelled 

mollusc would be very conspicuous. Shelled molluscs can of course 

live in exposed places, but they cannot asily be camouflaged, and 

are tierefore an easy prey for molluscan predators.

2) The nudibranch mollusc can develop appendages on the dorsal sur­ 

face in the position formerly occupied t>y the shell. These may per­ 
form several functions: they may be respiratory, they may contain 

branches of the liver for digestion and assimilation, or they may 

be of defensive importance.

Both of these possibilities can only be utilised if the mol­ 
lusc is adequately protected from predators. The defensive systems 

of nudibranch molluscs may involve protective coloration, defensive 
glands, and the presence of expendable papillae which c&n be regen­ 
erated. This thesis investigates some of the defensive mechanisms 

which are used by shell-less molluscs, and attem ;ts to show how in 

some s >ecies the complete defensive system is composed of several 
distinct mechanisms.

In Chapter 2, the Sacoglossa are examined, and the defensive

mechanisms of ^tiliger are described. Thp Sacoglossa contains many 
shell-less or nudibranch molluscs, but these are quite distinct from 

the order Nudibranchia, and the shell-less condition is convergent. 

Pelseneer (1906) classified the elysioid sacoglossans in his suborder
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Nudibranchia, but this convergence is now recognised, and the 

classification followed in this thesis is based on that of Odhner 

(1~39). Morton ''1958) compares the two systems of classification. The 

Sacoglossa are a uniform group as regards feeding methods, but are ex­ 

ceedingly diverse in external morphology. The defensive mechanisms 

of both shelled and shell-less genera of this order are compared, and 

it can be seen that Stlliger and Berthelinla represent two extreme 

types; the first with no shell and well developed ceratal defensive 

mechanisms, and the second with a pair of bivalved shells completely 

enclosing the body, and no cerata.

Chapter 3 is an introductory section to the Nudibranchia. 

It discusses the radiation into a number of distinct types that has 

occurred in this order, particularly the evolution along several inde­ 

pendent lines of the eolidiform condition. The defensive mechanisms 

of the Dendronotacea and the Arminacea are summarised, but our know­ 

ledge of these groups is very incomplete.

Chapter 4 describes the defensive mechanisms of the Doridacea, 

and includes work on acid secretion in Anisodoris and Discodoris. 

There is, however, little direct evidence of the defensive nature of 

most of the mechanisms discussed in this chapter.

Chapter 5 discusses the defensive mechanisms of the Eolidacea, 

and describes how the different mechanisms are utilised to a varying 

extent in different species. In some eolids nematocysts are important 

in defence, in others glands are, and in yet others both nematocysts 

and glands are equally important. In the Eubranchidae and the



Cuthonidae the defensive glands are well developed and some of them 

are muscle-operated.

chapter 6 summarises our knowledge of predatio;; in nudibranchs. 

Very little is known, but it is likely that most nudibranchs arc un­ 

palatable to most species of fish.

General conclusions are presented in Chapter 7. It is shoun 

that many nudibranchs have several lines of defence, and that some 

defensive mechanisms are probably directed towards specific predators. 

Attention is drawn to the fact that parallel evolution has occurred 

in the naked opisthobranchs with respect to several characters, one 

of which is the eolidiform condition. It is concluded that the 

eolidiforra condition is one which concentrates the defensive mechanisms 

of th?' mollusc into the cerata, and that the possession of cerata has 

been responsible at least in part for the success of these animals.



Chapter 2

DEFENSIVE ADAPTATIONS OF THE SACOGLCSSA
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Chapter 2

DEFENSIVE ADAPTATIONS OF THE SACOGLQSSA

Introduction to the Sacoglossa

The most important taxonomic character shared by the 

different genera of the Sacoglossa is the presence of a force- 

pump mechanism for piercing and sucking algae. This mechanism 

includes a muscular, suctorial pharynx, and dagger-shaped radular 

teeth. The shape of the pharynx and its mode of action has prob­ 

ably evolved in each species with respect to one or a few species 

of alga. Gascoigne (1956) shows how the pharyngeal morphology in 

the genera Limapontia r Acteonia and Alderia varies with the type 

of alga preferred by each particular species, and Edmunds (1963, 

in the appendix to this thesis) gives evidence that the same ap­ 

plies to the genus Berthelinia.

Defensive mechanisms of the Sacoglossa 

Since there is this close relationship between the saco- 

glossan and its food plant, we mi^ht expect the defensive system 

of the mollusc to become adapted to the alga, particularly as 

regards colour. Thus whilst most sacoglossans are green, and hence 

inconspicuous on the green algae on which they feed, for example 

Elysia Tiridis (Hontagu) (Garstang, 1889; Hecht, 1896; Tchang Si, 

1931), Hermaea dendritica (Alder and Hancock) (Garstang, 1889; 

Evans and Evans;, 1917, Lobieer serradifalci (Calcara) fTchang Si,



1930) and Berthelinia caribbea Edmunds (personal observation), 

other species which feed on non-green algae correspond to their 

food in colour. For example, the red Hermaea bifida (Montagu) has 

been recorded from four species of red alga (Griffithsla by Alder 

and Hancock, 1845-1855; Renouf, 1935; and Miller, 1961; 

jDelesseria bf Ctarstang, 1889j Bornetl^i by Cornet end Marche Marchard, 

1951; and Heterosiphonia by Plymouth Marine Fauns, 1957), and one or 

two unidentified species of brown Stiliger have been found on a brown­ 

ish alga (personal observation). The crypsis is brought about by 

the colour of the food plant persisting in the liver of the mollusc 

in the cases of Elysia and the Hermaeidae, but the green is found 

elsewhere in the body of Berthelinia. Most green sacoglossans would 

be cryptic on any green alga, so there is no specific resemblance 

to a particular organise as occure in some of the dorid nudibranohs. 

These are all examples of a general resemblance in colour. Thus 

it would appear that colour is of some importance in the defensive 

systems of the Sacoglossa, but since the resemblance is not specific, 

it is unlikely to be the only defensive mechanism present.

The defensive mechanisms of the Sacoglossa have not received 

the attention that hes been paid to the eolid or the dorid nudi- 

branchs. They can be listed under six headings?

1) Camouflage. This is widespread in the group, but is probably 

not universal. Examples have already been given.

2) The Shell. Artheasa has a bulloid shell into whidh it can 

retract completely, Lobigar and Qxynofe possess small shells which
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may also be of some protective value. The bivalvedgastropods, 

Berthelinia and Julia, possess two shells into which the animal 

can retract when it is molested. There can be little doubt that 

the bivalved shell is of defensive importance in B.caribbea since 

the animal is very sensitive to tactile stimuli, and responds im­ 

mediately by withdrawing between its valves. After a few seconds, 

the valves open slightly, and the animal, starts to emerge (Edmunds, 

Ic 63j and unpublished observations). Whilst retracted, the mollusc 

retains a hold on its alga by means of a fine byssus-like thread.

3) Papillae. Species of the Hermaeidae have well developed mobile 

dorsal papillae or cerata which can be autotomised. It is possible 

that a predator that attacked a Stiliger would obtain a meal of 

cerata whilst the mollusc crawled away unharmed. The missing 

cerata can probably be regenerated. Sacoglossan cerata are thus 

important in defence, but they may also have a digestive function 

in the Hermaeidae, whilst in Alderia they are respiratory (Evans> 

1953). Lobieer has four tentacle-like appendages which are also 

of defensive importance although they do not contain branches of 

the liver and are hence not similar to the cerata of the Hermaeidae, 

Tchang Si (1930; 1931) describes how they are moved when the animal 

is irritated, and how they may be autotomised.

4) Glands. Subepidermal glands which are probably defensive have 

been described from Elysia and Hermaea by Hecht (1896). Hecht
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believes that H.bifida has a protective smell of hydrogen sulphide, 

but this has not been confirmed. In H.dendritica. there are appar­ 

ently two types of subepidermal gland, one of which is blackened 

with osmium fixatives. Defensive glands are concentrated in the 

cerata where these are present (for example, in Hermaea). In 

Berthelinia f the hypobranchial gland is of defensive importance. 

When the animal is violently irritated, it exudes a viscous white 

fluid from the hypobranchial gland (Burn, I960; Edmunds, 1963). 

Some of the gland cells contain mucus, but others are responsible 

for the white threads which disperse gradually in the water. Muscles 

run between the gland cells in B.caribbea. and presumably these are 

responsible for exudation (Fig.l).

5) Leathery skin. Evans (1953) describes how the skin of Alderia 

modesta (Loven) is tough, and bound to the underlying viscera like 

the skin of a leech. This is probably an adaptation to prevent 

desiccation, but it may protect the animal from some predators as 

well.

6) Unpalatability. Thompson (1960,b) found that Elysia viridis is 

unpalatable to some species of fish. Inedibility may thus be an 

important defensive adaptation.

Defensive systems of shelled and shell-less species 

There is a series of forms in the Sacoglossa from the bulloid 

Arthessa through Oxynofe and Lobiger with reduced shells, to the
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nudibranch species on the one hand, and to the bivalved gastro­ 

pods on the other. The defensive systems of sacoglossans are not 

well known. In this section I shall attempt to describe and com­ 

pare the defensive systems of three species of sacoglossan. All 

are found on the alga Caulerpa,

Lobiger serradifalci (Calcara).

In Lobiger. the shell only protects the mantle region of 

the body, but the mollusc is also protected by its colour and by 

the possession of mobile and detachable appendages (Tchang Si, 

1930; 1931). It is not known if glandular secretions are important 

in defence. Colour change according to background has been reported 

from Lobiger viridis (Hornell, 1922) but has not been recorded in 

L.s erradifale i.

Berthelinia caribbea Edmunds.

Berthelinia caribbea is difficult to detect on Caulerpa 

because it is camouflaged and because it often rests deep amongst 

the branches of the alga. The bivalved shell can completely en­ 

close the animal except for a small opening at the posterior end - 

the anal siphon (Edmunds, 1963, appendix to this thesis). One might 

expect that with a bivalved shell, other defensive mechanisms would 

be unnecessary, and would be poorly developed or absent. But this 

is evidently not the case in Berthelinia since violent disturbance, 

such as when some object is inserted between the valves preventing
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their closure, elicits the response of a copious secretion of a 

viscous white fluid from the hypobranchial gland. The fact that 

the gland cells have muscle fibrils round them for rapid and ef­ 

ficient exudation suggests that glandular secretion is important 

in defence in Berthelinia. but there is no direct evidence that 

this in any way deters potential predators.

Stiliger vanellus Marcus

A single specimen of this species was found with Berthe- 

linia caribbea on the green alga Caulerpa verticillata Agardh grow­ 

ing in the mangrove swamps at Port Royal, Jamaica. Although the 

body of the living animal is silvery-grey with cream, black, greenish 

brown and crimson markings on it, the animal is inconspicuous to the 

human eye because of its small size. The living animal was only 

3*5 mm. long, with the rhinophores and the largest cerata reaching 1 mm. 

On Caulerpa. however, g.vanellus is certainly not camouflaged. Violent 

disturbance results in autotomy of cerata, as in other species of 

Stiliger (personal observation of two undescribed species). On two 

occasions when the animal was proceed with forceps, large, white, 

subepidermal glands in the cerata were seen to eject their contents 

as a cloud of discrete droplets which disperse in the water after a 

few minutes. Each gland exuded a single large white droplet. Similar 

white glands can be seen in the living animal on the rhinophores, the 

foot, and the back. Since they are exuded when the animal is violently 

disturbed, it is reasonable to suppose that they are defensive in



function. The white glands can be seen most easily at the tips 

of the cerata where there is no black pigment. They may also

occur all over the cerata, but the epidermal black pigment obscures 

them.

The animal was fixed in Heidenhain's "Susa", and sections 

in paraffin were cut at 6u. The cerata have an epidermis about 3u 

in thickness, with a cuticle of about 0.5u. In young cerata the 

epidermal nuclei are almost spherical; but in larger cerata, where 

the epidermis is apparently somewhat stretehee1 , the nuclei are 

oblong and 4, - $u long. The epidermis is packed with pigment 

granules of about 0.5)1 in diameter, and over much of the ceratal 

surface the nuclei are completely obscured by them (Figs. 6 and 7). 

The ceras tip has many fewer pigment granules, and since the tip is 

the only part that is not blackish-green in life, these granules 

would appear to be responsible for the blackish-green colouration. 

Scattered cells in the epidermis are ciliateo, and these have few 

or no pigment granules. In the fixed animal, the black colour is 

preserved; but in vivo there are many minute vhitish or transparent 

specks in the black of the cerata. These are probably the ciliated 

cells which lack pigment. No •v-pidermal glands were detected.

The bulk of the ceras (Figs. 2 and 3) is filled up with a 

loose connective tissue in which are three types of ^land. In the 

centre of the ceras is a diverticulum of the liver which is some­ 

what lobed, but does not reach to the tip of the ceras as it does
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in the eolid nudibranchs. Theoerata are mobile, and their shape 

varies in the living animal. The muscles that bring about con­ 

traction of the oerata are large longitudinal ones passing from 

halfway up the ceras down into "fee body of the animal. They are 

5u in diameter, and the nuclei, 10 - 12u long, lie inside the con­ 

tractile cylinder. The only other muscles detected in the cerata 

with Masson's trichrome are small fibrils in the region of 0.5u 

diameter which appear to be associated with large mucous glands 

(Figs. 5 and 7). These glands are unicellular, with an elongated 

nucleus up to lOu long compressed at the side of the cell. The 

secretion, which completely fills the rest of the cell, is strongly 

positive to PAS and weakly positive to dialysed iron, so is probably 

an acid mucopolysaccharide. The size of the gland varies with the 

size of the ceras, but a large ceras (0.5 mm. long in fixed sec­ 

tions) has mucous glands near its tip which may reach 65u in length. 

When one of theseiglands is cut obliquely through its margin, the 

fine muscle fibrils mentioned above can be seen. They seem to be 

arranged irregularly round the mucous glands, but usually closely 

invest them in a fine sheath.

The other two types of gland are the granular and the non- 

granular glands. The granular glands (Figs. 4, 5 and 7) are up to 

3Au in length, with a small basal nucleus of about 6u. There is a 

duct through the epidermis for discharge. With Masson's trichrome, 

the contents of these glands may be lightly stained with xylidene
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.red and completely filling the cell, or deeply staining and slightly 

pulled away from the wall of the cell as a large globule. They are

negative to the P.A.S. test and to Rale's dialysed iron, and so do 

not contain mucopolysaccharides. Vlith Sakaguchi's test for arginine, 

they are strongly positive, and the chief constituent of them thus 

appears to be protein.

The non-granular glands, when mature, are up to 33u long, with 

a slightly oblong basal nucleus of about 9ji in length. Residual cyto­ 

plasm is present round the nucleus and extending up towards the ori­ 

fice of the gland as a thin layer close to the wall (Figs. A, 6, and 

7). The rest of the gland appears empty in "Susa" preparations apart 

from a residue of material which is weakly basophilic - it takes up 

green with Masson's trichrome. This residue is negative to dialysed 

iron, and only weakly positive to P.A.S., so if mucopolysaccharides 

are present, they must be neutral and not acidic (Pearse, 1960j 

Casselman, 1959). Proteins appear to be absent from the residue 

(Sakaguchi's test), but are present in the cytoplasm. Young non- 

granular glands lie deeper (Fig.7) and have as yet no duct to the 

epidermis. The granular cytoplasm completely fills the cell, and 

the QJI diameter nucleus is spherical. There is no central cavity, 

and no basophilic residue. A 4p nucleolus is present in young and 

mature glands which is positive to Sakaguchi's test for arginine. 

Intermediate stages develop a small cavity and residue, and the 

nucleus gradually becomes more elongate. Young glands are easiest
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to find in young cerata, and are absent in large cerata, indi­ 

cating that in the oldest cerata they have all become mature.

Both granular and non-granular glands also occur on the 

foot of Stiliger. and are more or less as abundant as the white 

glands seen in the living animal. Mucous glands are much more 

abundant on the foot than are the white glands, and in any case 

raucous glands are not usually white in colour. Thus it is not 

known whether the white defensive glands of S.vanellus are the 

granular or the non-granular glands of fixed preparations. White 

glands are often osmiophil, but lack of material made it impossible 

to check this. Bttrgin-Wyss (1961) reports red, yellow, greeaa and 

blue glands from S.costal, but such brightly coloured glands were 

not observed in S.vanellus.

The granular and the non-granular glands do not appear to 

be muscle-operated when examined with an oil immersion lens and 

ordinary illumination. But with polarised light, the walls of 

both these and the mucous glands can be seen to contain birefrin- 

gent fibrils. The mucous gland muscle-fibrils seen with ordinary 

illumination are similarly birefringent when viewed under polarised 

light, so it is likely that all these types of gland are muscle- 

operated. The mucous secretion is probably important in defence 

as. well as the white fluid, since mucous glands are well developed 

i$ the cerata and are muscle-operated. Thus two and probably all 

three of the ceratal glands of Stiliger yanellus are involved in 

the defensive system of the mollusc.
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Discussion and conclusions

Thus Lobiger serradifalcl, Berthelinia caribbea and Stiliger 

vanellus each possess two or more defensive mechanisms. No single 

mechanism is capable of protecting the mollusc from all of its 

predators, not even when a second shell is present. As in the tropi­ 

cal insects studied by Kettlewell (1959), these molluscs have several 

lines of defence. In Lobiger. the first line is camouflage, but if 

the animal is discovered, the appendages are waved and may be autoto- 

mised when grabbed by the predator. In Berthelinia. the first line 

of defence is again camouflage, but should the mollusc be detected, 

it is still protected by its shell. If the shells are forced open, 

there is yet a third line of defence in the form of the secretion 

of fluid from the hypobranchial gland. Finally, in Stiliger vanellus. 

should the fluid from the ceratal glands not deter a predator, the 

cerata can be autotoraised and left with the predator whilst the mol­ 

lusc crawls away. Further investigation will probably show that other 

sacoglossans have a similar range of defensive mechanisms.

These results also give an indication of how the nudibranch 

condition could have evolved. If the shell of a shelled sacoglossan 

failed to give sufficient protection, selection would favour the en­ 

largement of other defensive mechanisms which are more effective. These 

mechanisms might be papillae or glands, but they would already have been 

present in the shelled form. As they enlarged, so selection would 

favour the reduction and loss of the shell since then the glands or
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papillae could occupy the whole of the dorsal surface of the animal. 

This has evidently occurred in the Sacoglossa at least once, and 

presumably analogous changes have taken place in the Nudibranchia 

and in the other shell-less opisthobranchs.



Figure 1. Section of hypobranchiel gUnd of 

Berthelinia ceribbea stained with Meseon's trichrome 

e., epidermis; g., unicellular gland; m., muscle 

fibril.





Figure 2. Ceretu of Stiliger vertellus in 

longitudinal section, ettined with Mcsson's 

trichrome. &*gl., granular «land; ra.^1., 

mucous glandj n.gl,, non-#renulfr glend.

Figure 3« • 'iegzvm of ceras of Stiliger 

v^nellus in longitudinal section.
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Figures 4 end 5. Sections of cer?tr of Stiliger 

venellus stained with Mfsson's trichrome. JB., 

epidermis; £»&L»» granular glrndf h^£», hepatic 

c-ll| £»^1.» > mucous gle-ndf £L-^L* > non-granuler 

lend.
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Figure 6, "ection of cerss of Stiliger vsnellue 

st; ined with Masson's trichrome. £•£•» ciliated 

cell; JB,, epidermis; £•£!.•» granular glcndj h.» 

hepetic cell; E«j&L» > non-granuler gl;>nd*

Figure 7. Diegrammetic section of cer?s of Stiliger 

ve-nellus.
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The order Nudibranchia contains molluscs of several very 

different types. Odhner (1939) classifies them into four sub­ 

orders: the Eolidacea, Arrainacea, Dendronotacea and Doridacea. 

This is a considerable advance towards a phylogenetic classifi­ 

cation compared to the system of Pflseneer (1906), discussed by 

Norton (l r;58), but Thompson (1962) believes that some of Odhner f s 

suborders may themselves be polyphyletic. The presence of jaws 

in the Gnathodoridacea suggest that the Doridacea are derived 

from early tritoniid Dendronotacea, but an alternative view is 

that they evolved from the Notaspidea. These hypotheses are dis­ 

cussed by Morton (1958), Marcus and Marcus (1962), and Thompson 

(1962). The affinities of the Arminacea and the Eolidacea remain 

obscure - they could be related to the Dendronotacea, or they could 

equally well be independent derivations from shelled opisthobranchs.

Parallel evolution seems to have occurred in each of the four 

suborders of the Nudibranchia (Morton, 1 63). The parallel that I 

wish to stress here is the eolidiform condition, in which the dorsal 

surface of the mollusc is covered with papillae or cerata. I hope 

to show that these papillae are of defensive importance and that 

they are a highly efficient defensive system. In the Eolidacea,
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each ceras contains a branch of the liver and this opens at the 

tip into a sac, the cnidosac. In Chapter 5 I shall describe the 

ways in which different species of eolid use the cnidosac and the 

nematocysts inside it as a means of defence; here it suffices merely 

to mention that the eolid ceratal defensive system may involve 

neraatocysts, glands, autotooy, colour and behaviour.

Among the Arminacea, both Dirona and Janolus are eolidiform. 

The cerata contain branches of the liver, but there is no cnidosac 

and no nematocysts. Glands which are probably of defensive importance 

occur at the tips of the cerata in Proctonotus mucronifera (Hecht, 

1896) and Janolus comis (Marcus, 1958). In both of these species, 

special neurosensory cells are associated with the ceras tip. These 

presumably have a similar function to the neurosensory cells des­ 

cribed in Chapter 5 for certain eolids, but they have a very differ­ 

ent structure. P.mucronifera and J.comis readily autotomise their 

cerata when they are irritated. I have studied J.cristatus at 

Plymouth and can confirm that in this species too, cerata are autoto- 

mised as a result of prodding the animal with forceps. As in the 

eolids, when J.cristatus is prodded, the cerata are waved violently 

to and fro, and it is possible that glandular exudation occurs, but 

this was not observed.

Some further genera of the Arminacea are doridiform, but I 

can find no trace in the literature of their defensive adaptations.

The Dendronotacea are characterised by possessing rhinophores
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retractile into turret-like sheaths. Appendages with 

the appearance, of gills are often present, for example in Tri­ 

ton ia. Dendronotus and Melibe. but -ftiere is no evidence that they 

are actually respiratory. Probably they facilitate gaseous ex­ 

change because they give an increased surface area, but are not 

primarily respiratory as are the gills of dorids. Defensive glands 

are present in these appendages fAgersborg, 1921; Thompson, 1960,b); 

and in the pelagic Melibe and Tethys. these glands are believed to 

emit a protective smell (Crossland, 1911; Agersborg, 1921; Tchang 

Si, 1931). Crypsis in pelagic Dendronotacea involves transparency 

(Agersborg, Iv21). Other genera of this group possess appendages 

which closely resemble eolid cerata. For example, in Doto and 

Hancockia. the cerata contain hepatic branches, and Hecht (1896) 

describes epidermal and subepidermal glands in Doto whose function 

is probably defensive. I have found that prodding several species 

of Jamaican Doto results in exudation of white material from epi­ 

dermal glands of the cerata, and this again suggests a defensive 

function. Autotomy of papillae occurs readily in Doto., Hancockia 

and Tethys (ITecht, 1896; Tchang Si, 1931), but regeneration is only 

described for Doto. Hancockia even ha$ cnidosacs, but how these 

function is not known (Marcus, 1957).

The Doridacea have a pair of rhinophores which are usually 

retractile into sockets, a median anus, and a circlet of gills which 

are usually retractile into a branchial cavity. Typically, the dorsal



surface is smooth, or spicular, and without papillae. Defensive 

adaptations of these dorids are discussed in Chapter 4. However, 

in the nonsuctorian Polycera and in the goniodorids &ncula and Okenia. 

eolidiform dorsal papillae are present. I have found several indi­ 

viduals of Okenia impexa in which some of the papillae were missing

or broken off, so in some cases they may be detachable, and hence °f 

use in defence. Defensive glands are concentrated in the papillae of

.ncula and Polycera (Herdman and Clubb, 1890; Thompson . I960,b).

Thus all four suborders of the Nudibranchia have evolved species 

possessing dorsal papillae or cerata. Usually these papillae contain 

branches of the liver, and in all cases which have been examined care­ 

fully, glands or nematocysts are present whose function is probably 

defensive. Usually, also, the papillae can be autotomised and re­ 

generated. In Chapter 2 similar papillae were described for the 

sacoglossan Stiliger. Thus eolidiform papillae have probably evolved 

separately at least five times in shell-less molluscs - once in the 

Sacoglossa, and at least once in each of the four suborders of the 

Nudibranchia. The original function of these papillae may have been 

defensive, respiratory or to increase the absorptive area of the 

liver; but clearly the most important function now is that of defence. 

It would seem that the eolidiform condition is one in which the de­ 

fensive system of the mollusc is concentrated in the cerata. Since 

a ceratal defensive system is present in so many unrelated nudibranch 

molluscs, it would seem likely that it gives very efficient protection 

from potential predators.
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Introduction

Early work on the defensive adaptations of the Doridacea 

is described by Garstang (1889) and Herdman 1S90). They find that 

there are two categories of doridss forms with smooth or spicular 

dorsal surfaces, which are cryptic; and forms with dorsal papillae 

tipped with glands, which are not usually camouflaged. >. th r de­ 

fensive mechanisms are now known, and these can be listed under 

six headings: camouflage, warning coloration, unpalatability, dorsal 

papillae, autotoray and glands. In the first section of this Chapter 

the evidence for the defensive importance of each of these six 

imechanis is is discussed in turn, but it should be emphasized that 

any one species of dorid may possess two or three of these mechanisms. 

