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I. Preface.

In October^ 1907, when working in the Zoological Tjaborn-

tory of the Imperial College of Science and 'i’ochiiology, I

undertook, upon the suggestion of Professor Dendy, an

investigation into the structure known as Iloissiier’s fibre.

Since January, 1908, the work has been carried on in the Zoo-

logical Department at King’s College (University of London).

At that time the several papers which had been published

some years earlier by Porter E. Sargent, in which he had

announced his ''optic reflex theory,” had attracted coiusider-

able attention, and his theory had been accepted by the

authors of several text-books, notwithstanding that his

results had not received adequate confirination. In view of

the very remarkable character of his observations and his

deductions tlicrefrom, confirination appeared desirable, and

accordingly I set out to examine the fibre in a nnniber of

vertebrates. Prom the very outset, however, I found that

in several important, and, indeed, fundamental particulars,

my observations differed markedly from those recorded by

Sargent. I have accordingly refrained from publishing any

account of my work until, from an examination of a very large
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number of individuals of different species, I should be able

to place on a secure foundation results wliich are so g’reatly

at variance with the “ optic reflex: theory ” of Sargent.

As the result of this investigation, extending now over a

period of nearly five years, I am convinced that both in its

origin in the brain, and in its ending in tlie sinus termi-

nal is, the condition of Reissner’s fibre is altogether different

from the account given of it by Sargent, and I shall hope to

succeed in demonstrating that this fibre is not a nerve-tract

at all, and that consequently it cannot possibly have the

function assigned to it by that author.

The investigation has necessitated the preparation and

examination of series of sections of the whole or parts of the

central nervous system of between three and four hundred

individuals, which have been selected from nearly seventy

species. I have also endeavoured to ascertain the function

of Reissner’s fibre by means of experiments upon living

fishes performed at the Laboratory of the Marine Biological

Association at Plymouth. 'The results of these experiments,

a short account of which has recently been published (’12),

are quite in accord with the suggestion made by Dendy (’09)

that the fibre and associated sub-comtnissural organ form

pai't of an apparatus for automatically regulating the flexure

of the body.

The altogether unexpected proportions to which the work

has attained have rendered it advisable to publish it in several

parts. This, the first part, will be confined mainly to an

account of the conditions observed in the Cyclostomes.

'I'he literature list appended does not profess to be com-

plete. It includes only the works referred to in tliis^present

])art, and the reader is referred to the work of Sargent (’04)

for a more complete bibliograpliy of earlier writings which

have a bearing, more or less direct, upon this subject.

It is with pleasure that I acknowledge my indebtedness to

Professor Dendy, to whom the inception of the work was due,

not only for his invaluable advice and ci-iticism during the

progress of the work and in the revision of the manuscript.
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but also for most kindly undertaking the reading of tlie

proofs. Further, he has placed at my disposal some valuable

material, and allowed me the use of his large collection of

slides. I wish also to express my thanks to Dr. Allen,

Director of the Marine Biological Ijaboratoi’y at Plymouth,
and to his staff, for the facilities afforded me for the collec-

tion of material and for the carrying out of experimental

work while occupying the British Association’s table there.

For assistance in prociu’ing otlier of the material employed
in this research I desire to express my obligations to

Professor Meek, Dr. A¥oodland, and Mr. W. F. Allen, while

to IMr. R. W. II. Row my thanks are dne for the greater

number of the photomicrographs used in illustration, and to

i\Ir. Charles Biddolph for assistance in the preparation of

many of the series of sections.

II. Introduction.

(a) Methods and Material.

In the brain and spinal cord of almost every specimen

examined Reissner’s fibre could be recognised without diffi-

culty. In a few instances only was it apparently absent, and

this, practically in every case, in animals which had been

preserved entire in fixing fluids of low penetrative power, or

where, if the brain-case had been opened, as in some of the

larger specimens, there had been insufficient exposure of the

brain and spinal cord to the action of the fixing reagents.

In the preservation of such of the material as I was able

to obtain in the living condition a number of the commonly

employed fixing reagents were tried. Of them all, the

aceto-bichromate mixture (Bolles Lee, pp. 49-50), with

which I had previously obtained satisfactory results on

particularly refractory Teleo.st material, proved the most

generally useful, and was latterly made use of almost exclu-

sively, being found to combine fairly rapid penetrative

powers with a good hardening action. With this fluid, too.
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there is no risk of overhardening, and the material may be

left in it safely for several days, or even weeks, and, if

thoroughly washed, is always found to be in good condition

for staining. It has, too, the further advantage that small

entire specimens left in it for several days usually do not

required subsequent decalcification.

Specimens of small size (small ammococtes, embryo dog-

fish, Teleosts up to 30 mm., or even 40 mm. in length,

amphibian larvm, etc.) were, as a rule, plunged whole into

the fixing fluid
;
in the case of larger specimens some dissec-

tion was necessary.

Wherever practicable freshly killed material was taken,

and the brain partially exposed as rapidly as possible, the

entire animal then being plunged into a large quantity of the

reagent. Further dissection to complete the exposure of

the brain was usually carried on while the specimen was

immersed in the fixing fluid.

Such specimens as were sufficiently small were sectioned

entire, all risk of damage to the central nervous system being

thus avoided. In most cases, however, the length of the

central nervous system was too great to admit of the cutting

of longitudinal sections through its entirety. In these, the

brain (or head) with a considerable portion of the spinal

cord behind it, and also the terminal jjiece of the spinal

cord, were removed, but, before the spinal cord was severed,

the exposed portions of the central nervous system were

allowed to become thoroughly penetrated and fixed. The

severance of the S
2
)inal cord might generally be safely per-

formed, where aceto-bichromate was the i-eagent onployed,

after the lapse of from half an hour to one hour, according to

the size of the S])ecimen.

By the adoption of this ]>recaution the characteristic recoil

of the fibre, with the resulting tnngle of its free ends, which

Inis been remarked by several observers (Sargent, ’04,

Nicholls, ’12), was generally prevented, and the fibre was

jireserved in its natural relations. In one or two instances,

however, it was found that Beissuer’s fibi’e had, notwith-
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stiuuliiig, suffered accidental breakage prior to, or during,

fixation.

In tlic case of some of the larger animals, in order to

ensure thorough penetration it was found necessary to

remove part of the brain on one side. This was cut away

with a razor, but only after partial hardening, in order to

lessen the risk of crushing together the parts of the brain

and the consequent disturbance or displacement of the fibre.

Where })racticable, however, the brain was preserved entire,

the removal of part being found to be necessary principally

in the case of mammalian brains.

Many different stains were employed, lleissner’s fibre

being stained strongly by several of these. It is brought out

especially well after fixation in aceto-bichromate by heavily

staining in bulk in Grenadier’s borax-carmine, followed, upon

the slide, by picro-indigo-carmine. This latter stain was pre-

pared by mixing one part of a saturated solution of picric acid

in 70 per cent, alcohol with two parts of a saturated solution of

indigo-carmine in 70 per cent, alcohol. Sections immersed for

about five minutes in this solution become considerably over-

stained. This excess of stain is got rid of by washing in a

number of changes of 70 jjer cent, alcohol till all trace of free

])icric acid is removed. (If the washing be not thorough the

lesidual jiicric acid begins to crystallise out in a few days.)

Sections treated in this way usually show axis-cylinders

stained red, with medullary sheaths green, while Eeissner’s

fibre appears of a dull purple tint. Nerve-cells stain

variously, the nuclei of all being particularly well brought

out, while the cytoplasm, in most cases, is only lightly stained;

in the “ Dachkern ” cells, however, the cytoplasm becomes

well stained, and takes on a reddish or purplish tint. Blood-

corpuscles are stained green.

If the washing in 70 per cent, alcohol has been prolonged,

Keissner’s fibre fades to a pale blue or blue-green colour, and

connective tissues a])pear bright blue.

Another stain which has given me good results is iron-

bi azilin used as descilbed by Ilicksou (’Ul). yome especially
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satisfactory results have been obtained by the use of this

stain with brains of Petromyzon which liad been fixed in

aceto-bichromate, the nerve-fibres being wonderfully defined.

It is, indeed, particularly useful for material where the fibres

are non-medullated.

Various hgematoxylin stains were also tried, and generally

served to bring out Reissner’s fibre well. Ehrlich’s acid-

haeinatoxylin stains the fibre strongly, and Ueidenhain’s iron-

htematoxylin upon aceto-bichromate material in particular

yields very satisfactory results. A modification of Weigert’s

method, suggested by C. J. llerrick, was tried upon material

fixed in aceto-bichromate as well ,as upon material fixed in

Flemming’s stronger fluid and in Zenker’s fluid
;

in eveiy case

Reissner’s fibre was found to take the stain strongly, but was

readily decolorised by any of the several decolorising fluids

commonly employed.

Asa test for elastin, both (Jnna’s orcein stain and Weigert's

elastin stain, which were brought to my notice by Professor

Dixon, were tried upon the fibre in the spinal cord of the frog,

and with both reagents the fibre became stained, but lightly.

The metliylene-blue stain recommended by Ramsey (’01)

was employed upon both 'I’eleost and Elasmobrauch brains.

It was observed that Reissner’s fibre took up the stain cpiite

well, but unfortunately the stain appears to be transient.

The rapid method of Golgi was tiled upon Elasmobrauch

material (Paia, Scyllium), and although quite satisfactory

general impregnations were obtained, I found, as apparently

all previous observers have done, that Reissner’s fibre in-

variably fails to become impregnated. This fact has been

explained by Sargent as probably due to the presence of

much non-dialisable colloid material in the cerebro-spiual

fluid Avhich surrounds the fibre, which was supposed to inter-

fere with the action of the fixing fluid. Accordingly, in

])reparing some Selachian material for this method, I removed

about one third of the brain by a longitudinal vertical cut,

thus partly exposing the ventricles and allowing the cerebro-

spinal fluid to drain away, but Reissuer’s fibre did not even
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then hecoine impregnated. In Raia, in particular/it was

noted that the cells of the “Daclikern” and of the suh-com-

niissural organ were also unimpregnated, and, for that reason,

were conspicuous as yellowish patches upon the almost black

background.

A modification of the method of Bielschovski, suggested by

Stewart Patou (’07), was tried upon embryo Scy Ilium cani-

cul a, and upon a small teleost (Esox) brain. In the case of both,

successful impregnations were obtained, nerve-fibres being

picked out in a deep blue-black, while unimpregnated tissue

takes on a soft grey tint. Reissner’s fibre appeared homo-

geneous, and showed no indication of the coloration to be

observed in neuro-fibrillae, but took on the pale grey colour.

The cells of the “ Dachkern ” and the giant cells of the cord

became heavily impregnated, the network of neuro-fibrillae

WMtliin some of these latter (in embryo Scyllium) being

wonderfully defined.

The material examined includes :

Cyclostomi.—Pe t rom y zon f 1 u via ti 1 i s, I ch thy o m zo n

(En t osp h e n u s) tridentatus (ammocoetes only), G«otria
a u s t r a 1 i s, ]\I y X i n e g 1 u t i n o s a, B d e 1 1 o s t o m a c i r r h a t u m,

B . ( P o 1 i s t o t r e m a) s t o u t i

.

Elasmobranchii. — Chimmra (Hydrolagus) colliei;

Scyllium cauicula, Raia (three species), Rhina squa-

t i n a .

Ganoidei.—Lepidosteus os sens (larvae).

'bELEOSTEi.—Some twenty or more species of the genera

Esox, Anguilla, Phoxinus, Umbra, Gobius, Blen-
nius. Gas ter os tens, Syn gnat bus, Agon us, Coftus,

'I’rigla, Mugil, Rhombus, Gadus, Lab ru s, Loph i u s.

Box, etc.

Amphibia.—Both adults and larvai of Amblystoma sp.,

Salam.andra (two species), IMolge (two species), Rana (two

species), and adults only of Uyla sp., Bufo vulgaris, and

Bombinator igneus.

Reptieia.—Two different sjiecies of Gecko, Lacerta



STRUCTUliE AND DEVELOPMENT OF REISSNER’s FIRRE. 9

(three species)^ Auguis fragilis, Pygopus sp.^ Hinulia
sp., Tropidouotus iiatrix, Emys sp.^Testudo stel-

lata, Splienodoii punctatus (adult and embryonic).

Aves.—Gallus domesticus and Columba livia.

Mammalia.—Talpa europma, Erinaceus europieuSj

Mus inusculus, l\Iicrotus arvensis^ Lepus cuniculus,

Caviacobaya, Felisdomestica(?),AntliropopithecuSj

and Homo.

(b) Historical Review.

So very complete a survey of the work of the earlier

investigators who have noticed Reissner’s fibre and related

structures has been given by Sargent (’04) that it will be

necessary for me here to do little more than consider the

more recent papers which refer to this subject, most of which

have appeared since Sargent’s preliminary paper (’00).

It is now a little more than fifty years since Reissner (’60)

announced his discovery of the fibi'e Avhich bears his name.

He described it as a fine cylindrical rod lying freely in the

canalis centralis of the spinal cord in Petromyzon, but he

did not ascertain either its origin or ending. He believed it

to be a pre-formed structure of a nervous nature.

For nearly forty years after its discovery the fibre remained

strangely neglected, and of the comparatively few observers

Avho mention its occurrence the greater number saw it only

in the canalis centralis of the spinal cord, and appear to

have agreed with Stieda (’68, ’73) that the structure was an

artifact resulting from the coagulation of the cerebro-spinal

Iluid under the action of certain fixing reagents. Sanders

(’94) deserves notice as being the first observer to trace the

fibre forwards (in Mjxine) into the Cavity of the mid-brain,

and backwards into the sinus terminalis. Mayser (’82),

with whose work Sanders appears to have been unaccpiainted,

had ])revionsly found the fibre in the fourth ventricle of

Teleosts.

A new era in the study of Reissner’s fibre may be said to
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have coinniencecl with the work of Studiiicka, wlio, in 1899,

announced that he had observed the fibre in a large number
of forms. His description, however, relates principally to

Petromyzon. He discovered the posterior end of the fibre

in a tangled condition somewhat similar to that described by

Sanders in Myxine. He expressed the opinion that it was a

pre-formed structure, and stated that he found it to be homo-

geneous, affording no evidence of internal structure. He
concluded that it was non-nervous, and probably produced

as a secretion of the ependymal epithelium of the canalis

centralis. He failed, however, to observe its connection

anteriorly with the sub-commissural organ (although, in

Petromyzon, he succeeded iu following it forward to a

point immediately beneath the posterior commissure), and

he supposed, erroneously, that the anterior end of the fibre

was free and possessed of the power of growing forward.

Six months later there appeared the first of Sargent’s

])reliminary papers. In this paper (’00) he states (p. 41)

that “ the course of Iteissner’s fibre through the ventricles

to its termination anteriorly has been most thoroughly

studied in Teleosts, where it has been followed continuously

in Cynoscion, Pomatomus, Morone, Ami a and Salvelinus.

The fibre has been followed to its termination in

the torus also in llaja, Lepidosteus, Nectuims,

Alligator, S c e 1 o j) t e r i s
, g a r t e r - s n a k e, and less

completely in many other species including the

mouse and pigeon.” (The spaced type is mine.)

It will be sufficient comment upon this statement to recall

the fact that the torus Ion gitudinalis is a structure

peculiar to the brain of bony fishes, as was shown by Pabl-

liuckhard long since (’84). What Sargent supposed to be

the torus 1 o n gi t u d i n al i s, and labels as such in his text-

fig. 1, is evidently the ]>osterior commissure.

Describing the course of Peissner’s fibre he says (op. cit.,

]). 42) ;
“ Passing along the median fissure of the torus lor

one half to two-thirds its length and close to its surlace

(tigs. 8, 9), the fibre passes beneath the membrane which
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covers the torus and enters the brain substance (fig. 10).

In Cynoscion and Salvelinus the fibre, after passing beneatli

the membrane, may be followed for 100 /t or more before it

breaks up.” The “ membrane” here referred to, in the light

of his text-fig. 1, is iudubitably tliat well-defined tract of

highly modified ependymal epitlielium beneath the posterior

cotnmissure for which the name “ sub-commissui’al organ ”

has been recently suggested (Dendy and Nicholls, ’10).

Sargent further seems to have confused the cavity of the

mid-brain with the third ventricle, for he says (p. 39) : “As
already stated, Reissner’s fibre extends through the whole

length of the canalis centralis of the cord and continues

cephalad through the fourth and third ventricles to the

anterior end of the optic lobes.”

In an appendix to this paper he controverts Studnicka’s

( 99) statements (pnblislied six months earlier), and reaffirms

his own opinion that Reissuer’s fibre is a pre-formed structure

of a nervous nature.

His conclusions were criticised by Kalberlah (’00) in the

same year. This author figures Reissner’s fibre in a trans-

verse section of the spinal cord of an embryo of Acanthias,

and from a study of the condition of the fibre in that embi’yo

he comes to the conclusion that it is an aitifact. It is quite

possible that what he describes as “ eine gauze Kollektion

soldier Fadenquerschnitte ” was simply a tangled mass of

fibre, which might easily present such an appearance in

transverse section.^

Although he actually quotes the sentence from Sargent’s

paper in which that author refers to the posterior commissure

under the uame “torus,” Kalberlah appears not to have

noticed either this or other errors in Sargent’s work, to

which I have here called attention. Sargent subsequently

(’04, p. 135) dismissed Kalberlah’s criticism as valueless,

remarking that that author had probably himself not seen

‘ I have seen appeiirunees precisely similar to that figured by

Kalberlah in sections of the spinal cord of the mouse in which a

tangled heap of Reissner's fibre was cut through.
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Reissner’s fibre because in erubryos of Acantliias at that age

the fibre is not developed.^

In this
3'ear another paper containing a reference to

Reissner’s fibre was published by Studnicka (’00). Replying

to Sargent’s criticism of his former work^ he remarks that

that author’s statements require confinnatioiq and further,

that he himself found it very difficult to reconcile the idea of

the fibre being a nervous structure with his own observations

upon its relations to the V entriculus terminalis.

This paper is also noteworthy iu that it contains the earliest

careful figures of the modified ependymal epithelium of the

sub-commissural organ (in the lamprey and dogfish). In his

text the author states that he was unable to determine the

function of this epithelium, and he does not appear in the

least to have realised its connection with Reissner’s fibre.

In the following April Sargent (’01) published a second

preliminary paper, dealing this time with the development of

the fibre, which, he said (op. cit., p. 445), “ has been studied

in about twenty different species, and has been more or less

completely worked out in representatives of all the chief

groups of vertebrates.” His descriptions, however, relate

only to Cyclostomes, Ganoids and Selachians, in which he

claimed to have discovered “ axons ” which, growing out from

numerous cons[)icuous nerve-cells (the “ Dachkern” of Rohoii)

in the tectum m esen c ep

h

al i

,

emerged into the aque-

ductus sylvii either immediately (Amiaand Petroni 3’zon

marinus [?]), or after passing forward in the brain-tissue to

the anterior end of the tectum (Selachians), these axons

uniting in both cases in the aqueductus Sylvii to form

Reissner’s fibre. Referring to the condition in Selachians he

says (’01, p. 448) : “Where Reissner’s fibre leaves the brain

tissue the mombraue covering of the roof of the ventricle is

continued in a cone-like ])rojection surrounding the fibre

' K:ilV)erlah, so far as I can find, nowhere states either the age or the

size of the embryo in question. I, myself, find the fibre developed in

the closely related Scyllinm canicula at a very early stage, and

Sargent also records its existence early in development iu Mustelns.



STRUCTURE AND DEVELORMENT OE REISSNER’s FIBRE. 13

(fig. 9).” Tliis ‘^cone-like projection’^ is obviously tlie

posterior end of tlie sub-comiuissural organ (cf. text-fig.

2
,
A, b), and this constitutes his only reference in this paper

to this organ.

Sargent apparently still continues in tliis paper to confuse

the aquednctus Sylvii with the third ventricle, for he says

(p. 448): ‘'In the adult Petromyzon Peissner’s fibre passes

through the canalis centralis and the fourth ventricle, from

which it enters the brain-tissue of the basal portion of the

cerebrum, and passing through this emerges into the third

ventricle. Here it breaks up into several trunks and con-

tinues forward to the anterior portion of the ventricle, where,

after further division, it enters the tectum.” The “basal

portion of the cerebrum,” too, is somewhat vague, but Sargent

means apparently the postero-ventral part of the optic lobes,

and perhaps also of the cerebellum.

Sargent further describes (’01) in the sinus terminalis

of Amia, Raja erinacea and Petromyzon marinus, free

“posterior canal cells,” which, he states,send forward “axons”

to meet the backwardly growing Reissner’s fibre, and says

(p. 447) : The fibre, then, is a nerve-tract composed of axons

running in opposite directions, both cephalad and caudad.

'ITie development of this apparatus as outlined for

Amia is typical for all vertebrates” (my spaced t3qje).

It is in this paper that Sargent, upon what appears to me
to be altogether unsatisfactoi'y and insufficient evidence, first

puts forward the optic refle.x theory, which he formulates as

follows (p. 450) : “The apparatus which is the subject of this

paper forms, I believe, a short circuit between the visual

organs and the musculature, and has for its function the

transmission of motor reflexes arising from optical stimuli.”

Ilis text-fig. A (p. 449) offers a diagrammatic repre-

sentation of the structure of this “ optic reflex apparatus,”

but he wholly omits, so far as I can find, to make clear in

what way he supposes the alleged axons of the “ posterior

canal-cells” to be related to the cells of the “ Dachkern ” or

other brain centre.
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Sargent states also (’01, p. 4ol) that “in those species

'which are totally blind no trace of this apparatus is to be

found ”—an erroneous statement that has since found its way
into several text-books, notwithstanding that, so long ago

as 1894, Sanders had mentioned the existence of a particularly

well-developed Reissner’s fibre in Myxine, his discovery being

confirmed by Studuicka in 1899.

In the latter part of the same paper Sargent gives an

account of certain experiments performed upon living sharks,

the operation consisting in breaking Reissuer’s fibre in the

fourth ventricle. He states that he observed that “ those

sharks in which the fibre had been broken showed a slowness

in response to optical stimuli,” indicated by an inability to

turn quickly to avoid obstacles interposed suddenly in their

paths. This is construed as evidence that the breaking of

Reissner’s fibre had interrupted the conduction of optical

stimuli by the “short-circuit” path constituted by that fibre.

I have pointed out elsewhere (’12) that the evidence afforded

by these and other experiments is susceptible of another and

much simpler explanation in accordance with Dendy’s sug-

gestion (’09), to which I shall have to refer shortly.

Later in the same year Houser (’01) published an account of

the neurons and the supporting elements of the Selachian

brain, his descriptions being based upon the study of adult

Mustelus. In this memoir he repeatedly states that he

found Reissner’s fibre arising as the product of the coalescence

of paired fibre-tracts, the constituent fibres of which were

the axons of the cells of the “ Dachkern,” or roof nucleus.

This account of the fibre in Mustelus agrees closely with

the condition in Selachians as at that trine described by

Sargent from a study of the embryo of Raja, but differs in

an all-important particular from the account of the fibre in

Mustelus and Selachians generally as given subsequent!}’’

by Sargent (1904), when the fibre was (correctly) clesci'ibed

as continuing forwards beneath the posterior commissure.

Houser apparently did not notice (as, indeed, extraordinary

as it may appear, no subsequent observer seems to have done)
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the startling mistahes in the earlier of the two papers h}'

Sargent, with whose work he appears so entirely in agreement.

Ill 1901, Cole and Johnstone (’01) drew attention to the

occurrence of Reissner’s fibre in the canalis centralis of

Pleuronectes, and appear to have accepted Sargent’s

theory without question.

Dendy, early in 1902, unaware that it had been previously

described or figured, directed attention to the sub-commissiii’al

organ, which he spoke of as a “[lair of ciliated grooves.”

He noted the occurrence, in the amraocoetes of Petromyzon

and Geotria, of a pair of conspicuous grooves lined by long-

columnar epithelium, the free boi-der of which was beset with

short cilia. These grooves were described as beginning at

the posterior limit of the habenular ganglia, and e.xtending

backwards beneath the posterior commissure to the hinder

end of that structure. He suggested that these grooves

were concerned in promoting the circulation of the cerebro-

spinal fluid.

Kblliker (’02) announced that he had observed Reissner’s

fibre in members of several different classes of vmrtebi'ates, and

admitted that it must l)e accepted as a pre-formed structure to

be found in all classes of vertebrates from the birds down-

wards. He figured the fibre in tr.insverse section in the

spinal cord of Proteus and Siredon, and called attention to

the widely divergent views upon the nature of the fibre

which had recently been expressed by Studuicka, Sargent

and Kalberlah.

In 1903 there appeared a .short paper by Sargent (’03)

dealing with the ependymal groove (sub-commissural organ).

He stated that this serves merely as an attachment plate or

anchorage for Reissner’s fibre, and omitted all reference to

Dendy’s paper (’02). He remarked that this structure, while

present in all vertebrates, is conspicuous in Cyclostomes,

Selachians and reptiles, less prominent in Teleosts, birds and

amphibia, and inconspicuous in mammals. As has since been

shown (Dendy and Hicholls, ’10), the last part of this state-

ment (if we except the Pi-imates) is entirely erroneous.
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In tlie same year still anotlier work by Sargent appeared

(’03a), dealing primarily with the torus 1 o n gi t u d i u al i s

,

which he this time correctly identified. In this he gives a

full historical survey and a description of the condition of

this organ in a number of Teleosts. He points out the

several errors into which different observers have fallen in

attempting to homologise this structure, peculiar to Teleosts,

with various parts iu the brains of other vertebrates, but

a,ppears completely to overlook the fact that he himself had

confused the torus 1 on gi t udi n al i s with the posterior

commissure! lie accepts Rabl-Ruckhard’s (’81) disproof of

the earlier theory that the torus is the homologue of the

fornix of higher vertebrates, but denies, rightl}'^ enough,

that the latter author is correct in supposing that it is

homologous with the sub-commissural organ (“ependymal

thickening”), pointing out that in Teleosts both of these

structures co-exist.

Sargent himself, however, falls into fresh error, as I believe,

in stating that the torus is the homologue of the “ Dach-

kern ” or roof-nucleus of other vertebrate classes. He claims

that he has succeeded in tracing from the cells of the torus

thi’ee separate fibre-Hacts strictly homologous with the three

fibre-tracts which he had already traced from the “ Dach-

kern ” in Selachians.

I cannot believe that this suggested homology can be

correct and, on the conti-ary, I shall bring forward evidence

later in this paper to show tliat the “ Dachkern ” nucleus is

also present in some Teleosts, and is perfectly distinct from

the torus.

In 1904 Sargent published what must be regarded as his

principal paper (’04) upon Reissner’s fibre, in which he

collected and amplified the results announced in his earlier

works.

In a footnote (p. 158) he refers to Dendy’s (’02) descrip-

tion of the “ciliated grooves” in the brain of the ammoccetes

of Petromyzon and Gleotria. He represents that author

as stating that the cilia of the grooves are longer than those



STRUCTURE AND DEVELORMENT OP REISSNER’s FIBRIC. 17

occurring on the general ventricular (ependymal) epithelium,

whereas what Dendy said was really precisely the opposite.

Ue then goes on to say—“
I believe that there are no cilia iu

tlie grooves.” I shall show later that the grooves are

abundantly ciliated.

He, again and more emphatically, on the strength appa-

rently of an examination of a single series of sections

through the tail of Petromyzon marinus, controverts

(’04, p. 160) the account given by Studnicka (’99) of the

endingof the fibre posteriorly in Petromyzon and Myxine,
and appears to be wholly unaware of Studnicka’s reply (’00)

to his earlier criticism. From his own account and figure

(’04, PI. I, fig. 8) it is evident that Sargent himself had

not seen the actual termination of the fibre in the sinus

terminal is of the adult lamprey.

In this paper, also, he institutes a comparison between

Reissner’s fibre and the large (Dachkern) cells from which

he says it arises, and the giant fibres and cells of Amphioxus
and Chmtopoda (p. 158), and concludes—“It is possible

that Reissjier’s fibre and the cells which give rise

to it are represented by elements in the invertebrate nervous

sy.stem.”

'J’o avoid repetition it will be desirable to postpone a more

detailed criticism of Sargent’s general results, and also of

those of Houser, until after I have given a general account

of what I believe to be the true relationships of the parts

concerned. Certain other more special criticisms will follow

the description of each class.

At the end of his memoir Sargent announced that a second

part, dealing with the higher vertebrates, was already well

advanced (June, 1904), and would, it was hoped, appear in

about a year. This has not yet been published, but in the

interval that has since elapsed several references to this

subject have appeared in the works of other authors.

Kolrner (’05), in an elaborate paj)er on the spinal cord of

.\mmocoetes, ])ublished iu the following year, records the

finding of Reissuer’s fibre in the caualis centralis of that

VOl,. 58, I’AKT 1. NKW SIOHIKS. 2
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animal, but states that, although he was able to follow it

forwards into the cavity of the mid-brain, he could determine

neither its origin nor its ending. He disagrees with Sargent

as to its nervous nature, and inclinesrather towards Studnicka’s

view of its origin and character. In his summary he states

(p. 209) :
“ Der Centralkanal enthiilt konstant den Achsenfaden

(Reissner’sclie Fadeu). Es ist siclier kein nervosen Gebilde,

walirscheiulich ein Sekretionsprodukt der Ependymzellen.”

In the same year Sargent’s theory was accorded a place in

vol. ii of Sedgwick’s ‘ Text-Book of Zoology’ (’05), where it

is stated (p. 195) that Reissner’s fibre “consists of a bundle

of nerve-fibres and communicates with the tissue of the spinal

cord throughout its length. It appears to be absent in blind

fishes.”

Uendy, in 1907, described and figured the fibre in Geotria

australis, calling attention to its relation to the sub-com-

missural organ (ependymal groove). He suggested a possible

connection with the pineal eye, a vieAv which he has since

abandoned, and, while accepting Sargent’s theory as to the

nature and function of the fibre, said (p. 15): “I find it

difficult to believe that such a remarkable and well-developed

structure as the ependymal groove should be required solely^

for the function which Sargent assigns to it.”

In the same year (1907) Sargent’s work obtained notice in

several text-books. Johnston (’07, p. 148) put forward the

optic reflex theory with a certain I’eserve, but, so far as I can

find, his work contains no reference to the sub-commissural

organ ! Sherrington (’07) apparently accepted the optic

reflex theory freely, and in the English edition of

Weidersheim’s text- book (’07) it also finds a place,

though only in a footnote.

In 1908 I announced in ‘Nature’ (’08) the presence of

Reissner’s fibre in the frog, and called attention to its

relation to the snb-conunissural organ in that animal.'

' I have since found that the fibre had previously been seen in the

canalis centralis of Rana by Stieda ('70), although he did not

refer to it by name, and considered it to be an artifact.
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In March of tlie same year, Ayers (’08) described the

occurrence of ‘Ventricular fibres in Myxinoids.” His des-

criptions, though somewhat vague, appear to relate to

Keissner’s fibre, and to confirm,^ to a large extent, the

account of that structure as given in 1894 for Myxine by

Sanders, of whose work, as, indeed, of the existence of this

fibre in other vertebrates, Ayers seems, however, to have

been wholly unaware.

Edinger (’08), who some year earlier had given a very

diagi’ammatic figure of the sub-commissural organ of

Scyllium, which he considered to be of a secretory nature,

is, I believe, the only recent worker to adhere to Stieda’s view

that Reissner’s fibre is to be looked upon merely as an artifact.

In the same year Horsley (’08) recorded the existence

of the fibre in Primates, finding it present in two species of

Macacus. He mentioned certain expeiiments, performed

by himself and Dr. McNalty, and stated that division of

Reissner’s fibre was not followed by that degeneration of

the distal portion which is characteristic of severed nerves,

and he expressed the opinion that Sherrington had been

premature in accepting Sargent’s theoiy, lacking, as it did,

adequate confirmation.

During 1908-1909 Favaro (’08, ’09) referred several times

to Reissner’s fibre. He summarizes Studnicka’s work and

briefly mentions Sargent’s “optic reflex theory,” concerning

which he offers no opinion. He refers also to Ayers’ paper,

and reproduces a diagram from Kolmer’s work in which

Reissner’s fibre is shown.

In 1909 Dendy (’09) further announced the occurrence of

Reissner’s fibre in the cat and the tuatara. He altogether

repudiated his former acceptance of Sargent’s theory, and

put forward an eutirely new suggestion as to the function of

the fibre and the related sub-commissural organ, pointing out

that the fibre may quite possibly play merely a mechanical

part in automatically regulating flexure of the body, its varia-

tions in tension acting as stimuli upon the cells of the sub-

commissural organ to which it is attached.
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At tlie same time I myself (’09) published further evidence

of the remarkable elasticity of this fibre, its behaviour in the

case of specimens of Bufo and Petroni j'zon being instanced.

1 stated definitely that the fibre was not a nerve-tract, and

that the suggestion put forward by Deiidy as to its function

was quite in accordance with the facts so far as they were

then known.

In the following year, in a joint paper (Dendy and

Nicliolls ’10), we showed reason for believing that Reissner’s

fibre, while present almost, if not quite, without exception

in the vertebrate series from Cyclostoines to Primates, may
prove to be absent in man. We proposed the name “ sub-

commissural organ” for the “ependymal groove” with

which the anterior end of Reissner’s fibre is connected, and

pointed out that this organ, far from being “inconspicuous in

mammals” as Sargent asserted, is in reality a very conspicuous

structure in tlie lower members of this group (mouse, cat).

It is, however, less conspicuous in the chimpanzee, and,

while well developed in the fcetal human subject, has become

reduced to a mere vestige (the “raesocoelic recess”) in the adult

man.

Still more recentl}’, Dendy (1910), in an account of the

pineal organs and adjacent parts of the brain of the tualara,

has given a short account of Reissner’s fibre and the sub-

commissural organ in that animal.

In the present year (’12) I have given a short description

of the condition of Reissner’s fibre in the sinus terminalis

of several Elasmobranchs, and described certain experimental

work carried out by me upon living fish in an attempt to

ascertain its function.

(c) General Introductory Account of the Actual

Relations of Reissner’s fibre and the Sub-com-

missural Organ.

As is well known, one of the most constant features—

I

might almost say the most constant feature— in the roof of the

brain of all vertebrates is that tract of transversely couising
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nerve-fibres situate at the junction of the fore- and miij-brain.

Tliis tract, which is known as the posterior commissure, is by

most autliors considered as belon^inj; to the mid-brain, of

which it is said to mark the anterior bonndar}'. It makes its

nppearance in development at an extremely early stage, in

tliat downfolding of the roof (the plica meso-prosence-
phalica^) which separates the first brain vesicle from the

second. Arising at tlie snme time, or perhaps even earlier in

development, is another equnlly constant but little-known

structure, the “ sub-commissural organ.” This is a con-

spicuous, longitudinal, paired tract of epithelium, produced

b}’^ a modificalion of the ependymal epithelium of the brain

ventricle on either side of the mid-dorsal line beneath the

meso-prosencephalic fold. The ordinary, almost cubical

cells of the ependymal epithelium become in this region

enormously elongated and fibre-like. Their nuclei mostly

pass inward towards the end remote from the brain ventricle,

and the whole structure bears a striking resemblance to the

epithelium of a sense-organ. From the inner (deeper) end

of the cells neuroglial fibres pass, which, collecting into

bundles, radiate towards the membrana limitans externa

on the upper surface of the brain. The ventricular ends of

the cells ai-e beset with short cilia.

In the adult, in almost eveiy case, the ependymal epithelium

of the sub-commissural organ j)asses gradually, in the infra-

])incal recess, into the more typical epithelium of the

epiphysial stalk.

The paired nature of this sub-commissural organ remains

apj)arent throughout life in certain forms (e.g. Petromyzon-

tidte), but in the greater number of cases there is a con-

fluence of the two tracts along their mesial borders, so

that the structure takes on the form of a median plate of

columnar cells, and under such circumstances may retain

traces of its originally paired character only at its anterior

and posterior ends, d'he shape of this plate is variously

‘ Plica iiieso-thalamenceplialica would seem to he a better term

for this fold.—A.D.
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modified in the different classes of vertebrateSj being depen-

dent upon the size and relations of the structures of the mid-

brain immediately adjacent. Thus, among the forms that I

have examined, the sub-commissural organ appears, in trans-

verse section, as a decidedly horse-shoe-shaped structure in

Selachians, reptiles and many mammals (PI. I, figs. 2, 3, G, 8,

.S’, c. o.), in birds it is strongly arched (PI. I, fig. 7), and in

amphibians (PI. I, fig. 5) perhaps somewhat less markedly

curved, while in many Teleosts it persists merely as a flattened

median plate which shows scarcely any trace of its originid

jiaired character (PI. I, fig. 4).

'Pile shape of the sub-commissural organ may be still further

modified by transverse folding. In some cases, too, this tract

of specialised epithelium extends around the posterior border

of the posterior commissure on to the dorsal (posterior)

surface of that structure, and may even line a small median

anterior extension of the optocoel (the mesocoelic recess)

directly above (behind) the posterior commis.snre (Text-figs.

2, li, and 3, A, ?a.7-.).

In man, as was pointed out by Dendy and Nicholls (’10),

the mesocoelic recess is the sole vestige of this apparatus. It

is connected, in foetal life, with a typical sub-commissural

organ, which lies perfectly normally beneiith the posterior

commissure and bears distinct evidence of its paired origin,

but it appears sub.sequently to lose its connection with the

general cavity of the iter, and that partof the sub-commissural

organ which lies beneath the posterior commi.ssure altogether

disappears.

Between the cilia of the snb-commissural organ are found

slender fibrilla? which are distinguishable from the ordinary

cilia sitnply by their greater length. These collect together

to form delicate strands which unite to constitute Reissner’s

fibre. In longitudinal section of the typical brain (compare

'I'ext-fig. b) the fibre is thus to be made out arising well

forward from near the anterior border of the sub-commissural

organ in the infra-pineal recess. It there lies closely against

the surface of the sub-commissural organ near the middle line.
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and continues to receive fresh accessions of strands of united

fibrillge along the entire length of the posterior commissure,

until it passes candally from the hinder border of that struc-

ture. 'I'lieiice it stretches as a taut thread lengthwise through

the mesocoel, usually coming to lie close against the ventral

sui-face of the rhombo-mesencephalic fold. Upon this surface

there is almost invariably a median longitudinal groove,

wliich I have termed the “ isthmic canal” (Te.xt-fig. 5, i.c.).

'I'll is appears to becojne deeper with age. It is lined by an

('pendymal epithelium that differs from the general ventricular

investment, the cells being more elongated and staining very

strongly. In this groove the fibi'e lies freely, and, so far as

my observations go, never becomes embedded in the

brain-tissue (as has been asserted). The isthmic canal is

usually deepest at its anterior end, becoming continually more

shallow postei'iorly till it fades out, and Reissner’s fibre,

emerging from its hinder end, may be readily traced back-

wards through the fourth ventricle as a tightly stretched

thread which enters the canalis centralis of the spinal

cord.

The ependymal cells which line the canalis centralis are

furni.shed somewhat spai-sely with short cilia. Here and

there, however, at comparatively short intervals, slightly

longer cilia may be made out, which appear to be attached to

Reissner’s fibre (compare fig. oG). It is, of course, extremely

diflicult, if not impossilile, to determine with absolute certainty

that these cilia are not simply lying in contact with the fibre

or even glued to it by a coagulum of cerebro-spinal fluid. An
examination of a very large number of sections, however, leads

me to believe that many, at any rate, of them are indeed

actually fused with Reissner’s fibre and probably form an

integral part of it. Whether, however, they are quite short

cilia fused to the fibre only by their tips and serving merely

as su])])orts and stays for it, or whether they are of a similar

character to the long cilia-like processes of the cells of the

sub-commissural organ, I am quite unable to determine, but

1 suspect that they are of this latter class, and that they
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probably take an important part in tlie growtli of the fibre,

and may extend backwards in it for an appreciable distance.

Tlie fibre extends along the entire length of the canalis
con tral i s

,
maintaining a practically^ nniform thickness in

Ihis part of its course, although, perhaps, diminishing slightdy

in diameter near its posterior end.

Towards the hinder end of the body the spinal cord under-

goes a considerable diminution in size, and tapers off into the

delicate filnm terminale. This becomes a simple epithelial

tube, and may, in some fishes, pass beyond the enclosing

vertebral canal, to lie unprotected, except for its meninges,

just beneath the skin. At its actual extremity the filum

terminale becomes somewhat dilated, and contains an ovoid

enlargement of the canalis centralis which is known as

the sinus (ventriculus) terminalis (fig. 40, s.f.). The

sinus terminalis is, however, only incompletely surrounded

by the enlargement of the end of the filum terminale, for

at about the middle of the sinus the ependymal as well as

the nervous elements of the cord disappear, so that the

canalis centralis actually opens by a Avidc ajierture,

the “terminal neural pore,” into a lymph-space that is

morphologically continuous with the perineural spaces. The

jiosterior Avail of the sinus terminalis is thus formed only

by the fibrous sheath of the spinal cord, which aj)pears to

consist of united pia and dura mater. From the canalis

centralis Feissner’s fibre passes through the terminal neural

pore, behind Avhich point in many cases, if not in all, it expands

into a conical “terminal plug” (fig. 51, which passes

into, and blends with, the connective tissue of the meningeal

])ortion of the wall of the sinus terminalis.

The actual fibre is an extremely tenuous thread, who.se

normal diameter in the adult condition in the greater number

of species Avhich I have examined is between one and three

micra. In well-hardened material it is almost always dis-

tinctly brittle,^ but in life or in the fresh state in recently

' In a sin<>lo caso (Geotria) tlio fihrn appoar.s to have retained, to a

great extent, its flexihility even in Caimda hal.sani.
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killed material it must possess a remarkable degree of elasticity.

It would appear to exist in life under considerable tension, and,

being subject to continually varying strain with every

a,lteration of the position of the long axis of the body, it must

be exceedingly liable to accidental bre.akage. In such an

event, or in the case of artificial section in the fresh condition,

the elasticity of the fibi'e brings about a sharp recoil of the

broken ends to form large masses or snarls, as shown, for

example, in fig. 19. Even when partially fixed by reagents,

however, the resilience of the fibre is such that it will still

contract if severed. Under these circumstances the retrac-

tion appears to be a comparatively g-i-adual one, and the fibre

will then be found twisted into a more or less regular spiral

(fig. IG), which is often extraordinarily I'eminiscent of the

retracted stalk of a Vorticella. Even where the recoil has

been an abrupt one and a lai-ge knotted mass has formed, a

careful examination practically always discovers the existence

of such a spiral winding of the fibre (figs. 15, 19). These

knots thus have the character of tangled heaps such as would

result from the continued twisting in one direction of

one end of a thin elastic thread of which the other end is held

fast. In evei-y such case there is a marked decrease in length,

and an accompanying and vei’y considerable increase in the

diameter of the fibre.

Seen in transverse section, Reissner’s fibre seems to show

a very thin outer sheath investing an apparently homogeneous

cetitral core which possesses a very high i-efractivity. I

believe that this thin dark encircling rim is nothing but an

optical eifect consequent upon the difference of refractivity

of the fibre and that of the surrounding medium. That it is

a medullary sheath of myelin, as Sai-gent declares (’04, p. 145),

I can find no reason for believing.

According to that author the central part of the fibre

shows, in transvoivse section, a punctate appearance, which he

interprets as the effect of the cut ends of the constituent axis

cylinders (’04, p. 140). As stated above, I fiiid no trace of

any such structui-e, and if the fibre is, as I believe, the result
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of the coalescence of hypertrophied cilia, the fusion is so

intimate that the whole fibre has a homogeneous glassy

appearance. In favour, moreover, of such a view of the

nature of the fibre is the extraordinary rapidity with which

it disintegrates at death. It is practically useless to examine

material for Reissuer’s fibre if that material has been dead

for an hour or so before fixation, and further, even in matei-ial

which has been fixed at death, but which is of sufficient size

to prevent speedy peneti'ation, or even iu small itiaterial

where a slowly penetrating fluid has been employed, it is rare

to find the fibre preserved. In such cases the general

ependymal cilia, too, have almost invariably disappeai-ed.

Apart, then, from the doubtful existence of a delicate

investing sheath, I have been unable to demonstrate !xny

internal structure in Reissner’s fibre, even with the aid of

very high powers of the microscope. It seems certain, never-

theless, in view of the constancy of the mode of recoil which

the fibre exhibits, that some very definite internal structure

must exist.

An explanation may perhaps lie in the manner of develop-

ment and growth of the fibre. It may well be that when, in

early development, the fibre (arising fiom fused .sub-com-

missural fibrillEe) grows backwards to enter the canal is

centralis, it is at once joined by siudlar fibrillm or cilia from

the ependymal cells, which, overlying the earlier formed struc-

ture, continue its backward growth. These, in their turn,

would be continually covered by fresh accessions, and the

entire fibre would I'esernble a species of “ hay-rope.” If the

whole of these fibrillae have a slight spiral growth the manner

of recoil of the fibre formed by their union would be easil}'

understandable. Even the retention, to a certain extent, of

their individuality by the fibrillae might in itself be sufficient

for the spiral retraction. In all such cases of recoil, however,

the fibre has torn itself free from its attachments.

1 have already suggested that accidental breakage of

Reissner’s fibre may occur not infrequently, peihaps, in life,

and I have obtained a considerable amount of evidence of
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the occurrence of this phenomenon in Cyclostoraes and fishes.

It will be obvious that the sudden recoil of the broken ends

which normally occurs, and which results in the formation of

a large coiled knot, must be of use^ in checking the further

retraction of the broken fibre, for this knot blocks the

comparatively small lumen of the canalis centralis, and,

presumably, enables the fibre to establish a temporary hold

until regenerative processes shall have restored its connection

with the wall of the sinus terminalis. That regeneration

does occur I have ample evidence to show (cf. Nicholls, ’12).

'I’lie large percentage of cases in which the fibre is found

broken and recoiled maybe due to the exception.ally strenuous

exertions of the animals in their effects to avoid capture

causing the fibre to snap.

(d) Critical Discussion of the Views of Sargent
and Houser.

Before passing on to a detailed account of Keissner’s fibre

and the sub-commissural organ in the several vertebrate

groups, it will be necessary to discuss certain general

statements made by Sai-gent, some of these being said to be

confirmed by Houser.

To the former author, and, though perhaps in a lesser

degree, to Studnicka, is due the credit of having established

the fact of the pre-formed nature of the fibre. Sargent

further demonstrateil the constancy of its relation to the

anterior part of the roof of the mid-brain, but, unfortunatel}",

file mistakes in his earlier papers (’00, ’01) (especially those

consefpient upon his failure, at that time, to recognise the

posterior commissure, which, as I have shown above, he

su{)po.sed to be the torus longitudiiialis), have coloured

all his later work, detracting greatly from its value; for,

although subsequently both posterior commissure and torus

longitudinalis were correctly identified (’03, ’04), and the

> We 1lave an analogy in tlie formation of a blood-clot operating to

close a severed blood-vessel and so to check further blood-flow.
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siib-commissimil organ (ependymal groove) described in

some detail (’03a)^ Sargent still cdnng (’04) to the idea that,

at any rate in part, Reissner’s fibre is traceable directly into

the torus, notwithstanding thnt his original description of

such relation of the fibre to the torus was based upon an

erroneons identification of this structure. It is clear from Ids

descrijitions and also from his text-figure (’00), making
allowance for the mistaken identification of the parts con-

cerned, that Sargent actually saw Reissner’s fibre lying in its

proper position as a single tliread below the posterior

comndssure (termed by him “torus longitndinalis ”) for

one half to two thirds of the length of that structure, and

then breaking up to join the sub-commissural oi-gan (“the

meiidirane which covers the torus”). In these earlier

descriptions he nowhere suggests a division of the fibre into

two main bi-anches.

In his last paper, however, he shows the fibre composed

of two main factors— (i) an anterior bi'anch which lies

beneath tlie posterior commissuie and which is indisputably

the fibre originally described by him as .solely constituting

Roissnei’s fibre, and (2) a posterior branch whicli was
not indicated in any way in either of his prelimi-

nary papers (’00, ’01), but which is now stated to pass

above (posterior to) the po.sterior commi.ssnre, and is

described as emerging into the mesocoel direct!}^ from the

torus longitndinalis. This posterior branch is said to

be composed of numerous axon.s, derived, in Teleosts, from the

cells of the torus, which he therefore homologises with

the “ Dachkern,” from the cells of which he derives the con-

stituents of the posterior branch in other types.

Sai'gent does not, however, call attention to this marked

discrepancy between his later account and that previously

given, and, in the absence of any definite statement to the

contrary, the reader is naturally led to suppose that the

))osterior branch described in 1904 as directly related to

the torus is identical with tlie entire fibre erroneously

described in the preliminary ]>aper (’00) as having the same
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relations. To rentier intelligible this somewhat involved

matter, I have reproduced in Text-fig. 1 two of Sargent’s

figures, one (a) being taken from his preliminary paper.

Text-fig. 1.

An exact )'eprodnction of two of Sargent’s figures to show the
difference between liis eaidier (’00) and later (’01) accounts of

Rcissner's filjre and its relations to structures in the niid-lu'ain.

The first (a) is taken from his earlier paper (’00) and shows the
course of Reissner's fil)re correctly, but the posterior com-
missure is identified (erroneously) as the torus longitudi-
nal is {tor. hj.). In B. taken from his latest work ('04-). the
posterior commissure (ro'msji.) and torus longitudinalis
{tor. hj.) are correctly identified, b\it a second branch of

Reissner's fibre has been added, to which the description
originally given of the j)iece ventral to the posterior commissure
is now made to apply.
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and representing a sagittal section tlirougli the brain of a

teleost, Cynoscion regale (’00, p. 39, tig. 1), the other

(b) from his latest paper, representing a similar section

tbrongh the brain of another teleost, Potnatomns salta-

trix (’04, p. 209, fig. 1). The brains of both of these fishes

had been studied by him when the preliminary paper was

written, where it was said of Reissner’s fibre (’00, p. 41) that

—

“

its course is the same in all except in so far as it is

dependent on the size and relations of the ventricles and

other parts of the brain, which differ in different species.”

According to my own observations there never is a.

posterior branch connected with either the torus or the

“ Dachkern ” such as Sargent describes, and one is foi’ced to

the conclusion that the introduction of this branch in the later

paper (where its course and relations are described in terms

practically the same as those applied erroneously to the entire

fibre in the first instance) has been due to his neglect to put

l ight the original mistake in identifying the posterior commis-

sure as the torus.

This impression nlay be a mistaken one, but it is of the

utmost importance to emphasise the non-existence of the

jiosterior branch, as it is upon its alleged presence that

Sargent’s statements as to the connection of Reissner’s fibre

with the cells of the torus and the “Dachkern” and the conse-

quent homologising of these two structures principally depend.

The anterior branch, which, so far as my own observations go,

alone exists, and which, as explained above, was alone figured

and described by Sargent, in his preliminary paper, is, there-

fore, in his later work, necessarily described as having (in

forms other than Teleosts) quite different relations.

In Teleosts it is traced into the torus longitudinalis by

a somewhat devious path through the “ Schaltstiick ” (pars

i n tercalatus) and the posterior commissure, the adoption

of such a route being explained by Sargent as due to the

early development of the cells of the optic reflex apparatus,

which “ send their axons into the ventricle from the median

plane of the roof (PI. 7, fig. 47 3
PI. 8

,
figs. 55, 56, 58,/a*\
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Reis.) even before the posterior commissure has developed.

Ill the later development the fibres of the posterior commis-

sure, in making' theii' way across from the opposite sides,

pass posterior to these axons. Such a pre-posterior commis-

sural tract—the tractus toro-fibras Keissueris anterior— is

found only in Teleosts (’04, pp. 198-199).

Almost all his figures (’04), however, not only for Teleosts

but also for Cyclostomes and Elastnobranchs, show tieissner’s

fibre arising, either ])rincipally or entirely, from a point far

forward beneath the posterior commissure. In explanation

of this condition Sargent suggests that in these forms the

anterior branch is probably derived from fibres which issue

from cells in the habenular ganglia, and he attempts to explain,

too, in this way, the occurrence of the fibre in blind animals

(e.g. Myxine, Amblyopsis, ’04, p. 20G). In this manner also

he would account for the presence in developing Squalus of a

definite Reissner’s filire, which, he says, “ has been traced

forward under the Schaltstiick” in embryos in which the

“ Dachkern ” has not yet developed.

I shall show subsequently, when describing the develop-

ment of the fibre in embryo Amblystoma, that the early stages

of the development of the fibre are to be seen when neither

habenular ganglia nor “Dachkern” are distinguishable.

Ill these early embryos, however, the elements of the sub-

commissural organ are already well defined, and it is from the

ependymal epithelial cells of this sub-commissural organ that

the numerous fine fibrilhe, which join up to constitute the

fibre, have their origin, all of these fibrillae arising

])osterior to the developing epiphysis, and remote,

therefore, from the habenular ganglia. I shall also point out

that the fibre arises far forward beneath the posterior

commissure not only in Amblystoma but in all vertebrates,

a.mougst which, in no single instance, do I find the fibre

arising either wholly or in part from any point morpho-

logically posterior to the posterior commissure, notwith-

standing that in many forms (xVmphibia, reptiles and birds)

a well-developed “Dachkern” is present, which should
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contribute a considerable brancli if Sargent’s account were

correct.

Sargent devotes some space (’01, ’04) to the consideration

of the physiology of the “ optic reflex apparatus,” and gives

an account of certain experiments performed by him upon

living sharks. He says (’04, p. 231) that “ these experiments,

though incomplete, show clearly, I believe, that when
Reissner’s fibre is severed the power to respond quickly to

optical stimuli is lost,” which, eveu if it were established, is

not at all the same thing as proof that the slowness of response

said to have been observed is due either wholly or partly to

the retardation of an optical stimulus.

He goes on to compute (’04, p. 240), from theoretical con-

siderations, that the saving of time effected in the transmission

of an optical stimulus along the short-circuit ” path afforded

by Reissner’s fibre would probably amount to at least O'OIG

-f X seconds (where x is the delay in one cell-body), or

approximately a saving of less than one fiftieth of a second,

which is surely an insignificant result for such an elaborate

and special apparatus.

In his earlier paper (’01) Sargent had denied the existence

of the fibre in blind animals, and stated (op. cit., p. 451)

that “ experiments are now in progress to determine the

effect of artificial extirpation of the eye on this apparatus.”

The value of such experiments is obvious if, as Sargent

believed, the fibre were absent in blind animals, and it would

be of considerable interest to know what results were obtained,

but in none of Sargent’s later works is there any farther

reference to these experiments, and, as shown above, Sargebt

had subsequently to admit the existence of a fibre of Reissner

in some blind animals, although, as already noted, he

endeavoured to explain it away as being probably a case of

the fibre functioning solely as an olfactory reflex apparatus.

In discussing the work of Housei*, or rather that part of it

which relates to Reissner’s fibre, it is necessary first to con-

sider to what extent his conclusions may have been influenced
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by those of Sargent’s works which liad at that time been

recently pnblislied. It must accordingly be borne in mind

that in April, 1901, when the second of Sargent’s preliminary

papers appeared, that author had not apparently attempted

to retrieve the mistakes consequent on his initial errors of

identification. It is clear, too, from Sargent’s descriptions

(’01, p. 447-448) and figure (pi. 2, fig. 9) of the condition of

Reissner’s fibre in Elasmobranchs (as studied by him in very

young Raia erinacea), that he had not at that time dis-

covered how very far forward the fibre really extends beneath

the posterior commissure, which structure, indeed, with its

related sub-commissural organ (ependymal groove), he did

not, even then, so much as mention.

Into practically identical errors both of omission and of

commission, Houser, as I shall proceed to show, also fell.

Indeed, it would appear that upon this subject Houser has

blindly followed the fii-st lead given by Sargent, while

Sargent himself, when giving in his last paper (’04) an account

that differs essentially in cei'tain important details from his

earlier accounts, yet claims (’04, p. 164) that “ Houser

has fully confirmed my results as set forth in m\^ preliminary

papers ”
!

Although describing, in Reissner’s fibre and its alleged

cellular connections in the brain, a structure hitherto unde-

scribed in adult Selachians, Houser failed to give any

illustration which would enable his readers to gatlier clearly

at precisely what point “the well-marked tract” of fibies

“emerges from the mid-brain roof to penetrate the aqueduct,

of Sylvius as the fibre of Reissner” (op. cit., p. 130). Indeed,

in none of his numerous figures does he represent Reissuer’s

fibre at all, and the absence, in particulai-, of any illustration

showing precisely where he believes Reissner’s fibre to

emerge from the mid-brain sul)stance into the aqueduct of

Svlvius is the more to be regretted on account of the vague-

ness of his descriptions.

As is well known, the posterior commissure is included by
many authors (Edinger, ’08, Johnston, ’U7) in the mid-brain,

VOL. 58, PART 1. NEW SERIES. 3
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while by otliei’S (Burckhardt, ’95, Studnicka, ’05) it is con-

sidered as part of the dience-phalon, and as, so far as I can

find, Houser nowhere even nieutions the posterior commissure,

I am totally unable to decide -what exactly that author regards

as the “anterior limit of the mid-brain,” but it seems probable

that in this particular his account "was intended to agree

closely with the account given by Sargent of the origin of the

fibre in Eaia. The latter author had represented the fibre as

emerging -svliolly behind the posterior commissure.

Of the cells of the “ Dachkern,” whose axons were snpposed

to unite to form Reissner’s fibre, Sargent had said (’01, p. 447) ;

“ The cells are multipolar, giving off several processes in

addition to the large axon, which is 2 p to 3 /u in diameter,”

and “ The axons pass dorsad and laterad from their cells,

turning either cephalad or caudad ” (my spaced type).

Houser, more explicit, stated (op. cit., p. 129) that the axons

from those of the cells in the anterior region of the tectum

opticum pass cephalad to form Reissuer’s fibre, while those

from the more posterior cells run caudad into the cerebellum.

Neither he nor Sargent explained how such a very large

number of these axons (in young Raia, according to Sargent,

there are three or four hundred “Dachkern” cells with axons

from two to three micra in diameter) could possibly become

compressed into Reissner’s fibre, which has, according to the

later account of Sargent (’04, p. 147), even in the adult only

a diameter of G‘7 micra. Sargent, however, at a subsequent

period, discriminated between finer axons running cephalad

to constitute Reissner’s fibre and coarse neurites passing

posteriorly to the cerebellum, and, ignoring his own earlier

statements, dissented from Houser’s account, remarking (’04,

p. 177): “I believe that each cell sends an axon anteriorly,,

and also a cerebellar neurite posteriorly.”

It is clear, moreover, from figures in Sargent’s later w'ork

(’04) that he admits the existence in Raia, Mustelus and other

Selachians of a relatively considerable part of Reissner’s fibre

(the anterior branch) unrelated to the “ DachUern.” This runs

forwards well beyond the point where the alleged fibre-tracts.
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were supposed to emerge. These latter, therefore (which had

constituted the whole of the fibre in Raia as originally

described by Sargent, and in Mnstelus according to Houser),

could form but a fraction of the entire fibre, so that the

difficulty of accommodating these several fibre-tracts within

the compass of a single thread whose diameter is little more

than that of a coarse nerve-fibre is increased rather than

diminished.

The condition of the adult Mustelus described by Sargent

('04) thus differs essentially from the condition that this

author had previously (’01) figured and described for Raia,

yet Houser, in the meanwhile (’01), had claimed to have found

the fibre in the adult Mustelus in preciselj' that condition

which Sargent had described for Raia.

Again, Sargent records that “ the exact method by which

the fascicles enter the ventricle and form Reissner’s fibre has

been difficult to make out in Raia, the connections having

been broken away in all my series of sections” (’04, p. 169).

He further admits (’04, p. 173) that in Mustelus, too,
“ near

the upper limit of the ependymal groove the fibres are lost,

but apparently they pass between the ependymal cells into the

groove,” and “a direct connection between the fibre-tracts

described and Reissner’s fibre has not been observed in this

species.” Thus it would appear that Sargent never actually

saw in Elasmobranchs that emergence of the constituent axons

“between the ependymal cells” whicli both he and Houser so

confidently describe. That Houser, likewise, did not see this

“emergence ” of these “ fibi'e-tracts ” is probable, for in this

connection it is not without significance that Houser alto-

gether omits (just as Sargent before him had done) all

mention of the posterior commissure, and entirely overlooks

the sub-commissural organ (ependymal groove), to which

Sargent had not at that time directed attention, although the

latter author afterwards described this structure and con-

sidered it to be developed as an anchorage and support for

Reissner’s fibre. This oversight on the part of Houser is the

more astounding seeing that he devotes a considerable part
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of his p:iper to an account of the supporting elements

(ependyma and neuroglia) in the various regions of the brain,

and that it happens that the snb-commissural organ reaches

nearly, if not quite, its maximum development in Selachians

(see Text-figs. 2, a,b, and 3, A, and figs. 2, 3). That any observer,

especially one professing to make a study of supporting

elements, could have seen the emergence of the constituent

axons ” or “fibre-tracts” (so-called) of Reissner’s fibre into

the mesocoel, and yet have failed to notice this extraordinarily

developed ependymal epithelium is almost incredible.^

Concerning the “ Dachkern ” Honser remarks: “It has

remained for Saigent (1900) to show that not only is the

roof nucleus present in all vertebrates but that it is a part

of a most interesting mechanism, the fibre of Reissner”

(’01, p. 132). This statement is by no means correct, foi-

although the existence of the cells of this “roof nucleus” had

been described in some cases long’ before in several classes

of vertebi-ates, yet, so far as I can find, this nucleus has

never been identified in mammals, nor at that time had it

been identified in Teleosts. Subsequently Sargent stated

that the torus 1 on gi t n d i n al i s was the homologue of

' Studnic'ka (’00), in the previous year, had described and figured this

modified ependymal epitlielium in Scyllium, I’emarking that he was not

aide to determine its function, while, so far back as 1892, Edinger (’92)

had called attention to it, suggesting that it might have some secretory

function.

Text-fig. 2.—Slightly diagrammatic median sagittal sections

through the mid-brains of (A) Raia blanda; (B) Scyllium
eanicula; (c) Polypterus sp.

;
(d) Amia calva

;
(e) Esox

lucius; to show the appai’ent shifting of the position of the
“ Dachkeni " in fishes. [(D) Has been borrowed from Sai’gent's

("04) paper, while in (c) the outline has been taken from a
figure by Graham Kerr into which the “Dachkern” cells have
been drawn from the figure by Sargent ('04, PI. VI, fig. 41).]

Dk. “ Dachkern.” Ii.f/. Habenular ganglion, iiif. Infra-pineal

recess, iii.r. Mesocoelic recess, p.c. Posterior commissure.

r.f. Reissner's fil)re. s.c.o. Sub-commissural organ, tect. mes.

Tectum mesencephali. tor. long. Torus longitudinalis.
vl. chm. Valvula cerelielli. (The lines aa' and cc' indicate

approximately tlie levels at which the sections rejn’esented in

Text- Mg. 3, A, c, were taken.)



Text-pig. 2 .

E
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the “Daclikern” of other vertebrates. This suggested

homology, as already indicated, I am quite unable to

accept, for I shall show that the “Dachkern” is present

in a scaj’cely modified condition in some primitive teleosts

in which the torus is also present as a well-developed

structure.

That the ‘^Dachkern” has, so far as I can find, never

hitherto been recognised in the Teleostean brain is doubt-

less principally due to the fact that it has apparently
shifted its position, and in many Teleosts is greatly reduced

in importance, or may even have become obsolete. This

apparent change of position is the result of the immense

development, in Teleosts, of the tectum mesencephali
(the anterior border of which is fixed at the posterior

commissure), so that that part of the tectum originally

anterior becomes inrolled to form the floor and part of the

front wall of the optoccel, where that cavity extends forward

above the posterior commissure. It retains, in some Teleosts

at any rate, the condition described by Sargent (’04, pp. 188-

189, flg. d) for adult (Ganoids, and it is remarkable that

Sargent, who realised, and, indeed, laid some stress upon the

forward shifting of the fore part of the mid-brain, should

have overlooked the gi’oup of conspicuous cells which occupies

in Teleosts a position practically identical with that of the

“ Dachkern ” in Ganoids, and strictly comparable with that

occupied by this nucleus in other classes of vertebrates. This

question will be more fully discussed when we come to speak

of the Teleosts, but in the meantime the above statement may
be rendered more intelligible by I'eference to Text-figs. 2

and 3.

From what has been said it is evident that Houser’s

observations appear to be quite in agreement with those

which Sargent announced in his preliminary papers. In

those papers, however, the optic reflex theory had been

stated in the bai'est outline only, and Houser, readily

accepting the theory, proceeded to explain and amplify it.

Ill the result, his presentation of the facts and theory
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Text-fig. 3.

A

tct.mes.

Slightly diagi'ammatic transverse sections through the anterior

portion of the inicl-brain of (A) Scyllium canicnla; (b)

Acipenser sp.
;

(c) Esoxlucius; to show the relations of

the cells of the "Dachkern” to the Tectum mesencephali,
Recessus niesoccelicus, and posterior commissure, [(b) is

Lon-owed from Johnston's work on the brain of Acipenser (’Ol).

A and C ai-e taken at levels indicated by the lines ««' and cc in

Text-fig. 2, A and E.] X<A:. “ Dachkern.'’ iter. Itev. Meso-
coelic recess, op. Optocoel. p.c. Posterior commissure, s.c.o.

Sub-commissural organ, tct. mes. Tectum mesencephali.
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prove to be almost entirely different from the account and

explanation subsequently offered by Sargent.

In order that these different accounts may be more readil}’^

compared I have, in 'J'ext-fig. 4, endeavoured to represent

quite diagrammatically what is alleged by these two authors

concerning the cellular connections of Reissner’s fibre.

As I understand it, SargenRs view (Text-tig. 4, b)

supposes that sensory stimuli (optical and olfactory) reach

certain cells in the tectum mesencephali (those of the

torus in Teleosts, and of the “ Dachkern ” in other verte-

brates), and in the habenular ganglia. 'I’hese Dachkern” and

torus cells are said to be multipolar, each being stated to give

off (i) an “ axon,” which courses anteriorly to join Reissuer’s

fibre; (ii) a “ neurite,” ultimately passing posteriorly into the

cerebellum, there to “ end in fibrillations in the molecular

layer” in direct contact with the processes of the Purkinje

cells; and (iii) a process which makes its way “towards the

ectal region of the tectum opticum,” to come “ directly in

contact with the endings of the proximaily running fibres of

the optic nerve. It is by this pi-ocess that the cell

is put in direct connection with the outer world

by the retina” (’04, p. 168)—the spaced type is mine. The

“Dachkern ” ceils are clearly regarded as motor, for Sargent

says that their axons “ pass by the shortest route through

the venti'icle and canal to the posterior portion of the nervous

sj'stem, where they pass into the cord and probably pass out

through the ventral root to the musculature” (’01, p. 450).

The habenular cells (which in Cyclostomes, at any rate, are

said to be multipolar) also contribute axons to Reissner’s

fibre, which thus serves “as a short circuit for the trans-

mission of reflexes arising from olfactory as well as optic

stimuli ” (’04, p. 162).

Sargent also claims that the fibre growing backwards from

this cephalic part of the apparatus fuses with “axons” extend-

ing forwards from (motor ?) cells lying wholly within the

sinus terminalis, but nothing is said as to the anterior

ending of these latter axons.
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Text-fig. 4.

nr. tci.mes.
/

Diagrams representing the cellular connections of Reissner's

fibre in the brain, A, according to Houser (’01)
;

B, according to

Sargent (’04). ch.ux. Cerebellar axons of the “Dacbkern”
cells, cbm. Cerebellum, fhc. hub. lieis. Constituent axons of

Reissner's fibre' derived from cells in the habenular ganglia .

/i«6. Ganglion habenula;, vr.tect. mes. Neurons of the
Tectum mesence)) ball. p.c. Posterior commissure, pr.opt.

Processes (dendrites) of the " Dacbkern" cells ending amongst
the fibres of the T r a c t u s o t i c u s. r.f. Reissner’s fibre, r. n

.

Cells of the " Dacbkern ” or roof nucleus, s.m.p. Stratum
medullare profundum. tr.op. Tractus opticus, tr.lh.

let. Tractus thalamo-tectalis. tr.tct.cbm. tractus tec-
talis cerebellaris. tr. tct.fbr. R. Tractus tectalis fibrse
Reissneris.
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The very delicate strands often to be seen in the canal is

centralis, that seem to connect the fibre of Reissner with

the ependymal epithelium, are evidently the “axons” which

are supposed to pass out with the ventral roots of the spinal

nerves to the musculature (’04, pp. 188, 195).

According to Honser (Text-fig. 4, a), the stratum
medullare profundum, which immediately overlies the
“ Dachkern ” is a fibre system into which he claims to have

“traced fibres from the cord and oblongata, fibres from the

optic nerve, from the neurones of the tectum mesencephali

itself. ... a great tract sweeps into it from the

interbrain as a relay in the olfactory apparatus. Fibres are

also present from certain of the cranial nerves. All of these

fibre systems are to become related to the remarkable

mechanism of Reissner’s fibre” (’01, p. 125).

Houser thus suggests the transmission along the short cut

provided by Reissner’s fibre of motor impulses consequent on

sensory stimuli other than optic and olfactory, but he indicates

paths quite different from those described by Sargent by

whicli the sensory stimuli reach the cells of the “ Dachkern.”

For although he concludes—“ It iscertainly evident that there

are here every means for inter-communication between

different parts of the nervous system,” yet he traces a con-

nection between this stratum medullare profundum and

the cells of the “Dachkern,” not as Sai-gent does, but by the

passing of some of the fibres from the stratum medullare
profundum itself down to the “Dachkern” there to end in

arborisations over those cells.

It will thus be evident that the two explanations of the

working of this optic reflex apparatus have very little in

common, and it is, indeed, rather suprising to find Sargent

citing Houser as confirming his results.

Moreover, I am quite unable to discover upon what grounds

either Sai’gent or Houser have assumed the motor character

of these “ Dachkern ” cells, for there appears to be absolutely

no warrant for the assumption.

It is myown opinion that these large cellsforming the “roof
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nucleus ”
will prove to be sensory, and to be simply a part of

that series of dorsally placed giant-cells which are such a

conspicuous feature in the central nervous system of Cyclo-

stomes and fishes. In support of this view I shall point out

that, in Petromyzon fiuviatilis, the giant cells of the cord

do not cease, as stated by Johnston for P, (Lampetra)
wilder!, behind the commissura infima (’02, p. 5), but

extend forwards almost to the cerebellum high up on the

medulla on either side of the fourth ventricle. These in

many instances project almost through the epeudymal

epithelium into the ventricle, exactly as the cells of the
“ Dachkern ” commonly project into the mesocoel.

I find, also, a striking similarity in the staining reactions

of the cells of the “Dachkern” and of the giant-cells of the

cord in those forms where both are developed. Various

observers, too, have noticed the failure either of the cells of

the “Dachkern” or of the giant-cells of the cord to impregnate

with Golgi’s method. Further, Sargent remarks that (in

young Raia) many of the tectal reflex cells are to be seen

“apparently undergoing atrophy and degeneration, showing

all the stages in the process that have been observed in the

atrophy of the dorsal giant-cells of the spinal cord” (’04, p.

166).

In Elasmobranchs, amongst others, the dorsal giant-cells of

the spinal cord have been said to completely disappear

during embryonic life (Beard, ’89, Studnicka, ’95b), whereas,

as I shall describe in a subsequent paper, some, in the

hinder part of the spinal cord, are to be found persistent in

specimens of Raia six to eight inches long, and in adult dog-

fish. Not only so, but in the latter at any rate they grow to

an enormous size and become multinucleate. It is, however,

not without significance that some of the cells of the “Dach-
kern ” should be undergoing marked degenerative changes

so pi’ecisely similar to, and at the same period in develop-

ment as, many of the giant-cells of the cord.

It is, I believe, now generally accepted that these giant-

cells of the cord are sensory, and are derived from neuroblnsts
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of the neural crests. These neural crests are known to

extend forward in development to the front end of the

mesencephalon, being interrupted, however, in the region of

the ear. Tlie extent of the neural crests, therefore, coincides

strictly with the regions in which occur the giant-cells of the

spinal cord and the cells of the “Dachkern.”

Thus, in their dorsal position adjacent to the cavity of the

neural tube, in their general appearance, in their great size,

in their' possession of one particularly conspicuous non-

medullated fibre, in their peculiar staining reactions and in

their tendency to atrophy at the end of embryonic life, the

cells of the “ Dachkern” show a striking resemblance to the

giant-cells of the spinal cord.

I have ali'eady called attention (’09, ’12) to the remark-

able elasticity of Reissner’s fibre and to its behaviour in recoil

in a manner quite unknown among nerve-fibres. Horsley has

pointed out that in its failure to show degenerative changes

after section it appears quite unlike a nerve-fibi’e, and this

the results of rny own experiments, some of which are

already lecorded (’12), entirely confirm. In its staining

reactions, too, the fibre is altogether distinctive.

After continued investigation into the structure and mode

of occurrence of Reissner’s fibre in all classes of vertebrates,

I find myself almost completely at variance with the views

expressed by Sargent, and I repeat here the assertion that

the fibre is not a nerve-tract. It arises fi’om the specialised

epithelium of the sub-commissural organ, which has markedly

the character of a sensory epithelium. It is first discernible

at a point far forward beneath (anterior to) the posterior

commissure, where it is formed by the coalescence of numerous

fine fibrillae, resembling long cilia, from the elongated epen-

dymal cells
;
these fibrillae continue to join it along its whole

course beneath the posterior commissure (and probably also

in the canalis centralis)
;

but it never arises, either

wholly or in part, from any point in the brain dorsal

(posterior) to the posterior commissure iii any form which I

have studied, except, perhaps, in a comparatively few cases



STRUCTURE AND DEVELOPMENT OE REIS^NEr’s FIBRE. 45

(e.g. Selachians and Myxinoids), \vliei-e the specialised

ependymal epithelium also may extend onto the dorsal

(posterior) surface of the posterior commissure.

III. Eeissner’s Fibre and the Sdb-commissural Organ

IN the Petromyzontidai.

Petromyzon fluviatilis.

Of this species I have specially prepared and studied

seven series of sections of the brain cut in the usual three

planes, while of the terminal part of the spinal cord I have

five series cut sagittally. In addition to these I have also

examined several series through the brain and through the

tail region of this animal belonging to the collection of

King’s College.

Upon the brain of one and another of the several species

of this family so much has been written (Ahlborn, ’83, on

P. plaueri; Dendy, ’02 and ’07, on Geotria australis;

Johnston, ’02, on Lampetra wilderi; Sargent, ’04 and

Sterzi, ’07, on Petromyzon marinus, to mention only a

few of the many modern writers who have dealt with the

region of the brain with which I am here principally con-

cerned), that there will be need for me to say very little

concerning the gross anatomy of the brain of Petromyzon
fluviatilis.

S u b - c om m i s s u r a 1 0 r of a n .o

Although a very conspicuous structure, the sub-conimissimd

organ has apparently been described in some detail in three

species only, viz.: Ammocoetes (Peti-omy zon) sp.

(Dendy, ’02), Geotria australis (Dendy, ’02, ’07), and
Petromyzon marinus (Sargent, ’04).^ In these, it is

* Johnston ('07) does not even mention this structure, and Stei’zi

merely speaks of a highly developed epithelium lining the “ recessi

post-ahenulari ” in P. marinus. This he supposes (as Edinger before

him had done in the case of Scyllium) to be a secretory epithelium.
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stated to take the form of paired bands of high columnar
ependymal epithelial cells, which are grouped so as to bound
more or less deep longitudinal grooves, arising anteriorly

immediately behind the habenular ganglia and extending

backward beneath the posterior commissure.

In Petromyzon fluviatilis I find a similar disposition

of this characteristic epithelium. It appears anteriorly as a

well-defined band in the roof of each of the narrow clefts

which separate on either side the downwardly projecting

Text-fig.

A slightly cliagramiiiatic median (sagittal) section tlirongh the
brain of Petromyzon fluviatilis. One of the two factors

of Reissner's fibre is shown from the snb-commissnral organ
liackwards, the other branch is indicated near their junction at

the anterior end of the isthmic canal. (In a truly sagittal

section neither would be seen in front of that ^loint in the mid-
brain, for they actually lie just to the right and left of the
median plane.) c.c. Canalis centralis, cmh. Cerebellum.
h(j. Habenular ganglion, i.c. Isthmic canal, inf. Infra-pineal

recess, infd. Infundibulum, iter. Iter. p.c. Posterior com-
missure. r.f. Reissner's fibre, s.c.o. Sub-commissural organ.

III. Third ventricle. IV. Fourth ventricle.

habenular ganglia from the side walls of the diencephalon

(Fig. 33, s.c.o.)

.

Owing to the greatei- size of the right

habenular ganglion the cleft upon that side is almost obliter-

ated and the corresponding ependymal groove crowded out.
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It extends forward, tlierefore, for a much shorter distance

than does that of the opposite side, a condition which Deudy

(’02, p. 489) noted in the ammocoete of Petromyzon and, later,

in the velasia stage of Geotria (’07, p. 5). Sargent states that

he found in Petromyzon marinus the right g-roove better

developed anteriorly, “ corresponding in this with the greater

size of the habenula of that side ” (’04, p. 152).

Immediately behind the habenular ganglia these lateral

clefts (in the roofs of which lie the forward extensions of

the sub-commissural organ) widen out into and become

merged with the infra-pineal recess. The bands of columnar

epithelium also expand, spreading out upon the roof and side

walls of that recess (fig. 34). The upper limit of the infra-

pineal recess lies at a slightly higher level than the dorsal

suface of the posterior commissure, and at that level there are

always found a pair of shallow pockets or “
diacoelic recesses ”

bulging very slightly laterally and backward, thus appearing-

above the posterior commissure. Owing to the spreading out

of the paired epithelial bands of the sub-commissnral organ

upon the roof and side walls of the infra-pineal recess

almost all of the upper region of the recess comes to be lined

by this epithelium, and the pair of diacoelic recesses are com-

pletely lined by it. Being paired laterally placed structures

they do not appear in the diagrammatic repre.sentation (Text-

fig. 5) of a truly sagittal section, but the recess^ of the right

side is shown in fig. 35 (r.d., on the left in the figure), only one

being shown on account of the slight obliquity of the plane of

the section. From the infra-pineal recess the paired tracts

of specialised ependymal epithelium extend downward and

backward beneath the posterior commissure, sharply marked

off from the general ependymal epithelium. They bound

distinct and, for the most part, widely separate grooves,

‘ These recesses appear to be identical with the “ recessi postabenu-

lari ” described by Sterzi (’U7) in P. marinus. These latter are

apparently much larger than the diacoelic recesses I have described in

P. flu viatilis, and Sterzi seems to have overlooked them in the latte r

pecies.
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whose lumina face ventro-mesially (figs. 1^ 35, 38, ^.c.o.). This

species thus differs from both Petroiuyzou marinus and

Geotria australis, in Avhich the lumiiia of the grooves face

directly ventrally. It differs, also, from Geotria in that, in the

latter, the two ependymal bands are in contact mesially.

'I'he epithelium of the sub-commissural organ is composed

of elongated, almost fibre-like cells, radially arranged and

with deeply seated nuclei which stain very strongly. The
cytoplasm of these cells usually stains comparatively lightly,

so that, in transverse sections, the sub-commissural organ

appears as a pair of pale ci'escentic areas whose outer bounding

curves are defined by closely set nuclei (figs. 38, 39). The inner

ends of the cells of the sub-commissural organ are produced

into long neuroglia fibres which become collected into bundles

and extend to the dorsal surface of the brain, the nerve-fibres

of the posterior commissure passing between them.

Laterally the sub-commissural organ is sharply marked off

from the general ependymal epithelium, which consists of

short columnar cells with more superficially disposed nuclei

(fig. 38, e.e'p.). This general ventricular ependymal epithe-

lium seems to be freely furnished with long cilia, but these

are replaced upon the sub-commissural organ by very short,

close-set cilia. The latter are not always preserved, but are

occasionally quite conspicuous, especially upon that part of

the sub-commissural organ Avhich lies in the infra-pineal

recess.

Mesially, beneath the posterior commissure, those cells

which form the dorsal edges of the grooves are much less

elongated, and finally there is a Gansition into an epithelium

of flattened cells which alone cover the ventricular surface of

the posterior commissure between the two halves of the sub-

commissural organ (fig'. 38). This flattened epithelium con-

tinues around the hinder end of the posterior commissure and

forms the only epithelial covering of the dorsal (posterior)

surface of that structure, for onto this surface the sub-

commissural organ does not extend in Petromyzon fluvia-

tilis. Thus, at the hinder end of the posterior commissure
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the sub-commissural organ ends abruptly (see Text-fig. 5).

Owing, however, to the great length of their component cells

the two halves of the sub-commissural organ continue to

appear for a short distance in transverse sections as crescentic

epithelial structures, lying almost or quite freely in the

rnesocoel altogether behind tbe commissure (fig. 36, s. c. o.).

This manner of ending of the sub-comiuissural oi’gan is

absolutely characteristic of all the members of the Petro-

myzontidae which I have examined. In P. mar in us,

however, Sargent states (’04, p. 152) that the sub-commissural

organ (“ependymal grooves”) extends around the postei’o-

ventral surface of the posterior commissure onto the dorsal

(posterior) surface of that structure, although his figures

(’04, pi. i, figs. 6 and 7) do not seem to bear out his state-

ment. I shall return to this matter later.

Reissner’s Fibre.

Springing fi’om the epithelium of the sub-commissuinl

organ, where this lines the infra-pineal recess on either side,

a number of delicate-fibrillae may be made out which coalesce

to form factors of Reissner’s fibre (fig-. 39, fh.). Mingled

with these fibrillae are numei'ous fine strands, which I was at

first inclined to consider as artifacts due to coagulation.

They are, however, invariably present at this point, and

closely resemble the constituent fibrillae of Reissner’s fibre,

difi’ering principally in that they have a slightly irregular

and wavy course, whereas the undoubted constituents of the

fibre ai’e straight, as though di'awn taut under considerable

tension. It may well be that the loose wavy fibrillae (fig. 39,

fh.') are simply factors of Reissner’s fibre which have been

broken and contracted under the action of the fixing reagent.

The snb-commissural organ, as already stated, consists of

separate paired bands, which in Petromyzon fluviatilis

nowhere coalesce nor even closely approach, and it is an

interesting fact that in this species the fibilllae unite to foini

a pair of principal factors (fig. 37, r.f.) of Reissner’s fibre.

VOL. 58, PART 1. NEW SEKIES. 4
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These veinain distinct for a considerable distance through the

brain cavity, uniting, in a manner shortly to be described

(hg. 11, to form a single median structure only beueatli

the posterior part of the tectum mesencephali, imme-

diately in front of the point where that structure joins the

cerebellum (Text-lig. 5).

The anterior surface of the posterior commissure, over

which the paired ependymal gi-ooves pass, has a presentation

approaching the vertical (see Text-fig. 5), but slopes slightly

backwards. The course of the paii-ed fibres, therefore, is at

first steeply downward and slightly backward. Moreover,

they also incline somewhat towards the middle line, and it is

thus not possible (in this species) to obtain any considerable

length of the fibre in this region in any one (thin) section cut

in any of the three conventional planes.

In transverse sections especially the fibre is, in this

region, cut very obliquely, and, as it lies in this part of its

course closely against the ependymal epithelium, it frequently

may, by focussing, be seen apparently penetrating this

epithelium. Really, of course, it simply lies against the

ependymal epithelium upon its free surface (fig. 38, r. /.).

Lying close adjacent to the ventral surface of the

posterior commissure, and separated from the aqueductus
Sylvii only by that flattened epithelium which extends

mesially between the two grooves of the sub-commissural

organ, are numerous conspicuous nerve-fibres. These are the

axons of the large, laterally situated cells (fig. 36, n. 2^. c.),

which .Johnston (’02) has identified as the nucleus of the

posterior commissure, and they are the nerve-fibres which

form, according to Sargent (’04, pp. 154-155, pi. i, figs. 6

and 7), the second of the three sources from which he would

derive Reissner’s fibre in the lamprey. Owing to the

extremely flattened character of the ependymal epithelium

here, many of these axons lie quite superficially. Whe’re they

pass laterally into the region of the sub-commissural organ

they still continue, for a while, to course superficially between

the radiating fibre-lihe ependymal cells, presenting occasion-
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ally the appearance of passing out towards the iter. This

appearance is to be observed more frequently in transverse

sections through the anterior parts of the posterior com-

missure, where the sections cut its antero-ventral surface very

obliquely.

Such a condition is represented in fig-. 38, where all the

inore conspicuous fibres have been carefully drawn in, with

the aid of a camera lucida, from an actual section which

formed part of a complete series stained with iron-brazilin.

As one would naturally expect, these fibres could be followed

from section to section, past the point where they might

have appeai-ed to emerge, to the side of the posterior com-

missure remote from that upon which their related cells lay.

It was, perhaps, his failure to interpret correctly appear-

ances such as these that led Sargent to suppose that he

could trace axons into the ventricle; while the obliquely cut

sections of Keissner^s fibre, to which I have already referred

as seeming to penetrate the ependymal epithelium, may have

been regarded as the continuations of such axons.

The utter improbability of such an origin for the fibi*e of

Reissner, from the confluence of a large number of ueuraxons,

will become apparent when it is stated that in many instances

an individual fibre from this laterally placed group of cells

has a diameter as great as, or even greater than, that of the

entire Reissner’s fibre itself, while collectively (and they ai-e

quite numerous) they would vastly exceed that structure in size.

Furthermore, according to Sargent, these constituent fibres

form but a fraction of the entire fibre in Petromyzon, for

other “axons” are described as entering into it (1) from a

paired nucleus of large cells, which he correctly homologises

with the “Dachkern,” and whicli lies dorsal or dorso-lateral

to the posterior commissure, and (2) from large multipolar

cells ill the habenular ganglia.

As a matter of fact, the ultimate factors of Reissner’s fibre

aie exceedingly fine, and can be traced only to the free

surface of the elongated cells of the sub-commissural organ

(fig- fh.).
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Beneath and behind the posterior commissure the right and

left halves of the fibre pass backward and ventrally in a nearly

parallel course, but converging slightly (fig. 37, r.f.), till,

beneath the rhombo-mesencephalic fold, they may be seen, in

a series of transverse sections, to enter a pair of deep grooves

on the ventral surface of that fold (fig. 10, i.c.). These

paired gi'ooves after a short separate course become confluent

behind to form a single median groove, which continues back-

wai'd to the extreme caudal end of the ventral surface of the

fold. This groove, which I propose to call the “isthmic

canal” (Text-fig. 5, i.c.), is lined by a distinct columar epithe-

lium, which is much more strongly staining than the ependymal

epithelium which covers the rest of the ventricular surface

of the rhombo-mesencephalic fold. It is of very general

occurrence, at any rate iu the lower vertebrates, and probably

increases in depth during life. In the Myxinoids, as will be

described below, this isthmic canal becomes converted into

a tubular structure.

At the point of confluence of the paired anterior parts of

the isthmic canal the paired branches of Reissner’s fibre also

unite to form a single median thread, which lies in the groove

close against the ependymal epithelium. In the photomicro-

graph reproduced as fig. 10, the pair of fibres [r.f.) may be seen

in the two halves of the isthmic canal at a point about twenty^

micra in fiont of the confluence of the canals. In other

sei iesof transverse sections thi ough the brain of Peti'omyzon,

the isthmic canal does not show the paired anterior portion,

and the two halves of the fibre appear to unite slightly

antero-ventral to the rhombo-mesencephalic fold (fig. 1 l,r./.).

These are probably younger specimens, for this difference

seems to be due to a difference of age and degree of down-

growth of the brain-tissue upon the fibre. I have found a

similar difference in the frog, where in a young specimen the

fibre lies freely beneath the ventral surface of this part of

the brain, while in an older (fully grown) specimen the fibre

has come to lie in a deep isthmic canal.

Behind the cerebellum the fibre (Text-fig. 5, r.f.) emerges



STEUCTURK AND DEVELOPMENT OF EEISSNEr’s FIBRE. 53

from the istlimic canal and extends perfectly freely through

the fourth veutricle, from which it passes into the canalis

centralis to end in the sinus terminalis. In no part of

its course does it penetrate the braiu-tissue, and the isthmic

canalj in all of the seven series examined^ remains widely open

below. In two series of sections the fibre had evidently broken

from its attachment to the sub-commissural organ during

the dissection made to expose the brain, and has sprung back-

ward into the central canal of the spinal cord. In both

cases, however, the process of fixation must have been well

advanced, especially in the relatively less bulky spinal cord,

and the fibre has consequently retracted only from the brain

into the anterior region of the cord. In one case the recoil

has merely resulted in a shortening up of the anterior part

of the fibre and a considerable increase in its thickness in

that region. In the second case the released anterior end

of the fibre has been twisted into a spirally coiled mass of

swollen fibre which lies at the point where the fourth ventricle

])asses into the canalis centralis. It is associated with

a considerable quantity of dislodged ependymal cells, and on

e.^amluation it was found that the sub-commissural organ

is somewhat incomplete, as though patches of cells had been

dragged away when the fibi-e tore itself fi-ee.

Throughout the extent of the canalis centralis the

fibre is attached, at frequent intervals, to the- ependymal

e[)ithelium by cilia, which appear to have fused with the

fibre, and which probably are, as I have suggested above,

actually constituent parts of Reissuer’s fibre.