For example, the defensive systems of most of the eight species of 

the Dorididae and the Onchidorididae studied by Thompson (1960,b) 

include three mechanisms - crypsis, unpalatability, and defensive glands. 

The only other comprehensive study of the defensive system of a dorid

nudibranch is that of Crozier (1916; 1917) for Chromodoris zebra* 

The second section of this Chapter describes work on one of these

defensive mechanisms, acid secretion, and suggests how it may have 

evolved in dorids.
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Section 1: Defensive mechanisms in the Doridacea

1) Camouflage

It is probably true that most of the Dorididae and the 

Onchidorididae are cryptic in colour and texture, but the best knovrn 

examples belong to the genera Archidoris and T-.o3tan.-;a. References 

to crypsis in other genera can be found in the papers of Gars tang 

(1889), Herdman (1890), and Thompson (I960,b). Many of these dorids 

are normally found associated with the sponges on which they feed, 

but their resemblance to a sponge is so close that even when they 

are crawling slowly on a bare rock they may derive some protection. 

In some cases the resemblance may be of this general type, for ex­ 

ample, in the Onchidorididae which feed principally on Polyzoa 

d'liller, 1961); but other dorids have a specific resemblance to 

one particular type of sponge. In such a case the sockets for the 

gills and the rhinophores may resemble the oscula of the spong<~, 

and the spicular texture of the dorid may be almost identical with 

that of the sponge. The behaviour of dorids is of the type one would 

expect to find in cryptic animals (Thompson, I960,b). They are slow- 

moving, and when disturbed the rhinophores and gills are retracted 

whilst the animal remains motionless exposing the spicular and 

glandular noturn.

Rostanga pulchra MacFarland is usually found on the sponge 

Oplitaspongia pennata Lambe which it resembles in colour and texture 

(Cook, 1962). Cook shows that R.pulchra finds Q.pennata by che 10- 

taxis in the laboratory, and prefers this species of sponge to four
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other sponges tested. Cook reports it, in nature, from four other 

species of red sponge, but there is no evidence that it was feeding

on them, and in any case these* may have represented second choices 

in the absence of O.prnnaJ^. Similarly, E.rufescens Iredale and ., 

O'Donoghue is usually found on the sponge Microciona atrasanpuinea 

Bowerbank to which it bears a close resemblance (Garstang, l-:t°; 

Hecht, 1396j Plymouth Marine Fauna, 1">57; personal observation), 

but it is occasionally found on another red sponge O^li

seriata (Grant) 'Oolgan, 1^11; Yon^e, lv-49). Archidoris tuberculata 

Cuvier is often found on its principal food Halichondria panic ea 

(Pallas) (Giard, 1888; Garstang, 188°; Herdman, 1890 j Plymouth 

Marine Fauna, 1957), but it is also found away from this sponge. 

.h red form of A . tuberculata (var.flammea Alder and Hancock) is 

usually found on red sponges, but this, too, is not invariable 

(Fisher, 1934-). Cook (1962) shows that the closely related form 

A.montereyensis (Cooper) feeds on H.panicea in the laboratory when 

given a choice of five species of rponge, but that it does not fine 

H.panicea by chemotaxis. In my experience, A, tuberculata is much 

more frequently found away from its preferred food than is p..rufescens. 

and it is likely that this is because it must sppnc1 much more tine 

searching for its food: than P.rufescens since it lacks a chemotactic 

food sense.

We can conclude that species of the Dorididae and the Onchi- 

dorididae are often cryptic to the human eye in their netural sir- 

round ings, especially when on their preferred food. They are probably



27

also cryptic to predators, but there is no evidence for this. In 

the case of the sponge-feed ing Dorididae, the- may be guided to 

their preferred food by chemotaxis.

2). Warning Coloration

Although most dorids are dully coloured and may be cryptic,

genera from four families have species which are often brilliantly 

coloured. It has been suggested that these are cases of warning 

coloration, and I shall therefore consider them in some detail. 

Hecht (1896) supposes thet Triopa c la vie era 'Mtiller) and Polycera 

qufrdrilineata (Kuller) possess warning coloration, and Crossland 

(1'XLl) believes thnt species of Chromodoris are aDOsematically 

coloured. Thompson (1960,b) has recently studied the brightly col­ 

oured P.quadrilineata. Both this species and Ancula cristata (Alder) 

studied by Herdmaa and Clubb (Ic90) are conspicuous in their natural 

surroundings, and their behaviour when disturbed is to retract the 

rhLiophores and gills, but to erect the dorsal papillae. These 

papillae contain &-l*nds (Herdman and Clubb, 1890) that sre probably 

of defensive importance. However, 'Ihoinpson stresses that there are 

ins'ufiicienl: grounds for regarding this as warning coloration. In 

cases of true warning coloration, the predator must le^m to asso­ 

ciate inedibility with colour. Ther- is no evirJence thn.t any pre­ 

dator of these animals is capable of this type of behaviour, and 

without it, selection would clearly not favour the evolution of 

conspicuous recognition marks. Another possible function of these
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bright colours is discussed by Garstang (1889), with reference to 

eolid colours. He suggests that bright colours on the papillae may 

direct attack towards the expendible processes and divert it away 

from the vulnerable body. This may be the case in Zoljcfir'l quadri- 

lineata. AncuJL§ cristata. and Triopa clavl^era. but it cannot be so 

for Polycera elegans (Bergh) and for the chromodorids because they 

lack dorsal papillae. P.elegans can be exceedingly conspicuous 

'Edmunds, 1C61 - sre appendix) but may not be so in its normal habitat. 

It is unknown whether or not it has any defensive glands.

The chromodorids are well known for their brilliant colours, 

and Crossland (1911) provides some evidence for warning coloration 

in C.reticulata "ease. Crossland fed various soecies of fish on the 

viscera of other fish and on the mollusc Margaritifera which had been 

preserved in formalin. These were readily eaten, but when specimens 

of C.reticulata and C.diar^ii were offered, they were refused, and 

were rarely even tasted. Crossland could find no repugnant s ell, 

and concludes that this is a cas^ of warning coloration. However, 

although Crossland describes C-.rc-.ticulata as being conspicuous, Eliot 

(lr ll) finds it to be inconspicuous under normal circumstances since 

it prefers to live under stones. Crozier (l$l£) doubts whether warn­ 

ing coloration does in fact occur in chromodorids. He finds that 

C.zebra is conspicuous, but not normally eaten by fish. But he is 

also able to show that it is not colour that causes rejection, since 

red stained specimens are avoided just as are the normal blue ones. 

Instead, he b-li^ves that rejection is due to an unpleasant siell.
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In Crozier's view, the bright colours of Chromodorie are immunity 

colours - colours that have arisen by chance as a result of selec­ 

tion acting on internal characters, 'ay own experience is that the 

chromodorids Cadlina sp. and Gloss odor is neona i-iarcus from Jamaica 

are conspicuous, but lack of an abundant supply of material rendered 

a thorough investigation impossible.

There is, therefor:,, insufficient evidence to conclude that 

warning coloration occurs in the Joridacea. The coloured papillae 

°f ^olycera and Ancula may be deflection marks, but the significance 

of the bright colours of the chromodorids is still not Lnown. There 

is some evidence that it is aposematic, but there is also the 

suggestion of Grozier that it is of no selective importance at all. 

3) Unpalatability

The work of Crossland (1911), Crozier (1916) and xhoir;pson 

(I960,a and b) has already been referred to. They h?ve shown that 

many dorids are not eaten by several species of fish, and may there­ 

fore be described as inedible. Inedibility ic a relative term except 

in the case of powerful poisons, ana Thompson found that damaged 

specimens are sometimes eaten. Further examples of this are £,iven 

in Chapter 6. 

Papillae

Mobile dorsal papillae occur in several genera of dorids, for 

example Polycera. Triopa. Ancula an Olcenis. These papillae usually 

contain glands whose function is probably defensive. They have been
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discussed in Chapter 3 and a Leo in section 2 of this Chapter, so 

here I shall merely summarise these conclusions. The behaviour of 

dorids with papillae when they are disturbed is to erect the papillae, 

This probably directs attacks away from the head and body and towards 

the glandular papillae. The papillae ere probably the most repellent 

part of '.b? mollusc since they contain a high concentration of sup­ 

posedly defensive glands, but this has not b^ en thoro-^hly investj.- 

gated.

Many other dorids possess c second type of appendage on the 

dorsal surface. Labbe* (1929J 1933) describes these papillae which 

he calls caryophyllidia. They o< cur in Rostanga. Acanthodoris and 

Jorunna. Each caryophyllidium consists of a ring of long soicules 

standing almost vertically up from the notum in the centre of which 

is a depression containing a button. The button contains gland 

cells and sense cells, and a large nerve passes from the button 

down the stem of the caryophyllidium. Labbe* resvnrds these papillae 

as being sensory in function. He suggests that they ^y drtect 

light or heat, but offers no evidence for these ideas. I have ex­ 

amined a specimen of Rostanga rufescens and csn confirm Labbe's 

description of the caryoohyllidia of this species which form a close 

pelt over the dorsal surface, almost completely obscuring the notuia 

itself. I hnve not been able to study the living animal, but it 

would seem likely that caryophyllidia are of defensive importance. 

The central nerve could have a motor as well as, or instead of, a



sensory function, and the glands could be of use in defence« 

Labbe regards the tubercles and papillae of other dorids as being 

of a different nature to caryophyllidia, but Marcus (1958) shove 

that the small non-spicular pads of epithelial cells of Cadlina 

are probably of the same nature as the papillae of Rostanga. 

Thus it is possible th*t the caryophyllidia of certain dorids are 

of defensive importance, but there is as yet no convincing evi­ 

dence .of this.

5) Autotomy

Aiitotomy of papillae when they are grabbed by a predator 

or on severe disturbance is well known for eolid and certain other 

nudibranchs (see Chapter 3). It has not to my knowledge been re­ 

corded for the papillae of any dorid nudibranch, but it may occur* 

Autotoay of the mantle edge is, however, well known for a number 

of species, particularly amongst the Discedoridinae. Marcus (1955) 

describes it for Discodoris evelinae Marcus, and gives references to 

its occurrence in other species of Discodoris. I have observed it 

myself in an unidentified species of Discodoris in Jamaica. Autotomy 

of the mantle edge is probably of defensive value since it may mean 

that a potential predator is satisfied with a small portion of the 

mollusc whilst the otherwise intact animal crawls away.

6) Glands

Glandular secretions are probably important in the defensive 

systems of most species of dorid. Mucous glands occur scattered



over the dorsal surface of many specie?, and these may play some 

part in defence as well as performing a cleansing and lubricating 

function. Non-mucous glands which are probably defensive are 

described by Thompson (l°60,b). In Ac.^L'io^.ls pjlosa ' tiller), 

these glands are epider^rl , but 1-^ Onchidoris pus ilia (Alder and 

Hancock) they are subepidermal. Bsba (1937) describes glands 

from Okadaia elegans Baba which appear to exude a granular fluid, 

and these could be defensive. Crozier (1917) describes the defen­ 

sive glands of Chromodoris zebra. These occur on the ventral sur­ 

face of the mantle and are subepidermal. He describes a pore and 

a sphincter to each fland, but these are not figured. Crozier finds 

that if C . zebra is disturbed, it erects the mantle edge and secretes 

an oily white fluid i'ro.Ti ih-se glands. This fluid csn be secreted 

from most of the mantle surface, but is especially concentrated in 

these glands. He also finds that whilst the internal parts of the 

an.inal are palatable to fish, the glandular mantle edge is not 

palatable (Crozier, 1916). This is fairly convincing evidence 

of the defensive value of the glares. However, I have failed to 

elicit exudation fron similar glands in two Jamaican chromed or ids, 

sp. ant Gloss odor is neona, so it may be that a very violent

stimulus is necessary before exudation results.

I have found two other types of gland ular secretion which 

may be of defensive importance. The first is based on a single 

observation, and may have no defensive function at all. One indi­ 

vidual of a species of Dendrodoris exuded a cloud of granular white
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material from the branchial glands when it was prodded with forceps. 

But this was not repeatable either on the sajne individual or on

another one, so requires confirmation before we can record it as 

definitely of defensive importance. The second glandular secretion 

is an acid of a low pH, and since this hsc not been recorded before 

from a dorid nudibranch, it is described in greater detail in section 

2 of this chapter.

Section 2 : Acid secretion in dor^d uu ' i,branchs 

Occurrence of ?cid secretion in the K

Defensive acir" secretion is known to occur in a variety of 

opisthobranch and prosobranch molluscs. It is first described by 

Garstang (1890) for the opisthobranch Pleurobranchus membranaceus 

(Montagu). Thompson and Slinn (l°59) confirm this and find that 

the acid is of pH 1. It is apparently secreted from the cells of 

the mantle, as well as fro ; a specific acid-gland, Them ?son (i960, a) 

describes defensive acid secretion from four other species of mollusc; 

Berthella plumula ulontagu), Fuiline quadripartite Ascanius, Lamel- 

Is.ria perspicua (L. ), and Velutina velutina (Muller). In all cases 

the acidity, measured on the surface of the animal, is pH 1 or lower. 

Trivia arctica (Montagu) and ".monacha (da Costa) secrete a fluid 

of stronger acidity than pH 2 (Thompson, 1%1), and I have myself 

detected secretion of a similar fluid from the .aribbean cowrie 

Oyoraea s ;i:r-a acicularis Gmelin. Thus acid secretion is known 

from the Pleurobranchidae and th--- Philinidae amongst the opistho- 

branchs, anc from the Lamellariidae and the Cypraeidae amongst the



prosobranchs. In this section I sh^ll describe acid secretion from 

yet another fenily, the nudibranchiate Dorididae.

Material and methods

The material used in this investigation was collected at 

Port loyal, Jamaica, between October 1961 and March 1962. Tests 

for acid secretion were performed using BDH indicator paper applied 

to the surface of the animal immediately after removal from water. 

Sulphate was tested for using barium chloride with the animal placed 

in an isotonic saline solution. Parts of the mantle of the dorids 

were fixed in Heidenhain's wSusaw , and in Lewitsky-saline. Stain­ 

ing techniques used include those of Masson and i'alloryj also 

safranin and light green, and dislyscd iron. Some histological 

detail was lost, however, due to carbon dioxide liberated from the 

spicules by the fixative.

Identification of Material

During the course of this investigation four individual

dorids which secreted acid were found, three at Port Royal, and 

one at ^lymouth. Unfortunately I have only been able to identify 

the British Anisodoris stellifera and one of the Jtunaicandorids 

with certainty; this latter is Discudoris nusae Marcus. Since 

the identity of the other animals is in doubt, I shall describe 

my specimen of D.pusae. and compare it with the original description 

of Marcus (1°55).

Marcus's description of D.jusae is based on an examination



35

of 1? individuals from Brazil. The size, in life, is up to 35 x 20 mm, 

with the foot projecting from the notum when crawling. The colour is 

light orange with irre^ul^ r brown blotches on the tuberculate notum 

and superficial light granules giving the animal a whitish hue. 

The underside is paler, and is without spots. Cutaneous glands on 

the notum have spicules concentrated round their openings, sad in 

some specimens the openings are marked with dark pigment. The 

border of the branchial cavity is smooth; that of the rhinophorial 

grooves is lobulate. The rhinophores have a lonf; shaft and 15 to 

20 slantin:- perf oliations . The orel tentacles are not j_roov?d, and 

the bilabiate foot is notched in ell but one specimen. The cuticle 

of the lips bears 20 - 50j< hi^h rodlets vhich arise from basal pits. 

The radular formula is 21-25 x 8-12. 27. 0 . 27 . 8-12.

The specimen which I have identified as D.pu&ae was found 

on 22nd of February 1962, on a buoy at Port Royal. In life it is 

35 x 17 mm. in size, with the tail projecting behind the notum by 

about 5 mm. The notura is yellow, but this is largely obscured by 

brow-, especially on the low tubercles. There is blackish brown 

on the tail and on the ventral surface of the mantle. The notum. 

is covered with a fine meshwork of whit<= lines. The foot is orange 

yellow, without brown. Cutaneous glands are marked by brown rings. 

The rhinophores have 23 blackish crcvn lar-llne, with white blotches 

at the tip. The 8 tripinnate gills are also blackish brown, with 

white on the anterior ones. The oral tentacles are not grooved,
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and the bilabiate foot is notched. Thr labial cuticle and the 

radular teeth are identical with the figures of Marcus, and the

radular formula is 23 x 11-13 . 27 . 0 . 27 . 11-13. The oldest 

row has only 1-4 instead of 27 lateral teeth. Some of the first 

lateral teeth have a small projection as described by Marcus, but 

rather less well developed.

It can be seen that my specimen agrees in almost every par­ 

ticular with the description of the type material of Discodoris 

pusae. and there can be no doubt as to the certainty of the 5 en- 

tification.

The second acid-secreting dorid was found under a stone 

in shallow water at Port Royal on 28th January, 1962. In life it 

is 12 x 5 mm, with the tail Just projecting when crawling. The 

notum is basically grey, but this is largely obscured by brick-red 

pigment except at the mantle edge and the rhinophore bases. The 

notal tubercles are sometimes tipped, with white, and there are fine 

white lines all over the noturn as in the typical D.o-isge. There 

are 12 lamellae to the rhinoohores, which are white with red-brown 

dots. There are 6 bi- or occasionally tri-pinnate gills, and these 

too are white with red-brown dots. The rhinophorial pit is tuber- 

culate, but the branchial pit is not, just as in D.^ustj-v. The anal

papilla has & white ring round it. The labial cuticle and the 

radular teeth resemble those of ..pusae. but the formula is only

13 x 10 . 11 . 0 . 11 . 10 . This low count does not necessarily
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imply that this animal is distinct from jD.;:^j_, since the oldest 

teeth of the Jamaican D.ousre described above have only 14 laterals.

It is not improbable that a 12 mm. slug with 11 lateral teeth might 

grow to a 35 mm. slug with 27 lateral teeth. It is clear from this 

description that ti.is 1? nr;. slug could also be Discodoris p.usgr; 

it differs from typical pusae in colour, which varies anyway in 

most dorids, and in the structure of the gills. However, this 

animal readily sheds the mantle edge when disturbed, as does D^ 

evelinae Marcus (Marcus, 1;55). Marcus does not describe this for 

T-.pusae, nor did I observe it with the D.pusae just described. 

Certainly if this is not D.pusae, it is a v ry closely related 

species.

The thirf1 acid-secreting dorid f ora Port Royal was found 

70' down on the coral reef by Dr I.Goodbody on 3th October, l r)6l. 

In life it is 8 mm. loiic, and the colour is brick-red as in the 

second dorid described above. There are scattered white dots, and 

three pairs of tubercies on the back are prominent with white tips 

and bases and brown in between. The white tipped brown rhinophores 

have 12 lamellae, and the 8 gills are uni- or occasionally bi-pinnate. 

The front two are brown with white tips, the others are rufous. The 

radular formula is 17 x 10-13 .9.0.9. 10-13. The lateral 

teeth are finely serrate, unlike those of 1.pusae. The labial 

cuticle is similar to that in D.pusae. This animal thus has a 

different type of radular tooth from D.pusae. This is not in itself 

sufficient grounds for supposing it to be a different speci.es, but,
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as I shall describe later, it also lacks the l^rge cutaneous glands 

of D.pusae. This animal must therefore re-nain unidentified, but 

it certainly belongs to the Discodoridinae.

The fourth acid secreting dorid is Anisodoris stellifera 

(Vayssiere), of which a single specimen w*s found at Plymouth on 

20th April, 1961. In life it is 51 mm. long, and in both colour 

and size it agrees with the description ,,iven by Bliot (1910), of 

I .stellifera. and differs from that of Geitodoris pl-iato (Alder 

and Hancock). The radula, too, is that of st-lliferq. and differs 

from Geitodorig in lacking marginal teeth. The formula is 24 * 38 . 

0 . 38, but there may be a few more lateral teeth per row in the 

youngest row. 5:ruvot-Fol (1954) gives a formula of 30 x 45 . 0 . 4-5, 

and Eliot fives this as a maximum. There can thus be little doubt 

that this animal is Anisodoris stellifera.

Acid secretion of living specimens

All four animals were tested for acid secretion by removing

them from water and applying BDH indicator paper to the mantle. All 

four showed an immediate reaction of pH 2. They may have been even 

more acid, but the paper used does not register be .LOW oH 2. In 

A.3tell ifera. I also used another indicator paper which registers 

to pH 1 (checked by comparison with 10$ HC1), and in this soecies 

at least, the acid is of pH 1. In all animals, acid secretion occurs 

from the dorsal and ventral surfaces of the mantle, but does not occur 

from the foot. The large D.pusae even registered an aciditv of pH 2



under water, when roughly stimulated, so either the acid is of a 

much lower pH, or it is not rapidly dispersed and diluter by sea 

water .

After D.pusae was blotted dry and placed in isotonic saline 

solution, barium chloride ejected from a pipette close to the animal 

cUd not give a nrecioitate; but when the animal was prodded, an 

immediate precipitate formed. This strongly suggests that sulphate 

ions are released by the animal. No other inorganic ions would give 

a precipitate under these conditions, and few organic acids would 

give a pH of 1 or 2. Fontaine (l f 61) found acid mucopolysaccha.ricu: s 

of pH 1 in Oghiocomina ni.'.ra Abildgaaro, so the possibility of this 

being an acid mucin cannot be eliminpted. An attempt was made to 

fix the acid in situ by narcotising this animal in MgClp and BaCL?, 

but there is no trace in such material, fixed with either "Susa" or 

Lewitsky-saline, of crystals of barium sulphate. It is possible 

that the sphincter muscles described below would prevent entry of 

the barium ions, and so a precipitate only forms when acid is re­ 

leased into th water.

Histology of the acic glands

Thomoson and SI nn (1959) and Thompson (I960, a) describe the
>

characteristic empty appearance of the acid secreting tissues of the 

gastropods they studied. The acid sulphated mucopolysaccharide des­ 

cribed by Foritains '1961) stains with the usual mucin stains. In 

both D. jusae and A.stellifera, the histology of the mantle edge is



identical. In the epicVi ii^ there is a sinjle type of mucous 

gland fFig.12) which resembles the mucous glands of other nudi- 

branch molluscs, and presumably has a lubricative function. The 

non-mucous epidermal cells are not particularly empty in sections, 

but are vacuolar. It is possible that they secr-te acid, but I 

have no evidence for this. In the subepidermal parts of the mantle, 

however, there are numerous large glands of an empty appearance. 

These open on the dorsal surface of the animal by small pores (see 

Figs. 3, 9). Each jland is up to 1 mm. in length in fixed prepar­ 

ations, and is surrounded by a layer of non-spicular connective 

tissue. This probably acts as a compensatory device according to 

the state of secretion of the large glands. If they are full of 

liquid, there is littl0 of this loose connective tissuej but if they 

are empty, then intercellular fluid probably flows in and fills up 

this area of loose connective tissue. The wall of these glands is 

composed of a layer of squajnous epithelium (see r'i,.!?), and this 

is invested with a thin muscular sheet. The muscle fibrils run in 

many directions round the glands, and presumably their contraction 

expels liquid from the orifice which is less than 50u in diameter. 

At the orifice of the gland there is a prominent plug of mucous 

gland cells Fi^s. 10, 11, 1?, 13) similar in staining reactions 

to the mucous glands of the epidermis. The duct which leads from 

this plug to the surface of the body has P second concentration of 

glands along its length; but between the two, the epidermis is very



low, and is constricted by 10 or 15 circular muscle fibrils which 

act as a sphincter. Presumably, in life, the snhincter prevents 

leakage of fluid from the gland except under certain conditions when 

it can be violently expelled by contraction of the muscles in the 

gland wall.

In two cases in D.pasrT I have founc small glands of exactly 

the same structure as the larg< ones just described, which open into 

the ducts of these large glands (see Fig.12). They are only 30 to 

50 p. in length, but have muscle fibrils and a s-aall sphincter just 

ss do the large glands. It is thus possible that these glands are 

formed by imagination of the epidermic, and that new ones may 

regularly bud. off from mature ones.

It is difficult to ^et direct evidence as to the function 

of these subepic'eirial glands. Their highly developed musculature

and the concentration of mucous glands at their orifices suggests 

that they have some important secretory function. But the curious 

nature of the eoithelium is unlike that of most glands. They could 

be for storage of some secretion produced by th<~ mucous glands of the 

plu^, but if this were so, one would expect to find the glands to be 

full of mucus in a fixed preparation, and this is not the case. The 

only reasonable alternative is that they are acid glands, and that 

the squamous epithelium secretes acid. This hypothesis would account 

for the musculature and the sphincter to regulate the flow of r;c 

and Tor the mucous glands which no doubt give the acid a viscous



medium so that it is not rapidly dispersed and diluted in the sea. 

In A.stellifera I tr^ited an excised piece of mantle with liquid 

BDH wide-range indicator. Almost immediately, the inner surface of 

the mantle registered pH ° in scattered blobs in the derrais. These 

blobs are clearly the glands just described.

There can thus be little doubt that the lar : e, subepidermal 

glands of ijjxor^orj.^ pusae and of Anisodoris stellifera are res­ 

ponsible for the production of acid, and that one of the constit­ 

uents of this acid is sulphuric acid.

The picture with respect to the other dorids is less clear. 

The 12 ra :. slu.r which sh'-ds Its mantle skirt in defence was not 

sectioned, but it certainly beloM^s to the remis Discodoris. The 

8 mm. slug with the finely serrate lateral t^eth is closely related 

to Discodoris, but may belon/ to another ^cnus. Nevertheless, we 

should expect to find in it the same histologic-l features that are 

present in the two acid secreting species already described. he 

animal is fixed in "Susa", and although the fine detail of the e i- 

deni? is lost due to the bubbling of carbon dioxide, there can be 

no doubt tl-et large subepiderml glands are totally absent. The 

acid -.ust therefore be secreted from the epidermal cells.

Discussion

The occurrence of acid secretion from the epidermis of one 

species of dorid sufjrests that this may be true also for iD.^ns^_r 

A.el. IlU'era. But in these soecies, the chief source of acid



is landoubtedly the subepidermel glands, as the experiment with BDH 

indicator on A.stellifer^. proves. These facts do, however, suggest 

how such complex glands may have evolved t

1. Originally, acid secretion was probably confined to certain 

epidermal cells. It may have been in the form of some acid muco- 

polysaccharide, but later the secretory product wcs modified to 

simple inorganic acids. Mucopolysaccharides are often of defensive 

value in nudibranchs, and an acid component would no doubt make the 

secretion more repellent to fish. Bateson (1890) shows that pure 

acid is distasteful to fish, so each change in this sequence would 

be advantageous.

2. Special acid-secreting areas developed, perhaps in small 

depressions of the skin, and thus the acid produced was localised 

and hence concentrated. Rapid dispersal would be prevented by the 

mucus from other glands.

3. The acid pits deepened into large subepidermal glands. Acid 

secretion may persist in the ordinary epidermal cells (as is pos­ 

sible in P.pusae and A.stellifera). but this is trivial compared 

to the acid produced by the large glands. Muscles for regulating 

the flow of acid developed, and raucous glands concentrated near the 

openings of the glands. Each stage in this sequence has some ad­ 

vantage over the preceding one such that a slug of stage 3 can 

secrete a considerable quantity of concentrated acid that will not 

readily disperse? but secretion is strictly regulated, and it win 

not occur at all unless the animal is violently stimulated.



Taxonomlc considerations

Pruvot-.ol (1954) places Anisodoris Bergh in the Dorididae 

together with Doris Land Archidoris Bergh; whilst the Discodorididae 

form a completely separate family. Cdhner (1939), followed by Marcus 

(1 61), have serrate sub lilies of the Dorididae for Archidoris 

and Discodoris (the Archidoridinae and the Discodoridinae), and 

i.nicodoris is placed in the Discodoridinae. Since D.pusae and A. 

stellifera both have identical acid glands which are absent fro 

Archidoris tuberculata (Thompson,I960,bjan-' oersonal observation), 

this can be used as additional evidence for the close relationship 

of Discodoris and Anisodoris. Marcus '1955) likens these glands to 

thos? of Geitodoris patagonica Odhner, so it is possible that this 

species too secretes acid.

Conclusions

Defensive aci^- secretion has thus evolved at least four times 

independently in the Mollusca: in the Lamellariidae and the Cypraeidae, 

in the Thilinidae, in the Pleurobranchidae, and in the Dorididae. In 

the Dorididae, however, it is not widesorrad, ?nr occurs in only one 

subfamily. Table 2 lists the dorids that hava been tested for acid 

secretion, and illustrates this point.

All of the dorids studied by Thompson in Table 2, and also 

Ancule. cristata ^Herdman and Clubb, 1890), possess non-mucous 

defensive glands, but neither of the two acid-secreting dorids 

possesses such n.lpnds. It is clear that in the Doridacea, glands



play an important mrt in defence; but whilst some species hav 

evolved acid glands, others have evolved defensive glands of a 

different nature.



Table 2, Distribution of acid secretion in the Doridacea.
Underlined species secrete acid
Others do not. References are T = Thompson, I960, b| E - this paper

ti•H 

1

o

Dorididae
Glossodoridinae

Gadlina sp.
Qlossodoris neona Marcus 

Thorunninae
Rostanga rufescens Iredale &

0'Donoghue 
Jorunna tomentosa (Cuvier)

Archidoridinae

E 
E

E 

T

Eudoridacea

Rarostomata

Phanerobranchia

Archidoris tuberculata Guvier T 
Discodoridinae

An is odor is stellifera (Vayssiere) E 
Discodoris pusae Marcus E

Non-suctoria

Suctoria

Notodorididae 
Aegires punctilucene (d'Orbigny) E

Polyceridae
Polycerella conyna Marcus E
Polycera quadrilineata (O.F.Miiller) T 
Polycera elegans (Bergh) E

Onchidorididae
Acanthodoris pilosa (O.F.Miiller) T 
Onchidoris pusilla Alder & Hancock) T 
Onchidoris fusca (O.F.Miiner) T
Onchidoris muricata (O.F.Mtiller) T 
Adalaria pi oxiraa (Alder & Hancock) T 

Goniodoridae
Goniodoris nodosa (Montagu) T
Goniodoris castanea Alder & Hancock E 
Okenia aspersa (Alder & Hancock) E 
Okenia impexa Marcus E

Dendrod or id idae 
Dendrodoris sp. E



Summary

The Doridacea have at least six types of defensive 

mechanisms, but any one species has usually two, three or four 

in its defensive system. Camouflage is of widespread occurrence, 

and involves colour, texture and behaviour. Warning coloration 

has not been established, but some brightly coloured papillae 

are probably deflection markings. Many species are relatively 

inedible to fish. Papillae with defensive value are present in 

some species, but. the function of caryophyllidia is unknown. 

Autotomy of the mantle edge and acid secretion occur in some of 

the Discodoridinae, and non-mucous defensive glands are of wide­ 

spread occurrence. However, the evidence for the defensive value 

of some of these mechanisms is unconvincing; and much further work 

is necessary before we have a comprehensive picture of the defen­ 

sive mechanisms of the Doridacea.



Figure 8. Section of notum of Disoodoria pusee at 

right angles to the surface, steined with Masson's 

trichrome. a.c* f ecid gland; e., epidermis; I.e., 

loose connective tissue; e., sphincter; s.c., spioular 

connective tissue*

Figure 9» Eiegrt ouastic section of the gl? rids et the ecge 

of the notum of Discodoris
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Figure 10. Section of mouth of ecid g^snd of
•

Piscodoris pus&e passing through the discharge canal 

e., epidermis; 1., lumen of >oid glands m.gl., 

mucous glands; s., sphincter muscle.
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Figure 11. Section of mouth of acid gland of 
Discodoris pusee to show the sphincter muscle. This 
is the sr.me gland as thrt in i<lg. 10, but is the 
neighbouring section. e., epidermis; 1*, lumen 
of acid gl?nd; m.gl., mucous ^Irnds; s., sphincter 
muscles; w., wall of «cid glcnd.
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Figure 12, iCiagretn to show the structure of the 
acid gland of Discodoris pusae.
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Figure 13. Section of mouth of rcid gland of 

AniaodoriB stellifera passing through the discharge 

cariel. e», epidermis; 1*, lumen of frcici glend; 

m.ftl., mucous glends; s,, position of sphincter 

muscle.
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Chapter 5 

DEFENSIVE MECHANISMS IN TOE JEOLIDACEA

INTRODUCTION

More is probably known of the defensive mechanisms of the 

eolids than of any of the other three groups of the Nudibranohia. 

Despite this, the complete story is not yet known, and results in 

the past have often been conflicting. There are two statements that 

are often made without sufficient evidence, and these I wish to dis­ 

cuss in some detail. The first is that eolid nudibranchs have warning 

coloration; and the second is that they are protected by means of 

nematocysts derived from their prey. I hope to show that there is 

no evidence for the first of these statements, and that the second 

is true - with certain reservations.

The defensive systems of eolid nudibranchs comprise up to 

six mechanisms; colour and behaviour, autotomy, inedibility, epi­ 

dermal structure, glands, and nematocysts. Each mechanism will be 

discussed in turn, and then the interaction of some of these mechan­ 

isms in the overall defensive systems of different species will be 

discussed.

1. COLOUR AM) BEHAVIOUR

Garstang (1889) and Herdman and Clubb (1890) find that eolids 

are not eaten by a variety of species of fish, and suggest that the 

brilliant colours of many eolids are warning colours. They assume 

that the nematocysts in the cerata are responsible for the unpalatability
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of the molluscs, and that the brightly coloured cerata divert attacks 

away from the palatable body and towards the unpalatable cerata. The 

whole behaviour of the animal is adapted to directing attacks towards 

the cerata. When the animal is disturbed, it contracts the body and 

rhinophores whilst the cerata are erected and waved about. Should a 

potential predator attempt to eat such an eolid, it will probably get 

a cluster of the easily detached cerata whilst the body of the animal 

remains unharmed. However, there is no evidence at all that any fish 

can learn to associate colour with inedibility, and if this does not 

occur it is impossible for warning coloration to evolve.

Although Herdman (1390) believes that all eolids possess 

warning coloration, Garstang and later workers modified his views. 

Garstang (1890) finds that Eubranchus exinuus is cryptic, and Hecht 

(1896) lists E.exiguus. E.cingrulatus. Tergjpes desoectus and Catriona 

foliata as being cryptic on hydroids. I can confirm that all of 

these species are often inconspicuous to the human eye on hydroids, 

particularly T.despectus in which the alternating single cerata 

closely resemble the hydranths of Laomedea and Obelia on which it 

feeds. No other eolid has alternating single cerata, so this is 

almost certainly a case of a specific resemblance of an eolid to its 

food. Crypsis on land implies resemblance to a plant or to some 

inanimate object, but in these examples, it is a resemblance of one 

animal to another animal. Such a resemblance is normally classified 

as mimicry, but since the model is motionless and resembles a ter­ 

restrial plant in habit, it can equally be called crypsis. Hence
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the distinction of Garstang (1890) between the mimicry of Aeolldiella 

glauca to the anemone Sagartia and the crypsis of E.exiguus to the 

hydroid Halecium is not clear. Presumably the first implies that 

Aeolidiella resembles a complete anemone whilst E.exiguus resembles 

only a part of Halecium. Other examples of mimicry or crypsis are 

Galma glaucoides to fish eggs (Hecht, 18%), Aeolidia papillosa to 

Sagartia troglodytes (Giard, 1888), Spurilia neapolitana to Anemonia 

sulcata (Tchang Si, 1931) , and Precuthona peachii to Hydractlnia 

echinata (Beaumont, 1900). Thus there is evidence that many of the 

commoner European eolids are inconspicuous end cryptic when in their 

normal habitat. Warning coloration is supposed to occur in Eubranchus 

tricolor and Facelina coronata 'Hecht, 1896) which are conspicuously 

coloured. My observations on these species are too few to be dog­ 

matic, but F.coronata at Plymouth frequently feeds on Tubularia amd Corvne. 

and on both of these it is difficult to detect. Catriona aurantia 

is another bright red species, very conspicuous on most backgrounds, 

but exceedingly veil camouflaged on Tubularia on which it is almost 

invariably found in my experience.

Colour and behaviour are therefore important in the defensive 

systems of many eolids which are cryptic, but there is no evidence 

for the occurrence of warning coloration. Even brightly coloured 

species are often cryptic on their preferred food. However, it is 

probable that a number of species remain which are often very con­ 

spicuous: Facelina coronate when not on Tubularia, for example;
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or Phidiana lynceus. which I found to be very common in Jamaica 

and very easy to see. The importance of colour in these species 

is not known - it could be warning, or it could be for some other 

purpose, but much more evidence is required before we can be certain,

2) AUTQTOMY

As already mentioned, the cerata of eolids are capable of 

being autotomised and regenerated. Hecht (1896) found that in some 

species, such as Eubranchus exi^uua. Catriona foliata and Tergjpes 

despectus. cerata are very readily autotomised5 whilst in others, such 

as Aeolidia papillosa and Facelina coronata. it occurs only rarely. 

My observations are similar, end I have found autotomy to occur very 

readily on rough handling, or on pinching (but not pulling) a ceras, 

in Catriona aurantia. maua and perca. and in Eubranchus pallidus 

and exiguus. But it occurs rarely with rough handling in the 

Facelinidae, the Favorinidae and the Aeolidiidae. In these groups 

autotomy on pinching a ceras usually occurs readily, but pulling is 

required in Dondice occidentalis. and in Aeolidia papillosa breaking 

often occurs before autotomy. Cerata are thus readily shed in the 

acleioproct eolids, but less readily in the Cleioprocta. The sig­ 

nificance of these differences to the animals in nature is not 

known, but it may be related to attacks from different types of 

predator. Thus for a fish, which takes food into its mouth, tastes 

it, then rejects it if it is inedible, cerate, which are not readily 

autotomised could be an advantage since they protect the soft parts
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a chela and tear small pieces off it. In this case cerata which 

are readily shed could be an advantage since the initial grab might 

then merely take off the cerata and leav.j the body of the eolid 

untouched. As can be seen from Chapter 6, our knowledge of the 

predators of eolids is practically nil, so this is pure specu­ 

lation; but certainly there must be some reason for the differ­ 

ences between eolids with respect to autotomy.

3. UNRALATABILITY

Eolids are not eaten by a variety of species of fish and 

invertebrates. This is clearly of defensive importance. It is 

more fully discussed in Chapter 6.

4- STRUCTURE OF THE EPIDERMIS

General

The epidermal histology of eolid nudibranchs is described 

in detail by Henneguy (1925). He describes the peculiar vacuolar 

cytoplasm, and mentions that several types of mucous gland may be 

present in each species. The glands are dealt with in section 5 

of this Chapter; this section describes the histology of the non- 

glandular epidermal cells, and how these may be of defensive im­ 

portance. To avoid repetition, the paragraph on material and 

methods applies to both section 4 and section 5.
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Material and Methods

The Material used in this investigation was collected at 

Plymouth, England, and at Port Royal, Jamaica. Specimens for sec­ 

tioning were narcotised in 111 7j# MgCl2 s sea-water, the exact 

time depending on the siae of the animal. Heidenhain's "Suaa" 

and Lewitaky-saline proved the best fixatives for most species, 

but where material was available, Bouin, Zenker, forraol-saline 

and formol-calciura were also used. Sections were cut at 6)i in 

52° or 60 C paraffin or in polyester wax. Gelatine embedding was 

used for the lipid tests. Masson's trichrome technique proved to 

be the most useful histological stain, although Lewitsky-saline 

fixed material had first to be decoloured by 10 minutes in acidi­ 

fied 0.05£ KMnOi followed by 5 minutes in 2% oxalic acid and thorough 

washing in tap water. The usual counterstains for some of the histo- 

chemical tests could not be used since they also stained the glands 

under investigation - in particular carmalum and most haematoxylin 

preparations stain some forms of mucin. A new counterstain was 

devised for use with alcian blue and dialysed iron preparations which 

only affects the colour of a very few types of mucin. After staining, 

the slides are dipped for one minute in 1% basic fuchsine and then 

direct to alcoholic picric acid for about 10 seconds (either of the

two used in Metzner*s method proved suitable). It is necessary to 

pass very rapidly through two changes of absolute alcohol if the 

stains are not to be washed out, and then through xylene to a syn­ 

thetic resin.



structure of the iion~glandial>r epidermal cells

Henneguy (1925) describes how the cells of the gut and of the 

epidermis of eolid nudibranchs are packed with empty-looking vesicles 

4 - 10u long, and ellipsoidal in shape. Each vesicle has a line 

across its longest diameter which is sometimes stained with basic 

dyes - green with Massori's trlchrome and blue with Mallory's triple 

stain. According to Henneguy, the cytoplasm in life is filled with 

vacuoles in each of which floats a balloon-like vesicle. After 

fixation, the vesicle collapses and forms the basophilic line across 

the vacuole. Henneguy supposes that the function of this peculiar 

cytoplasm is to cushion the body against contact, and hence pre­ 

sumably damage, from hard bodies. Graham (1938) shows that the struc­ 

ture of the vesicles is the same in living material as in fixed pre­ 

parations, and that the line across the ellipsoidal vesicle is in 

fact a complete partition. The junction between the partition and 

the walls of the vesicle can occasional!^ be made out. Burgin-Vlyss 

(1961) finds that in Facelina species it is possible to see the 

vesicles in living material, but in Gatriona coerulea the appearance 

of fixed and living material is quite different. My own observations 

support Graham's conclusions. In living cerata of Catriona aurantia 

stained with neutral red or with toluidine blue (or thionine), the 

epidermal cells are packed with deeply staining crescents, horse­ 

shoes, rings and drumsticks (Fig.l^c). This is very similar to the 

appearance of "Susa" fixed material stainecl with dialysed iron (Fig. 

® deeply staining part is probably the central partition at
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its Junction with the wall of the vesicle, hence the rings repre­ 

sent the vesicle in side view and the drumsticks represent vesicles

end-on. Why the edges of the partition should stain more readily 

than the central part is not clear. The appearance wfth Mallory 

staining is quite different ^Fig,14.,b), but apart from the staining, 

Figures 14& and b have undergone identical treatment. Figure l^d 

is of vesicles from Lewitsky-saline fixed Eubranchus pallidus stained 

vith dialysed iron. In this case rings, drumsticks and fine par­ 

titions are all present. These rings and drumsticks are not so 

easy to demonstrate vitally in other species, but I have seen them 

I*1 Coryphella lineata. Facelina coronata and Eubranchus exiguus. 

In some species, the vital dye is weakly taken up by the vesicles 

in the form of evenly staining circles and plates, for example, in 

E.exjguus. B,pallidus. Tergjpes despectus. Aeolidja papillose and 

C.lineata. These evenly staining circles and ellipses are of the 

same size as the fixed vesicles, and are clearly the same structures, 

Thus the vesicles r re present in living as well as in fixad material, 

but they may react to stains in a different way, and hence appear to 

be of a different structure.

The chemical nature of the vesicles is not known.. Colouring 

with vital dyes in this case is probably due to an acid-base reaction 

since the vesicles take up basic dyes when fixed and are therefore 

themselves acidic. They also stain with alcian blue and with dialysed 

iron. This is further evidence for the acidic nature of the vesicles 

since these dyes usually stain only acid structures (Casselman, 1959).
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The vesicles are negative, or only as positive as cytoplasm from 

other cells, to the periodic acid-Schiff reaction for carbohydrates,

Best's test for glycogen, and the Sakaguchi test for arginine (Cas- 

selman, 1959). They are negative to Sudan black for lipid. Thus 

they consist of an acidic compound, possibly a mucoprotein.

The function of the epidermal vesicles

Graham (1938) found an interesting correlation between the

occurrence of epidermal vacuoles in both gut and ectoderm and of a 

coelenterate diet. All those species of nudibranchs which feed on 

coelenterates, such as Tritonia f Dendronotus. Doto and the eolids, 

possess these vacuoles; but species which do not feed on coelen­ 

terates such as the Sacoglossa, the dorids and the aberrant eolid 

Calma glaucoides. do not possess these vacuoles. It seems reason­ 

able to suppose that this vacuolar structure in some way protects 

the eolid (or other nudibrajJLCh) from damage resulting from dis­ 

charge of nematocysts. The fact that many nematocysts pass through 

the stomach and are ingested by cells in the cnidosac and the diges­ 

tive gland without being exploded does not necessarily mean that no 

nematocysts at all are exploded in the gut. It seems likely that the 

vacuolar cytoplasm of the alimentary canal in some way protects the 

animal from damage due to nematocysts which may explode in the gut. 

Similarly, it seems likely that the ectodermal vacuoles protect the 

eolid from explosions of nem&tocysts triggered off by the animal 

crawling over hydroids. Certainly as eolids move over hydroids 

they frequently brush against the tentacles of hydranths. This
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often results in discharge of nematocysts by the hydroid, although 

this is only easily seen in species vith large nematocyste such as 

Tubularie with F.coronata or the anenone Anemonia sulcata. with 

A.oapilloea. Whilst it is probably true that the eolid is immune 

to the poisonous and penetrative powers of these nematocysts, this 

does not mean that it is entirely unaffected by it. In fact, in 

many species of eolid, contact of the oral tentacles vith hydranth 

tentacles results in immediate retraction of the oral tentacles and 

even of a momentary withdrawal of the whole animal. The eolid may 

then crawl on to the hydroid and even eat it, but clearly it has 

been affected by the nematocysts even if no actual injury has been 

sustained* This is particularly clear with Aeolidia papilloaa 

feeding on Anemonia sulcata. On one occasion I watched the eolid 

rasping at a tentacle of this anemone in its mouth whilst the anemone 

bent other tentacles towards the eolid and discharged a number of 

neaatocysts on contact vith the cerata or the oral tentacles* The 

eolid retracted the oral tentacles and the rhinophores so that they 

were out of reach of the anemone but was otherwise apparently un­ 

affected. Table 3 summarises those species of eolid which I have 

seen to retract as if stung from certain species of coelenterate. 

It is possible that su^h retraction only occurs vith relation to 

species of coelenterate which do not represent the preferred diet, 

but I have insufficient evidence to be conclusive on this point. It 

is true that each species of eolid will feed on a variety of different
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Table 3

Species of eolid Found eating

Eubranchus 
pallidus

E.cingulatus 

E.exiguus

Coryphella 
pedata

Catriona foliata

Facelina 
coronata

Aeoiidia papil- 
losa

C ai&panularia

Plumule ria 

Goryne

Tubularia

Tubularia 
Coryne

Anemonia sulcata 
Actinia equina

Withdrew from

Campanularia

Tubularia

Coryne 
Plunmlaria 
Bougs invillea 
Tubularia

Bougainvillea

Coryne 
Tubularia

Tubularia

Anemonia sulcata

Species of coelenterate from which various eolids withdrew. 

The second column indicates species of coelenterate which par­ 

ticular eolids were actually observed to be feeding on: it is 

not intended to suggest that these ?re the only or even the pre­ 

ferred foods.



very pronounced food preferences. Thus Catriona aurantia has a 

preference for Tubularia indivlsa L. (Braaras and Geelen, 1953). 

I have never found this eolid on any other hydroid unless Tubularia 

was nearby, and if left overnight with a variety of hydroids it 

always chooses to rest on Tubularia. I have not seenC.aurantia re­ 

tract from Tubularia. Facelina coronata feeds at Plymouth on Tubu­ 

laria and Coryne. but I have only once seen it retract from Tubu­ 

laria in many observations. We can conclude, then, that neraato- 

cysts are sometimes discharged by coelenterates when eolids crawl 

over them. Although we have no direct evidence, it seems likely 

that the cytoplasmic vacuoles are in some way associated with the 

immunity of eolids to nematocysts 3 but we cannot satisfactorily 

explain why eolids ^ay be unaffected by some hydroids whilst showing 

signs of bein* mildly stung by others,

Ciliated cells

Cytoplasmic vacuoles are present in all non-;:l*mdular epi-

theli?! cells of the ceratal ectoderm. Scattered cells, often 

about on^ in every four, are ciliated ov^r the entir* fr*?e border. 

Henneguy (19?5) states that there are two cilia for each basal 

granule, but in none of th? specie? studied here can one be so dog­ 

matic because even with an oil-immersion objective it is not pos­ 

sible to resolve every basal granule and cilium *nd to correlate 

the two. In each cilia.ted cell there is a meshwork of fibrils run­ 

ning from the basal granules to the nucleus. These fibrils run
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between the vacuoles, and never pass through them. In some species, 

such as Catriona aurantia. there is a network of fibrils throughout 

the cell at the junction of the vacuolar cytoplasm with the lu thick 

clear layer at the outer border of the cell. This is at the same level 

as the basal granules. Whether this system is part of a co-ordinating 

system is not known,* but it could ensure that the cilia from different 

cells beat in the same raetachronal phase.

Some species of eolid have, in addition to these ciliated cells, 

special neuroseneory ciliated cells. These are particularly clear in 

Catriona species, and the following description is based on C.aurantia. 

Similar structures occur in other genera, and these are listed in Table 

4. They may occur in all species of eolid, but arc often small and 

difficult to find. On the surface of a ceras in addition to the 

rapidly beating cilia, there are a number of what appear in life to 

be bristles. These may be more or less motionless, or they may vibrate 

due to the beating of the cilia. They have a broad be.se in life, and 

narrow to a fine point. They occur scattered over the ceras, but are 

more abundant towards the tip (Fig.15). Around the orifice of the 

cnidosac they are particularly abundant. In fixed preparations, these 

bristles can be resolved into tight bunches of cili« or flagella pro­ 

jecting about lOu from the epidermis. Juat below the border of the 

cell, where one might expect to find basal granules, there Is -> stain- 

able layer, but I cannot be certain that this does in fbct represent 

basal granules. The fibrils from the cilia then pass down through the 

epidermal cell, narrowing in a cone from about />u at the border to a
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fine thread of rather less than l in diameter. This thread

passes through the basement membrane into the connective tissue 

and becomes part of a neurone Figs. 16, 17). These neurosensory 

cells are particularly abundant at the tip of the ceras, and several 

large nerves run from them down to the central nervous system in 

the body of the animal,

These structures have been described only once before, by 

Btirgin-Wyss (1961). However, it is necessary to describe them again

Table 4. List of species of eolJd which possess neuro 
sensory cilia at the tips of the cerata.

Eubranchidae

ACLEIOPROCTA
Cuthonidae

Eubranchus exiguus
E.pallidus
I,tricolor
Capelllnia conicla 
Oatriona aurantia 
C.foliata
C.maua 
C.perca 

C.tina 

M

Facelinidee

Favorinidae

CLEIO^ROCTA

Learchis poica 
Phidiana lynceus 
F^vorinus aiiritulns 
F.branchialis 
Dondice oceidentails 
Eolis K 

Spurilia



since ehe is of the opinion that the cilia are connected to the 

longitudinal muscle layer just below the epidermis, and not to 

the nerves. What the function of this curious system might be 

she does not suggest. It is true that the neurones are very close 

to the muscles, but in some preparations of C.aurantia it is clear 

with an oil immersion objective that they are not actually connec­ 

ted. These muscles are strongly birefringent, so it is possible 

to confirm this using a polarising microscope. The cilia them­ 

selves are not usually birefringent, nor is the process leading 

down through the epidermis to the neurone, but the cone of fibrils 

from the cilia is strongly birefringent in some species* With 

this technique I have found that in at least some of the species 

that possess neurosensory ciliated cells, there is definitely no 

connection between the cilia and the muscles.