I have been able to trace Reissner’s fibre with absolute

certainty to its actual end in the sinus terminalis in this

species in but two specimens. This is due to the fact that

the fibre can only be certainly followed in sagittal sections,

the preparation of which, in this region, presents some diffi-

culty. Tlie spiual cord extends as an exceedingly delicate,

tapering filum terminale to the extremity of the tail. It

is supported ventrally by the notochord, beyond the posterior

end of which, however, it projects slightly, there becoming
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dilated to partly enclose the sinus terminalis. Above,

its tneningeal sheath is pi'otected only by the skin, with

which it lies intimately in contact. Eemoval of the skin

appears invariably to involve the hinder part of the dural

envelope of the spinal cord also, and, as a consequence, the

sinus terminalis, of whose wall that envelope forms an in-

tegral part. If, however, the skin be not I’emoved, tlie whole

tail becomes greatly crumpled and folded during the processes

of paraffin embedding, owing to the considerable shrinking of

the skin, which itself becomes at the same time very tough

and leathery. I’hus, in those series in which the end of the

spinal cord had been dissected out (specimens A, B) or in

which the skin had simply been removed (specimen C), the

sinus terminalis was wanting. On the other hand, in

both of the two series of sections (specimens D, E) in which

the intact tail region was cut sagittally, it came about that the

sinus ter miual is, although preserved entire, was unavoid-

ably cut slightly obliquely to the vertical longitudinal plane

desired.

A photomicrograph of a section through the sinus ter-

minalis of each of these two latter (d, e) has been repro-

duced (figs. 12, 13, s.t.), while fig. 40 is a composite drawing

obtained by superposing camera drawings of four or five

consecutive sections of the series through the tail of

.specimen D.

The sinus (ventriculus) terminalis in Petromyzou
fluviatilis may be seen in both of my complete series as a

somewhat ovoidal space formed by the widening out of the

hinder end of the canalis centi-alis. By Studnicka (’95a)

it is said to be invariably present in both P. fluviatilis and

P. planeri
; Retzius (’95) says simply that in P. fluviatilis

it frequently occurs.

The anterior part of the wall of this space is formed by the

ependymal epithelium of the filum terminale. At about

its middle, however, this fails, so that posteriorly the sinus

terminalis is bounded only by the confluent connective

tissue envelopes of the spinal cord (Fig. 40). The canalis
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centralis may thus be said to open freely by a terminal
neur:il pore or foramen into the lympli-space that surrounds

the cord. Through this terminal foramen Reissner’s fibre

passes, to become iuserted into, and apparently confluent with,

that portion of the meningeal sheath that forms the posterior

wall of the sinus terminalis. Its insertion is in the middle

line and upon the postero-ventral part of the wall of the sinus.

In fig. 13 the fibre is seen passing across the sinus ter-

minalis to its pointof insertion into thewallof that chan>ber,

and in this instance the fibre shows only a slig’ht twisting at

short intervals. In the other specimen (figs. 12, 40), the fibre

is seen to pass into the apex of a conical mass {r.f.") of coiled

fibre which lies against the ventro-posterior wall of the sinus

and occupies a considei'able portion of its cavity.

The descriptions of Stndnicka (’99) and of Sargent (’04), as

well as my own earlier experience (Nicholls, ’09), had prepared

me for a complete or partial recoil of the fibre in this region.

In order to prevent this and to obtain, as far as might be, a

representation of the actual condition in the living animal,

considerable care was exercised in the preparation of the

material. "With this end in view, two freshly killed lampreys

were taken and immersed whole in the fixing fluid (aceto-

bichromate), and, while so immersed, a short stretcdi of the

skin and muscles was removed from one side of the tail to

within about an inch from its end to allow of the belter and

more speedy penetration of the sjiinal cord by the fixing fluid,

without any i-isk of damage to, or displacement of, the spinal

cord ami enclosed Reissuer’s fibre. This last inch or so of the

tail was only cut off nearly an hour later, by which time it

was supposed that the fibre had become well fixed and its

elasticity destroyed. The tissue was then further hardened

in the fi.xiug fluid for another twenty-four hours or more.

In the case of specimen E subsequent examination of the sec-

tions showed that there had been no post-mortem I'ecoil of the

fibre, which could be traced forward uninterruptedly from the

sinus terminalis in a perfectly straight line through the

canalis centralis. It is thus practically certain that the
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slight knotting and coiling to be observed in the fibre (fig. 13)

must have existed in life. In specimen D, however, the cord

and Reissner’s fibre were clearly severed prematurely, before

the latter had been quite fixed at its posterior end. A certain

amount of recoil had taken place, so that for about three

millimetres the canalis immediately behind the point of

cutting had had the fibre withdrawn from it. Where the

fibre appears it is found to stretch back in a tolerably straight

piece almost to the sinus terminalis. About at the point,

however, where the central canal begins to widen out, just

anterior to the sinus terminalis, the fibre passes into a

considerable tangle (fig. 40, r./.'j, from the hinder end of which

it emerg-es to run in a short straight course into another and

much larger tangled mass (fig. 40, r.f."). This second tangle

is that conical heap which forms so conspicuous an object in

the sinus terminalis (fig. 12, r.f."), the base of the cone

lying against the postero-veutral wall of the sinus ter-

minalis. Its apex, into which the straig’ht part of the fibre

passes, projects dorsally and a little forwards. As a post-

mortem recoil has here undoubtedly occurred, it is not now
possible to decide whether any of this tangled mass of the

fibre was present as such in the living animal. It is my
opinion, however, that the intricately tangled mass (fig. 40,

r.f.') lying near the end of the central canal is alone sufficient

to account entirely for the comparatively small amount of

retraction from the anterioi- end to which I have referred.

In addition to this material which I myself prepared I have

examined a number of series of sections through the tail of

Petromyzon fluviatilis which are in the collection at

King’s College. In two of these I found the sinus termi-

nalis almost intact, but in one only could Reissner’s fibre

be traced backwards to that point. In that series, which was

cut horizontally, the fibre may be seen emerging from a

widely open terminal neural pore as a taut thread, which

passes at its extremity into a mass of indeterminate tissue

and is lost. The meningeal walls of the sinus terminalis

in this specimen are very ill-defined.
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In the otlier series, a sagittal one, the sinus termi-

nal is was cut obliquely. It appeared, however, to be a well-

defined globular space. The anterior liemisphere was

covered with the spreading flattened ependymal epithelium of

the filum terminate, but this was lacking on the hinder

half, and here the wall was made up wholly of couuective tissue.

The sinus itself was filled with a granular coagulum and

Eeissner’s fibre could not be identified.

The effect obtained by a severance of cord and fibre when
fixation is still incomplete has already been figured and briefly

described by me (’09, ’12). The evenly twisted, condition of

Reissuer’s fibre, to which I have referred as occurring in

those cases where only a gradual recoil of the fibre has taken

place, has been observed in the central canal of three different

specimens of Petromyzon fluviatilis.

The first case of this kind was obtained in the terminal

portion of the spiual cord, which had been dissected out from

the vertebral canal after partial fixation. The cord and fibre

were cut in frout and retraction of the fibre has taken place

backwardly from that point. In the operation of dissecting

out the piece of spiual cord, however, the siuus termi-

nal is was destroyed and the fibre has also retracted forwards,

but it appears probable that the retraction took place princi-

pally from before backwards, for from the point where the

fibre was cut the canalis centralis is empty of fibre for

a space of nearly fourteen millimetres. The anterior part

of the piece of fibre in question is almost perfectly straight

and not greatly swollen. This straight course continues for

nearly a millimetre and then the fibre appears thrown into a

number of close, tightly wound, corkscrew-like coils which

alternate with short straight stretches (fig. 16). Of these

corkscrew-like coils some thirty occur in the hinder part of

the fibre, which is altogether about three millimetres only in

length. The number of turns in any one twisted length

varies from four to fourteen, with an average of eight.

Occasionally, however, a single turn is found in an otherwise

straight piece.
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Ill addition to the coiling thete has been an actual shrinking

in length and a corresponding increase in thickness, for the

fibre, which has normally in the lamprey a diameter of l'5-2

micra, has here a diameter of 4 niicra.

A second instance of such spiral retraction of the fibre was

found in the same region of the spinal cord of another speci-

men. In this the apparently functional fibre is found

stretched taut from the sinus terminal is to a point as far

forward as my sections go. Close against this fibre, however,

there occurs a short stretch of freely lying fibre wound con-

tinuously in a fairly open spiral. I find it particularly diffi-

cult to account for the presence of this free piece of coiled

fibre. It may of course be a remnant of the fibre broken

some time previously, but in that case it is remarkable that

it should have continued coiled.

The third case is that of the lamprey, above referred to, in

which the fibre had broken free from the sub-commissural

organ and had retracted into a knotted end in the central

canal. For a short distance posterior to the fi'ee knotted end

the fibre stretches backward as a simple spirally wound thread.

The “Dachkern.”
This remarkable group of lai-ge and conspicuous cells has

been known under a variety of names, having been termed

variously the “ mesencephalic trigeminal nucleus” by Osborn

(’88), the “ nucleus magnocellularis ” by Johnston (’01), the

“nucleus magnocellularis tecti ” by Edinger (’01), and the

“ mesencephalic nidulus of optic reflex cells” by Sargent (’04).

The name “ Dachkern ” appears to have been first used by

Kohou (’77), who applied it to the collection of large cells in

the tectum mesencephali of Selachians, and though open,

perhaps, to objection, is at least distinctive.

The nucleus bas been described by many authors, and in

nearly all classes of vertebrates. So far as I can find, hoAvever,

it lias never been identified in mammals, while in Teleosts it

has been, as 1 believe, erroueously (see above) homologised

with the torus longitudinalis by Sargent (’03 a).
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In the Cyclostomes it was first recognised by Sargent (’04)

in Petromyzon inarinus, in which species he has described

it (op. cit., p. 154) as consisting of two groups of large cells

placed symmetrically on either side of, and at some little dis-

tance fi’om, the median plane, each group containing from

eight to twelve cells.

Sargent further claimed that he found these large cells ’in

larval specimens of P. planeri, but, as I shall presently point

out, it is evident that he has, in that ammocoete, altogether

failed to interpret correctly the several structures in the roof

of the brain, and from his figures it appears probable that

the cells which he considers as the mesencephalic nidulus

of optic reflex cells do not represent that nucleus at all.

That the cells of this nucleus are, however, present in all

the members of the Petromyzontidae is very probable, although

possibly they become very reduced in some species. Thus

Johnston was unable to find them in Petromyzon
(Lampetra) wilderi (’02, p. 29) wliile I have not been

able to identify them with certainty in ammocoetes of

Ichthyomyzon ( E n t osp h e n u s) tridentatus even in

comparatively large specimens (up to 95 mm.). There is,

however, in this species, a paired group of large, rather clear

nuclei immediately external to the sub-commissural organ,

which quite probably represent the “ Dachkern.”

The nucleus is present in Geotria australis, although the

cells are not very well defined, in several of the series

examined. The want of definition is partly due to the fading

of the stain employed, but must be to acertain extent attributed

to the fact that these cells appear to stain somewhat capri-

ciously, the cytoplasm taking the stain well, in my experience,

only when the tissue as a whole has been rather overstained.

^

The large cells figured and referred to by Bendy (’07, fig.

* That this nucleus has been so long ovei'lookeJ. in the Cyclostomes

maj’ jrerhaps be attributed in some measure to this peculiarity. I

believe, also, that they rarely, if ever, take up the silver imjrregnation

of Golgi, which may i)ossibly explain their alleged absence in P.

w i 1 d e !• i

.
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3, and p. 17) do not form part of this “roof nucleus,” but

belong to the nucleus of the posterior commissure. It is in

these lateral]}’ placed cells that Sargent finds the second

source of axons for the fibre of Reissner. The cells of the

“Dachkern” in Geotria lie comparatively near to the middle

line, scattered among the fibres of the posterior commissure

immediately dorsal to the sub-commissural organ.

It is principally iu Petromyzon f 1 uviatilis, however,

that I have observed the “Dachkern” in this family. In

this species it is moderately well developed, and is found to

consist of a somewhat variable number of large cells which

lie in the course of the posterior commissure. They are

never very remote from the sub-commissural organ, against

the inner border of which they mostly lie, either just above

or to the outer side. Tlie paired character of the nucleus is

somewhat obscured, tlie cells lying sometimes closely adjacent

in the middle line, sometimes trailing out in uneven lines with

usually more cells upon one side than the other. Their

number, all told, does not appear to exceed two dozen, but it

was somewhat difficult to determine accurately their precise

number, for, owing to their large size, each may appear in

several consecutive sections. Some of the largest cells have

a maximum long diameter of about 30 micra with a short

diameter of approximately 12 micra. Their size and shape

ai e very variable, but iu all there is a large clear nucleus with

well-marked chromatin network and one or two nucleoli. The

diameter of the nucleus is usually about 10 or 11 micra.

That these cells, in the various Petromyzoittidie referred

to, represent the “ Dachkern ” of higher vertebrates admits,

I think, of no doubt, but that their axons constitute a part

or the whole of Reissner’s fibre I emphatically deny. It is,

of course, possible that they are related to the cells of the

sub-commissural organ, although 1 have not been able to

establish this relation
;
their principal axons appear to pass

with the fibi’es of the posterior commissure to that side of

the brain remote from the cells from which they arise, but

beyond that point I have not attempted to trace them.
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The second source, according to Sargent, of the constituent

tibrill^ of Eeissner’s fibre is the group of large cells lying-

somewhat lateral to the two halves of the sub-coinmissural

organ. These, as already stated, are cleai-ly part of the

nucleus of the posterior commissure (Cf . Sargent, ’04, pi. i,

fig. 7, and Johnston, ’07, fig. 132).

I have been quite unable to recognise the multipolar cells

in the right habenular ganglion from which Sargent supposed

a pre-commissural unpaired part of Reissner’s fibre to be

derived. As already repeatedly stated, I find the fibre

arising as a structure, paired even in front of the posterior

commissure, from the paired grooves of the sub-commissural

organ, the two halves of the fibre remaining distinct in

Petroinyzon fluviatilis practically for the entire length

of the mid-brain.

Although perhaps not directly related to the subject of

this paper, I propose to make brief mention of certain other

large and conspicuous nerve-cells in the roof of the brain.

These are situated, in Petromyzon fluviatilis, high up

on the walls of the hind brain some little way behind the

cerebellum. They occur usually just beneath the ependymal

epithelium, through which they often appear to bulge so as

to lie exposed, practically, in the fourth venti icle. Traced

backsvards, these are seen to form a paired longitudinal

series in which the two lines approach each other till that

point is reached where the walls of the hind brain overarch

and meet above the fourth ventricle. At this point the two

converging lines of large cells become pai-allel and pass back-

ward as that well-known paired tract of giant-cells which

are such a conspicuous feature of the spinal cord of many of

the lower vertebrates.

Thus in the common river lamprey these giant-cells do not

end, as is said by Johnston (’02, p. 5) to be the case in the

brook lamprey (P. wilder!), at the commissura infima,

but continue forwards in the hind biain to about that point

which coincides with the forward limit of the neural crests of

the embryo.
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In their size and staining reactions these cells in

P. fluviatilis are practically identical with the laige cells

which form the “Dachkern” in the lampreys, and which also

show evidence of a paired arrangement and have a similar

situation on either side of the middle line. Further, the

position and extent of the '' Dachkern ” in all vertebrates in

which it is known to occur coincides closely with that of the

lorward isolated portion of the neural crests of the embryo.

In the lampreys it is true that, owing to the roof of the mid-

brain remaining lai gely membranous, the “ Dachkern is

restricted to the anterior poi-tiou only of that legion.

Geotria australis.

For the opportunity of studying the condition of Reissner’s

fibre in this species I am indebted to Professor Dendy, not

only for the loan of his collection of sections through the

brain of the velasia and ammocoete stages of this lamprey, but

also for placing at my disposal several well-preserved heads.

In all, I have examined eleven series of sections through

the brain of the velasia, and one series (cut transversely) of

the ammocoete brain.

In his paper “ On the Parietal Sense-Organs and Associ-

ated Structures in the New Zealand Lamprey (Geotria

australis),’^ Dendy (’07) has briefly described the condition

of Reissner’s fibre in the brain, and its relation to the sub-

commissural organ (‘‘ependymal grooves”). In an earlier

paper (’02) he had described the character of the sub-com-

missural org’an in the ammocoete.

These paired “ ependymal grooves,” which terminate, as

such, at the hinder end of the posterior commissure, exactly

as they do in Petromyzon f 1 uv iati li s, nevertheless differ

from the grooves in that species in that their shallow lumina

are presented almost ventrally (Dendy, ’02, fig. 2) rather

than mesially as in P. fluviatilis (figs. 84, 35, s.c.o.).

Further, so closely, in Geotria, do these grooves approach

each other in the middle line beneath the posterior com-
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missure that the characteristic epithelium appears iu the

actual median section of series cut sagittally (Dendy, ’07,

pi. i, fig. 2). Immediately in front of the posterior com-

missure there is even an actual confluence for a short

distance, the grooves presenting there the appearance of

a single horse-shoe-shaped structure which lines the arching

roof of the infra-pineal recess. Dendy (’07, pi. i, fig. 3) has

figured the condition of the sub-commissural organ, as seen

in transvei'se section, at a point immediately behind the

infra-pineal recess. The condition of the sub-commissural

organ in the infra-pineal recess foreshadows the condition

which has become genei-al along the entire length of the

organ in many of the higher vertebrates (figs. 2, 3, 6, 8).

Ahlborn (’83), in his figures of P. planeri, has shown

indistinctly (figs, 25, 26) what may be the paired ends of

the grooves immediately behind the posterior commissure,

and an unpaired median ependymal mass well developed

beneath the posterior commissure. If this, indeed, represents

the sub-commissural organ, we have here a further advance

upon the incipient fusion of the grooves in Geotria

australis. In Petromyzon raarinus, on the other hand,

the grooves appear, judging from Sargent’s figures, to be

even more widely separated than iu Petromyzon flu-

V i a t i 1 i s

.

Of the eleven series of sections through the brain of the

velasia stage of Geotria, seven were cut sagittally and four

transversely. In three of these the 6bre could not be cer-

tainly made out, but the sections in two of these three cases

were transvei’se, and in such sections Eeissner’s fibre is

always particularly^ difficult to recognise.

In only one of the sagittally cut series of sections did I fail

to find the fibre, and in this particular specimen the choroid

plexus of the fourth ventricle had been dissected away before

the sections were cut, and almost certainly the fibre was

carried away at the same time.

In the eiglit brains in which Reissner’s fibre was clearly to

be seen it had retained its strictly normal position in only
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one instance. It must, liowever, be remembered that the

material had not been preserved for the study of this structure,

the animals, in every case, having been decapitated. Under

the circumstances, therefore, it is surprising that the fibre

had been preserved in the normal position in any. The

explanation, in this case, appears to be tliat, in some pre-

liminary exposure of the brain, blood had found its way into

tlie ventricles, and, clotting there, firmly secured the fibre

from recoil. The condition of Reissner’s fibie in this speci-

men is represented in fig. 57. The clot above referred to had

filled the fourth ventricle and extended into the mesocoel, but

the fibre can nevertheless be readily followed. It may be made
out arising from the epithelium of the sub-commissural

organ by many fine branches which run together into two
principal factors. These unite, midway along the cavity of

the midbrain, to form a single thread which passes back-

wards into the fourth ventricle, traversing a deep isthmic

canal upon the ventral surface of the i hombo-mesencephalic

fold. Behind the fourth ventricle the fibre may be followed

to the end of that part of the can alls centralis included in

the piece sectioned.

It is important to note that just as the two halves of the

sub commissural organ in Geotria are tending to become
mei'ged into a single median structure, so also the two halves

of the fibi-e are more completely united. Their union occurs

well forward in the mid-brain, whereas in Petromyzou and
Ichthyomyzon,^ in which the grooves are distinct and widely

separated, the two factors of the fibi-e only lose their identity

at a point far more posterior, beneath the rhombo-mesen-

cephalic fold. The isthmic canal in these two latter forms

may accordingly show more or less definite traces of a paired

character, but in Geotria it is a simple median groove.

Three other series of sections also show particularly well

the paired origin of the fibre in Geotria.

In one of these the whole length of the fibre, from the sub-

commissural organ to the end of the piece of the spinal coi-d

‘ See below.
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inclucledj is actually coutained iu two adjoining sections. It

liaSj however, sprung slightly, so that it lies (in tlie fourth

ventricle) a little out of its proper position, as shown in fig.

20. This retraction lias permitted some forward displace-

ment of the point of union of the two halves of the fibre,

these apparently meeting beneath the sub-commissural organ

(fig. 58). In front of this point the paired fibres spread out

iuto a brush-like end of lesser factors, which have broken free

from their attachments and are slightly displaced in the sec-

tions. From the cells of the sub-commissural org'an many
constituent fibrilla) may be seen freely projecting, anti these

are particularly noticeable in the infra-pineal recess, as Dendy

has described and figured (’07, p. 17, and fig. 6).

In anotber series the anterior end of the fibre closely

resembles that just described, having also been slightly

displaced anteriorly, so that in neither of these two can

Reissner’s fibre be actually traced to the cells of the sub-

commissural organ. Posteriorly, however, the fibre in this

series has recoiled into a tangled snarl which was apparenily

brought up at the hinder end of the isthmic canal.

In the last of these series the fibre has recoiled forward

from the point of section to fonn a typical tangle beneath the

])osterior commissure as seen in the photomicrogTaph (fig. 19).

In front of this point the paired factors of the fibre may be

well seen.

In the four remaining series in which Keissner’s fibre was

i3iade out it had in every case retracted into tightly wound

knots, in the formation of which the fibre had become torn

free from its attachment to the sub-commissural organ. In

one case alone the snarl a])peared as a mass of coiled and

greatly swollen fibre immediately below the recessus infra-

piuealis. In two others it occurred in similar form, but at

the posterior border of the sub-couimissural organ, while iu

the remaining instance it was less coiled but enormously

swollen, and lying freely in the mesocoul. In this latter

specimen the diameter of the piece measured varied between

9'6 fi and l8/i. The normal diameter of the fibre iu (Jeotria

VOL. 58, l-AKT 1.
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appears to be between 2 /x and 3 /x, altliongh in several

instances it was found with a thickness of 4’5/x, even where

there appeared to have been bnt slight retraction.

Development.

Of the larval stages of Petromyzon 1 have had no material

beyond the single series of transverse sections through the

head of an ammococte 57 mm. long, this being the specimen

in which the “ ciliated grooves ” of the sub-commissnial

organ were described by Dendy (^02).

In this series lieissuer’s fibre cannot be identified with

certainty, nor could the large cells, said by Sargent to give

rise to the fibre, be distinguished, although that author stated

that he was able to discern these cells in ammocoetes of P.

planeri from 6 mm. to 10 mm. in length.

I have, however, been able to prepare and examine a faiily

complete series of sections through the whole or parts of

larva3 of Ichthyomyzou (E n t osp h e n u s) tridentatus,

varying in length from 12 mm. to 105 mm
,
and while, so far

as I could find, tlie ammocoete of this genus does not differ

markedly from that of Petromyzon, my findings are, never-

theless, markedly unlike those of Sargent, who examined

P
.

planeri.

As, so far as I know, the nervous system of the ammocoete

of this lamprey has never hitherto been described, I propose

to give a short account of the condition of the roof of the

brain at certain stages in development, dealing simply with

those parts of the brain with which this research is chiefly

concerned.

Ichthyomyzou (En tosphen us) tridentatus.

fl'his lamprey inhabits the North Pacific Ocean, and is said

to take the place in those wateis of the very simitar lamprey

of the Noihh Atlantic Ocean, Petromyzon marinus. Like

P. marinus, it grows to a large size, and although the adult

is not, I believe, easily obtainable, the ammocoetes are found
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plentifully during the early summer in certain of the rivers

Avhich draiir the western slopes of the Rocky Mountains, and

which seem to form the breeding-grounds of the species.

My specimens, which were collected for me by Mr. W. F.

Allen from the Carmel R., California, were preserved entire

in aceto-bichromate fluid.

They are of all sizes from 12 mm. to 105 mm. The smallest

specimens, I understand from Mr. Allen, were from two to

three weeks’ old, so that they have apparently a more rapid

growth than the ammococtes of P. plaueri, which were,

according to Sargent, from G mm. to 10 mm. long at from

twenty-six to thirty days after hatching. This difference is

probably simply correlated with the considerable disparity in

size of the adult animals of the two species and must not be

lost sight of, for, as I do not know the ages of my various

specimens, I shall be compelled to designate them by their

respective lengths, which will probably be much in excess of

those of ammocoetes of l iver or lake lampreys of the same age

and degree of development.

My smallest specimens included one of 12 mm. and another

of 14 mm. which were cut transversely, and others 13 mm.
(two) and 14'5 mm. which were cut sagittally.

In all of these the roof of the mid- and hind-braiu is still

almost entirely epithelial. The ]>lica r horn bo- m esen

-

cephalica is, however, already well marked, although still

oidy one layer of cells in thickness. At its anterior end the

membranous I’oof of the mid-bi'ain (llie future tela choroi d ea

II) passes into the posterior commissure, which, even in my
youngest sjtecimeus, is quite well defined. Although this has

not, as yet, become downfolded to form the plica nieso-

proseucephalica, its hinder end has already come to lie at a

slightly lower level than the developing choroid plexus (see

'J’ext-fig. 6).

In the fore-brain the greater part of the roof is occupied

by the habenular ganglia, of which the right is enonuously

the larger. Above these lie the two epiphysial outgrowths,

that of the right side being lai’ge, and having apparently.
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even at this eai-ly age, attained its fall forward displacement

relatively to other structures. All trace of the communica-

tion of its lumen with the third ventricle appears to be

already obliterated, and as the posterior commissure lies

immediately behind the habenular ganglia and at the same

level, the recessus infrapineal is (Text-fig. 6, inf.) exists

as a distinct space principally in that crevice which extends

forwards from the posterior commissure for a short distance

to the left of the habenular ganglion. Its anterior boundary

is already defined by the left Meynert’s bundle.

'I'lie ventral surface of the posterior commissure is covered

by a conspicuous columnar epithelium (figs. 41, 45, s. c. o.),

plainly disposed in a pair of longitudinal bands which meet

in the mid-dorsal line and thus together form a single

inverted trough upon the roof of the brain.

The cells of these epithelial bands attain their greatest

length laterally, and their nuclei are there deep-seated. To-

wards the middle line the cells become shorter and have a

length scarcely greater than that of their nuclei.

We have thus, at this early stage, a well-developed sub-

commissural organ, the two halves of which are not, as yet,

sharply marked off mesially from the ordinaiy ependymal

epithelium. The half of the sub-commissural organ on the

left side extends forwards into the infra-pineal recess slightly

in advance of that upon the right side. Posteriorly the sub-

commissural organ stretches, on both sides, the entire length

of the posterior commissure, which, at this age, consists of a

very thin band, indeed, of transversely coursing nerve-fibres

(figs. 41, 45, 2). c.).

lleissner’s fibre maybe made out, in sections cut sagittally,

arising from the sub-commissural organ by several exceed-

ingly delicate threads, which unite to form a single fibre in the

aqufeductus Sylvii. Thence it passes backwards as a

fine thread freely through the fourth ventricle. It seems to

lie ngainst the ventral surface • of the plica rhombo-
mesencephalica, but nowhere penetrates the brain tissue,

nor is there, at this stage, any trace of an isthmic groove for
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its reception on the nnder surface of that fold (c.f. Text-fig.

6, r./.).

It is exceedingly diflficnit to recognise the fibre in transverse

sections of the brain; in the canalis centralis it may,

however, be made out, but it is very fine
;
indeed, its diameter

probably nowhere exceeds 0'3 /m, which is its measurement

at the hinder end of the fourth ventricle.

The next stage of which I have sections is represented by

an embryo of 30 mm. cut sagittally, and a slightly older

specimen (40 ram.) cut transversely.

In these, beyond the increase in size of the various parts,

there has not been a great deal of change (figs. 42, 46). Tlie

choroid plexus of the mid-brain has grown forward so that it

now overlies the hinder part of the posterior commissure, and

has a well-marked ventrally projecting median fold, much as

Dendy has described (’02) for the ammococte of Geotria.

(Tliis^ fold was barely indicated in tny smaller specimens.)

'I'he posterior commissure still shows no indication of any

downfolding, and remains extended horizontally in an antero-

posterior direction, on a level with the top of the habenular

ganglia.

The sub-commissnral organ has increased considerably in

size and its two halves are now seen to be somewhat widely

separated (fig. 42, .<?. c. o.). At its anterior end the left half

of the organ extends forward a short distance in advance of

that upon the right side. Posteriorly the specialised ependy-

mal epithelium now extends a little way behind the posterior

commissure upon the side walls of the mid-brain in a manner

exactly recalling the condition of the aramocoete described

and figured by Dendy (’02, p. 490).

Reissner’s fibre, too, shows a marked increase in size,

having, in the 30 mm. specimen, a diameter of approximately

0'8/i, measured in the fourth ventricle. The lesser fibres

have joined up beneath the posterior commissure into a jmir

of fibres which remain distinct for some distance, and seem

to unite to constitute the single fibre just anterior to the

rhombo-mesencephalic fold. In transverse sections the
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fibre, though not easily followed continuously through

the brain-ventricles, may nevertheless be followed under

the cerebellum, and becomes easy to trace in the can alls

centralis of the spinal cord, where it has a diameter of

almost 1 /n.

In an aminocoete 65 mm. in length, the only important

feature to note is the development of the isthmic canal upon

tlie ventral surface of the I’hombo-mesencephalic fold. This

canal in this specimen shows distinct traces of a paired

character (fig. 44, i. c.).

The right and left halves of the sub-commissural organ

have become still more widely separated, and each is now
slightly hollowed out to form a groove, the ventro-lateral

borders of which are marked off very distinctly from the

general ventricular epithelium.

Owing pi’obably to the larger size of this specimen, pene-

tration by the fixing fluid seems to have been less rapid,

and the fibre is not quite so well preserved. It has, in the

canalis centralis, a diameter of barely 1//.

Another specimen, 95 mtn. long, cat, like the last, trans-

versely, shows some advance upon the condition just

described. The snb-commissural organ consists now of a

pair of very definite grooves, each somewhat crescentic in

transverse section (fig. 43, s. c. o.). As in all the other speci-

mens examined, the sab-commissural organ begins in front

on the left side, in the cleft between the habenular ganglion

and the optic thalamus, and on the right side, somewhat

further back, behind the habenular gaTiglion. The two

grooves lie widely apart, have a nearly mesial presentation,

and both extend very slightly behind the posterior commissure.

This latter structure has enlarged considerabl}’, and

owing to the marked growth of the habenular ganglia, its

upper surface now lies at a somewhat lower level than the

dor.sal surface of those ganglia. Further, from behind, the

tela choroidea II has continued to grow forward and

upward. The posterior commissure, therefore, being left

behind by the more rapid gi-owth of the adjacent structures.
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seems to be becoming downfolded as tlie plica meso-
prosencephalica. It is, however, still a comparatively

tliin band of fibres, the upper and lower surfaces of which, as

seen in sagittal section, are horizontal.

Upon the ventricular surface of the sub-commissural organ

in some sections fairly numerous fibrillte of Reissner’s fibre

may be distinguished. The fibre itself passes backwards

beneath the rhombo-mesencephalic fold as a single thread,

which traverses a deep isthmic canal upon the ventral surface

of that fold. In this canal Reissner’s fibre lies quite freely,

d'lie diameter of the fibre in the fourth ventricle of this

specimen is little more than 1 /i.

The study of the posterior end of the fibre is attended with

much more difficulty on account of the exceedingly minute

lumen of the canalis centralis towards its hinder end.

The spinal cord has been stated to arise in C^'clostomes and

in 'I’eleosts as a solid cord, its lumen appearing subseqnenth'.

In my youngest specimens the lumen has already appeared,

and the spinal cord has assumed the appearance characteristic

of early vertebrate embryos. In its hinder part the spinal

cord is almost cylindrical, and has accordingly, in transverse

sections, a nearly circular outline. Owing to the thickness

of the walls laterally and to the relative thinness of the median

zone the canalis centralis appears in such sections as a

narrow vertical cleft, which is almost obliterated near the

middle of its height. Below it widens into a tiny circular

space, and sometimes similarly widens slightly above (fig.

47, C.C.).

In the 12 mm. larva this central canal has a maximum
transverse diameter of little more than 4 p, measured at a

point about half a millimetre from the end of the bod)'.

Forward of that point the lumen is occasionally blocked by

an intrusive cell, but behind the canal is entirely free from

any such contents.

The canalis centralis extends to the hind end of the

body, appearing even in the section last but two of this

serie.s, which was cut transversely in sections 10 p in thickness.
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In the last few sections the spinal cord narrows into a filnin

term inale (fig. 48), in which the canalis centralis

gradually widens out into a space, almost square in transverse

section, which is enclosed only by a columnar ependymal

epithelium, and which must be the sinus terminalis

(fig. 49, s.t.).

This terminal chamber extends through six sections only

(60 micra), and has a maximum diameter of 8//. It is abso-

lutely free from contained cells of any kind in my youngest

specimens.

In many sections through the canalis centralis

Reissner’s fibre can be made out as a very minute dark dot,

and may be traced backwards to the sinus terminalis,

where it is lost.

From what has been stated abov'e of the size and character

of the lumen of the central canal at this age, it will be

obvious that it is scarcely practicable to trace the fibre in

sagittal sections through tlie tail region, for even where it

happened that the plane of the sections was exactly sagittal,

the canal was invariably contained within the thickness of a

single section. Only in the sinus terminalis, therefore,

coidd the lumen be satisfactorily examined, and in this, in

both of the 13 mm. specimens and also in the 14 5 mm.
specimen, Reissner’s fibre may be made out as an extreniely

delicate thread, which in the longer of these three specimens

ends in a swollen knob. This knob appears to be a mass of

coagulurn (fig. 50, /.p.), and in it inay be distinguished the

remains of nuclei. From the condition, however, in one of

the 13 mm. specimens, it would appear that this knob ma}’-

really represent the terminal plug, which would then

apparently have a cellular origin.

In both cases this terminal plug, if it be such, has become

detached, and in the smaller specimen it has also apparently

been displaced slightly in the preparation of the sections. In

both also the sinus terminalis opens posteriorly by a small

gap in the ependymal epithelium, at a point external to which

lies a group of imlifferent cells (Fig. 50, m. which I’epresent,
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probably, tbo^massa fcerminale” of Sterzi (’07, p. 303).

It, sooins probable that the terminal ping was, in life, inserted

in tins gap. Owing to its shape (almost hour-glass in form

in transverse sections) the central canal is, at a point just

anteilor to the sinus terminal is, cut twice in sagittal

sections, the upper and lower portions of the canal being

separated by the bulging masses of the side walls. Eeissner’s

fibre lies always in the lower canal (fig. 48, r.c.)}

In older ammocoetes, however, the central canal has become

considerably larger, and the fibre of Reissner may be much
more readily traced. As it traverses the central canal it is

seen to be joined at short intervals by cilia from tlie

ependymal cells (fig. 5G). 'Phese attachments seem to be quite

strong, for the fibre has deviated slightly from a straight line,

and instead of running centrally along the canal has a gentle

zig-zag course as though held firmly here and there. The

jmrticular instance figured was that observed in the central

canal iu the tail region of a 34 mm. ammocfcte, but such a

condition of the fibre may be seen in well-preserved material

of practically all larval forms, in which, of course, the fibre

is still relatively slight. In still older specimens, where the

fibre attains a greater size, it appears to follow a more nearly

straight course at or near the centre of the canal.

In a larva of 36 mm. the sinus terminalis lies imme-

diately dorsal to the extremity of the notochord. It is here

an ovoid space almost surrounded by the epend3'inal

epithelium, which is, however, incomplete dorso-posteriorl}'.

Into the gap thus left there is fitted a conical mass, the

terminal plug (fig. 53, j>.), from the apex of which, project-

ing antero-ventrally, Reissner’s fibre may be made out running

forward.

Another specimen, somewhat older (12 mm. in length), also

shows Reissner’s fibre ending in a terminal plug (Fig. 51
, /.p.),

which seems to be continuous with the mesenchymatous tissue

which lies immediately behind the terminal neural pore.

* Cf. the condition of the central canal of Myxine and Bdellostoina

described below.
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The terminal ping still retains a postei’o-dorsal insertion. At

this stage the canalis centralis is seen to have increased

considei’ably in size, bnt iinmediatelv anterior to the extremity

of the filnm terminale it appears to become more shallow,

then deepens and widens into the sinus terminalis.

Thus, in this particular specimen, the terminal sinus appears

conical rather than ovoid in shape. It is probable, however,

that the posterior portion of its wall, constituted by the

meningeal sheath, has collapsed somewhat, for in a slightly

larger specimen (52 mrn.) the arrangement of the various

structures is precisely similar, excepting that the meningeal

portion bulges upwards and outwards, dome-like. It will be

noticed that this meniugeal portion of the wall of the sinus

now lies posteriorly instead of postero-dorsally.

In older larva) the neural tube has apparently outgrown the

supporting notochord and has become turned down behind it.

In fig. 52 the posterior end of the spinal cord of a 75 mm.
ammocoete is shown partly bent, the bend occurring at the

anterior end of the sinus terminalis, while iu the oldest

larva that I have examined (105 mm.), the terminal neural

pore has become ventrally directed, and lies below the level

of the notochord (figs. I f, 54).

Unfortunately, in none of these older am mocoetes examined

(all of which were preserved entire) has the fibre remained in

its normal position, but it is broken und ends in a tangle in the

sinus terminalis.

Such tangles have been found in the terminal sinus of

specimens of 05 mtn. (fig. 55), 75 mm. (fig. 52), 90 mm. (fig.

15), 95 mm. and 105 mm. (figs. 14, 54). The amount of

retracted fibi'e varies considerably in the different specimens,

forming in the cases of the 90 mm. and 95 mm. ammocoetes

conspicuous mas.ses of spirally twisted fibre that almost fill

the terminal sinus. 'I'he condition of the fibre iu the 05 mm.
specimen is noteworthy, for in this case the recoil seems to

h.ave pulled into the terminal sinus some of the fibrous

meningeal tissue. The terminal plug cannot be distinguished,

being overlain, presumably, by the tangle of Reissner’s fibre.



70 OKOUGE E, XLCflOLTiS.

Figure 55 represents tlie fibre of Ifeissner emerging from this

tangle, and sliows also some of the fibrous tissue of the

sheath drawn into tlie terminal sinus. lu all of these ca.ses

the fibre is enormously swollen.

On the other hand, in the specimens of 75 mm. and 105

mm. the recoils were evidently much less extensive, the break

in the fibre doubtless having occurred very far posteriori}".

In the latter specimen a quantity of lymphoid matter has

intruded through the terminal neural pore, and with this

Reissner’s fibre (which is not greatly coiled) seems to have

become entangled. It may possibly be that we have here a

case of incipient reg'eneration.

In the brain of the ammocoete of Geotria the sub-commis-

sural organ is well developed. Its condition has already

been described and figured by Bendy (’02, figs. 1, 2), and it

differs from that of the ammocoete of Ichthyomyzon
(En tosphen us) tridentatus of coi-responding age in little

but that its two halves are more nearly apposed in the middle

line, and that in consequence of this median position the

lamina of the grooves are presented almost directly ventrally.

The cilia which clothe the ventricular surface of this organ

are short and close set, and amongst them are some longer

undoubted fibrillm of Reissner’s fibre. I cannot, however,

certainly identify the fibre itself in this region, but beneath

the rhondjo-mesencephalic fold there is a shallow isthmic canal

in which Reissner’s fibre may be made out. In the canalis

centralis of the spinal cord it can be readily traced. Of

the tail of this species I have had no material, so that nothing

can be stated as to the condition of the fibre and its relation

to the sinus t e r m i n a 1 i s.

Critical Discussion.

(a) T he S u b - c o m m i s s u r a 1 Organ in the Adult.

It has already been pointed out above that in Retro my zon

mar in us, Petromyzon fluviatilis, Ichthyomyzon
(En tosphen us) tridentatus, Geotria australis and
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Petroniyzon planevi (?) we Lave apparently a progres-

sively arranged series in the evolution of the sub-commissural

organ.

I have further shown that in all the members of this family

that I have examined this organ ends abruptly at the hinder

border of the posterior commissure, or quickly fades away

behind it into the general ependymal epithelium of the iter.

For Petro my zon mariuus, however, Sargent has given

a widely different accoujit (’04), stating that the paired

grooves in that species curve around the hinder border of the

posterior commissure and pass dorsally (cf. his text-figure a,

p. 151) to the anterior extremity of the mesocoel, but, as

already remarked, his oilier figures (PI. 1, figs. 0 and 1 ) do

not at all bear out his statements. I have not myself

examined sections thiongh the brainof this jiarticular lampre}',

but assuming that the figures given by Sterzi (’07) represent

correctly the extent of the choroid plexus of the mid-brain

and its relations to the jiosterior commissure, it is obvious

that the entire dorsal surface of the hitter structure lies ventral

to this clioroid plexus. That being so, the space overlying

the posterior commissure, as I'cpresented by Sargent in his

fig. 7, can only be part of the forward extension of the

mesocoel. The two halves of the sub-commissural organ

(ependymal grooves) should, therefore, ajipear in the figure

upon the dorsal surface of the posterior commissure if, as

Sargent states (’04_ p. 152), “ Posteriorly both grooves extend

downward under the jiosterior commissure, at the

same time coming nearer together, litre they curve around

the commissure . . . and continue cephalad into the

recessus of the mesocoel above the commissure and thence

into its anterior honis. 'I'lie horns of the recessus are com-

])letely lined by this characteristic ependyma. A transverse

section through the anteidor part of the postei'ior commissure

shows the horns of the recessus as small circular orifices witli

thick walls composed of this radiating ependyma (pi. i, fig. 6,

rec. 1').”

The last part of this statement is especially difficult to
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reconcile with his tig. 6 (pi. i), for he there shows this recess

lying beneath the posterior coinniissure instead of above
it, as described.

Not only are Sargent’s statements and figures thus con-

flicting', but I find nothing in any of the lampreys which I

have examined which will throw any light upon the condition

which Sargent figures (pi. i, fig. 6)—nothing, that is, of the

nature of a postero-dorsal continuation of the sub-com-

niissural organ behind and above the posterior commissure.

1 have, however, described paired “diacoelic recesses ” (see

above) which are shallow pockets bulging caudally from

the recessus infrapineal is to overlie slightly the

posterior commissure from in front (fig. 35). These

recesses are completely lined with the characteristic epithe-

lium of the sub-commissural organ, and in transverse sections

through the anterior border of the posterior commissure do

]iresent an appearance not unlike that figured by Sargent for

the mesocoelic recess. These diacoeiic recesses of Petro-

myzon fluviatilis are almost certainly identical with the

“ recessi postabenulari ” of Sterzi, which are apparently

particuhu'ly well develo})ed in P. marinus. An explanation,

therefore, which suggests itself in connection with this conflict

of statement and figure in Sargent’s paper, is that that author

may have mistaken the diacoeiic recess opening forwardly

into the infrapineal I'ecess for a mesocoelic recess opening

backwardly beneath the choroid plexus of the mid-brain. An
accidental misplacement of a few sections might easily give

rise to such a confusion.

(b) Development of the Sub-commissural Organ
and Reissner’s Fibre.

Sargent’s account, too, of the development of the fibre is

incorrect, which I can only suppose to be due to the fact that

he did not recognise the embryonic sub-commissural organ,

having failed once again to correctly identify the posterior

commissure.

A comparison of Sargent’s figures of the brain of the
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ammocccte of Petroiuyzon planeri wifcli those of Sterzi

(’07^ figs. 99 and 124-6) for tlie same ammocccte^ and also of

that of P. flu via til is; or with iny figures (figs. 45, 46, and

Text-fig. 6) of the corresponding structures in Ichthyo-
niy zon (Entosphenus) tridentatus will, I think, convince

the reader that what Sargent has named the posterior com-

missure (’04, pi. i, fig. 2) is undoubtedly the superior

(habenular) commissure, while that part of the braiu which

he labels tectum opticum clearly represents the region

of the posterior commissure.

Indeed, a comparison of Sargent’s own figures (op. cit.,

])1. i, figs. 2 and 4) bears out this conclusion. In his fig. 4

the epiphysis is seen, cut in transverse section, dorsal to the

habenular ganglion, which is perfectly correct for very young

larvae (cf. Sterzi, op. cit., fig. 122). In these young speci-

mens it may also extend backwards to a slight extent, dorsal

to the posterior commissure. It continues, however, to grow

forward, and, as I have pointed out above, has already, even

in my youngest s})ecimens, attained its full forward displace- «

ment relative to the other parts of the brain, lying above the

anterior region of the dorsal sac.

In his fig. 2, however, Sargent represents it extending

dorsally far backwards, behind the posterior commissure, and

altogether posterior to the habenular ganglion, a quite

unnatural position if the parts were correctly identified.

Further, the posterior commissure reaches a size ^ and shape

comparable to that of the body so labelled in Sargent’s

figures only comparatively late in development, by which

time the epiphysis has acquired its well-developed eye-like

appearance aud has an elongated stalk. The right habenular

ganglion, on the other hand, has a veiy precocious develop-

ment and early reaches a large size, presenting at this age

precisely the appearance and relations of the structure which

Sargent has named the posterior commissure.

' Even ill larva) of Ichthyoinyzou (Entosplienns) triilcntatus
1)5 nini. long, the posterior commissure had not such a relatively con-

siderable thickness as compared with its length.
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A study of tlie figures of the development of the brain of

any lamprey will confirm these statements.

The existence, too, of a well-developed median brain

nucleus in the roof of the brain well behind the posterior

commissure (Sargent, ’04, pi. i, fig. 3) is altogether in-

credible, for, as already pointed out, the whole of this region

of the brain-wall, at a very early stage indeed, has taken on

its permanent character of a cubical epithelium lining the

intra-cerebral surface of the tela choroidea. Again,

Sargent’s description of the position of the “ optic reflex

cells” behind the posterior commissure in the larva is

wholly incompatible Avith the fact of the position of this

nucleus in the adidt at a point well forward, dorsal and

lateral to the posterior commissure.

All these difRculties disappear when the correction which I

have indicated above is made in the labelling of the several

])arts shown in Sargent’s figures, and that author’s descrip-

tions, thus amended, would agree very closely with my own
observations recorded above.

Sargent is thus, I believe, entirely mistaken in homo-

logising the layer of large cells bulging downwards into

the iter with the cells of the “D.ichkern” (his “ nidulus of

optic reflex cells”). The cells of the “ Dachkern ” in the

adult are not so superficial in position and are comparatively

few in number (less than two dozen all told), Avhereas the

cells in the group beneath the true posterior commissure iu the

larva are veiy numerous (cf. Sargent’s figs. 1-3), and even so

some of iheiii still aj)pear to be undergoing division. Although,

on a casual inspection, the nuclei of these cells seem in the

sections to form ])art of a many-layered structure, a closer

examination reveals the fact that this appearance is mis-

leading and is the result merely of the accommodation of the

nuclei of a closely croAvded group of attenuated cells Avhich

are actually arranged to form a single layer investing the

under surface of the posterior commissure.

From the Amntricular surface of certain of these cells a

large cilium (or more probably a group of coalesced cilia)
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already projects freely into the ventricle, these being the

constituent fibrillae of Reissner’s fibre (Fig. 45, fh). For

the greater part the cells are still undifferentiated; they are

destined, however, to give rise to the cells of the sub-com-

inissural organ, while from their cell bodies grow out the

-constituent fibrillas of Reissner’s fibre. I am not prepared,

of course, to say that no single cell in this group depicted by

Sargent in his fig. 3 could form part of the future “Dachkern,”

but that such cells, if present, send axons into the ventricle,

I entirely disbelieve.

(c) Reissner’s Fibre in the Brain -ventricles.

In two or three other particulars my observations upon

Reissner’s fibre in the lamprey are completely at variance

with those recorded by Sargent. Thus, in no single instance

in any specimen of the Petromyzontidae did I find any part

of Reissner’s fibre arising from the dorsal surface of the

posterior commissure, and I am utterly at a loss to explain

Sargent’s statements that it arises there. If the sub-

commissural organ extends onto that sui'face there i.s, of

course, no reason why the fibre should not receive factors

frotn that region, but, as I have pointed out above, Sargent’s

figures do not convey the impression that such a dorso-

posterior extension of the sub-commissural organ has any
real existence. Sargent’s statements, however, imply that

not Tuerely does the fibre arise in part from that surface, but

that these portions of the fibre constitute its main trunks.

Indeed, the factor from the left side of the brain, according
to Sargent, spi-iugs wholly from the dorsal aspect of the

posterior commissure (’04, pp. 155-6). The part of the fibre

Avhich he finds in the diacoele arises, he claims, wholly from
the habenular ganglion of the right side, and is collected into

a single factor which joins the main right trunk behind the

posterior commissure. He could find, he states, no fibre upon
the left side traceable to the region of the left habenular
ganglion.
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Tlius, ignoring even the vital differences existing between

Sargent’s account of the origin of the factors of Reissner’s

fibre from nerve-cells and iny own description of its origin

from ependymnl cells, I am still unable to reconcile Sargent's

description of the course of Reissner’s fibre in Petromyzon
marinus with my own observations upon its path in other

lampreys, and, indeed, in vertebrates of other groups.

In the three species of lamprey of which I have examined

the brain, Reissner’s fibi-e invariably takes its origin in the

infrapineal recess by the union of delicate fihrillae into a

pair of fine threads, which receive constant accessions in

their nearly parallel course beneath the posterior commissure.

Of constituent fibrillse from the dorsal surface of the com-

missure there are none. The paired fibres converge in the

mesocoel, and coalesce into a median structui'e either beneath

the rhombo-mesencephalic fold (P. fluviatilis) or at some

point in front of that
(
I c
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Again, in not one of more than thirty lamprey bi-ains

(larval and adult) which I have studied have I fouml the

fibre embedded in the brain-tissue of the rhombo-mesen-

cephalic fold as described by Sargent (’04, }). 1.56). He states :

“
'J'he fibre passes through this portion of the brain and the

basal part of the cerebellum in the median plane a little dorsal

to the passage connecting the third and fourth ventricles,” and

“in both the ti-ansverse and sagittal sections that I have studied

Reissner’s fibre has been found always to enter the right

tuberculum acusticum (fig. a).”

In the former statement Sargent has confirmed the descrip-

tion })resented by Studuicka (’99) of this part of the course of

the fibre in P. planeri, the latter author having stated that

he found Reissner’s fibre surrounded by the brain-substance

in his two series of sagittally cut sections of the adult brain.

That in the lampreys (as, indeed, in many vertebrates)

Reissner’s fibre appears in sagittal sections to penetrate the

ependymal tissue of the rhombo-mesencephalic fold, I am
perfectly" willing to admit. That it actually does not do so

I am firmly persuaded. Sections cut absolutely truly in the
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sagittal plane ai-e not easily prepared, and a very si ight

obliquity might cause the open isthmic canal to Hppear as an

exceedingly fine tube scarcely larger than the fibre traversing

it. Even if the sections were, however, cut perfectly truly,

the whole isthmic canal might easily lie within the thickness

of a single section, for the full width of the double canal at the

point shown in my fig. 10 is less than 6 /a, while behind that

point it narrows considerably.

Thus, to determine with certainty whether or no the fibre

lies freely, it is necessaiy to examine sections cut transversely

in this region. Even so, it does not follow that the sections

so cut will show the fibre, for unless they are prepared with

especial care it is more than likely that pieces of fibre may
become displaced or lost. It is, therefore, of interest that

in the one series which Studnicka examined which was cut

transversely he found the fibre free (^99 p. 7). This par-

ticular series of sections happened to be one through the brain

of an ammocoete, and Studnicka concluded that the inclusion

of the fibre within the substance of the })lica rhombo-
m e sen ce f)h al ica must take place later in life as a conse-

quence of the downgrowth of the bi-ain in this region.

VVdiile, of course, there is nothing inherently iin])robable in

the supposition that the ependymal epithelium of the edges

of the isthmic canal should fuse ventrally, beneath the fibre,

to fonn a tube open at either ejid,^ I see no re§.son to suppose

that such a condition actually arises in the Peti-omyzontid£e,

and I regard Sargent’s statements merely as <i result of

his misiuterpretatiou of the condition observed in sagittal

sections.

1 have desciibed the occurrence of large snarls in the

I’ecessns iiif rapinealis and beneath the posterior com-

missure (Geotria), showing that the fibre, when cut

])Osteriorly, is free to spring forward from its broken end in

the centi’al canal of the spinal cord, or equally, breaking free

from its attachment to the sub-commissural organ, to spring

' Such an inclusion of the fibi’e within a more or less wide isthmic

canal tube actually occurs in the Myxinoids (see below).
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backward into the foui’th ventricle (Petr om yzon). Nothing

of this sort could happen if the fibre were buried in the brain-

substance of the rhombo-inesencephalic fold.

(d) The Sinus Terminalis.

As to the universal occurrence of a sinus terminalis there

appears to be some diversity of opinion. Both Retzius (’95)

and Sterzi (’07) seem to have found this terminal dilatation in

some specimens of Petroniyzon marinus and P. fluvia-

tilis; Studnicka (’95) found it invariably present in P.

f luviatilis and P. planeri, but he denied thatit was present

in ammocoetes less than 10 cm. long. Schaffer (’01, fide

Sterzi) apparently found this terminal dilatation to be constant

in all ammocoetes. Sargent refers to the sinus terminalis

of the ammocoete (6-10 mm. in length), but gives no figure,

and his figure of the adult terminal sinus is incomplete. I

have been able to recognise the sinus terminalis as a

dilatation of the terminal portion of the central

canal in all of the ammocoetes of Ichthyomyzon which

I have examined, but it is only in specimens of about 40

mm. and upwards that there is an actual bulbous enlargement

of the end of the filum terininale. The change of

position which this terminal sinus undergoes during larval

life is noteworthy. In the young specimens the neural

tube stretches wholly dorsal to the notochord and the sinus

terminalis lies immediately dorsal to its extremity. The

actual terminal neural pore is dorsally directed, and the

hinder wall of the sinus terminalis is continuous with

the terminal mass of neurenteric cells which caps the

end of the notochord. As growth proceeds the sinus

terminalis enlarges and begins to turn downward behind

the notochord, ultimately coming to occupy the place of the

terminal mass. This is not due, however, to an extension

of the lumen of the neural tube into the midst of this mass

of neurenteiic cells as a continuation of the process by

which the central canal is said to have arisen. It is to be
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attributed rather to the unequal growth of dorsal and

ventral surfaces of the filutti term inale. The terminal

neurenteric mass of cells disappears, and growth appears to go

on much more rapidly upon the dorsal surface of the filum

terminale. In this way the sinus terminalis becomes

carried downward behind the notochord, and as a consequence

of this unequal growth the terminal neural pore undergoes

a complete cliange of position. Primarily directed dorsally,^

it has in turn a postero-dorsal, a posterior and a postero-

ventral presentation, and finally takes up an actual

ventral presentation,

The sinus terminalis is present in those adult specimens

of which I have been able to examine undamaged material,

and in every case the terminal neural pore has the ventral

position.

(e) Reiss ner’s Fibre in the Sinus Terminalis.

In the manner of the ending of the fibre posteriorly, too,

the condition in Petromyzon fluviatilis and laival

Ichthyomyzon tridentatus is markedly unlike that

which Sargent has described for larval P. marinus (’01),

adult P. marinus and larval P. planeri (’04).

According to that author (’04, p. 149) the posterior part of

Heissner’s fibre arises, in early larval development, by the

coalescence of forwardly growing axons from a group of

“ posterior canal cells ” situated wholly within the terminal

sinus. This statement was made in the first instance of larval

P. marinus (’01, p. 448), probably in mistake, for sub-

sequently Sargent states that his investigations of the de-

velopment of the optic refle.x apparatus in Cyclostomes were

“confined to the larval stages of Petromyzon planeri”

(’04, p. 149).

‘ It is of interest to note that in Ann)liioxus (in which I have been

unable to determine with certainty the occurrence of Reissner’s fibre,

although I believe it to be present) there is a sinus terminalis dorsal

to the notochord, and with an apparent terminal neural pore, directed,

as in young ammocoetes, dorsally.
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Of adult inatei-ial, Sargeut states that the hiiidev part of

tlie spinal cord of a single specimen of P. inarinus was

alone examined. From the account which he gives of the

preparation of the material, I suspect that the actual sinus
terminal is was, partially at least, destroyed, for, as I have

already pointed out, the hiuder wall of the terminal sinus lies

so closely (in P. f 1 u v ia t i li s) beneath the skin that the removal

of that and the adjoining muscles without injury to the sinus
ter in i n al is is a matter of extreme difficulty. In this suspicion

I am confirmed by the fact that Sargent offers no description

of the terminal chamber, while his figure (’04, pi. i, fig. 3),

which professes to represent the terminal sinus, clearly does not

do so.

A careful study of Sargent’s work shows that, apart from

this single tail of Pe t ro m y zon m ar i n u s, he nowhere records

the examination of the condition of the sinus terniinalis

in any other adult vertebrate.

Nevertheless, on the strength of an examination of the

condition of this single, almost certainly datnaged specimen,

he twice ventures (’00, ’04) to controvert the account given

by Studnicka of the mode of ending of Reissner’s fibre in

Petromyzon and Myxine. He says (’04, p. 160),
“ Stud-

nicka’s statement that the end of Reissner’s fibre passes out

of the sinus of the ventriculus termiualis and into the sur-

rounding lymph-space is so at variance with all my
observations that I must believe the appearance he so

interprets was accidental and due to the disturbed and

abnormal condition of the fibre in his preparations.” (The

spaced type is mine.)

As a matter of fact, the account given by Studnicka, which

was based on the study of a large number of series of sections

of several dilferent species, is substantially correct so tar as it

goes. It is true that the coiled condition of the fibre is

pi’obably not normal but due to the recoil of the fibre following

some breakage. It is nevertheless a condition very frequently

to be observed. Whether, in the case of Studnicka’s material,

this breakage was due to the cutting of the fibre in the fresh
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condition in the preparation of the material, or whether the

material was hardened entire and the recoil was the result of

some breakage of the fibre in life, Studnicka in his paper

affords no clue. The condition recorded by Sargent was

certainly produced artificially by his treatment of his material,

and Ids description of the end of the fibre in adult Petro-
myzoii thus becomes nothing more than an account of a

tangle in tlie hinder part of the central canal, which would

apply equally well to a tangle occurring at any point (cf. my
figure, ’12, fig. 3).

Whether his failure to observe its proper point of ending

iu the sinus termiualis was due to his failure to trace the

filuin terminale to its end, or, as I think more probable,

because the actual extremity of the central canal was lost in

the preparation of his material, it is not now possible to

determine.

Notwithstanding that his description thus betrays the fact

that he himself had failed to discover the normal ending of

the fibre in the adult sinus termiualis, he nevertheless

disputes the correctness of Studnicka’s statement that the

fibre emerges from the end of the central canal into the

lymph chamber which encloses the end of the neural tube.

For this altogether unwarrantable proceeding I can find no

excuse. Even if Sargent had correctly observed the condi-

tion of the end of the fibre iu the ammocoete, he was not

justified in an assumption that such a condition must neces-

sarily persist iu the adult. As a matter of fact, I believe he

is also mistaken in his account of the larval condition. I

have not examined, it is true, larval material of P. planeri,

but iu a very complete series of ammocoetes of Ichthyo-

myzon trideutatus, ranging from 12 mm. to 105 mm. in

length, I find nothing to confirm the account given by

Sargent of the condition of the posterior end of the fibre in

larval Cyclostomes.

The sinus termiualis, as already stated, is present in

this species as a terminal dilatation of the central canal, even

in my youngest ammocoetes. Behind it is blocked by a solid



88 GEORGK E, NICHOLES.

cellular mass (the terminal mass of Sterzi), which is stated

by Goette (’90, fide Favaro) to represent a solid neurenteric

connection. Even at this age Eeissner’s fibre is visible in

this region, and ends, apparently, in a conical terminal plug,

the origin of which I could not determine. Although my
smallest specimens were actually longer than those studied

by Sargent, I believe, judging from the condition of the

canalis centralis, that they w'ere really younger than

his specimens.

As I have pointed out above, it is exceedingly difficult to

follow the fibre forwards from this point in the smallest

specimens on account of the minute size of the central canal.

In slightly larger specimens it is, however, possible to trace

the fibre as a continuous thread from its origin in the brain

to its end in the terminal sinus, but from first to last I could

find no indication of the existence of posterior canal cells. ^

In one or two instances intrusive ependymal cells were found

in the central canal, but none of these ever happened to occur

in the sinus ter m i n al i s.

IV. Keissner’s Fibre and the Sub-commissural Organ in

THE MyXINOIDEI.

'I'he heads only of some half dozen Bdellostoma (Polis-

totreina) stouti, the common hagfish of the Californian

coasts, were sent to me by Mr. Win. F. Allen. Of these I

have examined the brains of four in serial section. I have

also examined a series of sections through the head of a

single specimen of the Cape species of hagfish, Bdellostoma
cirrhatum (B. forsteri). The sections of this last, how-

ever, were transverse and quite thick. Further, the stain

employed was not the best for the purpose of this investiga-

tion. The descriptions, therefore, of the condition in

' An examination of a large number of specimens of other larval

forms (an account of which will he given in subsequent parts) has given

me similar negative results.
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Bdellostoma will relate to B. stouti unless otherwise

expressly stated in the text.

Of Myxine glutinosa I have had a dozen entire speci-

mens, but of these only two were preserved with any care,

being put entire into strong formalin immediately after their

capture. The remainder were simply thrown into spirit and

had almost certainly been dead for some time before pre-

servation.

It has been remarked by several writers who have dealt

Avith the morphology of the central nervous system of Myxi-

noids that there is an extraordinary range of variation to be

met with in the brains of different individuals. This, my
own observations, made upon eight Myxinoid brains, quite

co>'ffrm.

In particular, this variation is most marked in the extent

to which the brain-ventricles have become reduced. In some

specimens the cavities of the brain are relatively spacious,

while in others they are enormously reduced, and in parts

even altogether obsolete.^

'I'hose portions of the lumen of the brain which ai-e

traversed normally by Reissner’s fibre are, however, least

variable and are never wholly obliterated, a fact, I believe,

not Avithout considerable significance as to the importance

of that structure.

Aly conclusions as to the homologies of the cavities of the

mid- and hind-brain agree very nearly Avith those already put

forAvard by Sterzi (’07 ). d’hey Avere, however, arrived at

quite independently, and Avei'e based principally upon a

consideration of the relations of Reissner’s fibre and the

sub-commissural organ, to Avhich Sterzi, Avhose Avork came
into my hands only recently, ap])arently makes no reference.

Indeed, it is a sui-prising fact that of the several Avorkers Avho

have concerned themselves with the histology of the Alyxinoid

‘ Tills may result, I believe, from a continuance late into life of the

process of thickening of the walls of the brain, their apposition and
fusion, the differences obserA'ed then being merely a matter of age.
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hi'iiin, pi'acticiilly all have failed to refer to the extraordinary

development of the ependymal epithelium (of the snb-com-

missnral organ), nnd to its remarkable distribution upon the

ventricular walls.

Bdellostoma (Pol i stotr ema) stonti.

In the brain of this animal the reduction of the ventricular

spaces has not, in my specimens at least, proceeded so far as

is the rule in Myxine. Nevertheless, practically the whole

of the third ventricle may be obliterated—the infnndibnlar

cavity alone persisting—for the so-called “trigouum
cinereum,” though frequently present, is apparently not

always to be made out. Where the reduction has progressed

least there may be found a canal, the “ canal is con uec ten s”

of Holm (’01), which runs upward from the infundibular

cavity to join the mesocoelic cavity. Into the “canalis

connectens” there may open a canal which runs back-

wards from the trigonum cinereum. In others, this

canalis connectens may be represented merely by a

broken chain of isolated spaces, or even marked only by a

band, of varying width, of scattei-ed nuclei, the remains of

the cells of the ependymal epithelium which, earlier in life,

lined such spaces. Even these traces of a one-time con-

nection may be altogether lost.

The fourth ventricle, too, is enormously reduced, owing,

as I believe, to the fusion of its walls, mesially, at the level

of about half the height of the ventricle, followed by the

more or less complete obliteration of the upper chamber so

cut off from the rest of the ventricle. Here, again, there is

considerable variation, the vestiges of the upper portion

of the ventricle being much more consideiable in some

specimens than in others.

’Ihe reduction of the ventricles has been least marked in

the mid-brain, and the mesocoel forms the most considerable

of the brain cavities. Postero-ventrally it is dilated into a

large subs{)lierical chamber, which I shall distinguish as
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tlie sinus inesocoelicus (Text-fig. 7, s. m.). It continues

antero-dorsally as a short wide tube which divides very soon

into two canals, one passing anteriorly (figs. 21, 22, and

Text-fig. 7, s. c. c.), and the other almost directly dorsally

(figs. 21, 22, and Text-fig. 7, op.).

Of these, that which extends anteriorly is quite constant

in its relations. In all my specimens it runs forwards to a

point slightly postero-venti-al to the habenular ganglia. In

one case only was it seen actually to communicate in front

with a remnant of the third ventricle. In the others it ended

Text-fig. 7.

A slightly diagrammatic median sagittal section through the
brain of Bdellostoma (Pol istotrema) stouti. (The lines
2d. 24, 25 indicate roughly the levels at which the sections
represented in PI. 3. figs. 23, 24. and 25 are taken. The sections
are not, however, nearly so obliquely cut as would appeal-, for
the specimen which was cut transversely was one in which the
brain cavities w-ere much more extensive, and in which, there-
fore, it was possible for the various cavities to a^jpear in sections
which were much more nearly transverse.) c.c. Can alls
centralis, i.c. Isthmic canal. infd. Infundibular cavity.

op. Optoccel. p.c. Posterior commissure, r.f. Reissner's fibre,

s.c.c. Sub-commissural canal. s.c.o. Sub-commissural organ.
s.ni. Sinus mesoccBl icus. I’.c. Ventricular canal. III. Third
ventricle. IV. Fourth ventricle.

blindly, the third venti'icle being in this region wholly obli-

terated, and represented merely by the scattered nuclei of its

vestigial ependymal epithelium.

In transverse sections (fig. 23, s. c. c., which should be
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compared with figt. 21, 22, and Text-fig. 7), this anterior

portion of the mid-brain ventricle has a practically circular

outline. Its diameter for the greater part of its length

remains nearly constant, but increases slightly near the

junction, posteriorly, with the second and more dorsally

directed canal.

In that portion of the brain which immediately overlies

the anterior extension of the mesocoel there is a commissural

tract which has been identified by Edinger (’06) and Sterzi

(’07) as the posterior commissure, to which conclusion my
own observations have also led me. The anterior canal or

chamber itself is not, however, I believe, the homologue

of the whole of the iter in this region, the greater part of

that passage beneath the posterior commissure having been

obliterated.

The portion which persists (figs. 21-23 and Text-fig. 7,

s. c. c.) is completely invested by an extraordinarily developed

high columnar epithelium, from which the delicate fibrillse of

Reissner’s fibre spring. This epithelium, therefore, represents

the sub-commissural organ, and the enclosed space is almost

certainly nothing but the product of the complete concur-

rence of a pair of ependymal grooves. I shall hereafter

speak of this canal as the “ sub-commissural canal.”

I have pointed out above that the two halves of the

sub-commissural organ, primarily distinct (e. g. Petromyzon
flu viatilis), have in Geotria united beneath the anterior

portion of the posterior commissure to form a median

structure, which appears, in transverse section, as a horse-

shoe-shaped band.

This tendency towards fusion in the middle line dorsally,

seen in Geotria alone amongst the Petromyzontidae,^

has become the rule in higher vertebrates. Not only so, but,

since in these higher forms the iter becomes compi’essed and

nari'owed from side to side (cf. figs. 4, 7), the ventral

edges of the lips of these ependymal bands often nearly meet

below (cf. figs. 2, 6). In such cases the iter may be more

' Petromyzon planeri (?), vide supra.
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or less reduced to a tube partly enclosed by the sub-coui-

missurul organ. In Myxinoids an actual ven tral fusion of

the right and left halves of the sub-commissural organ has

clearly taken place, and the two grooves have been merged

in the single tubular sub-commissural canal. The lower

portion of the i te r, which existed originally ventral to the

sub-commissural oi'gan, has been obliterated. In one of my
specimens, however, a trace of this lower portion has per-

sisted as a small canal which runs forwards from the antero-

dorsal region of the sinus inesocoelicus. Its course is

parallel to, and but slightly ventral to, the sub-commissural

canal. At first cylmdrical, it gradually tapers away and is

lost at a point considerably posterior to the anterior end of

the sub-commissural canal. It is lined by ordinary columnar

epithelium, and at its posterior end is separated from the

sub-commissural organ by but a slight thickness of nervous

tissue.

It was in this same specimen, too, that the third ventricle

was least reduced, a small canal lined by flattened epithelium

continuing forward the lumen of the sub-commissural canal

for some distance into the ’tween brain. A small isolated

chamber lying dorsal and anterior to the sub-commissural

canal apparently represents a reduced infra-pineal or a

diacoelic recess.

The second division (figs. 21-23, 'I’ext-fig. 7, ojn) of the short

wide canal leading from the sinus inesocoelicus, which I

have spoken of as more dorsally directed than the sub-com-

missural canal, is apparently much more variable. The
epithelium, too, which lines it, is, over the greater part of its

extent, much less developed, and is markedly elongated only

in the region immediately adjacent to its junction with the

sub-commissural canal. There can be little doubt that this

dorsal or postero-dorsal canal in the upper portion of the

mid-brain represents the cavity of the optic lobes of the

liigher vertebrates, and is equivalent, therefore, to that large

space which, in the Petromy/.ontidae, lies above and behind

the posterior commissure. In the Myxinoidei, however, the
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voof in fore-, mid- nnd hind-brain brain has developed a -?

nervous layer over its whole extent which may become It

exceedingly thick. At tlie same time the thickening of the

walls of the brain has proceeded to such an extent that, as

already stated, the third ventricle has been almost wholly,

and the iter largely, obliterated.

In the region of the optic lobes it appears probable that

the thickening must have first reduced the optocoel to a

flattened circular or discoidal space. The apposition of the

opposite walls over a considerable area in the middle of this

space must have followed. In the result the optocoel has

become a moi'e or less annular cavitj’. .Several stages in the

reduction of the optocoel may be observed in the brains of

mv specimens of Bdellostoma.

In the specimen, alreadly referred to, in which the ventri-

cles have been least reduced, the optocoel is seen to have

retained this almost perfectly annular shape, d'his same con-

dition was observed in a second series, which was cut si ightly

oblicpiely to the sagittal plane, and is lepresented slightly

diagrammatically in 'I’ext-fig. 7, which was obtained by the

superposition of camera drawings of several adjacent sections.

In a third specimen (fig. 21) the posteriorly recurved

portion of the optocoel no longer opens ventrall}'^ into the

iter, and a furtlier stage of reduction of this cavity is shown

in the fourth specimen (fig. 22), where the hinder part of the

optocoel has been altogethei' suppressed. The latter photo-

microgi'aph shows particularly well the highly developed

epithelium (s. c. o.), which lines the sub-commissural canal

(*. c. c.) and is continued into the optocoel upon its anterior

wall, where it clothes the posterior surface of the posterior

commissure.

In every case, however, there is a rapid transition from the

extremely elongated cells of this epithelium into a much

shorter columnar ependymal epithelium in those parts of the

lumen remote from the posterior commissure.

The shoi-t common canal formed by the jnction of the sub-

commissural and optocoelic canals leads postero-ventrally into

k
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tlie sinus jnesoccelicns (Text-fig. 7, s. m.
;

figs. 21, 22,

s. m.'
,

s. m."). This chamber, which, as already stated, forms

by fill- tlie most considerable of tlie brain ventricles, must

be regai'ded as equivalent to the hinder portion only of the

iter of other vertebrates.

Sanders has described this chamber (in Myxine), as seen

in sagittal section, as like a pipe-bowl in shape, and this

description would apply equally well to the sinus meso-
coelicusof Bdellostoma. In this latter animal, however,

it is partly separated by a marked horizontal constriction

into upper and lower chambers (figs. 21-2-3, -v. m.', .s. m.").

It is into the upper chamber that there opens the small

anterior prolongation of the iter abovm i-eferred ten

The horizontal constriction becomes more pronounced

posteriori}^ and finally forms a distinct hoi-izontal partition

which completely separates the two chambers (fig. 24). The

two chambers so formed are at first of nearly equal size and

are separated only by an epithelial partition. Further back

the dividing lamella becomes much thicker and the two

s})aces become reduced in size and canal-like.

'I'he upper one (fig. 24 and Text-fig. 7, i. c.), the posterior

continuation of the upper chamber of the sinus niesocoeli-

c u s, is, without question, the homologue of the isthmic canal

of the Petromyzontidm, and must be considered as part of the

mesoccEl. It passes backwards with but slight alteration in

size, but loses its circular outline (fig. 25, i. c.) and becomes

flattened dorso-ventrally. Presently it opens widely, ven-

trally, into the fourtli ventricle.

'I’he lower canal (fig. 24 and 'I’ext-fig. 7, r. c.), whic'h I

have called the " ventricular canal/’ diminishes in size very

rapidly, and, after separating somewhat widely from the

isthmic canal, again appi'oaches it (fig. 25), the two ultimately

reuniting to constitute the fourth ventricle.

At the point of junction of these canals there is a slight

dilatation (Text-fig. 7), but through the greater part of the

extent of the medulla oblongata the fourth ventricle is

chiefly represented by the narrow posterior continuation of



96 GEOEGB E. NICHOLES.

the venti'icular caual. It is lined by a very ordinary short

columnar epithelium.

In the thickened roof of the fourth ventricle there is, how-

ever, a chain of small, discontinuous and somewhat irreguhir

spaces lined by a flattened epithelium, which continue bnck-

wards in the middle line directly dorsal to the fourth ventricle

(Text-fig. 7). The most anterior of these spaces is, in one

specimen, barely separated from the anterior dilated portion

of the fourth ventricle by an epithelial wall.

Frequently these small spaces are divided vertically by a

nearly median partition, and then appear as paired cavities

lying on either side of the middle line. In one case there was

a median space with a small lateral chamber on either side.

It is deal- that collectively they represent the vanishing

vestiges of the dorsal portion of the fourth ventricle. I was

able to make them out most satisfactorily in a series of sections

cut transversely. In other series, cut sagittally, they are

much less conspicuous.

In every brain examined, however, there was to be

observed towards the hinder end of the medulla oblongata.,

at the level of these vestigial ventricular spaces (and therefore

well above the continuous tubular portion of the fourth ven-

tricle), a considerable space. This, which is to be regarded

merely as an enlarged member of the dorsal chain of small

spaces, is in wide communication below with the fourth

ventricle in one specimen only (Text-fig. 7). In the three

I’emaining specimens it is separated from the fourth ven-

tricle by a thin layer of epithelium. Just behind the

communication between the two cavities (where such com-

munication occurs) the upper space tapers oS into a narrow

canal, which runs backwards dorsal and parallel to a similar

backward continuation of the ventricular canal, the two

giving rise to the double canal so characteristic of the spinal

cord of the Myxinoids. I look upon the dilatation of the last

member of the upper discontinuous series of spaces as indi-

cating approximately the hinder end of the medulla

oblongata.
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Reissner’s fibre arises at the forward extremity of the

mid-brain in a very large number of exceedingly fine fibrillse

from the cells of the sub-commissui’al organ surrounding the

sub-commissural canal. These join together to form fine

threads, which, in one specimen, are definitely seen as a pair

of larger factors. These are situated nearly centrally in the

sub-commissnral canal, and become stouter as they pass back-

wards from their brush-like origin. At a point near the

middle of the length of the sub-commissual canal the lesser

fibres join np into the very definite fibre of Reissner, the

diameter of which is seen to increase markedly as it is

followed backwards.

In the one series cut transversely the fibre could not be

followed. In another series (cut sagittally) it has sprung for-

wards from the caualis centralis, to lie, as a thickened rod,

in the dorso-posterior portion of the sinus mesocoelicus.

In both of the remaining specimens it has preserved its

normal position, and may be observed as a tautly stretched

thread (fig. 22, r.f.) passing from the snb-coinmissural canal

through the upper chamber of the sinus mesocoelicus and

so into the isthmic canal. From this it emerges into the fourth

ventricle and passes backwards along the lower of the two

divisions of the canalis centralis of the spinal cord (6gs.

31, 32, r.f.). In the section photographed for fig. 21 a con-

siderable length of Reissner’s fibre occurs in the isthmic

canal, but the magnification is too small to render the fibre

visible.

The sub-commissural organ, owing to the complete

fusion of its two halves ventrally as well as dorsally, has

assumed the shape of a test-tube with its sealed end forward

(the sub-commissural canal, figs. 21-23, and Text-fig. 7, s.c.c.).

It slopes backwards and downwards beneath the posterior

commissure, which is very ill defined and which appears to

extend through nearly half of the length of the mid-brain.

Behind the posterior commissure the upper half of the sub-

commissural organ bends dorsally into the optocoel, where it

passes gradually into a more ordinary columnar epithelium.

VOL. 58, PART 1. NEW SERIES. 7
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Ventrally it ends abrupt!}^, being quite sharply marked off

from the epithelium of the sinus m es oc oeli cu s

.

'J'he actual cells of the sub-commissural organ are, like

those of the Petroinyzontidae, extremely elongated and fibre-

like. In both Bdellostoma and Myxine they attain a length of

about 50 fi, or approminately half of the diameter of the

sab-commissural canal.

'riie fibrillae of Eeissner’s fibre spring most freely from the

anterior portion of the organ, bat some continue to join the

fibre along the whole extent of the sub-commissaral canal. I

have not been able to detect any fibrillae arising from the

epithelium which passes into the optocoel, thoagli it is not

improbable that some strands may actually have their origin

there. In one specimen, indeed, a very fine factoi' appeared

to issue from the optocoel to join ReissnePs fibre.

Bdellostoma cirrhatum.

In the single series of sections through the brain of this

species Reissner’s fibre can only be seen in some sections.

The sections were ti’ansverse and very thick, and the fibre had

doubtless fallen away (it being in thick ti-ansverse sections

difficult to attach the sections of fibre sufficiently to the slide).

The ventricles of the brain very closely resemble the con-

dition described as occurring in that specimen of B. sto uti in

which they had been least reduced. The cavity in the upper

part of the hind-brain is relatively spacious and in open

communication with the fourth ventricle. In the mid-brain

there is a quantity of coagulurn which, both in the sinus

mesoccelicus and in the ventricular canal, might be mistaken

for tangled and netted masses of Reissner’s fibre. It was

probably some such condition as this which misled Ayers

(see i n fra).

]\I y X i n e g 1 u t i n o s a

.

Of this species all but two of my specimens had been

preserved entire in alcohol. As spirit usually jenetiates
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Tnacli more rapiHly than does formalin I was rather surprised

to find that while the formalin-preserved material gave me
quite good results the spirit maten’al was much less satisfac-

tory. I can only suppose that tin’s latter had been dead for

some time before preservation was attempted.

Text-fig. 8, which, like the corresponding figure of Bdello-

stoma, was obtained by superposing camera drawings of

several adjacent sections, represents diagrammatically the

condition of the brain of Myxine as seen in sagittal section,

and the course of Eeissner’s fibre through the ventricles.

Text-fig. 8.

26 27

A diagrammatic median sagittal section tlirongli the brain of

Myxine glutinosa. (The lines 26. 27 indicate approximately

the planes of the transverse sections reproduced in Figs. 26 and

27.) c.c. Canalis centralis. i.c. Isthmic canal. uifd.

Infundibular cavity, op. Optoccel. p.c. Posterior commissure.

r.f. Reissner's fibre, s.c.c. Sub-commissural canal, a.c.o. Sub-

commissural organ. s.?/(. Sinus mesocoelicus. r.c. Ventri-

cular canal. HI. Third ventricle. IV. Fourth ventricle.

Like that of Bdellostoma, the brain of IMyxine is

exceedingly variable, but iu none of the three brains exa-

mined has there remained any trace of an open connection

between the ventricles of the fore- and mid-brain.

In the mesocoel in every case five distinct chambers could

be recognised. A well-marked sub-commissural canal

^.N. c. c.), completely invested by the highly specialised epi-
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thelium of the sub-commissural organ {s. c. o.), and an optocoel

(op.), which appears as a short bluntly ending and dorsally

directed canal much more reduced than the corresponding

canal in Bdellostoma, both open postero-ventrally into the

sinus mesocoelicus (s. m.). From this, two canals, isthmic

(i. c.) and ventricular (v. c.), lead backwards, but whereas in

Bdellostoma it is the isthmic canal which is much the

larger, in Myxine the ventricnlar canal is large and the

isthmic canal has become a very narrow channel (compare fics.

25 and 27).

The latter opens widely into the upper portion of the

sinus mesocoelicus on the level of the posterior end of the

sub-cornmissural canal, but diminishes rapidly (funnel- wise)

and extends through the greater part of the thickness of the

postero-ventral portion of the optic lobes as a very fine canal,

nearly oval in transverse section and comparatively remote

from the backwardly-bulging sinus mesocoelicus.

The sinus mesocoelicus at its lower end is somewhat

constricted and passes into the ventricular canal, which curves

upwards and backwards to meet the isthmic canal as it makes

its exit from the mid-brain. The junction of the two canals

marks the beginning of the fourth ventricle, which, as in

Bdellostoma, comes, at this point, more nearly to the

dorsal surface of the brain than elsewhere. In Myxine,
indeed, it is separated from the vascular tissue which every-

where envelops the brain by a thin layer of epithelial tissue

only.

Posteriorly the roof of the hind brain thickens consider-

ably, and again as in Bdellostoma, a series of small

irregular chambers are to be made out beginning from a point

immediately behind the posterior end of the isthmic canal.

In some specimens they actually begin on either side of the

isthmic canal, at its point of junction with the ventricular

canal, as a pair of small chambers. Thence they extend in

the middle line backwards to a point near the middle of the

length of the medulla oblongata. Beneath this series of small

chambers the fourth ventricle passes backwards, changing
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in sliape, as seen in transverse sections, through triangular

to oval and oblong. Finally, it becomes circular, narrowing

continually until it has a diameter scarcely greater than that

of the canalis centralis, into which it presently passes.

At that point, however, where the upper discontinuous

remnants of the fourth ventricle cease, I found in two of my
specimens a considerable space (fig. 30, x.), which appears to

be without epithelial lining. It is, nevertheless, lined, I

believe, by an extremely flattened epithelium, the sparse

nuclei of which are dotted at irregular intervals upon its

surface. In one of the two specimens in which the cavity

is present, greatly attenuated epithelial cells separate the

chamber from the underlying fourth ventricle. In the other

example the two cavities are in open communication. .

At the posterior end of the medulla the fourth ventricle

passes into a double canalis centralis (text-fig. 8, c. c.), but

whereas in Bdellostoma (fig. 31) the upper canal is con-

siderably the larger, in Myxine (fig. 28) the two canals are

of much the same size.

Reissner’s fibre (text-fig. 8, r.f.) has a course practically

identical with that of the fibre in Bdellostoma. It arises

in precisely the same way from a brush-like mass of delicate

fibrillae near the anterior end of the sub-commissural oi’gan.

These, however, appear to unite into a single thread which

lies closely against the epithelium of the sub-commissural

organ (fig. 26, r.f.). It traverses the upper part of the

sinus mesocoelicus, and passes into the isthmic canal, lying

clusely against the upper wall of that passage (fig. 27, r.f.).

Emerging from the isthmic canal it extends backwards

through the fourth ventricle (fig. 30, r.f), and where that

gives place to the double canal of the spinal cord it passes

into the lower of the two canals (figs. 28, 29, r.f), exactly

as in Bdellostoma.
It apparently extends through this lower canal practically

to the extreme posterior end of the body. Slightly in front

of the actual extremity, however, the two canals reunite to

form a single canal which appears in transverse section as a
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rather narrow vertical cleft. Tlie spinal cord itself turns
downwards behind the end of the notochord and becomes
enlarged to partly enclose the large sinus terminalis. I

was able to make out this condition in but one of the three

tails examined in sagittal section
; the other two had become

twisted during the preparation of the material for sectioning,

and in consequence were cut so obliquely as to be un-

intelligible.

Both Sandei'S and Studnicka seem also to have found

such a terminal sinus, and there appears to be no reason to

doubt that this is the normal condition of the end of the

spinal cord.

In the one specimen examined, the walls of the sinus are

clothed antero-dorsally by the ependymal epithelium of the

canalis centralis, but posteriorly the space is enclosed onlv

by the connective tissues of the meninges. We have thus in

Myxine a sinus terminalis into which the canalis

centralis opens by a terminal neural pore exactly as in the

P e t r om y z 0 n t i d ae

.

Through this terminal neural pore Reissuer’s fibre passes,

and, in the one specimen in which the relations of these parts

could be clearly made out, ends in a large intricately coiled

mass, which Sanders has aptly described as a “ a mulberi-y-

like mass of glass-like aspect.”

A central section through the mass is shown in fig. 18,

which is reproduced from an actual photomicrograph. The

sections had been slained simply with borax-carmine in bulk,

and the mass of fibre was only faintly tinged with pink.

After the photomicrograph had been taken the sections were

double-stained with picro-indigo-carmine. The coiled terminal

mass of fibre became stained green or blue-green in a manner

absolutely unlike that in which a nerve-fibre stains. Another

photomicrograph was taken, this time of a section nearer to

the surface of the mass, and is reproduced as fig. 17. This

shows some loose coils of Reissner’s fibre lying near the apex of

the mass, and close to the opening of the terminal neural pore.

'riie photomicrographs are not nearly as perfect as I could
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wish, aud do not represent at all adequately this wonderful

mass of fibie; it was, however, a particularly difficult subject

to photograph, both on account of the staining and also on

account of the thickness of the sections (20 |i).

Some idea of the relatively enormous size of this mass of

coiled fibre may be formed when it is stated that it appears

in four or five adjacent sagittal sections, each 20 ju in thick-

ness. It thus probably had a thickness of not less than 80 n
from side to side. Measured dorsi-ventrally the mass has a

length of close upon 100 fi, while its average antero-posterior

diameter is nearly 80 p.

'J'he canalis centralis a little forward of the sinus

terminal is is empty of fibre, and I estimate that the

inulbeny-like mass represents some 200 to 250 mm. of

fibre retracted into a heap barely O'l mm. high. Since the

specitnen was little over a foot in length I can only suppose

that the fibre must have snapped at a point very far forward.

This breakage must have been followed by a continuous

recod of the hinder piece into the s i n us terminalis, such

recoil having been completed before fixation was effected.

Sagittal sections through the tail of a second specimen

appeared to show a somewhat similar condition, but the

sections were so crumpled and distorted in this region that

it is not possible to speak with certainty.

Such a condition is, however, undoubtedly of frequent

occurrence (Sanders ffi4, Studnicka, ’99), and must be the

result of a breakage of the fibre at some time shortly before

fixation. It is certainly not the condition of the functional

fibre, which should be iuseried, as in the Petromyzontidae,

as a tautly stretched thread, into the meningeal portion of

the wall of the sinus terminalis. This normal condition

has, so far as I can discover, been observed only by Sanders

(’94, p. 11).

Critical Discussion.

As already noted, an account of the occurrence and rela-

tions of Keissner’s fibre in Myxine was given by Sanders as
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long ago as 1894. That author was the first to trace the fibre

forwards into the rnid-brain and backwards into the sinus

terminalis, and he, too, was the first to point out that the

caTial centralis was widely open posteriorly (in Myxine),

and that through this opening Reissner’s fibre passed.

Apparently he had formed no definite opinion as to the

character of this ‘‘central rod,” as he called it, in Myxine,

although in an earlier paper he had accepted Stieda’s dictum

that it was merely an artifact.

His account of the splitting of Reissner’s fibre in the

fourtli ventricle into two portions, one of which passes

through the isthmic canal and the other through the lower

canal (the ventricular canal of my descriptions), is, however,

erroneous. It is true that in material that is not well

preserved there is found a quantity of coagulum which pre-

sents the appearance of a network of fil)res, and which might

be mistaken for Reissner’s fibre. In well-presei'ved material,

however, this is absent, and the unmistakable fibre stretches

tautly from its point of origin in the anterior part of the

sub-commissural canal through the upper portion of the

sinus m e s ocoe 1 i c u s, and thence through the isthmic canal,

nowhere receiving any conspicuous factor or giving off any

important branch. The ventral portion of the sinus meso-
coe liens and the ventricular canal are not in any of my
specimens traversed by the fibre of Reissner. Indeed, I

have suggested that the portion of themesocoel which I have

termed the isthmic canal has persisted in Myxine (when

other portions of the brain-ventricles have been obliterated)

because it is traversed by Reissner’s fibre.

Studnicka, whose findings, in other respects, confirm those

of Sanders, says nothing of any part of the fibre passing else-

where than through the isthmic canal.

The only other observations upon Reissner’s fibre in

Myxinoids are, I believe, those recorded by Ayers (’08).

Although he does not refer to it by that name, but speaks

mei-ely of “ventricular fibres,” I think that there can be no

doubt that it is to Reissner’s fibre that his work relates. He
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speaks of the optocoel as the “cerebellar ventricle/’ and

clearly regards the isthmic canal as part of the fourth

ventricle, and claims to have found numerous blanches of

the fibre issuing from the “ mid-brain ventricle ” (the sub-

commissural canal of my descriptions) and the “cerebellar

ventricle” to join a main fibre. This main fibre was found

only as a much coiled thread in the “ fourth ventricle ” (the

sinus mesocoelicus and isthmic canal of my descriptions).

He speaks, moreover, of having examined the fibre “ in

section and by dissection” (my spaced type), which is

rather a remarkable statement, for in none of my specimens

does the fibre exceed 2 /x in diameter, and it is visible only

under quite considerable magnification. It is clear, however,

from his description, that the fibre must have been broken or

cut prior to the preservation of his material, and that a con-

siderable length had retracted into the sinus mesocoelicus.