This system of ciliated nerve cells does appear to hav« 

an important function related to the defensive system of the eolid. 

The tips of the cerata are particularly sensitive in eolids. Thus 

if a ceras is lightly touched near its base, or half-way up, there 

will often be no response. But if it is touched at or near the tip, 

the whole ceras is usually waved about, and nematocysts or glandul 

secretions, or both, may be extruded. It is likely that it is

Btiraulation of these neuros*ngory bristles that causes this res­ 

ponse. It may be a reflex response not involving the central 

nervous system at all since, in C..aurantia. prodding the tip of
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an autotomised ceras often results in extrusion of nematocysts. 

Normally, stimulation of one ceras (by pinching it, for example) 

results in extrusion by a large number of adjacent cerata which 

bend towards the forceps. Clearly this response does involve 

the central nervous system; so nematocyst extrusion can be caused 

either by a simple reflex arc involving the neurosensory bristles, 

or by nerve pathways not involving an external stimulation of the 

particular ceras responding.

5. CERATAL GLANDS 

Introduction

Defensive glands have not been described from the Eolidacea 

except from the aberrant Calms, glaucoides. Herdman (1890) gives a 

drawing of the ceras of Eubranchus pallidus. but the only glande 

he shows are a few mucous glands. Hecht (1896) and Henneguy (1925) 

state that mucous glands occur scattered over the ceratal epithe­ 

lium of all the eolid species they studied, but they find a con­ 

centration of glands at the ceras tip only in Calma glaucoidea. 

Both of these authors studied species of Eubranchus and Catriona. 

but did not find any concentration of glands at the ceras tip. 

This section describes for the first time concentrations of de­ 

fensive glands at the ceras tip in species of Eubranchus and

Catriona. Glands which may have a defensive function are also 

described from several species of cleioproct eolids. Most of these 

glands are epidermal and are either simple mucous glands or are



(in all probability) derived from simple mucous glands. There is, 

however, another type of gland of a different nature. This is the

cellule speciale" of Hecht (18%), which can be translated as 

peculiar cell, or enigmatical cell. These are probably not of de­ 

fensive importance, but since in some cases they have a duct through 

the epidermis, and hence may secrete some fluid, they are discussed 

here. For convenience, these enigmatical cells are discussed first, 

then the other ceratal glands are described for each family in turn.

Cellules speciales
/ 

Hecht (1896) describes the cellules speciales. or enigmatical

cells, from several species of eolid and from the dendronotacean 

Doto. They lie in the connective tissue of the cerata and are 

characterized by the darkly-staining, granular cytoplasm, and the 

large nucleus. Hecht finds no excretory canal and concludes that 

they are neither secretory nor nervous in function. Evans (1922) 

studied the cellules speciales of Calma glaucaides. He regards 

them as modified connective tissue cells which undergo a secretory 

cycle correlated with the feeding activities of the animal. This 

species feeds on fish eggs when these are available, and fasts for 

long periods when they are absent,, When the animal has recently 

fed, the cellules speciales swell up, their contents stain deeply 

and a clear sphere forms in the nucleolus. As the animal fasts, 

so the reserves in these cells are used up, and they diminish in 

size. Evans regards the cellules sieciales as being protein storage 

cells for use during periods of fasting and to provide material at
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this time for the gonads. Henneguy (1925) also describes cellules 

speciales. but he fails to find the clear sphere in the nucleolus 

described by Evans.

In this work, the cellules speciales have been studied in 

order to determine whether they may be of defensive importance. 

Table 5 shows that they occur in all of the acleioprocts studied, 

and also in a few cleioprocts. Most cleioprocts, however, do not 

possess cellules speciales. Burgin-Vyss (1961) finds no cellules 

speciales in the body of the eolid, but I have found this is not always 

the case. Favorinus auritulus. for example, has all of its cellules 

speciales in the body, and none in the cerata.

I have found that there is evidence for a secretory or a stor-
/" 

age cycle; sometimes the cellules spectales are large with well-developed

nucleolar vesicles, whilst in other individuals of the same species they 

are small and apparently without vesicles in the nucleolus.

In Calma. there is a regular alternation between feeding 

and fasting which correlates with this cycle of the cellules speci­ 

ales (Evans, 1922), but no such alternation occurs in most other 

eolids. Consequently it is impossible to correlate these changes 

in the cellules speciales with the condition of the animal without 

a more detailed investigation - this does not come within the scope of 

the present thesis. However, there is direct evidence for the theory 

that the cellules speciales are storage cells. The darkly staining
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Table 5* To show the occurrence of cellules speciales in the 
Eolidacea.

E - present investigation j 1922 - Evans, 1922; 
1896 - Hecht, 1896$ 1925 - Henneguy, 1925.

Family Cellules speciales present Cellules speciales absent

Eubranchidae

Cuthonidae

Facelinidae

Favorinidae

Aeolidiidae

Calmidae

Fionidae 
Dotoidae

Eubranchus cingulatos 1896 
E,exiguusl896, £ 
r.pallidus E 
E.tricolor 1896, E 
Capellinia conicla E
Gatriona aurantia E
C«maua E 
G.perca E 
C.tina E 
Eolis M. E
Tergipes despeotus 18%, 

1925, E

Favorinus auritulus E
(in body only) 

Favorinus branchialis E 
Dondice occidentalis E 

very few, small)

Berghia coerulescens I

Calma glaucoides 1896, 
", 1925

Fiona pinnata
Doto coronata 1£96,1925,E
Doto oinerea 1925

Facelina coronata E 
Learchis poica E 
Phidiana lynceus E 
Eolis D. E

Eolis K, E
Aeolidia papillosa E
Aeolidiella glauca E

Spurilia neapolitana E
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cytoplasm contains glycogen anc^roteins (strongly positive to 
Best's carmine and to the Sakaguchi test). It is also sometimes

positive,though not always strongly, to the periodic acid Rnd 

Schiff's test for carbohydrates. These results are listedMn 

Table 6. Whilsti^ost of these conclusions are based on experi­ 

ments on Catriona aurantia and Eubranchus exiguus. it can be seen 

that the cellules speciales of other species have similar reactions. 

The pyronine and methyl green test for RNA was performed on C.auran­ 

tia (Jordan and Baker, 1955). The cytoplasm and the nucleolus stain 

red, suggesting the presence of RNA, whilst the nucleus stains green, 

suggesting DNA, and the vesicle in the nucleolus remains colourless. 

A section treated with 1$ ribonuclease is identical except that the 

cytoplasm and the nucleolus are colourless, thus confirming the 

presence here of RNA.

These results strongly suggest that the cellules speciales 

may have a storage function, as Evans (1922) finds to be the case 

in Calma. However, in some individuals there appears to be a duct 

from the cellule speciale through the epidermis. This duct is present 

in probably every cell of Eubranchus tricolor p and shows clearly in 

Figs. 18 and 19. In Catrione aurantia it is present only in some 

of the cellules speciales. particularly those in the body of the

pniraal at the base of the cerate. In E.exiguus a careful search 

through sections of four animals revealed only a very small number 

of ducts, and none at all could be found in Tergipes despectus or 

Favorinus branchialis. It is probable that this duct is also cyclic
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in its occurrence since it is absent in some individuals of 

C.aurantia but present in others. This would account for the 

fact that previous workers failed to find a duct. The presence 

of this duct strongly suggests that the cellules spectales, at 

some stage of their cycle, secrete or excrete material from the 

body. They do not contain mucus (negative to alcian blue, dialysed 

iron, and toluidine blue), and there is no evidence that the gly- 

cogen and protein that they contain is passed through this duct. 

The cytoplasmic BKA suggests that protein synthesis occurs in 

these cells, but this is unlikely to be of use in defence since

the ducts are often absent. Thus the contents of the cellules
/ 

soecialea strongly suggest that their chief function is that of

storage, but the occasional presence of a duct indicates that 

they nay be excretory as well. They are almost certainly not 

of defensive importance.
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Figure 14. "; aide raws 1 vesicles from eolid nudibr&nehs. 

JL' ~ Catrions furf-ntifc stained with dltlysed iron, 

fixed in "Suss"; ]>. - C. aurRntia, l<;&llory*s triple 

strin, fixed in ''"uas"? jc. - G. eurentia stained 

vitally with thionine; d.. - Eubranohus pallidus 

stained with dialysed iron, fixed in Lewitsky-seline.





Figure 15. Bie&ram of certs tip of Catrioria 

eurantia to show distribution of sensory bristles,



sensory 

Xbri*tl«*

01 mm

liver



Figure 16. Semi-diagrammatic section of ceras tip of 

Cetriona aurp.ntia to show the relation between sensory 

cilie and nerve fibres*

Figure 17• Longitudinal section of ceres tip of 

Catrione surantia fixed in "Susa" End stained with 

MEsaon's tj?i chrome* £., cilia; en., cnidocyst; m., 

nuscle; ne> t nem^tocystj s.«£i.*> small gland cell of 

unknown function? IB•, cilia*, and n. 9 cell body of 

sensory nerve cells.



small gland cell

cilia of sensory^nerve cells

nerve / cnidosac \ muscle 

vesicles cnidocyst nematocyst nucleus

2 Op



Figures 18 end 19» Sections of cert-te of fcubrc nchus 

tricolor fixed in "Suse " and stained in Masson's 

trichrome. £•£• > cellule specials; d[. t duct of 

cellule soeciale; e,., epidermis; £•£!.•> sm^ll mucous 

^lend; ri», nucleus, end nu•, nucleolus of cellules 

speciales.
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Ceratal glands of the Eubranchidae 

Introduction to the Eubranchidae

The Eubranchidae can be defined as acleiopruct eolids in 

which the radular^formula is 1.1.1. Of the four species studied, 

Eubranchus pallidus (Alder and Hancock), E a tricolor Forbes, and 

E.exjguus (Alder end Hancock) are all British, and Capellinia 

conicla Marcus is Jamaican. None of these species was found in 

large numbers, so the behavioural conclusions are necessarily some­ 

what tentative.

The genus Capellinia is very close to Eubranchus. but differs 

in the possession of an armed penis (Marcus, 1958). The two genera 

are considered together here because the ceratal glands are very 

similar. Solely on the basis of ceratal glands, E.exiguus is more 

similar to C.conicla than it is to either of the other two species 

of Eubranchus. 

Ceratal glands of Eubraachus pallidus

In Eubranchus pallidus. glands are present all over the sur­ 

face of the cerata but are most abundant in the region of the cnldosac 

iFigs. 20 and 21). Six types of gland can be detected, three being 

confined to the tips of the cerata, fnd three occurring all over the 

dorsal surface of the animal but usually absent from the tips of the 

cerata. Four of these glanrs consist mainly of mucin, the other two 

are negative to tests for mucopolysaccharides. These glands, for 

convenience, will be designated with the letters A to F.
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A. White osaiophil glands. These are abundant in the cnidosac 

region, but the epithelium bordering the enidopore is free of glands 

(Fig.21). Each gland is unicellular and flasfc-shaped, between 20 and 

32u long and about 15u broad, with a basal, ellipsoidal nucleus about 

3 to 4p in length. The base of the cell does not project noticeably 

below the level of the bases of the neighbouring epidermal cells. In 

life, the cells contain an opaque white substance which is blackened 

by osmium fixatives and then appears to be in the form of a loose coil 

(Figs* 22 and 24). The black substance probably consists of large 

numbers of rainut- granules, less than 0,4p in diameter, which can 

occasionally be seen. After decolouring with permanganate, the 

osmium is bleached out and the secretion takes up basic dyes, green 

with Masson's trichrome and blue with Mallory's triple stain. It 

is negative to alcian blue, and only as positive to dialysed iron 

as is the cytoplasm of most non-mucoid cells. When fixed in "Susa", 

these glands have a characteristic empty appearance with only a very 

small residue at the bottom (Fig.23). Lack of material made it im­ 

possible to try other fixatives and hence to perform certain other 

histochemical tests, Hie osmium presumably attaches to unsaturated 

bonds in the secretion, but this secretion is not a simple lipid in 

the similar osmiophil glands of Catriona. Table 7 shows that the 

secretion is negative to tests for carbohydrates generally (PAS) 

and in particular to glycogen and mucin; but it is strongly positive 

to the Sakaguchi test for arginine and hence contains protein.
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Observations of living cerata confirm that these white glands do

in fact exude their contents, either as globular blobs, or as threads

up to lOOu long by about 3}i in diameter. Occasionally a gland is 

fixed in a partially exuded state, as shown in Fig,24. It is not 

known whether each gland exudes all of its secretion at one time and 

then is incapable of further exudation until more of the osmiophil 

substance has been formed, or if only a part of the secretion is 

lost at any one time. The latter seems the more likely as no com­ 

pletely empty glands were found in the Lewitsky-saline fixed animal, 

and no possible stages in a secretory cycle were found.

B. Granular mucous glands. Like the white osmiophil glands, the 

granular mucous glands occur only in the region of the cnidosac. They

are less numerous than the white glands and are not easy to detect 

in Masson preparations. They are elongate, vase shaped, and only 8 

or 9ji broad with a basal nucleus about 2.5u diameter. The cell is 

closely packed with spherules 0,4 - 0.5u diameter (Figs. 23 and 24) 

which give the characteristic reactions of aeid-mucopolysaccharides, 

blue with alcian blue and dialysed iron, and metachromatic with 

toluidine blue or thioaine 'see Table 7). The spherules are weakly 

positive for protein, so mucoproteins may be present. Since the 

granular mucous glands occur in exactly the same region of the ceras 

as the white osmiophil glands, it is pertinent to consider if they 

might not possibly be the same gland in different stages of its se­ 

cretory cycle. The evidence for their being distinct is:-
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1. No intermediates can be found between the two types although 

with histologicft},,a8 opposed to histochemical, stains they may have

similar staining reactions.

2. They respond differently to histocheraical tests, and because 

of (1), they cannot therefore be stages in the secretory cycle of the 

same type of gland»

3. The related Eubranchus exiguus and Capellinia conicla have 

similar glands with similar staining reactions (see later)* In these 

species also there are no distinct intermediates between the two glan­ 

dular types. In addition, in these species, each type 'A 1 gland is 

closely associated with a type IB I gland such that the 'B 1 gland is 

invariably towards the base of the ceras with respect to its corres­ 

ponding 'A 1 gland (see Fig.31). If these were merely the same type 

of gland functioning alternately, one would expect to find some 

cerata or some individuals showing the reverse condition, with the 

'A' gland below the 'B 1 gland. However, in four specimens of E. 

cxiauus and two of C.conicla. the *B ! gland is always below the 'A 1 

gland in its position on the ceras; so we can conclude that the two 

glands are distinct.

C. Large mucous glands, ftiese are unicellular, epidermal glands 

occurring Just below the cnidosac region of the ceras, and just below 

the glands of types 'A 1 and 'B» (Fig.21). They are ovoid in shape, 

25 to 32u long by about 13 to 18u broad, with a compressed, elongate 

nucleus 4 to 5u long at the base of the cell (Figs. 22, 23, 24). As 

in the white glands, there is very little cytoplasm, the bulk of the



gland being taJcen up with the secretion. The appearance of the 

secretory product depends on the fixative employed and probably 

also on the time for which it was fixed, as Fontaine (1962) found 

forcphiuroids. With "Susa", the contents form a reticulum which 

takes up basic dyes and is positive to all the mucin tests employed 

(Table 7). With Lewitsky-saline, the contents are more evenly dis­ 

persed, and react similarly to histochemical tests and to dyes except 

that they do not stain at all readily with Masson's trichrome. In 

the "Suss 1 - preparations, the contents of the cell are often partially 

exuded. It is not clear whether this is <^ue to swelling with one 

particular fixative, or whether it merely indicates that the animal 

concerned was less effectively narcotised than the animal fixed in

Lewitsky-saline. The latter ie the more likely because the homolo­ 

gous glands of the other species to be discussed were never found 

partially exuded in fixed preparations.

D. Small mucous glands. These glands are scattered throughout 

the dorsal and lateral surfaces of the body except in the region of 

glands of types *A», 'B«, and »C» (Fig.21). They consist of a 

spherical mass of mucus about lOu in diameter, not reaching the base 

of the cell (Figs. 25 and 26). Cell boundaries are difficult to 

detect, so it is not easy to be certain which nuclei belong to these 

gland cells. However, the nuclei at the base of these mucous secre­ 

tions are usually in the region of 2.5 to 3.5u diameter, and slightly 

ellipsoidal. The non-glandular part of the cytoplasm is vacuolated
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Just as it is in the neighbouring epidermal cells. The secretion 

stains evenly and has similar staining reactions to the nrucin of the 

type 'C 1 glands, except that there is some protein present in these 

glands (Table 7).

E, Subepidermal mucous glands. These are fn r less abundant than 

any of the other types of gland, but they may occur both in the 

enidosac region and in the rest of the dorsal and lateral surfaces 

of the body (Fig.21). They are difficult to detect in Masson pre­ 

parations as the epidermal part resembles a type 'D 1 mucous gland, 

and the subepidermal part is only weakly stained by light green* 

They stain with basic fuchsin and dialysed iron, and are metachroraatic 

with toluidine blue. The oval nuclei are \ to 5u long, and are sur­ 

rounded by an area of cytoplasm. The rest of the cell is packed with 

mucin granules 0.5 to l.Op. in diameter tFig.26). A duct leads from 

the vubepidermal part of the cell through the epidermis to the free 

border, and there is usually a small reservoir in this region. As 

with glands of types 'B 1 , 'G' and 'D 1 , the staining reactions indi­ 

cate t. at the mucin is some form of acid-mucopolysaceharide.

F. Granular non-mucous gland. This type of gland is abundant 

in the epidermis of the dorsal and lateral surfaces of tile body 

except in the enidosac region (Fig.21). Each gland is unicellular 

and flask-shaped, with the base bulging into the subepidermal layer. 

A typical gland is 15u long by dp broad, with a spherical or oblong 

nucleus of 3 to 4p towards the base of the cell ''Figs. 25 and 26).
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In fixed preparations the cell appears empty apart from a cluster 

of granules 0.5}i in diameter which take up basic fuchsin, xylidine

red fMasson), and orange G (Mallory). They are not coloured by 

aucin stains, but do contain protein.

Ceratal elands of Eubranchus tricolor

Only one individual of this species was found, and it was

fixed in "Susa''. The general histology of the epidermis is very much 

as it is in E.pallidus. but cell boundaries are easier to detect. The 

distribution of glands is similar to that found in E.pallidus (Figs. 

21 and 27). The osmiophilic type 'A 1 glands are exceedingly difficult 

to detect as they have very little residual secretion not dissolved 

by the fixative. The granular glands of type ! F f are also less con­ 

spicuous, and have smaller granules, rather less than 0*5u diameter. 

The reactions of these glands to the histochemical reagents employed 

closely resemble those of E.oallidus (Table 7).

Ceratal glands of Eubranchua exlguue

This species is much smaller than either of the preceding

species, and shows some interesting differences in its histology* 

The cytoplasmic vesicles are smaller, in the region of 2u instead 

of 3 to 4u, and they have therefore been omitted from Figs. 31 and 

32 for clarity. Small mucous glands, of type f D*, are far less

abundant than they are in the other tvo species of Eubranchus. and 

the •ubepidermal mucous glands, type 'E 1 , are totally absent (see 

Figs. 21 and 28). The granular type 'F 1 glands are less frequent, 

and are of a different shape. They are considerably elongated, with



a basal nucleus, and the granules or droplets are concentrated 

near the outer surface of the cell (Fig.32). The most inter­ 

esting differences, however, are in the cnidosac region. The 

large mucous glands (type *C') are similar to those of E.pallidus. 

but the osmiophil type 'A 1 glands are much swollen and project down 

into the subepidermal connective tissue. The residue in "Susa" 

fixed animals is quite considerable, and in Lewitsky-saline mater­ 

ial it is not strongly osmiophil. Each gland has at its base one, 

or possibly more, muscle cells whose 10 to 20 fibrils, each less 

than Ip in diameter, insert at half to three-quarters of the way up 

the «;land (Fig.31). These are presumably involved in the ejection of 

the secretion from the cell. The granular mucous glands of type 

f B' occur alternately with the osmiophil glands such that each 

type 'A f gland is nearer to the tip of the ceras than is the cor­ 

responding 'B f gland (Figs. 29 and 30). The pores of each pair 

of glands are adjacent, and it seems reasonable to suppose that 

they are both secreted at the same time. Some of the muscle fibrils 

appear to insert on the wall of the type ! B ! glands, although it is 

difficult to be certain of this. Certainly when these muscle fibrils 

contract it is likely that secretion is forced out from both types 

of gland. The chemical reactions of these glands are summarised 

in Table 7, and are similar to those of E«pallidus.

Ceratal glands of Capellinia conicla

The appearance of Capellinia conicla is very similar to that
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E«ey.jguua. Both have small, frequently knobbed cerata, with 

small cnidosacs rarely more than lOOu in length. The ceratal

glands of 0«conicla are almost identical with those of E.exiguus 

in both type and location (Fig,2l), although as the cerata are 

slightly snailer, there are relatively fewer glands. The osmio- 

phil glands show practically no shrinkage with "Susa" fixation, 

unlike those in E.palliduc and tricolor; and the largest of them 

do not project far below the level of the basement membrane of the 

neighbouring ceils, unlike in E.exjguus (Fig.33). A further simi­ 

larity to E.pallidus is that there are no conspicuous muscle fibrils 

forming a basket round the glands, although birefringent fibrils 

can be seen, in all species with polarised light. As in E.exiguus. 

the type 'A 1 and the type 'B 1 glands occur in pairs, such that 

the 'A 1 gland of each pair is towards the tip of the ceras. Lack 

of material prevented many histochercical tests from being performed, 

but the type 'B 1 glands contain granules of mucin (alcian blue and 

dialysed iron) as in the species of Eubranchus.

Mode of secretion of the ceratal glands of the Eubranchidae

Secretion of a gland may be brought about in either of two

distinct ways: it may secrete continuously, in which case no par­ 

ticular mechanism is necessary to cause exudation; or it may secrete 

a large quantity of substance at one particular time when stimulated, 

in which case sr.ae contractile mechanism is necessary to ensure that 

exudation occurs at the appropriate time. Since the osmiophil type 'A 1
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glands and the granular type f B« mucous glande of E.exlguus are 

surrounded by a baskets-work of muscle fibrils, it would appear 

likely that they are of the second type. Observation of the living 

animal confirms this with respect to the white osmiophil glands 

which are only exuded wher. the animal is violently disturbed. 

Similarly, the white glands, and either the B or the C type mucous 

glands, of E.pallidus are also only exuded when the animal is dis­ 

turbed. In this species, no basket-work of muscle fibrils can be 

seen with an oil immersion objective. However, in E.exiguus. these 

muscle fibrils are strongly birefringent In polarised light, and 

by this means it is possible to detect the presence of fine fibrils 

round the osmiophil glands of E.;:allidus. E»tricolor and C.conicla. 

They are few in number, and of very small diameter. Because they 

are in the same position as the much larger fibrils of E.exjguus 

which clearly stain as do muscle fibrils, and because they are bi­ 

refringent, it is probable that they too are muscle fibrils. Thus 

in all of the f.ubranchidae studied, the vtoite glands are musele- 

operated. The granular mucous glands may also be muscle-operated, 

but this is not certain. The remaining glands are probably of the 

firsttype which ooze continuously, although it is possible that 

for some of them contraction of the muscles in the dermal layer 

causes exudation.

Functions of the ceratal glands of the Eubranchidae

Observations were made on living animals of Eubranchus
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pallidus end E.exiguns. In E.exi^uus. if the animal is violently 

disturbed, the cerata are waved about, and if the tips touch a 

solid object 'e.g. forceps or the sides of a glass dish) a copious 

whit© secretion often emerges from near the tips of the cerata. 

Wh?n a ceras is pinched, it is usually autotomised, and if the 

tip has been kept clear of all objects that might adhere to the 

white substance and hence remove it, it is often found that the 

large white glands near the tip of the ceras have been exuded as 

white globules* The thread-like na'ure of this secretion is easily 

demonstrated if a coverslip is used to compress the ceras on a 

slide. The white material then oozes out in the form of a thread. 

On the intact animal, the white blobs adhere to objects and are 

pulled out into long, sticky threads. These white thread-like 

glands are the osmiophil type 'A 1 glands of fixed material, since 

both occur in the same position on the ceras, and both are of the 

same size. Because they are only exuded when the animal is prodded 

in a manner simulating attack by a predator, it is reasonable to 

conclude that these glands are of defensive value. No comparable 

ejection of the secretions of the 1 B' and 'C* mucous glands was ob­ 

served, but this may have been masked by the white secretion, and 

if the mucus is easily dispersed in water it could have been over­ 

looked. Since the granular type 'B' glands occur in close asso­ 

ciation with the white glands, they are almost certainly exuded 

at the same time, and it may be that the combined secretion from



these two glands la more repellent than either fluid alone. On 

this hypothesis, the ft notion of the large type f C* raucous glands 

would be to provide a aedium in which the defensive fluids are 

effective but not too rapidly dispersed and nance diluted. Kecht 

(1896) believes that the eeratal mucous glands are defensive, and 

he also noticed that the eeratal cilia of eollds create a continu­ 

ous current from the base to the tip of the ceras. X have seen 

this current, in E.exlguue. carrying the glandular secretions away 

froa the tip of each ceras towards the force, G, and presumably, in 

nature, towards the potential predator* On eleven occasions, a 

ceras of E.exisuua was pinched vith a pair of forceps and autoto- 

nised. At least seven times autotomy was aoconpanier by exudation 

of white substance either from the ceras being pinched or from 

neighbouring ones which bent towards the forceps. Ihis is further 

discussed on page 120 and the results are listed in Table 9.

E.pallldue also secretes white threads froa the osmlophil 

glands when it is prodded with forceps, and in addition it often 

secretes colourless globules from either the *B« or the '0' raucous 

glands. In ten cases of pinching ana causing autotomy of a ceras, 

either white, or mucous, or both typos of gland were exuded. As 

with r.exJguus. the fact that thes« glands are situated near the 

tips of the cerata and are exuded only on prodding the aniaal, 

indicates that they are defensive in functio . It is still not 

certain, however, exactly what part Is played by the '3' and »C» 

BUCOUS glands. They may be repellent in themselves or they my
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provide g viscous medium for the vrhitp glands.

The functions of the remaining types of gland are even less 

clear. Hie small type 'D 1 mucous glands probably secrete fluid 

continuously. Henneguy (1925) describes a thin cuticle covering 

the ceratal epidermis of eolids except for the ciliated cells. 

This thin layer is positive to tests for rnucins (alcian blue, 

dialysed iron, laucicarmiiie, PAS) and stains similarly to the small 

mucous glands. It seems likely that this mucous film is secreted 

by these small mucous glands, and so is of/different nature from 

the cuticle of many other invertebrates where protein or chitin 

is present. As Hecht (1396) points out, this film of mucus prob­ 

ably protects the animal from abrasion. However, E.exlguus and 

C.conicla have many fever type 'C' glands in relation to the sur­ 

face area of the cerata than either J-.uallidus or E«tricolor, yet 

if this were the only function of these glands, one would have 

expected them to have approximately the same number. Desiccation 

is unlikely to be a serious problem, since these animals live just 

below the lowest tide levels. Mucus apparently facilitates gaseous 

exchange since most gtiled animals have the gills covered with 

mucus| but this is unlikely to be important in such small and 

slowly-moving animals as these with such a large surface area. A 

clue to their function is that in a living ceras, a strong ciliary 

current passee from the base of the ceras towards the tip, as was 

first described by Hecht. It seems likely that the mucous cuticle 

performs a cleansing function, and since it is continuously being
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wafted away from the animal. As we have seen already, this current

probably aids in defence in relation to the glands at the tip of 

the ceras, and it may be that the secretion from the s^all mucous 

glands forms a suitable medium for the repellent secretions of the 

glands at the tip.

The subepidermal 'E 1 type mucous glands are not abundant 

and clearly cannot be responsible for the mucous cuticle since 

they are absent from E.exiguus and C.conicla. They probably produce 

some potent secretion, possibly defensive in function, which is dis­ 

tributed and diluted lay the stream from the small mucous glands. 

Indirect evidence for this is that they are absent from the two 

species in which the tip defensive glands are most highly developed 

(E.exiguus and C.conicla), and it therefore seems likely that they 

are of defensive importance in the two species which possess them.

Ihe non-mucous, granular, type 'F' glands could be straight­ 

forward defensive glands with a proteinaceous secretion, but they 

do not always appear to have a permanent pore which one would expect 

if they are defensive* A second possibility is that they are ex­ 

cretory. They may be coelomocytes, but they do not resemble the 

eoelomocytes of other invertebrates, nor have I found them in the 

blood spaces. They have not the appearance of amoeboid cells, and 

therefore are unlikely to be cells which travel round the body 

before settling down in the epidermis. They could perhaps be



secretory rather than excretory, but in Berghia. discussed on page

similar cells do appear to be coelomocytes.

A further possibility should be mentioned, although there 

is no evidence either for or against it. One or several of these 

glands may perform some function related to nematooyst explosion* 

On this hypothesis, they would produce some secretion that facili­ 

tates the explosion of neraatocysts extruded from the cnidoaac. 

Glands wi h the converse action might be supposed to occur in the 

mouth region or in the salivary glands to prevent the explosion of 

neraatocysts whilst the animal is feeding* If such chemicals do 

occur, they are probably protein derivatives rather than mucopoly- 

saccharides since enzymes and some hormones are proteins, and so 

the glands that could be involved are the granular type fF* glands 

and the osaiophil 'A 1 glands. However, this is pure speculation, 

and I must stress again that there is no evidence for it.

Geratal glands of the Cuthonidae 

Introduction to the Cuthonidae

The Cuthonidae is a large family of acleioproot eolids with 

a single tooth in each radular BOW. Four species of Catriona are 

included in the present work, C.aurantia (Alder and Hancock) from 

Plymouth, and C.maua Marcus, C.perca Marcus, and C.tina Marcus from 

Jamaica. At least a doaen individuals of each species were found, 

and the results of histochemical tests perforated on their glands 

are summarised in Table 8. Marcus (1958) lists over 50 species
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of the genus Catriona. the most important taxonomic features being the 

radula and the hepatic divertioula. C.aurantia and C.maua are evi­ 

dently closely related (Marcus and Marcus, I960). Both have a long 

radular ribbon with the central cusp much receded, and the reddish 

cerata are arranged in much the same way. Both have stenotele nemato- 

cyats in the cnidosac indicating that tubularian hydroids are important 

in their diet, but whereas C ̂ aurantia feeds almost entirely on Tubularia 

indivisa (see pages 50 and 59), C.maua has several other types of 

nematocyst in its cerata some of which do not occur in Tubularia. 

and is probably less restricted in its diet, at least in Jamaica. 

G.perca has very different radular teeth from C.aurantia and C.maua. 

indicating a different type of food, and it is clearly not closely 

related to them. C.tina is a very distinct species showing some 

affinities to the British C.foliata (Forbes and Goodsir) ^Marcus 

and Marcus, I960).

Two other species of Cuthonidae were also studied, but since 

their glands are quite different from those of the four species of 

Catriona. they will be described separately. The first is Tergipes 

despectus (Johnston) which at times is common at Plymouth. Tergipes 

differs from Catriona in that the cerata are arranged alternately on 

the back and there is only one ceras per row. The second animal is 

a new species from Jamaica which is referred to as Lolis M. It is 

probably a new genus, but is close to Catriona. It differs from 

Catriona in that the radular cusp projects, and from Cuthona in the 

armed penis. Only three specimens were found, and of these two
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were sectioned, one fixed in "Susa", the other in Bouin's fluid.

Ceratal glands of Catriona aurantia

Specimens of C.aurantia were fixed in the fluids of Bouin, 

Zenker and Altmann; in Heidenhain's "Suaa11 , Lewitsky-saline and 

formol-calciumj and in two methanol-acetic mixtures of the compo­ 

sition: Absolute methanol - acetic acid - formalin - 8 f 1 : 1 ; 

and 7036 methanol - acetic acid - 19 » 1. Three types of gland were 

found, two confined to the cnidosac region and containing mainly 

proteinaceous material, and the third present all over the dorsal 

and lateral surfaces of the body and containing acidic mucopoly- 

saecharides. These glands will not be given reference letters as 

this might be thought to imply homology or distinctiveness from 

the glands of Eubranchus. but it is worth noting that there are 

similarities between the first two types described here and types 

*A' and *B f of the Eubranchidae. In addition, there is a fourth 

possible gland in Catriona species, particularly clear in C.aur- 

antia. but not definitely seen in C.tlna. These colls resemble the 

special epidermal cells that Henneguy (1925) describes for gacelina. 

They are oval, with a basal nucleus, and the base of the cell does 

not reach the basement membrane of neighbouring cells. The clew 

cytoplasm contains one or two droplets which take up basic dyes 

and are hence acidic. They are negative to all the histochemical 

tests performed on the other glands. Henneguy suggests they may 

have a sensory function, but finds no nervous connexion to them. 

It is more likely that they are glandular since there is a globular
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they will not therefore be considered farther. They are illus­ 

trated in Fig*16 as small gland cells.

White osmiophil glands. These occur only in the cnidosac 

region (Figs. 34- and 35), and are absent from the immediate vicinity 

of the cnidopore (Fig*16). Each gland is unicellular and flask-shaped, 

between 20 end 40p long depending on the thickness of the epidermis 

which varies between individuals and between different parts of the 

same ceras. The basal nucleus is from 4 to 7p long, and the base 

of the cell does not project noticeably below the level of the base 

of the epidermis (Figs. 36, 37 and 38). With Heidenhain's "Susa", 

Zenker's and Bouin's fixatives, the contents of the ceH are con­ 

tracted to a small residue which colours only faintly with dialysed 

iron and with the periodic acid and Schiff reaction (PA.S). The 

methanol-acetic fixatives give a variety of appearances, but usually 

there is a granular material iz?. the glands. The two osmium fixatives 

colour the secretion black, and this deposit of osmium is located in 

minute granules, mostly 0.5u diameter, but occasionally up to l|i 

with heavy staining* Unlike in the osmiophil glands of E.oallidug. 

there is never a coiled appearance to the secretion, although when 

material is squeezed out of a living gland by a coverslip, it is 

frequently in the form of a white thread. When Lewitsky-saline 

material is decoloured with permanganate, the granules are positive 

to dialysed iron, though not strongly so, and only very weakly
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positive to PAS, The secretion is positive to Sakaguohi*s test 

for arginine, so it appears to consist either of a mucoprotein,

or of a protein together with some fora of mucopolysaecharide to 

give it a fluid but viscous consistency.

Granular glands. These occur only in the cnidosac region 

of the cerate 'Fig.35), and are packed with granules about lu in 

diameter which stain strongly with the xylidlne red of Maeson's 

trichrome. The nucleus is usually 4 to 5u long, as in most non- 

glandular cells of this species (Fig. 38). The hietochemical re­ 

actions of these granules or globules are shown in 1%ble 8. As 

with the osmiophil glands y they appear to contain carbohydrate 

and protein 9 either separately or in some form of mucoprotein. 

Since these two glands occur in the saae region of the ceras and 

have similar histocheaical reactions, I give here the evidence by 

which Z conclude that they are distinct and are not merely stages 

in the secretory cycle of the same glands

1) With most of the fixatives employed there is no trace of 

any cell that could be interpreted as being in any way an inter­ 

mediate between the two types. It is difficult to distinguish 

them with the nethanol-acetlc fixatives, and I am unable to ex­ 

plain this; but if any of the cells here are intermediates one

would expect to see then also in tissues fixed with more usual 

fixatives.

2) Cells that could be young stages of the osmiophil glands 

can be found (Fig.36), and they are siaply small editions of the 

nature gland. They In no way resemble the granular glands.
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3) Different individuals of C.aurantia have different propor­ 

tions of the two types of gland. If one were merely a stage in the 

secretory cycle of the other , one would expect the relative propor­ 

tions of the two to be constant.

4.) Two types of gland can be seen in the cnidosac region of a 

living cerasi transparent glands which exude on disturbing the ani­ 

mal, and white glands which can be squeezed out under a coverslip, 

but which exude naturally in Cimaua and G.perca. Both glands are thus 

capable of exudation, and neither is likely to be immature.

5) In C.maua. perca and tina there are no intermediates between 

these same two types of gland. In C.tina, most of the ceras tip 

glands occur in pairs such-feat the granular gland is towards the base 

of the ceras in each pair. If they represent stages in the secretory 

cycle of the same gland, one would expect about half of the pairs to 

be in the reversed position.

The only important evidence against this is the appearance of 

the glands with methanol-acetic fixatives already rtferred to. Possible 

intermediate stages -can be found, but none is conclusive, and in view 

of the overwhelming evidence presented, I can only conclude that these 

two types of gland are in fact distinct and are not stages in the secre­ 

tory cycle of the same gland.

Mucous glands. These occur all over the dorsal and lateral 

body surfaces, but are not so abundant in the cnidosac region of the 

cerata (Fig.35). They are from 10 to nearly 40u in length depending 

on the thickness of the epidermis, and the nuclei are elongated and
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up to 8u in length (Pig,38). The secretion (Table 8) consists 

of acid mucopolysaccharides, and is positive to Beat's carmine 

for glycogen.

Ceratal glands of Catriona maua

The distribution of ceratal glands in G.maua ia very similar 

to that in C^aurantia (Fig.35)j the chief differences are that there 

are fewer mucous glands, and the cnidosac glands are restricted to a 

much smaller area towards the tip of the ceras. The cytological struc­ 

ture and the histoohemical reactions of the glands are closely similar 

in the two species (Fig.39 and Table 8). The cnidosac is only about 

half the length in G«maua that it is in C.aurantia. This is not 

simply due to the fact that G.aurantia is the larger animal; cnidosac 

size is not correlated with ceras size, and a young ceras has a 

cnidosac of approximately the saae size as an older, and much larger 

ceras* Belov the small cnidosac (which is usually 120 to l65u ia 

length in fixed animals), C.maua has an accessory sac in which 

nematocysts are taken up and stored. This is really just a modified 

part of the hepatic epithelium in which there are no glandular cells 

at all, and it is sharply demarcated from the typical liver. The 

length of this accessory sac is variable even within one individual 

in different cerata, but it often equals the cnidosac in length. 

There is no muscular or other constriction separating the accesory 

sac from the glandular part of the liver.
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Ceratal glands of Catriona perca

The distribution of ceratal glands in C.perca is very 

similar to that in C.maua; the cnidosac is of approximately the 

seme size, hut there is no accessory sac. The absolute size of 

the ceras indicated in Fig.35 is not a valid difference since 

the four animals that were sectioned and from which this was drawn 

were not the largest available. C.perca is of approximately the 

same size as C.maua. and haw eerata of much the same size. C.perca 

differs from the other species of Catriona studied in that it has a 

fourth type of gland (Fig.35) scattered all over the cerata, but 

not as abundant as the mucous glands. The secretion is often fixed 

so that part is exuded as a globule. It does not react to any of 

the stains and histochemical reagents employed. It has the appear­ 

ance of one or two large, transparent but slightly yellowish glob­ 

ules, that fill the entire thickness of the epidermis (8 to 30u). 

It seems unlikely that these can represent the final stage in the 

development of the mucous glands, since no intermediates occur, and 

they are absent from the other species of Catriona which have iden­ 

tical mucous glands.

Ceratal glands of Catriona tina

Catriona tina is a very small species with much smaller 

cerata than in the three preceding species* The cnidosac is small 

compared to in the other species, but large in relation to the size 

of the ceraa. The glands are distributed as are those of C.aaua.



except that, as already mentioned, at the ceraa tip they occur 

in pairs such that the granular gland of each pair is towards the 

tip and the white gland is towards the base of the ceras (Figs. 40 

and 41). This arrangement is not invariable: one can occasionally 

find isolated glands of one type or the other, but it is usually 

the case. Strangely enough, two of the four individuals sectioned 

did not possess any granular glands at all. White glands were also 

apparently absent in fixed material of these two animals, but these 

are easily overlooked in "Sus*" or Bouin fixed material when the 

neighbouring cells compress the walls of the gland which has prac­ 

tically no residue. The reactions of the glands are similar to 

those in the other species (Table 8), but the granular glands 

are more strongly positive to acid mucopolysaccharidevS, and the 

white glands also are weakly positive to alcian blue. The fact 

that the mucous glands are positive to mucicarmine here and in 

C.oerca but are only weekly so in the other two species may have 

little importance. Mucicarmine appears to be unreliable on its 

own as a guide to the mucoid nature of a secretion both in Catri- 

ona and in the Eubranchidae.

Mode of secretion of the ceratnl glands of Catriona species

Muscle fibrils, such as occur in the glands of Eubranchus 

exiguus, could not be seen in any of the species of Catriona with 

routine Masson preparations and an oil immersion objective. With 

a polarising microscope, however, fine birefringent fibrils can 

be seen round the white glands, and these are particularly clear
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In C.aurantia. They are not present round either the granular or 

the raucous glands in any of the four species studied. Since the 

white glands are often exuded on stimulation in C.maua and perca. 

it is probable that these bireffingent fibrils are muscle fibrils 

and are responsible for exudation. The mucous glands probably ooze 

continuously and hence require no muscle fibrils, but the mode of 

secretion of the granular glands is not known.

Functions of the ceratal glands of species of Gatriona.

Observations were made on eight or more individuals of each 

species of Catriona. but even with these numbers it is difficult to 

draw many definite conclusions. The behaviour of an animal depends 

on its age and health, on how long it has been in captivity, and on 

other unknown factors. Nevertheless, we can draw some conclusions 

as to the functions of the various types of gland even if the dif­ 

ferences between the species ere not clear. In C.inaua and C.perca. 

if the animal is prod^d violently with forceps, the secretion from 

the white glands is sometimes exuded in Hie form of a white cloud 

which slowly diffuses away. Exudation was not observed on pinching 

and autotomising a ceras. These results are listed in Table 9. 

Similar behaviour on prodding the animal may have been overlooked 

in C.aurantia, and in C.tina no exudation WAS found, although sought. 

Exudation of glandular material does, however, occur regularly in 

C.aurantia on pinching and autotomising a ceras. This material 

is apparently colourless, although in view of subsequent work on 

C.maua and perca where only the white glands were seen to exude,
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this requires confirmation. Pressure of a coverslip on a ceras 

did on one occasion cause exudation of a white secretion. Thus 

in C.aurantia. it is possible that the granular glands are more 

important in defence than the white glands. The granular glands 

of the other species are probably also important in defence, al­ 

though they may be more readily miscible with water than they are 

in C.aurantia. and hence less easy to detect.

The mucous glands of Catriona probably have the same func­ 

tions as the small mucous glands of the Eubranchidae. They may 

be responsible for secreting the cuticle, but it is not clear 

whether the current caused by cilia is a movement of this mucin 

cuticle itself or of a film of mucus outside this layer. The 

mucus probably protects the animal from damage due to chemicals, 

abrasion, and particles settling on the animal. The current also 

tends to carry the secretions of the defensive granular and white 

glands towards any potential predator. The function of the globular 

glands of C.perca is not known.

Ceratal glands of Eolis M and Ternloes despectus

Eolis M and Tergipes despeetus differ from the other acleio- 

procts in Dossessing only one type of ceratal gland. There are no 

glands confined to the cnidosac region (Figs. 42 and 4-3). In the 

eubranchids and catrionids, the glandular epidermis of the cnidosac 

region is much thicker than the epidermis over the rest of the ceras, 

but in these two species ?.t is, if anything, slightly thinner over
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the cnidosac. The shape of the ceras tip, too, is different; in 

T.deapectue and Eolis M it is rounded over the bulging cnidosac, 

but in typical acleiprocts it is contracted Just below the tip.

The mucous glands of Eolis M are often lOu in diameter and 

reach the level of the base of the neighbouring cells,as in Catri- 

ona species. The secretion is positive to tests for acid mucopoly- 

saccharide - dialyaed iron, toluidine blue and safranin - and also 

takes green with Masson's trichrome. About half of the glands 

appear to be empty. This may be an artifact, or it may mean that 

they have exuded all of their secretion.

The glands of T.despectus all appear to have lost their con­ 

tents before fixation or during subsequent treatment. It is just 

possible that the secretion is present, but nothing stains with 

Masson's trichrome, Mallory's triple stain, dialysed iron, alcian 

blue, PAS, and Best's carmine. Such a secretion could be a neutral 

mucopolysaccharide, but it is more likely that the secretion has 

been lost, so its reactions are unknown.

These glands of T.despeetus and Eolis M probably have the same 

functions as the mucous glands of other eolids. They may secrete the 

raucin cuticle, and in addition, or instead of this, they may secrete 

mucus with a general protective function. They are unlikely to be 

of direct defensive importance, but they may carry nematocysts from 

the cnidosac towards a. potential predator in the ciliary current.



Figure 20. Key to eolid gland diegrems. This 

applies to Figures 21, 35» 43, 44, 45, 46, and 

47• For further explanation, see text.
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Figure 21. Mf grams to show the distribution of 

cental glands in the Eubranchidae. 2&ch diagrem 

represents e 6u thick: longitudinal section. For 

a ke,y to the glrnds, see Pig» 20.



E. pollidus



Figure 22. Section of ceratel epidermis of 

Eubrenchus gallid.ua fixed in Lewitsky-8?line, 

decoloured, ?nd stained with Gfifranin end Light 

Green. £., osmiophil gland; _B., granular 

mucous glendj £., large mucous gland.

Figure ?3« Section of cerstal epidermis of 

lubrenchus pallidus fixed in "Susa" and stained 

with di^lysed iron, besic fuchein fnd picric 

pcid. bettering PS for fig. 22. The epidermal 

vesicles, ;v», ?re particulerly clear.
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Figure 21. Diagram to show the glands of the 

ceras tip region of Eubrenohus pallidue.
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Figure ?5« Section of cerse of ?.ubranchus pellidus 

fix; d in L,ewit3lcy-saline ?nd st?rindd with dielysed 

iron, basic fuchsin ^nd picric acid* £., large 

mucous gl,"nd; £. , smell mucous gl?-ndj £•, granular 

non-mucous gland; \r.» vesicles.

Figure ?6. Liegr^mm&tic section of cerrtal epidermis 

of T'^ubrsnchus pa Hi due showing glands present.
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Figure 27* Longitudinal section of a ceres of 

gubranohus tricolor fixed in "Susa", stained with 

Ehrlich's haemrtoxylin end oouthgate's mucicarmine. 

B_,, granular mucous gl?nd; £., large mucous glf?ncSj 

J)., sm&ll mucous gland; £., cniciosac; ^.«s.» t 

cellule soecisle; 1^, 9 liver.

Figure 23. Longitudinal section of ceras of 

Eubranchus exiguus fixed in Zenker's fluid, stein- 

ed with Masson's trichrome. Lettering as for 

Figure 27* /_•» white oemiophil gland.
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Figures ?$• end 30. Cer? s tip glands of Eubr&nchus 

exiguus• treated ?s was the ceres in Fig. 2o. j(U t 

osmiophil gland; £., grenultr raucous gland; £•,large 

mucous gland; £., cnidosac; h.*£» > hepatic cell; 

m., muscle fibril; ri., nucleus; £., pigment granule; 

v.vesicles*
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Figure 31• Pifgrfmmetic section of cer^s tip cerft 1 

glands of ubrefachus exi f/uus. Vesicles have been 

omitted f ;»r clarity.
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Figure 32* Semi-diagrammatic section of ceratal 

eoithelium of Eubranchus exiguus. The upper part 

of the diagram is tt right ingles to the surfcce of 

the ceres, end the muscles > re cut transversely; 

the lower oert is more oblique, end the muscles 

r re cut in lon;dtudinel section.

Figure 33» Section of cer^s of Cepellinis conicle 

fijied in ""usa" f^nd st-ined with Masson's trichrome. 

A.., white osmiophil gl? nd; B^., granule r mucous 

glrndj £., l^rge mucous glsnd; £,, cnidosac; 

£» 8.« > cellule speciale; JL., liver.
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Figure 34. -ongitudinel section of ceres of Crtriona 

aurentis fixed in Lewitsky-saline end steined with 

safrenin end light green. £., cnidossc; <*•&.* » 

cellule speci£le; &9^L* > grfnular gland) JU, liver) 

> raucous gland) £•£!.«» oemiopbil
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Figure 35« MP grams to show the distribution of 

ceratal glands in species of Cetrione. Eech 

diagram represents • 6p thick longitudim L section. 

For f key to tie glands, see rig. 20.
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Figure 36- Section of ceres of Catrions aurentie 

fixed in Lewitsky-saline, stfined with s? f ranin and 

light ?reen. £•£• > cellule ap^ciele; fi»jgl.«» 

gr? nulsr gland; K, liver; £•£!.*> osmiophil gland; 

v,, vesicles.

Figure 37• oection of ceras of Ca.trlone aurentia 

fixed in "Susa", stained with Masson'a trichrome. 

Lettering && for Fig. 36; rlso £., cnidos c.





Figure 38. Diagrammatic section of ceres of C^triona 

eurcntip .

Figure 39« Section of ceres of Cetrione msua, fixed 

in "3usa", stained with Maseon's trichrome* For 

key to lettering, see Fig. 36.
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Figure 40. Section of oerra of Cfttriona tins 

fixed in "Sues", stfcined with Masson's trichrome. 

Lettering as for i*'ig. 36,

Figure 41. Semi-diagrfmmstic section of cerae 

of Cetriona tine.
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Figure 42. Longitudinal section of ceras of 

Eolis M fixect in "Susa", stained with ssfrpnin 

end light green. jc», cnidosacj £•£., cellule 

specie.le; l^. , liver? £•£!.*» mucous gland.

43. Difgram of cerr-tel glands of rJ 

M end Tcrgipes despectus rs seen in F 6p thick 

longitudinal section.
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Ceratal glande of the Cleioprocta 

Introduction

Of the three main families of the Cleioprocta, the 

Aeolidiidae are anemone feeders with pectinate radular teeth, 

and the Facelinidae and the Favorinidae are hydroid feeders with 

cuspidate radular teeth. The Pacelinidae and the Favorinidae are 

distinguished by the mode of liver branching fOdhner, 1939; Macnae, 

1954), but they may not be phylogenetic units. The Aeolidiidae are 

probably a natural grorp, and this family is reviewed by Marcus 

(1961).

The histology of the ceratal eoidermis of the oleioproct 

eolids is basically similar to that of the acleioprocts. All of 

the species examined have at least two types of ceratal gland, 

osmiophil non-mucous, and acidic mucopolysaccharide* In the 

osiidcphil glands, the secretion usually has a coiled appearance, 

just as in Eubranchus pallidus. With non-osmium fixatives, these 

glands may have a small residue in the middle of an otherwise empty 

cavity, or they may retain a coiled appearance to the secretion. 