Some loose loops, perhaps, may have been thrown into the

optocoel and so account for the condition he describes. As

already stated I found only in a single specimen (B. stouti) a

very delicate branch coming from the optocoel and joining

Reissner’s fibre as it emerges from the sub-commissural

canal.

The only real addition to our knowledge of Reissner’s fibre

made by Ayers is contained in his statement that the ultimate

fibrillae are derived from the cells of the ependymal epithe-

lium. Unfortunately great importance cannot be attached

to his account, for it is far from certain that much which he

has interpreted as “ ventricular fibre ” is not really coagnlum.

In Petromyzon, both in larva? and adults, he states that

he was unable to find these fibres. In their place he found

“a fine-meshed network of fibrils . . . which bears the

same relations to the ependymal cells and in life practically

fills the ventricular cavity.” In this case there can be no

doubt, from his description, that he refers to the fibre-like

coagulum which commonly occurs in the brain-ventricles,

and lias altogether overlooked Reissner’s fibre.

He suggests that the function of these fibrillae is to bring
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the ependymal epithelial cells into intimate connection, and

that they are possibly in some way connected with the control

of the lymph supply in the ventricles.

Holm makes no reference to the occurrence of Reissuer’s

fibre, although lie seems to have seen the isthmic canal, of

which in Myxine it may be said that it has persisted uierel}"

because it gives free passage to that structure. In the case

w'hich he describes (’01, p. 369) the isthmic canal (his “upper

canal ”) was evidently much less reduced than is commonly
the case.

He has apparently followed Retzius (’94) in his erroneous

identification of the ventricle of the mid-brain as the fourth

ventricle. As I have pointed out above, the cavity of the

mid-brain is greatly reduced, its anterior portion being repre-

sented only by the sub-cominissural canal, while the whole of

that large space (optocoel)
,
which in the Petromyzontidae (Text-

fig. 5) lies above and behind the posterior commissure in the

roof of the mid-brain, is reduced in Bdellostoma (Text-fig. 7)

to a more or less complete annular space, and in Myxine
(Text-fig. 8) to a short, dorsally directed and blindly ending

canal. Behind, beneath the posterior portion of the corpora

bigemina, the aqueductus Sylvii is, in the Myxinoids,

reduced to two narrow passages, the isthmic and ventricular

canals.

The main cavity, then, in the mid-brain ventricle, which,

with the ventricular canal, is identified by Sanders,^ Holm

' In justice to Sanders, whose work appears to liave been largely-

overlooked, it should be pointed out that his observations were really

remarkably correct, and that in many particulars he has anticipated the

results of moi-e recent workers. Not only did he identify correctly

nearly all of the various brain-ventricles, but later work has also

justified his identifications of various parts of the brain. He continued

the observations of Retzius as to the absence of a cerebellum. Curiously

enough. Holm (’01, p. 378) misrepresents Sanders as interpreting the

corpora bigemina as the cerebellum, a mistake which, in view of

Sanders actual statements, is altogether inexplicable. Thus (’94, p. 6),

Sanders says, “ It is remarkable that the cerebellum ... is here

entirely absent,” and again (op. cit., p. 22), “Myxine appears to present
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and Ayers as the fourth ventricle, represents actually but a

small portion of the aqueductus Sylvii, and I have

preferred, for that reason, to speak of it as the sinus

inesocoelicus.

Sterzi (’07) identifies it correctly as the cavity of the mid-

brain, he appears not to have noticed the istliinic canal in

Myxine, although he saw and called attention (op. cit., p. 539)

to the occurrence of small scattered spaces that continue

backwards from it towards the upper canal of the spinal cord.

He, so far as I can find, makes no reference whatever to the

occurrence of Reissner’s fibre.

Sai'gent (’04) quotes that part of Sanders’ descriptions

which I'elates to the course of Reissuer’s fibre in the brain,

and dismisses it without further comment. He also quotes

without comment tlse preceding partigraph, in which Sanders

describes the ending of the fibre posteriorly, and, as above

stilted, he dismisses Studnicka’s sttitements which confirmed

those of Sanders, I'emarking that the appeartinces so inter-

preted by Sludnicka must be due to the disturbed and

abnormal condition of the fibre in his preparations.

Sargent’s only other statement which bears upon the con-

dition of the fibre in Myxinoids is tlie wholly unwarranted

assumption (’04, p. 162) tliat “ In Myxine, wiiich is blind

Reissner’s fibre must be made up wholly of axons

from the olfactory centre in the ganglion habenulae.”

the only instance in the vei'tebrate kingdom of the entire absence of an

important section of the brain, viz. the cerebellum.” It was Sanders,

too, w'ho first pointed out the existence of the terminal sinus in Myxine.

Retzius to whom is commonly attributed the discovery of this terminal

dilatation of the spinal cord, to which he gave the name of the terminal

sinus, only published in the following year. Sanders’ descrijjtion of the

condition of the hinder end of the canalis centralis of the spinal

cord anticipated Sterzi's V>y more than a dozen years.
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EXPLANATION OP PLATES 1-5,

Illustrating Prof. George E. Nicholls’ paper on “The Structure

and Development of Reissner’s Fibre and the Sub-com-

inissui'al Organ.”—Part I.

List of Reference Letters.

c. bg. Corpora bigemina. c. c. Canalis centralis of the

spinal cord. c. c.' Upper canal of canalis centralis (in Myxinoids).

cil. Cilia. Dk. Cells of the “ Daclikern.” e. ep. Ependymal epithelium.

ep. Epiphysis. fh.,fb.' Fibrillae of Reissner's fibre, h.g. Habenular

ganglion, i. c. Isthinic canal, inf. Recessus inf rapinealis. iter.

Iter. myig. Meninges, m. r. Mesoccelic recess, m. t. Cells of the ter-

minal mass. nch. Notochord, n.p.c. Nucleus of the posterior com-

missure. op. Optocoel
;

optocoelic canal (Myxinoids). op.' Posterior

extension of optoccelic canal, p. c. Posterior commissure, r. d. Dia-

coelic recess, r.f. Reissner’s fibre, r.f.' Reissner’s fibre, tangled in

canalis centralis, r.f." Reissner’s fibre, tangled in sinus ter-

minal is. s. c. Spinal cord. «. c. c. Sub-commissural canal, s. c. o. Sub-

commissural organ. s. m. Sinus mesoccelicus. s. m.' Upper
chamber of sinus mesoccelicus. s.m.'' Lower chamber of sinus

mesoccelicus. e. t. Sinus terminalis. t.c. Tela choroidea II.

feet. wes. Tectum mesencephali. <. p. Terminal plug. v.c. Ventri-

cular canal, x. Large space (part of fourth ventricle) in roof of hind-

brain, lying above the canal-like fourth ventilcle. III. Third ventricle.

IV. Fourth ventricle. * Indicates the position of the extremity of the

notochord in Fig. 52.

[Figs. 1-32 are all reproduced from photomicrographs ; the remaining

figures, 33-58, were drawn from the actual preparations with the aid of

a camera lucida.]

PLATE 1.

Figs. 1-9 represent the sub-commissural organ of typical members
of the different vertebrate sub-classes, as seen in transverse sections of

the brain.

Fig. 1.—Petromyzon fluviatilis. x 28.

Fig. 2.—Raia bland a. X 65.

Fig. 3.—Scyllium canicula. x 24.
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Fig. 4.—Esox lucius. X 28.

Fig. 5.—Rana temporaria. X 128.

Fig. 6.—Splienodon (Hatteria) pnnctatus. X 24.

Fig. 7.—Gallus domesticiis (19-day chick), x 24.

Fig. 8.—Microtus arvensis. X 52.

Fig. 9.—Lepus cuniculiis. x 24.

PLATE 2.

Fig. 10.—Petromyzon fluviatilis. Part of a transverse section

through the hinder part of the mid-hrain, showing the paired condition

of the isthmic canal. X 320.

Fig. II.—P. flnviatilis. Part of a horizontal section through the

same region of the brain, showing the junction of the right and left

factors of Reissner's fibre at a point just anterior to the isthmic canal

(here median and not visibly a paired structure). X 340.

Fig. 12.—P. fluviatilis. Part of a median sagittal section through

the end of the spinal cord showing the canalis centralis expanding

into a sinus terminalis, within which is seen a tangled mass of

Reissner's fibre, lying against the meningeal wall. X 250.

Fig. 13.—P. fluviatilis. A similar section (but slightly oblique)

through the sinus terminalis of another specimen. Reissner’s fibi'e

is inserted into the meningeal sheath of the sinus. X 250.

Fig. 14. — Ichthyomyzon (Entosphenus) tridentatus. A
sagittal section through the tail of an aminoccete of 105 mm. showing

the sinus terminalis and Reissner’s fibre. X 80.

Fig. 15.— 1. tridentatus. Part of a sagittal section through the

tail of an ammoccete of 90 mm. showing a considerable tangle of

Reissner’s fibre almost filling the sinus terminalis. X 350.

Fig. 16.—Petromyzon fluviatilis. Part of a sagittal section

through the spinal cord showing the interrupted coiling of Reissner’s

fibre. X 600.

Fig. 17.—Myxine glutinosa.—Sagittal section through the sinus
termina is, showing a large mass of coiled Reissner’s fibi-e. At the

apex of the mass the fibre is more loosely looped, x 260.

Fig. 18.—M. glutinosa. Another section from the same series as

fig. 17, passing almost centrally through the mass of fibre. X 260.

Fig. 19.—Geotria australis. Part of a median sagittal section

through the posterior commissure, showing a tangle of Reissner’s fibre

below the sub-commissural organ (from one of Prof. Dendy’s prepara-

tions). X 310.

VOL. 58, PART 1. NEW SERIES. 8
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Fig. 20.—G. australis. Part of a median sagittal section through

the hind-brain (from one of Prof. Dendy’s preparations). A great

length of Reissner’s fibi’e is seen lying in the fourth ventricle and

canalis centralis (somewhat displaced). X 150.

PLATE 3.

Fig. 21.—Bdellostoma (Polistotrema) stouti. Paid of a

median sagittal section through the mid-brain. X 50.

Fig. 22.—B. stouti. Part of a nearly median sagittal section

through the mid-brain of another specimen, showing the optocoel much
more reduced. Reissner’s fibi’e is seen issuing from the sub-commissural

canal. X 60.

Figs. 23-25.—B. stouti. Portions of transverse sections through

the mid-brain of another specimen. These are taken approximately

at the levels indicated by the lines 23, 24, 25 in Text-fig. 7. X 68.

Figs. 26, 27.—Myxine glutinosa. Portions of transverse sections

through the mid-brain, coiresponding roughly to those shown for

Bdellostoma in figs. 23, 25. The cavities in Myxine are, however,

relatively much smaller. Fig. 26 x 115. Fig. 27 x 200.

Fig. 28.—M. glutinosa. Part of a transverse section through the

spiual cord, showing the double character of the canalis centralis

and Reissner’s fibre in the lower of the two canals. X 350.

Fig. 29.—M. glutinosa. Part of a sagittal section through the

spinal cord. X 60.

Fig. 30.—M. glutinosa.—Part of a sagittal section through the

hind-brain and spinal cord, showing the large space (x) situated in

the hind-brain above the canal-like portion of the fourth ventricle.

X 150.

Fig. 31.—Bdellostoma stouti. Part of a transverse section

through the spinal cord for comparison with that of Myxine (fig. 28).

X 450.

Fig. 32.—B. stouti. Pai’t of a sagittal section through the spinal

cord showing Reissner's fibre in the lower canal, x 68.

PLATE 4.

Fig. 33.—Petromyzon fluviatilis. Part of a transverse section

thro\igh the thalamencephalon, showing the sub-commissural organ (on

the true left side) between the right habenular ganglion and the left

optic thalamus. X 30.
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Fig. 34.—P. fluviatilis. Part of anotRer transverse section, taken

at a point immediately anterior to the posterior commissure. X 30.

Fig. 35.—P. fluviatilis. Part of another transverse section, through

the postei’ior commissure, showing the right diaccelic recess. X 30.

Fig. 36.—P. fluviatilis. Another ti’ansverse section through the

mid-brain, immediately behind the posterior commissure, showing the

end of the sub-commissural organ, x 30.

Fig. 37.—P. fluviatilis. Horizontal section through the sub-

commissural organ, showing the paired character of Reissner’s fibre.

(Some of the lesser branches were added from adjacent sections.)

X 240.

Fig. 38.—P. fluviatilis.—Pai't of a transverse section through the

posterior commissure, showing the sub-commissural organ and Reiss-

ner’s fibre, cut obliquely, lying closely against it on each side. X 240.

Fig. 39.—P. fluviatilis. Part of a horizontal section thi'ough the

sub-commissural organ anterior to the posterior commissure, showing the

fibrillse of Reissner’s fibre arising from the surface of the organ. X 525.

Fig. 40.—P. fluviatilis. Median section through the extremity of

the filum terminale, showing the canalis centralis opening

widely by the terminal neural pore in the sinus terminal is. (The

figure was obtained by the superposition of di’awings of several adjacent

sections which were cut slightly obliquely to the sagittal plane.)

X 160.

Fig. 41.—Ichthyomyzon (Entosphenus) tridentatus. A ti-ans-

verse section through the developing sub-commissural organ of an

ammocoete 12 mm. long. (The level of the section is indicated by the

line 41 in fig. 45.) X 560.

Fig. 42.—I. tridentatus. A transverse section through the sub-

commissural organ of an ammoccete 40 mm. long. The level of the

section is approximately indicated by the line 42 in fig. 46.) x 320.

Fig. 43.—I. tridentatus. A transverse section through the sub-

commissural organ of an ammoccete 95 mm. long, x 300.

Fig. 44.—I. tridentatus.—Part of a transverse section through

the hinder part of the raid-brain of an ammoccete, 65 mm. long, showing

the paired character of the isthmic canal.

PLATE 5.

Fig. 45.—Ichthyomyzon tridentatus. Part of a sagittal section

through the roof of the brain of an ammoccete 14'5 mm. long, showing

the extent of the posterior commissure and the sub-commissural organ.

X 525.
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Fig. 46.—I. tridentatus. Pai-t of a sagittal section through the

roof of the brain of an ammocoete 30 mm. long. X 320.

Fig. 47.—I. tridentatus. Transverse section through the tail of

an ammocoete 12 mm. long, showing the condition of the canalis
centralis. X 420.

Fig. 48.—I. tridentatus. A similar section through the tail of the

same ammocoete, taken at a point 40 micra behind that represented in

fig. 47. X 420.

Fig. 49.—I. tridentatus. Another section from the same series,

taken at a point 50 micra posterior to that shown in fig. 48, and distant

only 20 micra from the actual end of the tail. It shows the canalis

centralis widened out into a sinus terminalis. X 420.

Fig. 50.—I. tridentatus. A median sagittal section through the

tail of an ammocoete 14'5 mm. long, showing Reissner’s fibre ending in

a terminal plug in the sinus terminalis. X 518.

Fig. 51.—I. tridentatus. Median sagittal section through the tail

of an ammocoete 42 mm. long, showing Reissner’s fibre expanded into a

terminal plug inserted into the wall of the sinus terminalis. X 394.

Fig. 52.—I. tridentatus. A similar sagittal section through the

end of the tail of an ammocoete 75 mm. long, showing Reissner’s fibre

coiled in the sinus terminalis. x 394.

Fig. 53.—I. tridentatus. A section cut somewhat obliquely to the

sagittal plane, showingJReissner’s fibre ending in a terminal plug in the

sinus terminalis of an ammocoete 36 mm. long. X 690.

Fig. 54.—I. tridentatus. A sagittal section through the tail of

an ammocoete 105 mm. long. (Reissner’s fibre has been completed

from one or two adjoining sections.) X 94.

Fig. 55.—I. tridentatus. A nearly transverse section through the

anterior part of the sinus terminalis of an ammocoete 65 mm. long.

Reissner’s fibre hasjretracted into a coil, and some fibrous tissue appears

to have been pulled into the sinus terminalis. X 560.

Fig. 56.—I. tridentatus. A sagittal section through part of the

spinal cord of an ammocoete 34 mm. long. X 560.

Fig. 57.—Geotria australis. Part of a sagittal section through

the mid-brain of a velasia stage showing the pair of principal factors of

Reissner’s fibre uniting about halfway between the sub-commissural

organ and the isthmic canal. X 105.

Fig. 58.—G. australis. A sagittal section through the posterior

commissure of another velasia, showing Reissner’s fibre broken and

retracted slightly forwards. (From one of Prof. Dendy’s preparations.)

X 104.
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Loxosoma loxalina and Loxosoma saltans
—Two New Species.

By

Richard Asshetoii, M.A.,
Lecturer on Biology in Guy’s Hospital, University of London.

With Plates 6 and 7 and 4 Text-figs.

The genus Loxosoma is remarkable among Polyzoa in

having the iopliophore placed more or less obliquely to the

main axis of the stalk instead of being at right angles as in

other Polyzoa, and in being solitary, for the buds, which

are formed readily enough, drop off before they have reached

any great size, and attach themselves to the surface of some

other organism or neighbouring object by means of diverse

forms of adherent arrangements in the end of the stalk or

foot, which varies a good deal in shape. The species, of

which rather more than a dozen have been described, are

all commensals living fixed on to other organisms or upon

the tubes inliabited by other organisms, which may be

Polychaetes, Sponges, Ascidians, Gephyreans, and probably

other animals as well.

Among these there is a form called Loxosoma annelidi-

cola, which was originally mistaken for a Platyhelminth

,

and called Cy cl atel la annel i d icola, having been found

by P. J. Van Beueden and C. E. Hesse in 1865 on certain

Maldanid Polychtetes, but which subsequently was recog-

nised as an Entoproct, and so described by Prouho in 1891.

Prouho found the species on the Clymenians Nicomache
lurnbricalis and Petaloproctus terricola.
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More recently a species of Loxosoma., the first actually

described from the American side of the Atlantic, has been

made the subject of an interesting paper by N. S. Nickerson,

and named L. Davenporti, also from the tube of a

Maldanid, namely Clymene producta. This species clearly

has close affinities with the other Maldanid Loxosoma, L.

ann el i dicola, as is shown for instance, by the possession of

the wing-like expansion of the body and the arrangement of

the foot muscles, but is quite distinct in many characters, such

as the far longer stalk, peculiar epidermic “flask organs,”

the more numerous tentacles, and the curious “ mammary
organ” which the female of L. Davenporti possesses.

The two new species which form the subject of this present

paper are also from the tubes of Maldanid worms, and, as

one might expect, bear certain i-esemblances to L. Daven-
porti and L. aunelidicola, buttheyare clearly distinguish-

able from these, as may be noted from a glance at prepared

specimens.

Loxosoma loxalina.

Loxosoma loxalina was found in September, 1909,

in ihe Sound of Mull, near the entrance to Loch Aline, in

association with a iUaldanid, of which I have oidy an imper-

fect specimen, and which I have been unable to identif}'.

External Characters.—It is characterised by its long

stalk as compared with the other known Maldanid associates,

the stalk being longer than the body and calyx together,

though very much shorter than the stalk of L. Phascolo-
somatum, aud the presence of curious projecting glands

placed with some regularity on the sides of the body (tig. 1),

which, though more numerous and smaller, are no doubt

cotnparable to the “
flask organs ” described by Nickerson on

L. Davenporti, although they occupy a different position.

Ectodermic glands, unicellular or multicellular, occur on

other species, e.g. L. Tethyae, L. crassicauda, and L.

phascolosomatum, though in these cases they are sunk
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entirely beneath the surface rather than raised above it, but

probably all such organs may be said to be generally homo-

logous. In L. loxalina they have undergone a special

development and differentiation, and though projecting from

the surface, do not stand out so clearly as in L. Davenporti
or ill L. saltans, the second species to be described here. In

all specimens that I have examined these organs are generally

Similar; they occupy more or less corresponding positions,

and are differentiated in like manner. There are usually two

pairs on the calyx and two pairs on the body, and they tend

to give the animal a somewhat angular appearance. Some-

times extra pairs occur on the body. There are none on the

stalk, which is sharply marked off from the body. In L.

Davenporti they are borne about the spot where the body

passes into the stalk. Although glandular is a convenient

term to use, there is no sign of any secretion exuding from

them. Figs. 1, 15, 16 and 17 indicate clearly euough the

structure of these organs, but their function must remain

for the time being a mystery. Fig. 1 represents the most

usual condition. I have never found less than the four

pairs here indicated, but I have in some specimens seen

additional pairs. The two pairs on the edge of the calyx are

less prominent than the others, and are not very different from

the unicellular glands of Salensky, L. tethyae. The lower

pairs are either connected with, or lie in close juxtaposition to,

rows of large deeply stained cells (tigs. 1, 3, and 6 [k.]). On
the body there are two pairs, the upper of which is on the

ventro-lateral surface at the level of the lower margin of the

two appendages of the stomach. The lowest pair of all is

different from the rest, and is never absent. Whereas the

Olliers vary a good deal in form and degree of development,

this lowest pair is constant. Each organ consists of a group

of long cells, the nuclear ends of which are deeply imbedded

in the body, and the outer ends, projecting a short distance

beyond the surface, form a conical eminence with a small

crater-like depression on the centre. Fig. 17 (a.) represents,

in diagrammatic form, the structure of these and the other
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epidermic glands ol L. loxalina, and may be compared

with the figures of sections of the similar organs of L.

saltans (figs, 15 and 16), which resemble far more closely

the “flask organs” of Nickerson on L. Davenporti. It is

pretty clear that they are all essentially similar morpho-

logically, whatever their function may be. From the distinct

character and constancy in position of the lowest pair we

may assume that these particular ones have a special function.

They are more deeply set than the others.

The foot is circular and devoid of any special gland such

as L. tethy ^ and L. leptocli ni possess. It has, however, a

peripheral row of unicellular structures, which may be mucous

or some form of adhesive gland which project beyond the

general contour as the toes of a frog- project beyond the web

(fig. 13). But quite possibly they may be of firmer con-

sistency and serve as stiffening rods.

The lophophore of this species as well as L. saltans

is not circular in outline, but slightly indented along the oral

region, at first sight suggesting the condition in the Phylacto-

laemata, but in them the inflection is of the anal region. The
tentacles in every case I have counted number sixteen, and

are not all of the same size. Four along the anterior or

indented part are longer than the rest, and a gap occurs

between the two inner ones of the four. The same characters

are seen in L . sa 1 tan s, and apparently also in L. tethym
according to Salensky, thoug-h only two tentacles are shown

by his figures to be longer than the others.

Alimentary Canal.—The whole body is very much com-

pressed in the oro-anal axis, but does not show auy features

very strikingly different from those of other species of

Loxosoma. The rectum is carried far along the hood of the

lophophore, so that the anus lies near the rim of the lophophore

as in L. crass'icauda, butunlike L. Davenporti, where the

rectum ends about the centre of the lophophoi-e hood. The

rectum is wider than the intestine and its walls contain cells

with brown inclusions, which are probably excretory products

(vide L. saltans). The whole body being longer in L. loxa-
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Hu a than is usual, the alimentary canal is longer, and the

lower or proximal part of the stomach is more distinct and

forms a triangular or conical-shaped chamber. There are

well-marked lateral swellings which form the glandular

portion of the alimentary system (fig. 1, Id. pd.\.

The mouth is bounded posteriorly by an epistome and

anteriorly by the edge of the lophophore, which in the middle

line is raised up into a little knob which in L. saltans bears

stiff hairs. The mouth leads into a wide funnel-shaped

chamber quickly narrowing into an CESophagus lined by long

cilia. The cells which form the walls of the CESophagus

contain a dark olive-green pigment lying deep in the cells

and which occurs nowhere else in the animal.

There are really two pairs of diverticula from the alinicn-

tary canal, an anterior or proximal pair, though actually lying-

nearer the foot than the lophophore region, and strictly

lateral, and a posterior or distal pair less sharply constricted

and lying rather more towards the ventral surface. Fig. 1

of L. loxalina and figs. 10, 20 of L. saltans illustiate

this well enough.

The alimentary tract is ciliated over a great part of its

surface, though in certain regions the cilia are longer than in

others. The whole of the oesophagus bears long cilia, the

lower chamber of the stomach is lined with short cilia, while

the diverticula are devoid of them. The intestine is ciliated

throughout by short cilia. The character of the cells forming

the walls of the alimentary canal seem to be similar in the two

species, L. loxalinaand L. saltans, and some further details

are given in the next section.

I shall not dwell upon the histological details of L.

lo X al i na
,
as although I have over a hundred specimens of this

species, they were all obtained from the tube of a single

worm, and were preserved alike in Perenyi fluid, which is not

a suitable reagent for fixing this animal’s tissues. In fact

the specimens were not discovered until some time after

preservation in the bottle containing the sand tube and por-

tions of the Maldanid worm. I have not succeeded incoming
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acMMss tlie species again, so that I have not seen it alive.

'I’he Malclanid worm was the only one obtained, and that was
got some feet below low-water level of a spring tide.

Nervous System.—The only part of a nervous system

observed is the paired ganglionic mass which lies between

the intestine and the reproductive gland as shown in fig. 3,

in a position corresponding exactly with that of L. saltans,

fig. 14, and other species.

Plxcretory System.—The poor histological condition of

the specimen makes it very difficult to determine the

character of the excretory organs. There are certain struc-

tures which are probably of that nature which lie in the body

just above the glandular expansion of the stomach. Firstly,

there is a pnir of large rounded masses of deeply staining

cells which have rather the appearance of yolk-glands or

testis, and are no doubt part of the reproductive system (tig.

6). Closely applied to these and extending from them to the

skin are very peculiar cells arranged in tiers, pagoda-like, as in

fig. 1 {k.), and fig. 6 {k.), the larger cells being at the bases.

Next the skin are some small rounded cells. It is not possible

to make out a duct, nor is it easy to make these structures cor-

respond with anything hithei’to described as excretory organs

of polyzoa. Nevertheless, as will appear in the next section,

it seems to me possible to derive them for the structure which

must be regarded as excretory organs in L. saltans.

Reproductive system .—This consists of a pair of large

gonads (figs. 1 [p.] and 4 [p.] ), from which wide ducts run

inwards towards a mass of large granular cells lying in

the median plane just behind the nerve ganglion and

oesophagus. This mass may be of the nature of a shell-gland

(c f. Nickerson), or possibly a yolk-gland, and from it a single

median duct runs to open into the atrium between the

episfome and the lophophore.

The gonads are not very well preserved, but at any rate I

can say that each is a more or less spherical sac with thick

walls and a small centi-al cavity from which the gonoduct runs.

'I'he walls bear the reproductive cells, and I am inclined to
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think that they are hermaphrodite
;
but I do not wish to

commit myself absolutely. Figs. 3^ 4 and 6 illustrate these

p Dints. There seems to bean anterior duct or opening (fig. 5,

h.d.) on the epistome. Whether this is renal or reproductive

I cannot determine.

Muscular System.—The contractile tissue is well de-

veloped in connection with the stalk, foot and tentacles.

The long peduncle contains longitudinal fibres which run

parallel with the surface between the body and the foot, and

closely applied to the surface. At the proximal end some of

these fibres bend across and become continuous with the walls

of the alimentary canal. I cannot make out that they divari-

cate in so marked a manner at the distal end in reaching the

foot as one would expect from the condition described in L.

annelidicola or L. Davenporti. There is a strongly

developed circular band of fibres developed on the inner rim

of the lophophore.

The surface of the stalk contains longitudinal rows of

larger cells, and one especially well-developed row extends

down the mid-dorsal line. This also occurs in L. Daven-
porti and others.

LoXOSOMA SALTANS N.S.

An allied form of Loxosoma living also in the tube of a

Maldanid occurs farther north in the sands of the shores of

Skye, in the neighbourhood of the Kyle of Loch Alsh, some

three or four feet below low-water level.

This is sufficiently different from Loxosoma loxalina of

the Sound of Mull to deserve a different specific name, though

it, together with L. Davenporti and L. annelidicola and

even L. crassicauda, form a group showing special affini-

ties. All these species live commensally with tubicolous

PolychjBtes. The difference is distinctly indicated in the two

figures, 1 and 20 on Pis. 0 and 7, which are drawings of typical

specimens of the two forms after preservation. Fig. 10 gives

a better idea of the living animal, L. saltans. The Skye
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form is shorter and broader, and luis a smaller] body in pro-

portion to the size of the lophophore than L. loxiilina.

The curious gland-like processes are quite different. They
are less numerous and far larger in the Skye species, in whicli

I have never found more than two present. Tliey arise from

the ventro-lateral surface about half way down tlie body

—

whereas in L. loxalina there are usually four pairs set more

on the lateral edges. They resemble very closely the flask

organs of L. Davenporti, but are larger and placed higher

up on the body.

In the Skye species these curious organs maybe altogether

wanting, or one alone may be present. They are peduncu-

late, whereas in L. loxalina they are partially sunk beneath

the surface. Specimens with buds, which buds arise from

the ventro-lateral surface anterior to the spikes, are found

with or without spikes, so that there is no correlation between

these organs and the buds. Figures 15 and 16 represent

sections taken rather obliquely through these organs. It

will be seen how in flg. 15 the epiblast is ruptured at one

side, thus indicating how easily they may become detached.

They are in all cases entirely epidermic.

The character which suggests the name I propose for the

species Loxosoma saltans is the peculiar mode and highly

developed power it possesses of locomotion. When freshly

taken it is extremely active, moving over the body of the

worm or along the lining of the tube in a manner fascinating

and unique by a series of gymnastic efforts, which combine

the agility of the kangaroo and the deliberation of a geometer

caterpillar.

It is possibly in correlation with this habit that there is a

modification of the lophophore, which is not perfectly circular

as is usual among the Entoprocta (except L. loxalina), but

is elongated in the oro-anal plane, and shows a slight

tendency to a separation into right and left halves, and is

inflected along its oral region (fig. 19).

The tentacles, as a rule, number sixteen, so that we have a

right and left series of eight very slightly separated from
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each other by the occurrence of a rather wider interval

between the first of the right and the first of the left and

last of the right and last of the left. A papilla bearing stiff

hairs lies between the two series at the oral end. The special

modification in connection with the habit of jumping is in

the four oral tentacles, that is to say the first and second of

the two series, forming the four on the inflected edge of the

lophophore. These are longer than the rest, and when
closed down over the mouth fold outside and across the

tentacles of the lateral parts of the lo[)hophore as in fig. 19.

These four usually work together and are raised off the floor

of the calyx quite independently of the othei-s. When the

animal moves its position these four tentacles play a part in

the action.

The stalk of the animal is extremely stroTig and muscular,

iind can swing the body about' in any direction with ease and
i-apidity. The calyx may be directed outwai'ds from its point

of attachment, so that where expanded it shows a campanu-
late form as in fig-. 10, which resembles the ordiiiary

Pedicellina condition rather than that typical of the genus

Loxosoma, and in this respect it is more like Urnatella.

When lying prone, as presumably it must often do while

between the worm and tube, we may suppose that it lies with

its oral surface towards the object to which it is attached, as

this is the position it more usually takes when not waving
outwards. Prouho’s figiu*es seem to show that L. annelidi-
cola lies the other way. It is in this position that locomo-

tion is possible. 'I'liis is effected by the animal bending down
its body and lophophore into contact with the surface over

which it is about to move, but contact is made only by the

tips of the four large oral tentacles, which are provided with

special stiff bristles on their outer tips (fig. 10), which do not

occur in the other tentacles. These no doubt serve to give

it a hold. The four tentacles are then suddenly bent back-

wards, that it to say outwards, and at the same moment the

|)eduncle is whisked forwai'ds with great i-apidity, and the

adhesive foot applied in a fresh situation, as in Text-fig. 1.
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It appears to be a distinct jump
;
there is a moment when

neither foot nor tentacles are in contact with the surface over

which the animal is progressing. It is not quite like the

looping of a caterpillar
;

it is more like the action of the

boy playing “leap-frog.” 'Phe animal can either bring its

foot directly forward, or swing it horizontally according to

space.

Text-fig. 1.

.'b

Tlii'ee successive attitudes of L. saltans during the act of

jumping, a. Foot. b. Gut. c. Tentacles used in jumping.

As I have not succeeded in obtaining Loxosoma loxalina

alive, I cannot say whether it leaps, but from the fact that

there is the same difference between the oral tentacles and

the others it seems probable that it does. Salensky’s figure

suggests that a similar modification also occurs in L. tethyae.

As far as I know no such agility on the pai’t of a Polyzoan

has been observed before; Cristatella, of course, is known to

move, bnt that is motion of a very different kind. It seems
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possible that a somewhat different thougli less lively mode

of progression may be possessed by L. Daveuporti from

what Nickerson says, though there is no modification, nor

similar action, of the four oral tentacles. Nor is the oral

part of the lophophore rim indented. In L. Davenporti
there are certain cells at the base of each tentacle on its

outer surface, “ the cuticula over the cell” being “ thickened

to form a flattened or sucker-like protuberance.” Nickerson

continues (p. 355): “If a number of specimens in clear

sea-water in a smooth glass vessel be observed attentively,

individuals may often be seen lying on the dorsal surface

with the lophophore fully expanded. If a current of water

from a pipette be directed against an animal in this position

it becomes evident at once that the creature is attached

quite firmly by the lophophore margin
;
and though the

foot end may be lifted up by the motion of the water, the

hold of the animal is loosened only by a very strong current.

This observation makes it evident that the cells in question

serve as a means of attachment. They are to be regarded as

unicellular suckers, which are of use to the animal in

enabling it to keep a hold upon its host while changing its

foot attachment.”

External F orm.—The livinganimal is almost transparent

and colourless except for the excretory organs and alimentary

canal, which is throughout slightly yellow, and at certain

points it is strongly pigmented and shows up brightly. The
pigmented portions are the two distal and lateral swellings

on the stomach, which vary from a bright yellow or orange

to brown (fig. 19), and the latter part of the alimentary canal

oi- rectum which is wider than the intestine. The two

smaller and proximal diverticuja of the alimentary canal,

which in sections are seen to take stain more readily than

any other part of the alimentary canal, are almost quite

devoid of any colour in the living animal. Fig. 19 illustrates

the colour of the living animal and fig. 10 the general form

and character. In this specimen there were two large pedun-

culate “
flask organs,” of which one is shown in fig. 10,
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and two buds; one of these is well advanced. The fi;^ure

shows the way in which tlie lophophore expands and the

small tentacles spread out, though always slightly curved

inwards. The four oral tentacles are usually moved together

and often thrown back as in the act of jumping. None of

my specimens, nine in number, had more than two buds.

The stalk is shorter than in L. loxalina, and the foot is

slightly larger, but resembles the foot of L. loxalina with

its toe-like organs very closely. I think there are twelve

to sixteen of these organs.

Alimentary Canal.—The general character of the ali-

mentary canal is indicated by the figs. 11 and 12. It diffei-s

from that of L. loxalina only in the greater size of the

distal, more ventral diverticula, which are the most pigmented

parts, the long cells being filled with yellow granules. Fig. 1

1

is a slightly oblique section which passes through the

oesophagus and the edge of one of these thick-walled diver-

ticula, which are composed of elongated cells with the

nucleus at the outer end and loaded with spherical yellow

inclusions (figs. 11 and 22). I think the gut lining is

throughout a single cell in thickness which cell« vary greatly

in length. The oesophagus opens into the stomach low down

-on the anterior face. As in L. loxalina, the anterior and

posterior walls contain granules of dark colour, but they are

of a deeper brown and less refractive than in the former

species. The intestine leads from the stomach by a gradual

narrowing of that organ, but along the whole dorsal wall of

the stomach there is a groove (which is continuous with the

lumen of the intestine) of low ciliated epithelium. This in its

turn is continuous with the conical lower apex of the stomach

and with the entrance of the oesophagus, all of which is

ciliated. The only parts not ciliated are the four glandular

tracts. The longest cilia are in the oesophagus and at the

entrance of the oesophagus to the stomach. Figs. 11 and 12

illustrate the character of the epithelium of the apex of the

stomach, where it is low, columnar (and 1 think really ciliated)

with a few mucous glands {mu.). The section also shows the
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proximal diverhicula of long cells with small nuclei at their

bases and filled with fine grannies of quite a different

character to the cells of the larg'er distal pair. The cells of

the apical part of the stomach and the intestine contain many
granules at their basal ends which are blackened by osmic

acid and are probably fat-globules. This part of the stomach

may be i-egarded as absorptive (figs. 11 and 12). The
characters of the proximal pair of diverticula suggest secre-

tion of some digestive juice, the cells being filled with very

fine granules not unlike the gi-anules of vertebrate pancreatic

or salivary gland-cells. The margin of these cells or of some

of them are irregular like those of mucous cells or other

actively secreting cells, and probably indicate the pouring out

of secretions into the general digestive cavity. These sur-

faces are devoid of cilia.

On the other hand, the larger, thicker-walled diverticula

on the more ventral surfiice, which are yellow in the living

animal, are formed of long large cells loaded with spherical

masses of various kinds, some staining purple with haema-

toxylin, others yellow and various shades of brown. Some
stain intensely with thionin, others not at all. 'I’he char-

acters indicate active constructive metabolism, and suggest a

function to these parts of the alimentary tract more com-

parable to that of a liver.

The intestine has a narrow lumen, is circular in ti-ansverse

section, and has a thick, homogeneous wall richly ciliated

until it reaches the hood of the lophophore. Here the lumen

widens, and fa3ces are collected, and the walls contain yellow

pigments probably of an excretory nature. The anus is

extremely small. I presume that it exists, but in no section

have I been able to see it as an actual opening. Its position

is indicated, however, by a [)roctodaeal depression and a

suture which is probably caused by its coalesced edges.

Nervous System.—The central nervous system, as in L.

loxalina, is a conspicuous object lying between the intestine,

and reproductive gland (fig. 14, n.y.). It consists of a pair of

ganglia connected by a thick band of nerve-fibres. Peri-

VOt. 58, PA({T 1. NEW SERIES. 9
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plieral nei-ves radiate from the ganglia to the lophophore and

body-kidneys (if such they he), tlie body-wall, gut-wall, and

lophophore, which in plan can be represented by the accom-

panying diagram. But I must confess that I have not suc-

ceeded in tracing out the termination of the finer branches.

In specimens which have been left alive in sea-water con-

taining methylene-blue there ai'e rows of cells along the

stalk which stain blue (fig. 21), and one particularly pro-

minent row runs along the mid-dorsal line of the stalk (fig.

Text-fig. 4.

L. saltans. Nervous system (thick lines), a, h. Lopbophoral
kidneys, c. Body kidney.

21). This prominent row is confined in L. saltans to the

stalk; it dies away as the stalk passes into the body and also

as it joins the foot. A similar row of cells has been described

by Salensky for L. crassicauda and L. tethyte (though

Harmer (4) did not find it in L. tethyae), and by Nicker-

son in L. Davenporti. Salensky considered them to be

gland-cells, and Nickerson appears to agree with him,

although “ no conditions have been observed which point to

a^discharge of the contents.” It seems to me not improbable

that these cells may be nervous, or neuro-muscular, forming

perhaps a kind of muscle plate centre of nervous impulse in



LOXOSOMA LOXALINA AXD LOXOSOMA SALTANS. 131

counectiou with the highly developed and rather complex

character of the movements of which the stalk of L. saltans

at any rate is capable.

'I’he paucity of specimens prevented me from making an

exhaustive study of the nervous system of this interesting

little acrobat.

I cannot see in these cells any real resemblance to gland-

cells. Their arrangement as a regular single file is more

suggestive of co-ordinate action than glandular activity,

which more usually is connected with diffuseness and irregu-

larity of form.

One speaks of Om foot as being an adhesive disc, and, as

Nickerson says, containing unicellular gland-cells. I cannot

believe that the toe-like cells which project round the edges

of the foot are adhesive in the sense that they excrete any

adhesive material. The rapidity and ease with which the

animal relaxes its hold and swings its foot round and takes a

new grip suggests a complicated nervous and muscular action,

involving some action, such as suction, as the means of attach-

ment rather than a simple adhesion by secretion. The so-

called glands (fig. 13) may be of the nature of rods which

stiffen the expanded rim of a sucking disc. One can imagine

that such an arrangement would enable the animal to obtain

hold and relax with great facility.

Sense-hairs are borne by the tentacles, and upon the

hypostome and on the lophophore at the point of its greatest

inflection in the oral region.

h] X c r et ory Organ s.—I endeavoured to find some evidence

of flame-cell tubes in the living animal, and although not work-

ing under very favourable conditions, I shall be surprised if

such organs are found by anyone else in this species. I

could find no trace of any ciliary action in any part of the

animal excepting the alimentary canal and tentacles.

Animals which have been' living some twenty-four hours

in sea-water containing methylene-blue become generally

coloured by the dye, but certain parts become an intense

blue. When transferred back again into pure sea-water the
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dye disappeared from the genernl tissues, but wns retained

by certain parts. On placing the animals into Hermann’s

or Flemming’s solution afterwards the blue parts were

intensified, and some from which the blue had disappeared

stood out aofain iu a kind of indioro blue-black.

The organs affected permanently are, I believe, the nervous

and excretory tissues. The brain is coloured blue, but not

very strongly
;
I could not trace by this method any nerve-

trunks passing from it. The alimentary canal, I think, was

hardly affected, with the exception of the rectum, the cells of

which became an intense bine. It is hardly probable that the

walls of the rectum are in any way modified with reference to

the nervous system. The lines of cells on the stalk, as before

mentioned, are also slightly coloured blue (which became

intensified after fixation by Flemming’s or Hermann’s flnids).

It is quite probable that the rectum cells may have special

excretory functions. The other parts which are intensely

coloured are a pair of organs in the base of the lophophore,

and a similar pair rather lower down in the body just above

the “ liver diverticula.”

These are probably excretory organs. I have already

referred to them as the lophophore and body kidneys

respectively. They, it is true, receive very distinct nerve-

trunks from the brain, but their whole appearance is that of

an excretory organ rather than a sense-organ. There is a

pair of spaces bounded by an irregular layer of cells still

lower and nearer the sides which adjoin the second pair of

excretory bodies, which I have not Tioticed to be coloured by

the methylene-blue. ’I’his latter corresponds more in position

with the curious “ pagoda ”- like organs described ns an

excretory organ in L. loxalina.

The two pairs of organs (figs. 7, l.k. and 8, b.k.) are cleai’ly the

organs described by Prouho in L. annelidicola and by

Nickerson in L. Davenporti as excretory organs. They are

composed of several large highly vacuolated cells closely

pressed against one another and are slightly yellow in the

living animal.
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I have seen no trace of any duct in connection with the

body pair. In connection with the lophophore organs there

is a trace of a duct (vide figs. 5 and 7, k. d.), but I cannot follow

this tube either to the exterior, though it runs close to the

surface of the epistome, nor to the cells themselves, although,

as seen in the figures, it lies close against them. Prouho

found a duct which was ciliated and open to the exterior, aud

Nickerson a similar one, but was doubtful about the ciliatiou.

I feel pretty sure there is no ciliated duct. It is quite possible

that the above-mentioned tube is a duct to the surface in con-

nection with the lophophoral kidney, and that the much larger

open space lined by irregular cells mentioned above as lying

to the outside of the body-kidneys may be the duct of the

body-kidney, but I cannot say whether it opens to the exterior

or not.

'I’he walls of the rectum in all probability ai’e an important

part of the excretory system. Figs. 20, 21 and 24 show how
clearly certain cells of the side walls take up the methylene-

blue, even more distinctly than the lophophoral and body
“ kidneys.” In the normal condition the side walls of the

rectum are yellow like the walls of the liver diverticula of the

gut. In each case the colour is due to spherical bodies within

tlie cells of varying tint, but whereas the liver-cells or inclu-

sions are hardly affected by the methylene-blue, the rectal ones

stain deeply.

In sections of the rectum one sees more clearly what the

process probably is. Fig. 24 represents a section of the

rectum taken transversely and stained with thionin, eosin and

orange G. The cells forming the anterior aud posterior walls

are ciliated and do not form excretory granules like the side-

wall cells, which are larger and non-cilitated. In these there

are large vacuoles containing masses of granules, some of

which take the thionin, others the orange stain. These grains

are seen to be forming in the deeper parts of the cells (fig.

24, tx. (jr.) and passing into the vacuoles. Some of the

vacuoles {vac.) are deep down, others {vac.') are closer to

the surface, and some I have found at the surface. It is
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quite likely that the vacuoles burst eventually and discharge

the contained excretory granules into the rectum. I have not

observed such a discharge of a vacuole in a living specimen,

noram I prepared to say that the ruptured vesicles seen in

sections are not due to artificial causes, but the whole appear-

ance of the epithelium strongly supports the view put forward

above. Harmer, in his paper on the excretory processes in

ectoproctous Polyzoa, describes the excretion of granules

containing artificial pigment from various parts of the ali-

mentary canal thus (p. 154): “This process takes place by

the separation of small round vesicles from some part of the

wall of the alimentary canal, and probably from the caecum.

These vesicles contain granules of Bismai’ck-brown, and may

be seen in the stomach, intestine, or rectum, where they are

no doubt on their way to the exterior.” Then, again, in dis-

cussing, on p. 162, the nature of the natural colouring matter

of the “ liver
” part of the alimentary canal he writes :

“ With-

out going into the question of the excretory value of the

processes which take ])lace in the vertebrate liver ... I

may express my conviction that this appearance of pigments

like indigo carmine, carminate of ammonium, and Bismarck-

brown in the granules of the walls of the alimentary canal in

Polyzoa, taken in conjunction with the normal appearance in

the same place of a natural pigment and the ultimate passage

of much of that pigment into the brown body, is to be regarded

as, in part at least, a process of excretion.” 1 would suggest

that L. saltans indicates that the function of excretion, so

far as the alimentary canal is concerned, is concentrated in

the expanded terminal part of the intestine, and that the

yellow pigment of the liver diverticula is of a different nature.

'The cells of the rectum which produce the excretory pigment

have an utterly different character to those of the liver

diverticula. In fig. 22 the former, and in fig. 24 the latter

type of cell may be seen. In the rectal excretory cell the

nuclei are deep down and horizontally placed, as so often

occurs in the secretory cells, and the granules appear to be

forming near the nucleus and passing outwards towards the
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vacuole, wliicli is cleat’ and obvious. In the liver-cell there is

no vacuole at all, the nucleus is large and splierical, rather less

deeply placed, and the granules appear to be forming in the

inner or more superficial part of the cells and to be accumu-

lating towards the base. The difference in appearance seems

to me to indicate the physiological difference between kata-

bolic and anabolic metabolism.

The curious pagoda-like arrangement of cells seen at the

sides of the body of L. loxalina (fig. 6, k.) is probably excre-

tory, and may perhaps be comparable in structure to the

excretory orgatis described by Harmer for L. crassicauda,

but the histological detail is insufficiently good for me to

determine its exact nature. If it is so, the position would

indicate an external opening on the side of the body just

below the posterioi’ lophophoral ectodermic gland and not on

the epistorne as in L. crassicauda, which is a considerable

difference of position. It ma}^ be that the type of excretory

organ described liere for L. saltans and in others, as, for

instance, L. Davenporti by Nickerson, is derived from

such a condition as the above, but it might have been

correlated more closely with such cells as those known as

leucocytes in the Ectoprocta, which have been shown by

Harmer to have an excretory function.

Reproductive 0 rgans.— 1 have seen no trace of a herma-

phrodite condition sucii as Nickerson describes for L. Daven-
porti, and which, 1 think, may occur in L. loxalina, though

it is not possible to say that one individual may not produce ova

at one time and sperm at another, as Harmer has suggested.

It is possible that of my nine specimens of this species none

was fully mature, but 1 do not think so. I find also that the

gonad is single and median. In no instance have I seen a

trace of a paired gland in either sex. Fig. 14 passes through

the ovarian follicle of an individual which contains what

appears to be a nearly fully grown oocyte. The follicle opens

by a narrow duct into the atrium between the intestine and the

epistorne (fig. 9, g. p.). The oviducts project so as to form a

little papilla, which is seen cut across in fig. 9. I cannot find
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any other oi’gan which is undoubtedly connected with the

function of reproduction in the females. There is nothing

which I could compare with Nickerson’s mammary gland,

unless the slightly tnodified epithelium on the inner surfnce

oF the epistome may indicate a function of this nature (fig. 9,

m. e.).

The male organs seem to me to be as simple as the female

organs. There is a single follicle with duct opening on a

papilla in the same place into the atrium, namely, between the

intestine and epistome. The follicle contains spermatozoa

instead of an oocyte, and there is no modification of the

external epithelium of the atrium.

1 am not convinced that there is any glandular mass which

can be compared with the so-called shell-gland of L. Daven-
port! and L. annelidicola or L. loxalina. So it will be

seen that the reproductive system is as simple as possible, and

remarkably different from the condition in other species oF

Loxosoma.

Body-wall.—The general parenchyma presents no special

features. It is very sparsein L. saltans, and is dense where

it occurs. In L. loxalina it is more abundant and less

dense. There is a complete absence of any latei’al expansions

into alte characteristic of L . Davenport! and li . an n eli d i
-

cola. The epidermis is distinct and a single layer of cells

throughout, but varies, as we have seen, in different localities,

giving rise to the peculiar “flask organs,” the rows of large

cells in the stalk and the supporting sti ucture on the foot.

The lo})hophore is drawn out into the sixteen tentacles, the

structure of which is as follows: There is a central single

row of dense cells, fig. 18 {mes.), round which are about five

rows of ectodermal cells. The two outer rows are sharply

defined, lightly staining cells, while on the inner face are

three rows of larger cells with less well-defined boundaries.

'I’hese three I'ows bear long stiff cilia which vibrate vigorously

in the living specimen from time to time. On the outer

surface there are one or two single stiff non-vibratile hairs,

probably sense-hairs comparable to those described by Harmer
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on L. crassicauda, and shown by Pronho on L. annelidi-

cola. On the four larg-e oral tentacles there is a little tuft

of hair on tlie tip of each on its outer border as shown in

fig. 10. These are the ones which seem to aid in locomotion.

Budding.—I have had so few specimens that I have been

unable to study the development of buds. In no case did I

find more tlian two buds
;
nor were these buds very lai ge.

It would be rash to say that two buds is the limit of the

number borne at once by an individual, seeing that in other

forms so many may be carried at the same time. On the

other hand, it is not improbable that two should be the limit

in this species, for, as one may well imagine, a little species

like this which is capable of such active locomotion might

not find it advantageous to be encumbered by more than a

couple of buds at a time.

The only other Loxosoma that I have found in Scotland is

L. phascolosomatumin the Kyles of Bute.

Two new species of Loxosoma have recentl}^ been described

by Nilus in the ‘Trav. nat. C.R. seances St, Petersburg,’ vol.

xl, and named L. mur manica and L. B rumpti respectively

These are very unlike the two species described in the above,

and resemble L. tethyae more closely, having a small cir-

cular lophophore with only six tentacles, with no very evident

epidermic gland-organs, and with many buds arising low

down on the body-wall.

Summary.

(1) Loxosoma loxalina n.s.— Lophophore larger than
the body and bears sixteen tentacles, of which four are longer
than the others. These four are on the oral part of the
lophophore, which is slightly inflected along that region.

T he stalk is considerably longer than the calyx, and tertninates

in a circular foot with radiating supporting cells. There is

no foot-gland. The body and the lophophore are beset with
deeply placed ectodermal organs along the lateral margins.
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of which organs there are usually four pairs, giving a some-

what angular appearance to the calyx. It was found living

cornmensally with a Maldanid worm (which was not identified)

on the Morven shore of the Sound of Mull in Scotland.

(2) Loxosoma saltans n.s.—Lophophore lai’ger than the

body and bears sixteen tentacles, of which four are longer

than the others and are moved separately, and are always

outside and over the others when contracted. They bear

stiff hairs on the outer edge of their tips. Asin L. 1 oxalina
the oral part of the lophophore is indented. The specific

name indicates its habit of locomotion by jumping, in which

action the four large tentacles take a part. The stalk is

shorter, or only slightly longer than the calyx, and terminates

in a circular foot as in L. loxalina. There is no foot-gland.

The glandular diverticula of the alimentary canal are highly

developed. The body has two ectodermal organs, or less,

which are pedunculate and attached to the ventro-lateral

surface just below the buds. They are larger and placed

higher than the corresponding organs of L. Davenporti.
I'he species was found in the tube of a Maldanid worm
Clymene ebiensis on the Skye shore of the Kyle of Loch

Alsh in Scotland.

(3) The alimentary canal of L. saltans is differentiated

more markedly into glandular, absorptive and excretory

regions than L. loxalina. Two very distinct pro.ximal

diverticula appear to secrete some substance into the cavity

of the gut, probably digestive in action; a more distal pair of

diverticula seem to be more of the nature of a liver. The

whole alimentary canal is a single layer of cells.

(4) The nervous system consists of the usual pair of ganglia

in both species. In L. saltans the main nerves can be

traced to lophophore, body-wa.ll, kidneys and gut. Sensory

hairs occur on the tentacles. A chain of cells along the stalk

may be nervous.

(5) In L. saltans the excretory organs are divided into (i)

lophophoral and (ii) bod3’-kidneys, which are large vacuolated

cells which perhaps lie in contact with ducts, but the external
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openings could nob be traced. No sign of ciliation of any

part of these ducts is apparent in the living L. saltans.

In L. loxalina the excretory organs are on a rather

different plan.

In L. saltans the (iii) rectum takes an important part in

excretion, certain cells accumulating excretory products in

vacuoles which presumably burst iuto the cavity of the rectum.

(6) In L. loxalina the reproductive glands consist of a

pair of gonads which may be hermaphrodite, with ducts joining

in the median plane where there is a shell-gland, whence a

median duct runs to open into the atrium between the

epistome and the lophophoral hood.

In L. saltans the gonad is single and median, with the

duct opening on a papdla between the epistome and lopho-

phoral hood.

(7) In neither species is there any lateral expansion of the

body into aim. The general mesodermal tissue is more

abundant in L. loxalina than in L. saltans.

1 desire to express my sincere thanks to Professor W. C.

McIntosh, LL.D., F.R.S., for his kindness in identifying the

Maldanid worm upon which L. saltans was found; to Dr.

(I. F. Harmer, F.K.S., for certain references to the literature

of Loxosoma
;

to Miss Marie Krull for assistance in the

preparation of the specimens
;
and to Miss Dorothy Thursby

Pelham for drawings numbered 4, 5 and 6 upon Pis. 6 and 7.
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EXPLANATION OF PLATES 6 and 7.

Illustrating Mr. Richard Asslieton’s paper on ‘‘Loxosoma
loxalina and Loxosoma saltans—Two New Species.’^

Lettering.

u. Atrium, b. Bud. b. k. Body-kidney, c.c. Ciliated cell of stomach

region, ec. ex. External ectoderm of tentacles, ec. o. Ectodermal spike

or flask-like oi'gans of L. saltans, ec. o/-. Ectodermal organ of L.

loxalina. ecf. Ectoderm. ecL A'. Ectodermal organs of L. loxalina.

ect. iv. Ectodermal organ of many cells deeply placed of L. loxalina.

e-p. Epistome. ex. r. Excretory cells of rectum, ex. gr. Excretory

gi-anules in rectal cell. d. 1. Dorsal row of large ectodermal cells

(nervous?), gl. c. Gland-cell (or supporting rod?), g. gonad, g. d.

Duct of gonad, g. p. Genital papilla, int. Intestine, h. Kidney, k. d.

Kidney-duct. 1. d. Liver divei’ticulum. 1. k. Lophophoral kidney, ni. e.

Modified epithelium of atrium, mes. Mesodermal core of tentacle.

m. Mouth, mu. Mucous cell. n. g. Nerve-ganglia, oes. (Esophagus.

o. f. Ovarian follicle, obc. Oocyte, p. c. Cell of pancreatic diverticulum.

p. d. “Pancreatic” diverticulum, r. Rectum, sh. gl. Shell-gland,

.sd. Stomach, ten. Tentacle, tes. .i* Testis ?. r. Ventral wall of rectum,

ciliated, vac. Vacuole in rectal cell, vac.' Granule entering vacuole.

Fig. 1.—Loxosoma loxalina. Preserved specimen seen from the

ventral surface. The character of the alimentary canal and the position

of the gonad and excretory organs (?), the nerve ganglia and ectodermal

organs in their most characteristic form are in "icated.

Fig. 2.—L . loxalina. Vertical longitudinal section of acoiTespond-

ing specimen showing the mouth, alimentary canal and anus, v/hich is

placed near the edge of tlie lophophore.

Fig. 3.—L. loxalina.—Transverse section through the hrain, oeso-

phagus and intestine. One of the ectodermal organs has been cut and
alongside of it the group of cells which are arranged in tiers and are

probably excretory cells. Part of the reproductive system, iirobahly

the shell-gland, lies between the brain and oesophagus.

Fig. 4.—L. loxalina. A section taken transversely so as to cut the

intestine (int.), the gonad (g.) and the edge of the brain (n. g.). A
portion of the gonoduct is seen at g. d. running towards a group of

granular cells {sh. g.). which are probably shell-gland.

Fig. 5.—L. loxalina. A vertical section through the epistome

showing the opening of two ducts. One on the epistome maybe excretory
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the other one (g. d.) is a duct which leads from the group of cells of

figs. 3 and 4 to the space between the epistome and the lophophore.

Fig. 6.—L . 1 oxalina. A section taken horizontally through a gonad

ig.) and a curiotis row of cells (fc.), which are probably not connected

with the gonad, hut are of the nature of an excretory organ. These

large vacuolated cells bear some resemblance to those of the excretory

nephridium of L. crassicauda (v. Harmer).

Fig. 7.—L. saltans. Horizontal section cutting through the epi-

stome and lophophoral kidney. The two fine kidney ducts are seen cut

obliquely as they pass towards the epistome.

Fig. 8.—L. saltans. A section through the lophophoral kidney,

which is seen to consist of several large, much vacuolated cells closely

pressed together and bounded by a capsule.

Fig. 9.—L. saltans. Transverse section through the ati'ium

passing through oesophagus, intestine and papilla upon which the

oviduct opens.

Fig. 10.—L. saltans. A figure drawn from a living specimen to

show the way in which the lophophore and tentacles are carried.

The four long tentacles usually work together. The fine stiff hairs,

used either as touch sense-cells or grasping organs, are seen on these

four tentacles. The specimen bore one well-developed bud, one rudi-

mentary one, and two of the peculiar “ flask ’’-like ectodermic organs of

unknown function. One of these is shown in the figure.

Fig. n.-L. saltans.—A slightly oblique section which passes

vertically through the oesophagus, one nerve ganglion, one “ liver
”

diverticulum, hut misses the rectum. The character of the liver-cells

containing many granules is seen.

Fig. 12.—L. saltans. A horizontal section through the pancreatic

diverticulum and stomach. The cells of the wall of the stomach are

really ciliated, except the mucus-producing cells (mu.), but not the cells

of the glandular diverticulum.

Fig. 13.—L. loxalina. Part of the foot shows the large rod-like

cells which project beyond the general margin as either adhesive or

supporting elements.

Fig. 14.—L 0 X 0 soma saltans. Transverse section through the

brain, oesophagus, and intestine, the brain consisting of two ganglia

connected by a thick band of nerve-fibre. Between the brain and

oesophagus lies the ovary, consisting of a single follicle containing a

single oocyte. On each side the body-kidney is seen in section.

Fig. 15.—L. saltans. A section taken through the base of one of

the pedunculate ectodermal organs, which consists of four modified

ectodermal cells contained within a capsule of ordinary cells.
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Fig. 16.—L. saltans. A section of tlie second on the same animal

showing the ectoderm cut through on one side. These organs appear

to be easily lost.

Fig. 17.—L. loxalina. Diagram of similar ectodermal organs on

the species L. loxalina, in which they are never pedunculate, (a) The
organ next the stalk

;
(b) any of the others.

Fig. 18.—L. saltans. Sections which illustrate the structure of the

tentacles. Each consists of a core of mesodermal cells, a single row,

and a coat of ectoderm of which the innermost are ciliated. Sense-

hairs are borne by some of the outer cells, but these are not shown in

the figure.

Fig. 19.—-L. saltans. A figure drawn from a living specimen with

tentacles retracted, showing the way the four large ones bend over the

smaller lateral ones. The colour of the various parts of the alimentary

canal are shown. The kidneys are also very slightly yellow, biit these

are not shown in the drawing.

Fig. 20.—L. saltans. A figure of a living specimen after twenty-

four hours in sea-water containing a weak solution of methylene-blue.

The parts brightly coloured are the young growing tissues, especially

the ectoderm of the buds, the central neiwous system, and the latei'al

walls of the rectum.

Fig. 21.—L. saltans. Another specimen which had been in sea-

water with methylene-blue for some hours. The coloured parts are the

kidneys, the rectum (also excretory), and a chain of cells along the

dorsal wall of the stalk.

Fig. 22. —L. saltans. Two cells of the liver-like diverticula or

thickening of the alimentary canal.

Fig. 23.—L. saltans. Two cells of the pancreatic diverticulum of

the gut, and one ciliated cell of the “ stomach ” region.

Fig. 24.—L. saltans. A section through the rectum stained with
thionin, orange G, and eosin. The dorsal and ventral walls are ciliated.

The latter walls are composed of excretory cells. The excretoiy pro-

ducts are seen collecting in the large vacuoles.

Note.—The specimens of L. loxalina were all fixed in Perenyi.
Those of L. saltans in Flemming's or Hermann’s fluid.
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Gastrulation in Birds.

By

Richard Asslictoii, lil.A.,

Lecturer on Physiology in Guy's Hospital, University of London.

In the twentieth volume of the ‘Journal of Morphology’

a p:iper by Mr. J. T. Patterson uppeared during the year

1909 under the title, “ Gastrulation in the Pigeon’s Egg :

A Morphological and Experimental Study,” a preliminary

notice of which was published in 1907 in the ‘ Biological

Bulletin,’ vol. xiii.

In these papers the author gave an entirely novel account

of the process of gastrulation in a bird, which account, if

free from error, described an interesting, albeit perplexing,

phenomenon.

The paper is fully illustrated by photographs and diagrams,

and has the appearance of being a careful piece of work,

and it has been used by Professor Frank R. Lillie as the

basis of his description of the early stages of bird develop-

ment in his recent book, ‘The Development of the Chick.’

Professor Lillie writes, on page 52, that he “ has had the

opportunity of following the work step by step, and is

convinced of its accuracy.”

The paper describes so unusual a process that, in spite

of this testimony, it courts a rather close examination.

Moreover, if correct the matter should be relieved of all

suspicion, because it Avould in that case be a highly important

contribution to the embryology of birds.

Since it seems to me that the description given by

VOL. 58, PART 1.—NEW SERIES. 10
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Patterson is not iiltogetlier free from doubt, I venture to

oifer the following notes by way of criticism, which may
possibly, and I hope will be, successfully met. Briefly

stated Patterson^s account is as follows: He denies that

gastrulation in the pigeou’s egg occurs by delamination or

any process of ingrowth from the germinal wall or other

lower layer segments. Gastrulation, accoi-ding to him, takes

place befoi’e the egg is laid by a process of involution of the

outermost layer of cells of the segmented blastodisc. At the

close of segmentation this outermost layer of cells, which

forms a continuous membrtine, becomes detached from the

sub-lying cells and yolk along that part of its margin which

is towards the future posterior end, and the detached margin

becoming involuted, grows forward as a thin free edge

beneath all the loose cells which admittedly exist in the

deeper parts of the segmented blastodisc. This free edge

joins up in front aud at the sides with the wall of yolk that

contains nuclei (i.e. the germinal wall), and forms a con-

tinuous sheet of cells—the entoderm or hypoblast. As the

subgerminal cavity expands it excavates the germinal wall,

and a sheet of cells derived from the germinal wall is left above

the cavity. To this sheet the “ iuvaginated ” entoderm fuses.

Thus the gut entoderm is formed by involution and the yolk sac

entoderm by excavation. The loose cells lying beneath the

outer layer, now to be termed “ epiblast,” are said to pass

into the outer layer, and so also to form part of the epiblast.

'Jdiis involution process is said to be still further complicated

by the concrescence of the lip thus formed giving rise to a

linear seam—the future primitive streak, which is withdrawn

later within the area pellucida by a sweeping round of the

germinal wall in a manner reminiscent of Duval’s attempt to

prove a process of concrescence at a time subsequent to the

laying of the egg.

CiuTiCAL Notes.

It is claimed that this account of the formation of the

entoderm or hypoblast by an infolding of the blastoderm
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edge is supported by experimeutal observations, sucli as

marking certaiu parts of the blastoderm by injury, and

following such marks through several hours of incubation.

Although the account given forms a very complete story,

which, if the observations are good, does seem to be

supported by a good deal of evidence, yet it is very diffi-

cult to reconcile it with the process of gastrulation in the

other Amniota. In fact Patterson himself hardly mentions

the I'eptiles or mammals, but confines his efforts to an attempt

to adapt the bird to Amphibians and fishes, and more especially

to the Teleostean fishes. That is to say, he tries to connect

birds with a group far removed from them in anatomical

features, and ignores the difficulties presented by his theory

when compared with the most closely allied foi-ms.

In no other group of vertebrates is the dorsal lip of the

blastopoi’e, which is in every other case the most bulky and

actively proliferating part of the embryo, known to exist as

a thin or free edge ! It is extremely difficult to conceive of

the mechanism by means of which snch an involution could

take place.

Again, on pp. 86-87, the author speaks of the whole thin

edge as the dorsal lip of the blastopore, and the yolk as the

ventral lip. Now this is never the case in any vertebrate,

whether we consider the meroblastic eggs of the Elasmo-

branch or Teleost or the less heavily yolked eggs of the

Amphibia. In all cases the ventral lip of the blastopore, if

fonned, is a thickened curved rim which is formed in con-

junction with the inflection of the epiblast. If Patterson is

i-ight in calling the inflected edge of the blastoderm the

dorsal lip of the blastopore, then the part which he calls the

ventral lip of the blastopore is surely the floor of the gut

corresponding to the yolk-plug in Rana. The yolk is never

the lip of the blastopore.

Stronger evidence is the table given (p. 90) of measure-

ments made upon liviug blastoderms during the time sup-

posed to be taken for the process of gastrulation. If the

edge of the ectoderm is inflected, one might expect to find a
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cliiniiiutiuu of tlic length of the bliistodenn occuiTing at lliat

moment. 'J’his is s:iid to hiive been so in two eggs wliicli

were kept under observation for and 3j lionrs respectively.

Piitterson objects to some experiments made by myself in

189G (‘ i’roc. Hoy. Soc./ vol. lx, 1896) with a view to testing

Duval’s theory of concrescence on chicks, thus: (1) They

were ])erformed after concrescence had occurred, which is a

valid objection if Patterson’s contention thnt all this occiii's

before laying is correct. (2) The cells may have flowed round

the bristle held in place by vitelline membrane and y<dk.

'i’liis objection, which, of course, is irrelevant in this par-

ticular case if the first holds good, must be considered as a

general objection to the use of bristles for such purposes.

'I’he bristle, it may be said, makes a perfectly unmistakable

landniark, which cannot be said of injuries by cauterisation.

The objection is one which has naturally occurred to me,

but I am convinced that the objection is groundless for the

following reasons :

In the nutnerous experiments made upon chick and frogs’

eggs with sable hairs, I have never seen any evidence that

cells can flow round the hair.

The results would not be so constant if there were any

flowing of cells round the bristle.

If cells could move so easily as to avoid a bristle without

making any visible sign of disturbance, they would be

affected by the force of gravity and become displaced when
eggs are not in their normal position. 'This is not the case.

A fully segmented egg of liana temporaria maybe held

down at an angle of 90° to its normal position without affect-

ing the normal relation of its cells to one another. When
there has been a very severe drag upon the bristle on account

of some excessive stress in tin vgg, due to some displacement

with refei’ence to the vitelline membrane, tmd tin tdtempt has

lieen made by the cells to flow round the bristle, the elfect is

obvious, and is seen tis ti bay or wrinkle which is quite absent

from properly ])erformed experiments of the kind, and indi-

cates oidy an attempt of a soft tissue to swing round the
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obstacle, and is not in any way compai-able to an actual

flowing of a fluid past a fixed and solid objectd

If the segmented egg of a frog, or the segmented blasto-

discof a bird, were perfect fluids, tlien the objection would be

a fatal one. Or if the segmented egg Avere like a heap of

shot, then also such a mass could flow slowly past a fixed

object Avithout producing any visible rippling. But the seg-

mented ovum is not a pile of separated cells. The cells, or

many of them, are in continuity by means of viscous cyto-

plasmic strands, and the Avhole mass is by no means a perfect

fluid.

If a bristle is inserted into the yolk-plug of aii egg of

Rana temporaria during the crescent stage of the blasto-

pore close up against the advancing dorsal lip of the blasto-

])ore, there is no tendency either for the advancing lip to be

divided by the bristle, nor for the bristle to be driven through

the yolk plug-cells, thus proving the absence of anything

approaching a perfect fluidity of either the ectodermal or the

endodermal layer of cells.

I may remark here that when one of iny experiments suits

Patterson’s purpose he accepts it
! (p. 115). If cells can sweep

past to concresce when the bristle is placed to one side, the

fact that my bristle, when placed in the area opaca in the

posterior margin, did not appear in the embryo, is no proof

that the cells that do form the embryo have not come sweep-

ing past the bristle.

Personally I cannot agree Avith Patterson’s vicAv (p. 109)

that concrescence and gastrulation are tlitferent phases of the

same process. Gastrulation is the formation of the gut

cavity. If this formation is accompanied by the production

of a blastopore (which is by no means always the case, e.g.

Hydrozoa, probably all mammals—I Avould e\'en add all

' These remarks refer to Rana temporaria only. There is much
variation in the viscosity of amplii))ian eggs. I haA’e failed Avith the

B'gmented egg of Triton cristata. The eggs of Bufo are also less

snitahle than those of R. temporaria owing to greater fluidity. The
results obtained from the chick and Rana temporaria I Ijelieve to he

ipiite reliable.
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Amniota), then that blastopore may close by concrescence,

bnt the two processes are entirely different phenomena.

I have myself tried for years to emphasise this difference

(’9d, ’96, ’08, ’09), and the difference is recognised by many
embryologists such ns Hertwig, Hubrecht, Keibel, MacBride,

although they do not use the terms which I humbly protest

do most correctly express the essence of the process, namely

protogenesis and deuterogenesis. The phenomenon of gas-

trulation or the formation of the primitive gut-cavity or

archenteron, whether with or without a blastopore, is proto-

genetic, and represents a more ancient phase of evolution.

'J’he subsequent phenomenon of deuterogenesis is growth in

length and is post-gastrula, and in those animals which have

a blastopore formed in connection with the first appearance

of gut-cavity it involves all the changes by which the blasto-

pore becomes wholly or partially closed, whether by coales-

cence, convergence, or concrescence, partial or total. It

represents a stage in evolution subsequent to that represented

by the gastrula stage.

If there is any concrescence it is concerned with deutero-

genesis in the vertebrates and not with gastnilation
;
but it

is extremely doubtful, in spite of Patterson’s work, whether

there is any such thing as concrescence in the sense which

can be interpreted as meaning that the embryo of the

vertebrate is formed by the fusion of the lips of an elongated

blastopore.

Patterson adheres with patriotic tenacity to the view so

commonly held by Americans as to the formation of the

vertebrate embryo by concrescence. He writes thus on p.

103 :
" In other word.s, in the teleost the entire margin of

the blastoderm separates from the periblast, and this entire

margin (g’erm-i-ing) concresces to form the embryo.” He was

presumably unaware of Kopsch’s woi k on the eggs of Salmo,

1905, or he could not possibly have written so dogmatically.

Kopsch’s expeiuments prove as conclusively (so it seems to

me) as anything can be proved that in the trout the main

dorsal axis of the embryo is not formed by concrescence.
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Pi-om these experiments it is perfectly plain that the germ
I'ing representing the lips of a posteriorly placed blastopore

provides the material for growth in length thus—the mid-

dorsal part for the mid-dorsal region of the embryo, the

nerve-cord and notochord, the lateral parts for the sides, the

venti'al part for the ventral surfaces. I ma}' refer the reader

to some remarks on this in my paper on Teleostean devclop-

Tiient, ‘Guy’s Hospital Reports,’ vol. Ixi, 1907.

If, therefore, Patterson’s account of the formation of the main

axis of the pigeon by concrescence is correct it is interesting

and remarkable, but at any rate it is not like the Teleostean.

Again, where in the animals most closely connected with

the birds in adult characters, the reptiles and mammals, can

we possibly find the slightest hint of any process either of an

involution of a fi’ee edge or a process of concrescence ?

If we turn from such general considerations to his actual

experiments we are not coTivinced by them.

In the first place there is some, but not much, chance of

mistake in the orientation. Patterson says that in the

pigeon’s egg the embryo lies with its longitudinal axis at an

angle of 45° with the longitudinal axis of the egg (“ chalazal

axis ”) in 90 per cent, of eggs. Presumably he discarded

experiments in which on the development of the embryo it

was found to deviate from 45°.

Exp. I. (Operation 33a liours, examination 37 hours after

the estimated time of fertilisation.)

The posterior margin of the blastoderm, at this time a free

edge, was injured by cauterisation before it had become

involuted, which injury “ought to be carried down beneath

the blastoderm during the course of further development, that

is, it ought to be found in the entoderm ” (p. 88).

’File truth of this contention is supposed to be demonstrated

by a photograph (fig. 66). There is nothing to indicate

which is anterior or posterior end, but I take it that the

number “66” is close to where the edge of the blastodenn

should be, and that the space under the lettei’s “op” repre-

sents the deficiency in the entoderm. We are asked to compare
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this with a section of “ an nninjnred blnstoderm at a corre-

sponding stage/’ and to note that “ the entoderm in this region

is very thick (see tig. 37). It is clear, tlierefore, that while such

an operation destroys most of tlie cells that are to give rise to

the entoderm, yet the postei-ior margin is still capable of

forming a rounded dorsal lip.” I venture to submit that it

is perfectly impossible to deduce any such conclusion from

the figures given.

Fig. G6 represents a magnification of 125 diametei's, and

the point of injury is about 3.| in. from the dorsal lip. Fig.

37 is magnified 245 times, but as the whole section measures

less than 5 in. it cannot contain the required spot. There is,

however, another figure of the same section, fig. 35, which is

magnified 107 times. If we examine the region 2| in. or

even 2 in. to the left of the edge of the blastoderm, we fail

to see any greater accumulation of entoderm cells in the

nninjured than in the injured one.

Possibly I may have made a mistake in my interpretation

of his fig. 66, and the number “ 66 ” is at the anterior end

and not the posterior end as I assumed. In that case I am
at a loss to find either the cells which have been injured or

the deficiency in the entoderm I'eferred to. If the latter is

indicated by the clearer spot near a letter “ z ” (of the figure

above) then the corresponding spot in fig. 35 or 37 is just

as devoid of entoderm as in 66. Or if, as he seems to

suggest, we are to contrast fig. 67 with a part still further to

the left in fig. 35, I fail to see innch difference in the con-

dition of the “ entoderm.” On this latter assumption, the

spot labelled “op” is presumably the “break” in the

vitelline membrane made by the operating needle, from which

the free edge has curled away forwards. Since there is not

a- ti'ace of vitelline membrane shown, the photograph fails

to strengthen the argument in the text.

I think it must be admitted that the author has not been

successful here in his attempt at demonstration.

Exp. II. (Operation 35| hours after fertilisation. Subse-

quent incubation 49 hours.)
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The injury was agiiin on the edge, but now the edge is a

lip. In these he Cnds an injury in entoderm only, thei'e-

i'ore he says there is still an inrolling of entoderm.

In specimens ‘^slightly older” such experiments show

injuries in ectoderm and mesoderm but not in the entodeiun,

showing that the involution has ceased.”

The whole series of experiments recorded under the head-

ing ‘'Experiment II ” seems to me to be questionable in the

extreme. Anyone reading the first two paragraphs of that

section with a critical mind must perceive how fragile is the

evidence upon which such far-reaching results are based.

He writes (p. 93), in desciibing the subsequent effect of an

injury made to the edge of the lip in the middle dorsal line,

“ There is no evidence of an injury either in the ectoderm or

mesoderm, and hence we must conclude that the affected

cells have been brought to their present position (in the

entoderm) by an inrolling under the posterior tnargin.

Although this operation has been repeated several times with

the above restdts, yet the position of the injury in the ento-

derm may vary in an anterior posterior direction
;
but this

variation is easily accounted for by the fact that one can tell

in the living egg only approximately the extent to which

invagination has progressed.”

'I'lius wo .see the results obtained are vari.able
;
and he goes

on to say that “ if an injury be made in the same manner as

above on slightly older blastoderms, the alfected region is

not found in the entoderm, but in the ectoderm and meso-

derm, showing that the involution has ceased” (p. 93).

There is little here in the nature of exact or accurate

experiment. There are no times^ or measurements given, but

instead of these ho bases results upon operations performed

on “slightly older” blastoderms than those the stage of

development of which “ one can tell only approximately.”

There is also the difficulty presented by this hypothesis of

formation of a blastopore lip before the laying of the egg.

' Some times are yiven in the explanation of the plates.
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that there would then be a very striking difference compared

with other vertebrates. In all other vertebrates the blasto-

pore lip is the growing point for growth in length, and

growth in length begins at once, therefore showing itself

clearly in the origin of denterogenetic (peristomial) mesoderm

from the angle of the lip laterally, notochord dorsally, and

denterogenetic epiblast superficially. This condition is well

known not to occur until some hours later—in the chick about

the twelfth to fifteenth hour of incubation. So we should

have to account for a very remarkable disappearance and

reappearance of this proliferating centre.

Again, Patterson in his second series of experiments says

that an injury made during the involution process is found

in the entoderm, posterior to the position of the nineteeth

pair of mesoblastic somites. We are faced with the

following dilemma. We can Irardly have a proliferating

blastopore lip formed as in other vertebrates so long as the

outer layer is turning in to form entoderm. Therefore this

proliferating lip must come into being after the cessation of

that pi-ocess. Any injm-ies made to the involuting membrane

must surely occur in front of, or beyond, all the tissues,

mesoderm included, which are produced by the proliferating

lip when it comes into being.

But fig. 50 shows such an alleged injury far posterior to the

nineteenth pair of somites. The injury ought to be in front of

all the primitive streak mesoblast, whereas, according to the

figure, thei’e are many somites of mesoblast in front of the

injury.

Another argument which is difficult to follow is the sugges-

tion on p. 99 that certain “cavities in the dorsal lip”

ai-e the homologues of Kupffer’s vesicle. It is surely well

enough established that whatever the physiological meaning

may be of Kupffer’s vesicle in Teleostean development, it is,

as a cavity, part of the gut-cavity. According to Patterson

the archenteron is the cavity roofed in by the inturning edge

of the blastoderm. Yet here he says that these vacuoles above

this roof are homologous to the Kupffer vesicles, which are
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well known to be below tins roof, i. e. they are part of the

ai’cbenteron.

Exp. III. (Operation 34^ hours after fertilisation. Subse-

quent incubation 34 hours.)

From the plan of his text-fig. 16 one is bound to conclude

that the stage does not materially differ from the stage of the

preceding experiment, his text-fig. 10. Each shows a similar

diameter, a similar forward extension of the endoderm, a

similar width of what he regards as blastopore opening. 'I’he

only difference is that in text-fig. 10 the dorsal lip of the
“ blastopore ” is slightly convex, in text-fig. 1 6 slightly concave

in surface view.

In Exp. II an injuiy was made on the edge, and the result

was a defect in the endoderm at a spot posterior to the

nineteenth somite.

In Exp. Ill an injury was made on the surface just within

the margin. The difference in position of the injury would

appear to be not more than the diameter of the needle used.

Result, a defect in the region of the head-fold. Therefore the

difference in position of less than a needle’s diameter in the

maiking of a blastoderm corresponds with a difference in

the embryo which includes the greater part of the body. If

this is so we must despair of getting anything approaching

accurate results by such methods.

Patterson lihewise thinks it unlikely that this small area

should give rise to .so much embryo directly, and assumes, as

we have seen, that there is a concrescence.

Exp. IV. (Operation 34| hours after fertilisation. Subse-

quent incubation for 36| hours.)

On a blastoderm similar to Exp. Ill a spot was marked on

the margin 10° to the right of the middle line so close to

the margin that the outer surface of the needle was level

with it. Result, a defect “ on the right neural fold in the mid-

brain region.”

If the main axis of the embryo is formed by coalescence of

the two gerrn-rings, surely, then, it is in the median plane that

the injury should be found, i. e. the ventral wall of the neural
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tube ami notocliorJ and, perhaps, gut, yet tlie delect is shown
oil the upper part of the neural tube only.

Ex]). V. (Operation hours after fertilisation, subsequent

incubation for 36 J hours.)

A similar blastoderm was injured at the edge of the horn ol'

the junction zone 45° to the right of the middle line, with the

result that a defect is said to have occurred in the primitive

streak, though one cannot see much of it in his fig. 71.

In none of the cases so far considered do the figures con-

vince one that the spots called defects are really such, or

have any constant relation to the spots injured.

For instance, in the last case it is quite impossible to satisfy

oneself that there is any injury at all from fig. 71, and text-

fig. 17, which is a transverse section through the alle<red

injury, shows a perfectly normal primitive streak section with

a mass of cells or yolk, or botli, lying on the top in no way

connected with it. This, in fact, is an “extra-ovate’^ in

Roux’s sense that may have travelled from anywhere. My
own experiences with such experiments have taught me how

deceptive an extra-ovate may be.

The results are very different to the defects figured by

Kopsch in his Salmo embryo experiments.

Exp. VJ. At a rather later stage—“ late gastrular stage ”

—in which the entoderm had advanced a little further an

injury was made at the posterior margin in the median line.

'I'he result was a defect in the middle line at the level of

the tenth pair of somites affecting ectoderm only.

Exp. II was supposed to demonstrate the involution of the

edge of the blastodisc to form the entoderm, because an

injury to the edge made at 35| hours appeared only in the

entoderm somewhat posterior to the nineteenth pair of

somites. Iti Exp. VI an injury also touching tlie edge

although made three (piartei's of an hour earlier appeared in

the ectoderm only. How can this discrepancy be explained

away on Patterson’s hypothesis?

Now this one seems open to another explanation. There is

clearly an extra-o\ate consisting of “a mass of dead cells”
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lying between tlie separated halves of the neural tube. Tlie

notochord is perfect and to one side, the entoderm is uninjured.

May not the defect in tlie neural tube be simply mechanical,

due to the pressure of an extra-ovate which became separated

off from the edge of the blastoderm as a result of the

cauterising, and which, passing into the area pellucida between

the blastoderm and vitelline membrane, caused the injury

seen ? Text-fig. 19 strongly suggests this solution.

Exp. VII and VIII. The figures do not enable one to

appreciate the character of the defects. Sections ai’e not

given.

The remaining experiments, IX-XIII, were made upon the

blastoderm after the eggs were laid, and therefore after

Patterson’s supposed concrescence of the lip must have been

completed, because by now, according to him, the main axial

line of the embryo produced by this concrescence is entirely

enclosed within the blastoderm margin, aud there are no longer

any free blastoporic lips that could come together.

Although Patterson still speaks of concrescence, Exji.

XI, p. 115, it clearly cannot be a phenomenon similar to that

which, as he alleges, occurs during gastrulation. One is

inclined in this particular connection to say with Professor

MacBride (re “ Amphioxus,” ‘Quart. Journ. Micr. Sci.,’ vol.

liv, p. 302): “Of course in every structure there is an

imaginary middle line, and if anyone chooses to say that

this band of dividing cells consists of right and left halves

wliicli unite together as quickly as they grow, I shall not

waste lime in arguing against such a metaphysical conception,

which is capable neither of proof nor disproof.”

From Patterson’s final discussion it is clear that he quite

fails to appreciate the distinction between gastrulation and

snbsecpient growth in length. It is not really true that “all

of the chorda and mesoderm are derived from the primary

invaginated layer ” in Amphioxus. The anterior part is so

derived, but the posterior part is derived from the proliferating

lips of the blastopore, which can be described neither as ecto-

derm nor endoderm.
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To me it seems that there is a very great difference between

gastral and peristomal mesoblast : the one is protogenetic, the

other deuterogenetic.

Noi-j again, is it true that in the case of birds the whole

mesoblast is formed from the primitive streak. It is altogether

difficult to understand wli}' if the primitive streak is formed

by the fusion of thickened rims, that thickening should dis-

appear, only to reappear a little later as primitive streak. It

is very remarkable and significant of the narrowness of this

work that in dealing with avine early stages as compared

with other vertebrates the word “
reptile

” should occur only

twice and the mammal ” is mentioned but a single time !

It is pretty evident that the author is utterly unable to

reconcile his description (which is an attempt to fit the birds

on to fishes) with the facts of reptilian or mammalian embryo-

logy, the two groups of animals most nearly connected with

the birds.
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Studies in the Experimental Analysis of Sex.

Part 9.—On Spermatogenesis and the Formation of Giant

Spermatozoa in Hybrid Pigeons.

By

CjicoAi'tw Smith, M.A.,

Fellow of New College, Oxford.

With Plate 8.

The cytological investigation which forms the subject of

this study is based on the examination of the testes of three

male hybrids, which resulted from the crossing of a female

domestic dove with a male magpie pigeon. The three birds

which were the sole progeny of this mating were all males,

and I may mention here that the only other hybrid bird I

have succeeded in obtaining was also a male, the cross in this

case being between a male bantam and a female pheasant.

Of about sixty eggs incubated from- this latter cross only one

chick was obtained, which suffered from a cerebral heruhi

and died two days after hatching. The testes of this

liybrid were perfectly normal, and microscopical investigation

showed they wei’e in the same state of development a.s in an

ordinary chick of the same age. The fact that all the four

hybrid birds dealt with by me were males is in complete

agreement with Guyer’s records, which show a/U enormous

preponderance of males over females in hybrid pigeons and

gallinaceous birds (1).

Two of the three hybrid pigeons (A and B) which furnished
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the material for this study were of a uniform slaty-hlue

colour, with a white bar on the ends of the tail-feathers which

was particularly conspicuous when the birds were flying;

the third (C) in its plumage took more after the dove-parent,

thougli the dove-colour was dai'kened by a slaty tinge. This

bird also had the white tail-bar, but was otherwise unmarked.

The bii-ds lived in my aviary for more than a year; they

actively courted tlie female pigeons put in with them, and
two of them (hybrids A and B) were successfully paired off

with two females, which laid eggs. The hybrid in each case

assisted in the process of incubation, in the way usual for

male pigeons, but in both cases the eggs were infertile and

came to nothing.

The hybrids were killed in June, 1911, and dissection

showed that all three had apparently normal genitalia, with

very hu-ge testes, normal vesiculse seminales containing large

quantities of spermatozoa, and normal cloacal papillm.

Tlie spermatozoa examined alive under the microscope

were seen to be in active movement, though some of them

were obviously deformed, possessing bead-like thickenings

along the course of their heads. Slides of the spermatozoa

preserved with corrosive sublimate and stained with iron-

hoemotoxylin were obtained, and sections of the testes pre-

served and stained in the same manner were prepared. For

the sake of cojnparison similar preparations of spermatozoa

and of testes sections were made from ordinary male pigeons

and from male domestic doves.

'An examination of the smear preparations of the sperma-

tozoa of the hybrids, as compai’ed with the spermatozoa of

the nor.nal male pigeon and dove, bi-ought out the remark-

able fact that besides the hybrid spermatozoa being often

deformed, the great majority of the undeformed spermatozoa

fi-om all three hybrids are about twice as long as the sperma-

tozoa from the normal males of either pigeon or dove. A
reference to PI. 8, figs. 1-5, representing camera tracings

of the spermatozoa, will help to bring out this fact. It will

be seen that the size of the heads of the spermatozoa from
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the normal male pigeon and dove (figs. 1 and 2) vary within

narrow limits, and that the heads are straight and of a fairly

uniform thickness throughout. In the case of the three

hybrids (figs. 3-5), the spermatozoa, drawn to the same scale,

are seen in the majority of cases to be about twice the length

of the normal spermatozoa, while some of them have

thickened beads of chromatin along their length and are

obviously deformed.

A few of the hybrid spermatozoa drawn in the figures are

of about normal size, but they are only few compared to the

large or deformed varieties. In considering the size of the

spermatozoa, only the heads are taken into account, as the

tails are so delicate and stain with such difficulty that it was

found impossible to deal with them.

As it wa.s desirable to establish what proportion of

the hybrid spermatozoa were twice the normal size, camera

tracings were made of a large number of spermatozoa taken

at random from the normal and hybrid males, and the

camera tracings were measured with dividers.

Spermatozoa showing beads upon thetn or complex coils

were not used, only the comparatively straight and uniformly

thick heads being measured. The samples of the hybrid

spermatozoa were therefore not perfectly random samples,

but since it is the large spermatozoa which usually exhibit

the beads and coils, the error introduced would tend to

diminish the proportion of large to small spermatozoa.

As to the method of measuring the camera tracings with

dividers, it is obvious that a rather large experimental error

is introduced owing to the spermatozoa heads being curved,

but by carefully stepping with the divider’s over the sharper

curves and not attempting to take account of variations less

than a millimetre, the main results may be relied upon.

Tlie I’esult of the measurements of the spermatozoa heads

of the three hybrids and of three normal .male pigeons and of

a normal male dove are given in the subjoined table, the fre-

(luency with which the various sizes of spei’inatozoa heads

occur in each case being read off in the horizontal columns.
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Table I.

Size in uim. x 5.A0. 5. 0 . 7. 8. 9. 10. 11. 12. 13. 11. 15. IG. Totals

Normal pigeon 1 6 150 25 181
Normal pigeon 2 6 70 40 8 124
Normal pigeon 3 1 38 50 10 99
Normal dove 1 23 51 24 3 102
Hybrid A . 1 6 y 6 1 5 7 13 19 17 3 1 88
Hybrid B .