There is no direct evidence that these glands are white in life, 

but in view of the similar features to the osmiophil glands of 

Catriona and of Eubranchus f this seems probable. White markings 

are usually present on cerata of most eolids, and some of these 

could be due to the osmiophil glands.

Hie mucous glands of cleioprocts may be epidermal or sub- 

epidermal. Ihe subepidermal ceratal glands resemble those of
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E.pallidua. but there is usually even less cytoplasm than in that 

species - the mucin occupies practically the entire cell apart from 

the nucleus. The epidermal mucous glands may or may not reach the 

level of the basement membrane of neighbouring cells, according to 

the species; but otherwise they are imiform throughout the species 

studied, and resemble the mucous glands of Eubranchus and of Catri- 

ona. Unless otherwise stated, all mucous glands are metaehromatic 

to toluidine blue, and positive to alcian blue end to dialysed iron. 

They are usually, but not always, positive to the PAS test for carbo­ 

hydrates. Thus in all of the mucous glands the contents consist of 

some form of acid mucopolysaccharide .

The distribution of glands on the ceratal surface is shown 

by means of diagrams. Each diagram represents a median longitudi­ 

nal section of a ceras of a particular species. The number of glands 

shown is approximately the number seen in a 6ji thick section. No 

account is taken of the fact that one surface of a ceras may be 

rich in glands whilst another is pocrj these diagrams represent 

approximate averages. All cerata are drawn to the same scale but 

with a maximum length of 1.5 mm. In Phidiana and Berahia . cerata 

may grow to a length of severs! millimetres. Since the cindosac 

is of much the same size in large and in much smaller cerata, in 

the case of these species, small cerata have been drawn.

ffl*nds of the Favorinidae

A single individual of Favorinus branchialis (iSiller) was 

found at Plymouth and fixed in "Susa", Glands of similar appearance
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to the osmiophil glands of F.auritulus are present, but without 

Lewitsky-saline material it is impossible to be certain that these 

are in fact osmiophil. Both these apparent osmiophil glands, and 

epidermal mucous glands are distributed all over the ceratal sur­ 

face (Fig.44,). Some of the mucous glands reach the level of the 

basement membrane of neighbouring cells, but others do not. All 

intermediates occur, and clearly they are all of the same type. 

At the tip of the ceras, in the enidosac region, is a third type

of gland. Each gland is oval, 2<ty long, and reaches the inner 

border of the epidermis. The contents of these glands are either 

not fixed or have been lost in the subsequent treatment of the 

specimen, so the nature of the secretion Is unknown. These "eaptjr" 

glands are, however, quite distinct from the similarly shaped 

mucous glands in which the secretion is almost always preserved,

Favorinus auritulus Marcus Is a small species from Jamaica 

with similar cer«tal glsnds to F.branchialla (Fig.44). Typical 

osmiophil glands are present scattered over the ceratal surface, 

and th^ ?Tanrts at the tin have? no sfoinable contents with either 

"Susa" or Lewltsky-ssline, just as In F.branchialls. The mucous 

glands ar*» of two distinct types,unlike in F«branchJails, and no 

intermediates occur. The Inrge epidermal mucous glands are up to 

20ji long, and resemble the large mucous glands of Eubrsnchus i 

whilst the small mucous glands are only 4 to 7u in diameter, and 

resemble the small mucous glands of Eubranchus.
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Eolis K is an undescribed species from the Caribbean. One 

specimen was found at Jamaica, and seven more were found on a pier 

at Miami, Florida, in April 1962. The arrangement of the first 

group of cerata in a double arch clearly demonstrates that K is 

a favorinid of the subfamily Pacalininae (Marcus, 1958). Because 

of the value of the animals as type material, little was done in 

the way of experimentation on the living animal. One animal was 

fixed in Heidenhain's "Susa*1 and sectioned, the others were fixed 

in Bruin's fluid, one being sectioned. Two types of ceratal gland 

are present (Fig.4-5). In the cnidosac region, but absent else­ 

where, are a few glands with a. coiled appearance in Bouin's fluid, 

and these are probab^r osmiophil. Mucous glands are present all 

over the ceratal surface, but unlike in Favorinus r they are all 

subepidermal.

Eleven specimens of Dondice occjdentalis (Engel) were found 

at Jamaica in 1961-1962. Three types of ceratal gland are present. 

Coiled, osmiophil glands are scattered over the surface of the ceras; 

and epidermal mucous glands with the mucin reaching the base of the 

cell occur all over the cerata including the cnidosac region. Sub- 

epidermal mucous glands are present in the cnidosac region only 

(Fig.45), and they have identical staining reactions to the epidermal 

glands.

Ceratal elands of the Facelinidae

Eolis D is an undescribed facelinid from Jamaica which is
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one of the commonest species present at Port Royal* The cerata 

are narrow and pointed, unlike in most other species of eolid. There 

are three types of ceratal gland (Fig,44)* Osmiophll glands are 

distributed all over the ceratal surface, but they are only weakly 

osmiophil, and the contents are not distinctly coiled. Epidermal 

mucous glands up to 12u in diameter are present over the entire 

ceratal surface. They allappear to reach the level of the inner 

border of the epidermis, and can probably all be assigned to a 

single type although there is considerable variation in the shape 

and staining reactions of the contents. In the cnidosac region 

only there is a third type of gland, the granular gland, which 

appears as a number of minute droplets less than 0.5p in diameter. 

It does not appear to contain mucin (negative to alcian blue, dia- 

lysed iron and toluidine blue), carbohydrates (PAS), or protein 

(Sakaguchi's test),

Learchls poica Marcus was found in small numbers in Jamaica. 

Two types of gland are present (Pig.46), both being distributed 

more or less evenly over the ceratal surface. The osaiophil glands

are only weakly osmiophil, but clearly have a coiled secretion. T3ie 

mucous glands are subepidermal, bat it is just possible that some of

them are epidermal. All have identical histochemical and staining 

reactions, and there is clearly only one type of gland even if some­ 

times there is no subepidermal part.

Phidiana lynceus Bergh is the commonest eolid in the mangroves 

at Port Royal, Jamaica. It is a very large species and reaches 60 mm.
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in life. Three types of ceratal gland are present (Fig,46); and^ 

in additiont scattered over the eeras especially in the distal 

half, are celle similar to the special epithelial cells desoribed 

by Henneguy (1925) from Facelina. but also desoribed from Catriona 

aurantia on page 37* Since the function of these cells is unknown - 

they nay be sensory or they nay be glandular - they have been omit­ 

ted from the diagram. Two types of gland are found over the whole 

of the ceratal surface) coiled, weakly osmiophil glands, and epi­ 

dermal raucous glands* In the cnidosac region is a third type, the 

subepidermal mucous gland* These are absent from the rest of the 

ceratal surface, except that some of the lateral cerata have them 

over their entire surface. Both types of mucous gland stain for 

acid mucopolysaccharides, but they stain differently with histo- 

logical stains* Thus the subepidermal glands stain green vith 

Masson's trichrome and blue with gfellory's triple stain, but do 

not take up basic fachsine readily; whilst the epidermal glands 

are a very pale green with Masson'e and a pale blue vith Mallory's 

stain, but do take up basic fuchsine. The subepidermal&snds con* 

tain minute granules which take red colours vith both Mae son'a and 

Mallory's stains. These granules are absent from the epidermal 

raucous glands*

Faoelina coronata (Forbes) from Plymouth is another species 

vith osmiophil and epidermal mucous glands scattered all over the 

ceratal surface, but the material was inadequate to be certain 

whether there is a second type of mucous gland at the tips of the 

cerata.



Ceratal glands in th<* Aeolidiidae
Spur ilia neapolitana (Delle ChUJe) is the commonest anentone-

fceding eolid at Port Royal. Two types of ceratal gland are present, 

both being distributed over the entire ceratal surface (Fig*47). 

Osmiophll glands with coiled contents are more abundant in gpurillft 

than in most other species in this study, and the more numerous 

mucous glands are all subepidermal.

Berghia COGrulescene (Laurillard) was found on two occasions 

at Port Royal. Ihe ceratal glands are quite different from those 

°f S.neapolitana (Fig.47). Ihe mucous glands over most of the 

ceratal surface, but absent from the cnidosac region, are epidermal 

and not subepidermal. But in the cnidosac region and extending to 

almost half the length of the ceras, are subepidermal mucous glands. 

Both types of gland stain in a similar way with the reagents used, and 

it is likely that one type is derived from the other. The epidermal 

glands sometimes, but not always, reach the level of the basement 

membrane of neighbouring cells. Coiled osraiophil glands are present 

scattered over the ceratal surface. There are also some cells in 

the epidermis which take up the xylidine red of Masson's trichrome 

and the orange G of Mallory'a triple stain. Similar cells are present 

in the subepidermal tissues, and it is likely that these are excretory

coelomocytes. They resemble the type »F» glands of Eubranchus species, 

Observations on sections of Aeolidia papillosa (L) and

Aeolidiella plauca (Alder and Hancock) var. angulata (Alder and 

Hancock) show that in these two species the common mucous glands
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are all epidermal. It is therefore possible that the nature of 

the atucoup glands, whether they are epidermal or subepidermal, 

may be of importance in the taxonomy of the Aeolidiidae.

Functions of the cerate! glands of the Cleioprocta

In none of the cleioprocts studied is there as great a 

concentration of glands in the cnidosac region as is commonly 

found in the acleioprocts. Consequently it is difficult to ob­ 

serve glandular secretion because the quantity of fluid exuded, 

if any, is very small. In addition, the cerata are frequently 

long and mobile, and their violent waving means it is often im­ 

possible to see if exudation har> or has not occurred. Thus 

glandular secretion is not recorded for many species of cleio­ 

procts. On one occasio , when a ceras of F«branchialis was 

pinched and autotoraised, email transparent globules were seen 

to be exuded from the empty glands at the ceras tip. These glands 

may therefore have a defensive function. Dondice occidentalis was 

observed on three occasions to exude clear globules from glands in 

the cnidosac region when cerata were autotomised. These globules, 

11 to 17u in diameter, take up vital dyes just as do the mucous 

glands over the rest of the ceratal surface in this species. They 

are red with neutral red, pink with Janus greer , and turquoise with 

toluidine blue (non-exuded mucous glands did not take up toluidine 

blue). I was unable to distinguish epideraal from subepideraal mucous 

glands by means of vital dyes, but this may have been because the
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dyes did not penetrate below the epidermis. It is not clear from 

which of the two types of mucous gland the exuded globules come, 

but there is indirect evidence that it is from the subepidermal 

glands. The cerata of fiondice are very slimy, much more so than 

are those of Catriona or Eubrsnchue. and an autotomised ceras tends 

to stick to the forceps. When stained vitally with neutral red or 

toluidine blue, a thin mucous sheath can be seen completely en- 

valoping the ceras, and almost doubling its apparent diameter. 

This sheath has evidently been secreted by the epidermal mucous 

glands, and it may in life be removed continuously from the ceras 

tip by ciliary action. Since the epidermal mucous glands have this 

function, it would seem likely that the subepidermal ones are res­ 

ponsible for the secretion of the globules. Both glands are prob­ 

ably of defensive importance.

In Bolis $, on three occasions, prodding of an animal 

elicited the secretion of many minute white droplets from all 

over the ceretal surface* This white cloud rapidly disperses, but 

it almost certainly comes from the osmiophil glands. The granular 

glands in the cnidosac region could also be defensive, but exudation 

of them was not observed. A similar opaque cloud was once observed 

coming from a ceras of Learcfrfo poica after prodding, but it is not 

known if it came from osmiophil or from mucous glands.

In all of these eases, glandular exudation occurs when the 

animal is violently disturbed, and it is therefore probable that 

the glands involved are of defensive importance. It is likely
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that the ceras tip glands of other species, for example Phidjana, 

are of defensive importance, but their violent waving renders it 

almost impossible to check this. Not aH species, however, have 

defensive ceratal glands. Eolis K possesses Just one type of 

mucous gland with, presumably, the usual cleansing functions, and 

a few osmiophil glands, of possible defensive function; and in the 

acleioprocts Eolis M anc Ter^jpes despectus. osmiophil glands are 

absent.

In the Aeolidiidae, defensive glandular secretion was only- 

seen once, in Spurilia neapolitana. In this case it was clear 

globules from mucous glands. The mucous glands of other species 

nay also be important in defence because of the copious quantity 

of mucus produced.

None of the cleioprocts examined has any trace of muscle 

fibrils round its glands, either with oil immersion or polarised 

light, so presumably glandular secretion is lay means of contrac­ 

tion of aubepidermal muscles, or is a continuous exudation.

Thus although the evidence is not as conclusive as is 

the case with the acleioprocts, there is evidence that some of 

the glands of many cleioprocts are of defensive importance.

Discussion

Defensive glands at the ceras tip have been described only 

once, by Hecht (1896) for Calma glaucoides. According to Hecht, 

the glands in this species are large cells, up to 55u in length -
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considerably larger than in any of the species described here 

which reach only 4Qp in C.aurantia and E.exiguus. Hecht des­ 

cribes three appearances to these cells with osmium fixation: 

a black, opaque mass; an empty appearance; and staining as do 

mucous glands with carmalum. The empty glands no doubt are merely 

cases where the secretion has been lost by exudation or during fix­ 

ation and sectioning, but it seems much more likely that the other 

two appearances are in fact two different types of gland, and not, 

as Hecht supposes, merely stages in the secretory cycle of the same 

gland. The black appearance with osmium suggests a gland of a simi­ 

lar nature to the white, osmiophil glands of Eubranchus and Catriona. 

The mucous glands could be similar to the granular mucous glands or 

the large mucous glands of Eubranchus. Calma is a cleioproct eolid, 

and is almost certainly not closely related to the acleioprocts des­ 

cribed in this Chapter. let the similarities between the glands of 

Calma and of these species is very striking. It is almost certainly 

the result of parallel evolution since similar batteries of ceratal 

glands are absent from cleioprocts generally. It is also probable 

that the ceratal glands of Catriona and Eqbranchus are the result 

of convergence. The osmiophil glands of the two genera are very 

similar, but the other ceras tip glands are quite different. Also 

the cuthonids T.despectus and Eolis M, which are closely related 

to Catriona, lack ceratal glands. This is either s. secondary loss, 

or else the glands of Eubranchus and Catriona are definitely the 

result of parallel evolution.
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Another parallel can be drawn between the Eubranchidae 

and the species of Catriona. In the larger species of both 

genera, there is no clear arrangement of the osmiophil and the 

granular glands - they appear to be spaced at random with re­ 

lation to each other. But in the smaller species of both genera 

they are arranged in a very definite way in pairs. Here, however, 

the parallel ends, because in Eubranchus exiguus and Capellinia 

conicla f the osmiophil gland of each pair is towards the ceras 

tip, whilst in Catriona tina it is towards the base of the ceras. 

The significance of this arrangement is twofold: it enables each 

pair of glands to function as a single unit, which may be impor­ 

tant if the combined fluid is more effective a deterrent than 

either fluid alone; and it results in an economy of space such 

that more glands can be packed into a given area than if the 

arrangement were less regular. In E.exiguus and C.conicla. the 

osmiophil gland of each pair bulges below the granular mucous 

gland. In C.tina the osmiophil gland has a broad base and a 

narrow neck, whilst the granular gland has a narrow base and a 

broad neck. In all three species, each pair occupies only as much 

surface area of ceratal epithelium as would one gland in the same 

position. In small species it is evidently of great importance 

to make efficient use of all available space.

We can conclude that there is very strong evidence that 

many of the ceratal glands of the Acleioprocta are primarily
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defensive in function, This is also true for Calaa glaucoides. 

The evidence for the defensive function of ceratal glands in the 

Cleioprocts is lees conclusive, but even here, in some species, 

certain types of gland are concentrated at the tips of the cerata, 

and in some cases there is evidence that some glands are exuded as 

a defensive reaction, Hecht (1896) regards all ceratal glands as 

of defensive value, but we can now go further and consider the 

mucous glands of all eolids to perform cleansing and mechanical 

protective functions whilst some of the other glands perform a 

protective function directed towards certain predators,

6. NEMATOCYSTS 

Historical

When Garetang (1889) and Herdman (1890) first suggested 

that some eolids have warning coloration, they believed that the

repellent properties of these animals causing thorn to be rejected 

lay potential predators are located in the cerata. They both shoved 

that eolids are rejected as food by several species of fish (Poulton, 

1890; Herdman and Clubb, 1890), and the behaviour of the solid when 

disturbed suggested to both that the cerata might be particularly 

repellent. Since nematocysts occur in the cerata, it seemed reason­ 

able to suppose that these are responsible, at least in part, for 

the distastefulness of the eolid. The behaviour of a fish when 

rejecting an eolid after having taken it into the mouth, is to 

spit it out again almost immediately. Clearly the cause of this
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rapid rejection is something located on the surface of the eolid. 

But the nematocysta are located inside the ceras in a sacj so if 

they are important in defence, then either the cerata must be 

squeezed or broken, or the nematocysts must be ejected from the 

cnidopore. Since a healthy eolid is apparently unharmed after 

passage through the mouths of several individual fishes, it is 

clear that even when it is tasted by % fish, cerata are not broken 

or destroyed, although they may be autotomised. To be effective, 

then, nematocysts must be ejected from the cnidopore. This does 

in fact occur, as Hecht (1896) found. He describes the ejection of 

white blobs from the tips of cerata of Aeolidia papillosa. These 

blobs soon disperse in water, but he was able to show that they 

consist of a large number of nematocysts.

Th« theory of nematocyst function in coelenterates depends on 

the principle that the nematocyst is harmless when it is in the un- 

exploded condition, and only becomes harmful to other organisms the 

moment it explodes. It would seem likely, then, that in eolids also 

it is the explosion of the nematocyst that causes rejestion by other 

animals. Abric (1904) concludes that nematocysts are not important 

in the defence of eolids because they do not readily explode, and 

because they are not normally exploded during ejection. This is 

contradicted, however, by the observations of Grosvenor (1903) and 

of myself (see pages 115 and 116), and may have been based on 

observation of an aberrant individual or an aberrant species.



Grosveaor st?tes that ne»atocy»ts usually explode iaaiedlstely 

following ejection, and he regards this as the experience of most 

workers.

Grosvenor (1903) and 0ta&ot (1907) find that nematocysts 

are r&rely ejected when the eolld is prodded with a glass rod, 

except In one individual of |purilla neapolitane. bat that a violent 

stimulation such as plucking off a ceras results in a massive ejec­ 

tion. Such a stimulation might occur in the mouth of a fish. Gros- 

venor points out that one should not expect nematoeysts to be very 

readily ejected, since If they were, then ejection and e*£lo*ion 

would occur before the predator was sufficiently close to the eolld 

for the nematocyate to be at all effective. On the other hand, if 

ejection only occurs after violent stimulation, such as being taken 

into the mouth bgr a fish, then the explosions of the nematocysts 

would occur in close contact with the delicate lining of the mouth* 

This would cause the mfl.xi.mum degree of irritation, and would probably 

result in complete rejection by the fish. Cudhot, however, concludes 

that nomatocysts are of little defensive value. He believes that 

mucous secretions and the taste of the eolid as a whole are the 

chief causes of their unrmlatability. Glaser (1910) confirms this 

when he finds that eolids with no cerate, and hence no neraetocysts, 

are rejected by fish Just *s are intact eolids. However, even if 

the whole of the solid is unpalatable, this does not necessarily 

imply that the nematocyrte are of no defensive value*
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Methods and Results

In order to decide between the opposing theories of 

Grosvenor and of Cu^hot, it seemed important first of all to 

collect more data, on the conditions under which different species 

of eolid will eject neraatocysts, and on whether or not these nemato- 

cystr. are exploded. The results obtain**? denen^ on the species used, 

and there is also a certain amount of individual variation. Animal* 

which have been kept for several days in aquaria tend to be less 

reactive than fresh ones. Because of this variability in behaviour, 

where observations have been based on only one or two individuals, 

the results should be viewed with caution, for example with Berghia 

coerulescens and Favorinus branohialis. Tabl<? 9 summarises the 

results obtained from Plymouth and from Jamaica for seventeen species 

of eolid. The first six columns ere concerned with neraatocysts. 

Column 2 gives the number of times in which ejection of neraatocysts 

occurred when the animal was prodded on the back with a pair of fine 

forceps. Column 3 gives the number of times in which ejection oc­ 

curred when a cer??s was pinched with forceps and plucked off. The 

number of individuals used for obtaining the figures in columns 2, 

3, and 7 to 10 is given in column 1, The behaviour of an eolid when 

a ceras is pinched, and whether autotomy occurs, has been discussed

on page 51.

Column 5 gives the number of nematocysts which are exploded 

out of the total number ejected, and column 6 gives this as a per­ 

centage. The number of animals used to obtain these figures ia given 

in column 4>*
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From columns 2 and 3, we can conclude that nematocysts are 

usually ejected (over 5($) on appropriate stimulation in Catriona 

aurantia. Tergjpes despectus. Eolis D, SpuriHa neapolitana and 

Aeolidia papillosa. They may also be regularly ejected in Eubranchus 

exiguus. Catriona tina, Eolis M, Aeoljdiella glauca and Berghia 

coerulescens P but there is insufficient data to be certain of this. 

Nematocyst ejection also occurs occasionally in all of the other species 

studied, except Catriona perca and Phidiana lynceus invhich it is rare 

or non-existent. It is probable that nematocyst ejection is more fre­ 

quent when the stimulus is more violent, but with violent prodding, the 

water is disturbed and the cerata are waved vigorously about so that 

any ejection is obscured, Phidiana is a particularly difficult species 

in this respect. Although it is one of the largest eolids, and is 

very abundant in Jamaica, the cerata are moved rapidly to and fro 

at the slightest provocation, and it is very difficult to be certain 

whether or not ejection has occurred. All doubtful records have been 

omitted from Table 9.

Prom column 6, we can conclude that of the ejected nematocysts, 

a high percentage are exploded in Ter^ipes despectus. Eolis D, Spur ilia 

neapolitana and Aeolidia papillosa. end probably also in Catriona tina f 

Dondice occidentalis and Berghia coerulescens where only one or two 

individuals were examined. Comparatively few are exploded in the 

other species of Catriona and in Learchis poica. Where less than 100 

nematocysts were counted from only one or two cerata, the figures have
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been ignored as they may have been due to chance variation. Han­ 

cock and Eableton (1845) find that if a ceras is compressed slowly 

many of the nematocysts explode. If the water in which nematocysts 

have been ejected is agitated, more explosions occur. Therefore it 

is important to standardise conditions for these results to have 

any relevance. In every case, a ceras was pinched and autotomised, 

and then placed on a slide in a drop of water. Ihe counts were made 

after a coverslip had been lovered, except in the case of T.despectua. 

In the cs.ee of Pondice occidentalis. of 74 nematocysts ejected natur­ 

ally, 68 were exploded; whilst of 75 squeezed out by means of pres­ 

sure exerted on the coverslip, 68 were exploded. So in this species 

at least, extra pressure does not appear to affect the number of 

nematocysts exploded. There is n certain amount of individual vari­ 

ation in the behaviour of eolid nematocysts, but in the case of 

Cp_urilla neapolitans. the results are often repeatable. From one 

animal, five cerata were removed, and of 100 nematocysts examined 

from each ceras, 61. 64, 69, SO and 80 were exploded. Cerata from 

two other individuals gave counts of 61 and 82. Thus individual 

variation does occur, but if several hundred nemstocysts from a 

number of individuals aro examined, the results should be comparable 

for different species. Another -ioint is that in the figures given, 

no account has been taken of the different types of nematocyst present, 

Kepner ^1943) describes the ne^.ptocysts of Ca.tripna pilats (Gould). 

This species feeds on Ponnaria tiarella which has five types of 

nematocyst, large, medium and small stenoteles (or penetrants) 33
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15 and 7.5p long), desmoneiaes (or volvents, 3u long), and raiorobasic 

mastigophores (15u long). The large stenoteles and the raastigophores 

ar« r^re, the others are common. In C.pilata. Kepner describes how 

all nematocysts are destroyed by the eolid in the stomach and the 

cnidosac, except the mastigophores. These are stored in high con­ 

centration in the cnidosac, and are used in defence. Whilst Cu£not 

(1907) and Glaser (1910) believe that the defensive value of nemato­ 

cysts is slight, Kepner holds that their defensive value is great, 

and that this selection of nematocyst types is such that the types 

stored in the cnidosac are those that are most repellent to potential 

predators. It i» certainly true that selection of nematocyst types 

does occur in many species, but it is not easy to show that the types 

stored are the most repellent to predators. Bedot (1896) finds that 

spirocysts do not occur in eolids, and in the specimens of Berghia. 

Spur ilia. Aeolidia and Aeolidiella that I have examined, I have seen 

only one spirooyst in a specimen of Spur ilia. Since each cnidosac 

may contain 10,000 nematocysts in A.papjllosa (personal estimation), 

and perhaps even more in Berghia. it is clear that mastigophores 

have been selectively taken up, and thvt spirocysts have been elimi­ 

nated. In Eolis D, the only type of neraatocyst present is a form of 

stenotele with an elongate capsule 25 to 3Cty long. Since few hydroids

have only one type of nematocyst (Hyman, 1940), it is clear that here 

too selection of neraatocyst types has occurred. In Catrjona tfoa.