— — — — 4 5 9 25 29 5 2 — 79
Hybrid C . 1 2 3 2 2 5 6 14 32 13 3 1 84

Sum of hybrids . 2 8 12 8 7 15 22 52 80 35 8 2 251
Sum of normals . 14 281 166 42 3 — — 506

The taV>le shows the frequency distribution of sizes of random
samples of spermatozoa heads from normal and hybrid birds. The
modal value for the normals lies between 6 and 7 ;

for the hybrids,

between 12 and 13.

It will be seen tliat wliei’eas tlie spermatozoa of the normal

males vary from 5-9 (to get the actual measurement in mm.
these figures must be divided by 550), with the modal

value between 6 and 7, the spermatozoa of the hybrids

vary from 5-16 with the modal value between 12 and

13 ;
in other words, the majority of the hybrid sperma-

tozoa are just twice the size of the normal. In the last

two horizontal columns the frequency of the various sizes

of all the hybrids summed together and of all the normals

is given, and if Ave regard all the hybrid spermatozoa

measuring from 11-16 as being double the normal size, then

79 per cent, of the hybrid spermatozoa may be regarded as

double the normal size. This is probably an under-estimate,

owing to the reason already given, viz. that the beaded and

twisted spermatozoa which are not included are practically

all of the double size, and they constitute about 50 per cent,

of the total number.

Having established this curious abnormality of the hybrid

spermatozoa, in point of size, the next step avas to inquire

Avhether any explanation of it could be found in the pro-

cesses of spermatogenesis in the hybrid testes.



STUDIES IN THE EXPERIMENTAL ANALYSIS OF SEX. 163

Professor M. F. Guyer published in 1900 an interesting

paper (2) on spermatogenesis of normal and hybrid pigeons^

and lie described the occurrence of beaded spermatozoa in

the sterile hybrids similar to those which I have found and

figured, but he does not allude to any definite abnormality of

size in the spermatozoa except in a few cases. With regard

to spermatogenesis, Guyer describes the normal process in

ordinary male pigeons, and also the process in his hybrids,

and he found various abnormalities in the maturation

divisions of the latter, especially in the first maturation

division, these abnormalities consisting in the frequent for-

mation of multipolar spindles, nnd in irregularities of the

synaptic process. His conclusion is that there is something

i-epelliint in the two germ-plasms which go to make the

hybrid, of such a kind that the synaptic chromosomes which

ought to fuse together before the reduction division repel

one another or fuse abnormally, and that this condition

upsets the normal equilibrium of the cell, so that it divides

atypically.

The result of my own observations is to confirm Guyer’s

idea substantially, and to supplement his account with certain

positive details which give a complete explanation of the

occurrence of the giant spermatozoa we have described, and

also throw a strong light on the cause of the sterility of

these hybrids.

The process of maturation in the normal male pigeon and

dove may be first described, but only the main points need be

considered here, as my observations agree with those of Guyer
in every particular (2). Figs. G-8 on PI. 8 show the impor-

tant stages in the normal pigeon and dove. The primary

spermatocyte in the first maturation division shows eight

rounded chromosomes arranged regularly on the mitotic

spindle, these chromosomes being approximately equal in size.

There is no evidence of the existence of an odd or acces-

sory chromosome at this or any other stage of the process.

'I’he chromosomes which appear on this mitotic spindle

have often the appearance of rings. There can be no doubt
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tliiit eacli cliroinosoine is bivalent^ and represents two

cln’oinosoines joined together in syintpsis, since about sixteen

cliroinosoines can be counted in tlie earlier spevmatogonial

divisions. On tlie completion of the first maturation division

it seems tliat the second division is immediately begun.

In the second division, instead of eight chromosomes

a])pearing on the equatorial plate, four large chromosomes

appear of the same size as in the preceding division. There

can be very little doubt that these chromosomes are again

bivalent, and that consequently a second synapsis of some

kind normally takes place in bii'ds. This double synapsis Avas

described for the pigeon by Guyer in 1900, and it has been

observed by him since in several other species of birds (3

and 4). Presumably this second reduction division is only

a pseudo-reduction, and does not involve another halving

of the chromosomes. After the second maturation division is

completed, the resulting cells pass into a resting phase (figs.

6 c and 7 c) as spermatids. The transformation of these

spermatids into spermatozoa takes place in the usual Avay by

the elongation of the cell-body Avith its nucleus, the chromatin

in the nucleus becoming draAvn out into a spirally tAvisted

thread (figs. 7 d and 8). In transverse sections, under a high

poAver, the ripening spermatids have the appearance shown in

figs. 6cZ and 7 d, Avhere the chromatin thread is seen to lie up

against the nuclear membrane.

To compare this normal process Avith Avhat occurs in the

hybrids, reference must be made to the figures 9, 10 and II,

PI. 8, and these figures should be compared with figs. 6
,
7 and

8. The mitoses in the hybrid cells all represent the first

maturation division, and it Avill be seen at once that in the

first place the chromosomes are not arranged regularly on the

mitotic spindle; secondly, that they are of very unequal and

irregular sizes and that they are more numerous than in the

normal spermatocytes. It is evident that a normal synapsis

to form eight similar bivalent chromosomes does not occur

in the hybrids; the separate chromosomes do not come

together and fuse in an orderly Avay, but are scattered irregu-
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larly over the spindle and distributed apparently at random

to either end of the spindle in the division. Synapses

apparently do occur between certain chromosomes or even

groups of chi'omosornes, but the whole process is plainly

abnormal. I have not observed any cases of multipolar

mitoses such as Guyer describes, but otherwise in the

inequality of size and distribution of the chromosomes our

observations agree.

But now occurs tlie remarkable process which accounts for

the hybrid spermatozoa being of double normal size. After

a careful search through the material of all three hybrids I

can find no trace of the second maturation division ever

occurring at all. Instead of this the secondary spermatocytes

are at once converted into spermatids of twice the normal

size, which proceed forthwith to transform themselves into

spermatozoa. Many of these spermatids are of normal appear-

ance (figs. 9 h and c and life and c), except that their nuclei

and cell bodies are just twice the normal size, and they become

elongated in the ordinary way to form the normal double-

sized spermatozoa. Others, however (figs. 10 and lid),

appear abnormal from the Brst, quite apart from their large

size, the nucleus being uniformly stained a deep black with

hacmatoxylin, and it is evident that these give rise to the

abnormally twisted, branched or beaded forms of spermatozoa,

some of which are figured on PI. 8, figs. 3-5.

The process of transformation of these abnormal spermatids

into deformed spermatozoa is shown in some cases in figs. 10

and 1 1 d. The fact that the second maturation division is sup-

pressed accounts completely for the double size of the majority

of the hybrid spermatozoa
;
the occurrence, however, of a com-

paratively small percentage of small or normal-sized spermatozoa

in the hybrids leads one to suppose that the second divisioji

does occasionally take place, though so rarely that it would

easily be missed.

'I'he point at wliich the spermatogenesis in the hybrid begins

to become abnormal is at the first maturation or reduction

division. A comparison of the spermatogonia of the normal
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and hybrid birds has shown that in point of size and histo-

logical strncture they are indistinguishable
;

the 6rst sign

that anything is wrong appears in the mitotic spindle of the

first maturation division, where the normal eight synaptic

chromosomes are not formed. Instead of this, irregular

Tuasses of chromatin are distributed to the opposite poles

of the spindle, so that the secondary spermatocytes formed

as the result of this division do not receive a normal

heritage of chromosomes. It appears that the disturbance

caused by this abnormal distribution of the chromosomes

prevents the second division taking place, the secondary

spermatocytes, instead of dividing, going straight on to

form spermatids and spermatozoa. Many of the spermatozoa

so produced are greatly deformed, as is not unnatural
;

others, which have presumably received a more normal supply

of chromatic material, give rise to spermatozoa which are

normal in appearance, though double the normal size. But

even those spermatozoa which are normal in appearance are

impotent in fertilisation, and we must again ascribe this

to the fact that they do not contain the right numbers or

kinds of chromosomes. The observations detailed above

afford strong support to Buyer’s view that the principle

cause of the sterility of hybrids is the fact that the two sets

of parental chromosomes, although they may co-operate

together in the ordinary cells of the hybrid, yet when they

have to go through the process of synapsis, repel one another or

form abnormal fusions, with the result that the germ-cells so

produced, though they may appear normal, are constitution-

ally abnormal. This explanation of the sterility of hybrids

can only apply to those hybrids which succeed in producing

germ-cells of some sort, or at any rate get as far as the

maturation divisions
;

it may fail to explain the complete

sterility of females, for instance, in which the eggs fail to

grow or store yolk, since in these cases the abnormality of

the reproductive cells manifests itself before synapsis occurs.'

* Tliis difficulty, however, may he more apjiareiit than real, since

von Jenkinson informs me that a iirecocious synapsis is known to
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It is possible^ therefore, that the immature reproductive cells of

hybrids may be affected by the fact of their hybridity more

readily than the ordinary somatic cells, and that this sensi-

tiveness may exist independently of the occurrence of

synapsis and the reduction division. But this does not

detract from the importance of the cases we have been con-

sidering, where everything was normal in the hybrid until it

came to the first reduction division.

Theoretically, the facts brought out by Guyer and by this

paper emphasise the fundamental importance of synapsis and

the reduction division, and support the view that this process

is a vital one in the orderly sorting out of the properties of

the two germ-plasms derived from the two parents.

A further theoretical consideration is suggested by the

facts. The reproductive organs and even a large number of

the spermatozoa of these sterile hybrids had the outward

appearance of being normal, and yet, according to our inter-

pretation, the spermatozoa were impotent owing to the

abnormal distribution of the chromosomes to them. Is it not

possible that the sterility of certain individuals within any

particular species may be due to similar causes
;
that there may

exist intra-.specific hybrids, so to speak, which, owing to their

combining in their germ-plasms incompatible qualities, are

not capable of forming functional gametes ? Again, it is

possible that the disturbances in the expected Mendelian

proportions which are known to occur so frequently in intra-

specific crosses may be due to the impotence of particular

gametes carrying particular characters. If this were so, if

the combination of certain characters in a germ-plasm led to

abnormal distribution of the chromosomes during maturation

and to the consequent impotence of certain types of gamete,

we would obtain what in effect would be tantamount to

selective fertilisation. At any rate it is certain that sorne-

occur in many female animats at a very early stage, even in the embryo,

long before the oocytes enlarge. If this is the case in birds we obtain a

I’oady explanation of the complete sterility and abortion of the ovary in

hybrid females, and possibly also of the high death-i'ate of hybrid females.
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thing more than simple segregation is required to obtain the

complicated results at present vaguely included under the

term “ Mendeliaii inheritance,” and it may be suggested that

tlie cytological evidence obtained from the study of these

liybrids indicates the kind of physiological basis which may
underlie some of these peculiar Mendelian results.

Summary.

(1) The study is based on the cytological investigation

of the spermatozoa and of spermatogenesis in normal male

pigeons and doves, and in three male hybrids produced by

the mating of a male pigeon with a female domestic dove.

(2) The ripe spermatozoa of the hybrids, which were

present in large quantities, besides showing in certain cases

structural abnormalities, were on the average twice as large

as the normal spermatozoa of either parental type.

(3) The first maturation or reduction division in the hybrids

is abnormal, in that the chromosomes do not enter into the

normal synapse to produce eight synaptic or bivalent chromo-

somes, but they are scattered as irregular chromatic masses

of unequal size on the mitotic spindle, and are irregularly

distributed to the opposite poles of the spindle.

(4) The second maturation division in the hybrids is almost

entirely snppres.sed, the secondary spermatocytes proceeding

without further division to form spermatids and spermatozoa

of twice the normal size. Many of these spermatozoa are

structually normal, apart from their double size, while. others

are abnormally twisted or beaded. All the spermatozoa were

probably impotent, since these hybrids and all others of a

similar kind are invariably sterile.

(5) 'I'he explanation of the sterility of such hybrids is

found, in accordance with Guyer’s idea, to reside in the dis-

turbance of the synaptic division during maturation, this

disturbance being due to the incapability of the chromosomes

derived from the specifically different [)arents to fuse to form

the normal synapses.
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EXPLANATION OF PLATE 8.

lllustratino- Mr. OcofTrey Smitlihs paper on “
Stiulie.s in the

Experimental Analy-sis of Sex.”

[All the figures are drawn with the camera under a 4 eyepiece and a

^U-in. objective. Magnification about 1270. The tails of the sperma-

tozoa are sOTuewhat schemati.sed, but the heads give accurate pro-

portions. All jireparations fixed in corrosive-acetic and stained with

iron-hannatoxylin.]

Fig. 1.—Spermatozoa of normal domestic dove.

Fig. 2.—Siierinatozoa of normal pigeon.

Fig. 3.—Spermatozoa of hybild A between pigeon and dove ? .

Fig. 4.— Ditto of hybrid B.

Fig. 5.—Ditto of hybrid C.

Fig. (i.—Stages in spermatogenesis of normal pigeon, (i «. First

maturation division, showing about eight sube(jual chromosomes on

erpiatorial plate, (i b. Second maturation, showing tour chromosomes.

•> c. Resting spermatids. (J il. Maturing sj ermatids in transverse

section with a nurse-cell or cell of Sertoli.

Fig. 7.—Spermatogenesis in another normal pigeon. 7 a. Fii-st

maturation division. 7 b. Second maturation division. 7 c. Resting

spermatids. 7 <1. A nearly mature spermatid in longitudinal section,

and two in transverse section.

Fig. 8.—Spermatogenesis in normal dove. Two first maturation

divisions, one second maturation division, three resting spermatids, and
three maturing spermatids.
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Fig. 9.—Spermatogenesis in hybrid A. 9 a. First maturation divi-

sions, showing irregular and imequal chromosomes scattered on mitotic

spindle. 9 b. Resting spermatids of double normal size. 9 c. Elonga-

ting spermatids of double size.

Fig. 10.—Spermatogenesis in hybrid B. 10 a. First maturation

divisions. 10 b. A number of highly abnormal doi^ble-sized spermatids,

some of which are being atypically converted into deformed sperma-

tozoa.

Fig. 11.—Spermatogenesis in hybrid C. 11a. Two first maturation

divisions. 11 ?). Five resting spermatids of double nonnal size, but

otherwise normal. 11 c. Three elongated spermatids of doulde normal

size, but structually fairly normal. 11 d. Three highly abnormal

spermatids in process of conversion into atypical and deformed sperma-

tozoa.
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Preface.

While working at Rovigno during April and May, 1909,

I examined a few of the common wall-lizards (Laccrta

mural is), which occurred abundantly on the neighbouring

islet of Figarola, as in the time when Prowazek studied the

intestinal flagellates of this reptile (26). My object was really

to see if a Trypanosome also occurred in it, Prowazek not

having stated whether he examined the blood for that purpose

or not; but 1 did not succeed in finding any Trypanosomes.

In the blood-smears made from two individuals, however, a

llnomogregaiine was found to be fairly plentiful. This

ILemogregarine is the same as that first described by

Danilewsky (6) under the name Ilmmogregarina lacertm,

and again later by Labbe (13), who placed it in a distinct

genus, Karyolysus. I was too much occupied with othei-

* For the first of tliese Notes (‘‘On Klos.sielLi miiris, Sinitli and

.Johnson"), vide ‘ Quart. Journ. Micr. Sci.,’ vol. 48, 1904, j).
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work at the time to undertake a study of this parasite, so

that I only made a few smears and cover-slip preparations

from the blood.

Having an opportunity recently, I thought it might prove

worth while to give some nttention to these preparations,

particularly to those stained by iron-hpematoxylin, because—so

far as I am aware—no observations have been made up to the

present upon the nuclear structure of Karyolysus, as it is

seen when the parasite is fixed and stained by the best cyto-

logical methods. My idea was, principally, to compare the

nucleus of this Haemogregarine with that of the piscine form

(Hasmogregarina rovignensis) from Tri gla 1 i n eata,

an account of which has been given by Minchin and Wood-
cock (20). I had not long examined my preparations,

however, before observing that a remarkable agreement was

apparent between the nuclear condition of Karyolysus at a

certain period of the life-cycle and that of a particular

Coccidian in the corresponding phase. A study of the different

forms of individual present in my smears has led me to the

conclusion that they all belong to one species of parasite,

d’his result has an important bearing, in my opinion, upon the

question of the distinctness of many of the so-called species

of Lacertilian Haemogregarine which have been described, as

I hope to show below. Lastly, the observation of the occur-

rence of a prominent karyosome, whose behaviour agrees

closely with that of the characteristic coccidian karyosome,

induced me to study again, from this point of view, the

nuclear condition present in Leucocy tozoon and Halteri-

dium, as it is found in these parasites when fixed and stained

in a similar manner.

II. Observations on Karyolysus lacert.® (Danil.),

TOGETHER WITH KeMARKS UPON THE SPECIFICITY OF THE

Ha'Imogregarines of Lizards.

1 will first give an account of Karyolysus as it occurs in

my preparations. With two or three exceptions, all the
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individuals observed are iutra-cellular. In the blood of both

tlie infected lizards the gre:it majority of the parasites occur

under one of two different aspects, whicli might lead one, at

first sight, to conclude that two distinct species were con-

cerned
;
but after a careful comparison of many individuals

of both kinds, no doubt is left in my mind that they I’epresent

respectively early young phases and rather later, older forms

of one and the same parasite. The two types of form (as

they may be designated for the present) are distinguished

chiefly by the position and character of the nucleus, which I

will consider in detail presently
;
the latter feature can only

be studied properly in preparations made by the “ wet ”

method. I will merely say here that in the first type of

individual the nucleus is situated more or less about the

middle of the body (PI. 9, figs. 2-8, 19-29), whereas in the

other type it is close to one end (figs. 9-18, 30-40).

As regards their general appearance, both kinds of

individual are usually bean-like in shape, the younger

parasites being more slender and now and then slightly

crescentic, the older ones broader and stouter. The indi-

viduals of both types vary somewhat in size, the former being,

as might be expected, slightly shorter on the whole and

distinctly narrower than the latter
;
but a few foi-ms which

possess the nuclear characters of the first type are met with,

which are approximately as large as others possessing a

nuclear ari’angement of the second type. The dimensions of

the younger forms, as seen on “wet ”
films, vary from 8 g by

2^ /i (6g. 22) to 9.^ g by 2| n (fig. 20) ;
those of the older

individuals from 9 g by 2^ p (fig. 39) up to 11^ /x by 3 ^
(fig. 33). On “dry ” smears the larger parasites are probably

rather flattened out
;
the extreme limits of variation in size

(of either kind of individual) noticed are from 11 g by 2^ g
(fig. 2) up to 13 ft by 41 fi (fig. 17). The largest bean-shaped

individuals, however, such as those of figs. 14-17, have un-

doubtedly acquired that appearance secondarily, by the

lateral fusion of the two arms of a U-shaped form, the

U-shaped form resulting in the first place from the further
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irrowtli and extension of tlie body-cytoplasm of a smaller

individual. I have found different stages of the process

in my preparations. The development of the U-form

takes \place only, so far as I have observed, in those parasites

in which the nuclear position is that of the second type

mentioned above. It begins by the formation of a small out-

growth at oue end of the bod}^, which is at once curved back

aud so extends backwards close along one side of the body

(figs. 10, 36, 40). This outgrowth may arise either at the

nuclear end of the parasite or at the opposite one, more

usually, I think, at the latter. As it grows this process

gradually forms one arm of the U, and at length the two

a.rms become more or less equal (figs. 14, 15). Ultimately the

two arms unite and a stout bean-shaped form results.

In nearly all of the individuals observed in ^‘wet”

preparations, of whichever type they may be, immediately

surrounding the body of the parasite is a distinct space,

which in some cases is very marked (cf

.

figs. 20, 22, 24-40).

This space is probably due to the greater contraction of the

parasite, as a result of the technique, than of the cytoplasm

of the red blood-corpuscle enclosing it, thus causing a shrink-

age of the former nway from the latter. In ordinary “ dry ”

smears, stained with Giemsa, this space is also often seen,

though not so regularly as in the other preparations (cf. figs.

5-8, 12). In the case of the smaller parasites there is

j)robably no definite membrane or envelope bordering the

space on its outer side, distinct, that is to say, from the inner

margin of the cytoplasm of the corpuscle (cf. for instance

fig. 19, where the young Haemogregarine has obvioush" just

entered the host-cell). In the older (larger) forms, however,

there is certainly a definite envelope present, constituting

a delicate but firm capsule around the parasite (cf. especially

figs. 37-40). In the case of two of the parasites figured it will

be noticed there is no sign whatever of the cytoplasm of the

blood-corpuscle
;
the reason for this will be mentioned shortly

(pp. 177, 179). Hence the capsule surrounding the parasiteis

very conspicuous. In many cases where the cytoplasm of the
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liost-cell is still apparent tlie delicate capsule does not stand

out in sucli a marked manner, but its presence is clearly

indicated, in my opinion, by the following consideration.

Many, of the older forms, those, i.e., of the second type, in

which the nucleus is situated near one end, appear very dark

in “ wet preparations, being stained diffusely and more or

less uniformly, so that it is very difficult to distinguish the

nucleus. This appearance is really owing to the stain

deposited inside the capsule or envelope not having been

sufficiently extracted subsequently, the differentiating agent

not having had time to penetrate properly inside the capsule,

thus leaving the parasite overloaded with stain. I have never

found this state of things, it should be noted, in the younger

parasites, with the nucleus still near the middle
;
hence the

capsule does not appear to be formed during the early phase.

This capsule or envelope present in certain forms of

Karolysus appears to be very similar to that described in

the case of small forms (young schizonts) of Haemo-
gregarina triglm by Minchin and Woodcock (20). In the

case of Karyolysus, however, I am inclined to think that the

capsule is rather a definite envelope formed by the parasite

than merely a sheath or altered layer of the cytoplasm of the

blood-corpuscle (cytocyst), as we regarded it at the time in II.

trigla); its persistence and distinctness in such individuals

as those drawn in figs. 37 and 38 supports this view.^

Considering now the nuclear structure in detail (as it is

seen in “wet” preparations, stained with iron-hmmatoxyliu),

in the first type of individual, where the nucleus is situated

near the centre of the parasite, the most striking feature is

the very frequent occurrence of a conspicuous, deeply staining

body, which is closely associated with the nucleus, lying at

one side of it, contiguous to, but not actually forming part of,

the general nuclear substance (figs. 19, 21-25). This latter

consists, as in other llmmogregariues, of a network containing

small but fairly prominent grains of chromatin, !iiost of which

' The mode of origin of the capsule may he really the same, of course,

in H. trigla) also.
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are usually disposed near the periphery. The limit or border

of the nucleus is well-defined, but I am a little doubtful

whether it can be regarded as constituting a true nuclear

membrane. In some cases there are two of the above-

mentioned conspicuous bodies, approximately at opposite sides

of the nucleus (figs. 20, 26) ;
these are generally unequal in

size, neither being as a rule so large as when there is only one.

Frequently these elements are seen to be surrounded b}' a

very clear zone or Imlo (figs. 19, 20 and 25).

In the other type of individual there is usually no such

large, deeply staining element associated with the nucleus

(figs. 30, 32-36, 38-40). This contains fairly uniform grains

of chromatin, which, on the whole, are distinctly more pro-

minent and stain rather more deeply than those in the nucleus

of the first type
;
now and again one of these grains is seen

to be somewhat larger than the rest. Neverthess, in a few

instances, parasites belonging to this second type of form,

with the nucleus near one extremity, do also show a large,

deep-staining body in close association with the nucleus

(figs. 31, 37), which is quite comparable to, or at least repre-

sents, that seen in the case of individuals of the other type.

Much more frequently, however (though not always), in

place of this element close to the nucleus there is noticeable

a body lying at or near the surface of the protoplasm of the

])arasite, usually about the middle of its length (figs. 32-36).

This structure may be nearly as large as that just described,

but it is generally smaller, and may be very inconspicuous

(lig. 36); where it is large it stains fairly intensely, but it is

never so dark and black-looking as in the other cases, and,

moreover, it has a much duller appearance and not such a

well-defined outline.

I pi’opose to leave for the moment the question of the

signiticance of these bodies. It may be added that in Giemsa-

stained smears on the other hand, in which the nucleus of

the parasites generally appears to consist of large, irregular

or ill defined masses of chromatic substance, it is only seldom

possible to distinguish a more deeply staining element at
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one side, which probably represents tlie characteristic element

above described (cf. fig. 8).

The effects of the parasite on the host-cell are very pro-

nounced and characteristic, as is well known to be the case,

of course, in Karyolysus. The gradual alteration of the

red blood-corpuscle and its appearance when infected by the

different forms of parasite merit description, however, since

this change is of great importance and assistance both in

determining the relation to each other of the two chief types

I have described, and also in connection with the question

of the various species of Ilmmogrognrine (Karyolysus)

said to occur in this lizard. The earliest change in the

appearance of the liost-cell which I liave noticed is drawn

in fig. 2 (from a Giernsa smear). The parasite infecting

this corpuscle is one of the smallest observed, and has

the nucleus centrally placed. Comparing the liost-cell

in tliis case with an ordinary uninfected red blood- cor-

puscle, its nucleus is found to be already distiiictly larger,

i. e. li3’pertrophied, but still oval in shape and not much
elongated. The cytoplasm of the corpuscle is also slightly

liypertrophied, but it is still stained to about the same degree

and shade of colour as in an uninfected cell. This is,

however, almost the only instance I have noticed where the

cytoplasm appears stained similarly to what is the case in an

uninfected cell. It is remarkable how quickly the presence

of a Kary olysus-individual in a corpuscle produces some

effect on the cytoplasm which results in a complete alteration

of its staining properties. In nearly all the corpuscles

infected with this Ilocmogregarine, the cytoplasm has either

taken up the stain only slightly, being faintly coloured, or

else is very pale, practically unstained, so that it is often a

matter of extreme difficulty to discern it at all. This is

especially the case in wet preparations, stained by iron-

htomatoxylin
;

and in this respect Karyolysus differs

markedly from certain other intra-cell ular parasites of red

blood-cells, of which I have preparations stained in a similar

manner. For example, in Hm mogregar i n a triglae (cf.

VOL. 58, PAItT I.—NEW SERIES. 12
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thefiguresof Miucliiti ami Woodcock, loc. c i t
.)
and again in

II alter! din in noctiun (c f. below), the cytoplasm of an

infected corpuscle is usually stained deeply, like that of an

uninfected one, even where, as in the former case, there is a

certain amount of hypertrophy; in these, the parasite appears

as a clear space, almost vacuole-like, surrounded by the dark

cytoplasm. In Karyolysns the appearance is quite

different. Figs. 20-22, 24-26 represent early stages in an

infection as early as, or slightly later, than that of fig. 2, from

a Giemsa smear. The nucleus of the corpuscle is either oval

or beginning to elongate. In such cases the cytoplasm can

still be made out, but it never appears any darker than is

indicated in Figs. 20, 22, 24. The nucleus also retains the

stain much less intensely than in an uninfected cell stained by

the same method (cf. fig. 23), the actual masses and grains of

chromatin standing out sharply from the finely granular or

reticular ground substance. The host-cell nucleus, it will be

seen, is at once displaced by the parasite, and pushed to one

of the longer sides of the corpuscle.

From being oval or slightly extended, the host-cell nucleus

gradually becomes considerably elongated and greatlj’-

narrowed, i. e. compressed (figs. 32-40) ;
all stages in this

transition can be found, the real change in shape being best

realised, of course, in preparations stained by iron-luema-

toxylin. In most cases the corpuscle-nucleus, in its final

condition, appears like a slightly crescentic band, which is

closely apposed to the parasite (or rather to its envelope) and

follows its contour, curving round somewhat at either or both

ends; this portion of the cell-nucleus is generally a little

broader, i.e. less compressed than the rest, giving the whole

nucleus the appearance of a bent club or halter, as the case

may be.^ In all these instances the axis of extension of the

host-cell nucleus is approximately parallel to the length of

the parasite. Now and again, however, where the corpuscle-

' The resemblance between this hypertropliied nnclexis and that of

the spindle-shaped host-cell infected by Leucocytozoon is often

striking (cf. figs. 11, 12, 18 and 19, PI. lU).
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nncleus has either not been quite parallel to the longer axis of

the cell to start with, or else has become twisted round some-

what by the entry of the parasite, the longer axis of the

Karyolysns is more or less oblique to that of the host-cell

nucleus, the one lying, as it were, across the other
;
in these

cases, fission of the host-cell nucleus into two or more portions

ne.arly always results (figs. 29, 11, 30). An important point

must be mentioned regarding the appearance which one of

these nuclei, in its final condition of hypertrophy, may
occasionally present on a Griemsa smear, since it affords, I

consider, another example of how the over-staining tendency

of this stain may mislead and cause erroneous interpretations.

In a few cases a mass of staining substance is seen, fitting like

a cap round one eud of the parasite, or there may be such a

mass round both ends (figs. 16-18). These masses stain

similarly to the nucleus of the host-cell, lying at one side of the

parasite, and in fact may be distinctly connected with this and

manifestly portions of it; it may happen, however, that such a

mass appears almost or entirely separate from the nucleus,

especially in flattened-ont parts of the smear. Nevertheless

thei^ can be no doubt that these caps of staining substance

represent also in such cases merely the wider, club-shaped end-

portions of a crescentic host-cell nucleus, as above described,

only here they are greatly overloaded with stain. These
“ caps,” it is important to note, are distinctly on the outer side

of the capsule enveloping the Hmmogregarine.

As indicated above, the cytoplasm of the infected corpuscle

becomes ultimately so colourless that it is quite impossible to

di.scern it (c f. figs. 37, 38 from wet prepai’ations and fig. 17

from a Giemsa smear)
;

in tliese cases it cannot be said

whether it is still present or not.

The two forms of the parasite can now be considered in

relation to the particular degree of alteration shown by the

ho.st-cells respectively infected by them. As a rule, in

corpiisles which ai-e in the earlier stages of altei’ation, with

the nucleus still oval or only beginning to elongate, the

parasites are of the first type described, with the nucleus
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central ami liavlng- the conspiciioiis, deeply staining body in

close association with it (figs. 20-20). On the other hand

parasites of the second type, with the nnclens near one end

of the body, occur nearly always in corpuscles in which the

alteration is far advanced, the cytoplasm being, at the best,

only with difficulty discernible and the nnclens greatly

elongated and narrowed (figs. 32-40). As is only to be

expected, however, occasional exceptions to the above regular

conditions are to be met with. Thus, an individual may
be found, having its nuclear arrangement of the first type,

which has already caused considerable elongation and

alteration of the host-cell nucleus (figs. 8, 28, 29) ;
conversely,

a parasite may have acquired the second type of nuclear con-

dition before the corpuscle-nucleus has become very elongated

and narrow (figs. 10, 31). It may be regarded as practic.-illy

certain, therefore, that the second type of individual is a

rather later or older phase in the development of the first

typo of parasite. In addition to the evidence afforded by the

various stages in the alteration of the infected corpuscles,

this conclusion is .also supported by the following points.

Parasites of the second type are on the whole distinctly lai-ger,

that is to say, they have more bulk than those belonging to

the first category
;
further, the only individuals seen free

(fig. 21), or which have manifestly only recently entered a

corpuscle (figs. 19, 26), have the first type of nuclear

arrangement.^

It is not difficult, I think, from a careful comparison of

different individuals, to form a fairly acciu-ate idea of the

manner in which the change in nuclear position and character

is brought about
;
and for this purpose it is necessary to study

the behaviour, in relation to the nucleus, of the characteristic

deep-staining body which is associated with the latter in the

young forms of the Haemogregarine. In the earliest phase

this body, which from now onwards I will designate according

' I have never oltserved any individuals of the Larger, older type free

—

that is to say, which could have been liljerated from a corjjuscle,

whether with or without the enveloping capsule.
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to its true significance, namely, as a karyosome, is single and

relatively large
j

it is situated at one side of the general

nuclear substance, apparently extra-nuclear. This large

karyosome next undergoes unecpial division. The process

takes place in a particular mauner, which is neither amitotic

nor yet a well-defined mitosis. This method of division has

been usefully distinguished by Niigler (22) as “ promitosis.”

It may be as well to indicate, first of all, what is meant by

promitosis. Its characteristic feature is that the division is

initiated and carried out by means of an internal division-

centre, which itself fii'st divides, the two resulting daughter-

centres then passsing away from each other, but remaining

connected by a distinct fibril or axial thread, the centro-

desmose.” The term “promitosis” was originally applied by

Niigler to nuclear division taking place in this manner, the

intra-nuclear division-centre being a “ nucleo-centrosome ” or

a karyosome. Where the karyosome plays this part, howevei’,

the true division-centre—certainly in most cases, and perhaps

always— is an intra-karyosomatic ceutrosome or centriole,

which initiates the process, although, owing to the intensity

with which the karyosome usually stains, the centriole itself

can larely be distinguished, its presence being often only

actually discernible at some other period in the development

(cf. below, p. 182). Tortunately, however, the axial fibril or

centrodesmose connecting the two separated daughter-cen-

trioles persists often for a long time, even after the division of

the karyosomatic or nuclear material is completed
;
hence it

is just this stage of the division-process which is most likely

to be observed. Therefore, where two nuclei (or karyosomes)

are seen still connected b}'^ a definite centrodesmose, it may be

safely concluded that the division has been brought about by

an internal division-centre (centriole), in a promitotic manner.

It only remains to say that 1 consider the term “promitotic

division ” can also be applied very suitably to the division of

a karyosome, where this occurs unaccompanied by, or inde-

pendently of, the division of the nucleus itself; .Jollos (12)

has already used the term in this connection.
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It is undouLtedly in tlie above-described promitotic manner
that the unecpuil division of the karyosoiue takes place in the

young forms of Karyolysus; for I have found two or three

examples which show very clearly the still persistent centro-

desmose between the two halves (fig. 20). This fibril

stretches apparently across the general nuclear mass; but it

may really lie outside it, i. e. above or below; I do not feel

sure upon the point. The smaller daughter-karj’osome result-

ing from the division always comes to lie at the opposite side

of the nucleus to the other, larger one (figs. 24, 2G). This

smaller, secondary karyosome, however, soon becomes incor-

porated with the general nuclear material; either it is

distinguishable as a rather larger and more prominent grain,

or else, probably having undergone further subdivision, it can

be no longer distinguished from the rest of the chromatic

substance. Now and again, it may be mentioned, in such a

nucleus a small, but sharp and well-defined granule is seen in

the centre; this may very likely be the centriole (fig. 40).

The nucleus has by this time changed its position and passed

to one end of the body of the parasite. In the majority, if

not in most cases, it leaves behind it the larger half of the

karyosome, wdiich resulted, i. e., from the original promitotic

division
;
this remains near the middle of the body, the nucleus

simply moving away from it. hy this change in the nuclear

position occurs I cannot say

;

it might be supposed, perhaps,

that it had some connection with the commencing develop-

ment of the U-form of the parasite, but the bending of the

cytoplasm sometimes takes place at the end opposite to that

to which the nucleus travels. AVhatever the reason, this

movement occurs, 1 should say, very rapidly, for I have not

succeeded in finding an individual which show's the nucleus

caught in the act, as it were, halfway between the end of the

body and the stationary karyosome. This latter element

thus left behind takes no further share in the nuclear

development, and appears to be entirely discarded. As

already indicated, it alters considerably in staining pro-

perties and indefiniteness of outline; it gradually becomes
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smaller and smaller^ being perhaps partially used up by the

cytoplasm^ and ultimately its remains are seen at the surface of

the body (figs. 34, 35). Often, however, no trace of this body

is left (figs. 30, 38 and 39). On the other hand, occasionally

this large karyosome seems to persist and to change its

position with the nucleus (figs. 31, 37). In such cases it lies

nearest to the end of the body, between this and the

nucleus, having been pushed along as it were by the

nucleus, instead of being left behind. Possibly the reason

for this occasional persistence of the large karyosome

as a separate element in close association with the nucleus,

after the latter has changed its position, may be that

the karyosome has not yet undergone the above-described

division—a division which may be necessary in order to

eliminate an unrequired portion of the karyosomatic material

before the remainder is added to the nuclear substance. I

have no evidence as to the further behaviour of the

karyosome in these cases.

1 can now summarise the general course of the early develop-

ment in Karyolysus, so far as I was able to ascertain it.

'I’he different types of form observed are phases of one parasite.

A small individual, such as that of fig. 21, penetrates a red

blood-eorpusele (fig. 19) and begins to grow. As the parasite

grows, changes in the nuclear constitution and position take

place. At about the same time a definite envelope or capsule

is formed around the parasite, inside which the latter tends to

acquire, by bending up, a characteristic U-shape, and ulti-

mately becomes stout and bean-like. The presence of the

llajinogregarine causes very great changes in the a])pearance

of the host-cell. In pertrojdiy and pronounced alteration in the

shape of the nucleus, sometimes its fission
; further, the

cyto])lasm, or what remains of it, loses almost entirely its

staining properties and becomes extremely difficult to see in

the prepai’ations.

Prom a comparison with lleichenow’s valuable and detailed

account
(
27

)
of the develojnnent of 11 icm ogregarin a

Stepan uvi of the tortoise, tho e can be little doubt that
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the forms I have described of Karyolysus are phases in tlie

development of the schizoutj i. e. tlie form which undergoes

schizogony or endogenous multiplication. A point in regard

to which I cannot be certain is whether these young schizouts

are the hrst to be developed, as the result of a fresh infection,

or whether the infection is of some standing and these forms

have been produced by a prior schizogony
;

in other words,

whether the small, free individuals are developing sporozoites

or merozoites. The only indication bearing upon the point

which I can note is that the nuclear constitution of the young

individuals, showing a distinct excentric karyosome, agrees

markedly with the nuclear condition found in the developing

merozoites of certain Coccidia and differs from that present

in the sporozoites. I intend to discuss this agreement more

particularly later, and will merely say here that this evidence

favours the view that the schizouts which we have been con-

sidering are developing from merozoites.

The Question of the Specificity of the Hmmogre-
garines of Lizards.

I wish now to discuss the question of the speciffcity or true

distinctness of certain of the many alleged species of llfemo-

gregarine (Karyolysus) which have been described from

Lacerta spp., chiefly from the common European species

agilis, muralis and viridis; my object is to show that

some, at any rate, of these new s])ecies are almost certainly

nothing more than different forms or phases of one and the

same parasite, Karyolysus lacertm. As I have had occa-

sion to point out more than once in previous papers, tlie

custom is far too ]irevalent of regarding any difference in

appearance, or variation in size or form, observed in indi-

viduals of a certain genus of blood-parasites (and particularly

in the case of Trypanosomes and Eannogregariues), as indi-

cating a distinct species, even though this “new sjiecies”

occurs in a host in which a parasite of the same kind is

already known. Often the view which is at least quite as

probable, and in many instances more so, namely that the
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forms iu question are phases in the life-history of one and the

same species of parasite, receives no considei-ation, and no

attempt is made to connect the various types by means of

intermediate stages. I am g'lad to see that Laveran and

I’ettit, in a recent note (15), also express a similar opinion, and

comment upon the confusion liable to be caused by creating

new species in the above casual manner.

To begin with the original description of Hasmogregarines

from lizards, i.e. the account given by Danilewsky (6), this

author observed various forms of the para,sites in L . ag i 1 i s and

viridis. Making all allowance for the fact that Danilewsky^s

description and figures are mostly based on observations on the

living parasites in the drawn blood,' and also for the primitive

character of microscopical technique iu those days, it seems

probable nevertheless that this author was actually dealing

with more than one species. Here, as in other cases (tor

instance, his memoirs on Ti'ypanosomes), it is extremely diffi-

cult to gather what Danilewsky intended to mean by his

grouping of different forms and the nomenclature he apjdied

to them, lie distinguishes three intra-cellular types (a, B and

c), which he regards as having a genetic connection (‘‘ lieu

geneticpie ”) with one another. To these, collectively, he

gives the name llmmogi'Cgarina lacertic; but imme-

diately afterwards the secoml type (b) is termed Drepani-
dinm lacertarum, because it is smaller and younger; while

in another part of the memoir the third form (c) is called

iltomocy tozoon clavatum ! The last type is generally

considered to be distinct; this is, 1 think, most likely,

particularly since it does not produce, to judge from Dani-

lewsky’s account, hyj)ertrophy of the blood-corpuscle and

alteration of its nucleus; in other words, it is apparently

‘ While, of course, for iinmy points, e. g. l)eluiviour, movement, living

t)l>serviitions are invalualile, it cannot he pretended that such can he

relied upon whei’e comparative (piestions of size, form and iidiuite

structure are concerned, especially in the case of intra-cellular hlood-

2'arasites, which, as is well known, frecpiently alter or else become

deformed in drawn blood.
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not a karyolysing form at all. The small type (a) may be a

young phase of (a)
;
more than this cannot be said. At any

rate it is to the first described parasite (type a) that the

specific name lacertm really belongs. Comjjaring the

different forms of the Hmmogregarine I have described

above, from L. muralis, with Danilewsky’s description and
figures of H. lacertm, it is perfectly clear that the parasite

is the same species in both cases, and, moreover, in the same
period of development; some of Danilewsky’s figures are of

young forms, with the nucleus near the middle and the host-

cell only slig’htly altered; others are of the older phase, with

the nucleus at one end and the nucleus of the corpuscle

completely karyolysed.

The next account of Hmmogregarines from lizards was
that of Labbe (13), who described parasites of this nature

from L. muralis, viridis and o cel lata. Labbe con-

sidered that the various forms which he observed belonged

to two distinct genera, to which he gave the names
Karyolysus and Danilevskya respectively. With the

series of forms comprised in the latter genus we are not here

concerned; it is very doubtful whether any are included

which should really be kept separate from the ordinary

genus Haemogregarina.^ In the genus Karyolysus
‘ It may 1.)e noted, however, that Lahfjc seems to have piaid no regard

at all to the laws and standards of nomenclature, for he deliberately

placed in this genus the parasite of Cistndo euro pa' a, originally

described by Danilewsky under the name Hamogregarina stepa-

novi, that is to say, the type-species of the genus Ha mogregarina
in other words, at his own pleasure, he replaced the generic name
Hamogregarina by that of Danilevskya. If he wished thus to

commemorate the Russian sav'ant's name he ought, of course, to have

called the parasite which he distinguished as Karyolysus by his name
histead. Moreover, for the species of “ Danilevskya” which he found

hi lizards he created the name lacazei, although saying at the time

that this was probably the same form as that distinguished by Dani-

lewsky as Huiinocytozoon clavatum. In any case, thei'cfore, this

Ha;mogregarine of lizards should bear the specific name clavatu m (not

lacaze i),and if it does not belong to the genus Htemogregarina. the

generic name II a'm ocy tozoon, not Danilevskya, must be given to if
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Labbe placed forms wliicli lie regarded as similar to those

described first by Danilewsky under the designation H

.

lacertee. Why, in so doing, he altered the specific name

to lacertarum it is difficult to understand; the name should

read, of course, K. lacertre (Danil.). From a study of

Labbe’s description I do not think there is any reason to

doubt that this author was dealing, in the main, with

Danilewsky’s parasite, II. lacertae; though it is true that

certain of his figures may represent some other Hremo-

gregariue. Unfortunately, Labbe does not give any details

about the particular species of lizard in which the various

types of the parasite he figures respectively occurred. Since

he examined four different species of host, in certain of

which, at any rate, another llannogregarine is also para-

sitic (as, indeed, he recognised, distiugnishiug this latter by

the name '' Danile vskya lacazei, see footnote, p. 186),

it is quite possible that he did not altogether succeed in

separating the two forms. Nevertheless, leaving out of con-

sideration his description of the “ endoglobular spornlation/’

^

Labbe’s account of the appearance, size and structure of the

young and adult parasites in the blood-corpuscles, and in

particular his description of the marked alterations in the

host-cell, make it perfectly evident that most of his observa-

tions did actually refer to the same parasite as that described

by Uanilewsky, and as that which I found in the lizards I

examined.

In 1901, IMarceau gave an account (18) of the Ilmmo-

gregarine parasites which he observed in L . in ural is, and

in this lizard alone; and here also it is quite obvious that the

author was dealing chielly, if not entirely, with K. lacertre.

On the whole, Marcean’s description agrees closely with that

of Ijabbe.

It is sufficiently clear, I think, that there is a definite

' Tills process doubtless represents tlie schizogony of the parasite,

whicli is apparently either of a double character, similar to that described

by Reichenow (27) in the case of H. stepanovi, orelse of a type where

se.vual dillerentiation is already manifest.
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pcirasite, occiirring in L. mural is and probably also inL.
agilis and viridis, for wliicb the specific name lacertas

must be retained. Further, in my opinion, it is also prefer-

able to retain Labbe’s distinct generic name Karyolysus
tor this Ha3inogregarine, as also for any other similar form

which may produce the same characteristic effects upon

the host-cell
;

I certainly consider such forms can be

advantageously grouped together—if not in a separate

genus, at any rate iu a distinct sub-genus—on account of

their peculiar behaviour in this respect. It is only necessary

to compare the effect on its host-cell produced by an ordinary

lla; m ogregari n a to realise that there is a marked diffe-

rence between the two types of parasite. Species of the

genus llaemogregarina, whether from fishes or repitles,

may often cause more or less hypertrophy of the red blood-

corpuscle
;

but they never stimulate, as it were, the cell-

nucleus to undergo such profound changes as is the case with

Karyolysus, where the nuclear alteration begins, as I

have shown above, almost as soon as the parasite has invaded

the corpuscle. I need only refer, by way of illustration, to

the recent figures published by Minchiu and myself (loc.

cit.) of H. triglm, by Neumann (23) of various piscine Haemo-

gregarines, by lleichenow (loc. cit.) and also Hahn (8) of H.

s t e pa n 0 V i
,
and lastly, the figures of many species from snakes

given by Sambon and Seligmann (29)h In all these cases the

host-cell nucleus is practically unaltered
;

it may be now and

then slightly flattened in appearance, but this is usually where

it has been pushed to one side of the cell by the growing

parasite, and is obviously due to a mechanical cause. It

may be said, of course, that if a separate genus Karyolysus
is to be thus recognised, the distinction between it and

11 le m og r ega r i n a will be based mainly, if not entirely, on

biological grounds. This is, no doubt, true; but one has not

to look far for other iustances where a generic distinction,

which is generally accepted, is recognised for biological

' Suiue of these last should clearly be placed in the genus Karyo-
lysus.
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reasons, which, iP not jnst the same, are of a similar order.

Thus the avian blood-parasite known as Lencocy tozoon
is distiiiefuished from that known as Halteridinm, althoirn'li

there is little doubt that the two types are very similar in

structure and in regard to the essential features of the life-

history; the principle difference is that of habitat, the one

form (Ealter id i u m) being parasitic in the red corpuscles,

the other (Leucocy tozoon) in the uninuclear leucocytes.^

Nevertheless, it is very useful to continue to distinguish the

two types as separate genera. And similarly as regards

these reptilian blood-parasites, as a means of indicating at

once the characteristic difference in the effects on the host-

cell, it is most convenient to retain the generic names Kary o-

lysus and Haemogregarina for the karyolysing and non-

karyol}’sing group of species re.spectively.

Of late years several workers have given accounts of

Ilasmogregarines from lizards, for the most part recording

the occurrence of new pai'asites—or at any rate, parasites

regarded as new—in various additional hosts; several of these

ai-e undoubtedly Karyoly su s-forms. The parasites of the

different species of Lacerta have been studied chiefly by

Laveran and Pettit and by Franca. In their first paper,

Laveran and Pettit (14) describe the parasites they observed

in L. muralisand viridis, more frequently in the former

species. They distinguish three different type.s, all of which

they consider to represent Danilewsky's parasite, which they

term II. lacerta); the authors thus use the correct specific

name, but prefer to keep the parasite in the genus Hasmo-
gregarina. The first two types are the same as those which

I have again found, that is to say, young scliizonts and older

ones. The only point which requires notice is that the authors

consider there is no capsule, but merely a shrinkage space

around the second type of form
;

this is certainly a mistaken

view on their part. Tlie third form of parasite is, in nij'

' The different liabitat ex-plains, of course, the fact that tlie one para-

site (Halteridinm) produces melanin pigment, while the other

Leucocy tozoon) does not.
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opinion, a t}'pe rather different from any phase so far described

by other workers, and from anything I have observed. It is

a large, curved form, certainly a Karyolysus, because of its

effect on the cell-nnclens ;
I should say it probably represents

another phase of K. Iacerta3
,
but until the life-cycle is

better known or until this form has been connected by inter-

mediate stages with other known phases, the matter must

remain uncertain.

Frau9a, in a series of papers on the Ilfemogregarines of

lizards, chiefly species of Lacerta, has been unfortunately

preoccupied with the idea that almost every variety in form

and appearance of parasite observed represents a distinct and

independent type, with the result that he has greatly compli-

cated and confused the subject of these Ilfemogregarines of

lizards. Thus, in more than one case, the author creates

several new species for parasites from the same host, in some

instances basing the distinctions between them on such slender

grounds as the different staining appearances (tint of colour,

presence or absence of granulations, etc.) exhibited. Now,

Frau9a’s figures are all from preparations stained by some

modification of the Eomanowsky method
;
and, as is well

known, the great variability and uncertainness in the staining

appearance presented often by the same object at different

times, even where the smear has been treated, so far as was

known, in exactly the same manner, renders it perfectly

useless to label as distinct species forms showing differences

in appearance after being stained by a Romanowsky method,

mainly or solely on this ground. Again, Frau9a is of the

opinion that it is unlikely that a particular species of host

will be infected with the same species of parasite in different

countries, or even in different districts of the same country.

I can only say I do not share this view at all. We know, for

example, that Trypanosoma lewisi occurs in rats all over

the world; and other common pai’asites, e.g. certain Grega-

rines and Coccidia, are known from the same species of host in

various countries. I do not think there is any reason to doubt

that the same species of Ilminogregarine may occur in the L.
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mural is ol Portugal, for example, wliicli is found in that

lizard in Russia, and again in Sontheru Austria, and in France.

I associate myself entirely with the i-emarks of Laveran and

Pettit in their later note (15) with regard to this tnatter.

In one of Ids memoirs (8), Franca describes the different

forms of haemogregarine winch he found in L. mural is in

Portugal. The author leaves out of account altogether the

species K. (H .) lacertte. This he does for two reasons;

firstly, in accord.ance with the view just referred to, because

of the different geographical locality of the host in the case

of the lizards which he examined
;
and secondly on the ground

that several different forms have been really included in the

specific designation lacertae. From what I have shown

above, it wdll be evident that, on the contrary, we can recoguise

and clearly distinguish a well-defined species, to which the

name lacerta3 belongs by right.

Franca creates no fewer than four new species, all from

this one host, namely, II. nobrei, bicapsulata, marceaiii

and nana. These different parasites nsually occur associated

together in various groupings; and it is the exception rather

than the rule to find them separately. 'I’he first three are

typical karyolysing forms, and hence may be termed

Karyolysus. The last named, it should be pointed out, is,

as its name implies, a very small form. From the oidy figure

given it is obvious that this is merely a young phase
;

it cannot

itself be regarded as an adult parasite, and in its older

])hases it may possibly be identical with one of the other

types described. At any rate, it seems distinctly premature,

iti the circumstances, to give this type a new specific name.

As regards Franya’s other three species, I confess straightway

that I consider they are only different forms or phases of our

old friend K.lacerta3. Iii have come to this conclusion

j)rincipally on two grounds; in the first place as a result of

the detailed comparison I have myself made of certain forms

of K. lacertae, and of the alterations ])roduced in the infected

host-cells as seen in smears stained with Giemsa and also in

wet preparations stained with iron-haematoxylin; and secondly.
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as a result of the valuable light thrown on the Avhole subject

of the life-cycle of a Hca^tuogregariue by Keicheuow’s work ou

H.stepauovi. Of course, this work has appeared since

Fi-aiK’a’s papers were published, so that we have now a guide

to the interpretation of the various phases which was then

unavailable. As the general scheme of the life-cycle, so far

as it is undergone in the Vertebrate host, has been shown by

^liss Robertson (28) to be fundamentally similar in the case

of another Haemogregarine also, I think we may regard it as

probable that the life-cycle is similar, in its main trait.s, in

other reptilian Hfemogregarines; and there is no need to con-

sider that of Karyolysus as likely to be very different from

that of Haemogregarina merely because of the biological

differences between the two forms, i. e. with respect to the

behaviour and reaction of the host-cells. Assuming a general

agreement, a particular t3"pe or stage of parasite observed in

a lizard might repre.sent anj’ of the following phases in the life-

cycle of a single species: The young growing schizonts pro-

duced from the sporozoites in a new infection
;
the merozoites

or growing schizonts resulting from a first type of schizogonj',

e. g. with many merozoites (micromerozoites ?) ;
the mero-

zoites or young schizonts resulting from a second type of

schizogony, e. g. with few merozoites (macromerozoites ?) ;

lastly, the growing gametocydes, which may themselves be

differentiated. As these various phases very likely show

definite, though it may be slight distinctions from one another,

if they were only observed casually-, as it were, and their further

development was not followed, nor their connection with one

another ascertained, some would at once jump to the erroneous

conclusion that they constituted distinct and new species.

Comsidering Fran^a’s three Karyolysus-forms separately,

K. (U.) bicapsulata, which we may take first, is so named

because of two caps of deeply staining matter which occur

one at each end of the parasite. From Fran 9a’s fig. 7 it is

seen vei-y clearly, in the first place, that these “caps” are

distinctly- outside the true envelope or capsule of the Haemo-

gregariue, and secondly-, that they- resemble closely- in appear-
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ance the hypertrophied nucleus of the host-cell, and, in fact,

may be connected with the latter (for instance, the cap on the

right-hand side of the upper parasite of fig. 7). Now, as

stated above, I have observed a very similar appearance in

some individuals of K. lacertas in Giemsa-stained smears

(cf. figs. 16-18). In my opinion there is no doubt whatever

that these " caps,” in the case of Fran 9a’s parasite also, are

simply the result of the alteration to the nucleus, the thicker

or club-shaped end-parts of which curve round the parasite

and may be almost or quite detached from the middle portion
;

these caps have nothing whatever to do, directly, with the

parasite. A perfectly similar behaviour of the nucleus of

the blood-corpuscle has been described by Billet [2] in

the case of K. (H.) curvirostris

;

two of this author’s

figures show exactly the same condition. Other points about

Fran^a’s account of K. “ bicapsulata,” e. g. the average

size, the presence of a definite envelope around the parasite,

make me practically certain in my own mind that this is

not a new species at all, but only a phase of K. lacertse

corresponding to the second, older type described above. I

should add, however, that Laveran and Pettit also seem to

regard this “ bicapsulata” as a distinct species, although

they say that they found it associated with lacertae, and

mention further that, in deeply stained specimens, the “caps”

stain very similarly to the deformed host-cell nucleus !

K
. (
H .) nobrei. This form Laveran and Pettit (loc . cit.

)

themselves consider resembles K. lacertm so closely that it

is doubtful whether it is really a distinct species. In my own
preparations I have not come across any individuals which

e.xactly represent this form
;
the parasite drawn in fig. 15,

however, shows considerable resemblance in size and general

appearance to the form figured by Franca in his fig. 2, the

chief difference being in the position of the nucleus, which is

near the middle of the parasite in Fran^a’s case. I should

say it is very likely that this is just one of those cases referred

to above, where a different phase in the life-cycle of the

parasite has come under observation. From a consideration

VOL. 58, PART 1.— NEW SERIES. 13
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of Frau9a’s figures relating to K.nobrei, the suggestion

may pei’haps be put forward that the phase in question cor-

responds to the second process of schizogony (with few

merozoites) which occurs in H. stepanovi, and the type of

individual immediately preceding or resulting from the same.

Again, with regard to K. marceaui, a form occurring in

the blood is practically indistinguishable, according to certain

of Fran9 a’s figui-es, from some individuals of the second type

of K. lacertfB, which I have described
;
thus my figs. 9 and

12 agree closely with his figs. 9 and 10 respectively of K.

marceaui. Frau9a also mentions and figures certain phases

from the liver, which he considers represent conjugation.

What these do e.vactly signify is uncertain, but the micro-

and macrosporogony described as resulting from this process

is quite comparable to Marceau’s account of the same process

in what is admittedly K. lacertm. (It may be added that

in both cases it is of course much more probable, considering

the matter in the light of Reichenow’s work, that schizogonic

multiplication is concerned.) Hence, on the whole, and at

any rate until the life-cycle of K. lacertm has been

thoroughly worked out, it is very much better, I think, not

to adopt these new names, bicapsulata, nobrei and

marceaui, which would only entail great confusion and

difficulty, but to consider them as representing merely different

phases of K. lacertae.

To complete my summary of this question, I must mention

that there has been the .same premature and probably

useless multiplication of species in the case of Karyolysus-
forms from another species of Lacerta, viz. L. ocellata.

In the first place. Billet [2] gave a short account, already

referred to, of a karyolysing Hmmogregarine occurring in

this lizard in Algeria, to which he gave the specific name
c u r vi rostr i s. As this parasite occurs in a different species

of host, we may perhaps assume for the present that it is a

form distinct from K. lacerfas, though I do not think this

ca,n be regarded as at all certain. A few weeks later, Nicolle

[24J also described a similar Ilmmogregarine, from a variety
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of L. ocellata in Tunis, which he considered to be distinct

from curvirostris and called biretorta. Lastly, Franca

[7] ,
not content with tliese two, makes three additional species,

H. [K.] schaudinni, nicollei and m inn ta, to say nothing

about a variety africana of his first one, all from L.

ocellata. Thus in two species of Lacert a, namely m u ral i

s

and ocellata., there are according to Fran 9a no less than ten

species of Hmmogregarine. Is not this carrying species-

splitting to an absurd degree ?

I have not studied the parasites of L. ocellata myself, but

having regard to the above analysis of the so-called species of

L. muralis, some of those from this other lizard must be

viewed with great suspicion. For instance, biretorta is

almost certainly the same parasite as curvirostris, and

hence a synonym of the latter
;
this is clear to my mind, from

Fran^a’sfigs. ISand 17 (loc. ci t .), and, indeed, Laveran and

Pettit, in a note I have not been able tosee,^ have also thrown

doubt upon the independent nature of biretorta. The same

conclusion applies to Fran^a’s species nicollei, which the

author himself admits has considerable resemblance to cur-

virostris and biretorta; in short from Fran^a’s fig. 18 it is

obviously only a slightly different phase of K. curvirostris.

'I'he parasite termed by Fran^-a schaudinni appears rather

different in character both from lacertaeand curvirostris,

although Franca’s fig. 2 of tliis form is i-emarkably like my
fig. 4 of K. lacertae; it may perhaps be left an open

([uestion whether schaudinni is some other phase in the

developmental cycle of K. curvirostris or a distinct species.

It is rather odd, however, that Franca has included as a

particular form of curvirostris a type (vide his fig. 16)

which is undoubtedly only a form of his schaudinni! I

conclude the subject by registering a strong protest against

this habit of creating a new species on entirely insiitficietifc

grounds.

‘ Bull. Soc. Path, exot.,’ ii, 1900, p. 377.
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III. COMPARFSON OP THE NuCLEAR CONDITION InKaRYOEYSIS
LACERTA^ AND CERTAIN OTHER IIvEMOGREGARINES WITH

THAT OP COCCIDIA; THE QUESTION OF THE KaRYOSOME AND

THE Intra-nucleae Division-centre

.

1 propose next to compare the nuclear conditioip as I have

described it above in Karyolysus lacertse, with that

whicli is found in certain Coccidia, at a particular period in

the life-cycle, since, in my opinion, the agreement sliown

affords an important indication of the close affinity and

phylogenetic relationship of these two types of parasite,

'riiis resemblance is especially marked in the case of the

merozoites and very young schizonts of a Coccidian, which

is, according to Shellack and Reichenow (32) really Bar-
rouxia alpina, Leger; this phase, it must be mentioned, has

for long been mistakenly included in the life-cycle of Adelea,

ovata, of which it was considered to represent the male

type of schizogony. The structural details of this particular

stage or form of the parasite were first described by

Siedlecki (33), and further notes with regard to it have since

been given by, among others, Jollos (12), both these authors

having included it in the cycle of Adelea.^ In order to

facilitate the comparison with the Hmmogregariue, I have

drawn (PI. 9, figs. 41-43; PL 10, figs. 1-3) some individual

merozoites from an original preparation of my own, these

parasites being easily obtainable in centipedes. Although I

have found exactl}^ the same nuclear condition and behaviour

in this early phase which has been observed by Jollos, I think

it is worth while to describe it again, because doubts have

been recently cast upon Jollos’ account, both as regards these

points and others.

At first the young schizont of Barrouxia, which may be

‘ The two forms are parasitic in tlie same liost, Uthohius forfi-

catus; this fact is, of course, chiefly responsitile for tlieir different

phases having been confused together.



NOTES ON SrOROZOA— III. 197

little more than a nurozoite/ has a single large kai'yosonie

placed quite at one side of the general nuclear substance;

the latter is finely granular in character, and does not stain

deeply, the granules beiug fairly uniform in size and

appearance. More frequently a rather later condition or

phase is found, in wliich there are two karyosomes, generally

at opposite sides of the principal nuclear mass; these two

karyosomes are usually more or less unequal in size, and

neither is so large as when there is only one. I have been

much exercised in regard to the question of the true situa-

tion of these karyosomes. In nearly all the individuals

a well-marked clear zone, which in some cases is relatively

wide, surrounds both the general nuclear substance and the

karyosomes (or karyosome). Is this clear zone to be con-

sidered merely as a shrinking-space, separating the whole of

the nuclear orgauellm from the general cytophism of the

parasite, or is this area really within, and therefore a part of,

the nucleus, the limit or border of which is on the outer side

of the clear area and in contact with the edge or margin of

the surrounding cytoplasm ? In the former case, of course,

the karyosomes would be actually extra-nuclear; in the latter

they would be within the nucleus, but excentrically placed,

near the periphery. After some liesitation I have come to the

conclusion that the latter view is the correct one, and that the

pale, clear area really constitutes the peripheral region of the

nucleus. In the case of most individuals I have found it

almost impossible to satisfy myself of the existence of a definite

membrane, bordering this zone externally, as distinct from the

edge or margin of the surrounding cytoplasm itself ; and the

same difficulty has presented itself apparently to other

observers, if one may judge from certain of their figures (e.g.

Siedlecki’s fig. 17 and Jollos’ figs. 22 and 28). Moreover,

the limit of the centrally situated, uniformly granular,

' The earliest cliaiige in the condition of the karyosome, namely its

<livision into two, may even take place before the fully formed merozoite

has been liberated from the “ barillet ” of which it has constituted a

segment.
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nuclear material is c'lt times so sliarp aud well-defined that it

might almost be regarded as a membrane. However^ now

and again one is fortunate enough to be able to focus a definite

line bordering the pale area in question on the outside^ which

most probably represents a true nuclear membrane. And
there are one or two other i-easous which support this view.

Thus Siedlecki (loc. cit.) states that he observed this clear

zone ill these forms of the para.site even in the living condition,

which shows that, in the strained preparations, it cannot

represent merely a shrinkage-space. Further, although this

zone appeal’s so clear and pale by comparison with the

parts of the parasite immediately suri’ounding, it is, never-

theless, occupied by something—probably in the nature of

nuclear sap—which is extremely faintly stained
;
that this is

actually the case is sometimes shown distinctly because of a

peculiar condition or appearance which is often, but not always,

presented by the karyosomes. These elements themselves,

especially the larger ones, i.e. when there are only one or

two, may be surrounded by a perfectly clear halo-like circle,

which is quite colourless
;

this halo round the karyosome

passes between it and the central nuclear substance, indenting

the surface of the latter, so that it forms a concavity or cup as

it were. The difference between this small, quite colourless

zone and the almost clear, faintly staining area, extending

around the periphery of the whole nucleus is sufficiently con-

spicuous. To sum up the matter, therefore, the kai'yosomes

must be considered as really intra-nuclear, situated in a

peripheral zone, which is very pale, and apparently consists

only of nuclear sap, the rest of the nuclear material, con-

taining a small amount of chromatin being aggregated to form

a central mass. I have not been able to see any delicate

threads or rays passing from this central mass to the limiting

membrane of the nucleus, and traversing the faintly-stained,

peripheral zone, nor does Jollos (loc. cit.) mention or

figure anything of the kind; but Chagas (5) has described

and figured “ liuiu threads,” having such a disposition in

the case of somewhat older phases of a new species of
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Coccidiau (“Adelea” liartman ni)/ in wliicli the nuclear

constitution and behaviour of the young schizont is very

similar (cf. also below, Note IV, where the nucleus of Leu-
cocytozoon is compared).

To return now to the behaviour of the karyosome. The

two subequal or unequal karyosomes result undoubtedly from

the division of the original large, single karyosome, which

takes place in a premitotic manner; for in a couple of

instances I have found the centrodesmose still persisting (cf.

fig. 42). There is no possible doubt about this division of

the karyosome
;
the process here appears to be just the same

as in Karyoly'sus lacerta), and my having found it in both

])arasites substantiates and corroborates Jollos’ account of this

behaviour of the karyosome in the youug schizonts of this

Coccidiau. While the early condition and behaviour of the

karyosome during this period is thus completely paralleled by

the above-described early phase of K. lacertae, the sub-

sequent course of events differs slightly in the two parasites.

In the Coccidiau, at a rather late stage, three or four karyo-

sonies are present (fig. 43, also fig. 3, PI. 10), most of which

are small and have obviously arisen by the further division of

one or both of the two above-mentioned daughter-karyosonies

(cf. also Jollos’ figure).^ That is to say, here the karyosome

continues to be separate and distinct from the general nuclear

substance (as is known from the ascertained further develop-

ment), whereas in K. Iacerta3 the karyosomatic chromatin

which is retained by the nucleus becomes distributed amongst

the general chromatic substance and no longer distinguishable.

It is necessary to emphasise this fact of the premitotic

division of the karyosome because, in recent papers, Reichenow

’ This parasite is regarded by Leger
(16 )

as the type of a new genus,

Chagasia.
- It may lie recalled that Siedlecki himself, in his original description

of this form, also states that tlie karyosome divides : thus, “ il [le

karyosome] donne, par bourgeonnement, naissance a des karyosomes

secondaires," and, again, “ surtout un karyosome, pairfois divise en deux

ou trois fragments.”
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(27) and Schellack and Reiclienow (32) have maintained that

no division of tlie karyosorne occurs in the above phase of

13arrouxia (“Adelea”), and consider that the secondary

karyosomes (i. e. the daugliter-karyosoines) arise de novo, by
independent formation from the general nuclear substance

;
in

regard to this detail the authors are certainly mistaken. More-

over, quite recently Chagas (loc. cit.) describes and figures,

in his account of Chagasia (Adelea) hartmanni, per-

fectly similar promitotic divisions of the karyosorne in

different phases of the life-history. I have a strong idea that

Reiclienow and Schellack, in arriving at the above conclusion,

have been influenced—if unconsciously—by the view which

one of them (Reiclienow) seems to have formed upon the

question of the karyosorne, its nature and significance, as a

result of his work on Haim ogre gar in a stepanovi. No
one is more sensible than am I of the great value of

Reichenow’s researcli, which has thrown full light upon the

complicated subject of the Haemogregarine life-cycle
;
but in

regard to this somewhat important cytological question I find

myself obliged to differ from him.

Hartmann and Chagas (10) have suggested that the reason

for this may be that as the particular parasite (H aem ogre-

gar ina stepanovi) upon which Reiclienow worked is a very

small one, tlie observation of minute cytological details and

clianges would be rendered more difficult and hence they may

have escaped detection. I do not altogether share this opinion ;

for one thing, I do not think H. stepanovi is much, if any,

smaller than the small forms of K. lacertae, where thekaryo-

some and its division can be made out without difficulty. I am
inclined to consider that, on the whole, the nuclear constitu-

tion and behaviour in H. stepanovi is as Reiclienow has

described it
;
and therefore, as a logical sequel, that this

species of Hamiogregariiie differs in one or two cytological

respects, such as the absence of a typical karyosorne, from

certain other Hmmogregarines and certain Coccidia. This is

the more probable, in my opinion, because of a fact which is

evident on scrutinising Reichenovv’s figures, namely, that the
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chi'ornatin of the general nuclear substance is very much more

prominent; i. e. in the form of numerous fairly large^ deeply

staining grains, than is often the case in the corresponding

phases of other parasites where a karyosome is present; and

just the same condition is seen in the closely allied species,

H. nicorim, accoi’ding to Miss Robertson’s description (loc.

cit.). If the nuclear appearance of these parasites is com-

pared with that, for instance, of the young phases of either

K. lacertm, H. gracilis (Wenyon [36]), H. lutzi (Hart-

mann and Chagas [10]), or of Barrouxia alpina (“Adelea

ovata”) or Chagasia hartmanni, a striking difference

is at once apparent; in the latter, most, sometimes nearly all,

of the chromatin is contained, for the time being, in a distinct

karyosome (or more than- one). It is especially in regard to

this absence of a definite karyosome that the two species of

Hmmogregarine from tortoises are interesting. Thus, Miss

Robertson expressly states that “
at no stage does H

.

nicorim show in its nucleus the karyosome so characteristic

'of Coccidia.” Now, in my opinion, H. stepanovi shows an

important intermediate condition between the type of nucleus

possessing a karyosome, as in the above examples, and a type

like that of U. nicoria), where this organella is quite

wanting. According to Reichenow, H. stepanovi has at

certain periods of its life-cycle (which, in general, correspond

to the phases when a karyosome is present in other forms) a

definite rounded body, situated near the periphery of the

nucleus, which is always very pule and faintly stained and

appears quite different from the prominent chromatic

grains.

Reichenow uses the term 'Aiucleolus ” for this body, and

this is most probably the correct name for this purticular

structure, and indicates its true nature; but my reason for

thinking so is not exactly the same as that given by

Heichenow. It seems clear from the author’s description

and figures that tlie body in question contains little or no

cliroinatin
;

it corresponds apparently to the true nucleolus

of an ordinary tissue-cell, i . e

.

a body consisting simply of
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plastiu or allied material. Reiclieuow, however, regards this

element as a nucleolus principally on the ground of its

behaviour during nuclear division, that is to say, its

disappearance and re-formation at different periods. Unfor-

tunately, Reichenow’s observations on this body in II.

stepanovi, whicli have led him to the conclusion that it has

the physiological significance of an ordinary nucleolus, have

prejudiced his view upon the true karyosome, which is some-

thing quite different. lie has, in my opinion, failed to grasp

what is the really essential feature of a true karyosome,

namely, that it is a chromatin-nucleolus, an organella

which holds or contains a large proportion of the entire

chromatic substance of the nucleus. His only reference to

this fundamentally important character is seen in the

following sentence:—''Was ihn [d. h. den Biunenkbrper

(Karyosom)] von dem echten Nucleolus untersclieidet ist,

abgesehen von seineni Chromatingehalt auf den wir keinen
grossen Wert legen diiifen, allein der Uinstand, dass er

bei der Kerntheilung erhalteu bleibt ” (the spaciug is mine).

Because he thus ascribes no importance to this, the principal

feature of the karyosome, he is able to persuade himself that

the typical " Binnenkbrper ” or karyosome in other cases is

the equivalent, practically speaking, of the body he has

described in U. stepanovi.

Further, Reichenow brushes aside as quite untenable the

usually accepted view that the karyosome behaves as an

intra-nuclear division-centre, which is founded on the reliable

observations of many previous workers. The admitted exist-

ence of the " Hantel-Figur ” he endeavours to explain by

supposing that it is produced by the karyosome being drawn

out into two parts by the separating halves of the dividing

nucleus. He appears to have adopted this attitude on two

grounds : in the first place, because he has found that the

nucleolus of H. stepanovi does not so divide, and secondly,

because he evidently doubts the existence at all of an intra-

karyosomatic centrosome and the occurrence of promitotic

division, so far as the Coccidia and Ilsemosporidia are con-
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cerued. In regard to the first point, the very fact that the

organella seen in H . stepanovi is a nucleolus and not a

karyosoine explains why it does not divide, as I hope to show

below (cf. pp. 213 and 214).

With regard to Eeichenow’s doubts about the occurrence

of promitotic division and the presence of an intra-karyoso-

inatic centrosome, I must say I think they are quite

unfounded. lu the first place, both my own observations on

the same Coccidian and those of Chagas on an allied form

support Jollos^ account (loc. cit.) in so far as regards this

detail. Further, I have found a precisely similar division of

the karyosome by means of a centrodesmose in an early phase

of the Haemogregarine, Karyolysus lacertm.^ And, as I

have previously remarked, the presence of a centriole within

the karyosome may be legitimately and reasonably assumed

where the occurrence of a centrodesmose is noted. From a

study of Trypanosomes, 1 know how difficult it often is to

actually distinguish the centrosome, even in the large kaiyo-

some of a relatively large individual, although the occurrence

of a centrodesmose in the division of the karyosome (e. g. of

the trophouucleus) has long been well known. Nevertheless,

Minchin and 1, in our notes on 'J'. rairn (20), clearly demon-

strated the actual presence of a centrosome in the resting

karyosome. Moreover, as regards the Hmmogregarines, since

Keichenow’s paper appeared, some interesting observations on

the leucocytic parasite of the dog, Ilepatozoon (Ilaimogre-

garina) canis, have been published by Wenyon (37). Here,

too, a distinct promitotic division of the karyosome is figured;

and iu the case of this parasite, the karyosome is relatively

very small in some phases, when it probably represents little

more than the centrosome itself. Even in the nucleus of 11.

stepanovi, it is not impossible that a centriole is really

also present, and it is just iu regard to this detail that 1 think

the suggestion of Hartmann and Chagas (10) may apply,

namely, that this minute granule may have escaped recog-

nition owing to the difficulty of distinguishing it amid the

* Cf. also footnote to p. 205.
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more prominent chromatic grains. In this comiection it

must be noted tliat i\Iiss Robertson (28) mentions and
fre(piently figures a small but definite granule in the nucleus

of II. nico rim, which is in no way distinguishable from the

pcrij)heral chromatin grains in size or staining reaction, but

which nevertheless appears to be different from the other

nuclear elements in so far that, in tlie primitive type of nuclear

division, it seems to form a centrodesmose. This minute

body may well be the centrosome; just as the central granule

which I have sometimes noted in the nucleus of K. lacertm,

when there is no longer a distinct karyosome, is also probably

one (cf. fig. 40).

It is a pity that Reichenow, in his able memoir, should

have thought himself at liberty to disn'gard or treat as

negligible the evidence afforded by the research of other

earlier workers, such as the classic instances of Coccidium
schubergi and Cy clospora caryoly tica, made known by

Schaudinn (30 and 31), which pointed clearly to the existence

of this characteristic promitolic division of the karyosome in

the respective parasites, and which has since been abundantly

corroboi'ated in other cases
;

to saj' nothing of his having

entirely failed to take into consideration that in several of the

lower Flagellates the occurrence of a centrosome and of

])romitotic division of the karyosome is now well established.

As it is generally agreed to-day that the Ectospor.-i (Telo-

sporidia) are descended from Flagellate ancestors, it might

be expected, on a priori grounds alone, that among Coccidia

and llmmosporidia some would be found to exhibit a similar

mechanism in their nuclear division.

I certainly do not think it is advisable to adopt such a

comprehensive generalisation as that postulated bj^ Hartmann

and Chagas and the followers of their school, namely, that a

central organella (centrosome) is present, as a general rule,

in the karyosome of all Protozoa; but I will at once admit

that I consider this idea considerably nearer the truth than

the view maintained by Richenow, that a centrosome is not

present in the karyosome in any of the cases mentioned
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above^ and that no proinitotic division of this body

occursd

Nature and S i g n i fi c a ii c e of the K a r y o s o ni e

.

I have laid stress upon this fact of the presence of an iutra-

karyosomatic centi-osoine because of tlie important bearing it

lias upon the question of the real nature and significance of

the karyosome, and because it helps to explain satisfactorily

the different behaviour of this body in different phases of the

life-history. In the first place, it is necessary to clear the

ground of Avhat I consider is a serious misconception of the

karyosome, which is largely fostered by the school of Hart-

mann, Niigler and others, and which appears to be based

upon the fact that this organella frequently leads the way in

nuclear division, and contains within itself a division-centre.

Now, the primary and principal meaning of the term karyo-

some is chromatin-nucleolus, i. e. a body consisting of a

plastin basis impregnated with chromatin
;

it might be con-

sidered unnecessary at the present day to have to emphasise

tliis essential character, but that this is not so is shown by

Ueichenow’s reference to it as one “ auf den wir keinen

grossen Wert legen diirfen !
” This is the sense in which the

word was first used, and on account of which it has been

adopted by most authors (cf. Labbe (13), Minch in (19),

Siedlecki (33 and 34), Wilson (38) and others). Schaudinn, in

his celebrated memoir on the Coccidia of Lithobius also

says: “ Jeden Falls unterscheidet sich das Karyosom der

Coccidien von den echten Nucleolen der Metazoenzellen

scharf durch seinen Chromatingehalt.” But in many recent

papers by members of the school of thought i-eferred to above,

a strong tendency is noticeable to assume that the possession

of a centrosome and of the function of acting as a division-

centre is to be definitely associated with the idea of a kaiwo-

soine as a whole and to be implied in the meaning of the

' See also the account given in Note lY of the imclear structure of

fmucocy tozoon niul H:i 1 ter i d i u in, in hotli of whicli division-centre

and centrodesinoso are clearly shown.
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term, as a definite attribute of this body; tlins, Hartmann
and Chagas (11) say: “Man kann daranfhin jetzt den

Begriff des Karyosoms direkt von dem Vorhandensein eines

Centrioles [Centrosoms] abhiingig machcn.” This notion

lias been elaborated to sucli an extent that the whole karyo-

some, that is to say, chromatin-nncleolns + centrosorne, has

come to be regarded as a distinct entity, <a locomotor or

kinetic centre; its chromatin is the “kinetic component,”

while the surrounding chromatin, scattered through the

nncleoplasm or nuclear sap, is the “generative component”

(the second nuclear type of Hartmann and Chagas).

Now, in my opinion, this idea of the karyosome is very

forced, besides being really quite unsupported by any

evidence. For one thing, I do not consider that the Avhole

karyosome (i.e. chromatin-nucleolus + centrosome) can be

regarded as representing a defiiiite unit or “ locomotor-

centre ”

;

it may happen, in fact, that the intrinsic division-

centre is outside and distinct from the karyosome (as in

Spongomonas, for example, figured by Hartmann and

Chagas, and cf. also the “ nucleo-centrosome ” of Adelea
zonula, according to Moroff (21). Again, the condition

shown by the true Binucleata, the Trypanosomes and their

a,Hies is quite against this interpretation. Here there are

two separate nuclei—a locomotor nucleus (kinetonucleus) and

a vegetative one (trophonucleus)
;
to this, of course, Hartmann

and Chagas assent, saying (loc. cit.) that “ zwei verschieden

differenzierte Kerne in der Zelle vorhanden sind, einer

[trophonucleus] vorwiegend mit der trophisch-generativen

Komponente, der andere [kinetonucleus] vorwiegend mit der

lokomotorischen Komponente.” But nothing is more certain

than that the trophonucleus of a Trypanosome possesses a

large, conspicuous karyosome, containing most of the

chromatin of the nucleus, and also a distinct centrosome

(centriole) ! If, therefore, the karyosome in this case is a

trophic component (which is, indeed, the most reasonable

view to take), whatever ground is there for supposing that,

in the passive, intra-cellular Coccidian, the equally large and
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conspicuous karyosome represents a kinetic (locomotor) com-

ponent ? Moreover, another idea prevalent in the writings of

the adherents of this school, which is strongly to be deprecated,

is that of contrasting, as two opposed constituents, kinetic and

generative components of the nucleus. These two things are

not strictly comparable or opposable at all. On the one hand,

the essential kinetic components are the achromatic elements

—centrosome, centrodesmose, and so on
;
and in all proba-

bdity these take part in effecting the division of generative

cliromatin as well as of vegetative (trophic) chromatin. And,

on the other hand, where a separate kinetomicleus is present,

which may be regarded as standing in a special relation to

the locomotor activities of the 'I’rypanosome, there is no

reason whatever for supposing that the chromatin of this

nucleus is less generative in character than that of the tropho-

nncleus.^ In short, I cannot share the above view of the

locomotor or kinetic natui-e of the karyosome as a whole

at all; it is the contained centrosome, not the

chromati n-n ncleolus, that brings about the division. The

so-called Ilantel-Figur ” is really the result of the gradiial

(passive) separation of the two halves of the karyo.some as

the centrodesmose extends."

It seems to me very much better to return to the earlier

manner of regarding the karyosome, which has been well set

forth and discussed by Siedlecki (34 and 35 j, namely, that it

is an organella, whose principal function is to store up reserve

chromatin—and particularly trophic as distinct from genera-

tive chromatin— for use as and when required by the nucleus,

or, as the case may be, for elimination if not required. This

theory undoubtedly fits in best with the known variations in

' Tliis point was enipliusised hy me so long ago as 190(1 in my
analysis (40) of Scliaiulinn’s celebrated work on tlie parasites of the

little owd.

- Tlie same interpretation is in all probability to be ap2)lied to the
" nncleolo-centrosome ” (Keuten) of Euglena, esjiecially as Hartmann
and Chagas (loc. cit .) liavesliown that

2)romitotic division of tlie karyo-

some, by means of a centrodesmose, occurs in another Englenoid,

Peranema t richoj) horum.
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behaviour of the karyosome at different periods of the life-

cycle. For instance, as regards the Coccidia, speaking

generally it may be said that during the schizogonic, vege-

tative phases, the karyosomatic chromatin becomes subdivided

up, in a premitotic manner, amongst the daughter-individuals;

on the other hand, as a rule, on the approach of the

•sporogonic part of the cycle—frequently during gametogony

or else early in the history of the zygote—the karyosome

is mostly eliminated, a “ nuclear purification ” of the nnre-

quired, trophic chromatic material taking place.^ Moreover,

in connection with this view, a very simple explanation can

be offered of the presence of an intra-karyosomatic centro-

some, one which appears to me to render quite unnecessary the

involved conception of the karyosome discussed above. It

must be remembered that the premitotic type of division,

which is the type found where the centrosorne is contained

within the karyosome, is of a primitive character, as its name
implies. It is most likely that the reason why the centrosom.e,

i.e. the intra-nuclear division-centre, is inside the karyosome

in such cases is simply because the latter body does contain,

for the time being, the larger proportion, or it may be nearly

all of the chromatin of the nucleus, the division of which it is

the function of the centrosorne to bring about and regulate
;

in other words, because, having regard to the primitive

character of the mechanism, the function of the division-centre

is the better performed the more intimately it is associated

with the chief chromatin-containing constituent of the nucleus.

Further, on this view a separation of centrosorne and

karyosome, as the nuclear development reaches a slightly

more advanced stage, would be readily intelligible. Such an

occurrence of the division-centre distinct from, or inde-

pendent of, the karyosome (but at first, of course, remaining

intra-nuclear) may have been brought about in more than one

way. Thus it may be the result of a more elaborate develop-

' It may he noted that Leger and Duhoscq (17), in their adniirahle

account of the sexual processes among Gregarines, also adopt this

interpretation of tlie elimination of karyosomatic material.
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inent of the lueclianisra of division
;
an example of this is

seen in the case of Spongomonas, to which reference

has previously been made, where the centrosome passes out

of tlie karyosome at the period of division and a definite

mitotic figure is formed. Or, on the other hand, it may be

due to the development of another type of nuclear structure,

where, either during certain phases in the life-history or

throughout the Avhole cycle, there is no longer a karyosome

present in the nucleus as such, but the chromatin is more or

less uniformly distributed on a reticulum throughout the

general nuclear substance, in the middle of which the

centrosome may persist.' And it is in this direction that tlie

nuclear constitution has apparently developed in the Haemo-

gregarines. Lastly, a further stage in nuclear evolution

would be reached by a combination of the two lines of

development indicated, i. e. by the elaboration of the nuclear

structure itself, associated with a more perfect development

of tlie division-mechanism
;
and thus a condition might be

arrived at such as is seen in the danghter-nuclei formed

during the period of nuclear multiplication, whicli precedes

gamete-formation, in many (Iregarines (cf. the figures of

Brasil [4J, Leger and Duboscq [loc. cit.], Woodcock [39]),

wliere we find perhaps tlie highest grade of nuclear

constitution and mode of division attained among the

Sporozoa.

‘ It is important to note that even where a division-centre is certainly

pi-esent during particular phases of a life-cycle, this may nevertheless

be wanting, or at any rate not recognisable, during other periods of the

same life-cycle. Thus, in many Coccidia (e.g. Coccidium schu-

hergi, Cyclospora karyolytica, according to Schaudinn), the

division of the definitive nucleus of the zygote to form the sporoblast-

nuclei is direct; hut, on the other hand, in Ad e lea (cf. A. ovata,

mesnili [Perez, 25] and hartmanni) the sporogonic divisions appear

to be promitotic, i. e. more or less compai-able to the schizogonic ones,

allowance being made for the absence of a karyosome). Again, in the

nuclear divisions of the sporont of the Gregarine, Diplodina irregu-

laris, I have shown (39) that the first ones are direct (amitotic), the

later ones mitotic.

VOL. 58, PART 1. NEW SERIES. 14
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We are now in aposition to summarise, compai-atively, the

various types of nuclear condition which have been described

in different Hgemogregarines. InKaryolysus lacertaa a

defiuite karyosome is present in the youngest schizonts. This

undergoes premitotic division which is usually unequal. The

smaller half divides again, and the resulting portions ulti-

mately become incorporated with the general nuclear matei ial ;

the larger half of the karyosome, on the other hand, is

eliminated from the nucleus and passes to the suiface of the

body-protoplasm, becoming altered and probably partially used

up by the cytoplasm in its passage.^ As already mentioned,

I am of the opinion that the division-centre persists in the

modified nucleus and can be seen at times as a definite centi-al

gi’anule. I am unable to say whether a karyosome is deve-

loped again in a later phase of the life-cycle. In Hepato-
zoon (Hasmogregarina) canis, according to Wenyon (37),

the karyosome pei-sists throughout the schizogony, its division

occurring in the usual prornitotic manner; in this case, the

body regarded by Wenyon as a karyosome is very small com-

paratively, andj I should say, represents little more than the

intra-nuclear division-centre itself. Wenyon does not mention

whether he observed any elimination of chromatic material

before or during schizogony. On the other hand, in HEemo-
gregarina nicoriae a karyosome cannot be distinguished at

all, the nucleus appearing in all phases to have its chromatin

more or less regularly distributed upon a reticular framework

a definite intra-nuclear centrosorne is regarded, however, as

being present. H. stepanovi shows, as T consider, a very

interesting stage in the disappearance of the karyosome as a

distinct organella. In certain phases a nucleolus is present,

' It is instructive to note that a similar elimination of karyosomatic

material before the yoimg schizontfproceeds to nuclear multiplication

is described by Averintzeff (1) in the case of Barrouxia sp., parasitic

in Cerebratulus. The process may apparently take place according

to one of two slightly different modes, the second of which funiishes a

close parallel to the nuclear behaviour of the corresponding phase in

Kary oly sus.
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occupying the same excentric or peripheral situation iu the

nucleus which is occupied iu other forms (e.g. Karyolysus,
Adelea”) by the karyosome. I suggest that this element

represents the plastin basis of an ancestral karyosome, the

chromatin which it originally stored having become now
(permanently) distributed through the general nuclear

material in the form of numerous large conspicuous grains.^

In this connection an observation made by Reichenow is

significant. He found that in the young growing schizont,

chromatic substance is regularly eliminated from the nucleus

and cast out of the cell-body of the parasite, i. e. a precisely

similar occurrence to that seen in Karyolysus and

Barrouxia sp. Reichenow is uncertain whether it is the

nucleolus Binnenkorper ”) which is thus got rid of; hut, as

he himself points out, the fact that the nucleolus is always very

faintly stained, while the expelled element stains on the con-

trary deeply and is manifestly chromatic in origin, is against

this view. Moreover, I may point 'out that iu slightly older

schizonts again, the nucleolus is still present in the nucleus

(c f. Reichenow’s figs. 73-75). Hence it is more probable

that this eliminated chromatic substance is derived from the

general nuclear chromatin. As this process here doubtless

has the same object as the corresponding one in other

parasites, the inference is that the chromatin which in other

cases is stored up in the karyosome is in H. stepanovi

incorporated with the rest of the chromatic material of the

nucleus, the plastin basis of the karyosome alone remaining.

On this explanation, and having regard to the views I have

expressed above, it is readily understandable why the

nucleolus does not divide, with the formation of a “ Hautel-

Figur,” a fact which appears to have puzzled Reichenow.

There is no need for a division-centre to be present in the

nucleolus because it no longer possesses the chromatin of a

* So prominent are these grains and apparently in ceidain phases

usually of a fairly constant number (i. e. within limits) that Reichenow

is inclined to regard them as definite units comparable to chromo-

somes.
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karyosome (chi’omatin- nucleolus). If, as seems to me quite

possible, a centrosome does occur in H. stepanovi, this is

most likely to be in the centre of the chromatic network

of tlie nucleus.

Before concluding this section, I should like to add a few

remarks about the nuclear condition seen in the piscine

llmmogregarine, H. triglae, to make a comparison with which

was my original intention in commencing to study the

nucleus of K. lacertse. Minchin and Woodcock (loc. cit.)

found that in both the small forms and the two large types

of the parasite one or two large grains are frequently, though

not invariably present, situated either close to the nucleus, or

some varying distance from it; these bodies are very deeply

stained and prominent in films stained by iron-hmmatoxylin.

The nucleus itself appears comparatively pale and consists

of small grains of chromatin, often somewhat faintly stained,

on an irregular network. In Giemsa-stained smears it is

difficult to distinguish this grain (or grains) when close to

the nucleus. In our paper describing H.triglfe we regarded

these elements as not chromatic, but rather of the nature of

centrosomes. The extra-nuclear position of the body, together

with the fact of its being often paired, seemed to us very

much against its representing a karyosomatic element.

Moreover, the appearance of these grains after being stained

with Twort’s stain did not, in our opinion, furnish sufficient

evidence in favour of their being chromatic. It is true that

in freshly made preparations they were often stained red, i.e.

with the neutral red, the chromatin staining constituent of

Twort
;
but they had no strong affinity for the I’ed, because

in preparations which had been made some time the red tint

had quite vanished from them, although the nucleus itself

retained the red colour. I think we were misled by this

behaviour after Twort. While it may be said that only

chromatic elements are stained red by this stain, I think

now that it is nevertheless quite likely that chromatin in

some states or conditions may possess only very slight

affinity for the neutral red.
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Discussing at the time the question of the Hajinogregarine

nucleus, we considered this to be of a distinct type, entirely

lacking a karyosome. Boruer (3), in his account of Eeptiliau

Haetnogregariues (the best, as regards cytological details,

which had been published up till then), had expressly stated

that he never in any case found a karyo.'Ome present.

IMoreover, mentioning the matter in conversation with Miss

Robertson, she also agi’eed that the Hcemogregariiie upon

which she was at the time working (H.nicoriae) also had no

karyosome associated with its nucleus. The only mention

in the literature up to then of the occurrence of a karyosome

in the nucleus of a Haemogregarine was by AVenyon (36), in

the case of certain phases of H. gracilis, from the liver of

Mabuia. It appeared to us at that time highly probable

that Wenyon had mistaken phases of some Coccidian parasite

of the liver foi’ phases of the Htemogregarine, particularly as

other, rather similar stages figured by Wenyon, which were

undoubtedly referable to the life-cycle of H. gracilis,

showed no karyosome in the nucleus. In the light of the

observations discussed in the present paper, I willingly

admit that our opinion was very probably mistaken, and

that Wenyon may have been quite right in attributing all

the phases he figured to the life-cycle of H. gracilis.

In short, it is now jierfectly clear that the Htemogregariue

nucleus cannot be considered as being of a distinct Dqie, but

that, on the contra.ry, it shows close agreement with, or is

easily derivable from, the Coccidian nucleus. Either a

definite karyosome is present, at all events during some part

of the earlier (schizogonic) phase of the life-history, when it

behaves in a manner quite parallel to what is found in certain

Coccidia, or else its complete absence is readily accounted

for by a consideration of its behaviour as the development

{>roceeds in those parasites in which it does occur.

Therefore, in the case of II . t riglae, it is most probable

that the conspicuous grains also represent karyosomatic

elements, and that they do contain chromatin in some form or

other. In our preparations we did not observe any division-
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figures, but it is uot unlikely tbut where two grains are

present, they have originated by the division of one, if com-

parison is made with the somewhat similar condition seen in

Kalyolysus and “ Adelea.” Whether, again, a portion of

the chromatic material is used to replenisJi the chromatin of

the reticulum, or whether it is all unrequired and eliminated,

I am unable to say. No definite centrosomic granule was

noticed within the nucleus itseU'.

Note to Part III.

Since this part was written my attention has been called

to an important paper by Debaisieux (6a), on the Coccidia of

Lithobius. I am only able here to indicate briefly the

conclusions arrived at by this author, in so far as they bear

upon the chief points which have been considered in the

above section. Debaisieux also finds, as do Schellack and

Reichenow, that phases of more tlian one parasite have been

confused in previous descriptions of Adelea ovata. No
reference whatever is made, however, to Schellack and

Reichenow’s note—an omission which is to be regretted.

Debaisieux agrees that there is no double (or sexual) schizo-

gony in the true Adelea ovata; but whereas Schellack and

Reichenow refer those phases which do not belong to Adelea
to Barrouxia alpina, Debaisieux refers them (at any rate,

those observed by Jollos) to Coccidium lacazei. I am
very pleased to find that Debaisieux also entirely upholds the

occurrence of a true division-centre (centrosome) and of

promitotic division of the karyosome, as described by Jollos

(loc. cit.)
;
though it may be mentioned that, as regards the

precise modes of nuclear behavit)ur and division in the later

stages of schizogony, he differs in certain points from that

author. Further, Debaisieux takes a view upon the nature and

significance of the karyosome quite similar to that which 1

have mentioned above; and this author also dissents from the

ideas about the karyosome propounded by Hartmann and his

school.
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IV. The Nuclear Structure op Leucocytozoon and

Halteridium; the Significance op the So-called

Binucleate Condition in these Forms, and its bearing

UPON the Affinities op the HiEMOSPORiDiA.

The observation of tlie occurrence of a distinct karyosoine

in certain Hiemogregarines led me to study agaiu, from tliis

point of view, the much-discussed nuclear condition found in

the gametocytes of Leucocytozoon and Halteridium.
As is now well known, female individuals of both these

parasites, when stained by some modification of the Roman-
owsky method, show besides the ordinary nucleus, which is

stained red, another very definite nuclear body, which stains

much more deeply than the other, and at times appears almost

black
;

this additional chromatic element may be either close

to (in contact with) or quite separate from the nucleus. In

the case of Halteridium this body has, in female individuals,

the form of a conspicuous grain, but in the distinctive indi-

viduals which have been regarded as neutral or “ indifferent
”

(which, it may be incidentally remarked, seems to occur only

rarely), it is even more prominent and may be almost as large

as the nucleus. In the case of male individuals, however, I

have not succeeded in making out anything comparable to this

structure. As I have previously described and figured the

appearance shown by Hal ter i di u m f r i n gil 1 le, when stained

by Gienisa, I need not refer further to it
;

I have found exactly

the .same appearance in Halteridium noctuae of the little

owl.

In the case of Leucocytozoon ziemanni, the celebrated

Leucocytozoon of the little owl, the additional chromatic

body is very large and prominent in the female gametocytes

(PI. 10, figs. 4-6), and by no stretch of imagination can it be

regarded merely as a grain ! Anything more like the tropho-

nucleus and the kinetonucleus of one of the large “blue”

Trypanosomes present in the same bird might be expected to

appear, in a resting, intra-cellular condition, it is impossible
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to suggest
;
and I well remember that when I first saw such

individuals in preparations, really well-fixed and stained,^ I

felt no more doubt that Schaudinn’s view would prove to be

correct than I felt about being at Rovigno. In my opinion,

this remarkable resemblance was the foundation upon which

Schaudinn built up his whole theory of the ontogenetic con-

nection between the Trypanosomes and the intra-cellular

parasites (Leucocy tozoon and Halteridium) of the little

owl. To return to L. ziemanni, in the male gametocytes

the great majority here also show no chromatin body in

Giemsa-stained smears besides the large, oval, diffuse nucleus,

tlie scattered granules of which stain faintly a pale red (fig. 7).

Occasionally, however, two or three small bodies or grains,

which may differ slightly in size and which stain red some-

what more deeply than the nucleus, can be made out situated

close together near the margin of the nucleus, forming as it

were a clump almost in contact with it (fig. 9). These small

structures are really only conspicuous in individuals which

are if anything over-stained. Nevertheless the elements thus

occasionally indicated in the nucleus of the male forms,

stained by Giernsa, are found to be practically as constant in

occurrence, in films stained by iron-haematoxylin, as is the

single large body present in the female forms.

' This remark is not made with any idea of self-praise
;

it is by no

means an easy matter to obtain Leiicocytozoon well fixed and
stained, even according to the Romanowsky method, so as to show the

nuclear structure pro^jerly, and also the different parts of the host-cell,

in their true form and relation to the i^arasite. It is only necessary to

glance at many of the figures of different species of Leucocy tozoon
hitherto published to realise this. Either the parasites are hopelessly

distorted and flattened out (cf. Dutton, Todd and Tobey’s figs. [2]), or

the only sign of a nucleus is a space-like area in the middle of the

cytoplasm (as in some of Mathis and Leger’s recent figures [3]) ;
some

of Wenyon’s figures, too, of L. neavei (8) are far from giving an

accurate representation of the form and nuclear details. My figures in

the present paper, as also those of L. fringillinarum in a previous

memoir (9), show approximately the true nuclear appearance, as will be

seen when the condition found in wet-fixed preparations stained by iron-

hsematoxylin is discussed.
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The study of these g’anietoeytes of Leucocy tozoon in

films stained with iron-haematoxylin is most instructive.

Berliner, in his account of Flagellates (1), has also given

figures of the intra-cellular pai-asites, Leucocytozoon and

Halteridium, stained in this manner, with the idea of

showing that they agree with the Binucleata in the possession

of two nuclei (i.e. the occuri-euce of nuclear dimorphism);

he does not, however, give any description of the details of

unclear structure. As regards the female forms, the figures

given by Berliner show, on the whole, the same appearance

as that which I have found.

Taking a general view, as it were, first, of the nuclear

structure of the female gametocytes (figs. 11-17), this is seen

to be, in many respects, of a similar type to that of the

young schizonts of “Adelea.” For the most part the

nucleus consists of a fairly large, central mass, which

appears finely graunlar and stains to a moderate degree

;

surrounding this the same clear, almost colourless zone can

usually be made out, which is present in ‘^Adelea’'’ (cf.

figs. 1-3). Berliner figures well-marked rays traversing this

narrow zone
;
now and again I am inclined to think I have

caught a hint of the presence of one or two of these rays,

but ill my preparations they are so faint and elusive that it

is difficult to be certain. Standing out conspicuously by

reason of the intensity with which it stains is the large

chromatic body, which is so prominent in Giemsa-stained

smears; this is always spherical and generally surrounded by

a distinct halo, as is the karyosome in “Adelea.” It is

usually in close association with the nucleus proper, though it

may be distinctly separate from the latter, as in fig. 11, but I

have never seen it so far removed as 1 have found it in

Giemsa-stained preparations (cf. figs. 6 and 8). In two or

three cases 1 have observed two such bodies, of unequal size,

and neither so large as when there is only one, lying at

opposite sides of the central mass (Kgs. 12, 17) ;
the resem-

blance of the nuclear condition in such cases to that seen in

figs. 1 and 2 of “Adelea'’ and figs. 21, 2G, PI. 9, of
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Karyolysus, in a preceding note, is striking. This occur-

rence is apparently infrequent,^ but the observation of it has

considerably helped to influence me in my decision to relin-

quish, as no longer tenable, the view I have formerly held

respecting the origin and significajice of this much discussed

element. Regarding this body (or bodies) in the light of the

nuclear constitution existing in certain phases of “ Adelea,”

and especially bearing in mind the fact that I have myself

made knoivn above a similar karyosomatic condition in a

blood-parasite, Karyolysus, the conclusion seems to be

forced upon one that here also we have to do with a true

karyosomatic element, and not, after all, with a body com-

parable to the kinetonucleus of a binucleate Flagellate.

In regard to the finer cytological points, the nucleus of

these female gametocytes differs slightly from that of the

early schizonts of “Adelea’^ and Karyolysus, as might

indeed be expected when the different nature and subsequent

development of the two types of indidual is borne in mind.

In those cases where there are two unequal-sized karyo-

somatic bodies (as I intend to designate these intensely

staining elements in future), I cannot say whether they arise

by the division of a single original one, in a primitotic

manner, though I think this quite likely. I have not observed

a spindle connecting them, but that may be because I have

only found very few individuals in which there are two of

these bodies. On the other hand, there is certainly a division-

centre in connection with the central part of the nucleus, for

not infrequently a distinct spindle (centrodesmose) is seen

stretching between two granules, one of which stands out

particularly from the more faintly stained chromatic material

(figs. 1 1, 14). One of Berliner’s figures also show this centro-

desmose. The two granules connected by this spindle appear

to be situated at the peri])hery of the central mass, and one is

usually larger and more prominent than the other. In one

instance I have observed a spindle running frotn the larger

‘ It is somewhat remarkable that, in Giemsa-stained smears, I have

never noticed two of these structures associated with the nucleus.
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granule to tlie karyosotne (fig. 16). The larger granule may
be present without there being any spindle or smaller granule

(fig. 13). Very frequently close to this large granule is

another one of about the same size and appearance
;
but this

latter appears to lie always outside the central mass of the

nucleus, at the outer edge of the clear, surrouuding zone

(figs. 14-16).

Turning now to the male gametocytes, there is always a

large, oval nuclear area. As in Gieinsa-stained smears, this

is more usually very faintly stained (figs. 18-22)—remarkably

so for a nucleus after irou-haeniatoxylin. It consists apparently

of a loose reticulum with fine granules scattered throughout

it. Here, also, this oval area is surrounded by a more or less

distinct clear zone, but I have never, in this case, been able

to make out any traces of rays crossing it, though Berliner

(loc. cit.) just indicates a few in one of his figures pur-

porting to be of male gametocytes. Berliner’s figures

of male individuals, however, are much less satisfactory

than those which he gives of female ones; and, in

fact, I am very much inclined to doubt their lepre-

senting male forms at all, for reasons which 1 will

mention shortly. In the majority of cases the outer limit of

the nucleus, external to the narrow, clear zone, is moie or

less stiongly impregnated with chromatin, in the form of

distinct granules, which stain deeply, and in optical section

constitute a prominent chromatic ring, sharply delimiting

the peripheiy of the nucleus (figs. 20-23). It is noteworthy

that this well-marked peripheral zone of chromatic grannies

in the male nucleus is apparently never to be observed in

Giemsa-stained smears; it is not obvious iu <any of my pre-

parations (for instance the individual of fig. 7 is on a smear
made at the same time as the cover-slip preparation on
which is the parasite of fig. 21), nor is it shown in any
figures hitherto published. However, this zone is not always

apparent, even iu iron-htematoxylin preparations; thus the

individuals of figs. 18, 19 do not show it. Although, of

course, the intensity of staining and the degree of extraction



220 H. M. WOODCOCK.

have a marked effect upon the prominence of this chromatic

zone and the apparent size of the granules composing it,

as equall^^ upon the appearance of the host-cell nucleus

(cf. tigs. 22, 23), nevertheless I do not tliink tlie seeming

absence of the zone in the instances mentioned is due, to

any great extent, to the technique, i.e. to a less intense

staining or to an excessive amount of extraction
;
for one

thing, both the host-cell nucleus may be more intensely

stained, and the host-cell itself, i.e. its spindle-like pro-

longations, more readily disceimible, in cases where the

nucleus shows no chromatic zone than in cases where it does

(cf, figs. 18, 19, and 20, 22). Again, while all the prepara-

tions made from one infected owl may show the chromatic

ring prominently, in those made from another bird this

feature will be either not nearly so strongly marked, or else

not discernible at all; this fact also points to a difference in

this condition, in different cases or at different periods.

I may emphasize the fact that I have never observed it in

female gametocytes.

Almost constantly associated with the male nucleus is a

group of small, spherical, deeply staining elements. Very

generally these are three in number; a larger, more external

one and two smaller ones, of approximately equal size. The

larger body is situated at the edge of the nucleus, or just

outside the border or periphery (figs. 18, 19), and is often

surrounded by a distinct halo. Both in position and appear-

ance this element agrees closely with the large, conspicuous

body associated with the nucleus in the female gametocytes,

the only apparent difference being that it is never so large
;

and I do not hesitate to suggest that it represents the same

organella in the male forms, namely a karyosorne. Why this

chromatic element should stain so much more easily and

intensely with Giemsa in the case of the female individuals

than it does in the male forms is, another instance of the

peculiar and misleading vagaries of this stain. The two

smaller elements 1 have mentioned, which apparently repre-

sent a pair, are situated at about the limit of the central
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diffuse area of the nucleus, i. e. just internal to the narrow,

clear zone (figs. 18, 19) ;
(of course the disposition of these

various organellse can only be correctly ascertained when
they happen to lie in the plane of optical section). The two

granules are sometimes connected by a short but distinct

spindle (fig. 22) ;
and iu one case (fig. 21) I have observed a

spindle joining one of these granules to the larger body

(karyosorne).

It remains now to compare these granules occurring in the

male nucleus with those described above in the female nucleus.

It is highl}’ probable that the pair of granules in the male

form corresponds to the two approximately equal-sized

granules seen in the female gametocytes of figs. 14-16, near

the periphery of the nucleus. There is a marked agreement,

moreover, between the nuclear condition shown in figs. 21

and 16, of male and female individuals respectively, where

the large karyosome is still connected by a fibril with one of

the two granules. A distinguisliing feature in all the cases

I have observed is that iu the female nucleus the paired

granules are radially arranged, while in the male they are

tangentially arranged. The condition seen in the female

individual of fig. 11, where the inner of the two granules has

undergone a further unequal division, a still smaller granule

remaining connected with it by a distinct centrodesmose,

apparently represents a later phase which I have not seen in

a male gametocyte. An important question is: Are these

paired granules to be regarded as constituting kinetic elements

(centrosomes) solely, or as representing small karyosomatic

elements (i.e. containing alko chromatin) ? 'I’liat they contain

a division-centre does not require to be emphasised, as this

fact is clear from the various ceutrodesmoses I have described

and figured in connection with them, in both male and

female nuclei. In my opinion it may be regarded as certain

that the very small peripheral granule seen, for instance, in

fig. 1 1 is a centrosome (or centriole), still in connection with its

fellow one; as, howeser, the body at the other end of the

fibril is slightly larger, it may be, perhaps, that this latter
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element is really a very small daugliter-karyosome, possessing

a certain amount of chromatin which encloses the true

centriole (cf. the very small karyosoine and centriole in

Hepatozoon can is, see p. 203). If this be so, the other

g'ranule of the pair must also be interpreted as a small karvo-

somatic element, and, of course, also the corresponding pair of

granules in the male nucleus.

To understand the exact significance of the somewhat

complex system of divisions and resulting elements which I

have described, a study of their behaviour during the further

development, i.e. gamete-formation and fertilisation, would

be necessary. From a consideration of figs. 14-16 it may
})erhaps be suggested that the more external of the paired

granules, situated usually just outside the clear nuclear zone,

represents a further elimination of nnrequired nuclear material,

j)ossibly a kind of maturation-process; but I have no indica-

tion whether the same explanation holds good in the case of

the male forms. Lastly, with regard to the lai’ge kai-yosome

itself. Does this body contribute any of its store of chromatin

to the general chromatic material dnriug the growth of the

gametocyte, or is it entirely eliminated as unnecessary ? In

this connection one point which I have noticed may be

mentioned. The karyosoine is slightly but distinctly larger

in a male nucleus wdiich does not show the chromatic zone

than in one which possesses this feature (cf. figs. 18, 19, and

20, 22). This may possibly indicate, in the latter case, some

augmentation or replenishment of the chromatin of the general

nuclear substance and a corresponding diminution of the

amount held by the karyosorne.

It will be clear, I think, that in regard to the essential

features the nuclear constitution of both male and female

gametocytes of Lencocy tozoon ziemanni shows a close

agreement, and this notwithstanding the apparently pro-

nounced differences shown when they are respectively stained

by Giemsa. It is remarkable how constant in appearance, on

the whole, the nuclear condition is found to be
;
and this fact

adds, of course, to the difficulty of interpreting the elements
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observed While, however, the male and female nuclei of

Lencocy tozoon are fundamentally similar in type, there is

no possibility of mistaking the one for the other, even in films

stained by iron-haematoxylin, on account of the constant diffe-

rences in detail. As I have already mentioned, Berliner’s figs.

50 and 53, PI. 29, which he regards as representing male

gametocytes, do not agree at all with the characteristic appear-

ance I have found and above described. The nucleus itself is

figui-ed as round, instead of being, as it almost invariably is, a

pronounced oval in shape
;
and although it is somewhat larger

than that of the female individuals which Berliner figures, it is

nothin ike the size which the male nucleus usually is. More-

over, the central area is stained more deeply, like that of the

female forms, instead of being pale, even paler than the sur-

rounding cytoplasm, as in the male forms; and lastly, there is

no sign of the peripheral chromatic zone, d'he associated,

intensely staining body is also very large, like the karyosome of

the female gametocytes, and there is no indication of the small

])aired elements close to it. In short, I feel almost certain that

the individuals figured by Berliner as of male sex are leally

also female forms (cf. his fig. 50 and my fig. 13, for instance).

1 have dealt first with the nuclear structuie of Leuco-
cy tozoon for two reasons: firstly, because in spite of its

somewhat complex character it is not nearly so difficult to

make out satisfactorily, on account of the large size of the

parasites and the absence of pigment-grains, as is that of

Halteridium, when fixed by a wet method and stained with

iron-ha?rnatoxylin
;
and secondly, because it is more readily

comparable with the nuclear condition found in the young
forms of “ Ad e 1 ea ” and Karyolysus. I have now to con-

sider the nucleus of Halteridium, and will aarain besrin with

the female gametocytes. Berliner (loc. cit.) in the explana-

tion of his figures of this parasite says nothing at all about

the sex
;
so far as his figs. 58-GO, of fairly large or adult

individuals, are concerned, these certainly represent female

forms. No male forms are figured, just as I maintain is the

case with his figures of Leucocy tozoon. The appearance
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of the female gametocytes, according to Berliner, also agrees

on the whole with the condition I have found. In most

individuals the nucleus has a close resemblance to the charac-

teristic flagellate type of nucleus. It appears as a very cleai-,

round area, of relatively small size, which is sharply maiked

off from the surrounding cytoplasm and is most probably

limited by a definite tnembrane
;

in the centre is a prominent,

intensely staining karyosome (figs. 24-27). Berliner figures

distinct rays passing from this central karyosome to the peri-

phery of the nucleus. I certainly believe in the presence of

these rays, serving, as it were, to sling the karyosome in

position, but I cannot figure them for the simple reason that,

even under the best optical conditions at my disposal, I am
unable to actually see them myself; and I may say that

others, who have kindly scrutinised several individuals on

mv preparations with this object, have also failed to discern

them. Nevertheless I remember perfectly well once show'ing

one of tbe«e preparations to my colleague Miss Robertson,

then working in this laboratory, and she distinctly saw some

rays in two or three cases, and sketched them forme. Hence,

in the determination of these extremely delicate and difficult

points one’s own powers of vision are an important factor.

Very frequently, at one side of the nucleus and usually close

to, almost in contact with the membrane is a distinct granule,

which is small and does not stain black so intensely (figs. 24-

27). Now and again an obvious fibril or spindle connects

this granule to the karyosome in the nucleus (cf. also

Berliner’s figures).

'riiis was the nuclear constitution of Halteridium as I

knew it when I wrote the postscript (a propos of Berliner’s

figures) to the paper by Minchin and myself (5) on the

comparison of the nuclear structure of Hfemogregari n a

triglge and Trypanosoma raiae, and when I wi’ote the

note on Halteridium fringillae in my first study on

Avian Hacmoprotozoa (9). It will be generally admitted, I

think, that in view of the pronounced difference shown between

this type of nucleus and that of Hasmogregarines (as the
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latter was tbeu known), when both were stained by a reliable

cytological method, I was at the time quite justified in

reufardinor the nuclear condition in Halteridium as coi-

responding closely to the karyosomatic type of nucleus seen,

for instance, in a Tiypanosome
;
and, further, in considering

the definite, small associated element to represent a kineto-

nucleus in a “ riickgebildet ” condition as Berliner suggested.

As a matter of fact, even until quite recently, and since I have

realised the essential Coccidian nature of tlie nucleus of

Leucocy tozoon, I have been at a loss to explain this

apparent resemblance of the Hal te rid i u m-nucleus to the

binucleate condition and its difference from that of Leuco-
cytozoon.

It is only within the last few weeks that I have learnt the

true explanation of the matter and at last definitely settled,

as I consider, the meaning of the nuclear appearance seen in

Halteridium. The mistake has really been, 1 believe, in

comparing the small associated granule, seen in films stained

by irou-hoematoxylin, with the conspicuous, deeply staining

organella seen in Giernsa-stained smears, at any rate so far

as I’egards the adult parasites. It so happens that some of

my best iron-luEinatoxylin preparations of H. noctuEe are

from an owl which had a heavy iiifection, and in which the

great majority of the parasites were young, or intermediate-

sized forms, relatively few being full-grown individuals.

Looking over these at the time tliey were made, and again

before writing the postscript above alluded to, I remember
noting the general uniformity which was apparently [iresented

by the nuclear structure. The small forms, the intermediate-

sized ones and the few large parasites I came across all showed
the karyosomatic type of nucleus, with or without the small

accessory granule (and this is to be regarded, of course, as

the regular condition, cf . figs. 24-27). As I then remarked,

what I observed corresponded closely with what Berliner

had figured. This being so, I did not undertake any

systematic searching of these preparations at that time, as

I wanted to continue first my study of the Avian Trypano-
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sullies. I naturally coucluded that both Berliner and I myself

had seen the same nuclear condition as that which I had con-

sidered to represent nuclear dimorphism when found, on

Giemsa-stained smears. I remember putting aside these wet

preparations of Halteridium until a convenient opportunity

for their detailed study should come along, with the thought

that there was at least one point which was extremely diffi-

cult to determine from an iron-haematoxylin preparation,

namely whether a particular individual was of male or female

sex
;

it appeared to me as if, notwithstanding the well-marked

distinction between the male and female nucleus after staining

with Gieinsa, the nucleus of both kinds of gametocyte was

really of essentially the same form and structure, and the

same view seemed to have been taken by Berliner, since he

did not distinguish the sex.

Having found, however, since I began to study the cytology

ofLeucocytozoon ziemanni, that there is a constant differ-

ence between the nucleus of the male and female gametocytes

respectively when stained by iron-haematoxylin just as in

the case when stained with Gieinsa, it was necessary to

return to the Halteridium and try and .settle the question

as regards that form. Fortunately, I have recently obtained

another chaffinch with a fairly good infection of H. fringil lae,

in which most of the parasites are approximating to the adult

condition and whose sex can therefore be readily dis-

tinguished. This time I at once made some iron-haematoxylin

preparations, the examination of which happily enlightened

me upon the whole question, in quite as great a measure as

the study of Giemsa-stained ones helped to lead me astray in

the first place. With the knowledge thus gained, I turned

once more to my preparations of H. noctuae, and have now
been able to ascertain that the nuclear structure here also

shows the same constant differences in the male and female

forms.

In figs. 28, 29 are seen male gametocytes of H. fringil lae,

and in figs. 30, 31 the corresponding forms of H. noctuae.

Both the red blood-corpuscles and the adult individuals of
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the species of Halteridium infecting them are distinctly

lai-ger, it will be noticed, in tlie case of the little owl than in

the case of the chaffinch. Hence the cytological details can

be made ont with somewhat less difficnlty in the gametocytes

of H. noctuEe, though of course not nearly so readily as in

Leucocy tozoou . It happened very fortunately that in

one of my infected owls, the Halteridial parasites possessed,

for some reason or other, very little pigment; many of my
figures are drawn from this series of preparations, because in

such a case there is no possibility of confusing the nuclear

elements with pigment grains.' As is apparent from the

figures, the nuclear structure agrees closely with that of

L. ziema nni, and thei’efore a detailed description is unneces-

sai-y. As regards the large, oval, pale nuclear area in the male

forms, I have never observed any indication of the peripheral

zone of deeply staining chromatic grains, which are often so

prominent iii L. ziemanui; whether this is because they

are not developed in the male nucleus of Halteridium, or

merely because 1 have not succeeded in getting them to

stain, I cannot say. There is, however, the same small,

spherical, peripherally situated karyosomatic body, which

now and again can be distinctly seen to be surrounded by a

clear halo (fig. 30) ; and, close to it, the same dumb-bell

shaped or else double centrosomic element.

^

'I’lirning now to the female gametocytes, it was the obser-

vation of the large, adidt parasite (H. fringillae) drawn in

fig. 32 which suggested to me the explanation of the

difference generally to be seen between the female nucleus

of Halteridium and that of Leu coc y tozoon. In the

' It is perhaps scarcely necessary to say that this rather unusual

feature does not imply that the nuclear details themselves differ at all

from the condition found in other cases, whei'e the parasites have the

usual siqiply of pigment grains
;
the nuclear structure is obviously

(juite similar in my figures of H. fringilliB, which show numerous

grains.

’ In the case of Halteridium, these granules are so minute that

it is difidcult to believe they can be anything but the actual centrioles

themselves.
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individual figured, the conspicuous karyosoine no longer

occupies a more or less central position within the nucleus,

but has passed distinctly to the outside, and bears apparently

the same relation to the general nuclear substance as does

the karyosome of the female individuals of L. ziemanni
drawn in figs. 13-16. The chief points of difference to be

noted are that the nuclear substance is here so faintly stained

that it appears more like a spherical space than a nucleus ;

and secondly that I cannot (in this particular instance) make
out any centrosomic granule. A similar condition is seen in

figs. 33-35 of H. noctiue, but two of these parasites show a

distinct centrosome which is appai'ently intra-nuclear, though

it may, of course, be lying near the upper or lower surface.

The nuclear condition in this case agrees very closely with

that of the female gametocyte of L. ziemanni drawn in

fig. 13. I have not observed a single instance, howevei-,

where there are two granules in connection with the female

nucleus of Halteridium, such as I have described as of

frequent occurrence in Leucocy tozoon. It is most pro-

bable, 1 think, that the centrosome^ seen in hgs. 33, 34 is the

same element as that situated at the limit of the nucleus in

figs. 24-26, but I have not found it connected by a fibril to

the karyosome, where the latter has passed to the outside of

the nucleus
;
the fibril perhaps disappears when the karyosome

changes its position.

There can be no doubt, I think, that the smaller, intensely

staining nuclear body in H. fringillfe (as seen when the

parasites are stained by Giemsa), which I originally regarded

as representing a kinetonuclear element, corresponds, not to

the small peripheral centrosomic body seen in iron-

ha3matoxylin preparations, when the nucleus has the conditiou

shown in figs. 24-26, but to th e k ary osom e, when this

has passed to the limit of, or outside the nucleus (as

' In the case of the female nucleus also, I think it is preferable to

regard this single granule as a centrosome only. I have not observed

any secondary divisions or any further elimination (?) of small karyoso-

matic portions, as in the female nucleus of Leucocytozoon.
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ill figs. 33-35) ;
at all events so Far as large or adult individuals

are concerned. That tliis is really the case is borne out by a

fact which I noticed several times, namely, that only a certain

proportion of the larger female forms of H alter i di um (more,

I should say, in H. fringillm, fewer in H. nootum) show

this characteristic additional element, in Giemsa-stained pre-

parations
;
whereas practically all the female individuals of

Leucocy tozoon zieinanni exhibit it. We arrive, there-

fore, at the important result that when the female nucleus of

Leucocy tozoon is compared with that of Halteridium
in the same phase, the two are found to be of essentially tlie

same type of structure. Their apparent dissimilarity, as

frequently observed, is due to the fact that in Halteridium
the karyosome retains its central position within the nucleus

throughout the period of growth of the garaetocyte, and does

not pass to the outside until the parasite is full-grown. On the

other hand, in Leucocy tozoon the karyosome appears to be

always at the edge of, or else outside the nucleus, even in

young or intermediate-sized individuals
;

I have never seen

it within the central nuclear mass. This expulsion of the

karyosome, which doubtless represents here, as in other

cases, an elimination of unrequired chromatic material or
“ nuclear purification,” thus takes place very early in the

development of the macrogametocyte of Len cocy tozoon,

but only at a comparatively late stage in that of Halteri-

d i u m.

The facts I have observed and described above finally

settle, in my opinion, the question of the connection of

Halteridium noctum (and equally, of course, of Leu-
cocy tozoon zi email ni) with Trypanosoma uoctuiB. It

appears to me that these parasites have no direct connection

whatever, either ontogenetic or phylogenetic. As readers of

my first study on avian parasites (loc. cit.) will be aware, I

felt then compelled to relinquish the view that Halteridium
and Trypanosoma were phases of one life-cycle, though I

still considered that Halteridium was to be derived from

a Trypanosome-like parasite, which had become permanently
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intra-cellular, in view of its possession (as was then tliouglii)

of the binucleate condition and of a typical Flagellate,

karyosomatic type of nucleus. There may be some among
those who uphold the locomotor or kinetic view of the

karyosome who will even yet be inclined to sa\% Why should

not the conspicuous, deeply staining body associated with

the nucleus in Leucocytozoon and Halteridium still be

regarded as representing a kinetonuclear element, perhaps in

a “ reduced ”
or non-functional condition ?

The following are very strong reasons, I consider, against

maintaining any longer the view that these parasites do

exemplify the binucleate condition, as it is found, for exarnide,

in the case of a Trypanosome. In the first place, as I have

shown in the preceding section (Note III of this series), the

typical karyosome cannot be considered as a “locomotor

component ” at all
;
there is no evidence whatever that the

karyosome itself stands in any special relation to the kinetic

activities. Secondly, from the comparison of the true nuclear

condition occurring in Leucocytozoon and Halteridium
with that obtaining in the Haemegregarine, Karyolysus
lacertm, and in certain phases of different Coccidia, it seems

evident that the so-called kinetonuclear element in the first-

named forms represents in I'eality the karyosome of these

other parasites. Lastly, but by no means of least importance,

when Halteridium and Leucocytozoon apparently show

nuclear dimorphism, according to Giemsa-stained preparations,

the nucleus itself is seen in films stained by iron-htematoxylin

to be no longer of the well-known karyosomatic type, i.e.

not comparable to the trophonucleus of a binucleate Flagel-

late; in short, as is clear from the study of my figures of

Halteridium, the prominent extra-nuclear body is the

karyosome of the nucleus.

The association of Halteridium and Leucocy tozoou
(and also, in all probability, of Proteosoma and the malarial

parasites) along with the H£einoflagellates in the group

Binucleata has therefore to be given up. These Hmuio-

sporidia, equally with the HEemogregarines, must be regarded
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as closely allied to tlie Coccidia
;

it seems to me now that

there is no longer any reason for supposing that they are

derived from a binucleate form, such as a Haemoflagellate. It

has been a great disappointment to me to find that the view

so elaborately worked out by Schaudinn and apparently so

firmly based on facts, which I in common with many
other Protozoologists adopted enthusiastically, has had to be

abandoned, step by step, until the entire edifice is seen to

be without any true foundation whatever. From my own
work I feel persuaded that the principal if not the only

basis upon which Schaudinn built was that which I have

above indicated, namely the remarkable resemblance between

the nuclear condition of the female gametocytes of H alter i-

dium and Leucocy tozoon, when stained by the Roman-
owsky method, to that which a Trypanosome might be

expected to show if in a resting phase. 1 greatly doubt,

indeed, whether Schaudinn ever saw the nuclei of these

gametocytes stained by iron-haematoxylin
;

certainly no

figures of individuals so stained are given in the recent

published collection of his works (7). From the study by

Minchin and myself (4) of this question, more especially from

tlie standpoint of the Trypanosomes, and also from the

present study of the cytology of the intra-cellular parasites,

it must be admitted that no real evidence of any kind can be

found to support Schaudinn’s view.

Addendum.

In view of the publication quite recently of a paper by

Ih-owazek (5a), on the “ Geschlechtsdimorphismus der Try-

})anosomen,” I feel obliged to add a few remarks to this note.

Prowazek still maintains Schaudinn’s view that Leucocy

-

tozoon and Halteridium represent, in each case respec-

tively, merely the sexual phases of a Trypanosome. He

thinks that Mayer (‘Arch. I’rotistenk.,’ xxi, 1911), has suffi-

ciently proved this idea in the case of Halteridium, and

he himself endeavours to show that an actual connection
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exists in the case of the Lencocytozoan and Trypanosome

parasites of fowls (Sumatra). So far as regards Mayer’s

account of the development of Trypanosomes from Halter-
idia, I shall have to criticise this in a later memoir; here I

must confine myself to a brief consideration of the above-

mentioned paper by Prowazek.

In the first place, it is impossible not to comment upon the

appearance presented by the parasites in the figures on

Prowazek’s plates. I have pointed out above how frequently

the figures hitherto given of Leucocytozoon have

represented poorly fixed or stained specimens
;

but I do

not i-ecollect ever having seen any which are quite as bad as

some of those on the plates in question. Speaking for

myself, it is no exaggeration to say that, from many of the

figures, taken by themselves, it is impossible to tell what

they are meant to represent, so dreadfully are the parasites

distorted and disorganised. It is obvious that no conclu-

sion or interpretation can be accepted which is based upon

preparations such as those from which these figures are

taken.

Minchin and Woodcock (4), in their paper published only a

month or two before Prowazek’s appeared, and which pre-

sumably that author had not seen, have fully discussed the

subject of the possible connection of Leucocytozoon

ziemanni and the trypanosome of the little owl—the very

parasites, i. e., on which Schandinn worked—but it is not out

of place to repeat here the main conclusions at which we

arrived. In spite of numerous and prolonged living examina-

tions we never obsei'ved the least sign of the passage from

one form into the other—in either direction
;
nor is there the

slightest evidence to this effect in any of our permanent pre-

parations. The better fixed and stained these are, the more

closely the Leucocytozoon agrees in form with the appear-

ance presented in the living condition
;

it is remarkably

uniform, and scarcely varies at all.

I may mention here a point which I have not referred to

in the preceding pages of this note with regard to the true
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nature of the characteristic spindle-like prolongations iii-

variabl}' found in connection with the fully grown forms of

L.ziemanni (and some other species). While I still held

the view that this parasite (as also Ha 1 teri di u ni) was a Binu-

cleate and phylogenetically derivable from a Tiypanosome-

like form (9), I thought it most probable that, at all events

in the proximal poi'tion of these prolongations, there was some

ectoplasmic layer belonging to the parasite which helped to

produce the prolongations. In the case of species whei-e the

infected leucocytic host-cell remains rounded and does not

develop any horn-like prolongations (as in L. frij^gilli-

narum), I regarded the ectoplasmic layer as having been

completely lost. Howevei’, in my cytological study of L.

ziemauni, the results of which have been given above, I

have found nothing to support the presence of any ecto]Dlasmic

layer. In properly stained individuals (whether stained by

Giemsa or by iron-haematoxylin) there is no real distinction

or differentiation to be made out between the most proximal

region of these prolongations, i. e. nearest to the more

deeply staining cytoplasm of the parasite, and the distal por-

tions towards the tip. In the great majority of cases the

staining (which is always pale) is (piite uniform in tint, only

becoming gradually fainter as the pi’olongation narrows to its

extremity (figs. 5-7, 10-12, 18, 22). Very occasionally, in

Giemsa-stained smears, a space-like area can be seen,

which is probably more or less artificial. In short, these

prolongations undoubtedly represent solely the altered

and extended cytoplasm of the infected leucocyte, this

characteristic change being caused by the stimulus of the

invading parasite as it grows. I gather that Wenyon (8) was

inclined to this view in his account of L. neavei. An
additional reason in favour of it is supplied by the facts

in regard to the nuclear structure which I have made
known, which indicate the essentially Coccidian nature of

Leucocy tozoon, since the Coccidia lack, of course, any

differentiated ectoplasmic layer.

To refer now to certain other points raised by Prowazek,
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this worker considers that he oi>taiued evidence whicli pointed

to a Trypanosome enveloping a red blood-cell and proceeding

to “take np ”
its nucleus. As we emphasized in our papei-,

we searched in vain, time after time, for signs of such a

metamorphosis
;

the utmost we found to occur was the

attachment merely of a Trypanosome to an erythrobhist or

a uninuclear leucocyte by one extremity, which might be

either the flagellar or the aflagellar one. Two features very

difficult to explain on the assumption that a Trypanosome
thus passes into or becomes a Le ucocytozoon are (a) the

fact that the latter parasite, in its well-known form, shows

always male and female individuals, whereas a similar dis-

tinction cannot be made out in the case of the Trypanosomes
;

and (b) the fact that quite small intra-cellular Leucocytozoan

parasites occur, which certainly grow up into the characteristic

adults, since intermediate-sized forms can be found. With

regard to the remarkable phenomenon described by Prowazek

of a parasite (a so-called “agamont”) becoming separated

from its original host-cell, but taking a part of the nucleus

and the cytoplasm of the latter with it and penetrating with

these elements into a fresh host-cell, I can only say

that in all my experience I have never seen anything which

could in the remotest degree suggest such an occurrence.

Prowazek’s figs. 2-5, pi. i, are supposed to show different

stages in this process; but I cannot gather anything of the

sort from them. Lastly, Prowazek also considers that the

gametocytes of L eucocy tozoon undergo a division, usually

into two, which is considered to be longitudinal and thus to

indicate the Trypanosome-character of these forms. The

author says that both male and female forms may so divide,

but adds the very significant remark that in some cases the

two residting individuals are not of the same sex, but one is

male and the other female. From Prowazek’s figures 8-17,

it is perfectly clear that we have really to do here with the

same condition which I have described in Halteridium

(10), and which had been previously found in Haemocys-

tidium. As I discussed in that note, there can be little or
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no doubt that it is a question of a double infection of the

host-cell, i.e. by two small individuals which may be of the

same or of opposite sex, which grow up in contact with each

other. And I am practically cei tain that the same explanation

holds good also in the present case of Leucocy tozoon.

In conclusion, I am sorry to say that, in my opinion,

Prowazek does not bring forward a particle of reliable

evidence which is of any use towards rehabilitating Schau-

dinn’s unfortunate view.

The Lister Institute
;

April, 1912.
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EXPLANATION OF PLATES 9 and 10.

Illustrating Dr. H. M. Woodcock’s “Notes on Sporozoa.

II-IV.”

PLATE 9.

[All the drawings are magnified 2000 times linear. All the figures,

with the exception of figs. 1, 23, 41-43, relate to Karyolysus
lacertse (Danil.). Figs. 1-18 are from preparations stained with

Giemsa],

Fig. 1.—Uninfected red blood-corpuscle.

Figs. 2-8.—Young parasites, with nucleus in the earlier phase, near

the middle of the body.
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Fig. 3.—A free individual, wliicli has not yet penetrated a blood-

corpuscle.

Figs. 9-18.—Older forms, with the nucleus in the later phase, situated

(except in fig. 14) near one end of the body.

Figs. 14 and 15.—U-shaped forms.

Figs. 16-18.—Stout, bean-like individuals, resulting from the fusion

of the two arms of the U. In figs. 17 and 18 the cytoplasm of the

host-cell is not visible, and the host-cell nucleus forms a “ cap ” round

one or both ends of the parasite.

[Figs. 19-43 are from wet films, stained with iron-hsematoxylin.]

Fig. 23.—Uninfected red blood-corpuscle.

Figs. 19-22, 24-29.—Younger parasites, showing the karyosome (or

else two karyosomes) closely associated with the nucleus.

Fig. 20.—Individual showing the promitotic division of the karyo-

some, the two halves being still connected by a spindle.

Fig. 21.—Small, free individual.

Figs. 30-40.—Older individuals, with the nucleiis near one end of the

body. In figs. 31, 37, a karyosome is still associated with the nucleus.

Figs. 32-36.—Parasites showing different stages in the alteration

and gradual disappearance of the unused karyosomatic material.

Figs. 30, 39 and 40.—Individuals showing no sign of the karyosome

or its remains.

Figs. 37 and 38.—Individuals sxirrounded by a distinct envelope, and
in connection with which nothing whatever can be seen of the cyto-

plasm of the host-cell.

Figs. 41-43.—Merozoites or very young schizonts of “Adelea
ovata” (Barrouxia alpina, according to Schellack and Reichenow).

Fig. 41.—A single large karyosome is present.

Fig. 42.—The karyosome has divided into two by a promitotic

division, the connecting fibril being still present.

Fig. 43.—Four karyosomes of unequal size are present, resulting

from further division.

PLATE 10.

[All the drawings are magnified 2000 times linear. I am indebted to

Miss Rhodes for kindly drawing figs. 4 and 7. Figs. 4-10 are from
Giemsa-stained smears

;
all the othei’s from iron-hsematoxylin stained

films.]

Figs. 1-3.—Merozoites or very young schizonts of ‘‘Adelea ovata”
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(BaiTOuxia alpina), showing two or more karyosoines in connection

with the nucleus.

Figs. 4-6, 8. —Female gametocytes of Leucocy tozoon ziemanni.
(The parasite of fig. 4 is slightly flattened out.) c. General cytoplasm

of parasite, containing its nucleus, and the associated karyosonie. li.c.

Cytoplasm of host-cell (leucocyte), prolonged into two tails or horns.

n. Nucleus of host cell, elongated and dumb-bell shaped.

Figs. 7, 9 and 10.—Male gametocytes of L. ziemanni. Fig. 7 shows

the general appearance of the nucleus, figs. 9 and 10 a much less

common appearance. (The parasite of fig. 7 is slightly flattened out.)

Lettering as in fig. 4.

Figs. 11-17.—Female gametocytes of L. ziemanni, showing details

of niiclear structiu’e. (To save space, in many cases only the middle

portion of the parasite and of the elongated host-cell nucleus are

shown.)

Figs. 18-23. —Male individuals of L. ziemanni, to show the details

of nuclear structure. (In some of these figures also the spindle-like

prolongations of the host-cell are omitted.)

Figs. 24-26.—Small, intermediate-sized and fairly large female indi-

viduals of Halteridium noctuse, to show the mtclear condition as

generally seen.

Fig. 27.—Lai’ge female form of H. fringillse; similar nuclear

condition. (Note the much smaller size of both blood-corpuscle and

parasite in this case.)

Figs. 28 and 29.—Large and fairly large male gametocytes of H.

fringillse, to show the nuclear condition.

Figs. 30 and 31.—Ditto of H. noctuse.

Fig. 32.—Large adult female individual of H. fringillse, to show

the extra-nuclear karyosonie corresponding to the usual condition seen

in L. ziemanni.

Figs. 33-35.—Large or fairly large female forms of H. noctuse

showing a similar or almost similar nuclear condition.
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The Dorsal Vibratile Fin of the Rockling
(Motella).

By

J. Stuart TIioiiisoii, Pli.D., F.L..S., F.R.S.F.,
Lecturer and Senior Demonstrator in Zoology, University of

Manchester.

With Plate 11.

Most collectors on our shores are familiar with the

rocklingj and have observed the series of free, vibrating

rays situated slightly anterior to the ordinary dorsal fin. It

is the object of the present paper to give an account of this

vibratile fin, together with co-related parts, and to indicate its

function as a whole.

Bogoljubsky holds that this vibrating fin has not any

physiological function other than that of a “lure,” which is

supposed to act in a somewhat similar manner to the anterior

filament in the fishing frog or angler-fish, Lophius pisca-

torius. This explanation does not appear to me satisfactory,

especially as no suggestion is made as to the precise method

by which this supposed “ lure,” situated some distance

posterior to the mouth, acts. From the standpoints of

morphology and physiology I have come to the conclusion

that the part has to be regarded as a highly efficient

gustatory or food-detecting and food-locating organ.

The two species of rockling most commonly collected on

our shores, and on the bottom in deeper water, are the three-

bearded rockling, Motella tricirrata, and the five-bearded

rockling, Mo tell a mustela. As regards the habits of these

fish, one may notice that they are shy, nocturnal, phlegmatic,
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iioii-predaceous, and, as was pointed ont by Bateson some
years ago, do not, as a rule, seek oi- find their food by sight.

On the sea-shore, the recklings are mostly found lurking under

stones between tide-marks, a large part of their skin being

frequently coated with small grains of sand.

In connection with my contention that the vibrating fin is

not purely and simply a lure, it is important to notice that

the food of the reckling consists of crustaceans such as

prawns and g'ammRrids, annelids, star-fish, pycnogons, and

even other fish.
*

The doi’sal vibrating fin is very conspicuous, and in the

still water of an aquarium its movement may be observed at

a distance of three to six feet. The dimensions of the fin

naturally vary considerably in specimens of different size. In

a, large specimen of Motella tricirrata, measuring 260

mm. in length and 95 mm. in girth, the groove in which the

vibrating rays are situated was 32 mm. in length, and the

large anterior i-ay was 7 mm. long. The fin is situated a

slig-ht distance (about 5 cm.) posterior to the head, and is

sepaiated from the ordinary dorsal fin by about an equal

interval.

The vibratile fin consists of a series of comparatively small

processes, which are almost continuously in rapid vibration,

and anterior to these, a ray which is much longer and thicker

than the others, and has much less power of movement. The

individual rays are connected with one another near the base

by a fold of skin, Avhich passes off almost at right angles, and

by this arrangement each ray has the power of independent

movement. 'The rays arise medially from the base of a

groove, the sides of which are chiefly formed by the lateral

myomeres.

The vibration of the rays resembles the movement of cilia,

and there is an independent motion of each, and a collective

action of groups of rays. A sinuous wave-like vibration is

thus produced, which drives currents of water in a latero-

])osterior direction over the sides of the groove. The move-

ment of the rays or processes is almost constant, although it
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at rare intervals, cease for several seconds, or even a few

minutes. This interval of cessation is irregular and non-

periodic. When the movement is about to be discontinued,

the posterior rays cease first, and then later, those situated

more anteriorly. In a similar manner, when the movement is

being resmned, the anterior rays come into motion previous to

the posterior processes.

In a good light the individual processes can be detected

with the naked eye originating from a greyish ridge at the

base of the groove, and with a reddish area on either side of

the raised part. The atiterior ray has only a very slight

vibration in a laternl direction, which may be observed with

a lens. 'I’he movement of the other processes is in a latero-

posterior direction. On firmly pressing the surface of the

anterior })rocess with a sharp pencil or other small object it

becomes depressed, and the movement of the remaining rays

ceases, and conversely, on placing pressure on the small

processes situated immediately posterior to the large ray,

the latter is depressed. Tin's depression of the anterior ray

also occurs with fairly firm contact on the posterior processes,

but not in such a marked degree. When a thin strip of

])aper is ])laced along the posterior surface of the large

})rocess, the small raj’s cease their movement; this means of

communication seems localised, for when the paper is placed in

contact with the anterior side, the cessation of vibration does

not take place. 'I’here is thus apparently a certain degree of

continuity between the large anterior process and the smaller

rays. The small rays or groups of those have, however, the

power of independent movement, for on touching certain of

them their movement ceases, while those situated anteriorly

or posteriorly still have the power of vibrating.

The result of coating the sides of the groove, in which the

fin is situated, with black asphaltum, was a cessation of the

movement of the vibrating rays for some time, although when
the rockling was touched and consequently changed its

position the rays recommenced to act
;
but otherwise the

fish appeared curiously inert, almost as if asleep. In half an
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lionr’s time a layer of mucus had become deposited ou the

sides of the groove.

Ou adding chloroform to the water in which the rockling

is living, the movement of the vibratile fin ceases, although

the animal freely moves its pectoral fin. Similarly, the

addition of cocaine to the water containing’ a small rocklinsfO O
(2-3 in. in length) has the effect of stopping the movement
of the rays for intervals varying from forty seconds to three

minutes.

The action of the vibrating processes apparently maintains

a clear area of skin on either side of the groove. My experi-

ments, which consisted in letting down granules of carmine

by means of a pipette, show that while tliese grains readily

adhere to most parts (probably from the secretion of mucus),

yet there remains an area on either side which keeps clear of

carmine particles. The absence of carmine particles soon

delineates very distinctly the area of vibration from the pig-

mented skin of the genei’al surface of the bodv. A similar

result evidently occurs when the fish is living in its natural

habitat, as I have repeatedly noted that when I’ockliugs are

brought in from the shore they have a coating of sand on

the general surface of the skin, with the exception of the

area immediately surrounding the vibratile fin.

AVhen the vibratile fin ceases movement, the large anterior

process is folded backwards over the smaller processes, and

these in their turn over those situated more posteriorly.

On lightly touching the sides of the groove, the processes

fold themselves down on the opposite side of the groove to

that which has been touched.

In the light of my subsequent remarks, it is interesting to

notice that contact on the barbules and pelvic fins results iu

renewed movement of the vibrating rays when this has been

stopped, but that the same result does not take place on

contact with the pectoral fins. We will later notice that the

barbules and pelvic fins have the same general mode of

innervation as the area under discussion.

Bogoljubsky coated the rays from the dorsal surface with
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gelatine and tannin, and even cut them away entirely, without

apparently causing any physical discomfort, and without

affecting’ the movements of the fish. He also states that

cutting away the rays was subsequently followed by their

regeneration. I obtained somewhat similar results so far as

reo:ards the fin itself, but I hold that the author has neglected

the study of the skin in the immediate proximity of the

vibrating rays.

In the course of my work I was early struck by the fact

that the skin in the near neighbourhood of the vibrating

231'ocesses is extremely sensitive
;
thus, for example, when a

thin strip of paper is laid on the sides or apex of the groove

bordering the processed, the movement of the latter is brought

to a standstill. On the other hand, if the same contact is

tried on the dorsal and pectoral fins, or on the surface of the

head, the movement of the rays continues uninterruptedly.

I will have occasion later on to refer to the occurrence of a

number of tactile nerve-endings on the skin of the groove in

which the rays are situated.

It is not easy to understand how Bogoljubsk_y arrived at

his conclusion that neither from morphology nor from physio-

logy can one ascribe any physiological role to this organ.

'I'he vibratile fin of Motella, which may be termed the

oi-al fin in contrast to the longer dorsal or aboral fin, is

comparal)le in general structure to that of the unpaired dorsal

fin of other Gadidae.

In the case of the smaller processes the structure is as

follows ;

From the spinous process of the vertebra a ray-carrier

or radial passes dorsalwards, and at the apex of the latter

a small spheidcal articulating process is situated to which

the ray is attached. The radials or ray-carriers have a

pillar-like form, differentiated into three parts, namely, a

head, neck and liase. The ray-carrier consists of hyalin

cartilage which is richly impregnated with salts of lime.

The individual ray-carriers are connected with one another

by ligamentous tissue.
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Each of the rays, with the exception of the first, contains

two horn}' fibres which are separated from one another b}'

connective tissue, and approach one another near the base.

Each ray has an anterior and posterior basal enlargement.

From the anterior of those a muscle passes almost vertically

in a ventral direction and attaches itself to the lower part of

the ray-carrier. This muscle acts as au erector elevating

the ray. On the other hand, from the posterior process, a

muscle passes obliquely downwards along the neck of the

ray-carrier and fixes itself slightly dorsal to the attachment

of the anterior muscle. This muscle acts as a depressor,

lowering the processes into the groove.

The form of the first anterior process differs slightly from

those just described. It contains only a single horny fibre,

which divides at the base, and there are three sinall, basal

processes to which the tendons of muscles are attached. It

also differs from the smaller processes in that the ray is more

directly connected with the ray-carrier by means of embryonal

cartilage.

Transverse sections through the rays near their apexes

show au external, many-layered epithelium containing mucous

glands; within this a deeply pigmented layer is situated,

which surrounds a mass of centrally disposed connective

tissue. The latter contains blood-vessels and two horny

fibres.

The individual rays are, as previously stated, connected

with one another by a fold of skin near the base.

The vibratile fin is supported in its position by means of a

ligament, which surrounds and covers the spinous processes

of the vertebrae, and dorsally to these also envelopes the

centrally situated ray-carriers. This paiied ligament takes

its origin in the supra-occipital, and it proceeds in a posterior

direction on either side of the ray-carriers, but on arriving

at the aboral fin the two layers, right and left, unite into

one.

The fin is, as previously stated, situated in a groove, whose

internal boundaries are chiefly formed by the very prominent



DOESAL VIBKATILE FIN OF THE EOCKLING (MOTFFLA). 247

literal myomeres. The walls of this groove more or less

protect the rays, especially when these are depressed. While

I find myself in essential agreement with the description and

figures of the structure of this fin as given by Bogoljubsky

(pp. 329-332, figs. 3-7), I must now proceed to important

[loints, more especially in regard to the structure of the

surrounding skin, which are not dealt with in his investiga-

t ions.

Fig. 2 illustrates the structure of the ventral part of the

vibratile fin and adjoining parts, as seen in transverse sec-

lions. The skin covering the groove in which the fin is

situated is scaleless, and its detailed structure is of the greatest

importance for the understanding of this organ. The skin

consists firstly of a many-layered epidermis, consisting of a

series of squamous cells externally, which gradually pass over

into more columnar cells internally. Within the latter a

deeply pigmented layer is situated. The epidermis also con-

tains numerous mucous glands, and, of more importance, a

large number of tactile nerve-endings and terminal or taste-

buds. Beneath the epidermis there is a slight space traversed

by strands of connective tissue, through which nerve-fibres

}):iss. These strands of connective tissue pass internally into

a well-defined layer of compact, ligamentous tissue. Under-

neath the dermis the large lateral myomeres are situated.

'I’he medial and ventral part of the section also contains a

mass of connective tissue with two nerves on either side, the

larsrer one beiny the ramus lateralis accessorius and the

smaller one a dorso-spinal nerve. The section also passes

through one of the depressor muscles. The medial and dorsal

part of the section passes through the skin, which connects

the basal part of the rays (the proximal parts of the rays not

being included in the sectional plane). The epidermis of

this fold of skin is similar in structure to that of the groove.

Within the epidermis is a pigmented layer, and internally to

the latter is loose connective tissue containing the horny fibres

of the rays cut transversely, nerves, and blood-vessels. At the

base of this fold of skin the head of the ray-carrier is seen.
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with embryonal cartilage disposed dorsally to it, ajid then tlie

articulating sphere for the ray.

The occurrence of numerous terminal or taste-buds (“ becher-

formigen Organe”) in the epidermis of the groove bordering

the fin is particularly noteworthy in connection with this

investigation. These taste-buds, which project slightly on

the surface of tlie epidermis, are bulb-like organs containing

long, sensory cells. The taste-buds have a marginal layer

of cells, which form a definite limiting membrane. The

sensory cells consist of (1) a long, cylindrical, apical part

terminating in a bristle which projects slig’htly on the surface

of the epidermis, (2) an expanded part containing the nucleus,

and (3) a basal part, which is continnons into one or more

fibi-es. The taste-buds are also in connection with nerve-fibres.

Bateson has described similar organs on the barbels, pelvic

fins and palate of tlie same fish, and the taste-buds, which I

now bring under notice, are similar in structure to those

described by him from these other parts.

I have also compared these taste-buds with the '' neuro-

masts or organs of the lateral line in the rockling, and

agree with Herrick in his contrast of gustatory buds and

neuromasts. The “ neuromasts are, as a rule, sunk beneath

the skin in canals, tubes or pits, while taste-buds are super-

ficial, or may slightly project on the surface. The specific,

sensory cells of the neuromasts oidy extend partly through

the space limited by the sensory epithelium, and thus do not

reach the internal, limiting membrane; on the other hand, in

taste-buds the sensory cells extend from the external to the

internal boundaries. The sensory cells of neui’omasts fre-

quently end in hairs, and are therefore sometimes termed
“ hair-cells,” while those of taste-buds may terminate in

bristles but not in hairs.

A further contrast, which I may now refer to, is the jnode

of innervation. 'J'he vibratile region of the rockling is inner-

vated partly by the ramus lateralis accessorius, and in part

by branches of the dorso-sj)inal nerves. The ramus lateralis

accessorius is a recurrent branch of the facial nerve, and
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belongs to tlie system known to comparative anatomists as

the “communis” system. The ramus lateralis accessorius,

whicli has no connection with the nerve of the lateral line, is

paired and takes its origin in the lobus facialis of the myelen-

cephalon. It runs backwards (sending- off branches on its

way to the barbels and pelvic tin), one on either side of the

ligament, which supports the vibratile fin, and in the region

of the latter its branches anastomose with the spinal nerves

at their ganglia. From this anastomosis the nerve-fibres of

the ramus lateralis accessorius are sent along with general

cutaneous branches from the spinal ganglia to the skin of the

region of the vibratile fin. The main crunks of the ramus

lateralis accessorius continue to run in a posterior direction,

and at the origin of the second or aboral dorsal fin they rise

to a higher level, and those of right and left sides become

more widely separated from one another. My results regarding

the innervation of taste-buds of the rockling agree with those

of Herrick in his invescigatiou of the gustatory organ of

Ameiurus. According to Herrick, all “terminal buds” are

innervated from a bilobed centre, namely, the gustatory

tract or “visceral sensory column” of the brain, those

of the mouth being connected with the posterior or vagal

lobe by the vagus and glosso-pharyngeal nerves, and those of

the skin with the facial lobe by means of the facial nerve.

I may at this point note the contrast that wdiile the

“neuromasts” or organs of the lateral line are innei-vated by

the acustico-lateralis nerve taking its origin from the tuber-

culum acusticum or ‘^somatic sensory col um n ” of the

myeleucephaloii, the terminal buds receive their nerve supply

from the “communis” nerves arising from the vagal and

facial lobes or viscei-al sensory column.
One may differentiate three systems of nerve-endings in

the skin of fishes, namely : (1) The general, cutaneous nerve-

endings innervated from the dorso-spinal roots; (2) the

nerve-endings in the “neuromasts” innervated by the

acustico-lateralis nerves, and (3) the nerve terminals of

taste-buds supplied by the “communis” system of nerves.
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]\[y experiments to test the physiological value of the taste-

buds consisted in bringing various forms of food into contact

with, or into the proximity of the groove surrounding the

vibratile fin. I find that it is of the utmost importance in

these experiments that the rocklings should, firstly, have

become thoroughly habituated to the artificial enviroment

of an aquarium. The rocklings are so shy and easily dis-

turbed tliat when brought in fi-om the shore they are for

some time too excited to have any desire for food.

The most successful experiments were made with a fish

which had been many months in an aquarium, although with

other rocklings which had been a, week in captive conditions,

similar, though not such satisfactory, results were obtained.

A further item to be considered in these experiments is the

reckling’s hatred of light and of light-coloured surfaces. As
the rockling is primarily a night-feeder, I conducted many
of my experiments at night, and as showing their sensitive-

ness to light, it may be remarked that it was found necessary

to keep the candle-light in a more or less shaded position.

In spite of these hindrances, however, the reflexes or responses

obtained were definite and precise.

Ill my earlier experiments I tried the effects of various

extracts of beef. In these I directed a current of fluid beef

extract by means of a pipette against the surface of the

groove on which the taste-buds are situated. The result of

this was a response on the part of the rockling accompanied

by a swallowing of the liquid food. As a control experiment

I directed a current of sea-water against the same parts, but

was unable to detect any response.

Subsequently I tried similar experiments with small pieces

of liver, the muscles of crayfish and fish, etc., which were

held near the taste-buds by means of a thin wire
;
the result

was that responses were obtained, but not so definite as

might be desired. The clearest and most reliable reflexes

or reactions were, however, obtained on using living lob-

worms as the bait. Small, living lobworms or parts of these

were gently let down through the water upon the skin of the
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groove surrounding the fin (the eyes of the rockling being at

the same time concealed)
;
a reaction was at once obtained,

in which the fish either turned sharply round or rapidly

“backed water” and seized the prey. This expeidment was

repeated ag'ain and again, and at intervals by day and night,

and the response observed was always clear and definite. The

effect of placing the food on the taste-buds was so evident

as to be at the same time entertaining. If one lowers the

bait until it is in contact with the taste-buds, and then very

I’apidly withdraws it, the fish responds, and then apparently

loses the power of locating the food. In this connection it is

interesting to notice that an observer states that one species

of rockling rubs or rolls itself about its prey.

In experiments of this nature one must be careful not to

ascribe to tlie physiological action of the taste-buds, reflexes or

I’eactions which might be due to the action of the other sense-

organs. As regards the sense of sight, the fish did not in

my experiments locate the bait by this means, as in many

cases the eyes were covei’ed or concealed.

Kegarding the sense of smell, it appeared to me that the

reflexes were obtained before the odour of the bait had time

to reach the nostrils. In regard to this point one may also

refer to the work of Bateson and Herrick. Bateson iu the

section of his j^aper which treats of the taste-buds of the

pelvic fins and barbels of the rockling, says that the

fact that the rockling in which the olfactory organs had

been removed, did not pay any attention to food that was

not put close to it, tends to show that the taste-buds are

of use only in actual contact with the food. Herrick holds

that the taste-organs are more efficient than Bateson has sup-

|)osed, and that the latter author did not sufficiently dis-

tinguish between the senses of taste and smell. He holds

that Bateson’s experiments were insufficient to demonstrate

the real efficacy of the taste-buds. Herrick obtained reflexes

from a tomcod, M icroga d u s tom cod, in which the olfactory

organs had been extii'pated
;
further, by letting down beef

extract, which had been previously stained in order that
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the cliifiision currente miglu be observed, upon the taste-buds

of the barbules of Atueiurus, the gustatory reflexes were

obtained before the diffusing currents, as marked out by tbe

stained fluid, reached the nostrils.

In regard to the sense of touch, in iny experiments it

seemed that the best-defined reflexes are obtained when
the bait is placed in actual contact with the skin of the

area under discussion, and this reaction may be regarded

as a gustatory and co-related tactile response. One also,

however, obtains well-defined reactions when the food is not

actually in contact, but only in the proximity of the taste-buds,

aud this type of response may be regarded as a purely

gustatory reflex.

In experiments, which consisted iu using small pieces of

cotton-wool instead of morsels of food, I also obtained

tactile reflexes in which the fish on the first occasions

seized the wool. It appears, however, that contact with

cotton-wool is not sufficient to maintain the reflex for

any length of time, and that the respective reflexes of

taste and touch “can be experimentally isolated by train-

ing.” As the result of my experiments I am inclined to

agree with Herrick, who writes :

“ The final result seems

to be that while the tactile sensation is not sufiicient alone to

maintain the reflex, the addition of the gustatory element

is sufficient, and therefore that the gustatory element is the

essential element in setting off the reflex.” In an addendum

to his valuable paper Herrick after further experimenta-

tion arrives at the conclusion with which I agree, that

gustatory stimuli by themselves, aud apart from the co-

related tactile accompaniment, “ can be localised iu space or

have a local sign ”
;
although the response is not so strong

and definite as the gustatory plus tactile reflex.

One tnay, therefore, with Herrick, distinguish four re-

actions : (1) A vague, seeking reaction, excited by the sense

of smell, and consisting in an aimless, circling movement;

(2) a (juick and definite reaction, consisting in a sharp turn

of the body and rapid seizing of the bait, whicli is obtained
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when the food is placed in actual contact and is due to the

co-related reflexes of touch and taste
; (3) a reaction similar

to the last, but not so definite, and which is observed when

the food is not actually in contact, but only in the proximity

of the taste-buds : this may be regarded as a purely gustatoiy

response; (4) a tactile reaction, to which the fish at first

responds, but after repeated experiments and then an interval

only reacts in a tentative or incjuiring manner, with a

deliberate movement.

The main purpose of this paper is to indicate that the

vibratile fin of the rockling is morphologically, as indicated

by Bogoljubsky, a modified part of the ordinary dorsal fin,

and physiologically a part which, together with the adjacent

skin, forms a highly efficient food-locating or food-detecting

organ

.

A general correspondence in structure allows us to deduce

that this oral fin is morphologically a modification of the

aboral fin. The anterior rays of the aboral agree with those

of the oral fin in general structure, and the two fins are

directly connected with one another by a ligament, although

there is a slight external interval between them.

As regards the physiological side, it has already been noted

that the vibration of the rays keeps the skin on either side, on

which the taste-buds are situated, clear of sand particles, etc.

One has also to remember that internal taste-buds are usuallj^

associated, as in mouth, pharynx, gill-chambers, etc., with a

current of water. I would also suggest that as the rockling

is phlegmatic in its habits, and lives on the shore under

stones in more or less still water during at least half its life-

time, or on the bottom in deeper water, the advantage of

vibrating processes driving currents of water is obvious; this

vibration no doubt aids in bringing indications of food. The

experiments of Herrick with other fish, showing that these

detected the presence of food by means of the taste-buds

more quickly in running than in still water, is of interest in

this connection.

As regards the belief held by some zoologists that the
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vibratile fin is a “liu’e” euticiug prey to destruction, I may
point ont that, apart from the fin’s position some distance

posterior to tlie month, this would be impossible in certain

cases, as the prey either does not possess the power of sight

or has only feeble visual power. In other cases it is probnble

that this part does excite curiosity and arrest attention, and

that, by this means, the prey is brought within the sphere of

action of the taste-bnds. On the other hand, it is evident

that as the rocklings lie more or less hidden in the sand,

animals may come quite accidentally into the proximity of

the terminal buds.

It is not suggested in this paper that external taste-buds

are exceptional in fishes, but it is held that the vibratile fin

region of the rockling is a localised and specially efficient

taste- or food-locating organ.

In terrestrial animals the taste-buds are confined to the

lips and mouth cavity, and in this case their function is rather

to test than to search for food. On the other hand, the

external taste-buds of fishes can be used in locating food, and

complex reflexes are associated with this in order to effect

the capture of food.

'This work has been carried out at the Marine Stations of

iMillport and Cullercoats, and to the authorities at these

institutions I must express my cordial indebtedness. I must

also thank Dr. E. J. Allen, of the Marine Biological Station,

Plymouth, who kindly sent me some material, and also my
colleague, Mr. E. W. Shaun, for collecting further specimens

while working at Port Erin. To Mr. Walter H. Young,

Cullercoats, my thanks are also due for some excellent photo-

graphs taken during the progress of my work.
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EXPLANATION OF PLATE 11,

Illustrating Dr. J. Stuart 'J’hoiiison’s pnper on “ The Dorsal

Vibratile Fin of the Kockliug (Motella).”

Fig. 1.—Lateral view of Motella showing the dorsal vibi’atile fin.

Fig. 2.—Dorsal view of Motella showing the vibratile fin.

Fig. 3.—Vertical section of the vibratile fin and adjoining parts. The
section passes through the fold of skin which connects the individual

rays basally, tlie upper parts of the rays not being in the plane of section.

ar. sp. Articulating sphere for the rays. cn. t. Connective tissue.

d. sp. Dorso-spinal nerve branch, ep. Epidermis, em. Embryonal carti-

lage. /(d. 1 -. Head of ray-carrier. i(r. /I). Horny fibres of the rays. lig. t.

Ligamentous tissue. 1. m. Lateral myomeres, me. gl. Mucous glands.

m. dp. Depressor muscle, pg. 1. Pigmented layer, ru. Jut. ace. Ramus
lateralis accessorius, tc. Tactile nerve-endings, ta. Taste-buds.

Fig. 4.—Terminal or taste-bud showing the sensory cells and the

limiting membrane.

Fig. 5.—Transverse section through a ray. e.p. Eijidermis. p>y-

Pigmented layer, cn. t. Connective tissue, h.f. Horny fibres.
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Two New Species of the Phoronidea from
Vancouver Island.

By

H. Lu r»I. Pixell, B.Sc., F.Z.S.,

Demonstrator of Zoology and Reid Fellow, Bedford College,

University of London.

With 16 Text-figures.

The animals described in this paper were obtained while I

was working at the Marine Biological Station, Departure Bay,

Vancouver Island, in the summer of 1911 during my tenure

of the Reid Fellowship. They include two species—one

belonging to the genus Phorouis (Wright, 1856), the other

to the genus Phoroiiopsis (Gilchrist, 1907).

I. PhORONIS VANCOUVERENSIS N. SP.

This is a colonial form occurring in large compact, more

or less hemispherical masses attached to the cretaceous

sandstone forming the islands situated in Departure Bay.

'I’he colonies (Fig. 1) measure 5 cm. or more in diameter, and

generally adhere to overhanging rocks near low-water mark.

Each colony is composed of numerous individuals with

brownish chitiuous tubes, so very much intertwined that it is

difficult to obtain a complete specimen from the tangled

mass. The proximal ends of the tubes are rounded off, and

the whole tube seems scarcely as long as the expanded

animal. The total length of an average large specimen is

40 mm., the tentacles forming 2 to 6 mm. of this
;
the width

VOL. 58, PART 2. NEW SERIES. 17
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of R large specimen just below the lopliopliore is rather less

than 1 mm., while the ampulla measures 1’2 mm. iu diameter.

The animals are colourless and transparent except for a

g’reater or smaller number of irregularly arranged opaque

white spots. These spots are quite conspicuous in the living

Text-fig. 1.

Part of a colony of Phoronis vancou verensis from a photo-
graph. ( X 2.)

animals, and are caused by masses of minute granules on

the surface of the epidermis, occuiring chietly on the

tentacles and distal region of the bod}'. They can be

scraped off the surface of the animal, and in cutting- sections

the granules become liberated, and obscure to a considerable

extent the cell details in the animals, in Avhich they are

numerous. The masses are white and opaque when viewed

with reflected light, but the individual granules are more or

less transparent and refringent with transmitted light. The
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laature of tliis pigment will be considered later in relation to

the vaso-peritoneal tissue.

The lopliopliore is somewhat horseshoe-shaped, and is

provided with about ninety tentacles; these varied in speci-

mens counted from about 72 to over 100, but the average for

ten fairly typical forms was 90'9.

'I’he lophophore organ is absent—at least I have found no

trace of it in the series of specimens (twenty-five to thirty)

that I have examined
;

this is probably due to the fact that

the specimens were collected during the beginning of

September, when practically all the generative products had

been shed, and a brood chamber, as Gilchrist (7) supposes this

organ to be, would no longer be required.

Body-wall.—The epithelium is composed of tall columnar

cells, except over the greater part of the ampulla, where

they are almost cubical (Figs. 2, 3, 4).

The glandular cells are numerous, and have three different

contents : (i) very fine granules, (ii) much coarser spherical

granules or globules, 2 to 3 in diaincter, and (iii) a

homogeneous mucus, which may sometimes be seen pro-

truding on to the surface, leaving the goblet cell below

empty (Fig. 12, m. p.). All these contents are j-ellowish and

refriugeut when unstained; they do not stain easily except

witli iron-haemato.xylin. They are all found in the upper

regions of the body as well as on the ampulla, in this

resembling, according to Selys Longchamps ([14],p. 38), Ph.
psainmophila and Ph. sabatieri rather than Ph. hippo-

c r e p i a

.

The pro.xinial region of the ampulla is covered with very

long columnar cells, interspersed with numerous glandular

ones, whereas Ph. australis has no glandular cells, or very

few in this position (Benham [2],p. 11). These long epidermal

cells extend for a short distance up the sides, and gradually

merge into the typical cubical epithelium covering the

ampulla. The proximal body-wall is often invaginated to form

a pit, but this is by no means always the case, and in one

that had a convex, proximal end I found in longitudinal



260 H. L. M, PIXELf;.

Text-fig. 2.'

Transverse section through the lower oesophageal region to show
low irregular fascicles of longitudinal muscles. Formula

:

19,22

— I— =61. ( X 180.) For lettering see footnote.

7113

' [Figs. 1 to 5 are of Ph. vancouverensis, and Figs. 6 to 16 of

Phoronopsis harmeri.]

[The abbreviations used are the same throughout the paper.]

Lettering op the Figures.

u.c. Anterior coelom, a. p. Anal papilla, a.v. Afferent vessel, h.c.

Red blood-corpuscles, h. t. Basement tissue, c. Collar, cap. Capillary

cocca. c. h. Ciliated band in pregastric region of digestive tube. c. m.

Circular muscles, col. ep. Columnar epithelium, cm. ep. Cubical epithe-
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sections that the mesentery which attaches this extremity

to the bend in the digestive tube during life was broken;

consequently it seems probable that the pit which has been

so often described is only caused by tension in this mesentery

due to its contraction. A similar slight concavity is fre-

quently seen in the body-wall at the insertion of the lateral

mesenteries (Figs. 2 and 4, 1. mes.).

The basement tissue (Figs. 2 and 5, h. t.) consists of a homo-

g’eneoLis membrane without any cells such as have been

observed in Phoronopsis harmeri, subsequently to be

described.

Muscular Layers.—The circular muscles seem to be as

usual in other species of Phoronis, and the distal region of

the body is traversed by numerous radial muscles (Figs. 2

and 5, r. m.).

The longitudinal muscles are greatly developed, and differ

from those of all species so far described in the fascicles

having a different character at different levels. In the distal

region the fibres are arranged somewhat irregularly to form

fascicles as described for Ph. hi ppocrepia, Ph. buskii

(McIntosh [12]), Ph. australis (Benham [2]) (Fig. 2, Z. m.),

whereas in the region of greatest development, i.e. about

lium. (1. Diaphragm, d.a. Digestive areas of stomach, d.b.c. De-

generating blood-corpuscles, ep. Epistonie. e. v. Efferent vessel. /.

Nerve-fibrils. /. c. Fusiform corpuscles, /ol. Follicle cells of ova. </.

Ganglionic mass.
ff. <j. Epithelial glands with spherical granules, (jr.

Groove in stomach. <jr. ii. Granular peritoneum, h. p. Hypertroj)hied

peritoneum round afferent vessel, int. Intestine, i. t. Tentacle of

inner series. 1. Lumen of affei’ent vessel. 1. m. Longitudinal muscle.

1. mes. Lateral mesentery. 1. n. Lateral nerve. 1. o. Lophophoral organ.

VI. (j. Mucous glands, in. mes. Median mesentery, n. Nuclei, n.d'.

Nephridial duct. n.d. Terminal part of nephridial duct. n.f. Nephri-

dial funnel. ?i. p. Nephridiopoi-e. n.?-. Neiwe-ilng. w. f. Nei-vous tissue.

o. Ova. o’s. (Esophagus, o. <j. Oil-globules, o. t. Tentacle of outer

series, p. Peritoneum, p. c. Posterior coelom, p. (j. Pigment-granules.

p. gas. Pregasti-ic region of the digestive tube. pg. c. Pigment-bear-

bearing corpuscles. pg. s. Perigastric sinus, r. Rectum, r. m.
Radial muscles, st. Stomach, vp.t. Vaso-peritoneal tissue. ?/. Yolk-

spherules.
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one third from oral end, they have the pinnate arriingeinent

found in Ph. psammophila (Cori [3]), architecta (Andrews

[1]), pacifica (Torrey [15]), i. e. the fascicles appear feather-

hke in transverse section.

Text-fig. 3.

Transverse section thronijh the pregastric region to show the

high pinnate character of the fascicles of longitudinal muscles.

(X 150.)

Frequently there are 19 of these in the left anterior cavit}',

22 in the right anterior, 13 in the right posterior and / in

the left posterior, or according to Selys Longchainps^ con-

venient formula—
19 ' 22

= 61 as in tig. 2.

7 13
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Or there may be more in tlie anterior cavities as in Fig’. 3 ;

24
I

24

4 7

Text-fig. 4.

cnr.

upt.

'-f

a.c.

/• P9-

^ 'A* . N.v ac.
..
'4

} — i ' 9..
da

• X-

V-

i St.
•ti

b 4- op.

Oi
;a ' t-

4-V

vnt
^fL

f'

-‘-lines.

c

Transverse section through ampulla showing coelom divided into

two anterior cavities («. f.) and one iiosterior cavity (p. c.).

( X 150.)

Slioi tly behind this region the posterior coelom appears to be

undivided, or rather the left post-coelom merges with the

anterior owing to the disappearance (Fig. 4) of the left lateral

mesentery.

Ph. hippocrepia, which in many ways closely resembles

Ph. va nc on V e rensi s, shows in my sections only about

twenty-eight fascicles of longitudinal muscles. Selys Long-
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champs states that in this species they do appeal' to vary

particularly, but gives as the highest recorded by anyone :

12
1

13

6 1 7

This is a great deal lower than the average number of sixty

in Ph. vancouverensis, and such an anatomical charac-

teristic seems to be of far more importance from a systematic

Text-fig. 5.

Longitudinal section through the base of the lophophore approxi-
mately in the median dorsal lines. ( X 100.)

])oint of view than such variable details as size and number
of tentacles. Both Cori (3) and Selys Longchamps (14) point

out that within limits the number of fascicles of longitudinal

muscles is constant.

The diaphragm or transverse septum (Fig. 5, d) slopes up-

wards from the oral to anal side, meeting the dorsal surface

just in front of the anal papilla. The two layers of perito-

neum covering it are widely separated at the sides by the

basement membrane, ivliich is continuous ivith that of the

body-wall near the lower border of the nerve-ring, but

towards its centre this median layer of the septum is so thin
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tliat it may easily be passed over. I do not think^ however^

that it is entirely eliminated as in Pli. capensis described

by Gilchrist (7), who suggests that such a character of the

septum would probably be of value in specific determinatioip

stating that Ph. hippocrepia agrees with Ph. australis

in having tlie septum uniformly invaded by a basement

tissue. In Ph. vancouverensis there is certainly no

uniform median layer, so I have included this characteristic

ill the table at the end as a minor feature distinguishing this

specimen from Ph. hippocrepia.

The mesenteries also contain a veiy thin layer of basement

tissue.

Nervon.^ System.—The ring of nervous tissue at the

base of the lophophore is quite apparent (Fig. 5, n. r.) and is

continued posteriorly, following the course of the tentacles,

up each of which passes a fine strand of the same tissue.

Across the dorsal surface in front of the anus is a large

ganglionic mass (Fig. 5, g.) composed of the usual punctated

tissue with definite striation and numerous cells with lai'ge

nuclei. This tissue is everywhere in close relation with the

inner ends of the elongated epithelial cells.

In some sections can be seen a small lateral nerve-cord

lunning along each side of the body close to the point of

attachment of the lateral mesenteries (Fig’. 2, I. n.), and {)io-

jecting into the basement tissue as a small mass of punctated

tissue. These appear to be very short, for they have not

been seen beyond the oesophageal region.

Traces of nervous tissue have been observed in the centre

of the pit at the proximal end of the body and also along the

alimentary canal on the outer side of the epithelium. This is

especially markeil in the upper oesophageal region opposite

the nerve-ring. Gilchri.st (7) mentimis this sensoiy jiatch and

suggests that it may represent an organ of taste.

Alimentary Canal.—The various regions of the alimen-

tary canal are named in the figures in accordance with Cories

views (3), these being also adopted by Selys Longchamps

(14).
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'File oesophagus {(es.), with its thick walls often much
folded, ouly extends for a short distance. Fig. 2 is a ti'aiisvei-se

section through its posterior part where the two branches of

the lateral vessel have just united.

'J'his is followed by the pregastric region (Fig. 3, gas.)

(“preestomac” of Selys Lougchamps, Vormagen of Cori) which

has a large cavity irregular in shape with thin walls. The
e]hthelium is cubical, ciliated, and has oval nuclei. Along
the postero-niedian regiori close to the afferent vessel is a

longitudinal band of epithelium (Fig. 3, c. h.) thicker than

the rest and with several layers of elongated nuclei. This

has been described in P. pacifica (Torrey [15]) and in P.

architecta (Andrews [1]), but is veiy little developed in

l^h. hippocrepia.
The stomach (Fig’. 4, st.) is the large terminal i-egion of

the descending pai t of the tract situated in the ampulla. It

has a thick epithelium with ovoid nuclei. Oii the postero-

median side there is a longitudinal groove directly con-

tinuous with the thickened band in the pregastric region -and

having similarly sevei al la 3’ers of nuclei which stain more

deeplv than the ordinary ones (Fig. 4, gr.). The cells along

this groove have very long cilia, d’he digestive a.reas which

carry on intra-cellular digestion (Fig. 4, d. a.) have no cilia,

and the free ends of the cells are distinctly amoeboid during

functional activitx'. The whole of the ascending limb of the

alimentary canal is called the intestine except for the very

short part contained in the anal papilla, which Cori considers

to be a proctodaeum and calls the rectum. The part of the

intestine in the amjmlla (Fig. 4, ’mt.), the onl}" part called

“ intestine’’ by Benham, has thick, closel}' ciliated walls and

generally an oval lumen. The epithelium is c^diudrical, with

oval nuclei. The upper part of the intestine (hgs. 2 and 3,

int.), has cubical epithelium, with long cilia and large nuclei.

In transverse sections the intestine appears oval or elongated,

only occasionally showing the usual triangular shape due to

the pull of the three mesenteries.

The cells in the lower part of the stomach and intestine
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are frequently seen to contain rows of spherical deeply-

staining masses, probably oil-globules (Fig. 4, o. g.), such as

are often seen in the intestinal cells of mammals. They

appear to collect near the outer borders of the cells and to be

taken up by the blood-corpusL-les in the surrounding sinus.

Some blood-corpuscles appear to be crowded with these

globules, which appear slightly smaller than the nucleus

—

possibly after slight chemical changes this product is deposited

in the vaso-peritoneal cells as yolk-spherules.

One specimen contained a few nearly spherical coccidia

about 50 uL in diameter in some of its intestinal cells
;
these

are the only parasites that I have observed in either of the
• ^

species.

Vascular System.—The general arrangement of the

blood-vessels can be made out without liifficulty in the living

animals, for owing to the red colour of the blood it can easily be

seen through the transparent body-wall. The two longitu-

dinal vessels, the lateral or eifei-ent and the median or afferent,

extend the whole length of the alimentary canal, and at

intervals only near the })roximal end connect with the peri-

gastric sinus by the breaking down of the intervening walls

(Fig. 4). 1 have seen the median vessel very dilated and

crowded with corpuscles quite close to the bend iu the dig-es-

tive tube.

The numerous capillary coeca project freely into the coelom,

and do not branch as they do in Fh. australis (Benham

[2], tig. 18) and in Phorouopsis harmeri, to be described

later. The corpuscles are 8-10 /x iu diameter, and have a

jiale yellow colour wlieu seen singly. They take up eosin

easily, and the nucleus and granules stain readily with iron-

luematoxylin, but 1 have not found them to stain well with

either Deiafield’s Inematoxyliu or carmine.

lu some specimens the corpuscles in various stages of

development may be seen along the ahereut vessels, being-

developed from the lining epithelium (Fig. 15, h. c.) just as

shown by Cori (3, pi. xxvii, tigs. 2 and 8).

A fine granular precipitate is present in some of the
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vessels, indicating the presence of a serum as well as

corpuscles.

Excretory System.—There are as usual a pair of excre-

tory organs at the distal end
;
they are small tubes bent once

only on themselves, and each opens into the coelom on either

side of a lateral mesentery by a small funnel. That into the

posterior coelom has a process extending down the mesentery

for a distance of about 160 ^ ;
they are both closely applied

to the transverse septum above.

The tube, which is about 250 fx long, runs first outwards

close to the mesentery, and then upwards embedded iu the

basement tissue, forming a slight ridge visible on the outside
;

it then turns inwards, running’ along the dorsal surface to

open on one side and in front of the anus.

The question as to how far the general peritoneum and the

blood-corpuscles derived from it have retained their excretory

fuuction is considered later.

The Vasoperitoneal tissue (Glefassperitonealgewebe of

Cori [3] or nutriment tissue of Ikeda [9], and constituting

Kowalevsky’s corps adipeux) is developed on some of the

capillaries on both sides of the digestive tube (Figs. 3, 4, vp. t.).

It consists of the usual large flat cells with small nuclei

at their outer ends. The contained yolk-spherules vary much
in size and stain easily with eosin, Licht grun and other

stains. Iron-li£ematoxylin can be washed out of them more

easily than from the nuclei.

Blood-corpuscles apparently in various stages of degenera-

tion are also to be seen in the cell s (Fig. 16, d. b. c.j, and

generally some fusiform corpuscles (/. c.). These are often

especially numerous in the pre-ampulla where the vasoperi-

toneal tissue is only present in small amount, and they have

also been observed floating freely in the coclomic fluid, occa-

sionally in the distal end i-iglic away from this tissue. Ikeda

(9, p. 145) states that he has never found these corpuscles any-

where iu Ph. ijimai, and thinks they are of no great physio-

logical importance. I have sometimes found them in immense

7iumbers, giving no sign of a nucleus, but generally showing
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a delicate sti-iation. They do not stain with Delafield’s

haeniatoxylin, but take up iron-hsematoxylin and stain homo-

geneously like the yolk-spherules.

Besides the above substance quantities o£ refringent non-

staining granular substance (Fig. 16, p. g.) occur in the vaso-

peritoneal tissue, either in separate granules or massed

together, and contained in corpuscles similar to the spliEeruli-

ferous corpuscles described by Durham
(
4

, p. 329) in Asterias

rubens.

I have seen corpuscles associated with degenerating- blood-

corpuscles or with fusiform bodies and others filled to a

greater or less extent with these refringent gi-anules, in the

vaso-peritoneal tissue (Fig. 16, 'pg.c.), and also free in the

body-cavity, sometimes close to the body-wall between the

fascicles of longitudinal muscles (Figs. 3 and 14, c.).

It is apparently these same bodies which are often to be

seen traversing the body-wall (Fig. 12, py. c.), and they seem

to be similar to the wandering cells, described by Durham in

Echinoderms (5, p. 88), which are able to get rid of effete

material frotn the system. The granules are set free on the

surface (Figs. 2, 12, where they form the opaque white

pigment masses so conspicuous in some specimens on the

outside, especially on the tentacles and distal parts of the

body.

Micro-chemical tests showed that these granules are

unaffected by weak acids, alkalies or ether, as well as by

the ordinary reagents and stains. They also give the

murexide reaction, and therefore contain some uric acid com-

pound. It seems probable that this may be guanin, which

is such a common excretory substance in many invertebrates.

'I’he deposit of these pigment granules in the distal

regions of the body Tiiay be accounted for by the action of

light, but, if, as 1 feel confident, they are excretory products,

we should expect, as Hai-mer (8, p. 122) has pointed out for

the excretory vesicles of Tubulipora, that they would occur

childly in such regions where waste products would be most

easily carried away.
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I camiot be sure whence these pig’ment-bearing cor-

piiscfes arise. They may be derived from the peritoneum,

which is so greatly liypertropliied in places, e.g. on the

afferent vessel (Fig. 15, h. p.), where the cells enlarge and

then appear to be liberated, also probably some of the cells

covering the capillary coeca develop into such corpuscles

instead of ordinary vaso-peritoneal tissue. Cellshaving such

an origin would be in close relation with the blood-corpuscles,

and hence able to e.xtract excretory substances similarly to the

chloragogen cells ol OligochaDtes.

Eisig states that in the Capitellidae (6, p. 758), whose

nephridia are limited to small regions of the body, certain

peritoneal cells laden with concretions are liberated into the

body cavity (p. 762), and that both blood and peritoneum

play an important part as true excretory oi’gans, and not

merely as conveyors of excretory products to other organs.