Tergipes despectua. Tolls M, Belie K, and probably Eubrauehue exiguus 

and Gatrioaa perca as well, the nematocysts are almost all of the same
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type, usually $ to 5p long isorhisas. The hydroidg on which these 

species feed are not veil known! so it is not possible to correlate 

this data with the nematocysts present in the food. On the other 

hand, other species have several types of nematocyst, for example 

Dondice occidentalis. Learchis poica . Facelina corona ta and Catriona 

aurantia. Different types of nematocyst tend to explode under dif­ 

ferent conditions. Thus with L.poica. there are the same five types 

of nematocyst as are initially taken u. by G.pjlata. All are present 

in the cnldosac, and all are functional. 5p long vol vents make up

1 / to 1 , of the nematocysts, and of 218 examined. H8 (60%) were
A /3
exploded. Microbasi'c nastigophoree are uncommon, making up only 4

or 5% of nernatocysts present, and only 5 out of 51 (10/1) were exploded. 

Stenoteles make up the rest of the nernatocysts , most being small or 

medium in size (6 to 15n long) with a few large ones (up to 4Qtt).

But of 1303 stenotelea, only 168 (13-0 were exploded, and this in-
*

eludes one ceras from which 87 out of 93 stenote3.es were exploded. 

This suggests that either nematocyst selection has not occurred in 

L.poica. or that it has produced a very different result from that 

found in other species of eolid. It is difficult to see how volvents 

could be effective deterrents, yet in L.ooica it is volvents that are 

the most likely to explode.

Conclusions

These results demonstrate that different species of eolid 

utilize their neraatocysta in different ways. One cannot generalise 

and say that nematooysts are or are not ejected or exploded in eolids -
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the result obtained depends on the species studied. This does not 

give any direct evidence on whether or not nematocysts are of use 

in defence, but it strongly suggests that they are. It is diffi­ 

cult otherwise to explain why some species selectively take up 

certain types of nematocyst but reject others, or why nematocysts 

should be ejected at all as a result of stimulation by a vigorous 

prod.

INTERACTION OF NTMATOCYST AND GLANDULAR DEFENSIVE MECHANISMS 

The previous two sections have established that glandular 

defensive mechanisms exist in many acleioproct eolids, that glands 

which may be defensive exist in cleioprocts, and that nematocysts 

are ejected as a defensive reaction in most species of eolid. In 

this section I shall attempt to show how nematocysts and glands 

are used together or separately to a varying extent in different 

species. Columns 7 to 10 of Table 9 relate to the behaviour of 

white and clear (transparent) glands when the animal is treated as 

for columns 2 and 3. In the Eubranchidae and the genus Catriona. 

where defensive glands are concentrated in the cnidosac region, 

glandular extrusion is often visible with a low power dissecting 

microscope (or even with the naked eye in E.exiguus). But in the 

cloioprocts, and in the case of clear glands in the acjfceioprocts, 

exudation is often only seen when a ceras has been mounted under a 

microscope with a 16 mm. lens. Since it is probable that some of 

these secretions disperse readily, the fact that there are many 

blanks in the table does not necessarily indicate that glandular



exudation is non-existent; it merely means that it was not observed.

Eubranchidae

In Eubranchus pallidus. nematocysts, white thread-like glands, 

and colourless glands are all regularly ejected when the animal is 

molested, but from the frequency of their exudation, it would seem 

that glandular secretions are perhaps more important than nemato­ 

cysts in the defensive system of this species. In both E«pallidus 

and E.exiguus, there are at least three types of defensive gland 

(pages 70 to 85). In E.exiguus, neraatocysts and white thread-like 

glands are both regularly ejected, and it is probable that both are 

important in the defensive system of this species also. In E.exieuus 

the glands are much larger and better developed than they are in E, 

pallidus. and the muscles of the muscle-operated glands are clearly 

visible with an ordinary light microscope, but there is no evidence 

as to whether or not the glands are a more efficient deterrent be­ 

cause of this. More observations are wanted, too, on the ejection 

and explosion of nernatocysts in these species.

Cuthonidae

The four species of Cstriona studied all have at least two 

types of defensive gland (pages 85 to 96). The white glands are 

muscle-operated and are often exuded on stimulation, but the secre­ 

tion of the granular clear glands may be too readily dispersed in 

water to be easily detected. The absence in C.aurantia of obser­ 

vations on secretion of white glands may not be significant - such
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secretion aay have been overlooked. All four species probably 

utilise both nematocysts and glands in defence, despite the absence 

of nernatocyst ejection in C.perca and of ^lanoular exudation in £. 

tina from Table 9. The nematocysts of C.perca. examined for colunn 

4 were extruded when an autotomised ceres vs.s proceed, so it is 

likely that nematocysts sr* extruded under certain circumstances 

in this species. For L'.tina. sim,e it possesses glands similar to 

the defensive glands of other Catriona species, it is likely that 

they are sometimes used in defence here as veil. Thus the four 

species of Catriona all have similar glands, and all use both glands 

anri nematocysts &n defence. But whereas in G.perca it is glands that 

seem to be the more important of the two mechanisms, in C.tina it is 

nematocysts. The difference between °/ig f r the nematocysts of 

C.perca and /£i for u.tina is significant at the I/? level (using 

the 2X2 contingency table of Arrasen, 1955), and that between /oo 

and A? for glands 1,3 significant at the 5$ level. C.ma.ua nnd C.
•£» * *** r • inw^M* «|i»

aurantia are intermediate tjid utilize both nematocysts anf! ^lands, 

but whilst in C,naua prodding d.es not often elicit a response, in 

C.aurantia it almost invariably does. Another point is that in C. 

tina alone amongst these species are there an appreciable percentage 

of nematocysts exploded. These concisions sre somewhat tentative 

and more observetions are necessary to be cert8.ii, but it dcv^s seem 

that the defensive systems of these four species are quite different 

even though they all belong to the same genus.

Tergipes desoectua and Eolis M both rely entirely on mematocysts
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for defence. Defensive cereal glands are completely absent (pagei 

96 and 97), but the cnldosacs are much larger than they are In, for

example, Catriona tina . which is of about the s^me size. Only a 

smell number of observations were made on Eolis M, but for T.des- 

. nenatocyste are frequently ejected on prcddtng, and are

almost certainly of defensive importance.

Favorinidae

In the cleioprocts, there is no great concentration of 

glands at tho cp?res tip (except in Calma) , and in none of the species 

studied here arc- any of the gland e muscle-operated. In the Favorinidae, 

it is probable that both nenptocystr -me gl:,nds are utilized in defence, 

but there is adequate evidence for this hypothesis in only one species, 

Dondice o* ci dental is. The poor development of glands in Eolis K 

suggests that her'1 they are not important, but direct observations 

on this rr/ec.ips ?rf lacking.

Facelinidae

In the Facelinidae, too, both nernatocysts and glands are 

probably uaec in defence, Learchis pcj.ca is a good example, although 

in this species few of the nematocystg are exploded. In Phidiana 

lynceus the absence of observations may be due to the mobile cerata 

ERski*i£ ne-istocyst or glandular ejection. Eolis D uses both glands 

and no:ti?.tocysts i^ defence, but is unique in two respects: each 

cnidccyst of this species contains only a single neinatocyst, and 

there is a long narrow duct leading from the cnidoaac to the
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The Importance of this arrangement is not known, but it is prob­ 

able that the cnidosac is adapted to storing and ejecting one par­ 

ticular type of nematocyst which explodes readily (89&) and 1* a 

particularly effective deterrent to predators.

Aeolldlidae

In th« Aeolidlidae, glandular secretions may be of some de­ 

fensive importance, but the most important defensive mechanism is 

undoubtedly tht nematoeyats. In all species studied there is evi­ 

dence that nematoeysts are frequently ejected is a defensive re­ 

action and that many of these are exploded, A single ceres of A,. 

PRoillose frequently contains 400 cnidocysts, and each cnidoeyat 

may have 25 or more nematocysts. Spuril^a may have 300 cnidocysts 

In one cnidoeac, and each cnidosac has about 30 nematoeysts. Berghla 

has an even larger enidosac. Thus the supply of neraatocyats Is 

colossal, and even if only 50$ explode, the deterrent effect of 

them is probably very great.

Calmidae

Calaa glaucoidea is an example of an eolld in vhlch nesnato- 

cysts are of no defensive iniportence, but slajnds are developed to a 

high cegree. Nematocysts and cnidosac are coo^pletely absent In ttiis 

species (Evans, 192?), but the glands closely resemble those described 

for Eubranchjis and CRtrlona. and presumably function in a similar way.
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CONCLUSIONS

In the overall defensive system of eolids, each particular 

mechanism conies into action in series:

1. Crypsis. For those eolids that are cryptic, this is obviously 

the first mechanist! to prevent predation.

2. Behaviour. Should an eolid be discovered by a potential predator, 

its immediate reaction is to erect and wave the cerata. This di­ 

verts « possible attack towards the expendible cerata. At this 

stage, should an attack occur, ojiy or all of three mechanisms may 

occur:

3a. Cerata may be autotomised. 

3b. Glandular secretions may be exuded. 

3c. Wematocysts may be ejected.

4,. TJnpalatability. The ultimate protective mechanism should all 

of these other mechanisms fail is that the eolid is comparatively 

unpalatable.

Although this is the general pattern of the defensive system 

of eolids, there are many variations. Some species are not cryptic, 

for example, and the ease with which different species autotomise 

their cerata varies. Finally there is variation in the importance 

in different snecies of nematocysts and glands: in some the neraato* 

cysts are important whilst defensive glands are absentj in others 

glands are important whilst neraatocysts are absent; and in yet others 

both glands and nematocysts are utilised. The relative importance of 

these two mechanisms may even vary within one genus.



Figure 44. I/iegremmp tic longitudinal sections of 

cersta of Fsvorinus auritulus, £. branchial is and 

Eolis D. Erch of these diagrams, end of Figs* 

45» 46, end 47» represents the glands seen in a 

6p. thick median longitudinal section of a ceres 

of up to l*5fflm. overall length. For explanation 

of glands, see Fig. 20*
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Figure 45« Diagrammatic longitudinal sections of 

cer; te of "olis K end Dondice occidentflis.
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Figure 46. i^iagraauaBtic longitudinal sections of 

cerata of I»e; rohis poioe end Phidi&na lynceus*



Phidiana sp.
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Figure 47* Diagre mine tic longitudinal sections of 

cerate of Spurills neapolit- ne and Berghia coerulescena
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Chapter 6

PREDATION OF NUDIBRANCHS

Historical

Throughout the previous four chapters defensive adaptations 

have been described from many nudibranchs, but nothing has been 

said about the predators to which these adaptations are directed. 

Our knowledge of the predators of nudibranchs in the sea is very 

small, but several workers have tried to feed nudibranchs to various 

species of fish and invertebrates in aquaria. The results with in­ 

vertebrates are inconclusive* Grabs are the most suitable of the 

invertebrates to experiment with, but even with these Thompson 

(1960,b) finds that they invariably ignore the test nudlbranctw. 

Experiments with fish are easier to perform since if the test 

nudibranch is thrown into the water, aquarium fish usually in­ 

spect and snap at it - they are usually fed by food thrown into 

the water, and therefore behave as if the nudibranch too were 

food. Bateson (1890) describes how most species of fish taste 

food by taking it into the mouth, and if it is unpalatable they 

spit it out. Experiments of this type can be expected to demon­ 

strate whether a particular species of nudibranch is palatable or 

not to a particular species of fish. They do not give any infor­ 

mation on whether or not fish eat nudibranchs in the sea. How­ 

ever, if these experiments show that nudibranchs are unpalatable, 

then they are probably unpalatable also in the sea; but if they
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show that they are palatable, then It must also be shown that 

they are eaten In nature before we can regard fish as being im­ 

portant predators.

Herdman and Clubb (1890) experimented with over a dozen 

species of fish. They find that the dorids Lamellidoris fosca 

and Ancula cristate are rejected, and are therefore unpalatable 

to most species of fish. Similarly, the eolids Coryphella rufi- 

branchialis r Eubranchus pallidus and Facelina coronata are rejec­ 

ted by Blennius pholis L. and by other species of fish. Dendro- 

notus f rondosus. however, is eaten by blennies (B.pholis), and 

may be palatable to other species also. Garstang (in Foulton, 

1890) finds that Eubranchus tricolor is unpalatable to pollack 

(Gadua pollachius L.). Mclntosh, however, (in Grosvenor, 1903) 

finds that Aeolidia papillosa is eaten by cod (Gadus callarias L.). 

Crossland (1911) and Crosier (1916) find that the chromodorids 

Chromodoris reticulata. diardii and »ebra are unpalatable to 

several species of fish. Thompson (I960, a and b) has recently 

reinvestigated the problem. He used eight species of fish, and 

his results show conclusively that Elysia viridis f Tritonia bom­ 

ber gi . Dendronotua f rondosus. Eubranchus tricolor. Facelina auricu­ 

la ta and seven species of dorid are all unpalatable. Hero formosa 

is also usually rejected, but one was eaten. Thompson concludes 

that whilst dead or damaged opisthobranchs may be eaten by fish, 

healthy ones are always unpalatable. The only evidence that nudi- 

branchs are eaten by fish in the sea is that Jaws of Tritonia
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hombergi have been found in the stomach of dogfish (Scvliorhinus 

L. ) (Thompson, 1960,b; and D.Nichols, personal communi­

cation) , and Aeolidia Dapilloea has been reported from the stomachs 

of young haddock (Gadue aeelefinus L. ) (Romans and Needier, 1944.) • 

In this case A.papillosa was evidently exceptionally abundant, 

and was eaten by a number of individual fish. It is possible 

that the fish concerned were exceptionally hungry, and that they 

wsre therefore prepared to eat any food, however unpalatable it 

might be. The results of Cuenot (1907) and Glaser (1910) support 

this view. Cuenot finds that three species of fish will taste 

Sp^y|l^a neaoolitana several times and reject it before finally 

swallowing it. Glaser describes similar results.

Discussion

The evidence from laboratory experiments thus conclusively 

suggests that most species of nudibranch are unpalatable to fish. 

However, nudibranchs are occasionally eaten by fish in nature, 

and it is probable that in these cases the fish were so hungry 

that they were not deterred by the unpleasant properties of the 

mollusc. We should expect there to be two selection pressures 

acting on the system, one tending to favour those nudibranchs 

which are most unpalatable or best protected in other ways, the 

other favouring those fish that have some immunity to the repel­ 

lent properties of the nudibranchs. A balance would result such 

that nudibrancha would be rejected by most fish but taken by a 

few starved fish. Selection pressure would be incapable of pushing
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the system further than this point. One would expect that dif­ 

ferent species of nudibranch and different species of fish would 

find this balance at different points. Thus Cu6not finds that 

whilst three species of fish behave as described already (even­ 

tually eating S.neapolitana). a fourth species, Gobius niger. 

always rejects SpuriHa neapolitana. Without a very large supply 

of one or two species of eolid and extensive work with fishes, it 

is impossible to draw further conclusions, and these suggestions 

should be regarded as tentative.

The source of this unpalatability of eolids was thought by 

Garstang (1889) and Herdman (1890) to be the nematocysts. Nemato- 

cysts are almost certainly responsible for the apparent inedibility 

of coelenterates which are not normally eaten by fish in aquaria 

or in the sea. Since many eolids regularly eject nematocysts as 

a defensive reaction (Chapter 5), it is reasonable to conclude 

that nematocysts are of defensive importance here as well. There 

are, however, a few species of fish which do eat coelenterates 

(Cuenot, 1907), and obviously these species would not be deterred 

from eating eolids by nematocysts. It is probably with relation 

to these species of fish that defensive glandular secretions have 

evolved in eolids. It is likely that nematocysts are protective 

against one set of predators whilst glands are protective with re­ 

lation to another set of predators. Invertebrate predators are 

probably even more variable in their behaviour towards eolids than 

are fish, and it is likely that some eolid defensive mechanisms are
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specifically adapted towards certain invertebrate predators. 

Until more is known of the predators of eolids and of other 

nudibranchs it is impossible to draw further conclusions, but 

there is sufficient evidence to conclude that predation of nudi­ 

branchs does exist, and that many nudibranchs have evolved a 

series of defensive mechanisms directed towards some of these 

predators.
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Chapter 7

DISCUSSION AND CONCLUSIONS

Chapters 2, 3, 4 and 5 of this thesis hare described the 

defensive mechanisms of nudibranchiate molluscs, and how the over­ 

all defensive system of any one species of nudibranch may comprise 

several different mechanisms. Some of these mechanisms have not 

been described before and have therefore been discussed in consider­ 

able detail. These include the hypobranchial gland of Berthelinia 

caribbea. the ceratal glands of Stiliger vanellus. acid secretion 

in dorids, and ceratal glands of several species of eolid. Other de­ 

fensive mechanisms are also discussed, and the evidence supporting 

the hypothesis for the defensive value of some of these mechanisms 

is reviewed. Two important conclusions can be drawn from this work* 

First, in the Sacoglossa and the Eolidacea, and perhaps in other 

groups as well, several lines of defence occur in any one species, 

and these may operate in series. The situation is similar to that 

described in Brazilian moths by Kettlewell (1959), but the adaptations 

are not so complex. The second conclusion is more tentative since so 

little is known of the predators of nudibranch molluscs. It is that 

some of the different mechanisms present in some species of eolid 

may be directed towards specific predators, There is evidence that 

different species of fish vary in their readiness to eat eolids, and 

this is due in some cases to an ability to tolerate nematocysts. Hie 

final stage in this argument is that the defensive glands are adapted
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to repelling those predators which are not repelled by nematocysts. 

This is speculation, nevertheless it does go some way towards ex­ 

plaining why some eolids use glands alone, some use neraatocysta 

alone, and some use both methods of defence.

This work has also shown that some of the defensive mechanisms 

have evolved several times independently in different groups of the 

naked oplsthobranchs. It is important to recognise such parallel 

evolution if we are to obtain a true picture of the phylogeny of 

the group. In the case of epidermal vesicles, which have probably 

evolved independently in the Eolidacea, Dendronotacea and Arminacea 

(Graham, 1933), this is a mechanism directed towards protecting the 

animal from its prey rather than from a potential predator, The 

other cases of convergence are all directed towards protection 

from predators. One case that has not been mentioned before is the 

neurosensory cilia of eolids which I have shown to be involved in 

the mechanism of glandular secretion and nematocyst ejection. The 

nerves and sense cells of Janolus probably have a similar function, 

and it is possible that the same also applies to the nervous struc­ 

tures in the flaryophyllidiae of dorids.

Defensive glands have certainly evolved many times in the 

opisthobranchs, but it is not easy to be certain which examples are 

in fact parallels. In some caser, however, we can be certain. Thus 

the ceratal glands of Stiliger end those of the eolids are clearly 

convergent, and it is interesting that in Stiliger they are all 

subepldermal whilst in the eolids they are nearly all epidermal.
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Within the Eolidacea, the defensive glands of the Guthonidae 

and the Eubranchidae are almost certainly convergent, and the 

glands of the cleioprocts may be epidermal or subepidermal irres­ 

pective of affinity. Our knowledge of, the chemical composition 

of the secretions of some of these glands is limited at present, 

but osmiophil glands occur in many eolids and in some sacoglossans, 

Acid glands have evolved independently many times in the Mollusca, 

including at least once in the Doridacea. Muscle-operated glands 

occur in the Sacoglossa, the acid secreting dorids, and in the 

eolid genera Catriona and Eubranchus.

Die nematocyst storing habit has also evolved at least 

twice, as it occurs in the Eolidacea and in the Dendronotacean 

Hancockia.

Finally, and perhaps most important of all, the eolidiform 

condition has evolved several times in the opisthobranchs. It 

has probably evolved independently in the Sacoglossa, the Poly- 

ceridae, the Triophidae, the Goniodoridae, the Dendronotacea 

(perhaps twice), the Arminaceaxand the Folidacea. The eolidi­ 

form condition has several important advantages over forms with­ 

out papillae. Papillae or cerata serve to deflect attacks away 

from the vital regions of the body and tc~ direct them towards 

the papillae themselves which are usually expendable and can be 

rapidly regenerated. They also enable the defensive mechanisms 

of the animal to be concentrated in the most prominent and least 

vital region of the body, such that any repellent substances will
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be taken by the potential predator at the earliest opportunity, 

and before the body of the animal has been harmed. The cerata 

of nudibranchs represent a highly successful defensive device, 

and they are without doubt responsible to a considerable degree 

for the success of the group.
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POLYCERA ELEGANS BERGH : A NEW SPECIES TO BRITAIN 
AND DISCUSSION OF ITS TAXONOMY.

By M. EDMUNDS, Department of Zoology, University Museum,
Oxford.

(Read 10 March 1961)
Bergh (1894) describes a new genus and species of nudibranch from 

Rovigno in the Adriatic under the name of Greilada elegans Bergh. 
Odhner (1941) describes several individuals of a species found on 
Zoster a at Messina (in the Mediterranean) in 1888. He concludes 
that the genus Greilada should be abandoned and regarded as a 
section of the genus Polycera, and these specimens he names P. messi- 
nensis Odhner. A single individual of G. elegans is described from 
Banyuls (in the Mediterranean) by Pruvot-Fol (1951). On the 
evidence of more material from Arcachon, Biscay, Pruvot-Fol (1955) 
tentatively concludes that the genus Greilada should be abandoned. 
She also concludes, provisionally, that the Arcachon material be classi­ 
fied as a separate, new species : P. atlantica Pruvot-Fol. The purpose 
of the present note is to record P. elegans from Plymouth, and to dis­ 
cuss the taxonomy of the group.

Polycera elegans at Plymouth.
On the 27th June 1960, Mr. G. R. Forster found an orange nudi­ 

branch about 26 metres down at Stoke Point rocks (Hilsea Pit), 
Plymouth, whilst aqua-lung diving. Dr. D. P. Wilson identified the 
animal as G. atlantica, and he has kindly lent me the specimen for 
examination of the radula and jaws. This individual was 4.25 cm. 
long when extended, of a brilliant orange colour with several ultra­ 
marine blue spots on the head, back and sides. The spots, in life, 
had a darker rim and several minute carmine spots in the blue. The 
narrow border, separating the back from the flanks, was covered with 
minute white spots, interspersed with fewer blue spots. There were 
slight thickenings in the border and at times slightly raised papillae 
were visible. There are 12 complete rings to the rhinophores, 9 
orange digitations to the oral veil, and 5 gills. Whilst in captivity 
the animal spawned. The coil was of an orange colour and about 
3 mm. wide.

On the 19th October 1960 I found two more individuals of P. 
elegans at Plymouth. The smaller one, 1.2 cm. long, was found on 
a rope about five metres below low water on the breakwater. A num­ 
ber of ascidians including Ciona were growing on the rope. The 
larger specimen, 2.6 cm. long, was caught in a handnet on a colony 
of Ciona intestinalis (L.) growing on a pontoon in Millbay docks. 
This individual (Fig. 1) is very similar to that found by Mr. Forster, 
but differs in a number of features. There are 7 digitations to the 
oral veil, 7 tripinnate gills, and 15 complete rings to the rhinophores. 
The border carries white, blue, and black flecks, and there are irregu­ 
lar thickenings ofl.it, including a pair of short papillae behind the 
gills. There is no trace of carmine either on the gills or in the spots.
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1 cm.

FIGURE 1.—Polycera elegans from Millbay docks, Plymouth, drawn from life 
Stippled areas appear ultramarine blue in life.
(a) from above.
(b) from right side.
(c) head from below.

The taxonomy of P. elegans.
These two individuals, though not identical, are very similar to those 

described by Bergh (1894). His were 0.9 cm. long, and orange with 
blue spots. They had 6 simple pinnate gills, 15 to 20 rings to the 
rhinophores, and 4 digitations to the oral veil. There were no dorsal 
papillae or thickenings to the border, but there was a rose tinge to 
the rhinophores and the gills.

Odhner's P. messinensis had 7 tripinnate gills, but was otherwise 
identical in externals with Bergh's P. elegans. The Banyuls specimen 
carried pronounced dorsal papillae, and the blue border extended in 
front of the rhinophores (Pruvot-Fol, 1951). The Arcachon specimens 
had each spot surrounded by a carmine line, tripinnate gills, definite 
dorsal papillae, and 6 to 8 digitations to the oral veil (Pruvot-Fol 1955).

We can conclude from the external features that there appears to 
be continuous variation within one species rather than a dichotomy into 
two distinct species (see table 1). Thus there may be 5, 6 or 7 simple 
or tripinnate gills, and there may be 4 to 9 digitations to the oral veil. 
There may or may not be dorsal papillae. The spot distribution, and 
the amount of rose or carmine and of blue is variable. A comparable
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O.L.

(b)

300>A.

FIGURE 2.—P. elegans (Stoke Point, Plymouth): radula, transverse rows of 
teeth
(a) 1st row, much worn.
(b) 3rd row.
(c) 7th row.

M = marginal teeth; IL = inner lateral tooth; OL = outer lateral tooth.
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degree of variation is known from the closely related species P. 
quadrilineata Miiller which may have 5 to 9 simple, bi- or tripinnate 
gills, 1 to 13 oral digitations, and simple or branched dorsal papillae 
(Alder and Hancock, 1845-55, plate 22; Eliot, 1910, page 3; Elmhirst, 
1908).

The radula of P. elegans has 15 rows of teeth according to Bergh 
(1894), whilst that of P. messinensis has only 10 rows (Odhner, 1941), 
and that of P. atlantica has only 6 to 8 rows of teeth (Pruvot-Fol, 
1955). Pruvot-Fol does not attach much importance to these differ­ 
ences, and with this I am in complete agreement. The radula from 
the first Plymouth specimen (Fig. 2) has 11 rows of teeth, and the 
formula : 3—1.1—0—1.1—3. Anteriorly the marginal teeth may be 
reduced to 2 or 0. The shape of the lateral teeth is similar to, but 
not identical with, those depicted by Bergh, Odhner, and Pruvot-Fol. 
Such differences as do exist are due in part to the angle of viewing 
which it is difficult to standardise and impossible to alter in permanent 
preparations.