The subject of the excretory pigment in Phoronis seems

to require further study. I have never seen any such pig-

ment in Ph. hippocrepia, which is the onh^ other species

of Phoronis that I have personally examined, and can find no

reference to any. Gilchrist (7, p. 154) mentions the presence

of white pigment-spots irregularly arranged on the tentacles

of I’horonopsis albo mac u 1 a ta, but he states that these

consist of finel}' branching chromatophores.

Generative Tissue.—All the specimens examined for

reproductive cells contained ova only, and of these oulj’ a few

on the left side of the animal arising from the walls of

capillaries close to their origin from the efferent vessel

(Fig. 4, oi\). It seems probable that this species is pro-

tandrous, or possibly dioecious.

Affinities.—In size and mode of gi'owth this Phoronis

resembles somewhat closely Ph. ijimai, whose external

characters were briefly described by Oka
(
13

, pp. 147-8),

and which was separated from other species owing to

difference in the length or number of tentacles. Ikeda, who

has studied the structure of Ph. ijimai (9 and 10
)
.and has

compared specimens of Ph. hijtpocrepia with it, says that
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he is unable to discover any points by wliich tliey can be

differentially diagnosed, pointing out (9, p. 582) that the

length and number of the tentacles vary tremendously from

one season of the year to another.

I therefoi’e assume that both Ph. ijimai and Ph. kowal-
evski are encrusting varieties of Ph. hippocrepin, and from

a comparison of specimens and sections of the latter and from

descriptions given by other writers I conclude tliat there are

several important anatomical differences separating it from

Ph. van con verensi s . In the absence of any definitely

formulated featm-es by which the various forms included in

the genus Phoronis may be separated, I think that such

amatomical characteristics must be far more important from

a systematic point of view than such variable details as size

and number of tentacles.

C ha. rac ter 1 s t i cs of Phoronis vancouverensis, which

it is suggested should distinguish it from Ph. hippocrepia
a,nd its varieties :

(1) The character and gi’eater development of the fascicles

of longitudinal muscles.

(2) Tlie presence of two nerve-cords in the anterior region

of the body.

(3) The structure of the diaphragjii.

(4) The well-developed band of specialised cells in the

pregasiric region.

(5) Tlie possible separation of the sexes (dioecious), or, if

monoecius, then ])rotandrous.

II. Phoronopsis harmeri n. sp.

This animal is placed in the genus Phoronopsis, established

by Gilchrist (7) to include tlie form Phoronopsis albo-
m act! lata described by him from South Africa, on account

of the following characteristics :

(1) The nerve-ring lies in an involution of the epidermis.

(2) Only the left nerve-cord is developed.

(3) 'I'he longitudinal muscles of the body are in numerous
well-developed fascicles.
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Habitat.—Specimens of the animal ave easily obtained
from the sandy shores of some of the smaller islands in the
neighbourhood of Nanaimo. The tubes, 100 to 150 mm. long
with a diameter of 3 to 4 mm., are found embedded in a
vertical position with their upper ends slightly below the
.suiface of the sand near extreme low-water mark, their posi-
tions being only indicated by minute holes in the sand above.
The tubes are cylindrical, composed of a hard resistant mem-
brane coated with fine sand grains

;
the lower end is rounded

Text-fig. 6.

Posterior view of distal region of Phoronopsis harmeri. (x 10.)

off, forming a blunt point. In some the distal end was limp

and had no sand grains attached to it.

'The animal so completely fills the circumference of the tube

that it is only with difficulty removed.

Colour.—The tentacles and distal part of the body gene-

rally appeared during life to be of a pale greenish colour, and

to be more or less covered with opaque white spots of exactly

the same nature as in the case of Ph, vancouverensis.
'Phe ampulla was brownish-red. 'Phe last 5 or G mm. in some

specimens were clearer and separated by an annular constric-

tion. The red blood-vessels were clearly visible through the

body-wall, and the rectum could often be recognised owing to

its dark contents.
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Size.—One of the Lu-gest specimens measures 147 mm. in

length afcer preservation, 65 mm. of this being the ampulla,

which, as a rule, seems to extend for nearly half the length of

tlie animal. Some specimens are slig’htly under 100 mm.

Text-fig. 7.

--•ii-

f /oT
'/ /#

’ — ' - j i f- : . - AVCv

C': \

J:/
vs ss Z/4 p
i fy > y^el/

Tranverse section througli lopliopliore showing loplioplioral organ
(/. o.), and gaj) in inner row of tentacles {x}. ( x 50.)

long. The tentacles, which are frequently found regenerating,

are, when fnlly grown, 3 to 4 mm. long (Fig. 6). The general

width of the body is 1 to 2 mm. in the anterior region and

3 mm. across the ampulla.

Lophophore.—4'he extent to which the lophophore is

coiled is shown in Fig. 7, from which it may be seen that there

is a more <listinct spiral than in the horse-shoe form of

Fhoroiiopsis al bomac n la ta. The tentacles are also

more nnmerons than in this species, for which Gilchrist

voi.. 58, PAUT 2. NEW SERIES. 18
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gives 126, being in every case over 200 (215 to 230). At the

base of the tentacular membrane is the very distinct collar

formed as a fold of the body-wall just behind the nerve-i-iug

(Figs. 6, 8, 9, 10, r.). This collar is deeper at the sides than

on the oral surface, and on the anal side it is interrupted by a

bifid process, the anal papilla, into which the trunk ccelom is

continued, and which is divided internally by the rectal

mesentery suspending the shoi't terminal rectum (Fig. 11).

Text-fig. 8.

iL.hP^,.^

Longitudinal section throngli the collar and base of loiiliophore

in front of anal papilla.
( X 40.)

The lophophoral org’an (Figs. 7 and 8 l.n.) is extremely

variable; in some specimens it was lai-ge, and apparently

similav to that described for Ph. psammophila by Cori (3)

and for Ph. cajiensis by Glilchrist ([7j p. 158). The inner

leaf-like fold forms a covered passage from close to the

nephridiopores forwards and outwards into the lateral lopho-

phoral spaces, which are lined by thick glandular epithelium.

This epithelium also extends up the inner side of the tentacles,

and has been seen by Gilchrist to secrete mucus b}' which the
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PiU-fc of i 1

Text-fig. 9.

lonsitmlinal section tlironn’li collar ren'ion on one side.

{X 100.)

Text-fig. lo.

I

Lon.si'itndinal section tlirougli anal papilla. ( X 50.)
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eggs are held together, and tlds author refers to the organ as

a brood-chmnber.

Text-fig. 11.
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Transverse section tlirongli collar and anal papilla at the level of

the left nephridioiiore. ( X hO.)

Text-fig. 1‘2.
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A [lortion of a transvei'se section of the hody-wall towards the

distal end; only the outer ends of the longitudinal innscles

(/. III.) are shown, (x hhO.)

In the majority of specimens the organ is absent, which is
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probably to be accounted for as in Ph. vancouverensis
by the lateness of the season. The ovaries are in Phoro-

nopsis more full of ova, though botb were collected in Sep-

tember. Specimens with a lophophoral organ can easily be

distinguished by the greater width of the tentacular crown.

Text-fio. 13.

Transvei-se section tlirongli the cesophageal region showing the high
2'innate fascicles of longitudinal muscles. ( X (JU.)

Bod}’ - wal 1
.—The epidermis (Fig. 12) agrees with that des-

cribed for Ph. vancouverensis, and the excretory pigment

is here again very noticeable. The same remarks apply to it

as given for the former species.

The basement tissue (Figs. 9, 10, 11,. h t.) has here nume-
rous small cells embedded in the clear matri.x similar to that

described by Benham (2) for Ph. australis.
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Muscular Layers.—Tlie circular muscles are as usual

(Fig. 13, c.oii.), aud a few radial muscles traverse the

coelom, especially in the distal part of the body.

The lougitudiiial muscles (Fig. 13, 1. m.) are very greatly

developed. The fascicles are more numerous than in any
other described species of the Phorouidea. 'I'he usual

number in the region of greatest development, i . e . about

50 mm. from the distal eud, is about 126. These lon<>-itudinal

muscles are distributed as follows : 41 in the left oral

chamber, 42 in the right, 23 in the left anal chamber, and

20 in the right, or according to Longchamps’ formula

—

41142

23
I
20

126.

The fascicles are pinnate in transverse sections, and may
extend inwards to a distance of 160 /x.

The nuclei of the peritoneum covering them are very pro-

minent (Fig. 12, j>.). Between the muscles a fold of the

peritoneum extends inwards for a short distance
;
four of

these folds are mncli longer, and reach the alimentary canal

forming the mesenteries which divide the body cavity into the

two anterior or oral and two ])osterior or anal compartments.

The collar (Figs. 5, 7, 8, 9, 10, c.) contains no cadom, but

consists of basement tissue with numerous small cells. The

epithelium covering its outer side is columnar and similar to

that over the general body surface {col. ep.), but at the tip

and down the inner side it is replaced by small cubical cells

(c?t. ep.). There are no muscles developed in connection with

the collar, so that though it suggests the introvert of the

Sipunculoidea and Polyzoa it is appai’ently quite functionless

in that respect. Gilchrist (7) suggests that “ it is the

remnant of an ancestral introvert whicli has been retained

with the new function of protection of the nerve-ring.”

The diaphragm (Figs. 8, 9, d.) is thin, but apparently con-

sists of the usual three layers. I have seen it appear to

branch owing to the emergence of a blood-vessel, which has

evidently been running for some distance obliquely' across

the region where the glandular la^mr of the nephridial funnel
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is closely opposed to the septum. I do not know whether

this would accounc for the septum appearing to give off an

off-shoot towards the epistome, which Gilchrist (7, p. 156)

stated required further examination.

Some of the
2
:>eritoneal cells covering the part of this

blood-vessel in the lophophoral coelom near to the septum

appear to hypertrophy, and become granular and possibly

assume an excretoi-y function.

Nervous System.—The nerve-ring’ has its usual position

Text-fig. 14.

Tlie posterior part of a transverse section tliroiigli the region
of tlie anterior nephridial funnels, (x 60.)

about the level of the diaphragm, but is protected on its outer

surface by the very distinct collar.

The punctated sub.staiice forming the ring (Fig-. 9, n. r.)

contains a few cells and is traversed by delicate fibrils.

These, I think, must be nerve-fibres going to the epidermal

cells, and not mereh' inner boundaries of these cells as has

also been suggested, for similar small bundles of fibres pass

out at intervals and cross the base of the collai- and enter the

epidermal cells, forming its outer layer (Fig. 9,/.).

The whole layer of nervous tissue forming the ring is

narrower and more elongated than in most species of Phoronis,

and there is no indication of its becoming separated from the

epidermis, as Gilchrist (7, p. 156) suggested might possibly
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occur in a completely developed specimen. On tlie anal side

it turns inwards, following the curve of the lopbophore, and

is connected from side to side just in front of the anal papilla

by a large ganglionic mass (Fig. 8, g.). From this passes down-

warils on the left side the conspicuous nerve-cord. In tlie

nephridial region it is separated from the epithelium, and is

embedded in the basement tissue (Fig. 14, /. n.). After passia^>-

internally to the nephridial duct [n. d.) it turns outwards and

i-ejoins the epitlieliurn a little to the oral side of the left

lateral mesentery. From here it extends nearly to the

ampulla as a very conspicuous cord in contact with the

epitheliiun, but protruding- slightly into the basement mem-
brane (Fig. 13 /. ?/.). The centre is occupied by a cleat-

substance which stains only slightly and around this are the

nerve-cells.

Alimentary Canal.—In the stomach the ciliated groove

with deeply chromatic nuclei is much smaller and less notice-

able than in Ph. v;incou verensis. The distal part of the

iiitesrine is imirkedlv triano-ular in section and lined with
• O

suiiill cubical cells (Fig. 13, int.), the short termimd rectum

having columnar cells (Fig. 1 1, r.)
;
the coelom is divided into

its nsuiil four compartments even in the ampulla, as far as the

bend in the digestive tube.

Vascular System.— The corpuscles are but very slightly

larger than in P h. v an co u ver en si s, being on an average

10-12 p in diameter, and the same remarks as to staining, etc.,

apply to them.

The coeca frequently branch, which they have never been

seen to do in Ph. va nco u v e r ens i s.

Excretory System.—The excretory tubes have the usual

position, but differ slightly from those hitherto described.

Each has a large funnel ojiening into the anterior coelom and

a. smaller one higher up opening into the posterior coelom
;

neither of these has its wall prolonged downwards for any

distance as is usually the case. In addition to these funnels

there is a, wide orifice for communication between the anterior

and posterior coclomic spaces owing to the lateral mesenteries
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not meeting the oesophagus for some distance below the

transverse septum.

The lower lip of the large anterior funnel wraps over the

top of the lateral mesentery as shown in Fig. 10, oi.f. It also

extends round the sides and inner ends of this mesentery

where it is free from the oesophagus (Fig. 14, «./.). The top

of the funnel is closely applied to the septum (Fig. 8, n.f.).

Below the funnels the duct runs downwards for a short dis-

tance close to the mesentery in the anterior ccelom, then

Text-fig. 15.

b.c.

b.

hp.

0

Transverse section through afferent vessel showing developing

blood-corpuscles and hypertrojihied pei-itoneum (/np.) on the

outside. ( X 6()0.)

turns outwards, and for the rest of its length is embedded in

the basement tissue of the body-wall of the trunk. About

•5 mm. below the septum it bends on itself. The ascending

pait of the tube is often much distended; it passes obliquely

upwards externally to the nerve-cord on the left side

(Fig. 14, n. d.), and on reaching the collar region narrows

considerably and runs forwards embedded in the walls of the

anal papilla to open a, little in front of and below the anus

(Fig. 11, ?i. p.).

The funnel consists of deeply staining ciliated epithelium

and the duct is lined with ciliated cubical cells as usual.
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Til e V iiso- p e ri to n eal t i s s II e is developed on the walls

of the capillaries on both sides of the body in the anterior

coeloinie spaces, and the peritoneum covering the afferent

vessel in the posterior ccelom is frequently greatly hyper-

trophied. These^ latter cells, however, appear to become

detached, so that there is generally only one layer of them

(Figs. 13 and 15, h. 2>-)- They may possibly give rise to pig-

ment-bearing corpuscles as suggested in the case of Ph.

van c on ve re u s is. The contentsof the vaso-peritoneal cells

Text-fig. 16.

Yaso-iieritoneal cells and ova on a capillary. ( x 200.)

appear to be identical with those already described for this

species, similar ubsei'vations having been made with regard

to the white pigment-grannies which in Phorunopsis

harmeri are very noticeable (Fig. 13, j;. g ).

There are iiuinerons ova in various stages of development

to be found in the vaso-peritoneal tissue on both sides of

and below the alimentary canal in all the specimens of which

the ]iroximal ends have been cut, and they are snrronndetl by

distinct follicle cells (Fig. 16, or., foL). Xo spermatozoa

have been seen, nor have any ova been observed either free

in the bod}" cavity or in the excretory ducts.
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Affiiiities.^—There can be no doubt that this animal is a

species distinct from Phoronopsis albomacnlata, the

other member of the genus. The hitter, from South Africa,

described by Grilchrist (7), was 18 mm. long, and the tube

was attached by one side to its substratum witli the two

ends near together. The lophopliore was horseshoe-shaped

and carried 126 tentacles. There were 94 fascicles of longi-

tudinal muscles.

The comparatively -enormous size, greater number of ten-

tacles and different habit of life of Phoronopsis harmeri
are, I venture to suggest, minor points of difference, and the

shape of the lophopliore and the possession of a far lai'ger

number of muscle fascicles are the moi-e important systematic

characteristics.

In conclusion I should like to thank the Rev. G. W. Taylor,

F.R.S.C., Cura,tor of the Marine Laboratory, Departure Bay,

for his courte.sy and help during my visit. 1 also wish to

express my thanks to Dr. Harmer, F.R.8., for kindly giving

me assistance, especially with regard to literature, and to

Dr. ^larett Tims for his help and interest throughout.

Zoological Laboratory,
Bkdford College,

University of London
;

March .5th, 1912.
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Transverse Segmentation and Internal Differen-
tiation of Chromosomes.

By

W. E.

Glasgow University.

With Plates 12 and 13.

The material for tliis paper was pai tly the same as was used

for my former paper on the spermatogenesis of Lepidosireu
,

partly Lepidosireu larvae obtained during' the same expedi-

tion, and pai'tly larvae collected by Prof. Graham Kerr on his

previous expedition to the Pai'aguaj’an Chaco.

SojiATic Mitoses.

In my paper on the spermatogenesis of Lejiidosiren, it

was shown that the univalents of the diakinesis of the first

meiotic prophase develop a very marked transverse constric-

tion. When tliese univalents ])air (i. e. the second pairing as

described in the paper), the transversely constricted consti-

tuents of each pair form together a perfectly typical “ tetrad.”

As has now been found to be the case in so many forms, the

four segments of each tetrad are not distributed to the four

ganietes, but both divisions are longitudinal—that is, the

transversely constricted chromosomes (‘Glyads ”) of anaphase

I split longitudinally to form tetrads again, and anaphase II

.separates chromosomes still transversely constricted as they

were in prophase I. These transverse constrictions are left,

therefore, without any assignable significance. Attention was

drawn in the paper alluded to to the probability that the

transverse constrictions correspond with the apices of the V’s
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oF tlie somatic or sperinatogouial mitoses. Further evidence

will now be produced in favour of this conclusion, and to show
that this ti-ansverse segmentation is potentially present in all

the chromosotues in all parts of the body, thoug-h it is most

marked whenever the chromosomes are particularly short.

In any larva of Lepidosiren occasional mitoses are found

with unusually short chromosomes, and these were found to

be extraordinarily numerous in one lai'va of (Ti-aharn Kerr’s

stage 81 +. They are present in probably all the tissues, but

es[)ecially in the nervous s\'stein.

Fig. 1 shows a metaphase in a nerve-cell from this larva.

It is cut in three sections. It will be seen that the chromo-

somes are very short, and that the majority of them are

marked,
ly transversely segmented. As they are all completel v

longitudinally split also, the result is to form tetrads vei'V

similar to those found in meiosis, but present of course in the

full somatic number (thirt
3’-eight) . 'I'he scattering of the

ch romosomes through the cell at this late stage is to be noted,

and I believe that it is a frequent, though by no means

invariable, characteristic of this type of mitosis that no

equatorial plate is formed.

Figs. 2 and 3 are small fragments of two metaphases, also

in nerve-cells, showing a few tetrads produced in the same

way as those in Fig. 1.

In all these figures it is noticeable that certain of the

chromosomes ai e divided by their transverse joints into very

unequal portions.

Such figures as these could be multiplied indefinitely from

the same larva, and from others.

The question now arises, at what stage does the transAmrse

segmentation appear? As a rule, it seems not to do so till

the metaphase, though thei'e are numerous exceptions to this,

as can be seen in certain chromosomes in fig. 8. Fig. 4 is a

|)i‘ophase of a somatic mitosis from the same larva as that

from which figs. 1, 2 aiid 8 are taken. This prophase would

undoubtedly have resulted in very short, and hence trans-

versely constricted metaphase chromosomes, but nevertheless,

no certain segmentation is yet visible in them.
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Fig. 5 shows an anaphase^ such as Avould presinnably result

from a metaphase like fig. 1. The irregular scattering of

the cliromosomes corresponds Avith the probable absence of a

definite equatorial plate mentioned above. There is no reason

to suppose that this irregularity of gronping leads to aii

unequal partition of the chromosomes to the daughter-nuclei.

Figs. 6 and 7 represent metaphase chromosomes from

somatic mitoses Avith long chromosomes. Fig. G is part of a

nucleus immediately before the chromosomes are placed on

the spindle. Many of them are completely split into daughter-

chromosomes, and some of them show little or no transverse

segmentation. In certain of them, however (a,h,c,d), this

is A'ery apparent, and it is to be noticed that the point cf

segmentation corresponds Avith the apex of the V. It is

striking, too, that in some, especially d, the division occurs

much nearer one entl than the other. It is true that in d the

two short segments are a little affected by foreshortening,

but this is not enough to account for more than a very small

part of the difference iu length between the two limbs.

Fig. 7 is a later stage in so far that the equatorinl phite is

fullj' formed, but neA'ertheless the chromosomes are not so

completely split as in fig. 0. The indication of transverse

segmentation is so slight that the fact that it is represented

by the apices of the V’s could not have been recognised

Avithout the help of the other figures.

A number of chromosomes from different mitoses in various

somatic tissues of two larAun are collected into fig. 8. A
comparison of these with the foregoing figures will suffice to

show the general nature of the segmentation iu the somatic

chromosomes.

'I'he chief points to notice are :

(1) The frequent A'ery complete separation of the tAvo

portions by the transverse joint. This separation often .seems

at first sight to iiiA'olve the Avhole chromosome, but closer

inspection shows that it involves only the chromatin. Hoav-

ever separate the two chromatic portions may be, they are

always joined by a bridge of non-staining substance. This
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bridge niiiy be :is wide as the rest of the climmosome. or :i,

mere thread.

(2) The frequent inequality of the segments into which the

chromosome is divided.

(8) Tlie fact tliat the metaphase split does not extend

through the point of segmentation till after it is complete in

the other parts of the chromosome. This leads to the assump-

tion by the chromosomes of various shapes. In the case of

long chromosomes it often leads to an appearance of two

V’s connected by their apices by a thin strand (fig. 8,c, e, and

fig. G, a,h,c). Later, of course, the longitudinal .split will

extend through the connecting bridge also, and then an effect

mav be produced as in n, fig. 8. More often, however, in

the case of long chromosomes the extension of the metaphase

split through the connecting bridge is accompanied by a partial

flattening out of the transverse constriction.

Another effect of the tardy splitting of the connecting

bridge is the frequent occurrence of X-shaped chromo-

somes, some of which are shown in fig. 8 {g, h, j, k)

.

Their mode of origin is obvious if compared with those chromo-

somes in which the daughter halves of the two end-to end

segments have not diverged so widely (fig. 8, e, and fig. 6,

a, c).

Spermatogonial MpI'OSES.

In the newly formed spermatogonial equatoi'ial plates the

chromosomes attain a great length, and correlated with this

there is little, if any, indication of transverse segmentation.

Such an equatorial plate is shown in fig. 9. The same absence

f)f ti’ansverse segmentation, or even of sharp bends at the

apices of the V’s, is shown in fig. 6 of my former paper. As

the chromosoTiies shorten, however, transver.se segmentation

becomes evident in many of them, and at the time that the

metaphase splitting takes place it is often very pronounced,

especially in the smaller plates. These are very difficult to

analyse, as the confusion caused by the crowding together of

the chromosomes fa.r more than counter-balances the advantage
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gained by tbeir smaller size. The best examples are to be

obtained from the still further shortened chi-omosomes of the

daughter-plates. This is shown in fig. 7 of my former paper.^

'L’he whole series of chromosomes from this nucleus is shown

here in fig. 16 a.

Figs. 10-12 are spermatogonia! daughter-plates, and a

transverse joint is very clear in many of the chromosomes,

especially in the smaller ones.

Attention has already been drawn to the fact that the

transverse joint often divides the chromosome into two very

unequal segments, and also that the apices of the V^s of the

longer chromosomes correspond with the transverse joints of

the shorter ones. Special regard should be paid to figs. 10

and 11 and 15 a in this respect. In all of these it is seen that

the two longest chi’omosomes form V’s with approximately

equal limbs, while those next in size have very unequal

limbs. As we follow down the series of chromosomes the

V’s gradually pass into dumb-bells in the shortest ones.

Meiotic Phase.

The development and fate of the transverse constrictions of

the ineiotic chromosomes was fully described in my former

paper. Here it is only necessary to recall that there emerges

from the synizetic mass the full number of long chromosomes,

which become spaced out through the nucleus during dia-

kinesis. At first (i.e. while they are still long) they are nn-

segmented, but as they shorten up the transverse consti'ictions

appear. Finally they become more or less dumb-bell or hour-

glass shaped, and then pair to form the typical ineiotic

tetrads.

It is unnecessary to describe the development of the trans-

verse constrictions again here, so I have started with the

fully formed tetrads. A complete series of these, from a cell

' In the explanation of the figures, and on p. 26 of that paiier, this

figure is refeived to as an equatorial plate. This is a slip, and it is

correctly described as a daughter-plate on p. 22.

VOL. 58, EAUT 2. NEW SERIES. 19
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in Avliich the spindle is fully developed, but the chromosomes

are not yet arranged on the equatorial plate, is given in

fig. 15 B. A metapliase, or earlj'- anaphase, of the first meiotic

division is shown in fiof. 13. In d we see a tetrad ring-,

breaking simultaneously through both points of attachment

of the conjugants. In c we see the more usual condition,

where one point of attachment has given way before the

otlier, and the ring has straightened itself out. In a and «

the dissociation has gone further, the constituents of the

tetrad remaining attached by a thin thi’ead only.

The complete series of chromosomes from a nucleus at the

same stag’e is given in fig. 15 c.

Fig. 14 shows two daughter-plates resulting from a first

meiotic division. It is somewhat unusual for daughter-plates

to be formed in this way in the meiosis of Lepidosiren, the

chromosomes as a rule remaining bunched together near the

two poles, while the spindles rotate for the second division.

'I’he longitudinal splitting preparatory for the second division

is, therefore, exceptionally well shown in this figure. Each

chromosome again forms a tetrad, owing to the transversely

constricted chromosomes of anaphase I having each divided

lengthwise.

The chromosomes forming the right-hand plate (some of

which are in the next section) are shown in fig. 15 d. Only

eighteen tetrads were present, one having evidentl}’^ been

carried away by the razor.

A consideration of the spermatogonial and meiotic figures at

once shows a. very important fact, namely that the transverse

segmentation of a given cliromosome always takes

place at the same spot. In the case of the longer chromo-

somes the segmentation is marked by the bend of the V, in

the shorter ones by a transverse constriction. This constancy

as to the point of bending or constriction can also be gathered

from the somatic mitoses, but partly owing to the greater

complexity of the figures it is not possible to demonstrate it

so clearly as can be done in the gonadic divisions.

In the four series of chromosomes shown in fig. 15 I have
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tried to arraiio’e tlie cliroinosoines roughly in order. The

large pair, or large tetrad, can nearly always be easily recog-

nised, but the gradation in size amongst the remainder is so

continnons, and disturbances due to foreshortening, etc., so

inevitable, that it is impossible to attain to accuracy of

arrangement. Fortunately for onr purpose, however, while

the large pair of chromosomes always segments approximately

symmetrically, at least the next four pairs in size segment

very unequally. Hence, confining our attention to the few

largest pairs only, we can see that among them at least the

angles of the V’s or transverse constrictions of the tetrads

alwiiys occur in the same region of any given chromosome.

While it is not possible to be sure of the identification of all

the other chromosomes, an examination of the figure leaves

little doubt in one’s mind tliat the same constancy holds for the

smaller chromosomes also. This impression is gathered still

moi-e stroiiLdy from the preparations themselves, in which it

is easier to allow for irregularities due to foreshortening’, etc.

The equality of the segments of the pair of large chromo-

somes and iiieqnalit}' of tliose next in size is shown incidentally

in figs. 24-dl of my former paper.

Another important fact brought out by a study of the

meiotic figures is that in the asymmetrical tetrads like ends

are always applied to like. [That is, the small segment is

applied to small and large to large]. In the case of the

somatic tetrads this orientation follows from their mode of

formation. The case of the meiotic tetrads is different. As

described in my former paper, at the time that the transverse

constrictions are developed, the chromosomes may be lying

widely scattereil thi'ough the nucleus. Hence the juxta-

position of like ends to like when they pair to form the

definitive tetrads must be put down to an active cause.

Literatcee.

Many c}'tologists have noted the occasional occurrence of

tetrads ” or transversely segmented chromosomes in somatic
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cells. Della Valle, in a paper in wliicli he himself describes

half-a-dozen nuclei with tetrads from various tissues of the

salamander, and from Bidder’s organ in the toad, has

collected together a large number of references; Gregoire

has added to the list, and from these two authors it may be

seen how widely distributed such occurrences are throughout

both the animal and vegetable kingdoms. It is interesting

to note that Gregoire and Wygaerts figure three transversely

segmented metaphase chromosomes of Trillium, in all of

which they are divided by the joint into two unequal lengths,

and that on p. 15 they state that the commonest form of

anaphase chromosome in this plant “ est cede d’un V incom-

plet, forme d’nne grande et d’une petite branche.”

Besides della Valle, very few authors have published

researches directed specially to the occuri-euce of transverse

divisions in somatic chromosomes. Popoff has described

the appearance of tetrads in the liver-cells of Pain din a,

generally in the full somatic number. These are closely

similar to the tetrads appearing in the primary oocytes of the

same animal, and Popoff (like della Valle) considers that in

both cases they are due to a physiological abnormality of

the cells in question.

An inquiiy into somatic tetrads has been made by Hacker

and his pupils. Hacker brought out the transverse segmen-

tation of the chromosomes in developing Copepod eggs with

diagrammatic distinctness by the action of ether. This has

been done still more beautifully by Schiller, working on

several species of Cyclops. His figures 7-15 show typical

tetrads, present of course (except in rare cases) in the somatic

number.

Nemec has brought about the formation of tetrads in

somatic plant tissues by the action of chloral hydrate.

This brief reference to the literature will be enough to

show that the tendency to transverse segmentation of chromo-

somes is very widely distributed throughout the animal and

vegetable kingdoms—probably, indeed, the potentiality to

such segmentation is present in all chromosomes, and becomes
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operative especially often when they become^ for any reason,

unusually short in proportion to their length. In this case

the transverse constriction together with the metaphase split

gives the well-known tetrad appearance.

The only constructive theory as to the significance of this

tendency to transverse segmentation that is known to me is

Hiieker’s theory of teleutosyndesis. It is unnecessary to

dwell long on this, however, as it seems very improbable that

it can be maintained in the face of the facts brought forward

in this paper. For, firstly, the theory requires the final

fusion of the end-to-end segments at some stage in the life-

cycle to prevent the number of segments in each chromosome

being doubled in each meiosis. It is extremely improbable

that such a fusion ever takes place in Lepidosiren, as the

“doubleness” is traceable in all the tissues of the animal,

and is specially well marked in the daughter-plates of the

spermatogouial divisions— tliat is, in the last divisions before

the meiotic prophase where the end-to-end conjugation is

supposed to take place again. Secondly, the constant

inecpndity of the two segments of many chromosomes is very

much against the theory that they have been formed by the

permanent pairing end-to-end of pairs of homologous ones.

Thirdly, the theory is in any case of such a nature as could

only be accepted on very strong direct evidence in its

favour.

GeNEKAL CoNSIDEKATlONS AS TO THE NaTUKE AND SIGNIFI-

CANCE OF THE 'TrANSVEKSE SEGMENTATION.

The immediate cause of the transverse segmentation may
well be physical—j)erhaps the tendency may be for the

chromatin to collect at the ends of the chromosomes and fiow

away from the middle. This is possibly dependent on purely

])hysical factors—perhaps electrical charges or surface ten-

sion, both of which have often been supposed to play a large

part in the movements observable in mitosis. In accordance

with this view is the fact that the constrictions are best
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marked when tlie chromosomes are sliortest. This has been

alluded to several times already, and for definite data I refer

to fig. 15 a, and to the description of the development of the

transverse constrictions in the shortening chromosomes of

the meiotic prophase in my former paper.

If the chromosomes always segmented in the middle, or,

failing that, at no definite spot, the matter would possess

but little interest. But the fact that the segmentation always

occurs in the same chromosome at the same spot demon-

strates that the chromosomes possess a constant
lengthwise differentiation. For if a chromosome were

liotnogeneous, or if its internal differentiation were not con-

stant, a transverse constriction developed by physical or

other means would either always occur in the middle or

else at no constant spot.

The theoretical importance of inductive evidence of this

differentiation needs no emphasis. AVe learn, of course, very

little about the nature of the differentiation. It may consist

only in a pliysical or chemical difference between the chro-

matin at the two ends of the chromosome; or it may be that,

as demanded by theory, the differentiation lies in the chromo-

meres of which the prophase chromosome is composed, and

that when the tug comes the chromosome always gives way
between that pair of chromomeres (always situated in the same

spot in the chromosome) which are least firmly attached to

one another. An indefinite number of other possibilities

})resent themselves, but all demand the hypothesis that a

given chromosome is always composed of the same differ-

entiated portions arranged end-to-end in the same order

along its length.

The fact that in the diakinetic pairing of asymmetrically

divided chromosomes to form the definite tetrads, like ends

are always applied to like, is another indication of a constant

differentiation, which is only made apparent by the probably

physical factor, which produces the visible segmentation.

Moreover it implies that there exists an attraction between

like parts of homologous chromosomes, not only between such
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chromosomes as a wliole.^ The permanent forms of meiotic

chromosomes found in certain animals by Moore and Arnold,

and by Walker, may reasonably be supposed to be due to the

same lengthwise differentiation.

Finally, the facts here described are plainly in favour of

the theory of chromosome individuality. Quite recently

Meves has attacked this theory, largely on the grounds that

chouo:h size dilferences exist amonjjst the chromosomes of the

salamander, yet individual variation, and unavoidable distur-

bances due to bending, foreshortening, etc., are so great as to

make impossible the constaut identification of the same

chromosome. He is also sceptical of the possibility of arrang-

ing the somatic chromosomes in pairs. Sucli negative evidence

as his cannot, however, be held to counterbalance positive

evidence gained from those forms in which the size and other

dilferences are great enough to appear through all disturbing-

factors. This is certainly the case with, at any rate, the lai-ge

pair of chromosomes in Lepidosiren.

Summary.

(1) The tendency for chromosomes to become transversely

segmented or constricted is a wide-spread characteristic. It

becomes operative especially, but not solely, whenever the

chromosomes are short in comparison with their length, as

happens normally in meiosis, and exceptionally in somatic

tissues.

(2) The point at which the constriction or segmentation

takes place in any given chromosome is constant for that

chromosome, and is the same as the point at which it most

readily bends to form the angle of the V when present in

that form.

' Acceirting the commonly held views as to chromosome individuality

and reduction. Those who would hold the opinion that the scattered

chromosomes of the meiotic prophase ar-e not whole chromosomes, but

precociously sei^arated daughter halves, have still to explain the fact

that when they come together again on the equatorial plate, like ends are

always applied to like.
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(3) The constancy of the position at which transverse seg-

mentation takes place indicates a constant differentiation of

the chromosomes in a lengthwise direction.

(4) The presence of transverse constiictions or joints in

chromosomes is not^ without special evidence, to be taken as

an indication of hivalency, or of a future division plane.

Explanation op Certain Terms.

At the request of the Editor, I take this opportunity of reminding

readers that Wilson’s ‘ The Cell in Development and Inheritance
’

contains an excellent glossary. The few distinctively cytological terms

used above which are not to be found there or in the index of that

book are given below.

Diakinesis (V. Hacker, 1897).—The stage in the meiotic prophase

following synizesis, in which the chromosomes are scattered widely

apart in the nucleus.

Meiosis (J. B. Farmer and J. E. S. Moore, 1905).—The phase in

which reduction of chromosomes takes place, including both maturation

divisions. It is convenient to designate the stages of the first and

second divisions as metaphase I, metaphase II, etc. (Gregoire).

ISomatic should be restricted to mitoses in the cells of the body out-

side the germ-track. By some authors this term is ajjplied to all

mitoses outside the meiotic iDhase, including, therefore, those of the

sperniato- and oo-gonia, but this misuse of the term is to be deprecated.

Synizesis (C. E. McClung, 1905).—The clumping togetlier of the

chromatin often observed in the meiotic prophase. It was included in

Moore’s term, “ synapsis.”

Teleutosyndesis (V. Hacker, 1910).—A theory of chromosome
conjugation, according to which the conjugants are i)ermanently united

in tlie meiotic prophase.
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EXPLANATION OF PLATES 12 and 13,

1 llustratiiig Dr. AV. E. Agar’s iiieinoir on “Transverse Seg-

mentation and Internal Differentiation of Cliromosonies.”

[All figui-es were drawn with the Abbe camera, under a magnification

of 2500 (Zeiss P5 mm. Apochr., 12 comp, oc., drawing table at the level

of the microscope stage). In I'eproduction, all figures have been reduced
to

-f except fig. 15, which is reduced to f. Final magnification of figs.

1-14, as reproduced, is therefore about 1875. All the figures are of

Lepidosiren paradoxa.]

PLATE 12.

Fio- L—Metaphase, cut in thi’ee sections from a nerve-cell. Larva
of Graham Kerr's stage 31 -|-. Sublimate acetic.

Fig. 2.—Portion of a metaphase in a nerve-cell of the same larva.

Fig. 3.—Portion of a metaphase in a nerve-cell of the same larva.
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Fig. 4.—Portion of a late prophase from a mesenchyme cell in the

same larva.

Fig. 5.—Anaphase, nerve-cell of same larva.

Fig. 6.—Chromosomes ahont to he placed on the spindle. Muscle-

cell, larva of stage 32 +. Sublimate-acetic.

Fig. 7 .

—Polar view of equatorial plate from same larva. Only a few

of the chromosomes are shown.

Fig. 8.— Chromosomes from various tissues of two larvae (stages 31 and

31 -f ). Sublimate-acetic.

Fig. 9.—Polar view of an unsplit equatorial plate of a spermatogonium.

This is intact, in a 35 /i celloidin section. Sublimate-acetic.

Fig. 10.—Portidn of anaphase of spermatogonial division. The two

large chromosomes are partially overlying one another. Sublimate-

acetic.

Fig. 11.— Portion of late anaphase of spermatogonial division.

Sublimate-acetic.

PLATE 13.

Fig. 12.—A i^air of daughter-plates of a small spermatogonial division.

12 b has some chromosomes missing, 12 a is intact. The two plates were

in the same 40 /u celloidin section, mounted between two cover-slips, and

the figure was ol^tained by drawing the upper one from one side, then

turning the slide over and di’awing the other one from the other side.

The two large chromosomes are shown in 12 c, but one limb of one of

tliem is vei'y much foreshortened. Sublimate-acetic.

Fig. 13.—Portion of metaphase, first meiotic division. The large

tetrad is not shown. Flemming.

Fig. 14.—Pair of daughter-plates from a first meiotic division. Xot

all the chromosomes are shown. Sublimate-acetic. 40 /t celloidin.

Fig. 15.—Entire series of chromosomes from four nuclei of different

stages : A. Spermatogonial daughter-plate. B. Tetrad rings just prior

to formation of the equatorial plate of the first meiotic division, c.

Metaphase, first meiotic division. D. Tetrads from daughter-plate of

first meiotic division (the right-hand plate of fig. 14.) The nucleus a

is intact in a 40 /i celloidin section. B, c and D are all cut in two

sections, but probably in no case is any chromosome cut. In D one of

the tetrads has evidently been carried away by the razor. In B and c

the tetrads aie orientated as they would be if the spindle axis were

parallel with the toj) edge of the page. * Shape of chromosome

seriously affected by foreshortening, f Chromosome partially con-

cealed by othei’ chromosomes, so that accuracy is not certain. (See

fuller description in text, p. 291.)
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Studies on the Development of Echinoidea.

II. The Early Larva of Echinocardium cordatum and the

Result of Crossing' this Species with Echinus esculentus.

By
Prof. E. W. yfacl>ri<l(s D.Sr., EL.O., F.K.S.,

Imperial College of Science and Technology, South Kensington.

With Plates 14 and 15.

The results recorded in this paper were obtained during-

two inontlis’ sojourn at the Biological Station of the West of

Scotland Marine Biological Association at Millport last

suininer. A preliminary account of the same has already

been published in the ‘ Proceedings of the Royal Society ’ (16).

I have to record my t'lanks to Mr. Richard Elmhirst,

Director of the Station, for the whole-hearted manner in

which he aided my endeavours, and to Dr. James F. Gemmill,

\^ice-President of the West of Scotland Marine Biologicjil

Association, foi' the assistance he rendered me in providing

me with pure cultuies of diatoms, which were invaluable as

food for the developing larva;. 'I’o Prof. Graham Kerr, F.R.S.,

and to Di'. Agar, of Glasgow University, my best tlianhs are

due for the loan of tipparatus from the Zoological department

of that University. Andhnally, my warmest thanks are due to

my friend, L. AV. Byrne, Esq., whore-drew my figures forme

so as to make them suitable for publication.

The main object of my research was to test the distiibution

of paternal and maternal characters in the hybrid produced

by crossing two species, in whose larvae distinctly specific

characters could be found.

A great deal of work has been done in crossing distinct
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species of Echiiioidea, and most contradictory results have

been arrived at, as a sliort review of the principal papers on

this subject will show.

Interest in the question of the cliaracter of the hybrid

larvm produced by crossing two species of Echinoidea was

first awakened by two remarkable papers of Boveri (1, 2).

In these papers, which record the same researches, he

describes tlie effect of fertilising fragments of Sphaerechinus

eggs with spermatozoa derived from Echinus. He found

that he obtained some hybrids of purely maternal type, others

of mixed character, and some very small ones of purely paternal

type. These last he attributed to the development of non-

nucleated fragments of eggs which had been entered by

spermatozoa of Echinus, since he had previously proved that

non-uucleated fragments of eggs could develop into larvae

when entered by the spermatozoa of their own species. He
therefore concluded that the nucleus alone was the bearer of

heredity, since it could impress an Ec-hinus-character on a

fragment of a Sphterechinu s egg.

'I'his conclusion was attacked by Seeliger (17, 18), who con-

firmed Boveri’s statement that enucleated fragments of eggs

could be fertilised by sperm of the same species, but who denied

thatain' hybrids figured by Boveri had been derived from such

enucleated fragments, since, in a normal hybrid culture, larvte

of every type occur—from those showing a purely maternal

character to those which closely approximate to the paternal

t}qte. Therefore he concluded that Boveri’s inference that

the nucleus alone was the bearer of the hereditary qualities

was not sustained by his experiments. Seeliger also pointed

out that Boveri had not properly described the typical form

of the larva in each of the parent species, and that no valid

conclusion as to the character of the hybrid could be drawn

until this had been done.

Hriesch (5) then took up the subject, and pointed out that

in crosses of Sph terechinus and S tr o n gy 1 o cen t r o t us

Echinus the hybrids could be of purely maternal type in

respect of (a) rapidity of development, (b) number of uiesen-
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chyme cells, (c) general form. But the first thorough investi-

gation of the characters of the larvse of the genera Echinus
strongylocentrotus and Sphmrechinus and of the hybrids

produced by crossing these species was made by Vernon

(
23

,
24 ). It must be borne in mind that it is possible to

fertilise the eggs of Sphaerechinus with the sperm of

Echinus and Strongylocentrotus, but that eggs of

Echinus or Strongylocentrotus ^ generally refuse to develop

when fertilised by the sperm of Sphaerechinus. Vernon

came to the g’eneral conclusion that the predominance of

paternal or maternal characteristics in the hybrid offspring

was a question of the relative sexual ripeness of the male and

female parents.

It may be incidentally remarked that thelarvmof Echinus
and of Strongylocentrotus are not separable from one

another by any clearly defined characters, but that those of

Sphaerechinus are sharply separated from the others by

having the skeleton supporting each of the two post-oral

arms in the form of a lattice-work consisting of several

parallel calcareous rods joined to one another by numerous

cross-bars. The skeleton of the post-oral arms of the other

genera consists simply of single bars. It follows that the

main feature relied on in determining which parent’s influence

predominates in the hybrid is the character of the skeleton

of these arms.

Vernon’s work was criticised in 1902 in a remarkably good

paper by Steinbriick
(
20 ), in which he dealt with the cross

between Strongylocentrotus and Sphaerechinus. Stein-

briick called attention to the fact that in their so-called

distinctive characters the larvae of both forms are variable;

that in pure cultures of Strongylocentrotus larvae are

occasionally met with which possess two calcareous rods with

occasional junctions between them in the post-oral arms, and

that in pure cultures of Sphmrechinu s, larvae are some-

times found in which the lattice-work is partly abolished in

‘ Driesoli (5) records that 1 per cent. of Strongylocentrotus eggs

develop when fertilised with Sphaerechinus sperm.
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the skeleton of the same arms; and further, tliat the hybrids

between these two species ai-e of a very variable clmracter,

so that from them a complete chain of forms can be selected

leading' from larvte showing purely ])atermil to those showing

pui'ely maternal characters.

Steinbriick’s work has not received the attention which was

<lne to it. It was almost ignored by the next Avorkers who
<jccupied them.selves with the subject—Doncaster and Herbst.

Doncaster (4) admits that variations occur in the characters

exhibited by pure cultures oF Strongylocentrotus and Spluer-

echinus, but believes them to be relatively so infrequent that

they may be disregarded, and he bases his estimate oF the

relative intensity of paternal and maternal influence exhibited

in the charactei- of the hybrid larvm on the same criteria as

those employed by Vernon. He ariives at the conclusion,

however, that the influence of either parent—the fjither, for

instance—does not vary with the ripeness, inunaturity or

staleness oF the sexual products, but with the temperature oF

the water, for he found that he obtained the same re.sults in

December as in May if he artificially warmed the water used

For the December cultures. This he explains by stating that

warmed water causes the stronger larvm to develop rapidlj-

until they reach the point of development where further pro-

gress depends on food. Then they die and the weaker and

more slowly developing larvae survive them, and it is these

that s h o w th e pater n al i nf 1 u en ce most. In colder water

the stronger larva) develop more slowly, and hence are present

at the time when the estimate is made (eight days aftei’

fertil isation)

.

Boveri (3) returned to the subject of the characters exhib-

ited by the bastards produced by crossing S t ro n gy 1 o c e n-

trotns. Echinus and S ph a) re c h i n us

.

He maintains that

the influence of the male parent is visible in the shape, skeleton,

])igmentation, mesenchyme cells, and sometimes the size of

the hybrid larva. To this Driesch replied (6), controverting all

these points exce])t the one concerning pigmentation.

Herbst, in a most elaborate paper (10), in which he deals
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with the result of fertilising the eggs of Sphserechinns with

the sperm of Strongyloceu t rotu s and of Ecli in us, arrives

at much the same results as Doncaster, hut he admits that

there is also a factor independent of temjrerature which

determines the greater or less predominance of paternal char-

acters, and this he finds in the varying character of the eggs.

In a subsequent paper (11) he records the i-esults of the experi-

ment of initiating parthenogenesis in the eggs of Sphrn-

rechinus by treating them for a short period with valerianic

acid and then fertilising them with the sperm of Strongylo-

centrotus. Under these circumstances he claims that he

obtained a displacement of the development in the maternal

direction, and he maintains that in a few cases he even obtained

a larva maternal on the one side of the body and paternal on

the other—a circumstance which he accounts for by supposing

that the spermatozoon had entered the egg after the egg-

nucleus had divided and had united with one of the two

daughter-nuclei so formed.

Fischel (7) a little later dealt with the Ipybrids produced

by crossing Arbacia and 8 ph rnr e ch i n u s and also

Arb acia and Strongylocentrotus. (It is to be noted

that he persistently and erroneously uses the term Echinus
brevispinosus for S ph aer e ch i n u s gr an laris). He
arrived at results of generally the same character as those

gained by Driesch : but he tries to show that the effect of

foreign sperm entering the egg is to interfere with the normal

distribution of pigment in the egg. He asserts that the

spermatozoon can influence the rapidity of development, the

form and size of the larva, the development of pigment, the

skeleton and the histology of the cells.

Tennent (22) tried the experiment of crossing the American

forms Toxopneustes and Hipponoe. The larvae of Toxop-
neustes are like those of Strongylocentrotus. Those of

Hipponoe, on the contrary, resemble those of Sphaerechinus.

'I'he cross could be made by using Hipponoe as male or as

fejuale parent, but in either case the larvae showed the influence

of Hipponoe as evidenced by the “lattice-work” in theskeleton
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of the post-oi'al arms. Tennent’s most remarkable conclusion

was that the Hipponoe influence in the hybrid could be de-

creased and the Toxopneustes’ influence correspondingly

increased by decreasing the alkalinity of the sea-water by the

addition of a few drops of very dilute acid.

Hagedoorn (9) crossed two species of the same genus, viz.

Strongy locentrotus purpuratus and Strongylocen-
trotus f ranciscanus, and arrived at the conclusion that

the liybrid was in every case purely maternal in its character,

but in a paper published a little while after (12) by Loeb,

Redman King and Moore recording the results of hybridisa-

tion experiments between the same two species, these

authors state that they are unable to confirm Hagedoorn’s

results, but arrive at the curious conclusion that certain char-

acters appear in the hybrid whichever way the cross is made

—

are, in fact, a dominant over -correlative characters; so for

instance the clavate aboral ends of body rods are dominant

over the pointed form, the spherical form of larva over the

pyramidal, the presence of the recurrent rod in the skeleton

over its absence and so on.

The reader will gain from the preceding review an

impression of results of a most unsatisfactory and contra-

dictory character as the fruit of the work of all these ex-

perimenters. Having had considerable experience in rearing

the normal larvae of Echinoderms, it struck me that one prin-

cipal cause of such discordant results Avas the great variability

of the characters relied on as distinctive of the different

species of larvae.

I therefore looked about for “ species ” to experiment on

whose larvffi were distinguished from one another by clear

and unmistakaV)le characters. 'LVo possible cases presented

themselves to mind: first the case of the species Echi n u

s

esculent us and Echinus miliaris, and second, the case of

Echinus e s c u 1 e n t u s and E c h i n o c a r d i um c o r d a t u m

.

With regard to the first case, it should be noted that the

differences between the larvae of the two species do not

become clear until the larvae are about a month old and have
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developed all eight ' arms. These differences concern the

arrangement of the ciliated epaulettes, and the appearance of

a green pigment in the larvae of Echinus miliar i s; they were

described by me in 1899 (15). If anyone unacquainted with

the details of the normal development of Echinoderm larvae

were to read thi'ough the papers of all the workers on hybridi-

sation he would never suspect that the Echinoplutens

larva ever developed more than four arms; and in this cir-

cumstance alone a strong instance is afforded of the necessity

of knowing the ordinary development of a species before we

make it the subject of “ experimental embryology.” In his

first paper Boveri actually described the larva of Sphfer-

echinus as possessing only' two arms ! Whilst I was seeking

an opportunity to begin work the questions of the result of

hybridising Echinus esculentus and Echinus miliar is

was taken up by Shearer, De Morgan and Fuchs, who pub-

lished a preliminary note of the results of their work (19).

In this note they maintain that the hydirid between these two

species is of a purely maternal chai'acter with respect to

whatever character be selected for examination
;
and they

maintain that this maternal character is not altered by

changing the acidity or alkalinity of the sea- water employed.

This certainly is a remarkable result to obtain by hybridising

two speciesof the samegenus,and experiments which have been

made at the Imperial College, the results of which will shortly'

be published, do not bear out the view of these authors.

The second case forms the subject of the present paper.

Vernon (25) had already' recorded the results of crossing the

eggs of two speciesof Echinocardium with the sperm of

Arbacia, E chinus, Sphaorechinus and Strongylocen-
trotus,and he found that the hybrid larvm were all of a purely

maternal type. When the sperm of Echinocardium was

used to fertilise the eggs of the other genera no result was

obtained except in one instance with the eggs of Echinus. In

this case one third of the eg-gs developed and produced larva; of

a ])urely maternal type. The great distinguishing feature of the

larvae of Echinocardium, which it shares with the larvae

VOL. 58, PART 2. NEW SERIES. 20
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of other Spatangoidea, is the possession of an aboral

process of the body supported bya special skeleton.

This, according to Vernon, is only developed on the fifth day,

but according to him it appears in all the hybrid larvae,

although in tliem it is shorter than in the normal larva.

Tennent
(
21 ), in a short preliminary notice read before the

International Congress of Zoology held in Boston in 1907,

had already announced that he had crossed the eggs of

Moira, a Spatangid, with the sperm of Strongylocen-
trotus. He gives no description of the hybrids, however,

but in a later paper gives more details
(
23 ). He succeeded in

fertilising the eggs of Moira with the sperm of Toxo-
pneustes. He kept the (larvae alive for seven days. None

of them developed the aboral spine. Nevertheless, he says

that they were of the “ maternal intermediate type.” He also

made the reciprocal cross and obtained similar “inter-

mediate ”
larvae ! Some were of the purely maternal type

and developed for twenty days, but the possibility is not

excluded that these were developed from eggs fertilised by

chance spermatozoa of their owu species.

Since the results which 1 obtained differ markedly from those

recorded by Vernon, and are in many respects different from

those obtained by Tennent, it may be worth while to give some

account of the methods employed. At Millport large num-

bers of both E c h i n u s e s c u 1 e n t u s and of E c h i n o c a r d i u m
cordatum were tivailable. The former species could be

picked off the rocks^a stone's throw from the laboratory at

ordinary low tides
;
the latter species could be obtained by

the bucket-full at low spring tides by digging in a sandy

beach about half a mile from the laboratory. The tank-water

in the laboratory was unpolluted by drainage of any kind,

for the laboratory is situated over a mile and a half from the

centre of the little town'of Millport, and the full tidal current

of the Firth of Clyde sweeps past the rocks on which it is

built. In the water [in the tanks the adults of both species

live comfortably, but it is, nevertheless, inimical to the

larVcB. The reason of this is to be found in the metallic
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pipes througli which it is poured into the tanks
;

it is only

necessary to dip up the water from the Firth in an earthen-

ware or glass vessel in order to provide the larvae with a

medium in which they can grow and flourish. The eggs of

both species when shaken out of the ovaries are provided

with a glassy chorion which makes fertilisation difiicult, but if

the eggs are allowed to stand in clean sea-water for an hour

two before being fertilised this membrane disappears. As
tested by controls in which the eggs of each species were

fertilised by its own sperm, it was evident that the material

used was of the healthiest kind. The eggs of Echino-
cardium fertilised with their own sperm ran through
their complete larval development and metamor-
phosed into young urchins in great numbers,
accomplishing the whole cycle in three weeks. A full account

of the normal development of this species is reserved for

another paper. In the case of Echinus esculentus the

larv'ae lived for three weeks, developed cilated epaulettes and

all eight arms, but as I had previously given a very full

accounts of the normal development of this species I gave no

lurtlier heed to the larvae. My success in rearing tlie

larvae I attribute to the cultui’es of diatoms provided by

Dr. biemmill.

When the eggs of Echinocardium were treated with the

sperm of Echinus a moderate number of hybrids were pro-

duced, although possibly not more than one egg in a thousand

developed. These hybrids lived for eight days, but then, in

spite of being surrounded by abundance of food, they died.

When the eggs of Echinus were treated with the sperm of

Echinocardium about an equal number (one in a thousand)

developed, and the resulting larvae were of a purely maternal

type. When, however, the sea-water in which the
fertilisation was accomplished was previously steri-

lised by being heated to 70° C. no single Echinus egg
developed, and when it was found that a certain number of

Echinus eggs would develop if allowed to stand in clean

sea-water without the addition of any sperm at all, it became
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obvious that the supposed liybrids were really normally

fertilised eggs whose fertilisation had been brought about

by the accidental and unsuspected presence of spermatozoa

of Echinus in the water employed. One cannot help Avondei--

ing whether some of the results recorded in the literature, cf.

that of Driesch that 1 per cent, of Strongylocentrotus eggs

develop when fertilised with the sperm of Spligerechinus, may
not be due to a similar source of error.

Once this source of error had been detected all furtliei-

experiments in cross-fertilisation were made in sterilised sea-

water, and every adult urchin before being opened was

carefully washed in fresh water in order to destroy any

spermatozoa which might be adherent to the outside of the

test. The instruments employed were also carefully steri-

lised after each urchin had been opened before another was

taken in hand. New experiments under these conditions

gave exactly the same results when Echinocardium eggs

were fertilised with the sperm of Echinus, and I conse-

quently feel complete confidence in the accuracy of the

results so obtained, but when the eggs of Echinus were

fertilised with the sperm of Echinocardium no single egg

developed.

Several authors, notably Loeb
(
12

)
and Godlewski

(
8 ),

have succeeded in fertilising the eggs of sea urchins with

the sperm of animals belonging to distinct classes, even to

distinct phyla of the animal kingdom of Crinoidea, Mollusca,

etc. In the case of Mollusca it has been proved that the

sperm nucleus does not unite with the egg nucleus, i.e. the

chromatin which the former brings into the egg is not

included in the first karyokinetic spindle. In the case of

Crinoids, however, Godlewski asserts that sperm and egg

nucleus do unite, and that the chromatin of both is included

in the formation of the first spindle. In all such cases of

heterogeneous fertilisation the larvte are of a purely maternal

type and show no trace whatever of the paternal influence,

and therefore this kind of development is termed “ Entwick-

lungs-erregung,” on the supposition that it is due to a
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chemical influence exercised by the entering spermatozoon

on the egg analogous to the action of salts in producing arti-

ficial parthenogenesis and having no relation to the ordinary

hereditary action of the spermatozoon. The method employed

to bring about this anomalous development is to add a small

quantity of dilute alkali to the water in which the hetero-

geneous fertilisation is effected. Grodlewski found that the

addition of 2’5c.c.of solution of NaOH was most effective

in producing results. I therefore tried the effect of ferti-

lising the eggs of Echinus with the sperm of Echinocardium

in vessels of sea-water, to which '5 c.c., TO c.c., T5 c.c.,

2'0 c.c. and 2-5 c.c. respectively of — solution of NaOH had

been previously added to every 100 c.c. of sea-water employed.

In the mixture of 2 c.c. of NaOH to 100 c.c. of sea-water

a few unhealthy granular blastulfe were observed. In none
of the other mixtures did a single egg develop.

Now Loeb has shown (13) that it is possible to get the

eggs of sea urchins to develop if they are treated foi- a very

brief period with a weak solution of butyric acid, then

washed in sea-water, and then placed for an hour or so in sea-

water rendered hypertonic by the addition of a few cubic

77<

centimetres of solution of NaCl to evei-y 100 c.c. of water.

The effect of the butyric acid is to cause the eggs to form
membranes closely similar to those formed by eggs when
normally fertilised. Developmeiit then begins, but if the

eggs are not subsequently placed in hypertonic sea-watei-

they break up into sphei’es which I’esolve themselves into

smaller spheres and the whole egg is thus i-educed to a heap
of granules. Now if the actual formation of a vitelline

membrane be carefully watched it will be found that the

first step in this process is the formation at the surface of

the egg of a large number of minute spherules whose outer

walls coalesce to form the membrane. Hence Loeb puts
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forward the view that tlie chemical action of the sperma-

tozoon in provoking development consists of two parts

;

first a process of cytolysis is set np in virtue of which

a vitelline membrane is formed, but this process would lead

to the destruction of the egg if it were not checked
;
accord-

ingly a second chemical action sets in in virtue of which

the first action is arrested. In artificial parthenog'enesis

the checking of the process of cytolysis is effected by the

hypertonic sea-water.

I Avas curious to see what actually had happened to the

Echinus egg when treated with the sperm of Echino-
cardium. Microscopical examination revealed the fact

that the eggs had formed fertilisation membranes, showing

that the spermatozoa had entered them, but that they had

then undergone cytolysis. One such egg is shown in fig. 1,

PI. 14. The spermatozoa of Echiuocardium were therefore

able to produce a cytolytic action, but incotnpetent to check

it when it went too far.

Here, then, the cause of the sterility of the cross has been

unmasked.

Turning now to the experiments in which Echinocardium
eggswere fei'tilised with Echinus sperm Ishall divide what

1 have to say into three parts. First I shall describe carefully

the normal development of Echinus esciilentns up till the

sixth day; then I shall describe that of Echinocardium
cordatum up till the fourth day; and then I shall describe

the development of the hybrids, which, although they lived

for eight days, did not attain a greater degree of development

than that reached by the normal larvae in about five days.

(1) '1'hk Development oe Echinus esculentds.

On the morning following the fertilisation of the eggs,

which had been accomplished in the previous afternoon, clear

spherical blastulae (PI. 14, fig. 2) were seen swimming at the

surface of the Avater. The vegetative pole Avas already marked

by the appearance of the first mesenchyme cells, but they had

not yet migrated into the blastocele. Soon the blastula
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became flattened on the vegetative pole and the luesenchyme

cells wandei’ed inwards. The raajoi-ity of them formed a ring

round the periphery of the flattened surface, but some

wandered up the sides of the blastula and even reached the

animal pole. At this pole there is a tuft of specially long

cilia. The invagination which forms the archenteron began at

the vegetative pole, and the ring of mesenchyme cells

became thickened at two spots diametrically opposite to one

another, and in these thickenings the rudiments ot the larval

skeleton appeared as two trifid “stars.” Each arm of each

star grew out, the growth being caused by the deposition of

calcareous matter by the mesenchyme cells which cling to

the arm. One arm of each “star” grows upwards and

outwards—this is the rudiment of the post-oral rod of the

skeleton
;
one arm grows backwards towards the opening of

the invagination or “ blastopore ” and is the rudiment of the

future “body rod ” of the skeleton, and one grows hoi’izon-

tally across and forms the “ hor i zo iital rod ” of the skeleton.

The invagination now deepens and forms the archenteron

and the larva is now termed a gastrula. From the apex of

the archenteron a single transversely elongated vesicle is cut

off, which is the rudiment of the coelom. This stage,

reached in two and a half days, is represented in PI. 14,

fig. 3. At the animal pole of the embryo a tuft of specially

long cilia (cil.) is to be seen.

In the course of the next day the stornodaeum makes its

appearance as a shallow pit on one side of the anterior end of

the larva. The side of the larva on which it appears becomes

concave and constitutes the future ventral surface. The

pit rapidly deepens and reaches the apex of the archenteron,

with which it unites, and thus the alimentary canal is com-

plete. The coelomic sac has just previously divided into right

and left halves. From the “star” on each side another

branch is given off which extends upwards at the sides of the

stomodaeum and here causes a slight protrusion of the ecto-

derm, so that the outline of the anterior part of the larva

becomes quadrate instead of being rounded as it was pre-
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vioiisly. 'J'liis extra rod is the “ antero-lateral rod” of

the larval skeleton and the protrusion is the rudiment of the

antero-lateral arm. Meanwhile the post-oral rod has

pushed out a posterior protrusion of the ectoderm on each

side just above the blastopore, now become the anus. This

protrusion is the rudiment of the post-oral arm (called

‘^anal arm” by Driesch and Herbst). Up till now the larva

has been uniformly ciliated all over, with a tufc of specially

long cilia at the anterior pole, but now the cilia become re-

sti'icted to a ridge forming the edge of the concave ventral

surface. This is the longitudinal ciliated band of the

larva, and it runs along the edges of the protrusions which are

the rudiments of the larval arms.

The tuft of specially long cilia becomes incorporated in the

anterior border of this band.

A dorsal view of a larva in this stage is given in PI. 14,

fig. 4. As soon as the alimentai’y canal is complete spots of

orange- red pigment appear just under the ectoderm all

over the larva. The pigment is carried by wandering

mesenchyme cells, which can be seen to migrate into the

ectoderm and to discharge their pigment (which is probably

of an excretory nature) to the exterior in the form of granules.

During the next day the antero-lateral and post-oral arms

grow longer and an adoral band of cilia (ad., fig. 5) becomes

well defined. This consists of two ridges of thickened epithe-

lium lying in the ventro-latei*al walls of the larval oesophagus

belonging partly to the ectodermal and partly to the endodermal

region of this, which carry long cilia. There is reason

to believe that these cilia produce an outwardly
directed current and that their function is to re-

move excess of food matter from the i-egion of the

mouth. At least if a living larva be watched, particles sus-

pended in the water shoot out violently from the ventral side of

the mouth. On the left side the madreporic pore-canal and pore

are formed by the union of a dorsally directed up-growth from

the left coelomic sac and a slight in-pitting of the ectoderm.

Constrictor m use 1 es, which cause the oesophagus to exe-
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cute peristaltic swallowing movements, are developed from the

inner walls of the coelomic sacs, where they rest against the

oesophagus; and dilator muscles are represented by proto-

plasmic strings {dil., PI. 14, tig. 5) which join the antero-

lateral rods to the outer walls of the coelomic sacs. A larva

four days old viewed from the dorsal side is shown in fig. 5.

When the larva has attained the age of six days it has

increased greatly in size, and rudiments of the remaining

four arms, viz. the two prm-oral and the two postero-

doi'sal, are visible as very slight protrusions of the ciliated

band. Underneath the rudiments of the postero-dorsal arms

is seen an accumulation of mesenchyme cells, in the centre of

which a high power of the microscope reveals a minute cal-

careous spicule—the rudiment of the skeleton of the arm.

No such accumulation is seen beneath the rudiments of the

prae-oral arms; their skeleton arises in a later stage, as a

median dorsal spicule, situated above the oesophagus far

from the arms, and the actual prm-oral rods are subsequent

outgrowths from this spicule. This is important, because it

proves that the outgrowth of the arm is not directly due to a

mechanical push exercised by the growing arm rod, but must

rather be due to a chemical influence emanating from the

spicule. The aboral ends of the body rods become bent

inwards in a crook-like form (rr., fig. 6), often far better

shown than in the specimen figured.

(2) The Development op Echinocaedium Coedatum.

The egg of Echinocardium cordatnni is not more than

two thirds the diameter of the egg of Echinus esculentus, and

the blastula which develops from it and rises to the top about

eighteen hours after fertilisation is correspondingly small.

Moreover, it is not spherical, but is elongated along one

axis more than along the other. It is not, however, regularly

oval, but would be more correctly described as being of

cylindrical shape, rounded at the ends. In fig. 7 (PI. 14) one

of these blastulae is shown. It is a little older than the blastula

of Echinus shown in fig. 2, and the mesenchyme is more
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developed. The blastula in course of the next day becomes

a gastrula, and this stage is shown in fig. 8. In the gastrula

represented in this figure we see that the mesenchyme is

arranged in a circle
;

it is termed the primary mesenchyme,

because it is given off as in the Echinus embryo from the

vegetative pole of the blastula before the invagination which

forms the archenteron has begun. At two opposite points in

this circle a special aggregation of mesenchyme is to be seen,

and inside each aggregation there is already clearly to be

made out The four-armed calcareous “star” which is the

rudiment of the larval skeleton. Of the four arms, one is

directed upwards towards the anterior pole of the larva
;
this

becomes, as in Echinus, the antero-lateral rod. One is

directed backwards towards the blastopore
;
this becomes the

“body rod.” One is directed horizontally and forms the

horizontal rod
;
whilst the fourth is directed outwards into

a very slight elevation as ectoderm. This elevation of the

ectoderm is the first trace of the post-oral arm, and the

ann of the star corresponding to it is the rudiment of the

post-oral rod. This “ rod ” is double, i . e . it is represented

by two rods parallel to each other. At the anterior pole of

the larva is to be seen the group of specially long cells

carrying specially powerful cilia {cil.) similar to what was

described in the case of the larva of Echinus. The

secondary mesenchyme, which is budded fi’om the apex

of the archenteron and becomes the loose connective tissue of

the larva, is well seen in the figure. The gastrula rapidly

develops into an Echinopluteus larva by the same stages as

those described in the case of Echinus. A concave ventral

surface becomes defined, and to the edges of this surface the

cilia become confined. The anterior tuft of cilia becomes

incorporated in the anterior border of this surface, and the

post-oral arms also arise from its border. The stomodmum

arises as a pit on the ventral surface, and in the larva shown

in fig. 9 this is just touching the anterior apex of the archen-

teron, although the two cavities are not yet open into each

other. The coelom arises, as in Echinus, as a transversely
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elongated outgrowth from the archenteron, which becomes

nipped off and then divided into right and left vesicles. Spots

of dark red pigment have been developed. But it is the

skeleton which especially arrests our attention. The post-

oral arms are already developed, and each is supported by two

parallel rods connected with each other by numerous cross-

bars. The antero-lateral arms have not yet appeared, but the

antero-lateral rods are already formed—each a single cal-

careous rod. From each of tliese rods a branch (r. r.) pro-

jects backwards, this is the rudiment of the recurrent rod.

The body rods are well-developed single bars. Between their

aboral ends an accumulation of mesenchyme cells can be seen,

in the centre of which a tiny calcareous star [ab) can be

seen. This accumulation of cells represents the

formative matrix of the skeleton of the aboral

spike—a structure characteristic of the Spatangoid lai’va and

not found in tlie larva of any regular Echiuoid. During the

course of the next day the antero-lateral arms sprout out and

so does the club-shaped aboral spike. The recurrent rod has

grown backwards parallel to the body rod which it now equals

in length; this rod is usually vestigial in Echinus escu-

lentus, but is shown on one side in the larva represented in

fig. 6. But in Echiuocardium cordatum the recurrent

rods extend to the aboral pole and here fork
;
the dorsal fork

unites with its fellow, whilst the ventral forks unite the ends

of the body rods, and in this way a terminal ring is formed in

every way comparable to the so-called “ frame” at the aboral

end of the Sphaerechinus larva. The skeleton of the aboral

spike [ah) consists of three slightly diverging rods connected

with each other by cross-bars. At their -n,n terior ends they

join the terminal ring, which has just been described. One
of these rods is dorsal and median, the other two are lateral.

It follows that the aboral spike possesses a most complicated

skeleton. 'I’he apex of the aboral spike is covered with a

crest of long-ciliated cells [cil., figs. 10 and 11). During

the course of the next day the rudiments of the postero-dorsal

arms make their appearance and in each there is a tiny star.
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the rudiment of its skeleton (p.d.). The ccelomic sacs, which

in the previous stage lay at the sides of the oesophagus, now

begin to grow back along the sides of the stomach and on

each side a madreporic pore is formed. Whether this

duplicity of the madreporic pore is constant or not I have not

yet been able to determine
;

it is, at any rate, very frequent.

A larva in this stage of development is represented in fig. 11.

Further than this stage it is not my intention to pursue the

history of the development. The larva of Echinocardium has

in four days reached the same stage of development as that

attained by the larva of Echinus esculentus in six days.

Let us now review the differences between the two types of

larvae. Leaving out the question of the duplicity of the

madreporic pore, which may turn out to be a most important

character but which cannot be used at present—we find that

the larva of Echinocardium differs from that of Echinus—
(1) In possessing an aboral spike supported by a com-

plicated skeleton, whilst at the aboral pole of the Echinus
nothing of this kind is to be seen.

(2) In possessing ‘latticed” bars instead of single rods

as supports for the post-oral arms. (Exceptionally in

Echinus a second rod can appear in the post-oral arm. A
trace of such rod is represented in fig. 4. I have never seen

cross-connections between the two, but I am informed that

these also can appear as a rare exception.)

(3) In possessing well-developed recurrent rods instead

of only vestiges of such rods.

(4) In possessing brownish-red instead of orange-red

pigment.

(5) In its more rapid development.

We shall now see how far these characters are represented

in the hybrids.

Development of Eggs op Echinocakdium Cordatum Fertilised

WITH THE Sperm of Echinus Esculentus.

The earlier course of the development of Echino-
cardium eggs fertilised with the sperm of Echinus
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esculent us is very similar to that undergone by these eggs

when fertilised with the sperm of their own species. Fig. 12

shows the appearance of the free-swimming blastula twenty-

four hours fertilisation. In this specimen the vegetative end is

rather broader than the animal end, whereas in the blastula of

Echinocurdium represented in fig. 7, the reverse is the case,

but this difference between the hybrid and normal blastula

is not constant. By the end of the second day the blastula

is converted into a gastrula such as is shown in fig. 13. The

rate of development of the hybrid, however, varies with the

specimens used as parents. In fig. 14 a hybrid larva of

the same age is represented, which, however, belonged to a

different culture, and we can see that it has attained the stage

where the calcareous stars have been formed and where the

coelom is already grooved off from the archenteron. If from

the same specimen eggs are taken some of which are fertilised

with sperm of its own species and some with the sperm of

Echinus esculentus, then the hybrids will always develo])

more slowly than the normal larvge. As development pro-

ceeds the hybrids fall Jiiore and more behind the normal

larvse. In fig. 15 a hybrid four days old is represented. In

this specimen the post-oral arms are well developed but the

stomodasum has not joined the oesophagus. The bars sup-

porting these arms are “latticed,” but the cross bars are

comparatively few. The antero-lateral bars ai-e there but the

autero-lateral arms are not yet developed. As shown in fig.

16, however, hybrids four days old may be more advanced in

development. In the s])ecimen shown in this figure the

alimentary canal is complete and the ])ost-oral arms are longer

than in the specimen shown in fig. 15. But the supporting-

bars of these arms are single rods for the greater
])art of their length, although a second short rod accom-

panies the first at its base, as it does as a variation in

Echinus esculentus. Both larvm agree in the total

absence of any indication of the aboral spike or of

its skeleton.

When we turn our attention to the hybrid larvm five days
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old which ai*e shown in figs. 17 and 18 the saijie total

absence of an aboral spike or any indication of its skeleton

strikes us. The antero-lateral arms are now developed. In

the larva represented in fig. 17 the skeleton of one post-oral

arm consists at its base of no less than four parallel rods;

more distally a curious vestige of latticing is seen in the form

of short rods accompanying the main rod and each connected

with it by a transvei’se bar. The ends of the body rods are

in-bent in a crook-like fashion such as occurs in the normal

larva of'Echinus esculentus. The larvae represented in

fig. 18 has an almost normal Echinocardium skeleton in each

of the post-oral arms, but it is absolutely devoid of the aboral

spike. In fig. 19 a hybrid six days old is represented; it

shows much the same features as those shown by the five-day

hybrid represented in fig. 18, only the arms are better

developed and the crook-like in-bending of the aboral ends of

the body rods is very marked. We notice also that a

recurrent rod is well developed. In the seven-day larva

shown in fig. 20 one of the antero-lateral arms has been

absorbed—aphenomenon which often occurs with normal larvae

which are not quite healthy. The skeleton of this larva

shows hardly any ti-ace of the maternal influence
;

it is almost

purely of the paternal type.

None of the hybrids lived longer than eight days although

they wei-e supplied with abundant food. Three of these eight-

day larvae are represented in figs. 21, 22 and 23. That

shown in fig. 21 has a skeleton almost purely paternal in

character; the only hint of maternal influence is to be seen in

tlie thorns besetting the single rods which constitute the

skeleton of the post-oral arms. One striking maternal character

is, however, shown in the duplicity of the madreporic

por e . The larva shown in fig. 22 has a double rod in each post-

oral arm, but on one side the two rods are fused into one for

the middle of their length, whilst on the other they are widely

separated from one aiiother and connected by a few cross-

bars. Finally in the remarkable larva shown in fig. 23 there

is a skeleton of a purely maternal type, and the aboral spike
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is typically developed. The larva is distorted, however,

since the oral lobe containing stotnodasum is, as it were,

twisted round on the body, and the result of this twist on the

disposition of the skeletal rods is at first not a little puzzling.

Care, however, enables us to recognise all the constituent

parts of the maternal skeleton.

To sum up : The hybrid produced by fertilising the eggs

of Echinocardium cor datum with the sperm of Echinus
esculentus follows the mother in the character and distribu-

tion of the pigment : it is much smaller than larvae of either

the paternal or maternal species; it almost always follows

the father in the total absence of the aboral spike and of its

supporting skeleton, since in only one hybrid out of the

hundreds examined was the aboral spike formed. In

the skeleton of the post- oral arms the hybrid may be of

the paternal type, of the maternal type, or of an intermediate

character. In the inbending of the aboral ends of the body

I’ods the hybrid follows the father.

The most important of these results is undoubtedly the

total inhibition in the vast majority of cases of the formation

of the aboral spike in a larva developed from a Spatangid

egg, and the formation of a larva with a rounded aboral end

and in-bent body rods, recalling in these features the Echinus
larva. When we recollect that according to Shearer,

De Morgan and Fuchs the ci’ossing of two species of the

genus Echinus results in the production of larvae of the

maternal type, no matter what feature is considered, it is not

a little remarkable to find the paternal influence so strong in

a cross between two species belonging not only to different

genera but to different orders, species which must have

diverged from a common ancestor at the beginning of the

secondary e[)och many millions of years ago.

If the attempt be made to explain the absence of the

aboral spike as a mere concomitant of the feeble develop-

ment of the hybrid, a glance at the figures of normal

Echinocardium larvae will be sufficient to refute this sugges-

tion. We see there that the aboral skeleton and its formative
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mass of mesenchyme can be detected in tlie normal larva

before the antero-lateral arms have developed at all, and

in many of the hybrids the antero-lateral arms are well

developed. The absence of the aboral spike is therefore

not a mere consequence of stunted growth, but is due to

paternal influence. Moreover, it is not possible to reconcile

the facts just recorded with any theory of dominance such as

that put forward by Loeb, Redman, King and Moore.

If any clear meaning be attached to the word “dominance,”

it must signify that there is <a certain factor which may be

present or absent in a germ-cell, but which, when it is

present, produces in tlie resulting embryo a cei-tain chamcter.

Now if we take the question of the skeletal rods supporting

the aboral arms, these are normally single in Echinus and

latticed in Echinocardium. When these two species are

crossed we do not always find either single or latticed bars,

but we find, as a niatter of fact, every intermediate condi-

tion of affairs. To alter the significance of the word
“ dominance” in such away as to make it include phenomena

like these is, in my opinion, to empty it of all its meaning.

Zoological Laboratory,
Imperial College of Science and Technology;

.Tune 2.5th, 1912.
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. EXPLANATION OF PLATES 14 and 15,

Illustrating' Prof. E. W. MacBride’s paper entitled “ Studies

on the Development of Echinoidea, Part II.’^

List of Abbreviations Employed.

ab. Skeleton of aboral spike of Echinocardium larva, ad. Adoral

ciliated band. a. 1. Skeleton of antero-lateral arm of larva, an. Anns.

h. r. Body-rod of skeleton of larva, calc. First rudiment of skeleton of

larva, cil. Anterior tuft of long cilia and posterior tuft of long cilia

in Echinocardium larva, cce. Coelomic sac. cr. In-bent crook of body-

rod in skeleton of larva of hybrid and of Echinus, dil. Dilator muscles

of coelomic sac. f. Fertilisation membrane, li.r. Horizontal rod of

larval skeleton, int. Intestine, l.p.c. Left posterior ccelom. mad.

Normal left madreporic pore, mad.' Right madreporic pore of Echino-

cardium lai’va. mes. Primary mesenchyme, oes. (Esophagus, p. d.

Rudiment of skeleton of postei'o-doi'sal arm. pr. o. Rudiment of iira*-

oral arm. p.o. Skeleton of post-oral arm. r.p>.c. Right posterior

ccelom. st. Stomach, siom. Stomodueum.

[All the figures were drawn from living larvae with the help of the

camera lucida, and all the larvae figured are represented with a uniform

magnification of 200 diameters so that their relative sizes can be seen.]

PLATE 14.

Fig. 1.—Egg of Echinus esculentus treated with the sperm of

Echinocardium cordatum and examined twenty-four hours after-

wards. f. Fertilisation membrane.

Fig. 2.—Blastula of Echinus esculentus twenty hours old.

Primary mesenchyme in the act of being formed.

Fig. 3.—Late gastrula of Echinus esculentus two and a half
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(lays old. cos. CcBlomic sac just separating from archenteron. b. r.

Body-rod. h. r. Horizontal rod, and p. o. post-oral rod as three branches

of trifid calcareoiis star, the laidiment of the larval skeleton.

Fig. 4.—Larva of Echinus esciilentus thi-ee days old viewed from

the dorsal side. a. I. antero-lateral rod of skeleton, cos. Coelomic sacs.

oes. Endodermal part of oesophagus, stom. Stomodseum. p. o. Post-

oral rod of skeleton (notice the supplementary rod on right side).

Fig. 5.—Larva of E ch in u s e s c xi 1 en tu s four days old viewedfrom the

dorsal surface, ad. Thickening of epithelium carrying adoral ciliated

band. dil. Dilator muscles of coelomic sac and of oesophagus attaching

these structiu'es to the antero-lateral rod of the larval skeleton, mad.

Madreporic pore.

Fig. 6.—Larva of Echinus esculentus six days old viewed from

the dorsal surface, cr. Inbent crook at aboral end of body-rod. p. d.

Accumulation of mesenchyme cells, the formative tissue of skeleton

of postero-dorsal arm. p. r. o. Rudiment of prae-oral arm. r. r. Vestige of

recuiTent rod of skeleton.

Fig. 7.—Blastula of Echinocardium cordatum twenty-four

hours after fertilisation, mes. Primary mesenchyme being formed.

Fig. 8.—Gastrula of Echinocardium cordatum one and a half

days old. calc. Rudiment of skeleton, cil. Anterior tuft of long cilia.

mes. Secondary mesenchyme being budded from the apex of the archen-

teron.

Fig. 9.—Larva of Echinocardium cordatum two days old viewed
from the doi'sal surface, ah. Calcai’eous star, the rudiment of the skele-

ton of the aboral spike embedded in a mass of formative mesenchyme.
p. o. Latticed skeleton of post-oral arm. ces. Endodermal oesophagus
which is in contact with, but which has not yet opened into, stom.

the stomodffium. r. r. Recurrent rod of the skeleton.

Fig 10.—Larva of Echinocardium cordatitm three days old

viewed from the dorsal surface. The antero-lateral arms have grown
out and the stomodajum has opened into the oesophagus. The aboral

spike and its skeleton are fully formed, cil. Posterior Lift of cilia

at the apex of the aboral spike.

Fig. 11.—^Larva of Echinocardium cordatum four days old,

viewed from the dorsal surface. 1. p. c. Backward growth of the coelom
on the left side of the stomach, which wiU be cut off as the left posterior
coelom, r.p.c. Similar growth of the coelom on the right side of the
stomach which will be cut oft’ as the right posterior coelom. mad.
Left madreporic pore, wood.' Right maoli-eporic pore. p.d. Rudiment
of the skeleton of the postero-dorsal arm.
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PLATE 15.

[All the following figures represent larvse developing from the eggs

of Echinocardium cordatum which have been fertilised with the

sperm of Echinus esculentus.]

Fig. 12.—Hybrid blastula twenty-four hours old. mes. Primary

mesenchyme.

Fig. 13.—Hybrid gastrula two days old. cil. Anterior tuft of

cilia^

Fig. 14.—Hybrid gastrula (from another culture) two days old.

cos. Rudiment of coelom, calc. Rudiment of skeleton, wies. Secondary

mesenchyme.

Fig. 15.—Hybrid larva four days old viewed from the dorsal side.

a. 1. Antero-lateral rod of skeleton, h. r. Body-rod. cil. Anterior tuft

of cilia now incorporated with longitudinal ciliated band. oes. Larval

oesophagus not yet joined to stomodseum. r.r. Vestigial recurrent

rod.

Fig. 16.—Hybrid larva four days old, more advanced in development

than that shown in fig. 15 ;
viewed from the dorsal side.

Fig. 17.^—Hybrid larva five days old viewed from the dorsal surface.

c.r. In-bent crook at aboral end of body-rod.

Fig. 18.—Hybrid larva five days old viewed from the left side. ad.

Ridge of thickened epithelium in the oesophagus carrying the aboral

ciliated band. an. anus. li. r. Horizontal branch of the skeleton.

Fig. 19.—Hybrid larva six days old viewed from the dorsal suiface.

r. r. Recurrent rod.

Fig. 20.—Hybrid larva seven days old viewed from the dorsal surface.

Notice that one antero-lateral arm has been absorbed.

Fig. 21.—Hybrid larva eight days old viewed from the dorsal surface.

mad., mad.' The two madreporic pores.

Fig. 22.—Hybrid larva eight days old viewed from the ventral surface.

an. Anus. h. r. Horizontal branch of larval skeleton.

Fig. 23.—Hybrid larva eight days old viewed from the left side.

This is the only hybrid in which the aboral sj)ike and its skeleton have

been developed. Notice the distortion of the larva. It is as if the left

antero-lateral arm and the left side of the oral lobe liad been forcibly

twisted away from the spectator, b. r. The right and left body-rods

crossing each other, cil. Posterior tuft of cilia.
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The Experimental Hybridisation of Echinus
miliaris, Echinus esculentus, and
Echinus acutus.

By

O. Debaisieux,

Assistant in Zoology at the Univetsity of Louvain (Belgiiiin).

From tlie Imperial College of Science and Technology, London.

With Plate 16.

Tiie few experiments on the hybridisation of the Echino-

derms of wliich I am now giving the results were commenced
on the advice of Professor ivIacBride, who himself had made
similar experiments on other species. At his suggestion I

chose Echinus miliaris, Echinus esculentus and

Echinus acutus, in order to verify the interesting results

obtained by Shearer, De Morgan and Fuchs (’ll) in their

experiments on these species. I should like in the first place

to express my thanks to Professor Sedgwick, who so kindly

received me at his institute, and to Professor MacBride, who
has helped me so much by his valuable advice and has placed

at my disposal material whicli he had himself collected.

The very numerous researches which have already been

made in the hybridisation of the Echinoderm of various species

have given results which appear to be very varied. Boveri

(’89 and ’95) in his crossings of Sphmrechinus and Echinus,

remarks that the characters of hybrids are mixed and inter-
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mediate between tlie paternal and the maternal. These

conclnsions were soon considered doubtful by Seeliger (’94)

and i\[organ (’95), and very numerous experiments were again

made on diti'erent material. In nearly all these experiments

the student started with the idea of finding out if the hybrids

had characters which were exclusively maternal, exclusively

})aternal, or intermediate between the characters of the two

parents.

Driesch (’98) studied the crossings between Spheerechinus,

Strongylocentrotus, Echinus and Arbacia, and he remarked

that '‘Wahreud alle anderen untersncliten Charakteie der

Bastardlarveu von Echiniden sicli als rein mutterlich und

damit sehr wahrscheinlich als von der Natur des Eiplasmas

abhangig erweisen, treten bei der Skeletbildung zuerst die

Charaktere der vaterlichen species auf, indem sicli dieselben

als eine Mischung vaterlicher und miitterlicher Eigenschaften,

je nach der kombination mehr zum vater (Sph. $ x Echinus

,
Sph. ? X Str.

)
oder mehr nach der Mutter (A. ? x

E. J'jE. ? X A. d' )
hinneigend darstellt.” The same author,

in a more recent work (’03), does not notice the transmission

of pigmentary characteristics by the father, but relying on

Boveri’s work, he considers that this transmission is sometimes

possible, whereas Fischel’s experiments and conclusions

(’06) prove a certain paternal influence and the heredity of the

paternal characters. Other material was used by Vernon (’98).

Housed eggs of Echinocardium cor datum and fertilised

them by sperm of Echinus, Strongylocentrotus, Splimrechinus

or Arbacia. The hybrids were all of the maternal type, but the

aboral spike was considerably shorter in them than in the

normal larvm. In a case where the opposite crossing was

successful, Echinus $ x Echinocardium cJ ,
the characters

of the hybrids were exclusively muternal. The same material

was again experimented on by MacBride (’ll) and the results

were quite different: whilst the crossing of Echinus ? x

Echinocardium did not give larvae, the hybrids Echino-

cardium $ X Echinus presented paternal and maternal

characters.
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111 another set of experiments on Sph^rechinus and

Strongylocentrotns, Yernon (’00) notices considerable varia-

tions in the hybrids which he obtained.

At times they present characters which are almost exclu-

sively maternal, at others almost exclusively paternal, and

again, at times, characters more or less approaching one or

the other. These results are confirmed by Steinbriick (’02), by

Doncaster (’04), and by Herbst (’06 and ’07), but whilst Yernon

attributes these variations to the influence of the seasons, the

last authors, above quoted, are more precise, and attribute

them to the changes in the temperature.

Equally contradictory results were given by the crossings

of other species. Hagedoorn (’09) studied only one cha-

racteristic of the skeleton of the hybrids of Strongylocen-

trotus franciscanus and Strongylocentrotus purpu-

ratus. He discovered a purely maternal heredity; on the

other hand,Loeb, King and Moore (’10) and Moore (’12), taking-

up the same study notice that the different characters of the

skeleton of the hybrids are not of maternal origin, but always

follow the law of dominance, that is to say that the same

character is always present or absent in the hybrid, whether

it is F. ? X P. or P. $ x F. (^

.

Yery similar conclusions were drawn by Tennent (’10) in

his experiments in crossing Hipponoe and 'I’oxopneustes, but

he remarks tlmt the characters which follow the law of

dominance vary according to the alkalinity of the water

which is used in the experiments.

At last we come to the experiments of Shearer, De Morgan,

and Fuchs (’ll). After examining the hybrids of Echinus
miliaris, esciilentus and acutus, the authors conclude:

A. “ There is considerable evidence for the contention put

forward by Loeb, King and Moore (’10) that the minor

skeletal characters are inherited independently from either

parent.

B. “ In the presence or absence of the posterior ciliated

epaulettes, of the green pigment masses, and of the posterior

pedicellaria, we claim that we have found definite characters.
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and we find them to be invariably inherited through the

eofg-.” 1

oO
It is to verify the accuracy of this last opinion tliat I have

again taken up the expei'imeiits of hybridisation of Ecliinus

miliaris, esculentiis and acntus. The animals which we
used were collected at Plymouth and sent to London, where

they always arrive perfectly fresh and in a fit state to give

good fecundation. I used methods wliich were advised by

Professor MacBride, and which he himself has described in

two articles (’03, ’ll). I have only to add that the niosr.

minute precautions were taken to avoid errors of any descrip-

tion. Tlie animals were carefully washed in fresh water

before being dissected
;

all the instruments and utensils wei'e

sterilised before use; sea- water was never used unless it had

been kept for a long time in the laboratory and filtered

through a Berkfeld filter.

I principally concentrated my attention on three charac-

ters which are very characteristic of the species and easy of

observation.

(i) The posterior epaulettes which are present in Echinus
esculentus and acutus, absent in Echinus miliaris.

(ii) The posterior pedicellaria which is present in Echinus
esculentus and acutus, absent in Echiniis miliaris.

(iii) The green pigment which is absent in Echinus
esculentus and acutus, present in Echinus miliaris.