The genus Greilada, according to Bergh, differs from Polycera in 
that it has 6 gills which are simpl^ pinnate; there are no papillae 
behind the gills; and the jaws are joined above and below by inter­ 
mediary pieces. Pruvot-Fol (1955) has pointed out that P. faeroensis 
also has intermediary pieces to the jaws, and all the other features of 
Greilada have been shown to be very variable. Thus the generic 
name Greilada should be abandoned (Odhner 1941, Pruvot-Fol 1955). 
In view of the differences between two individuals at Plymouth, there 
does not seem to me to be sufficient justification for denoting each 
group of specimens from a different locality by means of a different 
name—either as separate species or as varieties. The species first 
described by Bergh is then P. elegans Bergh, of which P. messinensis 
Odhner and P. atlantica Pruvot-Fol are synonyms.

Ecology of P. elegans.
As to the ecology of P. elegans, very little is known. Two individ­ 

uals were found on or near dona, so they may have been feeding on 
tunicates. Dorids usually appear to be cryptically coloured (Garstang, 
1890), and P. dubia Sars is usually well camouflaged (personal obser­ 
vation). But P. quadrilineata is stated by Thompson (1960) to be 
" never inconspicuous." The (presumably) defensive glands of P. 
quadrilineata are concentrated in the dorsal papillae, which are held 
erect when the animal is disturbed. P. elegans also appears to be 
conspicuous but may lack these papillae, and some other source must 
be sought for its defensive mechanism. It does not secrete acid 
(personal observation) as does Pleurobranchus (Thompson and Slinn, 
1959), and merely contracts when disturbed. P. elegans has been 
found on only five or six occasions in over 70 years, yet it is a con­ 
spicuous animal, and several individuals have usually been found on 
each occasion. It appears to occur not only in the Mediterranean
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and in Biscay, but also in the English Channel. Three explanations, 
not necessarily mutually exclusive, are plausible :

(a) that P. elegans lives in inaccessible places. Okenia elegans* 
Leuckart has been found embedded in the tunic of Styela (Alder and 
Hancock, 1845-55, plate 27), and I would suggest that P. elegans may 
have a similar habit with respect to Ciona and other ascidians. The 
viscera of Ciona and Styela are often identical in hue with the orange 
of Polycera, so the colour of this nudibranch may be fortuitous, due 
to its food, and of no allaesfhetic significance since it is not normally 
exposed to the eyes of would-be predators. But although two indi­ 
viduals at Plymouth were found on or near tunicates, the Messina 
specimens were found on Zostera, and P. elegans is much more active 
than one would expect a commensal to be.

(b) that the individuals found of P. elegans represent spasmodic 
irruptions of an otherwise extremely rare species.

(c) that P. elegans is a local species that is spreading its range 
northwards.
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SUMMARY
(1) The occurrence of Polycera elegans at Plymouth is described.
(2) The Plymouth individuals of P. elegans are compared with 

Mediterranean forms, and with P. messinensis and P. atlantica. It 
is concluded that these should all belong to the single species Polycera 
elegans Bergh.

(3) The ecology of P. elegans is discussed, and explanations are 
suggested to account for the rare occurrence of the species.

* The Okenia elegans of this paper is described by Alder & Hancock as 
Idalia elegans Leuckart. It is referred to as Okenia elegans Leuckart in 
Winckworth's 1932 The British Marine Mollusca (/. Conchol, 19, 211-52). It 
is included in the 1957 Plymouth Marine Fauna under O. quadricornis 
Montagu, and in Pruvot-Fol's Mollusques Opisthobranches (1954, Faune de 
France 58, 460 pp., Paris) under O. leachii Alder & Hancock.
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(Reprinted from Nature, Vol. 195, No. 4839, p. 402 only. 
July 28, 1962)

Bivalved Gastropod from Jamaica
THE bivalved gastropod Berthelinia Crosse (= 

Tamanovalva Kawaguti and Baba) has been reported 
from Japan1 , Australia2 , and California3 . A second 
genus, Midorigai Burn, has been described from 
Australia. The purpose of this communication is to 
record Berthelinia from Jamaica. The first specimen 
was found on Caulerpa verticillata Agardh growing on 
rocks in an open part of a mangrove channel near 
Port Royal on January 8, 1962. Small quantities of 
algae collected on January 11 and 16 yielded fifty 
more specimens, so in this small area Berthelinia can 
be described as common. To my knowledge, this is 
the first time that living bivalved gastropods have 
been taken from the Atlantic.

The shell is almost identical with that of B. typica 
Gatliff and Gabriel4 . The present species certainly 
belongs to this genus, although further work is 
necessary to decide whether or not it is distinct from 
those species already described.

I thank Prof. D. M. Steven and the staff of the 
Department of Zoology, University College of the 
West Indies, for provision of laboratory facilities, and 
the Department o'f Scientific and Industrial Research 
and the Committee for Commonwealth University 
Interchange for funds while in Jamaica.

MALCOLM EDMUNDS
Department of Zoology, 

University Museum, Oxford.
1 Cox, L. B., and Rees, W. J.. Nature, 185, 749 (1960). 
s Bum, R., Nature, 186, 179 (1960). 
' Keen, A. M., Nature, 186, 406 (1960). 
4 Btirn, R., Nature, 187, 44 (1960).
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BERTHELINIA CARIBBEA N. SP.. 

A BIVALVED GASTROPOD FROM THE WEST ATLANTIC

By M. EDMUNDS 

Department of Zoology, University Museum, Oxford

(Accepted for publication September 1962, In
J.Linn.Soc.)

INTRODUCTION 

Since the discovery by Kawaguti and Baba (1959) of living

bivalved gastropods in Japan, Intensive search has resulted in 

several species being found in Australia (Burn, 1960a, b, c), in 

Baja California (Keen, I960), and in Hawaii (Kay, 1962). A pre­ 

served specimen of Julia Gould from the Mariana Islands has been 

described by Morrison (1961), and it now seems likely that related 

species may be found throughout the world, at least in warm waters. 

The present paper describes Berthelinla caribbea n.sp. from Jamaica. 

This is believed to be the first record of a living bivalved gastro­ 

pod from the Atlantic (Edmunds, 1962), although related fossil forms 

are known from the area (Gardner, 1926), and Julia gardnerae Wood- 

ring actually lived in Jamaica during the Miocene (Woodring, 1925).

CLASSIFICATION 

The classification used is that of Keen and Smith (1961). As

more is discovered about bivalved gastropods, this will no doubt have 

to be revised; In particular, it may be necessary to raise the



Bertheliniinae to the rank of family, and the reinstate Anomalomya 

Sdenttellina . Ludovidia. Hidorigai and Taaanovalva as full genera.

Subclass OPISTHOBRANCHIA Milne-Edwards, 1848
Order SACOGLOSSA Von Ihering, 1876 

Suborder TAMANOVALVIDA Kawaguti and Baba, 1959
Family JULIIDAE Dall, 189S 

Subfamily BffiTHELINIIMB Beets,

Shells lenticular in shape, ovate to quadrate, with a weak hinge; 

spiral protoconch on one valve retained in the adult; adductor 

muscle scar central, undivided, circular.

The subfamily Juliinae differs principally in having a thicker, 

cordate shell, a heavy hinge, a prominent tooth-like ridge in one 

valve, and a centrally constricted adductor muscle scar.

Genus BERTHSLINIA Crosse, 1875 

Left valve with spiral protoconch; right valve slightly smaller,

without spiral apex; outline of shell somewhat quadrate. Colour 

of shell greenish to yellowish.

Berthelinia caribbea n.sp.

Diagnosis. Shell ovate- trigonal, sharply narrowed but rounded 

posteriorly; protoconch large, of l£ whorls, inclined at an angle 

to the horizontal, and situated at the latter one- third of the shell 

length. Umbos not prominent. Shell green or grey-green, often 

tinged brownish, with more or leas distinct yellow rays. Hinge 

with well developed posterior teeth. Ligament white. Mantle with 

irregular horizontal bands of dark reddish-brown or yellowish-brown 

showing clearly through the transparent shell in life, and persisting



for at least several months in alcohol. A mid-dorsal brovn line 

is present on the neck which bifurcates at the eye turret, one 

branch running to the inner side of each rhinophore. Oral tentacles 

reduced to two slightly raised ridges. Pharynx heart-shaped, with 

a dorsal pouch and two large crops. Radula with 5-6 teeth in the 

agoending, and 19-26 in the descending series, not counting the pre- 

radular tooth. Larger teeth with 60-70 fine denticulations on each 

side, entire at the tip.

Locality. Over 100 individuals were collected between 6 January and 

13 March 1962 from the alga Caulerpa verticillata J.Agardh growing 

on stones in the lighter and more open parts of the mangrove beds 

near Port Royal, Jamaica.

Types. The holotype, No.1962261 V, and paratypes Nos.1962262-3 W, 

are in the British Museum (Natural History); paratypes are in col­ 

lections at the University Museura, Oxford5 Academy of Natural Sciences, 

Philadelphia; Smithsonian Institution, Washington; Marine Laboratory, 

University of Miami; University of the Vest Indies; Institute of 

Jamaica; University of Okayama; and the National Museum of Victoria, 

Australia.

FURTHER DESCRIPTION AND COMPARISON WITH RELATED SPECIES 

Shell, The largest shell is 3.73 mm. long. The height varies from 

60 to 73 per cent of the length, with a mean at 65.6 per cent. The 

protoconch lies at a slight angle to the horizontal, and is situated 

at two-thirds of the shell length. The distance from the anterior 

edge of the shell to the inner whorl of the protoconch (Fig.la)



varies from 63 to 77 per cent of the shell length, with an error 

in measurement of up to 4 per cent* The mean of H young shells

(1.36-2,0 mm. shell length) is 67.9 per cent, and of 16 older shells 

(3*0-3.5 nun,) is 70.6 per cent. Sheila of intermediate size have 

means of 68-69 per cent, 67.9 differs significantly from 70.6 

(P< 0.01 for 28 degrees of freedom), but not from the means of shells 

of intermediate size. Thus although the protoconoh of B.caribbea is 

usually situated at approximately two-thirds of the shell length, in 

older specimens it is closer to three-quarters. Hov B.limax. chlorie. 

australis and tiabai (this is the Edenttellina typica Gatliff and 

Gabriel of Burn, 1960£>, redescribed as Tamanovalva babai by Burn, 

in press) have the protoconch at the latter one-third of the shell 

length, whilst B.typica Gatliff and Gabriel has it at the latter 

one-fourth (Baba, 1961,a). I have been able to measure four shells 

of B.limax Kawaguti and Baba which give figures of 66, 66, 71 and 

76$ three shells of B.anatrails Burn which give figures of 69, 70 

and 73; and two shells of B.typica Gatliff and Gabriel which give 

figures of 81 and 81. Clearly B.caribbea is in the limax-australis 

group, and distinct from typica; but these results also suggest that 

the position of the protoconch may not be a good taxonomic character 

unless a number of individuals of varying ages is available for study.

Considerable variation was noted in shell shape, but no con­ 

venient method could be devised to quantify it. In particular, the 

posterior end sometimes tapers considerably as in B.chloris Dall 

(Keen and Smith, 1961 Figs. 24, 32), whilst in other shells of the
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same size it may be more evenly rounded. The colour of the liga­ 

ment and the colour of the rays in the shell may prove to be good 

taxoaomic characters. The ligament is white in B.caribbea. dark 

brown in typica and in babai, ashy-yellow in limax. ashy-white in 

chloriSf and ashy-brown in australis (Baba, 1961,a). Yellow shell 

rays occur in oaribbea (Fig.2,a) and sometimes in limax (Babe, 1961,b) 

and typica (personal observation); green rays are present in australis 

and chloris (Burn, 1960,bj Keen and Smith, 1961; Baba, 1961,a). The 

yellow rays in oaribbea lie immediately above dark brown blotches 

at the edge of the mantle. The hinge teeth are similar to those of 

B.typica. and are better developed than in limax and chloris. In 

particular, the posterior cardinal of the right valve is large, and 

fits into a socket between two teeth of the left valve (Fig.2,c), 

only one of which is described for limax (Baba, 1961,b). The 

anterior cardinal of the right valve is very small and inconspicuous. 

The hinge itself is long and straight, and is marked by the white 

ligament scar. The periostracum is transparent brownish, and the 

protoconch either creamy-white or brownish.

External features of soft partg. The colour of the living animal 

is green or yellowish-green. White dots are scattered over the 

head and neck, and are^articularly abundant on the dorsal margin 

of the foot, on the rhinophores, and on either side of the mid- 

dorsal brown stripe. On the mantle there are scattered liiite dots 

with clusters at the edge alternating with the radial blackish-brown
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blotches. Some of this white persists for a time In alcohol or 

formalin, and this is indicated in Fig.la and b. The aides of 

the neck ere suffused with yellow-brown, and the anterior margin 

of the foot may be tinged with blue. Brovn pigment is also scat­ 

tered over the dorsal and lateral parts of the body, but not in 

sharply marked areas as it is on the mantle or the dorsal stripe 

(Plate 1), The longitudinally grooved foot is rounded anteriorly, 

and occasionally shows a slight notch. The rhinophores are deeply 

grooved on the outer surface (Fig.lc); oral tentacles are absent, 

but two curved ridges can be regarded as these organs. In life, 

the mantle projects slightly from the edges of the valves except 

posteriorly whers there is a small anal siphon. At this point the 

valves never close completely, Ivater is carried in by a ciliary 

current dorsally at the front and passes out of the anal siphon 

(Fig.la). The gill hangs from the right mantle, and in one animal 

which I dissected out has 29 parallel lamellae.

Alimentary canal. The alimentary canal resembles that oi B.liaax 

(Baba, 1961,b) f but there are important differences in the phar- 

yngeal region (Fig.3). The pharynx is heart shaped with the mouth 

receded between the two anterior lobes (j[). There is a ventral lobe 

containing the old radular teeth, and a large thick-walled dorsal 

pouch (x). A pair of voluminous phsryngeal crops (y.) open into 

the pharynx, one on either side, at the base of the dorsal pouch 

(x,)j and the long, coiled salivary glands open immediately dorsal 

to the crops. Radulae from five individuals were examined. Animals



of shell lengths 2,8 and 3.3 mm. both have 25 teeth, and one of 

3.5 ram. has 31 teeth. The teeth fFi£.4) are very similar to those 

described for B«l|raax f chloris and australis. 

Nervous system. The nervous system is similar to that found in 

B.limax (Baba, 1961,b), but it is more concentrated anteriorly 

^Fig.3). There is more fusion to the cerebro-pleural-pedal ring, 

and the supra-and infra-intestinal connectives are relatively 

shorter than in limax.

Reproductive system and development. The reproductive system, 

studied by means of serial sections, is similar to that of B.limax 

(Baba, I96l,b) Kawaguti and Yaraasu, 1961), but there are several 

differences. The hermaphrodite duct (Pig.5,H) from the ovotestii 

(0) leads into the ampulla (A) which is divided into two parts, 

both apparently functioning as seminal vesicles. The first part 

is a tube with lateral pouches, some of which are filled with 

spermatozoa, whilst those nearer to the ovotestis may remain empty. 

The second part is a swollen tube. The spermoviduct (S,o) from the 

ampulla runs across to the right side of the animal before dividing 

into the vas deferens (V.6) and the small oviduct (0,s). There is 

no seminal pouch at the base of the vas deferens as occurs in BA 

limax. The vas deferens passes through the prostate (Pr) before 

running forward to the penis (P). The small oviduct receives a 

duct from the albumen gland (A»gl) before it passes into the mucous 

gland (M), A pouch at the junction of the albumen duct with the 

small oviduct es occurs in B.limax was not found. The albumen gland
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i« much larger compared to the mucous gland in B.earibbea than it 

is in B.limax. The large oviduct (L.o) emerges from the mucous 

gland and opens into the aantle cavity. Two ducts enter the large 

oviduct; one connects with the small oviduct and is probably the 

fertilization canal (F), the other is the vagina (V) which opens 

into the large sperraatheca (S.t) and the somewhat smaller spermato— 

cyst (S.c). Spermatoaoa probably travel from the spermatocyst or 

the spermatheca via the fertilization canal to reach the unfertilized 

eggs.

The penis of an animal of 2,3 mm. shell length is 1 mm. long, 

and an individual of only 1.75 ram. was seen to copulate. Yellowish 

egg masses were frequently laid, usually with 40 to 80 eggs in each 

mass. The veliger resembles that of B.limax at the time of hatching 

fKawaguti, 1959$ Kawagnti and Tamasu, 1960,b), but metamorphosis was 

not observed. The spiral shell is of Thompson f s type 1 as in other 

Sacoglossa (Thompson, 1961).

Ecology* B.earibbea was invariably found on Caulerpa verticillata. 

usually amongst the bases of the stipes. C.sertularioides (Gmelin) 

Hove vfis also present, but no blvalved gastropods were found on it, 

'lien feeding, a brancfr of the delicate alga is sucked into the phar­ 

ynx and pierced by the radula. The juice fron» a small area is 

drained out, and the branch is released. Pale green patches on 

the alga indicate areas which have been sucked out by these animals. 

The only other species apparently feeding on C.verticillata was the 

sacogloesan Stiliger vanellus Marcus, Also of common occurrence on



151

Cauleraa were the holothurian fomaptula hydriformis Lesueur, the 

platyctenid ctenophore Vallicula multiforaia Rankin, and various 

species of caprellids. The predators of Berthelinia are not known, 

but it is likely that the bivalved shell is of defensive importance. 

It is interesting to note that in addition to possessing a bivelved 

shell, Berthelinia has a second defensive mechanism in the form of 

a secretion from the well-developed hypobranohial gland. \*hen dis­ 

turbed, the animal retracts between its valves, but remains attached 

to Caulerpa by a transparent byssus-Iike threar'. Violent disturbance, 

such aa when a needle is inserted between the valves, results in 

extrusion of a viscous white fluid from the hypobranchial gland near 

the snal siphon, and also occasionally all round the mantle edge. 

B.caribbeB was found in waters from 3-4 inches to 3-4 feet 

in depth. Two places in which it occurs in the Kingston area of 

Jamaica are subject to periods of reduced salinity following heavy 

tropical rains. Under these conditions, there is often a mass 

mortality of the invertebrate fauna as described by Goodbody (1961). 

Once the salinity has returned to normal, reeolonieation takes only 

a few weeks. B.caribbea was first found on 8 January T62, at 

Goodbody f s station A (Goodbody, 1%1). In late October and early 

November Ir6l there wr*s s mass mortality in this area following 

heavy tropical r- ins , Unfortunately it is not known whether £. 

earibbej can tolerate such a reduction in salinity, but this is 

possible as it may have been present but overlooked before 8 January, 

Alternatively, recolonization could have occurred from veligers of
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open water colonies not decimated, by the fresh water - E .limax 

may take as little as 7% weeks to reach maturity from hatching

and Yamasu, I960, a).

DISCUSSION

Berthelinia caribbea differs from B,limax in possessing 

pronounced hinge teeth, a white ligament, brown markings on the 

head and mantle, a heart-shaped pharyngeal bulb with a dorsal pouch, 

a more concentrated nervous system, a bipartite ampulla, and no 

pouch to the vas deferens. B.chloris and babai can be separated 

because of their less pronounced hinge teeth and lack of brown 

stripes* B.typjca has the protoconch at three-quarters of the 

shell length instead of at two- thirds, and notched radular teeth 

without denticulations. B.australis. with the protoconch lying 

below the level of the umbos, is clearly distinct. Each species 

is probably associated with one or possibly two species of the alga 

Caul erg a t thus B.limax lives on C.okamurai (Kawaguti and Baba, 1959), 

jLcjjloris lives on C . sertularioides and G.racernosa (Forskall) var, 

turbinata (Agardh) Eubank, and B.caribbea has only been found so 

far on C.verticillata. It seems likely that the pharyngeal sucking 

mechanism has evolved in each species of Berthelinia with respect 

to one particular species of Caulerpa. Hence we might expect the 

pharynx to give good taxonomic characters at the specific level.

Mr R,Bum (personal communication) has pointed out to me 

the resemblance of B.caribbea to Anomaloiaya corrugata Cossmann and to 

the Edenttellina tgpica of Hedley (1920) and Verco (1916) , which
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differ froa typica Gatliff and Gabriel. Th© chief points of simi­ 

larity are the straight hinge, the well developed hinge teeth, and 

the corrugate appearance. However, the shell is not actually corru­ 

gate in B.carribea. the corrugate appearance beinp; due to pronounced 

growth lines, and the hinge teeth closely resemble those of B.tvpica 

Gatliff ?nd Gabriel. In any case the differences from limax ae 

regards shell characters are small, not sufficient g.t the present 

time, in my opinion, to warrant generic separation.

B.caribbea also has a number of distinctive soft-part charac­ 

ters, for example the coloration, the concentrated nervous system, 

and the pharyngeal morphology. These may indicate thp.t caribbea 

deserves generic separation, but they cannot be used as evidence 

in favour of its being an Anoaalomya since this genus is based on 

a fossil form whose soft parts are unknown. I'hen more species of 

the family are described, it may indeed be necessary to split the 

genus Berthelinia, but until then I prefer to regard these1 charac­ 

ters as of only specific rank, and to follow Keen and Smith who 

include Anomalomya in the genus Berthelinia.
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Serthelinia caribbea n.sp. is described from the alga 

Qauleroa verticillata growing in the mangrove swamps near Port 

Royal, Jamaica* The most important characters which distinguish 

it from related species are the position of the protoconch at 

two-thirds of the shell lengthj the straight hinge with well 

developed hinge teeth; the white ligament; yellow shell rays; 

brown stripes on the head and mantle; the heart-shaped pharyngeel 

bulb with a dorsal pouch; entire, denticulate radular teeth; the 

concentrated nervous system; and the ampulla divided into two parts, 

The resemblance to Anomalomyn corrugata Cossmann is discussed, but 

it is concluded that, for the present, oaribbea should remain in 

the genus Berthelinia. It appears to feed entirely on C.verti- 

ci^lata to which it remains attached by a byesus-like thread even 

when the valves are closed. When irritated, it secretes e white 

fluid from the hypobranchial gland, but the deterrent value of this 

to potential predators is not known* B.caribbea may be able to 

survive in breckish water, although the evidence for this is in­ 

conclusive.
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Plate 1. Right (upper) end left side views of two 

individuals of Berthelinie ceribbea, narcotized in 

Magnesium chloride end ?lcohol (added drop by drop to 

sea weter), fixed for two hours in neut^el formelin, 

and preserved in 70$ flcohol*



Imm.



Pig. 1. Berthelini?' c; ribbe: n. sp.

fj ] orsel view of living animal, /rrows indicate w? ter 

currents. > -B is the zie&surement used from tho anterior 

margin of the shell to the inner whorl of the protoconch, 

bj Preserved enim&l from right side* Mantle edge shown 

retracted from the margin of the shell. Position of 

adductor muscle is indicated by & circle. 

c) Head of living &nimal from right .-.ide to show grooved 

rhinophore, end or^l ridges (0).

Solid blecJc end stippling inricate ereas of brown pigment, 

fetches in (a,) ?md (bj surrounded by dotted lines re­ 

present white •re; s which persist for r time in neutral 

formalin or alcohol. The upper 1mm. sc&le refers to 

and (b,)j the lower Q*5vw* scale refers to {c



1mm.



Pig 2. Shells of B. ceribbea.

ja) Right valve from outside. Yellow rays are dotted.

bj Protoconch of left valve from left side.

c.) Details of hinge structure of right (upper) and left

valves* jl - posterior cardinal of right velvej J -

smell cardinal of left velvej £ - 1 rge cardinal of left

valve; £ - anterior cardinal of right valve. The

ligament is dotted.

The lam. scale to the left refers to^gi); the 0-25 so? le

to the right refers to (b) ?nd (JB).





3t Pherjrngesl bulb end nervous system of B.. oaribbea 

dissected out. Let&ils of the pedal nerves end of the viscer­ 

al, osphrsdiei and genital g&nglis added from serial sections. 

i?he salivary glands hev^ been omitted for clerity.
«

•a) Dorsr.1 view. Jb) L^ter:. 1 view. c) V^ntrf.l view of 

nerve ririg. b^ - bucc£ 1 ganglion; £ - cerebro-pleurel gsngl- 

ion; j| - oesophegeel divert!culum; £ - genit? 1 ganglion; 

i_ ~ infr*-intestinal genglion; m - mouth; £ - osphredial 

gsnglionj £ - pedal ganglion? ^ - radulaf £ supra-intestinel 

ganglion; w - lotert;! lobe of pharynxj x - dorsal pheryngeal 

pouch; £ - pharyngeel crop; £ - oesophegus.
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Fig. 4. Rsduler teeth of B, oaribbea*

aj Pre-rsdulsr tooth (Pj and first two teeth of 8 3«5nmu animal

31st tooth of the same nimrl, 

£) ^?2nd tooth of another animal.

The upper 25p scale refers to (aj? the lower 5Qji soale refers 

to (bj ?nd
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Ftg» 5» Reproductive system of JU caribbea as reconstructed 

from serirl sections and viewed from fte dorsel aspect. The 

ampulla t nd the large oviduct have been pulled out Itterelly 

for clarity, und the odductor muscle rnd the anus heve been 

drmm in to give en indicrtion of the position of the various 

organs in the b*dy. A - ampulla j £• fii. - albumen glend; 

F^ - fertilisation cenel; E^ - hermaphrodite duct; j^.o, - 

large oviduct; |£ - mucous gland; 0^ - ovotestis; 0^*8^ ~ 

small oviduet; £ - penis; fr - prostate; £u£ - spermsto- 

°ys*5 2s3. ~ spermoviduct; £.£ - spermatheca; V, - vagina; 

V.d - vas deferens.
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