It is noticeable that, starting with these three characters, it

is impossible to distinguish the larvm of Echinus escu-

lentus and of Echinus acutus. Besides, no differential

character has been recorded in these larvae. The hypothesis

that they are two varieties of the same specie becomes more

and more probable. Besides, the results which I obtained

were identical whether I used E. esculentus or E. acutus.

‘ A letter from Shearer, De Morgan and Fuchs, which appeared in a

recent number of ‘ Nature,’ June 27th, 1912, states that this year's

experiments give results which are quite different from those of other

years—results which ai'e doubtless in a great measure analogous to those

which we have obtained. I shall discuss their opinion regarding this

variation farther on.
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I obtained the pure larvae for each type (figs. 1, 2
,
3

}
and

the four hybrids which are possible :

M. $ X E. d* (fig. 4) ;
E. ? X M. cj (fig'^'- 6) : M. $ x

A. c? (figs. 7, 8) ; A. ? X M. c? (figs. 9, 10).

I was able to rear all the hybrids of E. acutus through

the metamorphosis until they reached the stage of the adult

echinus. The hybrids of E. esculentus did not go beyond

the metamorphosis.

The heredity of the three characters which I studied was

as follows

:

(1) The posterior epaulettes were present in all

the larvae of the four kinds of hybrids.

This character, therefore, was transmitted to the bastard

larvae in each case, in some through the father, in others

through the mother. This character, however, is not wdiolly

transmitted to hybrids. In the larvae of pure E. acutus or

esculentus the epaulettes are formed at the expense of the

loop of the ciliated band which intervenes between the post-

oral arm and the postero-dorsal arm, and then the epaulettes

entirely separate themselves from it. Now in hybrids we have

observed that the posterior epaulettes remain attached to this

commissure, and do not separate themselves from it. Conse-

quently the epaulettes are not so perfectly formed in hybrid

larvae as in pure larvae.

(2) The posterior pedicellaria is to be found in the
following hybrids: M. $ xA.J',A.? xM.(?,E.? xM.(?,

and probably also in M. ? x E. d'

•

Ewt the posterior

pedicellaria is sometimes absent in certain individual larvae.

One must notice that in the pure larvae of E. miliaris, one

does not find a pedicellaria at the posterior pole, but a cellular

proliferation in which a calcareous plate is formed which

often bears a spine. Now in hybrids one sometimes finds one

spine, sometimes two, and sometimes two spines and a

pedicellaria.

(3) The green pigm ent is never trail smitted to the

larvm in any of the four kind s of hybrids. This green

pigment is present in the larvm of Echinus miliaris in four
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little masses which are in the concavity of the four antei’ior

epaulettes, and it is scattered in little grains in the arms and

along the ciliated band. In the hybrid larv* it is not to be

loijnd in any of these places. One might suppose that the

disappearance of the green pigment is due to degeneration or

to a weakness of the hybrids. In fact it is noticeable that

the pigment diminishes considerably in the larvge of E.

Ill ilia.ris when in a weak state, as, for instance, when they are

hungry. This supposition cannot be maintained if one

considers (1) that the green pigment never completely disap-

pears in the pure larvae, (2) that this diminution is accom-

panied by the diminution of the red pigment. Now in

hybrids green pigment is always entirely absent and the

quantity of red pigment is not lessened
;
rather the contrary.

d'o sum up and to explain these results it seems necessary

to look at the question from another point of view than that

which is customary.

In these experiments of crossing amongst Echinus
miliar is, esculent us, and acutus, there is not exclusively

maternal or paternal heredity; one might say that the hybrids

inherit simultaneously from the paternal and the maternal

influence; but this formula does not express all the results

obtained, for there is no mention of the fact that certain char-

acters are always absent or always present in all hybrids, and

that the paternal or maternal origin of the characters does not

influence their transmission to descendants.

But if we view the question as Tenneut (’10) has done, and

especially as Loeb, King and Moore (’10) have done, the solu-

tion seems to be much more adequate. Certain characters

are dominant, others are recessive. In the experiments

which we are discussing, the dominant characters are the

presence of posterior epaulettes and of posterior pedicellaria.

They are alwa^’s transmitted to the descendants, either

through the father or through the mother
;

the green

pigment is a recessive character. Its appearance is always

prevented, either by the maternal, or by the paternal

influence.
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To this assertion I must add two remarks :

(1) The dominant character is not necessarily transmitted

in its entirety; it may be lessened by a contrary influence.

An example of this is to be found here in the fact that the

]iosterior epaulettes are less perfectly developed in hybrids

than in pure larvae. This statement does not contradict

Mendel’s law of dominance. It is necessary to remark that

one is not working on adult individuals' with fully developed

cliaracters, but on larvae. Now Lang (’08) Inis observed in

his crossings of Helix that in young hybrids the rate ol

development of certain characters is less than in pure indi-

viduals. Moore (’12) remarks and explains the same fact in

Echinoderm hybrids.

(2) It would seem necessary to admit that tiie dominant

characters are variable, that is to say, that if they are

normally transmitted to hybrids, this may not be the case if

certain factors vary. The present experiments perhaps give

us an example of this. Tlie posterior pedicellaria is, in fact

not always present in the hybrids. Too much importance

must not, however, be attached to this example, because one

cannot absolutely determine what relationship exists between

the posterior pedicellaria of E c hi n us e sc u 1 en t u s or acut u s

and the posterior spine of E. miliaris
;
and we do not know

enough of the changes wliich occur in these elements in the

pure larvae. Better examples of the variability of the

dominant characters are to be found in the researches on

ecliinoderm hybrids, whicli have been already jiublished.

According to Tennent (’10) the heredity of the characters

varies with the alkalinity of the water. According to Vernon

(’00), Steinbriick (’02), Doncaster (’04), and Herbst

(’OG, ’07), this heredity varies witli the seasons or more

probably with the temperature. It seems, therefore, that one

may take it that a normally dominant character is weakened
undei' certain conditions and that a recessive character may,

under certain conditions, be strengthened and be transmitted

as a dominant character.

We should like to compare our results and conclu.sions with
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those obtained by other experimentalists^ but in most of the

experiments the question of dominant characters was not

considered, and the examination of their works would go

beyond the limits of this paper. I will simply say that my
conclusions agree with those of Loeb, King and Moore (^10),

of Moore (’12), and of Tennent (’10). They would also

probably agree with those of Veiuiou (’00), Doncaster (04),

and Herbst (’06, ’07).

It only remains for me to speak of the difference which

exists between the results of my experiments and of the

earlier experiments of Shearer, De Morgan, and Fuchs (’ll),

'riiis year these authors obtained results which are partly

opposed to the results they had obtained in former years, and

which, as far as I can judge from their preliminary notes

(‘Nature,’ June 27th, 1912) are fairly analogous to the results

which I am now describing’. They believe that this differ-

ence is due to the fact that certain external circumstances

affect the sexual cells of Echinus mi liar is.

It seems difficult to admit this hypothesis because, contrary

to their observations, I have noticed that the eggs of E.

miliar is x miliar is which developed were relatively more

numerous than the eg’gs of E. acutus x acutus; and that

the larvae of E. miliar is x miliar is were very easy to

rear; in the same way the larvae of miliaris ? x

acutus were relatively more numerous than those of

acutus ? X miliaris If one studies the question

with regard to the dominant characters, one comes to a con-

clusion which is quite opposed to the one given by these

authors.

In their account of this year’s experiments one notices

that these authors deal with two dominant characters (pos-

terior epaulettes and posterior pedicellaria) belonging to E.

acutus and one recessive character (green pigment) belonging

to E. miliaris. In the experiments of former years these

dominant characters were not transmitted by the sperm of

E. acutus, nor was the reces.sive character crushed by the

action of the sperm of E . acutus. It appears, therefore.
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that some influence weakened the force of the sexua,l cell of

E. acutus or strengthened the force of the sexual cells of

E . m i 1 i a r i s .
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EXPLANATION OF PLATE 16,

Illustrating the paper by Dr. G. Debaisieux on ‘‘The Experi-

mental Hybridisation of Echinus miliaris, Echinus
esculentuSj and Echinus acutus.’^

List of Abbreviations employed.

ant. ep. Anterior ciliated epaulette. ech. “Echinus rudiment."

gr. pig. Green pigment. 1. ped. Lateral pedicellana. post. ep. Pos-

terior ciliated epaulette, p. ped. Posterior pedicelliaria. sp. Adult

spine.

[N.B.—Only the green pigment is indicated in the drawings
;
the red

pigment, which is present in all the larvae figured, is left out.]

Figs. 1-2.—Pluteus of Ech inus miliaris x E. miliaris viewed from
the ventral surface. Gr.pig. The green pigment.

Fig. 3.—Pluteus of E . esculentus X E. esculentus viewed fi-om

the right side. After the drawings of Mr. MacBride.

Fig. 4.—Hybrid pluteus of E . miliaris? X E. esculentus c?, from
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the ventral surface, p. ped} Knob-like outgrowth probable rudiment

of postei'ioi’ j^edicellaria..

Figs. 5-6. --Hybrid plutei of E. esculentus ? X E. iniliaris (^,

viewed, the first from the ventral, the second from the right side.

Figs. 7-8.—Hybrid plutei of E. miliaris $ X E. acutus (^

,

viewed, the first from the ventral, the second from the right side.

Figs. 9-10.—Hybrid plutei of E. acutus $ X E. miliaris J',

viewed, the first from the venti-al, the second from the right side.
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On Paternal Characters in Echinoid Hybrids.

By

C^rcsswell Sliearei', Walter De ItIoi-g:an, and H. HI. Fuchs

With Plates 17 and 18 and 4 Text-figm’es.

(From the Laboratory of the Marine Biological Association,

Plymouth).

I. Introduction.

Last autumn we published a paper (12) giving a brief

summary up to date of some tliree yeaiV work on the hybridisa-

tion of Echiiioderms. The experiments were made with the

tliree species of Echinus found atPlymoutli. From a study

of tlie late larval characters of the pure forms and of the

liybrids we arrived at the conclusion that the inheritance of

these characters was invariably maternal—that is to say, that

the late larval hybrid always resembles its mother. Since the

date of the publication of our preliminary paper we have

continued our experiments, and have had occasion to repeat

all our crosses. TV our surprise, however, the behaviour of

some of the hybrids has differed greatly this season from that

of previous years. In late lar ml life some of the hybi-id

crosses have shown as strictly a paternal inheritance as in

previous years they showed a maternal one. It may therefore

be of interest to other investigators in this field of work if we
publish a short account of these new facts before the comple-

tion of our full paper.

In our preliminary paper we have clearly pointed out that

the very conflicting results which have been obtained by

different investigators in Echinoderm hybridisation are in

large part due to the study of insufficiently definite characters.

VOL. 58, PART 2. NEW SERIES. 22
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These characters are tliose developed in the early pluteus—in

particular the larval skeleton. This is a structure w^hich

varies very readily with the state of health of the organism,

and the variations in one form frequently tend to give it a

shape resembling that of another. For instance, the skeleton

of the antero-lateral arms of the Echiims pluteus is a simple

rod, but in abnormal cases a lattice form is developed like that

of Sphserechin us. For this reason it is evident that the

skeleton is an unsatisfactory index of heredity, and it would

seem to be doubtful if much of the previous work on inherit-

ance in the very early pluteus is of substantial value.

In the forms which we have studied we have been forced

to adopt larval characters later than those hitherto used as

criteria of inheritance. This has been rendered possible by

the elaboration of methods of rearing healthy larvae in

quantity up to and beyond metamorphosis. In the advanced

plutei of Echinus we have found chai’acters which do not

vary in the parental forms and which are present in the one

species and absent in the other.

Our experiments have been made with the three common
English species of Echinus, namely E. esculentus, E.

acutus and E. miliar is. The characters, of which we have

investigated the inheritance, have been as follows: E.

esculentus and E. acutus both develop posterior as well

as anterior ciliated epaulettes (PI. 17, figs. 2, 3) . E. miliar is,

on the other hand, has no posterior epaulettes, but two pairs of

green pigment-masses are formedin the anterior epaulettes (PI.

17, fig. 1). All the hybrid plutei have in previous years been

purely maternal with respect to these characters. Thus in

the crosses E. esculentus S x E. miliaris c? (Tl. 17, fig. 5)

and E. acutus ? x E.miliaris S (Ph 17,fig. 4) the posterior

ciliated epaulettes are developed, although not to so great

an extent as in E. esculentus or E. acutus, but the green

pigment-masses are absent. In the crosses E. miliaris ?

X E. esculentus c? (Ph 18, fig. 8), and E . m i 1 iaris ? x

E. acutus c? (Ph 17, fig. 6), on the other hand, the posterior

epaulettes are absent and the green pigment is present.
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During 1909-1911 no exceptions were found to this rule of

maternal inheritance, and in the present year the crosses

E. esculentus $ x E. miliaris cj and E. acutus $ x

E. miliaris c? have behaved as before. It is, however, in tlie

hybrids with E. miliaris $ that we have obtained different

results. All the cultures of E . m iliaris ? x E. acutus
have sliown a paternal inheritance, dhius, in PI. 18, fig. 7,

the gi'een pigment ot E. miliaris is absent, while the pos-

terior epaulettes of E. acutus are present. Again, in the

cross E. miliaris ? X E. esculentus (5*, with an e.xcep-

tion, all the fertilisations gave paternal larvje (PI. 18, fig. 9).

It seems, then, that it is the E. miliaris eggs which are this

year in general unable to transmit the characters of the

species to the hybrids.

In former years cultures of E. miliaris have always shown

a more rapid rate of growth in the laboratory than the other

species. 'I’his, we have suggested in our preliminary paper,

is possibly due to the fact that, E. m iliaris being a shore

form, laboratory conditions may be more suited to it than to

E. esculentus or E. acutus, the habitat of which is in

deeper water. Not only did E. miliaris develop rapidly,

but any crosses into which it entered had their rates of growth

accelerated. 'I'his year, however, this species can only be

obtained in a late stage with great difficulty, and its rate of

growth is slower than that of E. esculentus, E. acutus, or

any of the hybrids.^ With regard to the latter, when E.

miliaris is used as the male parent, fertilisations can easily

be made, and the inheritance is, as usual, maternal. When,
however, E. miliaris eggs are used in the cross, only a very

low percentage are fertilised, and the inheritance is, as stated

above, paternal. A few exceptions only have been found to

this. Jn one experiment only a high percentage of the E.

‘ Since the above was written tliis matter has been brought up at

the Dundee meeting of tlie British Association. Prof. MacBride stated

there that lie had tliis year bred E . miliaris, obtained from Plymouth,
at the Imperial College of Scieiu-e in London, and that the larvae could

lie raised as easily as in former years.
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miliaris eggs fertilised with E. esculentus sperm, and

some of the larvae were paternal, others maternal.

From the above considerations it would seem that some

condition in the environment has affected the E. miliaris,

so that the eggs are unable to develop healthily when
fertilised with sperm of the same species, and are usually

incapable of transmitting their characters to hybrid offspring.

Text-fig. 1.

E . Tniliabris. E. esculentus

.

Diagram to show the characters of the late plutei of E . miliaris
and E. esculentus. gr.p. Green pigment-mass, p.cil.ep.

Posterior epaulette.

II. Summary of Experiments.

In our preliminary paper we have sufficiently indicated the

methods which have been adopted in carrying out this

investigation. It only remains to add here that rigid pre-

cautions have always been taken against any possible error

in the fertilisations. As in all our previous work proper

controls have been kept. lu addition, our results of this year

are not based alone upon the examination of a few culture

jars, but on a large number of experiments extending over

several months.
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The following is a brief description ot the late larvaa of the

three pure forms and of the hybrid crosses.

Text-fig. 2.

Miliaris. Acutas.

MjxAo'. AjxMc/.
Diagram to show the inheritance of the late larval characters in

hybrids between E. miliaris and E. acntus during 1909-11.

(//• p. Green pigment-mass. p.cU.ep. Posterior ciliated epaulette.

The two upper figiu'es repi’esent the unhybridised larvae.

'I’he plnteiis of E. esculentus reaches the 8-armed

stage at about a fortnight after fertilisation. The age of a

pluteus is, however, seldom a good indication of its stage of

development, as the rate of growth in different cultures
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varies within wide limits. The larva (PI. 17, fig. 2) has a body

which is deeper than wide, the posterior pole being flattened.

As soon as the eight arms are developed the ciliated band

around the anterior edge of the larva thickens, four crescentic

bands being abstricted. These are the anterior epaulettes,

and by means of their strong cilia they form the principal

Text-fig. 3.

Diagram to show the inheritance of the late larval characters in

hybrids between E. miliaris and E. acntns during 19T2
(cf . Text-fig. 2) and absence of the green pigment-masses in

the hybrids when E. miliaris was maternal, ii.cil.cp. Pos-
terior ciliated epaulette.

locomotory organ of the fully formed phi tens. Eventually

they coalesce to form one continuous band. At the end of

about three weeks a pair of posterior ciliated epaulettes is

formed. The presence of these structures in this species is one

of the characters of which we have investigated the inheritance

('I'ext-fig. 1). A pair of pedicellarim appear dorsally and

ventrally on the right side of the larva, opposite to the Echinus-

rudiment, which is now well advanced. A posterior pedicel-

laria is usually present as well. It is also developed in E.



Text-fig.
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acutus, but is never present in E . m iliaris. The inheritance

of this pedicellaria follows that of the epaulettes, but it is not

a very reliable feature, as it occasionally fails to develop in pure

E. 'esculentus, E. acutus, or the hybrids. The larva is

studded with reddish-brown pigment spots, which are concen-

trated at the tips of the arms and along the ciliated epaulettes.

The pluteus of E. acutus (PI. 17, fig. 3, and right upper

figure in Text-fig. 2) closely resembles that of E. escu-

lentus, and develops posterior epaulettes. It has, how-

ever, a rather smaller body, with more slender and divergent

arms. Owing to the similarity in essential features between

this species and E. esculentus, hybrids between them give

no information of hereditary value.

The E. miliaris larva (PI. 17, fig. 1, and Text fig. 1) is of a

different general shape from the two described above, tlie body

being wider and having a domed posterior end. The arms are

comparatively short. A dorsal and a ventral pair of green

pigment-masses are developed in the anterior epaulettes. This

pigment is completely absent in the plutei of E. esculentus

and E. acutus. No posterior epaulettes are developed in

E. miliaris. The presence of the green pigment and the

absence of the posterior epaulettes are the important features

of this larva for the study of heredity (Text-fig. 1).

This year (Text-fig. 3), as in previous seasons (Text-fig. 2),

hybrids of the cross E. acutus ? X E. miliaris (Eh 17,

fig. 4) have developed maternal characters. The posterior

epaulettes are present, and there is no trace of the green

pigment-masses.

Plutei of the cross E. esculentus ? x E. miliaris

(PI. 17, fig. 5) have similarly always been purely maternal

with respect to the same characters. In one experiment,

however, all the larvae had the usual material absence of

green pigment, but some developed both posterior epaulettes,

some neither and others had one on one side of the body

only (Text-fig. 4).

With the cross E. miliaris ? x E. acutus c? we have,

however, obtained totally different results this season from



PATERiSTAL CHARACTERS IN ECHINOID HYBRIDS. 345

those of former }^ears. In 1909-1911 tlie hybrid larvje were

always maternal (PI. VI

,

fig. 6, and Text-fig. 2), having no

posterior ciliated epaulettes, but developiug the green pig-

ment. In all the experiments of this year only a very low

percentage of the eggs would fertilise with the foreign sperm.

Perfectly healthy larvse were obtained fi'om these fertilisations,

but in all the cultures they showed an inheritance which was

the exact reverse of the previous years. Posterior epaulettes

were developed, but no green pigment, showing that the

larvae inherited their characters through the sperm (Text-

fig. 3).

From the cross E. miliaris ? x E. esculentus $ we
have also obtained results which conflict with those of other

years. Formerly the characters of the hybrid plutei were

always maternal (PL 18, fig. 8). Posterior epaulettes were

absent, and green pigment was present. This year we have

had as great a difficulty to fertilise the E. miliaris eggs

with E. esculentus sperm as with E. acutus sperm. In

one case only did we get a good fertilisation, about 80

per cent, of the eggs segmenting. In cultures made from

this ci’oss some of the liybrid larva? were maternal, others

paternal. In all other experiments the percentage of eggs

which fertilised was twenty or less. Nevertheless, these

1909, 1910 and 1911. 1912.

Posterior
epaulettes.

Green pig-
ment-masses.

Posterior
epaulettes.

Green pig-
ment-masses.

E. esculentus, $ )

E. esculentus, $ )
+ 0 + 0

E. miliaris, $ . )

E. esculentus. ? )
+ 0 + 0

E . ni i 1 i a r i s
, d* • ')

E. miliaris, :i . )

0 + 0 -1-

E. esculentus, ^ •)

E. miliaris, ? . J
4- + 0
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larvae developed quite healthily, but their characters Avere

paternal (PI. 18, hg. 9). The posterior ciliated epaulettes

were developed, but the green pigment was totally absent.

On p. 345 is given in tabular form a summary of the inheri-

tance of the late larval characters investigated. The difference

l)etween the inheritance this year and that in previous years

can be seen at a glance. The crosses between E. miliaris

and E. acut us gave the same results as those between E.

miliaris and E. esculentus.

III. Discussion.

In a comparison of the general results of hybridisation

among Echinoderms with that in other divisions of the animal

and vegetable kingdoms it is striking that the products of

reciprocal crosses are, in the former case, so frequently unlike

one another. In the species of Echinus with which we have

experimented, the characters investigated have, until this

year, always been inherited through the maternal parent.

Such behaviour seems to be of quite a different order from

that of pairs of characters which follow the usual Mendelian

law, in which cases the hybrids of one cross resemble those of

its reciprocal, irrespective of the sex of the parent forms.

Prof. Punnett has pointed out to us a case among plant hybrids

which would seem to be parallel with this parental inheritance

in Echinoderms. In crossing two species of Oenothera, de

^T•ies
(
15

)
found that the hybrids were always strongly

paternal. Hybrids of the cioss OH . biennis $ X CE. muri-

cata d' resembled CE . muricata while those of the reciprocal

resembled CE. biennis; so that in this case the hybrids showed

an inheritance through the male germ-cells. It is interest-

ing to note here that he kept each of the hybrid strains for

four generations without observing any alteration in their

characters.

If data could be obtained of inheritance through more than

one generation in Echinoderms, it might be found that the

facts could be interpreted on Mendelian lines. As, however.
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up to the present no hybi-ids liave been rnised to sexual

maturity, any suggested Mendelian explanation must remain

unconfirmed. Nevertheless we would suggest that the follow-

ing liypothesis might be put forwaid to express the purely

maternal inheritance. Suppose that the presence of a pair of

posterior ciliated epaulettes (P) and the absence of the same

(p) are a pair of allelomorphic characters. Then the germ-

cells of E. acntus vvill all have P and those of E. miliaris

will all have p. Suppose, moreover, that in hybrids when P
comes in through the male it is recessive to p, but when

through the female it is dominant,

then E . acntus ? X f recessive p through tliej*

E. miliaris d* receives t dominant P through the ?

and E. miliaris ? X f recessive P through the

d

E. acntus d I'eceives ( dominant p through the $ j epauleU^s^'^^”'^^

If this hypothesis were true and segregation took place, the

Ej generations from both i-eciprocal crosses would have to be

composed of larvte in equal numbers with and Avithout the

posterior epaulettes. If, on the other hand, there were no

segregation, all the F3 individuals would be alike and similar

to the Pi hybrid from which they were bred.

We have explained above that two of our crosses have this

year shown a complete reversal in the inheritance of the

])ai*ental characters. While in hybrids between E. escu-

lent us or E . ac u tus and E . miliaris, in which the latter

was used as the Jiiale parent, the characters were maternal as

formerly, when E. miliaris was used as the female the

hybrids this season usually resembled the father. Formerly

they had been invariably mateinal. This complete change in

heredity from one year to another seems to be without parallel

in hybrids other than those amongf Fchinoderms. Using the

same notation as above we should have to suppose that this

year P behaves as a simple dominant over p.

As we have emphasised above, previous investigators in

Echinoderm hybridisation have used charucters wliich were

not definite enough to give unquestionable results. Never-

the hybrid hav-

ing posterior

epaulettes

;

the hybrid, hav-
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tlieless tlie frequent inconsistencies between the conclusions

of different experimenters may in part be of the same nature

as our change in inheritance. In 1889 Boveri (2), working at

Naples, found that hybrids of the cross Sphger echinus ?

X Echinus were all intermediate in their characters.

Seeliger
(
11

)
made the same cross at Trieste in 1894, but

found that in every culture some of the larvae were paternal.

Morgan
(
10

) repeated the work at Naples in 1895 and sub-

stantiated Seeliger’s conclusions. It is possible tliat the in-

heritance of parental cliaracters in this cross does not remain

the same during a series of years. Similarly the opposite

results obtained with hybrids between Strongylocentrotus
f ran ci scanu s a!id S . p u r pu ratus by Hagedroon (7) and

Loeb, King and Mooi'e
(
9 ), who worked at Pacific Grove, Cal.,

in two consecutive years, may possibly both be correct. In

any case our results serve to emphasise the fact that it is

necessary to repeat the same experiments many times and to

extend them over a considerable period. It’ tlie investigation

had been made at Plymouth during this year alone, the con-

clusion would pi'obably have been ari-ived at that the charac-

ters of E . esc u 1 entus and E. acutns are dominant over

tliose of E. miliaris. We know, however, that this has not

been the case in preceding years.

Vernon
(
14), working at Naples in 1900, found that the

inheritance in hybrids between Strongylocentrotus and

Sphae rechin ns was different according to the time of year

at which the crosses were made. In spring the hybrid larvte

resembled Strongylocentrotus, while in summer they

were like Sph re r ech in u s . Strongylocentrotus was

found to be much riper in the spring than in the summer, and

accordingly Vernon concluded that the dominance of the one

species over the other was controlled by the relative rijie-

ness of the sex cells used to make the cross. Doncaster (3),

however, found that the cause of the change in inheri-

tance was the difference in temperature at the two seasons.

We cannot compare our results strictly with those des-

cribed above. The breeding period of the three species of

%
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Echinus found at Plymouth is relatively short so that the

crosses can be made at one season of the year only. It appears

to be plain, however, that the relative ripeness of the germ-

cells used in our experiments is of no account. For, during

the four seasons of this investigation, hybrids made at the

commencement or end of the breeding season have not

differed from those made at the period of maximum maturity.

Since it was in crosses in which E. miliaris was used

as the female parent that the inheritance was different this

year from that in pi-evious seasons, there would appear to be

some alteration in the eggs of this species. This is borne out,

not only by the fact that the normally fertilised eggs of E.

miliaris develop slowly and irregularly, but also that in the

only hybrid cross in which the percentage of fertilisation was

high, some of the larvm showed the usual maternal inheritance.

Since this species has failed to develop healthily it might seem

that tlie eggs were immature and that the breeding period

had for some reason been postponed. But even if this were

so, previous experience has shown us that immature eggs,

although they may give unhealthy larvte, do not alter the

inheritance iti hybrids. On the whole it seems most probable

that some factor in the environment has affected the meta-

bolism of E. miliaris in its habitat this year, so that the

condition of the female germ-cells is changed.

In 1906 Kupelwieser (8) fertilised Echinus eggs with

IMytilus sperm and obtained hybrid larv® which were purely

maternal. He found, however, that the chromatin of the

sperm had not fused with that of the eggs, so that there had

been no true fertilisation. In the earlier stages of our inves-

tigation this suggested to us that the invariable maternal

dominance which we found might be a case of virtual

parthenogenesis similar to that of Kupelwieser. Godlewski

(6) fertilised Echinus eggs with Antedon sperm but

obtained a result which differed from that of Kupelwieser.

The larvai were maternal, but he showed that there had been

a true fusion of the nuclei, the male chromatin taking an

active pai t in the segmentation mitoses. This result showed
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tliut the sperm chromatin h:is not necessarily any influence

on the structure of tlie hybrid. Other investigators in

hlchinoderm liybridisation who have found a purely maternal

inheritance (Driesch (5) and Hagedoorn (7) )
have not

investigated the cytology of their crosses. In order to decide

whetlier or not there was a true fertilisation in our experiments

w'e handed over hybrid eggs fixed in the early segmentation

stages to Doncaster and Gray. A preliminary account of the

results of their investigation was publislied last autumn (4).

At that date they had onl}’ examined one- cross into which E.

miliaris entered, namely E. acutus 2 x E. miliaris S.

In these hybrids there was a true fusion of the male and

female pronuclei, so that this seemed to be a case parallel with

that of Godlewski.

Baltzer (1), working at Naples in 1908, found that in his

crosses, although there was a true fusion of the pronuclei, a

varying number of chromosomes were thrown out in the early

segmentation divisions. He also claimed that chromatin was

eliminated as late as the blastula stage. Tennant (13) has

has also found elimination of chromosomes in the early stages.

It is possible that such a rejection of chromatin may take

place at an early or a late stage in our Echinus crosses, and

that sometimes paternal chromatin may be thrown out while

at others maternal. A change in elimination of this nature

might be correlated with the change in inheritance which we

have desci-ibed above.

A full account of the investigation of Doncaster and Gray,

which was made on identical material from which some of

our crosses were raised, will appear shortly in this journal.

During this summer we have investigated the inheritance

of characters in the young hybrid sea-urchins after metamor-

phosis. An account of this work will be given in a late)’

])aper. A method has been fouiid of feeding and raising the

ui’chins in the laboratoiy and a number of these have now

reach a considerable size. It is hoped that we may obtain

fi-om thein a second g’eneration.



PATERNAL CHARACTERS IN ECHINOID HYBRIDS. 351

References.

1. Baltzer, F.—“ Uber die Bezielnmg zwiselien dem Chromatin und

der Entwickhmg imd Verei’bungsi’ichtung bei Echinodermbas-

tarden,” ‘ Ai’cli. fiir Zellforschimg,’ vol. v, 1910, p. 497.

2. Boveri, T.—“ Ein geschlechtlich erzeugte Organismus ohne miitter-

liche Eigenschaften,” ‘ Ber. d. Ges. filr Morph, u. Phys.,’ Miinchen,

1889.

3. Doncaster, L.—“ Experiments on Hybridisation, with special

Reference to the Effects of Conditions on Dominance," ‘ Pliil.

Trans. Roy. Soc.,’ London, ser. B., vol. cxcvi, 1903, p. 119.

4. Doncaster, L., and Gray, J.
—

“ Cytological Obseiwations on Cross-

fertilised Echinoderm Eggs,” ‘Proc. Cambridge Phil. Soc.,’ vol.

xvi, 1911, p. 415.

5. Driesch, H.—Uber i-ein miitterliche Charaktere an Bastardlarven

von Echiniden,” ‘ Arch, filr Ent. Mech.,’ vol. vii, 1898, 65.

0. Godlewski, Emil.—“ Untei-suchimgen iiber die Bastardierimg der

Echiniden- nnd Crinoiden-familie," ‘ Arch, fiir Ent. Mech.,’ vol.

XX, 1906, p. 579.

7. Hagedoorn, A. L.—“ On the Purely Motherly Character of the

Hylnlds produced from the Eggs of Strongylocentrotus,”
‘ Arch, filr Ent. Mech.,’ vol. xxvii, 1909, p. 1.

8. Kixpelwieser, H.—“ Eutwickehmgserregung bei Seeigeleiren durch
Molluskensperma.” ‘ Arch, filr Ent. Mech.,’ vol. xxvii, 1909, p. 434.

9. Loeb, Jacques, King, W. O. R., and Moore, A. R.—“ Uber Dominan-
zerscheinungen bei den hybriden Pluteen des Seeigels,” ‘ Arch,
filr Ent. Mech.,’ vol. xxix. 1910, p. 354.

10. Morgan, T. H.— The Fertilisation of Non-nucleated Fragments of

Echinoderm Eggs,” ‘ Ai-ch. filr Ent. Mech.,’ vol. ii, 1895, p. 268.

11. Seeliger, 0.—“ Giebt es geschlechtlich erzeugte Organismen ohne
miitterliche Eigenschaften? ”

‘Arch, fiir Ent. Mech..’ vol. i, 1894,

p. 203.

12. Shearer, Cresswell, De Morgan, AValter, and Fuchs, H. M.—“Pre-
liminary Notice on the Experimental Hybildisation of Echinoids,”
‘ Journ. Marine Biol. Assoc.,’ vol ix, 1911. p. 121.

13. Tennant, D. H.

—

“ The Behaviour of the Chi-omosomes in Cross-

fertilised Echinoid Eggs.” ‘ Jouni. Morph..’ vol. xxiii, 1912, p. 17.

14. Vernon, H. M.—“Cross-fertilisation among Echinoids,” ‘Arch, fiir

Ent. Mech.,’ vol. ix, 1900, p. 464.

15. Vries, Hugo de.—“ (,'ber doppeltreziproke Bastarde von (Eno-
thera biennis L. and (E. muricata L.,” ‘Biol. Centralblatt,’

xxxi, 1911, p. 97.



352 CEESSWELL SHEARER, WAT/rER DE MORGAN, H. M. FUCHS.

EXPLANATION OF PLATES 17 and 18,

Illustrating the paper by Messrs. Cresswell Shearer, Walter

De Morgan and H. M. Fuchs on “Paternal Characters

in Echinoid Hybrids.”

Lettering.

a. cil. ep. Anterior ciliated epaulette, ech. r. Echinus-rudiment.

gr. p. Green pigment, p. cil. ep. Posterior ciliated epaulette, ped.

Pedicellaria.

PLATE 17.

Fig. 1.—Pluteus of Echinus miliaris. Dorsal view. Note green

pigment-masses in anterior epaulettes and absence of posterior epau-

lettes.

Fig. 2.—E. esculentus. Dorsal view. Green pigment absent.

Posterior epaulettes present.

Fig. 3.

—

E. acutus. Dorsal view. Green pigment absent. Pos-

terior epaulettes present.

Fig. 4.—E. acutus ? X E. miliaris i^. Ventral view. Maternal

characters.

Fig. 5.—E. esculentus $ X E. miliaris J*. Doi'sal view.

Maternal characters.

Fig. 6.—E. miliaris ? X E. acutus (J. Dorsal view. Maternal

characters.

PLATE 18.

Fig. 7.—E. miliaris? xE. acutus J. Ventral view. Paternal

characters

Fig, 8.

—

E. miliaris ? X E. esculentus J'. Dorsal view.

M aternal characters.

Eig_ 9 ,

—E. miliaris $ X E. esculentus Dorsal view.

Paternal characters.
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On the Morphology of the Leishmania of Italian
Kala-Azar.

Third Communication^ : Cytological Researches on Leishmania
in Cultures.

By

Dr. Arrig^o Viseiitiiii

(From the Zoological Department of the Lister Institute of Preventive
Medicine and the Institute of Comparative Anatomy of

the University of Rome).

With Plates 19 and 20.

Researches on the minute structure of Protozoa, although

initiated in coinpaimtively recent times, have already con-

tributed to science a considerable number of facts of great

interest, especially from the point of view of general cyto-

logy. But while observ'ations conducted with the most

delicate methods of cytological technique are feasible up to

a certain point when dealing with Protozoa of a certain size,

they meet with no slight difficulties when dealing with micro-

organisms which, like the species of Leishmania, are of

the smallest dimensions. hen, more than a year ago, I

made successful cultures of Leishmania on the medium of

Xovy, McXeal and Xicolle, by means of splenic juice

obtained by puncture of the spleen of a young kala-azar

patient of Bovalino Calabro, my teacher. Prof. Grassi, re-

peatedly recommended me to undertake the present investi-

gations with the special object of studying the little-known

structure of the blepharoplast and the i-hizoplast, with

* The author’s two previous communications on this subject were

published in the ‘ Archiv f. Schiffs- und Tropenhygiene,’ xiv (1910),

Beiheft 4, and ‘ Pathologica,’ iii (1912).
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regard to which Gi-assi, in collaboration with Foa, has

described a whole complicated system of organellas in Joenia,

'Jb’ic honympha, and other Protozoan parasites of Termites.

My investigations, begun in the Laboratory of Comparative

Anatomy at Rome, were continued by me during my stay in

the Institnt fhr Schiffs- uud Tropenhygiene at Hamburg, and

were resumed, after some interval, in the Protozoological

Department of the Lister Institute of London by the express

desire and advice of Prof. Minchin. To Profs. Grrassi

and Minchin, who have directed and guided me in a field of

study almost new to me, I desire to express my gratitude.

Investigations on the finer structure of Leishmania in

the Leptomonas form are almost entirely new, especially

for the Leishmania which is the specific agent of kala-

azar in the countries of the Mediterranean basin and which

goes under the name of L. infantnm. None of those who
have occupied themselves with the morphology of this Proto-

zoon in the flagellate stage have made use of those methods

of histological technique which alone permit a study of the

7iiinnte stimcture of Protozoa, a,nd have limited themselves

rather to describing the various fonns which are met with in

the culture-tubes, some of them trying especially to recon-

struct the developmental cycle of the pai'asite. But the data

with regard to the developmental cycle of the parasite are

more than ever uncertain and contradictory; as is known for

other flagellate Protozoa, the cultural forms are for the most

part aberrant or resting forms, and it is probable that many
of those described in the cultures of L ei slunan ia may be

regarded rather as degenerative fonns. On the other hand,

concerning the structure of the parasite there have resulted

many inexact observations.

Of great interest are, above all, the questions regarding the

significance of the blepharoplast and its exact relations Avith

the flagellum. Rogers has described in the first days of the

development of L. donovaniin acidulated citrated blood,

a body which stains with eosin, for the most part rounded or

oval, closely apposed to the blepharoplast, which is now
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attached to the peripheiy or approximated to it. This ^'eosin-

body ” (named by Leishmanu flagellar body ”) is found in

the elong'ated forms at the anterior extremity of the para-

site, always maintaining the same relations with the blephai’o-

plast. It could be better described as an area coloured in

pink ai-ound the blepharoplast and the rhizoplast, and it is

supposed byFranchiui to have been found ultimately expelled

from the parasite in the dried smears fixed in alcohol and

stained with Giemsa’s stain.

Wenyon also has occupied himself with the structure of

L. tropica in cultures, and my researches, more complete in

many points, will permit me, as will be seen in the sequel, to

follow out still further the intimate morphological relations

which exist between these two species, so closely allied, the

ojie the specific agent of oriental sore, the other of kala-azar.

I have had at my disposition three sources of cultures.

Besides that obtained by myself and mentioned above, I have

7-eceived other cultures from the Pasteur Institute of Paris,

which originated from Nicolle in Tunis, and others veiy

recently from the Clinica Pediatrica of Palermo. To Messrs.

IMesnil and Jemma, who so kindly sent me them, I return iny

best thanks.

The results obtained from these different cultui-es agree

perfectly, as was to have been expected, so that in the descrip-

tions of my observations I refer to the one or the other

indifferently.

When preparations are to be made of flagellates in a

culture on blood-agar, it is a most important precept that

the smeai’s should be very thin, otherwise the flagellates for

the most part do not become differentiated, and Protozoa

also stain in an incomplete manner; moreover the examina-

tion is hindered by the presence of hgemoglobin particularly,

which takes an intense colour, and in which the Protozoa are

imbedded.

The smears on a cover-glass or slide were made with a

small drop of the culture by means of another cover-glass or

slide, smearing the material iu a backward direction.
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The cultures were always very rich in parasites and of

very recent date (from two or three days to a week), in order

to avoid the presence of dead or altered forms and to obtain

the greatest possible number of dividing forms.

It is an essential precept to fix the preparation imme-

diately, before the smear dries, because, as in the case of

very many other Protozoa, the Leishmanias become deformed

rapidly, assuming always a form more stumpy or even

rounded
;
the method of drying, besides itself altering the

form and the structure, is not a sufficiently rapid means

of fixation. It is for this reason that those authors who have

made use only of dried smears, stained with Giemsa’s stain,

have given incomplete and inexact descriptions, as recently

Franchiui. In particular, with this method the rhizoplast is

not always successfully demonstrated, and never the exact

connection of the latter with the kinetonucleus.

For fixation I have made use largely of Schaudinn’s

alcoholic sublimate and of Maier’s fluid, which is a slight

modificatioti of the former
;
of osmic acid, followed by subse-

quent fixation in methyl alcohol, absolute alcohol, or

Schaudinu’s fluid; and of Flemming’s fluid and Hermann’s

fluid, always used cold. After fixation in mixtures containing

sublimate, I have followed usually the technique indicated

by Giemsa for wet smears and sections, that is to say, treat-

ment with iodine solution and afterwards with hyposulphite;

but I abandoned this procedure when, like Rosenbusch, using

a solution of sublimate in which there were no crystals, I

made the fixation last but a short time.

Two methods of staining have given me especially good

results—Giemsa’s method for wet smears and Heidenhain’s

classic iron-haematoxylin
;

I have not had equally good

differentiation of the stain with the abbreviated procedure of

Rosenbusch, which, however, gives good results and has

the advantage of saving much time. The differentiation of

the preparations is especially delicate and difficult, requiring

to be checked by frequent examination under the microscope
;

for this purpose I have made use with advantage of the water-
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immersion objective of Zeiss (2'5 mm.), with which it is pos-

sible to control step by step the most minute structui’al details.

The cultures of Leishmania develop rapidly, and flourish

in the Novy-McNeal-]S[icolle medium prepared according to

the formula of Nicolle, which, I think, it worth while to

record briefly here :

Agar-agar, not washed . . . .14 grm.

Sodium cliloride . . . . . 6 „

Distilled water ..... 900 c.c.

The mixture is dissolved and sterilised in the autoclave,

taking care to add afterwards some sterile water, as much as

has been lost during the sterilisation. The agar, not alkali-

nised nor neutralised, is placed in the sterile tubes in the

desired quantity (I make use of test-tubes 12 cm. in length

and about 2 cm. in diameter, and place in each 4 c.c. of agar),

and then sterilised afresh for ten minutes. The tubes can be

kept a long time, provided that all desiccation of the agar is

avoided by closing them with a rubber cap and keeping them

in the ice-chest, sheltered from light.

At the moment of preparing the substratum the agar is re-

dissolved by boiling water and allowed to cool to 45°-55° C.,

at which temperature is added to it, with proper pi-ecantions

to ensure sterility, one third of its volume of dehbrinated

rabbit’s blood, introducing it with a sterile pipette holding

10 c.c., which I change two or three times during the

operation. The agar and the blood are mixed by shaking the

test-tube well, but care should be taken that excessive froth

is not formed. The tubes are then placed on an inclined

plane in order that the blood-agar may solidify in a form like

the mouthpiece of a flute, and left thus about twelve hours.

Closed again with rubber caps they are placed in the incu-

bator at 37° C., in order that the water of condensation may
collect in good quantity. There is no advantage in leaving

them in the thermostat two or three days,as Nicolle prescribes,

since the water of condensation always diminishes a little.

Tubes prepared in this manner can be kept in the cold

chamber at a temperature of about 0°C. for some months ready
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for use, but care must be taken to maintain them for half-an-

liour at 21“^ prior to planting them. Nicolle, Massaglia and

others have employed aseptic puncture of the heart in order

to obtain the rabbit’s blood in a sterile manner. Although

this method, after some experience, succeeds fairly well, it

never allows so large a quantity of blood to be obtained as

from the carotid, and I have adopted with constant success

this procedure, which, moreover, is used also in Mesnil’s service

at the Pasteur Institute in Paris. The aneethetised rabbit is

fixed in a manner which exposes the throat; the skin, pre-

viously disinfected and carefully shaved, is cut with aseptic

precautions along the median line and the trachea is laid bare,

taking care not to wound the blood-vessels
;
at the side of

the trachea the carotid is easily found and is isolated from the

nerves without injuring them, and is tied with sterile silk as

near as possible to the skull. It is seen that at the level of

the thyroid gland the thyroid artery arises from the carotid,

and this is isolated and tied near the carotid and cut above

the knot in order to have it as a firm stalk for holding and

raising the carotid with a forceps later on, without diminishing

its lumen by taking hold of its wall directly. As a greater

precaution at this point I pour a little alcohol on the artery,

and then I cut it near the cranial ligature and collect the jet

of blood in a sterile Erlenmayer flask containing the usual

glass beads in order to defibrinate the blood. With the

forceps which holds the carotid by the stalk formed by the

stump of the thyroid artery, the carotid can be held within

the orifice of the Erlenmayer flask without touching its walls

(which, moreover, are previously sterilised in the flame) until

the blood is drawn.

By this method as much as 55-60 c.c. of blood can be

obtained from a rabbit of medium size without the animal

dying, if care be taken to tie the cut carotid quickly and to

sew up the wound rapidly without chloroforming the animal

too much. The operation, when a certain expertness has been

acquired, may last only a few minutes.

It is necessary that I should make some remarks with
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regard to nomenclature, since the various structural elements

of Leishmania have received vai’ious denominations,

especially from the Italian authors
;
moreover, it is necessary

to put aside names which have different meanings and may
produce confusion, and to restore the nomenclature of

Leishmania to that which is in scientific use for the cell-

body of flagellate Protozoa allied to the genus Leishmania.
Since my observations, like those of Wenyon for Leish-

mania tropica, enable me to affirm the nuclear nature of

the blepharopla.st-nucleus of the Leishmania of Italian and

Tunisian kala-azar in the flagellate form of the Leptomonas
in cultui’es, one should abandon, as has been done for the other

Protozoa, the names “nucleolus,^’ “micronucleus,” “centro-

some ” and “ extra-nuclear centrosome,” which record a past

uncertainty of knowledge with i-eg’ai’d to the blepharoplastic

nucleus andengendei’ a grave confusion with other constituent

parts of the cell endowed with quite other functions. There

remain in common use the denominations kinetonucleus
and blepharoplastic nucleus or blepharoplast simply

;

but Miuchin and Woodcock and other English authors

indicate very properly by the name blepharoplast the basal

granule (Rosenbusch) from which the flagellum takes

origin, and which is situated usually in the zone of the

nuclear sap of the kinetonucleus

The principal nucleus or trophonucleus (Woodcock) of

Leishmania is of vesicular type, and, especially in the pre-

parations fixed wet and stained with haomatoxylin by

Heidenhain^s method (figs. 19-46), presents the typical

structure of the nucleus of trypanosomes and other allied

Protozoa. It is constituted by a membrane, well defined and of

a certain thickness, which encloses a clear space, the so-called

zone of nuclear sap, and at the centre a granule of chromatin

stained a deep black and of compact structure, the karyo-

some. In the preparations differentiated for a long time in

iron-alum, it is possible to distinguish in some Leishmanias

a very small granule, the centriole, in the interior of the

karyosome.
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From the karvosorne very delicate filaments (liniu) can

sometimes be seen to arise, connecting the karyosorne to the

nuclear membrane in a radiate manner, and showing here and

there very minute granules connected to one another iu their

turn by transverse threads. On the inner surface of the

nuclear membrane, granules and dots (Chromatinkomplex of

Schaudinn) are observed united to the karyosorne by delicate

filaments. But in general the linin-franiework and the

chromatin of the nuclear sap-zone are very feebly developed

in the principal nucleus of Leishmania and the granules

extremely minute.

With the method of Giemsa, after wet fixation (fig. 3) it is

also possible to demonstrate the minute structure of the

nucleus in all its constituent parts
;
on the other hand, in

dried smears Giemsa’s stain usually colours the sap-zone also,

so that the nucleus appears as a rounded homogeneous body,

in the interior of which some granules of chromatin more

intensely stained can be made out with difficulty.

In the smears stained Avith iron-htematoxylin there are

sometimes found in the nuclear sap-zone of the principal

nucleus one or even two granules intensely stained, larger

than those Avhich are met with normally along the threads of

the linin-netAvork and easily distinguished fi-om them. Their

number, one or tAvo, is especially characteristic, and in fig. 42

I have represented a nucleus in Avhich the tAvo granules are

connected by a very delicate filament, not to be confounded,

it appears to me, Avith a filament of linin. We are dealing

here, perhaps, AVith the centriole or extra-karyosomic centro-

some dividing into two for the first time as a prelude to the

division of the Avhole nucleus
;
or is this a phenomenon of

chromatinic reduction, like others of Avhich I shall give an

account in the sequel ?

The kinetonucleus, situated betAveen the trophonucleus and

the anterior extremity of the body, but nearer to the former

than to the latter, appears composed mainly of a fusiform or

oval body situated Avith its greater diameter in a transverse

direction, compact and intensely stained, representing the
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karyosoine of the kinetonucleus. Ttiis- body presents itself

sometimes as two rounded granules quite distinct and united

by a zone stained more feebly, instead of as a single dense

oval body
;
but in that case there exist already two rhizoplasts

or even two flagella, and I believe that this is always a case of

the beginning of the process of division, which commences,

as is known, in the kinetonucleus.

Around the karyosome a clear circular zone is observed,

corresponding to the nuclear sap-zone of the ti’ophonucleus

and delimited by a membrane, very delicate but always quite

evident. In this zone it is sometimes possible to distinguish

also some: fine chromatinic granules without linin-threads. At

the periphery of the clear zone there is found anteriorly as

a rule a granule more or less evident, the basal granule or

blepharoplast properly so-called, from which the rhizoplast

arises.

'I’he flagellum of Lei sh mania nevei- ends at the anterior

pole of the parasite, as has been described liy observers

whose methods of staining have been defective, but is always

continued into the body of the Protozoon in a posterior

direction and along the axis of the parasite as far as the

kinetonucleus. There is thus a rhizoplast constantly present in

the Leishmania, a structure which, moreover, exists already

in the forms of Leishmania in the human body, as T have

de.scribed and figured iu one of my preceding publications.

To establish exactly the precise relations and connection of

the flagellum with the kinetonucleus is not always easy.

In the greater number of cases the flagellum ends in the

blepharoplast proper or basal granule, wliich, as I have stated,

is found antai iorly in the sap-zone of the kinetonucleus, more

or less near to the karyosome, sometimes adhering to it-

When there is a certain amount of space between the two it is

possible to demonstrate a structure iu the form of a finely

striated cone, as if it were constituted by very minute fibrils,

which unite the karyosome to the blepharoplast itself. 'J'his

is just as is observed sometimes in many trypanosomes and in

L. tropica.
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In other cases the flagellum is united directly to the

kinetouucleus, and in many cases (figs. 5
, 10-13, 26, 31) the

impression is obtained that it arises directly from it. Then
there is no basal granule in its usual position. The possibility

cannot, of course, be excluded absolutely that in these cases

the basal granule and point of origin of the flagellum are

found in a slightly lower plane, behind the kai’yosome which

lies over it, but the figures are very suggestive of the inter-

pretation that the flagellum is really in continuity with the

karyosome, within which in such cases the blepharoplast would

also be found. Moreover, to the latter is attributed usually

the significance of the centriole of the motor nucleus
;
and

the assumption that the blepharoplast is found in some cases

in the interior of the karyosome explains also, as we shall see

in the sequel, the behaviour of these various elements in the

process of division.

It is known that in Leishmania the process of division

begins usually by that of the kinetonucleus
;

nevertheless

there are cases in which a precocious multiplication of the

principal nucleus takes place, so that there may be in the

same parasite two trophonuclei completely distinct and

the first stages of division of the motor nucleus. In the

kinetonucleus the process begins by the division of the ble-

pharoplast, followed immediately by that of the flagellum;

in this way are produced forms in which, as in figs. 7, 8, 16,

18, there are two rhizoplasts which unite anteriorly, and

which are continued by a single flagellum
;

in these cases

either there are already two basal granules in the sap-zone,

or the doubled rhizoplast is continued into the interior of the

karyosome, and this is almost the rule.

The splitting of the flagellum proceeds rapidly, and from

it results almost always a normal flagellum, and, near it and

parallel to it, one much shorter (figs. 6, 9, 10, 11, 13, 14, 31,

33, 34, 35), as is observed frequently also in trypanosomes.

In most cases, howevei’, after the new rhizoplast has been

formed, it detaches itself at its distal extremity from the

other, and, when separated, gives origin to the new flagellum.
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which begins to protrude from the anterior pole of the

parasite and subsequently grows continually in length

(figs. 4
,
5

,
9

, 10). At the same time or immediately after-

wards the division of the karyosome takes place.

It should be noted at this point that I have never found

true and proper figures of karyokinesis of the kinetonucleus

with the formation of an achromatinic spindle.

All these stages of division are, of course, only to be

observed in preparations fixed by wet methods and suitably

stained; dried preparations give only a very inexact and

incomplete idea of the whole process (figs. 6 and 7).

The successive stages of division of the kinetonucleus can

be followed step by step in figs. 9-18 and 31-35. The
karyosome becomes elongated and constricted in the middle,

and the two halves which ai'e thus produced travel further

and further apart, remaining connected by a very slender

filament, which persists during the division of the tropho-

nucleus; in this way a true centrodesmosis of the kineto-

nucleus is formed. At this stage there exist already two

rhizoplasts and two flagella, which usually become detached

from the two halves, still connected, of the kaiyosome.

Special interest attaches to the Leishmania represented

in fig. 34; in this specimen the two flagella take origin from

two granules situated outside the two halves of the karyo-

some and respectively very close to each of them ; a very

delicate achromatinic filament unites the two granules or

blepharoplasts properly so-called, from which, as I have said,

the flagella originate. This would prove that the blepharo-

])lasts have the significance of centrioles of the motor nucleus,

and that actually in an early period of the division they are

found in the interior of the karyosome, at the point when the

flagellum of the flagella already formed seem to take origin

from the interior of the karyosome itself; subsequently,

howevei’, the blepharoplasts regain their normal position in

the sap-zone near the membrane.
Tlie division of the principal nucleus follows a process

perfectly analogous, and takes place in all its stages within the
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nuclear membrane. I believe that the appearances shown in

figs. 28, 29 and 30 should be interpreted as early forms of

multiplication. In these the nuclear chromatin is not

collected, as in the majority of cases, in a compact mass

forming a single kai’yosome at the centre, but is broken up

into granules and short rods which perhaps correspond to

chromosomes, and which, distributed at first ij-regularly in

the sap-zone, afterwards arrange themselves so as to con-

stitute a single elongated mass of irregular contour, disposed

transversely to the longer axis of the organism and always

contained within the nuclear membrane. Subsequently the

chromatin collects at the extremities in two masses, which

remain united by a thread that becomes continually more

attenuated. Here also there is a true and proper centro-

desmose with an achromatinic filament which stains strongly

and resists prolonged differentiation with iron-alum
;

it

unites, as is seen specially in fig. 35, two stained granules,

which correspond, I believe, to the centrioles of the daughter-

nuclei.

The nuclear membrane persists thi’oughout and can be seen

well in the preparations stained with iron-hmmatoxylin, and

better still in those stained by Giemsa’s method. In the

latter it is seen that the membrane, like the whole nucleus,

assumes at first an oval form, then is gradually constricted in

half in the form of a figure of eight, disposed transversely to

the greater axis of the Leishmania; when the two halves

are joined by the delicate filament, it constitutes the mem-
branes of the two rounded daughter-nuclei (figs. 11, 12, 13,

14, 15, 16, 17, 18, 32, 33, 34, 35). Between the latter the

centro-desmotic filament breaks and the division is complete.

Meanwhile the division of the protoplasm has already begun

(fig. 17), or follows rapidly.

In spite of many long and patient observations I have

never come across forms of division, either of the tropho-

nucleus or the kinetonucleus, in which the presence was

observed of an achromatinic spindle and of a typical

equatorial plate, such as has been described in trypanosomes
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by Rosenbusch and some other authors, and I believe that I can

exclude completely this type of the process of division in the

case of Leishmania in the flagellated Leptomonas form. In

this case there is a process of mitosis without formation of an

achromatinic spindle giving rise to two daughter-cells

exactly equal. I wished, however, to reproduce in the in-

teresting figures 44, 45 and 46 some nuclei which present

exactly the phenomena described recently by Horta and

Machado (15) in Trypanosoma chagasi n. sp., a trypano-

some of fishes in Brazil, and interpreted, I believe, erroneously

as a complete process of heteropolar division. In support of

my judgment there is also the fact that the authors cited have

never seen two distinct nuclei arise from the supposed

division, or subsequent fission of the protoplasmic body of the

parasite
;
just as I have never found this to occur in the

Leishman ia.

I believe rather that we are dealing simply with a reduction

of nuclear chromatin, with no direct relation to the process

of multiplication. Without wishing to suggest phenomena

of maturation in relation with a hypothetical sexual

differentiation, I am persuaded that these facts of nuclear

reduction (since it is a question without doubt of a reduction

of chromatin) are to be placed rather in the group of

phenomena which Richard Hertwig terms Kernplasma-

Relation
”

(14).

Having studied the process of division in many pre-

parations, it has never happened to me to come across forms

which would suggest that the kinetonucleus performs the

function of a centrosome in the division of the principal

nucleus, a function ascribed to it by Moore and Breinl,

on which ground they have named the kinetonucleus the

“ extra-nuclear centrosome.” The nuclear structure and the

mode of division of the motor nucleus are sufficient to exclude

such an interpretation, but it should also be recognised, from

the examination of the preparations, that the division of the

trophonucleus and that of the kinetonucleus appear up to a

certain point to be independent the one of the other, so much
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so that the oue may be already finished when the other is

beginning, and if they take place synchrononsly, they may be

found in different stages. Moi’eover, I have never observed

a fusion of the kinetonucleus with the principal nucleus, as

Row has described in the cultures of Leish mania tropica,

not even in the first days of the development, when the

flagellated forms are arising from those of the spleen.

With regard to the first origin of the flagellum my
observations are very scanty, since I have only twice

obtained cultures of spleen-material, but I am able to confirm

the descriptions given by other authors, and to state pre-

cisely the manner in which the flagellum exists.

Bes’innino- with the small forms of Leishmania from theO O
internal organs of kala-azar patients, and especially those in

which the rhizoplast can already be demonstrated (figs. 7, a,

B, of my memoir [26] ), the next stage has a more rounded

form, or is already pear-shaped (see fig. 38) with a more

distinct rhizoplast. The flagellum begins to protrude from

the body of the parasite and becomes continually longer,

while the organism becomes pyriform and elongated, and the

kinetonucleus, which at first was found by the side of the

nucleus, passes anteriorly to it. In this way there are flagel-

lates of more or less elongated form with one end pointed

and the other, the anterior end, rounded, and also long and

very slender forms such as that represented in fig. 21.

The protoplasm of Leishmania iii cultures appears, with

the best fixatives, very finely gi-anular, and contains frequently

here and there granules of various sizes, identical with the

volntin-grains of trypanosomes. After prolonged colora-

tion with Heidenhain’s luematoxylin of smears fixed in

Schaudinn’s fluid, the protoplasm often assumes a variegated

appearance, with patches intensely coloured and separated

by clear spaces.

I have never observed in the protoplasm the existence of a

filament uniting the kinetonucleus to the trophonucleus, as

described by Prowazek and some of his pupils, amongst

them also recently Chagas in Trypanosoma cruzi. After
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fixation, especially with liquids containing osniic acid (osinic

acid and Schaudiim’s fluid, Flemming’s and Hermann’s

fluids), I have observed the presence in the space between the

trophonucleus and kinetonucleus and very close to the latter

of a corpuscle with contours not very sharply defined, for

the most part rounded and without an internal structure, and

stained more feebly than the unclear karyosome (see figs. 36,

37, 21). In preparations fixed with osmic acid and Schau-

diun’s fluid I have demonstrated fairly frequently a filament

which, starting from the posterior pole of the parasite,

traverses the body in a spiral and ends near the motor

nucleus, in some cases in the body just mentioned, which in

my opinion can be identified with that described by

Novy (19) and by Sangiorgi (24) in trypanosomes.

I have been led to these investigations above all by the

very important works of Grassi and of Foa on the structure

of the Protozoa parasitic in Termites, studies which have

opened an horizon of research with regard to the motor

apparatus of flagellate Protozoa. 1 do not know whether

the various parts described in the Leishmanias as rhizoplast

and kinetonucleus can be considered analogous to the org-a-

nellgs described by Grassi and Foa, and named by Janicki tlie

“ parabasal apparatus.” It may be that the ill-defined body

situated near the kinetonucleus can be compared to the

parabasal body. But after the e.xamination of many pre-

parations with more or less effective methods of staining, I

am certainly inclined at present to consider the spiral fila-

ments demonstrated by me after osmic fixation rather as

folds of the ectoplasm, artificial products of the preparation,

than as true and proper structural elements.

I have not omitted to undertake repeatedly examinations

in the fresh state in physiological salt solution, and also in the

.‘same liquid containing a very Aveak solution of picric acid, so

dilute as to permit the flagellates to continue living for a

certain time. The Leishmanias then show exactly the same
form as in the stained preparations when the fixation has not

been preceded by desiccation
;
there is perhaps a still greater
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uniformity in the morphology of the parasite, with prevalence

of the typical spindle form with the anterior extremity

rounded, while the stumpy and rounded forms ai*e rarer,

tliose that occur being for the most part in process of division.

In the interior of the body the trophonucleus and the kineto-

nucleus can be distinguished clearly, especially in forms

which do not contain many granules.

It is a noteworthy fact that the two nuclei of the Leish-

mania present an identical appearance, as a dark point

surrounded by a clear halo. When the motility of the

Protozoa is diminished and the examination of the structural

details is rendered possible, it is often possible to make out

that the flagellum is continued as a rhizoplast into the body

of the organism as far as the kinetonucleus, ending at the

boundary of the clear halo of the latter. In the space

between the trophonucleus and the kinetonucleus it is not

infrequently possible to observe a body slightly darker than

the protoplasm with contours not well defined, without a

halo and without perceptible structure, exactly similar to the

body which is made evident by the iron-haematoxylin stain,

especially after osmic fixations. My attention, as is natural,

has been drawn particularly to the search for something'

which would correspond to the axostyle (“mestolo,” Axen-
stab), that is to say, the so-called axial rod in the protoplasm

between the nucleus and the posterior extremity, but I have

never succeeded in observing it. Perhaps the rhizoplast is

homologous with it?

Observation in the fresh state and with very powerful

magnification is of course very tiring, and it is above all very

difficult to pick out details of structure in organisms so

minute, but it is to be hoped that further researches will lead

to new and definitive knowledge with i-egard to the finer

structure of these flagellate Protozoa.

The Lister Institute,

London

;

May 20th, 1912.
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EXPLANATION OF PLATES 19 and 20,

Illustrating Dr. Arrigo Visentini’s paper “ On the Morphology

of the Leish mania of Italian Kala-azar.”

PLATE 19.

Figs. 1-18.—Flagellated forms of Leislimania infantum from

cultures stained with Giemsa’s stain.

Figs. 4-18 show various stages in the process of division.

All figures drawn with the camei-a lucida at a magnification of 2000

diameters.

PLATE 20.

Figs. 19-38.—Flagellated forms from cultures stained with iron-

hsematoxylin, magnified 2000.

Figs. 39-46.—Nuclei of the flagellated forms drawn at a magnification

of 3000 diameters.
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The Transmission of Leishmaniosis by means of

Cultures, and the Mechanism of the Natural
Immunity in Rats and Guinea-pigs.

By

Dr. Arri^o Viseiitiiii.

With Plate 21.

Attempts to transmit to animals the infection of Leisli-

mania by means of cultural forms have not always had

constant results up to the present.

Nicolle (1909) first inoculated dogs and monkeys (animals

notoriously susceptible to leishmaniosis) with 1 c.c. of a

culture, but without result
;

afterwards, however, in col-

laboration with Manceaux, he obtained positive results by

inoculating Macacus cynomolgus and M. sinicus, repro-

ducing the infection with the clinical picture of infantile

leishmaniosis.

Novy (1908), by means of cultures obtained from Nicolle,

had already succeeded in infecting dogs and afterwards other

laboratory animals (?) by inoculating considerable quantities

of the parasites, in the case of one dog about 270 cullm’es in

fifty injections. Subsequently, however, Novy (1909) estab-

lished the fact that a single injection of a suspension obtained

from a score of culture- tubes is sufficient to produce leish-

maniosis in dogs.

The rabbit has so far been proved to be susceptible only to

corneal injection and to the forms occurring in the hteinato-

poietic organs. Volpino, by scarification of the cornea with

material obtained from a dog infected with experimental

leishmaniosis, produced a keratitis similar, up to a certain
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point, to that of experimental syphilis. In tlie circumscribed

corneal lesions provoked by Volpino there were found typical

Leishmanias, contained in the large mononuclears.

Basile and I have repeatedly inoculated large quantities of

cultures in various ways, including the corneal method, with-

out succeeding in our object. On the other hand, a single

intra-peritoneal injection of a culture of Leishmania at the

eighth transplantation, about fifteen day'^s old and very rich

in flagellate forms, was found by Franchind (1911) to be

suflBcient to produce in a guinea-pig an infection with Leish-

mania wliich ran a course that might be termed acute.

After six days the animal began to lose flesh and to show

febrile symptoms; after twenty-six days the depression pre-

viously evident had become very marked. The guinea-pig

was sacrificed before spontaneous death intervened. Its

weight had diminished by almost half of the original amount.

At the autopsy the liver and spleen were found to be

enlarged
;
the mari'ow of the long bones was very abundant

and of a reddish-brown colour
;
the supra-renal capsules were

also enlarged. In the spleen, liver, bone-marrow, peripheral

blood, supra-renal capsules and kidney Franchini found forms

of Leishmania more or less numerous, but always extra-

cellular, a state of things which, in the author’s opinion, is in

relation with the septicEemic type of the infection.

In the guinea-pig, rat and mouse, Laveran and Pettit

(1909) have obtained slight infections of Leishmania local-

ised constantly in the peritoneum as the result of intra-

peritoneal, intra-hepatic, and even subcutaneous injections of

an emulsion of organs of a dog infected with leishmaniosis.

But by means of cultures infection was not obtained in the

mouse, even after injections repeated many times and with

increased doses. This was established by Delanoe, who has

thrown light on the mechanism of the natural immunity

possessed by the mouse against the cultures, showing that in

* It is well to point out that Franchini, when he uses the name L.

donovani, means (at least so I believe) the Leishmania which is the

specific agent of kala-azar in Italy.
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the peritoneum a very active phagocytosis of the flagellate

forms takes place, so that after a short time they are broken

up and completely destroyed.

Continuing’ previous researches left incomplete, I have

again undertaken inoculations of guinea-pigs and white rats

with cultures, having at my disposition besides the strain

obtained by myself from a young patient, Rocca V—, of

Bovalino Calabro, other strains also which I owe to the kind-

ness of Mesnil and Jemma. While the cultures of the

Pasteur Institute of Paris, originating from Tunis, had been

kept alive for some years by successive transplantations, mine

and tliose of Jemma were vei’y recent and still in the first

subcultures. The cultures used were at the height of their

development, some in the first days of the subculture (3, 5

or 7 days), others older (10, 15 or 20 days) and others very

old (1, 2 or 3 months). The object was to inject all the

various forms which have been described in the cultures of

Lei sh mania. The quantity injected was almost always

2 C.C., sometimes 4 c.c., for animals of medium size, guinea-

pigs weighing about 300 gr. and young rats. In some cases

1 c.c. of the culture was injected, to try the effect of injecting

the animals once, twice, thrice or four times. Twenty guinea-

pigs and 10 rats were inoculated.

The method of injection was for the most part intra-peri-

toneal, and only in a few cases was the material of the

culture injected under the skin or directly into the current of

the cii’cnlation, by the vein of the tail of the rats or by

means of heart-puncture—a method which seems to me pre-

ferable since it does not present excessive difficulties of

technique.

Some of the animals died spontaneously, two guinea-pigs

and two rats, in the course of the investigations, as happens

often with these animals in the laboratory from causes

extraneous to the experiments, and of these I made a rigorous

examination in search of the Leishmanias
;
only one rat and

one guinea-pig were lost without examination, and of these,

of course, I have taken no account. The others were killed
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by chloroform at various intervals of time from the first

injection, fi-om an hour and a quarter to ninety-three days

after, and the autopsy was performed immediately. Both

the guinea-pigs and the rats showed no signs of loss of flesh
;

some of them were even increased in weight. While they

were still living, with a glass pipette having one end drawn

out into a capillary tube I took from the peritoneal cavity a

drop of yellowish liquid, slightly turbid, containing, as we

shall see further on, numerous leucocytes, chiefly mono-

nuclears.

The subsequent autopsy revealed nothing noteworthy
;
the

internal organs, spleen, liver, kidneys, bone-marrow and

lungs were not increased in volume or chatiged in appear-

ance or iu any way different from those of healthy animals.

Of these organs I made smears which I fixed afterwards

either in methyl alcohol or with osmic acid vapour and

absolute alcohol and stained with Giemsa’s stain. The most

careful examination has never enabled me to discover a

Leishmania, either in its usual form or in the flagellate

leptomonad or other type, even when the autopsy followed

close upon the inoculation of the cultures into the peri-

toneum.

Both of the blood and of the internal organs I have tried

in each animal numerous cultures in blood-agar (method of

Novy and Nicolle), and 1 have never obtained development

of Leishmanias; the culture-tubes remained perfectly sterile,

save for some rare exceptions (see below).

1 think, therefore, that I am able to establish the point that

guinea-pigs and rats possess a natural immunity against the

cidtural forms of the Leishmania of the Mediterranean basin,

alike whether the strains are recently isolated or of long

standing and whether the cultures are new or old sub-

cultui-es.

i'he case of the infection of the guinea-pig obtained by

Franchini with cultures remains, therefore, unique and must

at least represent a somewhat rare event. It was a case

perhaps of a single animal extraordinarily and exceptionally
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receptive. Exceptional at least are the observations which

Franchini describes. He found parasites in the peripheral

blood and free in the plasma, and similarly all the forms of

Leishmania found in the liver, spleen and bone-marrow

were extra-cellular. It is, however, usual in Leishmanial

infections, by general agreement of all observers, for the

parasites to be always or nearly always contained in the

protoplasm of the large mononuclears, and it has not yer.

been shown that they can occur free outside this their

natural situation. Unfortunately the drawings which accom-

pany the work of Franchini are so obscure and so little

demonstrative that they do not permit one to judge whether

one is dealing with Leishmania, the more so since the

methods employed by the author are certainly not those the

best adapted to obtain elective staining, but are even

scarcely sufficient for diagnostic purposes, especially when

the parasites, as in this case, are rather scarce.

In order to study rather more closely the mechanism of the

natural immunity possessed by guinea-pigs and white rats,

and at the same time to avoid any objection to the facts

observed by me, I have carried out a double series of

investigations, morphological and cultural, witli the object of

following step by stej) the fate of the flagellated forms in the

organism of the experimental animals.

Having injected into the peritoneum 2 c.c. and sometimes

4 c.c. of a culture very rich in flagellated forms, I drew off

every five minutes some peritoneal fluid with a sterile capil-

lai’y glass tube and examined it fresh with the microscope,

making at the same time some pi-eparations for staining.

'Phe fact is quickly observed that the parasites undergo

absorption rapidly by the leucocytes in the peritoneal cavity.

Prior, however, to describing the phenomenon in greater

detail some points of technique may advantageously be dealt

with. I have performed the experiment on a sufficiently

large number of animals, guinea-pigs and rats, in such a way

as to be able to perform, in each animal, only one or two

punctures of the peritoneum, with the object of avoiding
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those alteratious which are produced by the simple fact of

operative lesion. With regard to this I can confirm the

observation of Delanoe for trypanosomes. When the punc-

ture of the peritoneum is repeated several times, alteration

and death of the Leishmanias take place by the probable

extrusion of trypanolytic substances from the leucocytes into

the plasma, while if the peritoneum be not punctured the

flagellates that have remained free are preserved living and

with normal structure, and in this condition are engulfed by
the leucocytes.

Of the liquid extracted from the pei'itoueal cavity I have

made preparations in the fresh condition and smears on slides

which I have fixed while still wet in vapour of osmic acid for

five seconds, and afterwards, when dry, in absolute alcohol

for a quarter of an hour—a method of technique which also

gives very good results for staining the flagellates in the

cultures. The smears should be very thin, and it is often

useful to follow the staining by very short differentiation in

the solution of tannin according to Unna.

I have made examinations of the peritoneal liquid every

five minutes after the injection up to two hours and then

every half hour up to four hours, repeating the experiment

in a fairly numerous series of animals. In the fresh state

it is seen in the first few minutes after the injection of the

culture that the number of the Leishmanias, truly enormous

in 2-4 c.c. of a rich culture, is already to some extent

diminished, and not by the fact of the greater dilution alone;

very many flagellates are still free and very many are mobile,

perhaps even more than in the cultural liquid, but it is not

difficult to come upon others adhering or united to leucocytes,

either by the posterior end or by the flagellum, preserving,

however, in all cases a certain mobility. When they are

completely engulfed in the leucocytes they are seen in its

protoplasm as rounded bodies, but at this point it is easier

to recognise them and to follow their modifications in the

stained preparations. In the fresh state I have found in the

guinea-pig some Leishmanias free and mobile up to an hour



THE TBANSillSSION OF LEISHMANIOSIS BY CULTURES. 379

or an lioiir and a half after the injection of 2 c.c. of culture

into animals of 250 to 300 grammes in weight. In the rat 1

did not succeed in seeing free forms after an hour and a

quarter.

In the stained preparations these various phenomena are

very evident, and it is possible to follow step by step the

various phases of alteration to which the Leishmanias are

subjected.

One fact which deserves special emphasis is that the

parasites are found always in the large mononuclears and in

them alone, that is to say in just those elements which

contain them in kala-azar and oriental sore. In the rare

cases in which a true polynuclear is found apparently con-

taining a Leishmania, the possibility cannot be excluded

that it is simply superposed rather than engulfed. In the

protoplasm of the monouuclears they become more rounded

in form, preserving sometimes all their constituent parts and

traces of the flagellum. Thus it is possible in some parts of

the preparations to have the impression that it is a case of

simple modification of the form of the Leishmanias and that

they have found in the mononuclears a habitat adapted to

them
;
but for the most part they present obvious alterations.

I'he protoplasm becomes clear or turbid, the contours of the

parasite disappear, the flagellum becomes thickened and

breaks up; sometimes the trophonucleus or the kinetonuclens

is wanting, or these bodies lose their sharp contours and their

special characteristics and are reduced to shapeless masses of

chromatin.

After fifteen to twenty minutes very many mononuclears

are observed containing Leishmanias profoundly altered,

represented after twenty' to thirtv minutes by remains of

nuclei near which a portion of the flagellum is to be noted.

The profound modifications of the phag'ocyted parasites con-

tinue, and after two to three hoiii-s there are found only

chromatinic granules with masses of protoplasm stained

intensely in reddish violet, representing the last vestiges of

the destroyed Leishmanias.
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Even after thirty minutes up to an hour the first stages of

the phagocytosis are still to be observed
;

mononuclears

which contain forms greatly altered show others in process of

being engulfed, while other flagellates still quite intact

l•emain free and perfectly mobile in tlie serum, like tliat

shown in Fig. 7, twenty-five minutes after the injection.

I have also made, as already stated, preparations of the

peritoneal exudation of the animals sacrificed at various

periods up to ninety-three days after the injection of the

cultures and I have never seen Leishmanias or remains of

them in the mononuclears, although I have dii'ected special

attention to this point, because Laverau and Mesnil have

observed the peritoneal infection up to fifty-nine days after

the injection of emulsioii of organs of a dog infected with

experimental leishmaniosis and have obtained subcultures of

this fluid.

Contemporaneously with the examination of the peritoneal

fluid I have repeatedly made an examination of the peri-

pheral blood, and, in animals sacnficed, I have made smears

of the various organs
;

in spite of the most patient investiga-

tion 1 have never met with any form of Leishmania or any

flagellate parasite in my numerous preparations.

The facts described permit me to assert that we are deal-

ing with a process of phagocytosis pure and simple
;

it can-

not be admitted that the flagellate leptomonad forms are

transformed into Leishmania-forms and as such continue to

live in the mononuclears, ])roducing a slight infection

localised in the peritoneum, of the type of that obtained by

Laveran and Pettit, because we are witnesses here of a

gradual alteration and destruction of the parasites by a

pi’ocess which leads t(j the final disruption of all remains of

the injected Protozoa. It is scarcely necessary to add that

in ihe forms engulfed every sign is lacking of a process of

multiplication. Moreover the results of attempts to make

cultures confirm fully this interpretation, and give a proof

of it which I think can be regarded as absolute. In every

animal killed with chloroform I have made cultures in blood-
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agar according lo Novy-Xicolle of blood taken aseptically

from the lieart, spleen, liver, bone-marrow, and in some cases

of the peritoneal fluid. The results were constantly negative

except with the peritoneal fluid a short time after the injec-

tion of the culture, when it is still possible to find by micro-

scopic examination some Leishmanias living and mobile.

Thus after an hour and a quarter in one rat I was able to

obtain a new culture from the peritoneum, while after two

hours the result has always been negative.

In complete accord with the result of the histological

examination I have never obtained development of flagel-

lates in a culture from the blood or from the internal organs,

not even by injecting into the peritoneal cavity or directly

into the circulation 4 c.c. of cultural fluid very rich in Leish-

manias. These flagellate Protozoa would not, therefore, pass

beyond the peritoneal barrier in the guinea-pig and the rat.

I have stated above that I have injected the cultures of

Leishmania directly into the blood in some animals. Al-

though my investigations may not be sufficiently numerous,

being limited to one guinea-pig and one rat alone, I have

noted in the blood immediately after the injection a marked

leucocytosis with prevalence of mononuclears, which reached

its maximum degree after five to ten minutes, was maintained

for half an hour, and then diminished gradually. In these

cases also I was never able, even soon after the injection, to

find flagellate Leishmanias in the blood, nor have I seen

phagocyted forms. The animal has not contracted any

infection.

SUMJIAKY.

Guinea-pigs and rats possess natural immunity to a high

degree against the Leishmania of the Mediterranean basin in

the flagellate stage in cultures on blood-agar (method of

Xovy-.McNeal-Xicolle)

.

This immunity is exclusively of phagocytic nature. The

I’rotozoa injected into the peritoneum become rapidly en-



:J82 DR. ARRIGU YISExVTlXl.

gulfed by the leucocytes, the mononuclears exclusively, and

undergo gradual and progressive alteiations, ending in their

complete destruction, so that by the end of an hour or an

hour and a half after the injection of 2 c.c. of a culture in

full development, free flagellates are no longer to be found

in the serum, and after two or three hours even the last

vestiges of them are almost destroyed in the protoplasm of

the phagocytes.

The Protozoa do not pass beyond the barrier of the peri-

toneum and do not find their way in this manner into the

blood or the internal organs.

These data of observation receive full confirmation in the

results of the cultures. It is possible, in fact, to obtain sub-

cultures from the peritoneal fluid up to about one hour after

the injection of 2 c.c. of liquid of condensation very rich

in Leishmanias, but not beyond this period, nor are sub-

cultures obtained from the blood or organs of the animals in

experiment.

I desire to express my gratitude to Dr. Martin for having

received me with so much kindness and hospitality at the

bister Institute of Preventive Medicine, London, of which he

is the Director, and for having provided me liberally with

the means of research
;

I also thank Dr. Bayon warmly for

assisting me in every way during my stay in this Institute.

Lister Institute of Preventive Medicine,

London,
May 2.5tli, 1912.
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DESCRIPTION OF PLATE 21

(From smears of peritoneal fluid),

Illustrating Dr. Arrigo Visentini’s paper on “ The Trans-

mission of Leishmaniosis by means of Cultures, and the

Mechanism of the Natural Immunity in Rats and
Guinea-pigs.”

[The figures are drawn with the camera lucida at a magnification of

2000 diameters.]

Fig. 1.—Five minutes after the injection of a culture of Leish-

mania, showing one parasite absorbed, and another in process of

absorption, by a mononuclear leucocyte.

Fig. 2.—Ten minutes after injection; a leptomonad fonn absorbed,

another held fast by its flagellum.

Fig. 3.—Thirty minutes after injection
;
a mononuclear containing

thiee parasites, in process of destruction, and in the act of absorbing

a fourth.
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Figs. 4 and 5 .
—Fifteen minutes after injection

;
mononnclears con-

taining Leislinianias in process of destruction.

Fig. 6.—Twenty minutes after injection
; mononuclear containing

the remains of several parasites.

Fig. 7.—Free Leptomonas-form twenty-five minutes after injection.

Figs. 8 and 9.—One hour and a quarter after injection
;
a mono-

nuclear containing remains of several parasites and a polymorpho-

nuclear apparently containing (?) a parasite.

Fig. 10.—Two hours after injection
;
mononuclear containing the

last vestiges of several pai’asites.

Fig. 11.—Three hours after injection
;
as the last.



£hjLXiri^.(0XiAi/im 68,MS.S%. 21.

^ 3 IT ltutlljAtll*’IiOIldOll-M K adnat dal.

PHAGOCYTOSIS OF LEISHMANIA





HERPYLLOBIUS ARCI'ICUS. 385

Herpyllobius arcticus.

By

Kiitlileon Iladdoii.

With Plate 22 and 4 Text-figures.

Contents.

I. Introduction
II. Material .

III. Anatomy
A. The Female.

1. External appearance

2. Part embedded in the host

3. Microscopical structure

a. External jiart

b. Stalk and root system

B. The Male.
IV. Relation of Parasite to Host
V. Comparison with Allied Genera

VI. Affinities of Group
YII. Systematic

YIII. Summary and Bibliography

PAGE
385

388

388

388

389

392

392

397

402

403

404

400

408

I. Introduction.

Among parasitic copepods Herpyllobius is remarkable

for the extreme degeneracy attained by the adult male and

female, both of which are entirely devoid of appendages.

The female has a globular body 2 to 4 mm. long, which,

bears two large egg-sacs. It is attached to its host, a poly-

chaete worm, by means of a chitinous fixing organ, through

this there protrudes into the worm a mass of vacuolated

VOL. 58, PART 2. NEW SERIES. 25
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tissue, recalling in its structure and nutritive function tlie

root system of the parasitic Rhiz()cepliala amongst the Cirri-

pedes. It seems hardly likely that an endoparasitic stage

is included in its life-history, but of this we are entirely

ignorant. The adult males have a sac-like body, which

remains enclosed in the last larval skin; they live attached

to the l)ody of the female in the region of the genital

apertures.

8teenstrnp and Lhtken
( 12), who first described this

species, Herpyllobius arcticus, found it parasitic on

certain polychmte worms from Greenland, and recognised

that the body consisted of two parts, the external bod}" and

the part within the host, joined together by a thin stalk.

The external body was rounded, and bore a pair of large

egg-sacs, whilst the internal portion they believed to vary in

shape according to the amount of space available within the

worm. They found no males.

Two years later Krdyer (7) published an account of a

parasite, which he called Sileninm pol ynoes, found infecting

Polynoe cirrata in Greenland. He only described the

portion of the parasite external to its host, but he was more

fortunate than Steenstrup and Liitken, in that lie found the

males, four or five in number, attached near the egg-sacs of

the female; they were minute Cyclops-like forms, about

• 1-3 mm. long and half as broad, the anterior end of the body

being drawn out and inserted finnly into the body of the

female. He gave some details of the appearance of both

male and female, which will be dealt with later in discussing

the anatomy of these forms.

In 1874 Claus
(
1

)
published a paper, in which he placed

Silenium among the Lernaeopodida3, and suggested that it

was identical with the Herpyllobius described by Steenstrup

and Liitken. Further light was thrown on the systematic

position of this animal by Levinsen (9), who, in an account

of some parasitic copepods, gave a summary of the generic

characters of Herpyllobius and the specific characters

of the two species then known, H. arcticus (Stp. and Ltk.)
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and H. crassirostris (Sars). In this paper Levinsen also

dealt with the different tlieories concerning the significance

of the portion of the parasite inside the worm, and gave a

concise account of his own observations on the subject.

Giard and Bonnier (2) in 1893 published the results of

their observations on S p h ter o n e 1 la, and suggested including

the Herpyllobiinte as a sub-family equivalent to the Choiiios-

toniatinae, under the heading of Sphaeronellidae. This classi-

fication was not acceptable to Hansen (4), who criticised

their conclusions in his work on the Choniostomatidae, and

objected to Herpyllobius being linked with that family

oil the grounds of extreme structural differences exhibited

by the two forms.

In 1900 Jensen published an account of Herpyllobius
and Rhizorhina (6), and later on in the same year Hansen

(5) wrote a paper on the same subject. Both these observers

were able to make a minute investigation of these forms, with

the result that their structure was worked out with greater

detail than had before been possible.

^As will be seen from this short account of the literature

on Herpyllobius, almost all that has been written on the

subject is in Danish, and hence not easily available. In the

summer of 1911 Mr. F. A. Potts, of 'I’rinity Hall, Cambridge,

(•ollected some specimens of this interesting parasite from

Dejiarture Bay (Vancouver Island), Victoria, and San Juan

Island, in Puget Sound, and on his return to England very

kindly gave them to me to describe. This provided me with

opportunity of writing an account of the animal in what I

trust may be a more accessible form for English readers

than at present exists.

I sliould like here to thank Mr. Potts for the help he has

given me in writing this paper, and also Mr. H. M.
Chadwick, of Clare College, and Miss Lehmann, of Newnham
College, Cambridge, for their assistance in translating the

Danish papers, a,ml to acknowledge the hindness of Dr. H. J.

Hausen in sending me his paper on Herpyllobius, and of

Dr. W. T. Caiman in reading my proofs.
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I should also like to thank the trustees of the Bathurst

Fund, Newnham College, for a grant awarded to me in the

summer of 1911.

II. Material.

The copepods were found attached to specimens of the

polycluete worm Harmothoe, and all were fixed incorrosis'e

and acetic and preserved in 70 per cent, alcohol.

There were seven worms and ten parasites, distributed as

follows : three worms had one parasite each on the head, two

worms had one parasite each on a parapodium, one worm had

a parasite on tlie head and another on a parapodium, and one

worm had three parasites on tlie head. 'I'he parasites were

always attached to the dorsal surface of the host.

III. Anatomy.

A. Tlie Female.

1. External Appearance.—The female is entirely

devoid of appendages, and the portion outside the host is

globular in shape, except for swellings at the bases of the

egg-sacs
;

in some of the smaller forms, which are probably

young as their egg-sacs are not developed, there is a tendency

for the body to be flattened ventrally. Levinsen (9) des-

cribes Herpyllobins arcticus as being triangular in

outline and laterally compressed, but Kroyer’s description (7)

of a sac-like body seems to tally better with this form. The

body is smooth and of a white or yellowish colour, and some

specimens show the slight longitudinal grooves, mentioned

by Steenstrup and Liitken (12), which, as they were observed

in fresh specimens by Mr. Potts, cannot be due to shrinkage

in spirit, as was suggested by these observers.

'I'he length of this part of the parasite is from 1 to P3 mm.

;

Levinsen (9), in his summary of the specific characters of

H. arcticus, gives the length as P5 to 2 min., but on p. 367

he gives lengths varying from 0'6 to 2 mm., so that there is
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evidently a good deal of variation. This portion of H. cras-

sirostr is, according to the same observer, is mm. long,

while Hansen (3) describes H. affinis as being 3 to 4 mm. in

length.

The paired egg-sacs naturally vary a good deal in size accord-

ing to the stage of development, and they may be larger than

the body ; they are rounded or sausage-shaped, and in one

individual flattened and leaf-like. Each egg-sac is borne

on a strong chitinous swelling, which is somewhat shield-

shaped, with the point dii-ected upwards
;
these two structures,

according to Levinsen, consist of concentric rings of chitin

(Text-fig. 1, and PI. 22, fig. 2). The eggs, owing to their being

tightly packed, are polygonal in outline. Above the bases

of the egg-sacs are some small apertures with chitinous edges.

I could not make out the an-angement of these as they only

became apparent iu my specimens after they were sectioned.

Levinsen, however, describes and figures them as four in

number and forming an arc, in the centre of which is a small

process previously described by Steenstrup and Liitkeu (Text-

tig. 1). Jensen (6) figures two more similar apertures, one

at the apex of each chitinous boss. On the ventral surface

are two small chitinous bodies which Kroyer suggested

might be lenses. This, however, seems unlikely, as an

examination of the sections shows no trace of any lens-like

structure in this, or any other region. Kroyer was probably

misled by his assumption that the whole of the parasite was

external to the worm, whereas it is now generally accepted

that the visible portion is hardly one half of the whole

animal. The diminutive males live attached to this posterior

region close to the egg-sacs of the females (PI. 22, fig. 2).

The external poition of the parasite is joined to the pa.rt

lying within the host by a narrow stalk, on either side of

which some specimens show a light-coloured area. Just

underneath the skin of the host the stalk becomes chitinised

and expands into a hold-fast, which is collar-shaped with

serrated edges (PI. 22, figs. 5 and 7).

2. Part embedded in the host.
—

'This part of the
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parasite is generally called the “anterior portion” or “pro-

boscis,” presumably because other parasitic copepods, such as

Lei-neea and Pennella, are attached by what is obviously

the anterior end, and it is not likely that Herpyllobius
would depart from the general rule, especially as the males

are attached anteriorly
;

it is also evident that the external

])ortion must be posterior because of the presence of the egg-

sacs. Owing, however, to the extreme degeneracy attained

by this animal, the “ anterior portion” has lost any cliarnc-

teristic structure it may have had and become jnerely

absorptive, thus recalling a similar state exhibited by the

Text-fig. 1.

t/ 0
® © ©

Rhizocephalan Cirripedes
;
for tliis reason I propose to speak

of this portion of the parasite as tlie “ root system.”

'I’his was not visible in ray specimens until the worms were

sectioned. Levinsen (9), however, was able to see it within

the host by simpl}' removing the elytra of the worm. He
described it as a thin red streak lying parallel to the worm’s

gut, and on removing the worm’s skin it appeared as a long,

narrow, tongue-shaped body lying free beside, or underneath

the pharynx of its host
;
posteriorly it emerged from the

worm’s head and was continuous through the stalk with the

external part (Text-fig. 2). The length of the root system of

the parasite according to this observer was 4 to 5 mm.,

the breadth 1 mm., and the thickness i to i mm.
;

the

broadest part was just behind the middle, and posterior to

this it tapered, broadening again just before the stalk, where
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it gave off two small processes. Along almost the whole

length there were red dendritic markings, but no cell

boundaries were visible : in spirit specimens some lacunae

showed.

This structure has been the source of some controversy;

Sreenstrup and Liitken (12) first described it as part of the

parasite, but Kroyer (7) some years later regarded the

chitinous “ sucker” as the end of the parasite, and Schiodte

(11 )
agreed with Kroyer that no integral part of the parasite

was inside the worm. He recognised two terms used by

different observers, “opsvulnet” and “ tungedannet,”

Text-fig. 2.

and explained their meaning by translating the first as a

“tumour” formed by the worm, and the second as a

“ tongue-shaped body ” hanging fiom the sucker and caused

by some excretion from the parasite coagulated by spirit.

Sars (10) also agreed with Kroyer, but as his specimen of H.
c r assi r o st r i

s

was still attaclied to the host, the part in

question would not show. Claus (1), describing H . arctic us,

thought that the front part was pathological.

Levinseu (9) then went thoroughly into the question, and

found by making a cut through the stalk that the cuticle sur-

rounding the root system appeared to be continuous with that

of the stalk. He also made careful measurements of the two

portions of fourteen individuals, and obtained the following
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results : tlie top figures giving the length iii imn. of the

roots, whilst those below give that of the external portion :

5 5 4-5 4;5 4 1 A ^ JA
^ 2 rs rs 2 re fs rs Fe rs T

showing that the root system is from two to three times as

long as the part outside the worm. He therefore concluded

that there is a definite body inside the worm which is con-

nected with the external parasite, and is either part of the

parasite or a pathological formation caused by it, but that

the former is the case as this structure is always the same

shape, it lies free in the worm’s body, and is proportional in

size to the external body. Other observers—Hansen (3)

and Jensen (6)—also figure the roots as being in direct

communication with the external part of the parasite.

The suggestion that the internal part of the parasite had

a nutritive function was put forwai'd by Levinsen (9), but this

question will be dealt with in the next section, together with

a description of its structure.

3. Microscopical Structure.—The first specimens cut

were unfortunately detached from their host, as I did not then

know that any part of the parasite was within the worm
;
sub-

sequently the worm was cut at the same time as the parasite.

The specimens were first stained in paracarmine, dehydrated

and cleared, and then as much as possible of their structure

was studied and drawn before they were sectioned
;

after

being cut the sections were stained on the slide in htemalum.

(a) External Part.—Examined as a solid object the

anatomy of this portion of Herpyllobius is not easy to make

out. The body is always covered by thick structureless cuticle

from which the internal organs frequently shrink away. In

most forms (FI. 22, fig. 3) the body is almost filled with a mass

of eggs, which may show clear spaces running through it, all

converging at the point where the stalk arises, in which place

there is often an opaque structure which l uns down the stalk

and may extend up the clear spaces. The strong chitinous

buttresses that support the egg-sacs are well supplied
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witli muscles. The external skin is continuous down the

stalky at the end of which it becomes chitinous, and, turning

up, forms a collar (Kroyer’s “sucker ”), which is embedded in

the tissue of the host, and acts as a hold-fast. Some of

the internal organs run down the stalk and are directly

continuous with those of the root system.

When cut in sections and examined under the microscope,

the cuticle of these animals appears as a thick layer, slightly

chitinous and traversed by a number of fine wavy fibres

running parallel to the surface
;
externally it is bounded by a

thin layer which stains more deeply than the rest of the

skin.

Lying beneath the cuticle and at intervals sending up fine

processes into it is a thin layer (PI. 22, fig. 6, hyp.) with

nuclei scattered along it; it usually appears to be without any

definite structure except in one case (PI. 22, fig. 4, hyp.), when

in longitudinal section this layer appears to be composed of

epithelial cells; longitudinal sections of other individuals,

however, do not show this structure. This layer probably

represents tlie hypodermis, but it shows a tendency to shrink

away from the cuticle and applies itself closely to the internal

organs; the pi-ocesses running into the cuticle may be caused

by a folding of the sections. In the anterior region of this

external portion some sections show canal-like openings

through the skin, but there is no alteration in the tissues

below them, so it is likely that these are also due to folding

caused by shrinkage.

Posteriorly there are several chitin-lined apertures (Text-

fig. 1), according to Jensen (6) six in number, to which, he

says, are attached the males, although they are not the

genital openings. Opening into each of these there is a peculiar

gland, which he figures (6, Tab. ii, fig. 12). I have examined

these glands in my own sections and can find no other opening

except tlirough these apertures.

The genital openings are large slits placed on the end of

the chitinous supports of the egg-sacs, and from them a duct

may be seen running to the inside of the animal where it
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Text-fig. 3.

Series of sections through a normal female of Herjiyllohius
arct i cu s ,

showing external portion and root system (rt.). The
tissues of the worm are shaded, ca. Canal system of extenial
jiortion. q. d. Genital duct. g. o. Genital oiiening. la. Lacunar
spaces in root. rt. Root.
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becomes confused with the otlier spaces (Text-fig. 3, and

PI. 22, fig. 4, g. cl).

The body of the animal is frequently filled with eggs, which

tend to be arranged in groups surrounded by strands of fibrous

tissue which radiate from a central mass (PI. 22, fig. 4,fh ).

Running’ from the stalk along’ each side of the animal there

is a canal (ca.) surrounded by thick walls, and drawn out so

as to extend down the stalk and become continnuus with the

lacunar system of the roots.

One specimen, however (PI. 22, fig. 5), differed widely

from the rest; it was rather small, and its egg-sacs were

just beginning to form. It was less opaque tiian the others,

so that the internal structure was more easily seen. The

body was well filled with eggs, and running among them was a

series of canals, presumably the oviducts [o.d.), which con-

verged towards the middle of the animal, and apparently

opened on either side into a thick-walled duct {gl) which

would homologise with the glandular portion of the oviduct

described by Marcus Hartog^ in Cyclops as secreting the

cement by which the eggs are agglutinated together when

expelled. Each of these ducts was bent into a D-shape

and opened into, or near, a spherical vesicle {Iv.), wiiich, in

its turn, led to the exterior by a canal running out to the

chitinous support of the egg-sac of that side, and opening-

near its a[)ex. From this thei’e extended an extremely small

egg-sac, containing but few eggs. Between the glandular

ends of the two oviducts there lay a large globular body

{rn. V.) containing a darkly staining mass, and having no

obvious connection with the rest of the system
;

this, I

thought, might be the spei’inatheca, as it lay not far from the

place to which males were attached in other specimens.

None of these structures extended down the stalk, the lumen

of which was completely filled with non-vacuolated tissue.

An examination of sections made from this specimen also

shows that its anatomy is ves-y different from tliat of other

' Hai’tog, M., ‘‘ The Morphology of Cyclops and the Relations of the

Copepoda,” ‘ Trans. Linn. Soc. Zool.,’ v, 1888, pp. 1-46.
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Text-fig. 4.

Series of seetions tlirongli another female Herpyllobius
arcticiis, sliowing the aiTangement of the genital ducts, g. d.

Genital duct. gl. Glandular portion of oviduct, g.o. Genital
opening. /. v. Lateral vesicle, m. v. Median vesicle, o. d. Ovi-

duct. ov. Ovum.
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forms (Text-fig. 4). Directly beneath the hypodermis are a

number of eggs (o. v.) lying in blind diverticula3 of the

oviducts (o. d.)

;

about the centre of the animal these con-

verge into a single canal, which almost immediately divides

again into the two glandular ducts {gl. d.) mentioned before,

which run forward for a little way and then bend sharply back

on themselves, so that each appears double in a considerable

number of sections. Midway between these two tubes is a

hollow sphere {m. v.) partially filled with a mass of tissue, frayed

out at the edges into what, under an oil-immersion lens, looks

remarkably like spermatozoa, and I have thought that this

was a single sperrnatheca, such as is found in some Copepods.

Such an interpretation is at variance with Jensen’s statement

that large spermatophores are found in the male and fixed

by means of a cement to the upper end of the long genital

aperture of the female (see his figure, (6), Tab. ii, fig. 11a,

his.), and I give it with reserve.

At the lower end of this median vesicle there is, at either

side, a tube with swollen lips, which leads outwards to

another vesicle {1. v.), which is smaller than the median one,

surrounded by thick walls, and apparently empty. Into each

of the ducts, from the median to the lateral vesicles, there

opens the glandular oviduct, and from it there runs posteriorlv

another duct [g.d.), which opens to the exterior by a long

slit, the genital aperture [g. o.) at the end of each of the

chitinous bosses; these openings naturally only show when
no egg-sacs are present.

Even in the sections there was no trace of any canal

running down the stalk.

(b) Stalk and Root System.—As mentioned above, the

skin of the external portion may be traced down the stalk to

the chitinous hold-fast
;
this has a serrated edge to which are

attached strands of muscle-fibres (PI. 22, fig. Down
the liimen of the stalk the tissues of the two parts of the

copepod may be seen in direct communication, whilst the

lacunar system of the roots may also be shown to communi-
cate with certain spaces in the external portion, as noted before.
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'L’his last factwould seem to prove that Steenstnip (12) was right

in his statement tliat the “Ford^ielsesvej” (literally 'Svay

of digestion ”) goes through the stalk. As Hansen (5) points

out, he avoids calling this system the gnt, for in a degenerate

form like this no definite gut can he traced. Sections in this

region show that these canals have very thick walls, which

might be the remnants of gut epithelium—an additional reason

for supposing that these spaces have a nutritive function.

^riie minute structure of the portion of the pamsite em-

bedded in ihe host has been the subject of a good deal of dis-

])ute. According to Levinsen (9), it is surrounded by a thin

cuticle which appears to arise in the region of the sucker, and

Jensen (6) describes this cuticle as being a direct continua-

tion of the sucker, and pressed against the bent-up portion of

it; Hansen (5) agrees that this suggestion is ])lausible, but

points out that Jensen does not draw this cuticle separate

from the skin he describes as formed by the worm round the

parasite (6) (fig. 10). Jansen further suggests that it is this

mem brane, formed by the worm, that Levinsen described as the

cuticle of the parasite, but Jensen considers it to belong to

the host on the grounds that a section shows that the cells

forming it lie to the outside, that is on the side remote from

the parasite. In this connection he refers to Giard and

Bonnier,^ who describe a similar formation among crabs

infected by Butoniscans. Hansen, however, does not believe

that there is any other skin than that belonging to the para-

site, and fails to find any trace of a membrane arising fi-om the

worm. He believes that an apparent membrane is due to the

tissues of the worm being pressed against the roots of the para-

site ca.iising a certain amount of degeneration, and compares

it with Rhizorhina,^ the roots of which pass into the gills

of Am pel i seas with no trace of membrane round them.

A careful study of my sections leads me to believe that

^ Giard and Bonnier, ‘ Contri])utions a I’etude des Bopyriens," 1887,

p. 97.

2 Hansen, H. J., ‘Rliiy.orliina ainpelisca',” ‘ Ent. Meddel,’ Ills,

H. 5, 1892, p. 207.
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Jensen is right in stating that a membrane formed by the

worm is present. In cases where the parasite and host liave

been cut together the epidermis of the worm folds in over the

hold-fast (PL 22, fig. 7, ep.), and although the actual connection

is not evident, the membrane [mb.) surrounding tlie roots seems

to be a part of this. In sections of a whole worm from which

the parasite had become detaclied the epidermis of the host

(Pi. 22, fig’. 8, ep.), although broken at the critical spot, is

probably continuous with the membrane [mb.). This mem-
bx’ane may be traced down the worm as far as the roots

of the parasite extend, although all the proximal part of

the root system was withdrawn when the copepod was re-

moved. A section lower down the worm (PI. 22, fig. 9) shows

the distal end of the i-oots of Herpyllobius surrounded at

some distance by a well-marked membrane [mb.), and sections

of another worm infested with three parasites show the root

system of each surrounded by a membrane, Avhich is always

separated by some distance from the tissue of the root, and
therefore is not likely to belong to it, as the root itself does

not appear to be at all shrunken. Giard and Bonnier^ state

that in the case of crabs the parasitic Entoniscan is always

entirely surrounded by a thin transparent membrane, except

at one spot which is the opening to the invagination

caused by the penetration of the young Entoniscan into its

host; this membrane presents the same histological structure

as the hypodermis of the crab. As a like process is prob-

ably effected by Herpyllobius it may then be described as

an ectoparasite.

As to the cuticle of the roots themselves, I am inclined to

think that if this is present it is extremely thin, and only

evident in the region of the hold-fast (PI. 22, fig. 7, ;
in

sections of the worm with the parasite roots, these are not
surrounded by any well-mai-ked cuticle (PI. 22, fig. 9).

The tissue of the root .system is fibrous and does not show
any definite cell boundaries; these fibres are strongly

developed round the hold-fast, to the serrated lower edges of

' Loc. cit.
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which tliey are attached (PI. 22, fig. 7, mf.). All through this

mass of tissue there is a branching system of lacunge sur-

rounded by a fairly definite lining of cells
;
the main one (ca.)

runs up the stalk, and dividing into two is continued as a pair

of lateral spaces in the external body
;
these, as mentioned

above, have thick walls, which are also characteristic of this

main canal for a short way along the root.

B. The Male.

The males are diminutive, and live attached to the female

in the region of the egg-sacs; there are usually two or three

to each female, and according to Jensen (6) they fix them-

selves to the openings of the peculiar glands mentioned before

as occurring in this region. As, however, these glands are

only six in number at the most, it is difficult to see how they

could accommodate the twenty males found by Hansen (3) on

one female of H. af finis.

The cephalic segment, whicli occupies about one half of the

body (PI. 22, fig. 10) has a thoracic segment fused to it, for in

addition to a pair of three-jointed antennse it bears a pair of

maxillipeds
;

these are four - jointed, the last joint being

hooked and serving for attachment to the female. There are

three thoracic segments, each bearing a pair of biramous

swimming legs
;
the first two pairs are alike, each consisting

of two basal joints, a one-jointed inner ramus and a two-

jointed outer one, each bearing bristles. The third pair

resembles the first two except in having a one-jointed outer

ramus. The abdomen consists of three narrow segments, the

first two being about equal in size, whilst the third is about

twice their length and bears a forked telson, each prong

coni]K)sed of two joints and bearing three stout bristles.

According to Jensen, howevei-, this chitinous investment is

merely the last larval skin of the male, the adult being sac-

like and enclosed, all except the anterior end, in the skin
;
the

anterior end is drawn out and is embedded in the female, being

kept in position by a rough surface. The two genital openings
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{go.) lie side by side at the base of the drawn-out anterior end^

and near its apes there appears to be another opening [m.)

which is not so obvious as the genital apertures, but its

position is indicated by a strand of tissue running up to it.

This is the “mouth” described by Jensen, and he further

finds a pair of mandibles and two pairs of small processes,

])Ossibly rudiments of appendages, on the hinder pair of

which there open a pair of glands which secrete cement for

fixing the male to the female. My specimens, however,

showed no mandibles or processes, and their existence is

denied by Hansen (5), who furthermore declares that there is

no mouth opening at all; I am, however, inclined to believe

that a mouth is present, although it is degenerate and

probably functionless.

The body part of most of the males is chiefly occupied by

two large spermatophores {sp.) oblong, in shape and provided

with long necks {sp. d.), which emerge through the genital

opening; these are evidently for insertion into the female

and may be of great length
;
in one of my specimens they are

twice as long as the whole animal. A similar structure has

been described by Hansen in the allied genus Rhizorhina.^
Jensen believes that the cement for the spermatophores is

derived from two large glands occupying all the ventral and

part of the dorsal surface anterior to the single testis (6,

tal). ii)
;
none of my specimens, however, sliowed this gland

;

and Hansen considers that the cement is derived from the

vas deferens. 'I'he spermatophores, according to Jensen, are

shed from the body of the male, and he figures them

(6, fig. 11a) attached to the female close to the genital

openings; they were not to be found on any of my
specimens.

The anterior position of the genital openings of the male

is an unusual occurrence among Crustacea, and Hansen (4)

questions whether it can be said to occur in this case. He
describes the male larvae as attaching themselves to the

female at an early stage, and subsequently undergoing a

' Loc. cit., tab. iii.
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profound morphological change during which all the larval

organs vanish, and the testes together with their efferent

ducts are formed. Owing to this transformation Hansen
states that the morphological orientation of the adult is

uncertain. As, however, the larva is attached by its

anterior end, it seems unlikely that the developing male

would revolve round in its larval skin, so as to reverse its

anterior and posterior ends, hence it is in all pi'obability safe

to speak of the openings as occurring at the anterior end of

the male.

The loss of the alimentary canal is also interesting,

especially as it has practically gone in the female as well,

thougli in this case its place is taken by the absorptive root

system. The male seems to be without the means for

obtaining nourishment.

IV. Relation op Parasite to Host.

The most frequent position of the female Herpyllobius
is on the head of the worm, although it is sometimes

attached to a parapodium. Levinsen (9) describes the root

system of the parasite as forming a tongue-shaped body lying

by the side of the gut of the host, and I have been able to

confirm this statement by means of sections. In the worm
sectioned the parasite was attached to the head, and the roots

actually pierced through the cerebral ganglion of the host

(PI. 22, fig. 8) to reach the alimentary canal, and further on

(PI. 22, fig. 9) could be seen lying by the side of the oesophagus,

which had been pushed over to one side by this intrusion.

The internal economy of the worm with three parasites on its

head must have been extremely deranged, but unfortunately

it did not cut well and I was unable to make out the relative

positions of the three roots.

The roots obviously have an absorptive function, and

the process must be carried on in spite of the protective

envelope formed by the worm round it. The lacunar tissue

of the root system is in continuation through the stalk with
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vacuolated tissue in the external body, as well as with the

“gut” spaces, and it is probably by this means that

nourishment is carried to the reproductive organs, which

occupy practically the whole of the external body.

As to the life-history, there is nothing known. There is

probably a free-swimming stage in the female, as in the allied

Leinseopodidae, as otherwise one cannot account for the

infection of new Avorms. It is probable that the males become

attached to the female at an early stage, as is the case in

Rhizorhina; having no gut and no apparent means of

absorbing nutriment they must be short-lived.

No stages of development were to be found in the eggs.

V. Comparison with Allied Genera.

Hansen, in his work on the Choniostomatidae (4), gives an

account of the relationships of Uerpyllobius and the allied

genera. Previously^ he had established the family Herpyllo-

biidie containing the seven genera: Herpyllobius (Stp.

and Ltk.), Eurysilenium (M. Sars), Rhizorhina
(H. J. H.), Trophoniphila (McIntosh), CEstrella (McIn-

tosh), Saccopsis (Lev.), and Bradophila (Lev.).

Trophoniphila bradii is described by McIntosh^ as

adhering to the bases of the branchiae of the worm Tro-

phonia, while CEstrella levinseni® is described by the

same author from Ehlersiella; in both cases, however, an

extremely short description is given, so that it is only possible

to refer thetti to this family without any comparison with the

other groups. The female of Rhizorhina forms a short

slender stalk Avhich ]>ierces the skin of the gill of its host

(A m pel i sc a)
;
in this stalk are two tubes which, on entering

the skin of the host, separate and ramify irregularly through

the gill, sometimes entering into the body of the host. In

Herpyllobius and Eurysilenium the stalk pierces the

' Hansen, “ Rliizorhina anipelisca,” loc. cit.

- McIntosh, “ Report on the Annelida Polychseta,” ‘ Report Sclent.

Results of H.M.S. “ Challenger,” ’ xii, 1885, p. 368, pi. xxxviA, fig. 4.

^ McIntosh, loc. cit., p. 477, pi. xxxixA, fig. 11.
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skin of the host and there expands into a collar-like hold-fast,

from which there depends an ohlong or irregularly-shaped

body, which is homologous with the tubes of Rhizorhina
and has the same function of supplying nourishment to the

external body. Levinsen (9) has found that Saccopsis and

Bradophila have stalks, but he has found no expanded body

at the end of it in the body of the host; Hansen (4), however,

is of the opinion that some tubes must run into the body of

the host, otherwise it is difficult to see how the parasites get

their food.

A comparison between the two best-known j^enera

of the family HerpyllobiidEe, K hizorh i n a and Herpyllo-
bius, shows important differences in the stalk of the female,

as mentioned above, and also in the male. In both forms the

larva fastens itself to the female, after Avhich the tissues of

the larva contract, thus forming a sac-like adult, without

visible internal organs except the gonads and their efferent

ducts. In Rhizorhina the male remains entirely inside its

larval skin, pushing its generative ducts out through a hole

in front of the mouth of the dead case. In Herpyllobius

the skin of the larva bursts and the male is fastened by the

anterior end, the generative ducts proceeding through the

split pjroduced by the bursting of the larval skin.

VI. Affinities of Group.

Giard and Bonnier (2) regarded the Herpyllobiidte as

closely resembling the Choniostomatidse, for although they

considered the females too degenerate to admit of com-

parison, they believed that the males, especially the larval

males, strongly resembled one another both in the mouth

parts and in the position of the genei'ative opening. For

these reasons they proposed to make a new order, Sphaero-

nellidae, containing two subdivisions, the Hei ])yllobiin£e and

the Choniostomatinae.

Hansen (4), however, points out that there are structural

differences in the two groups that render such a classification

unsatisfactory. The female Chouiostoniatid is less degenerate,
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having mandibles, maxillae and maxillipeds, while the females

of the Herpyllobiidge are entirely without appendages. The

description of the males is at fault, for the adult male of

Herpyllobius and Rliizorhina is limbless and degraded

and cannot be said to possess mouth parts, while the male

Choniostomatid is highly developed and has well-formed

mouth-parts.

It therefore seems best to retain the two as separate

families, equivalent to the Chondracanthidm, the Lernaco-

podidje and others.

It might be of intei’est at this juncture to make some

comparison between the Herpyllobiidge and the Rhizocephala,

as each may be considered the most degraded form of the

Copepoda and Cirripedia respectively. In both the adult

female consists of two parts, one inside and one outside

the host, the outside portion containing the reproductive

system, whilst the part inside the host forms a root system

for absorbing nutriment and conveying it to the external

part. Some analogy might also be traced between the

chitinous ring of the Rhizocephala and ihe chitinous hold-fast

of Herpyllobius. There is of course a great difference in

the method of infection: Sacculina,, for instance, obtains

entrance into the body of the host as a larva, and undergoes

metamorphosis as an endo-parasite, the adult being evagi-

nated at maturity; while Herpyl lobius fixes itself to the

outside of the host, probably at an early larval stage, and, if

it is true that a protective membrane is formed by the worm,

remains as an ecto-parasite throughout life.

The Rhizocephala are as a rule hermaphrodite, thus differing

from the unisexual Herpyllobiidm, but this is not always the

case, for G. Smitld has found in the mantle cavity of

Duplorbio what ajipear to be extremely degraded, but still

functional males. In the ordinary individual no testes are

found, as is also the case in Sylon, but in the latter no male

individuals are known.

' Smith, G., “ Rliizoceiihala,’’ ‘Fauna uiid Flora des Golfes von

Neapel.,' Monogr. xxix, 1906.
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Aiiotliei’ interesting parallel is afforded by the Pedunculate

Cirripede Anelasni a squalicola, which is parasitic on the

Selachian genus Spinax. Gr. SinitlP describes this form as

having a root system which arises from the region of fixation

and penetrates into the flesh of the shark, probably serving to

nourish the parasite, although the gut is not degenerate. The

roots closely resemble those of Sacculina, having a chitiuous

•investment, below which is a regular epithelium, while the

inside is occupied by a lacunar tissue of vacuolated cells. This

lacunar tissue is distributed over all parts of the body and

may carry nonrishment, thus recalling a similar structure in

Hei-pyllobius.

Dr. Caiman has kindly drawn my attention to the fact that

absorptive “roots” are also developed by some parasitic

Isopods. Prof. Caullery* describes Wanalia as forming

a tubular pi-olongation in the region of the mouth which

penetrates into its host, Inachus, but it is at fii’st separated

from the body cavity by a membrane. Two pairs of pro-

cesses are then formed at the distal end, the mouth opens

between them, and the whole system pierces through into the

body cavity of the crab. This “ proboscis,” as Caullei-y calls

it, serves the double purpose of fixation and of absorbing

nourishment. A similar organ is found in the genus Crypto-

niscus.

We thus find a remarkable case of convergent evolution in

the development of absorptive roots in the Copepoda, Cirri-

pedia and Isopoda.

YII. Systematic.

Generic Characters of Herpy llobius.

Female.—Body consistsof two parts joined by a stalk. The

amterior part (root system), which lies within the host, is soft

and elongated, composed of lacunar tissue, and provided

' Smith, G., loc. cit.

* Caullery, “ Rcclierches sur les Liriopsidse," ‘ Mittheiliuigen aus

(lev Zool. Station zu Neapel,’ xviii, ltH)7-8, p. 583.
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with a chitinous fixing organ where it penetrates the tissue of

the host. The external posterior part is subglobose, white,

and lackingany vestige of limbs. Posteriorly are twochitinous

buttresses which support the large egg-sacs, and above are

six chitin-surrouncled pores, near to which the males are

attached. The stalk is joined to the middle of the lower sur-

face of the external j^art, the interior of which is principally

occupied by the reproductive organs.

Male.—Minute and sac-like, consisting only of i-eproductive .

organs, anteriorly drawn out into a conical prolongation which

is inserted into the female. Forms two large spermatophores

with long necks. Most of the body of the adult remains

enclosed in the last larval skin, characterised by the following

characters: Cephalothorax with two pairs of appendages,

antenuEe and miixilliped.s, the latter with their last joint

hooked. Thi'ee free thoracic segments, each bearing a pair of

birarnous swimming h)gs. Abdomen three-jointed; last joint

lontjest and bearing- telson with long- bristles.O O O

Specific Characters.^

H.arcticus (Stp. and Ltk.).—Female: Anterior portion

4-5 mm. long-, ^-1 mm. broad. External ^portion li-2 mm.
long (without egg-sacs). Stalk very thin, diameter one-

eighth of the length of the external portion. Male (Larval

skin) : g-4 mm. long. Antennm three-jointed. Maxillipeds

four-jointed. First and second pairs of thoracic legs with

external rami two-jointed.

Habitat.—Greenland, on two species of Polynoid

—

Harmothoe imbricata and Eunoe oerstedi. Gulf of

St. Lawrence, on Nychia amondseni.- Gulf of Georgia

Puget Sound, on Harmothoe: Antarctic, on three species of

Polynoids.®

‘ Levinsen (9).

* McIntosh, ‘ Ann. Nat. Hist.,’ 4th series xiii, 1874, p. 262.

^ Gravier, C., “ Sur quelqne Crustaces parasites anneliclicales prove-

nant de la seconde expcdetion antarctique fran^aise,” ‘ Coinptes

Rendiies,’ xliv, 1912, p. 830.
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H. crassi ros t ri s (Sars).—Female : Anterior portion mi-

le nown. External portion | mm. long. Stalk very broad,

diameter one quarter of the length of the external portion.

Male (Larval skin): No antenna} (?)

.

Maxillipeds three-

jointed. External ramus of swimming legs one-jointed.

Habitat.—Norway, on Polynoe imparis.

II. affinis (II. J. H.).’—Female somewhat similar to H.

arctiens, but double the lengtii. Body half as broad as long,

snbovate. Egg-sacs half as broad as long, fusiform. Length of

body 3-4 mm. Male indistinguishable from that of H.
arctiens.

Habitat.— Kariske Hav, Northern Siberia., on Harmo-
t h o e b a d i a

.

There seems no reason for separating the species of

Herpyllobius of Puget Sound from H. arctiens, first

described by Steenstrup and Liitken; the size of the female

seems the same, and the males appear identical. I therefore

propose to call this species Hei’p 3Hlobius arctiens, only

recording as a new locality for it the west coast of North

America., and it remains as another example of the similarity

in the fauna of the North Pacific and Atlantic sides of

America.

VIII. Summary.

(1) The female Herpyllobius is entirely without appen-

dages, and consists of two portions united by a thin stalk.

(2) The rounded posterior or external portion contains the

reproductive organs and bears two large egg-sacs. In it are

certain spaces with thick epithelium-like walls, which pro-

bably represent the gut.

(3) The anterior portion or root system is an elongated body

lying within the host, and composed of vacuolated tissue pene-

trated by a lacunar system.

(4) The lacunar sj'stem of the root unites into a main branch,

which runs up the stalk and is continuous with the gut spaces

in the external portion.

' Hansen (3).
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(5) The root is, therefore, in all probability an absorbing

organ, nourishment being carried to the external portion of

the body, which contains the important reproductive organs,

by means of the lacunar system.

(6) In one specimen (fig. 5) the body contained numerous

eggs lying in the diverticula of the two oviducts, each ovi-

duct terminated in a thick-walled glandular portion. In the

posterior region of the animal Avas a median vesicle communi-

cating on each side Avith a lateral one; into the duct between

the two there opened the glandular oviduct, and from there a

short duct led to the exterior.

In this specimen there Avas no trace of a gut.

(7) The parasite is usually attached to the head of the

Avorm, and in the tAvo specimens cut the root pierced the

cerebral ganglion and lay by the side of the oesophagus (figs.

8 and 9).

(8) Herpyllobius is one of the seven genera of the family

Herpyllobiidae.
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EXPLANATION OF PLATE 22,

lllustratiiijr Kathleen Hadden’s paper on “ Herpyllol)ius

a r c t i c u s .”

Fig. 1.—Adult female on Harmotlioe imbricata, showing the

attachment of the parasite to the dorsal surface of the worm's head.

Fig. 2.—Dorsal view of an adult female, showing two males attached

posteriorly. On either side of these are the chitinous buttresses

supporting the egg-sacs.

Fig. 3.— Side view of a stained specimen after clearing; external

portion of the parasite only. The oi^aque gut lies in the centre sending

out radiating channels. Posteriorly is showm a chitinous buttress for

the support of an egg-sac.

Fig. 4.—Longitudinal section through an adult female.

Fig. 5.—Side view of the peculiar type, after staining and clearing,

showing the arrangement of the genital organs.

Fig. 6.—Transverse section of the above specimen.

Fig. 7.— Transverse section of a normal female, showing the external

I^ortion, and the root embedded in tissiies of the host.

Fig. 8.—Transverse section of wmrm’s head, showing space {s}).)

formerly occupied by the roots of the parasite. This pierces the

cerebral ganglion of the worm.

Fig. 9.—Transverse section of the same worm farther back, with the

root of the parasite (rt.) lying beside the oesophagus of the worm.

Fig. 10.—Dorsal view of a male Herpyllobius enclosed in its last

larval skin.

Lettering.

h. Buttress supporting egg-sac. ca. Canal system of body. eg. Cere-

Imal ganglion, co. Commissure. C7it. Cuticle, czth' Cuticle of root. el.

Elytra of worm. ep. Epidermis of worm. es. Egg-sac. fib. Fibrous

tissue, gl. Glandular oviduct, g.o. Genital opening. Uf. Hold-fast.

Jiij27 . Hypodermis. lac. Lacunar system of root. l.v. Lateral vesicle.

m. Mouth, mb. Membrane formed by worm. m.f. Muscle-fibres, mth.

Mouth of worm. m.v. Median vesicle, od. Oviduct, ces. (Esophagus.

ov. Ovum. par. Parapodium. rt. Root of parasite, s. Space occupied

by parasite. sp. Spermatonliore. sp. d. Duct of spermatophore.

t. Telson. v. n. c. Ventral nerve- cord.
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Stolon Formation in Certain Species of

Trypanosyllis.

By

F. A. Potts, Itl.A.,

Fellow of Trinity Hall, Cambridge, and Demonstrator of

Comparative Anatomy in the University.

With Plate 23 and 23 bis and 8 Text-figures.

Introduction.

In 1896 a single .specimen of a Sjllid Polychiet was dis-

covered by the Columbia University Expedition to Puget

Sound, in which the reproductive individuals or stolons were

produced from the ventral surface of the last two segments to

the number of fifty or more, arranged in a compact rosette

instead of such a linear chain as occurs in Autolytus or

Myrianida. This was described by II. P. Johnson (1) as

Trypanosyllis gemmipara. For another unique example

exhibiting a similar phenomenon, collected by Harold Heath

in California, he instituted the species Tryjiauosyllis

ingens (3). Since then two other species have been dis-

covered which reproduce in the same manner
—

'I', m i s a k i e n s i s,

by Izuka, in Japan (4), and T. crossland i, by Cyril

Crossland, at Zanzibar, which is here fully described for the

first time.

Though the ])henomenon has thus been shown to exist in

species of the genus Trypanosyllis from widely different

parts of the world, it has never been found possible to obtain

material in sufficient quantity for a thorough study of the

phenomenon. In fact, only a single stolon-forming individual

VOL. 58, PART 3.
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had been obtained of each of the first three species and tliree

of T. crosslandi when I summarised onr knowledge of this

method of reproduction in 1910 (5). During the summer of

the next year, 1911, in tlie course of a visit to British

Columbia, I was able to search for T. gemmipara, and,

though my success was not so ample as I had hoped, I am
able to give a fuller account of this specialised form of

budding than has been published before. I should like here

to i-ecord my indebtedness to Dr. C. F. Newcombe, of Victoria,

whose knowledge of the marine zoology of various localities

in British Columbia was most useful to me in my quest for

T. gemmipara.

Trypanosyllis Gemmipara Johnson,

The account by Johnson, both of the systematic characters

and of the formation of stolons in this species is full and

correct. On a few points I find it possible to add materially,

and it seems necessary to give specific confirmation of

others.

Occurrence.

The single specimen obtained by the Columbia University

Zoological Expedition in 1896 probably came from the

neighbourhood of Port Townsend, but unfortunately no data

accompanied it when it was handed over to Johnson for

description. From Johnson’s third paper (3, p. 306, footnote)

it appears that he re-discovered the species in small numbers

on the Californian coast, but he gives no fui'ther information

as to its occurrence.

In the summer of 1911 I obtained this species from three

separate localities in the N.W. Pacific. Though widely

distributed it is only to be obtained during the lowest spring

tides, and is even then comparatively rare in the restricted

habitat it frequents. I give details as to localities below.

(1) Cape Beale, on the west coast of Vancouver Island, at

the mouth of Barkley Sound. A single incomplete specimen.
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collected in the littoral zone daring the lowest spring tide at

the end of May.

(2) Off Brown’s Island, Friday Harbour, San Juan Island,

State of Washington, U.S.A. Another single specimen,

which came out of material dredged at a moderate depth.

(3) In the neighbourhood of Victoria, Vancouver Island.

Five individuals (one reproducing) were collected at the time

of the very low spring tide on June 27th, at Macaulay’s

Point, a locality made classical by Lord’s description in

‘The Naturalist in British Columbia’ (Vol. II., p. 12).

They were obtained under masses of Halichondroid sponges,

only uncovered at the lowest point of the tide, and appear to

exist in rounded tunnels in the sponge, or between the sponge

and the rock, which they have themselves eaten out. There

was no exit to the exterior or any indication that the worm
usually leaves the shelter of the sponge.

Three other specimens (one the posterior end of a repro-

ducing individual) were found during the low tides of the two

previous days on the shore near Beacon Hill Park. Here

they existed amongst sponges and other encrusting organisms

hidden under masses of kelp roots (Costaria).

The animals are striking and even beautiful in appearance.

'I’he largest was 94 mm. in length and 3 mm. in breadth, but

there is a striking variation in size. The body is generally

light brown or lemon-yellow, with the diverticula of the

intestine showing through as a darker brown. The long

moniliform dorsal cirri are generally white or pale pink, often

touched with crimson or purple pigment, developed in some

specimens over the whole cirrus, and it is their curling form

and touches of colour which give a distinctive appearance to

the species. In the individuals possessing stolons these are

lemon-yellow in colour like the stock.

Preliminary Descrii'tion of the Material.

Various data with regard to the development of the worms

collected are given below in tabular form. Numbers are
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given to the individuals to which it will afterwards be con-

venient to refer

:

1

Length Width.
Appro.ximate number of

segments.
Condition of posterior

region.

1

Victoi’i.i :

I 19 mm. 2 mm. Head fragment. —
II 00 2 no segments -j- tail of

about 30 segments.
Tail only 6 mm. in

length.

III 41 „ 2 220 segments. Tail long, graduat-
ing insensibly into

stock.

IV 45 „ 3 „ 220 segments. Ditto.

V 55 ,,
3-5 „ 195 segments -|- tail of

about 40.

Tail2 mm.longwith-
out caudal cirri.

VI 12 „ 4 „ 172 segments -|- tail of

about 100.

Tail 14 mm. long.

VII 85 „ 2-5 „ Incomplete. —
VIII 94 „ 3 356 segments. Cluster of young sto-

lons at tail.

IX

Friday Harbour :

Tail fragment. Cluster of more ad-

vanced stolons.

X 66 mm. 3 mm. 125 segments -|- tail of

90 or more.

The specimen originally procured by the Columbia

University Expedition had the following dimensions:

—

Length. Wultli.
Apiiroximate number

of segments.
Condition of

posterior region.

68 mm. . 3 mm. . 300 or more . Clusters of more
segments. than 50 stolons.

It is seen that a complete worm varies greatly in length

from 22 to 94 mm., and contains 140 to 356 segments. In most

of the specimens, as the table shoAvs, there is present a tail

of smaller and less developed segments. In II this is

extremely rudimentary, though even then containing thirty

segments or more. The figure here given of it (P). 23, fig. 1)

shows that these segments are less developed as traced back-

wards to the posterior end where ])roliferation takes place and

new segments are added. In the development of the para-
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jDodia it will be seen that the dorsal cirrus appears first as a

club-shaped structure, which is nrticulated only in the oldest

segment of all, while the neuropodium, with its setae, develop

soon afterward. The ventral cirrus, however, did not seem

to be present at this stage. It may also be noted that in this

early condition the anal cirri are not developed, and a

contrast is thus established with the production of new stolons

in Autolytus and Myrianida, where the anal segment is

the first to be formed (cf. Pott'S, 5, p. 39, ff.).

In other specimens the tail is met with in a condition of

increasing length and development until it contains moi'e

than 100 segments, the oldest of which approximate in width

and depth to the segments of the stock (compare especially

III and IV). In the reproducing individual (VIII) alone,

however, are the segments from head to tail of approximately

equal development.

It may be suggested that the possession of such a tail as is

described above denotes a period of recovery between two

periods of reproduction. In one individmil (III) there are

three successive constrictions or scars at equal distances

apart, which seem to indicate pauses in the growth of the

worm, such as might correspond to recurring sexual periods.

From the fact that in both the two complete reproducing

specimens the number of segments should be about 350, it by

no means follows that the younger worms forming the great

majority of the population should not be capable of repro-

duction at an earlier period. It seems more likely that

worms, with the sedentary habits characteristic of Trypa-
nosyllis gemmipara, live to an age of several years,

growing to a greater length each year, and probably pro-

ducing an annual crop of stolons. After the liberation of

these mature reproductive buds (which does not involve the

sacrifice of an actual portion of the stock, as in the case of so

many Syllids) rapid regeneration takes place, and after new
segments to the number of 100 or more have been formed,

these attain gradually the development of the older segments

of the stock, when reproduction will again take place. Hence
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we may expect to find reproducing individuals differing

widely in length.

The principal interest lies in the two specimens which are

producing stolons (VIII and IX). In the individual from

Port Townsend, described by Johnson, the stolons wei’e about

fifty in number, arising from the right-hand border of the last

segments of the stock. Thirteen of them had attained an ad-

vanced stage of development (with twenty to twenty-eight seg-

ments—2'5 mm. in length). “ To the right at the base of the

cluster is a group containing about twenty-five very young buds

as yet showing no segmentation, but each with the two distal

processes which are the anal cirri.” “ The buds are arranged

in rows, partly transverse and partly longitudinal as regards

the axis of the stock.” “In a graduated series, proceeding

from the left side of the cluster of youngest buds, are more

advanced buds, the lai’gest approaching the mature con-

dition.”

It is evident that Johnson’s individual was characterised by

very asymmetrical development of the proliferating patch.

No. A^III of my collection (PI. 23, fig. 2) resembles his in all

essential particulars, but it will be noticed that the zone of

proliferation occupies an entirely median position, and the

stolons are at first arranged in perfectly transverse rows, the

members of which are all equidly developed, even to sharing

a lateral twist, which directs the tails of all the stolons in one

row to the right and to the left in the next.

As the stolons increase in size and breadth the outer mem-

bers of the row are pushed more and more to the side, and

also anteriorly, because of the presence of the rows behind,

so that the row becomes a crescent, and the proliferating

region is partly surrounded by stolons in advanced develop-

ment. Irregularities jnust, however, frequently occur owing

to inequalities of growth. The asymmetry of Johnson’s speci-

men, it appears to me, is due, firstly, to the lateral appearance

of the patch of proliferation, and, secondly, to distortion, due

to unequal growth of the members of the different rows,

which have had more room to grow on the left of the stock.
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and so liave developed there moi’e quickly. Johnson’s draw-

ing (3, fig. 8) shows clearly the conversion of the earliest

formed transverse rows into semicircles surrounding the

area of proliferation.

In IX (PI. 23, figs. 4, 5) the area of proliferation is again

situated centrally.. The first-formed stolons are, however,

older than those of VIII, and many of them have been re-

moved or have fallen off, giving an appearance of irregu-

larity.

The Genital Appendage of the Stock.

I wish here to emphasise one point in Johnson’s descrip-

tion which is, I believe, a peculiar characteristic of Try-

panosyllis gemmipara compared with the other forms with

related reproduction. It will be worth while to quote at

length the passage bearing on this point

:

'•'Occupying the most dorsal position among the advanced

buds is the attenuated and rapidly diminishing caudal ex-

tremity of the stock. It is much like the buds in general

aspect, and further resembles them in containing sperm-cells

which are absent in all portions of the stock in front of the

proliferating region. It differs from the buds in possessing

(!) a heavily ciliated continuation of the alimentary canal

(fig. 7, al. c.)
; (2) an anus; (3) and differs in lacking

cephalisation. In every respect, except that it contains

sperm-cells, it resembles a regenerated posterior extremity.

It possesses twenty-four segments, including the pygidium.

The proliferating region is, therefore, this number of seg-

ments in front of the posterior extremity. As fig. 7 show.s,

the attenuated posterior end has almost as much the appear-

ance of being an appendage to the budding zone as any of

the mature buds.”

In PI. 23, fig. 2, a dorsal view of VIII is given, showing this

caudal extremity,” or genital appendage of the stock, as I

propose to call it, turned backwards by the growth of the

stolons ventral to it. Neither the stolons nor the " tail
”
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itself are so far developed as in Johnson’s form. The latter,

instead of possessing caudal cirri, ends perfectly bluntly, so

that apparently tlie number of segments is not yet quite

complete, and those formed are much narrower than those of

the stock. It thus appears much more clearly than in John-

son’s specimen that this appendage is of recent growth. It

is right, I think, to regard proliferation of stolons as always

taking place terminally, the reg'eneration of an apjjeudage to

the stock being a contemporaneous phenomenon. In both

cases the determining cause of formation is the onset of

sexual maturity, for gonads are developed in each segment

of the newly formed extremity of the stock as well as in

the stolons. A particularly interesting development of the

phenomenon is exhibited in IX, where the dorsalmost stolon

(PI. 23, fig. 6) was detached soon after preservation. It was

3'5 mm. in length, contained thirty-four segments, and had a

distinctly developed head, with eyes. Evidence of the exist-

ence of an alimentary canal appeared in a black swelling in

the middle line of the stolon, and the existence of an opening,

apparently the anus, just ventral to the caudal cirri. On

cutting a series of transverse sections the gut was seen to be

complete from mouth to anus, and functional, as witnessed by

contained food masses, largely consisting of sponge spicules.

There can be no doubt that this stolon, the only one of the

large number developed which possessed the least vestige of

an alimentary canal, is to be homologised with the genital

appendage of the stock as observed by Johnson and myself.

It may even be suggested that this structure normally de-

velops a head, and becomes detached as a stolon at a late

period of development, but it is at least equally likely to be

an individual variation in this particular case. But I think it

is fair to regard this terminal stolon or appendage as a sur-

vival from a time when the ancestor of Try panosy llis

geminipara reproduced by jneans of a single terminal

stolon, especially if detachment proves to take place usually.
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Teypanosyllis Crosslandi SP.n4

This was obtained in the harbour of Wasin, Zanzibar. The

following account of its occurrence and appearance is com-

piled from Mr. Crosslaud’s notes. In colour it is a bright

orange-red
;
the four eyes are brown. The stolons are of the

same colour as the stock. In life, Mr. Crossland i-emarks,

their tails keep waving- in the water, but whether this is

because of muscular movements of the stolons themselves

preparatory to detachment from the stock, or is merely due

to the currents in the water, he does not make clear. The

animal appears to live in a red sponge.

Diagnosis.

Length, 22 to 25 mm. Breadth, 3 mm. (including setm).

Number of segments, 125 to 135.

Try panosyllis of small size and number of segments.

Colouration as above. Prostomium (PI. 23, fig-. 7) small, not

distinctly bilobed, but tripartite
;
eyes i-aised on slight conical

elevations, which coalesce in case of front pair. Two pairs of

eyes, arranged almost in a square, but posterior rather wider

apart and more minute. Median and lateral tentacles about

the same length, with fifteen or so annulations. Dorsal cirri

slender, alternately long and short, with unusually long nn-

jointed base, succeeded by thirty to forty annulations in the

case of the longer, and twenty to twenty-two in the shorter, the

whole sometimes longer by one third than the breadth of the

body. Parapodia (PI. 23 bis, fig. 19) acuminate, apex occupied

by three short acicnla, and below these eight to twelve stout

compound setae. In these the terminal piece, with incurved

apex, has a smooth internal margin
;
shaft below provided with

short processes, giving a pectinate appearance (PI. 23 bis,

fig. 18).

Pharynx lined by a very thin chitinous tubular lining; the

* Named after my friend Mr. Cyi-il Crossland, Clare College, Cam-
bridge, and now Biologist to the Red Sea Pearl Fisheries, who collected

this and many other interesting forms at Zanzibar in 1900-1.
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aperture into pharynx sheath surrounded by eight fleshy

rounded lips. The trepau of teeth marking the anterior end.

of the chitinous lining is much reduced, the teeth being oidy

represented by crenulations of the chitiu. No accessory

tooth behind the trepan.

Reproduction by collateral budding of stolons (for details

see below).

T. crosslandi is a well-marked species. It differs from

most of the members of the genus (except T. zebra) in its

small size, from all others except T. ingens in the structure

of the ventral setee, the terminal piece of which has a smooth

internal margin, without accessory tooth or pectinate edge

(e.g. figs. 17 and 18 in PI. 23 bis), and from every species, as

far as I know, in the great reduction of the cuticle and arma-

ture of the pharynx. From the other three species which

reproduce by collateral budding T. crosslandi is easily dis-

tinguished by these and other points.

Reproduction in Trypanosyllis Crosslandi.

The chief difference from T. gemmipara is found in the

absence of a genital appendage to the stock.

Three individuals only were preserved, but this small

series represents as many different periods of stolon-forma-

tion, namely, the beginning of pi’oliferation, full maturity and

cessation of activity. The following bi'ief descriptions may
be given of the three forms :

(1) A male individual with a small oval patch of pro-

lifei’ating tissue on the ventral surface of the last two seg-

ments. A vertical longitudinal section (Text-fig. 1) shows

that the stolons are all in the first stages of development,

that none as yet are segmented, though as many as nine rows

have been formed, packed closely together.

(2) Another male individual, with about 100 stolons of

all sizes (PI. 23, figs. 8 and 9). The largest stolons were

ready for detachment and amply provided with swimming

setae. The area of proliferation is displaced to the right side,

and the regular transverse rows of stolons described above in
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T. gemmipava are not displayed here. New stolons are

still being formed, but the effect of the great amount of

growth which has taken place in the posterior rows has been

to draw out the eud of the stock into a sort of pedicle, Avhich

has been turned back over the dorsum, so that the anus

Text-fig. I.

DovsOjL. Sep.
// k

^ 1

VentraL

Vertical longitudinal section through posterior end of stock to left of
middle line (T. crosslandi, I). showing a newly formed prolife-
rating cushion with several rows of stolons established, all as yet
unseginented. am. Leucocytes, free in coelom and invading meso-
blast. ect. Ectoderm, mes. Mesoderm. I.m. Longitudinal muscles
of stock, sep. Septa in stock, st. Rudimentary stolons, x 120.

points anteriorly. This gives off secondary processes, to

which the now fully formed stolons are attached, each by a
distinct stalk.
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(3) A female individual with four stolons only (PI. 23, fig. 10).

These are attached to a narrow terminal pedicle which is the

dwindled lepresentative of the terminal segment. Three of

the stolons ai’e of large size, and it is evident that this indi-

vidual is in the last stage of reproduction, when proliferation

has ceased and the major portion of the stolons are detached.

Dorsal to all is a minute prominence which bears the anus (not

shown in figure but hidden behind stolons). Even at this late

stage there is no beginningof regeneration of fresh segments.

This individual consists of 136 se<>:ments altogether. After

the ninety-seventh there is a marked diminution in the width of

the segments, and it is likely that the succeeding segments

represent growth after an earlier period of repi’oduction.

Comparison of the Stolons of the two Species.

The stolons of T. cr o ssla n di differ in one or two characters

from those of T. gemm ipara. In the first place, in correla-

tion with the smaller size of the stock, they have fewer

segments and are shorter than those of the latter species.

The number of segments is nev^er more than eighteen, and

the longest stolon measured2’5 mm. In T. gemmiparathe
number of segments lay between twenty and twenty-eight,

and the average length was 2’5 mm.
In the structure of the head, the stolons of T. crosslandi

show themselves more advanced than those of T. gemmipara.
Both forms possess two pairs of eyes and a brain, but the

former also (PI. 23 bis, fig. 20) have a pair of minute lateral

tentacles. Palps are apparently absent but dorsally in the

angles between the head and the succeeding segment are a

single pair of well-developed tentacular cirri of greater length

than the dorsal cirri of the body segments. This comparatively

advanced condition of the head (“lete dicere”) is attained

before the separation, and is common to stolons of different

sizes. Possibly subsequent development of other head appen-

dages may take place.

In T. gemmipara Johnson saj's that ‘Dhe head is merely



STOLON FORMATION IN SPECIES OF TRYPANOS YLLIS. 423

the eye- and brain-bearing first segment which shows its

primitive chai’acter by also carrying parapodia equipped with

dorsal cirri, setae and acicula.” I have confirmed this in the

examination of a large number of the stolons of the Victoria

specimens. In tlie possessions of the typical “ tete acere ”

T. ge mini par a resembles T. krohnii
(
= T. zebra), and

T. crosslandi is thus the only member of the genus which

produces so advanced a type of stolonial head.

A third point of difference presents itself in the development

of the caudal cirri. In T. gem mi para they are the earliest

and most prominent features, and are much longer, thicker, and

consist of more annuli than the dorsal cirri of the posterior

segments, in stolons of all stages of development. In T.

crosslandi, on the other hand, they are so small as to be

hardly noticeable. They are equalled in size by the dorsal

cirri of the stolon, although these themselves are less developed

than in T. gemmipara.
It should be noticed that the setfe of the stolons of both

species resemble each other in type. At first appearance the

terminal piece, triangular in shape, appears to have a smooth

internal margin, but closer examination shows a minute tooth

just under the apex. This seems to suggest that T. cross-

landi is derived from a species (like T. gemmipara) with

such a seta in the adult.

'1’he Internal Changes accompanying Stolon-Formation.

The earliest stage of the phenomenon is shown by (1) of

I', crosslandi, in which several rows of stolons have been

marked out but none of the stolons have become seg-

mented. This was examined by means of a series of ver-

tical longitudinal sections, and typical members of these are

drawn in Text-fig.s. 1 and 2. It is here shown that prolifera-

lion has given rise to a cushion of undifferentiated tissue

standing out from the ventral surface of the stock. It is

lormed by ectoderm and mesoderm alone, and the former is

indented by furrows which mark off the incipient stolons.
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On tracing the tissues from the stock into tlie area of pro-

liferation the following changes may be seen to take place :

(1) The cuticle becomes very much reduced in thickness.

(2) The ectoderm increases in places to nearly twice its

original thickness by continued division of its cells. But

along certain lines little nuclear division takes place and the

thickness remains that of the ectoderm of the stock. In

fact it may be said that within the area of proliferation there

exist as many centres of proliferation as there are stolons to

Text-fig. 2.

(L

As in Text-fig. 1, but representing a median section. The nerve-cord

is shown, stopping short of the proliferating cushion. The centre

of the latter is seen to consist mainly of a ineshwork of fibres,

lietween which have penetrated large leucocytes, n. c. Nerve-cord.

al. c. Intestine, an. Anus. d. Dorsal extension of mesoldastic

tissue. Other letters as in Text-fig. 1. X 70.

be produced. But anteriorly fresh centres are being con-

stantly formed from a proliferating lip.

(3)

The proliferating area is formed by the last two seg-

ments of the stock. In the last segment of the stock the

body-cavity is largely occupied by a proliferation of meso-

blastic tissue (PI. 23 bis, fig. 11), which penetrates into and

forms the basis of the cushion formed by the proliferation of

the ectoderm. It consists of a meshwork of connective tissue.
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the spaces between which are occupied by (1) large oval

nuclei with small scattered chromatin granules {mes. n.),

(2) much smaller nuclei with a large intensely staining

nucleolus (/.)•

The body-cavity of the two penultimate segments is almost

filled by leucocytes (Text-fig. 1 ;
PI. 23 bis, fig. 12). These

are of two types : either with an abundant investment of cyto-

plasm, and laden with food material (/.), or with a mere super-

ficial film of cytoplasm {V .). Both may be spherical or show

amoeboid processes, and both possess small nuclei, with large

intensely staining nucleolus. It is the existence of large

numbers of nuclei of this type in the mesoblast, as noted

abo've, that shows immigration of leucocytes to have taken

place to a gieat extent. The larger type of leucocyte has

undoubtedly, I think, a nutritive function, and may be ob-

served in the meshes of the connective tissues, with the

cytoplasm entire or partially disintegrated. But the smaller

kind of leucocyte is too small to carry nourishment, and I am
inclined to think that these wandering cells undergo a nuclear

change, and become the actively dividing- cells of the meso-

blast. In the latter stages, which have been examined by
sections, no trace remains of this collection of leucocytes in

tlie posterior segments—that is, they have all been ab.sorbed

to add to the numbers of tlie proliferating cells or to nourish

them for their task.

VI II of d’. gem mi par a exhibits a further stage in

development. As compai-ed with (1), it will be seen that the

cushion of proliferation has increased in size, and projects

beyond so as to overlap two segments in front of its point of

origin. Posteriorly the growth of the stolons has been so

marked as to press back the genital appendage from the

position it should occupy as the prolongation of the stock,

until it stands nearly at right angles to its former position.

The number of rows of stolons is increased to about eleven,

and it is seen that fresh rows are in process of being cut off

fi-om a proliferating lip.

d’lie preservation of this specimen is more favourable than
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that of any othei’s in my possession to an exact study of the

histology. It will be best to first consider the conditions at

the proliferating lip (pr. 1.) Avhere fresh stolons are being

formed (PI. 23 bis, fig. 13). The epiblast oP the cushion is at

first of a normal type, narrow columnar cells with small

nuclei containing scattered granules of faintly staining chro-

matin. There then occurs a distinct furrow, which separates

this region from the triangular proliferating lip. Here the

cells alter their character, the nuclei becoming larger and

rich in darkly staining chromatin, generally massed in two

(or sometimes more) nucleolar masses. Several cells, markedly

lai-ger than the rest, are to be met with in which there is a

single large nucleolus. These changes are observed in the

epithelium of the upper surface only
;
the cells of the lower

surface remain short and small, with faintly staining nuclei

passing again at the trough of the furrow into columnar cells.

The mesoblast of the interior consists of very numerous

cells, embedded in a fibrous matrix. The cells are frequently

spindle-shaped. The chroimitiu of the nucleus consists of a

single deeply staining nucleolus and other smaller granules,

and mitoses are relatively common, while they are rare in the

epiblast. As the mesoblast enters the proliferating lip, and

is traced dorsally, changes occur similar to those noted in the

epiblast—the cells increase in size and the nucleolus tends to

increase in bulk and staining qualities. But though under-

going similar modification there is nearly always a distinct

line between ectoderm and mesoderm, which is never crossed

by migrating cells.

Next to the proliferating lip is the youngest stolon (.si'.), pear-

shaped, Avith a narrow stalk, and as yet Avithout an}^ begin-

nings of segmentation. The histological characters are like

those described in the preceding paragraphs, and it is sug-

gested that young stolons of this character are occasionally

cut off from the proliferating lip. But even at this early

stage there is a considerable difference betAveen the tAVO sur-

faces of the young stolon. The upper surface {vent.), Avhere the

epiblast is greatly thickened, becomes the ventral surface of
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the stolon. It is from this surface, of course, that the para-

podia, witli their seta? and parapodial glands, will afterward

develop, and the ventral ectoderm of the adult stolon is of

much greater thickness and importance than the dorsal.

These facts account for the early difference between the sur-

faces. At first the ventral epithelium consists of a single

layer of very deep cells, but in the succeeding stolons it

becomes several cells in depth.

The mesoblast of the interior of the stolon becomes applied

to the epiblast of the ventral surface, though there is always

a definite line between the two. But between the mesoblast

and the dorsal ejiiblast there is from the beginning a space

which becomes more marked as development proceeds. The

next change which is noticed in the stolons is the segmenta-

tion of the mesoblast (PI. 23 bis, fig. 14). From the ventral

mass of undifferentiated material there grow out laterally and

dorsally thin septa with a fibrous basis invested by globular

mesoblast cells which become the peritoneal epithelium.

This segmentation establishes itself very speedily
;
while the

mesoblast of one stolon is still undifferentiated that of the

next oldest is almost completely segmented. Only at the

anterior end, in the pedicle, and in the freely projecting

posterior end does the mesoblast remain entirely unseg-

mented.

But while the segmentation of the mesoblast is thus shown
in the formation of the septa and later the growth of the

gonads, there remains at first a central mass of mesoblast, which

gradually dwindles, however, until there is merely a central

unsegmented longitudinal wisp of tissue— which occupies a

dorsal position in the stolon—consisting of fibres with a few

scattered nuclei (PI. 23 bis, fig. lb mes. r.).

It is not for some time afterwards that the ectoderm begins

to share in the segmentation, the parapodia being then really

iormed by the pressure of the proliferating mesoblast beneath.

But at this stage the setm form and the darkly staining gland

cells appear in the epithelium (PI. 23 bis, fig. 15).

In the development of the stolon, although the greater part

VOL. 58, rART 3.—NEW SERIES. 29
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of the tissues and org’ans l>ave to be differentiated from the

proliferated epiblast and mesoblast, the two most important

systems, tlie nervous and muscular, are at firs'" formed as direct

Text-fig. 3.

s. g.

Median longitudinal section through posterior end of budding stock
(T. geminipara, VIII), showing Ijranching of nervous system
represented l>y thick black lines, gen. a. Genital appendage of

stock, pr. I. Proliferating lip of cushion. .st‘. Youngest stolon.

stK Stolon with mesoblast just beginning to segment. sP. Stolon
with median region segmented cut in horizontal section, st*. Stolon
with ditfeientiated gonads. tr. m. Transverse muscle-bands in

cushion, s. Aciculum. g. Gonad. X 70.

continuations of the original systems of the stock. It is at this

stage of development that they are first seen in the stolon.
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In Text-fig. 3 the ventral nerve-cord is shown entering the

region of proliferation, where it becomes thinner and loses

the directness of its course, at the same time giving off a

large and important nerve which runs into the proliferating

Text-fig. 4.

Longitudinal section from same series as Text-fig. 3, showing the
branching of the muscular system. The muscles alone are shown
in the proliferating cushion and stolons as parallel black lines.

Lettering as above. X 70.

lip. Branches from this approach the developing stolon and

we see one nerve about to penetrate the pedicle of a stolon,

and this occurs as soon as the segmentation of the mesoblast

begins. In the last segment of the stock the interrupted
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nerve-cord forms a prouiiiieut ganglioiij and at this point it

gives off two distinct nerves, one of which can be traced

along its wliole course into the dorsalmost stolon. From this

ganglion a continuation of the ventral nerve-cord penetrates

the genital appendage of the stock, but after the first few

segments it becomes almost indistinguishable.

The continuity of the muscles of stock and stolons is even

more easily traced. Johnson states that budding of stolons

takes place “ from a mass of undifferentiated tissue, traversed

by muscle-fibres which are continuous with the longitudinal

muscle-bands of the buds.” Text-fig. 4 represents another

longitudinal vertical seciion through VIII of the Victoria

individuals. On reaching the region of proliferation the

longitudinal muscles of the stock are seen to give off a thick

bundle of fibres wliich turns off almost at i-ight angles,

traverses the mesoblast of the cushion, splitting up into

smaller bundles which approach the developing stolons. The

dorsalmost stolons are supplied by muscle-bundles coming off

separately frotn a continuation of the ventral longitudinal

musculature which enters the genital appendage of the

stock.

It will be noticed that in nearly all the sections a great

many of the muscle-fibres, instead of running in the vertical

plane of the section, are gathered into one or two transverse

bundles [tr. m.), and so are parallel to the direction of the

rows of stolons. Transversely arranged fibres also occupy

the folds between stolons just under the ectoderm, and it may

be noticed, too, that a couple of muscle bundles often enter

each stolon, each apparently forming the entire musculature

of one side.

We find on examination of T. crosslandi, (1) represented

in Text-fig. 2, that this l epresentative of an earlier stage of

proliferation shows a cushion consisting of connective-tissue

fibres only. The ventral nerve-cord of the stock ends bluntly

Avhen just penetrating the new tissue. Muscle-fibres seem to

be entirely absent. We are thus able to say that the ingrowth

of the nervous and muscular systems does not begin till the
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cusliion of proliferation lias been well estnblished and the

growth of the stolons themselves lias begun.

There is no sign in my material of the migration of nerve-

cells into the stolon from the stock. It is therefore quite

clear, as Mr. Groodrich has pointed out to me, that these invad-

ing nerve-fibres form a kind of provisional nervous system

and must die on the detachment of the stolon and consequent

separation from the parent cells. But, as is seen later (p. 432),

as the ectoderm of the stolon differentiates a regular cellular

Investment of the nerve-cord appears, and the cells composing

it probably develop nerve-fibres which replace functional]}"

the original invaders.

The Further Changes in the Stolon.

In Pi. 23 bis, fig. 15, is seen a transverse section through a

stolon of T. gemmipara (VIII), in which the generative

glands are developing. In fig. 14, a part of the very same

section, they ivere not to be distinguished from the ventral

mass of mesoblast between the septa, but now, in all the

segments already formed in the stolon, a pair of oval glands

(probably testes) is at present lying almost free in the body

cavity, but still united by a ventral yoke of mesoblast,

containing cells of the same character as the glands. 'I’he

generative cells have large nuclei with conspicuous nucleoli,

and mitoses are fairly frecjueut. The cells of the peritoneal

epithelium are rounded and very numerous. Dorsally there

is only a single layer of cells, but ventrally they are massed

together, several deep. The fibrous basis of the mesoblast

{vies, r.), while it formed the undifferentiated core of the

stolon, still remains as a dorsal mass, from which most of the

nuclei have migrated, and which is situated between the

ectoderm and the mesodermal epithelium.

The musculature is now arranged in four longitudinal

bands (/. vi.). There are as yet no differentiated muscles in

the parapodia, Avhich are here developed as merely ecto-

dermal projections, consisting merely of neuropodium and

dorsal cirrus. Short acicula have already" appeared.
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lu the ectoderm the nerve-cord is now a double structure,

and opposed to it is a crowded mass of nuclei mainly

developed in the basal ends of the ectodermal cell impinging

on it.

The stolons of this stage consist of a number of segments

(fifteen or sixteen), but new segments continue to be added,

both proximally and distally. A definite head has not been

formed, although the tail segment is early established, and

so there is as yet no sign of eyes or of a brain.

In PI. 23 bis, fig. 16, we have a transverse section through a

stolon of T. crosslandi (2), the tissues of which have

attained to more marked development than any of the stolons

of T. gemmipara. This has accompanied the lipening of

the generative cells. The spermatocytes have escaped from

the gonads, and lie freely in the body-cavity. The growth of

these has accelerated the shrinkage of the fibrous core of the

mesoblast, which now appears as a triangular split between

the two layers of peritoneal epithelium. The other great

diifei’ence has been brought about by the development of the

parapodia and muscular system. The notopodia, with bundles

of swimming setas, have appeared. The neuropodia project

outward considerably, and their acicula penetrate the cavity

of the segment almost to the centi’e. The four main longi-

tudinal bands of muscle-fibres remain, but there are in

addition, in each segment, dorsal transverse bands which

supply the swimming setae, and ventral transverse bands

which work the neuropodial setae, beside the muscles which

move the acicula. A close examination of these secondary

muscle growths shows their derivation of the four original

muscle bands.

The nerve-cord now shows a regular cellular investment,

and so while the fibrous core is derived by ingrowth from the

stock, the investing layer, which probably forms the per-

manent nervous system of the stolon, is formed from the ecto-

deimal epithelium.

There occurs also, for the first time, a pair of conspicuous

tubular glands in each segment, consisting of a single layer
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of vacuolated cells. From their position I think there is no

doubt that they are nephridia, but it is exceedingly diflScult

to make out their internal opening. They occur both in T.

gemniipara and T. crosslandi.

These bodies are figured and described by Johnson, but he

chooses to regard them as parapodial glands, identical with

those structures in other Syllids. 1 think that he is without

doubt wrong, for the parapodial glands are not hollow

structures such as we find here. He says, moreover, that

the glands are not only relatively but ’ absolutely larger

in the caudal segments (i. e. in the genital appendage) and

in the buds than in the stock,^’ and this fact, which is con-

firmed in my material, points to a direct connection with the

occurrence of the sexual products in these parts. We know
that the nephridia function as generative ducts in Syllids and

increase in size at reproductive maturity, but there is no

reason for regarding the parapodial glands, whose oflfice is

the seci’etion of mucus, as in any way correlated with the

generative organs.

In T. crosslandi (3) only a few mature female stolons

remained attached to the stock, and one of these which was

cut in transverse section showed the whole of the coelom to

be crammed with large-sized eggs. The body-wall was

reduced to a thin skin, the parapodial muscles and the setae

but slightly developed, and the notopodium hardly perceptible.

The stolon was, in fact, reduced to a bag of eggs, and it is

difficult to imagine the mature female bud as capable of

locomotion.

A word or two may be added to emphasise the late forma-

tion of -the head. It is probably the last segment to be

established. The brain, it is stated by Johnson, develops

independently of the nerve-cord by the modification of a

mass of ectoderm cells, and he states that the eyes are inner-

vated, not fr'om the brain, but from the nerve-cord. Un-

doubtedly the brain is only differentiated when the full

number of segments have been formed in the stolon, and the

otlier head stnictures, such as eyes, are being developed.
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The Proliferating Cushion in Later Stages.

Text-fig. 5, a longitudinal section througli the posterior

extremity of T. gemmipara (IX), shows the changes in the

proliferating cushion which accompany development of the

stolons. It will be noticed that the size of the cushion has

increased greatly with the number of the stolons. The genital

appendage, which appears in fig. 4 as if it would restrict the

Text-fig. 5.

Longitudinal section througli posterior end of budding stock (T.

geniinijiara, IX) after detachment of dorsal stolons, an. Anus.
ped. Position from which a stolon has been detached, st. m. Bands
of longitudinal muscles supplying stolons, vac. Vacuolated meso-
blast in the exhausted portion of the proliferating cushion. X 50.

growth of the cushion, is not present in this section. It has

been pointed out above that it has probably developed as a

stolon, remaining attached only by a pedicle, and was detached

soon after preservation. The oldest stolons, pushed dorsal-

ward by the growth of new rows behind them, have all

matured, and were also inadvertently detached in examining

the animal. But there remains in the cushion of proliferation

the bundles of muscle-fibres running from stock to stolon, and

i
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the points (ped.) at which the ectodermal epithelium is inter-

rupted indicate the situations from which they were detached.

But together with the extension of the proliferating cusliion

Longitudinal section through posterior end of stock (T. crosslandi,
-) showing an advanced stage of stolon formation. st\ st-. The
two first formed stolons, lat. Latei'al pi-ocesses of last segment-
bearing stolons. aL c'. Diverticulum of alimentary canal in dorsal-

most stolon. an'. Position of anus. Other letters as above. X 70.

there has been a change in its histological character. At the

stage represented by figs. 3 :ind 4 the whole of the cushion is

closely packed with me.soblastic cells. Here this character is
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still preserved iu the proliferating lip and its neighbonrliood,

but in tlie parts opposite more fully developed stolons the

interior of the cushion is occupied by scaiity and vacuolated

tissue, consisting only of the basis of fibres, connective-tissue

and muscular, which can be noticed in the younger parts.

But the cellular elements are well-nigh absent, and it must be

supposed that they migrated into the stolons while they were

attaining their great development. The ectodermal epithelium,

too, is much vacuolated and contains sparsely scattered nuclei.

Text-fig. 6, representing T. crosslandi (2), shows a still

more advanced stage. That part of the cushion where pro-

liferation is still going on and the cells of the mesoblast still

fill the interior is reduced to small proportions. The l est of

the cushion, extending far dorsalward, has thinned out con-

siderably, being absorbed in long processes which support

small groups of stolons. It is quite evident that when pro-

liferation has finally ceased and the stolons have all broken

away, the cushion disappears and the body-wall is reduced to

its normal proportions.

The C(Elomic Cavity during Proliferation.

During the early stages of proliferation the coelom does not

extend into the cushion, although the leucocytes probably

invade the tissue in great numbers and play a most impor-

tant part. In fact the cavity of the coelom is encroached upon

and almost obliterated by the proliferation of mesoblast, which

is not confined to the ventral cushion but also goes on dorsally

(see T. crosslandi. Text-fig. 2).

In T. gemmipara, at a later stage (Text-fig. 7), a diverti-

culum of the coelomic cavity does invade the cushion in the

neighbourhood of the proliferating lip. The coelomic epithe-

lium here appears to be specially thickened, but I do not know
if the cells which compose it migrate into and reinforce the

mesoblast of the cushion.

In T. crosslandi at a still later stage (Text-fig. 6) the

coelom is prolonged into the lateral outgrowths of the cushion

from which the stolons depend.
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NuiiBER OP Segments Concerned in the Region of

Proliferation.

lu two of the examples sectioned it was possible to distin-

guish clearly that the proliferating cushion occupied a part of

Text-fig. 7.

Longitudinal section as in Text-figs. 3 and 4, but more laterally, showing
distribution of gonads in stock and apiiendage, and extension of

coelom into proliferating cushion. div. Diverticula of coelom.

I.S.. 1.S-. Last three segments of the stock, f/a^. First segment
of the genital appendage. Other letters as above, x 70.

the two segments of the stock (T. gemmipara, Text-figs.

4, 6) T. crosslandi, 'I'ext-fig. 1). In Text-fig. 6 of T. cross-

la ndi it is probable likewise that two segments have been

concerned. In the long-drawn-out terminal part w'e pro-
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bably have asiug’le segment. In the remaining individual of

T. gemmipara (Text-fig. 5) it is impossible to trace the

limits of the proliferating zone. It seems, then, usual for the

cushion to be formed from the ventral surface of two segments.

But variability is so great in the transverse situation of

the cushion that it probably occurs too in its longitudinal

extension. It seems, however, quite certain that the

proliferation takes place at the terminal segments, and not,

as Johnson supposed, at a segment some distance from the

Text-fig. 8.

Part of section adjacent to that represented in Text-fig. 7, showing
anus of stock.

end, for the genital appendage of T. gemmipara is also a

recent growth from these same terminal segments.

The occurrence of gonads in the genital appen-
dage and the stock itself.—The salient facts in the struc-

ture of the genital appendage of T. gemmipara have been

correctly stated by Johnson and are quoted above. In my
specimen (VIII) it may, however, be mentioned, a pair of

gonads is developed in every segment, and also in two pre-

ceding segments of the stock itself (Text-fig. 7). The occur-

rence of sexual products in the last segments of the stock is
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by no means uncommon in the Syllids; but it is interesting

to find it in so specialised a case as this.

Reproduction in Teypanosyllis Ingens.

In the single specimen of T. ingens (3^ pp. 296-302) the

stolons had nearly all been detached during preservation. It

is stated that their place of origin is not termiualj but about

twenty somites from the posterior end. No generative pro-

ducts were found in the stocky but Johnson thinks that they

are pi’obably developed in the parental somites posterior to

the budding zone.” It seems likely, from these data, that

T. in gens conforms to the type of reproduction found in

T. gemmipara, a genital appendage being formed about the

same time as the stolons.

The most noteworthy point which appears in Johnson’s

description is the higher development of the stolons com-

pared with those of T. gemmipara and crosslandi. This

is expressed in the occurrence of (1) a “minute median

tubular structure,” which Johnson 'interpreted as a rudiment

of the alimentary canal, and (2) a dorsal and ventral blood-

vessel (but no lateral vessels). Tiiese are important differ-

ences, but in Johnson’s drawing it is not made clear that the

“rudimentary gut” is lined by a definite epithelium, and

uidess this is so there is no leal difference between this

structure and the mesoblastic residual strand in the stolons

of T. gemmipara and T. crosslandi. The presence of

blood-vessels, too, needs confirmation in a better-preserved

specimen.

General Considerations.

In the papers of Johnson the phenomenon here described

is referred to as collateral budding, and this nomen-

clature has been followed by Izuka and myself. I wish, how-

ever, to state my grounds for maintaining this term, which

are possibly different from those -which led Johnson to adopt

it. In the specimen examined by him the area of prolifera-

tion has a markedly lateral position, occurring, indeed, on a
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level with the parapodia of one side. This position caused

Johnson to describe the stolons as lateral outgrowths of the

stock (3, p. 31 1), and to apply the name of “collateral budding”

to the phenomenon. My observations lead me to consider

the area of proliferation as arising typically in a median

position, the frequent displacements from the middle line

being valuations therefrom. The correct description of the

origin of the stolons from the stock is given in the term

V ent r o-t er m i n al budding, for the stolons are always ventral

outgrowths from the stock and from its last segments. M}'

reason, however, for retaining the name collateral budding

as applying likeivise to the phenomenon is found in the di.s-

position of the stolons in rows, so that they lie side by side,

and not end to end. In fact they arise collaterally with

each other and not with the stock.

Unfortunately, in my paper already cited, I referred to the

phenomenain T ry panosyllis and in Syllis ramosa under

the same name (5, p. 22), though recognising the wide differ-

ence in the methods of budding in the two genera. It is

with the view of correcting- this error that I take the oppor-

tunity of tabulating and defining the three methods by wdiich

stolons are budded amongst the Syllids. I propose to sub-

stitute the adjective “lateral” for “collateral ” in referring to

Syllis ramosa.
Linear budding (terminal) . Stolons produced at the

end of the stock, and arranged end to end in chains.

Autolytus and Myrianida.
Lateral budding. Stolons pi-oduced singly as lateral out-

growths from the stock. Syllis ramosa.
Collateral budding ( ventro-terminal) . Stolons pro-

duced from a ventro-terminal proliferating cushion on

the stock, and arranged side by side in rows. Try-
panosyllis g em m i p a r a

.

It is interesting to note a point in common to Trypano-
syllis gemmipara and crosslandi. Both, like Syllis

ramosa, live and feed on sponges, and as far as I can tell

only leave their retired habitat under exceptional circum-
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stances. This no doubt goes some way to explain the “large

size and heavy form” which Johnson noticed in T. gem mi-

para, suggesting' “ that they are somewhat sluggish in their

habits,” but it would no doubt be erroneous to suppose that

tlie aberrant method of reproduction was due to the habitat,

for Haplosyllis, with its simple method of reproduction, is

likewise a sponge-dweller. We can, indeed, say that the habit

of stolon reproduction in the Syllids generally is partly due to

the sheltei'ed and isolated localities they inhabit, but to

attribute any extreme form of this to a particular habitat

would be rash.

For the present the problem of collateral budding in T.

gemmipara and the other species must remain almost

isolated. But two circumstances help us to form some idea of

its origin. The first is the formation of the genital appendage

and its occasional separation as a stolon, which points to the

derivation of T. gemmipara from a species like T . kroh n i
i

,

in which a single stolon is formed at a time, from the posterior

segments of the stock. The second is the occurrence in thisO
latter species of a kind of ventral budding from the exti'emity

of the stock to form a second stolon. A full description of

this remarkable phenomenon (see 5, pp. 20-22) is out of place

here, but it seems to me that an exaggeration of the tendency

might Avell result in the production of a number of ventral

stolons, while the retarded formation of the first stolon would

give rise to the organ described here as the “genital

appendage.”

Rkmarks on T. Misakiensis Izuka (4).

Only a single individual of this species has been obtained

and I am not certain that a sufficient case has been made out

for separating it from T. gemmipara. Its length, breadth

and number of segments fall easil}”- within the limits recorded

for T. gemmipara. In two other important points—the

presence of bidentate ventral setae and the chai-acter of the

head and eyes—the two species agree exactly. Notes on the

coloration were not preserved and the account of the struc-



442 F. A. FUTTS.

tiire of the pharynx is not cleai-. The stolons of T. inisa-

k ien sis appear to resemble those of T. gemmipara in the

absence of tentacles, bnt it cannot be decided from the figure

or description whether the head segment actually carries

parapodia as in the latter species. The number of segments

in the stolon is nineteen, agreeing with T. crosslandi

(eighteen), and not T. gemmipara (thirty), but it is possible

that the full number of segments had not been attained.

The most curious point about the stolons is the fact stated

by Izuka that “ tlie alimentary canal is the direct continua-

tion of that of the mother individual
;

it is slender, and termi-

nates at the anus of the anal segment.” The presence of

the alimentary canal is thus lightly dismissed. We are not

told whether this fact was confirmed in a number of stolons

and by means of sections, bnt the example drawn in Izuka’s

fig. 4 has the flat appearance characteristic of the gutless

stolons and shows no sign of the anus. Until a more exact

description is given there remain two possibilities with regard

to T. misakie n sis :

(1) That the stolons all possess an alimentary canal, thus

representing a moi-e primitive stage than T. gemmipara
or crosslandi, or even that T. ingens, which is described

as possessing a rudimentary alimentary canal (3, p. 299,

fig. bj.

(2) That the dorsalmost stolon (or genital appendage as in

T. gemmipara) was alone examined andfouud to possess an

alimentary canal, a condition assumed to occur in the others,

too. I must confess to a strong suspicion that T. misa-

kiensis will be found to exhibit phenomena similar to

'1'. gemmipara. But at the same time conditions are so

variable among this group of Syllids that it would not be very

surprising to find that the stolons still possessed a rudimen-

tary gut.

Summary.

In several species of Try panosyllis the stolons are pro-

duced from a cushion of proliferating tissue at the posterior
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end of tlie stock in successive transverse rows of seven or

eiglit, the number produced by a single individual being

between one and two hundred. New rows are established at

the anterior end pushing those already formed backwards so

that the oldest stolons are most posterior. Ectoderm and

mesoderm alone take part in the formation of the stolons so

that they are without an alimentary canal. Two slightly

varying types of the phenomenon have been distinguished in

the two species here studied.

T. gemmipara, ?T. misakiensis,
and T. in gens.

Tlie phenomenon of stolon foi’ina-

tion here is associated with the

rapid addition to the stock of a

tail of forty to fifty segments.

This develops generative glands,

like the stolons, hut unlike them,

contains a direct prolongation of

the alimentary canal of the

stock. It seems likely that

under certain conditions this

tail may actually develop eyes

anteriorly and separate off as

an individual stolon, differing

from the others only in its com-

plete alimentary canal.

The stolons produced have a head

of the “ Teti-aglene ” type with

eyes Imt without tentacles or

palps. The caudal cin-i are well

develoi^ed and the number of

segments varies up to thirty.

T. crosslandi.

Stolon formation is not accom-

panied by regeneration of a

posterior tail (which takes place,

however, as soon as stolon

formation is over). But there

is occasionally at least an incom-

plete ingrowth from the ventral

lip of the anus into the dorsal-

most stolon, which thus forms a

structure in some degree homo-

logous with the tail of T.

gemmipara.

The stolons have a head with a

pair of lateral tentacles. The
caudal cirri are but slightly

developed, and the number of

segments is never more than

eighteen.

The following divisions coi’respond roughly to the stages

observed in the growth of stolons. In no example was it

possible to examine the early formation of the proliferating

cushion.

(1) The aggregation of leucocytes in the posterior segments,

which invade the mesoblast of the proliferating cushion.

(2) The appearance of centres of proliferation in the epi-

blast, which cause the formation of stolons. The mesoblast

VOL. 58, PART 3.
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advances and fills the hollow processes formed by the ectoblast.

It lies at first in close association with the ventral surface of

the stolon.

(3) The inesoblast of the stolon proliferates and segments.

The first appearance of segmentation is the formation of septa.

(4) The invasion of the stolon by two bundles of muscle-

fibres in direct continuation with those of the stock, and a

single ventral nerve-cord, also an outgrowth of the corre-

sponding structure in the stock.

(5) The segmentation of the epiblast of the stolon and the

formation of the structures derived from it (setfe, etc.). The

gonads are formed as lateral outgrowths from the central

mesoblastic mass.

With the growth of the stolons the proliferating cushion

is gradually absorbed.
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EXPLANATION OF PLATES 23 and 23 bis.

Illustrating Mr. F. A. Potts’ paper on “Stolon Formation in

Certain Species of Trypanosyllis.”

Abbreviations.

ac. Acicula. «. Anus. «(. c. Aliiuentai’y canal, dorf. Dorsal surface

of stolon, epi. Epiblast. cl. c. Dorsal cirrus, cj. a. Genital appendage

gon. Gonads. 1. m. Longitudinal muscles. 1. Leucocytes. Leuco-
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cytes with abundant cytoplasm, mes. Mesoblast. mes'. Unsegmented

mesoblast of stolon, mes. n. Nuclei of mesoblast. mes. r. Fibrous

residue of mesoblast of stolon. pecZ. Pedicle of stolon, n. c. Nerve-

cord. n. s. Notopodial setae, n. m. Notopodial muscles, pr. Z. Lip of

proliferating cushion where formation of new stolons takes place.

sep. Embryonic septum in stolon, .sj}. c. Spermatocytes, st'. First-

formed stolon. Z, c. Tentacular cirrus, v. c. Ventral cirrus.

PLATE 23.

Fig. 1.—Ventral surface of Trypanosyllis gemmipara '(II),

showing regenerating tail. X 50.

Fig. 2.—Ventral surface of posterior end of reproducing individual

(VIII). showing youngest rows of stolons. X 24.

Fig. 3.—Dorsal surface of same, showing older stolons and genital

appendage of stock, x 20.

Fig. 4.—Ventral sui-face of posterior end of another rei^roducing

individual (IX). X 12.

Fig. 5.—Dorsal surface of same. X 12.

Fig. 6.—Dorsal view of stolon (detached genital appendage) from IX.

Fig. 7.—Dorsal view of head of Trypanosyllis crosslandi.

Fig. 8.—Y^entral surface of posterior end of reproducing male (ii).

Fig. 9.—Dorsal surface of same, showing mature stolons attached to

attenuated terminal segment.

Fig. 10.—Ventral surface of posterior end of reproducing female (iii).

Most of the stolons had detached themselves and pi'oliferation ceased.

PLATE 23 BIS.

Fig. 11.—Longitudinal section showing a small part of the proli-

ferating cushion in Trypanosyllis crosslandi (1) bounded by ali-

mentary canal, showing nuclei of connective tissue and invading leuco-

cytes. X 1320.

Fig. 12.—Longitudinal section from the same series as fig. 11, showing
boundary of free space of ccelom and mesoblast of proliferating cushion.

Leucocytes of two kinds free and invading mesoblast. x 1320.

Fig. 13.—Section through proliferating lip and youngest stolon in

T. gemmipara (VIII). x 550.

Fig. 14.—Longitudinal section through young stolon in same series

as Fig. 13, showing segmentation of mesoblast and the first entrance of

nerve-fibres, x 25i >.
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Fig. 15.—Transverse section tlirongli older stolon in same series,

showing formation of the gonads from a central mass of mesohlast.

X 330.

Fig. 16.—Transverse section thrcugh a mature male stolon of T.

crosslandi. x 330.

Fig. 17.—Ty^^ical ventral seta of T. gemmipara. X 90.

Fig. 18.—Tyjjical ventral seta of T. crosslandi (twenty-fifth seg-

ment). X 90.

Fig. 19.—Parapodium of T. crosslandi. X 25.

Fig. 20.—Head of stolon of T. crosslandi.
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Jn the ‘ Proceedings of the Cambridge Philosophical

Society,’ vol. xvi, part v, 1911, a preliminary account was

given of the cytology of the eggs from which the various

hybrids obtained from the three species of Echinus—E.

esculentus, E. acutus, and E. miliaris, have been

reared by Shearer, De Morgan and Fuchs (15).

It was shown that whereas the first segmentation division

of an egg of E . esculentus fertilised by the sperm of E.

acut us was quite normal, that of the reverse cross showed

certain abnormalities.
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Until immediately after the dissolution of the nuclear

membrane in the first segmentation division the behaviour is

normal, and thirty-eight normal chromosomes can be counted.

As the spindle is formed, the chromosomes become scattered

upon it irregularly, and gradually become collected in the

ecjuatorial plate. During this process it is seen that a con-

siderable though variable number of them are either swollen

up, or more commonly bear vesicles attached to their ends

or sides. The staining of the vesicles is always less intense

than that of the clu'omosomes, and is progressively fainter

the more the vesicle is developed, so giving the impression

that the chromosome has swollen at one point, and that the

chromatin is thus more thinly diffused in the wall of the

vesicle than in the normal part of the chromosome. In the

equatorial plate stage the vesicles may either remain attached

to the chromosomes which produced them, or become

separated from them; those which become separated tend to

take up positions round the edge of the equatorial plate,

sometimes outside the spindle. The normal chromosomes and

those of which the normal shape has not become much altered

by vesicle production then split longitudinally in the ordinary

way, and begin to travel to the poles. It may sometimes l>e

seen that a chromosome with a vesicle attached has split, ami

the vesicle, remaining attached to one half, is being carried

with it towards the pole. It is possible that a few chromo-

somes, the greater part of which has become swollen into a

vesicle, do not divide, but are carried entire to one or other

pole. The vesicles which have become separated from their

parent chromosomes appear to differ in their fate according

to their position. If they lie among the chromosomes inside

the spindle, they are carried with them to one or other pole

and become included in the daughter-nuclei. If, however,

they are left on the edge of the spindle, as commonly happens

with the larger vesicles, they remain outside the mitotic

figure in the cytoplasm, and are not included in the nuclei of

the daughter-cells. In tin’s case they usually contract and

become sjnall evenly stained spheres, not easily distinguish-
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able from the lai-ger yolk-gx’anules, but usually recognisable

after the cell-division is completed, lying in the cytoplasm

near the boundary between the two cells.

“ In the second segmentation division a similar process takes

place, but is usually rather less pronounced, the vesicles are

on the whole smaller, and we doubt whether complete chromo-

somes ever become vesicular.”^

A similar phenomenon within the eggs of Echinoderms has

recently been described by Konopacki (7). He treated eggs

of Strongylocentrotus livid us sixty minutes after

fertilisation with hypertonic solutions (e. g. 50 c.c. sea-water -f-

9’5 c.c. 2^ M. XaCl solution) for half an houi*, and subsequently

transferred them to sea-water. His figures show structures

somewhat similar to those found in the hybrid egfo-s of

l!lchinus esculentus c? x E.acutus?. It was a study

of these figures Avhich led to the suggestion that the effect

of hypertonic solutions upon the fertilised eggs of Echinus
esculentus aud E. acutus would throw some light on the

formation of the vesicles found in the above-mentioned ci’oss.

II. Methods.

Ripe eggs were fertilised in finger-bowls, and left for one

hour. They were then transferred to hypertonic sea-water

for half an hour, aud subsequently put back into normal sea-

water. The following strengths of hypertonic solutions were

used.

(1) Eor Eggs of E. esculentus.

ries A. 50 o.c. sea-water + ^5 c.c. M. XaCl solutionfor i hour.

. B. •50 c.c. ,, + » v.c. „

. C. 50 c.c. + 7 c.c. ., „ „ „

D. 50 c.c. -t- 8 c.c. .. ,, ,, „

E. 50 c.c. -)- 9’5 c.c. ,, ,, ., ,,

. F. 50 c.c. -t- 2o c.c. ., ., ., 15 min.

. G. 50 c.c. 4- do c.c. ., ,, „ i hour.

' Quoted from ’ Proc. Camh. Phil. Soc.,’ vol. xvi, pt. V, 1911, p. 41.5.
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(2) For Eggs of E. acutus.^

Series A. 50 c.c. sea-water -)- 5 c.c. 2|M. NaCl solution for K hour

„ B. 50 C.C. + (5 c.c. „ „ ,,

„ c. 50 c.c. ,, + 1 c.c. „ „

,, D. 50 c.c. „ + 8 c.c. ,, „

„ E. 50 c.c. „ -b 10 c.c. „ ,, ,,

„ E. 50 c.c. + 15 c.c. „ „ „

The best fixative for these eggs has been found to be a

mixture of corrosive sublimate and acetic acid (saturated

solution of corrosive sublimate in sea-water 95 parts, glacial

acetic 5 parts), and this has been used throughout. Sections

of the eggs were stained with Heidenhain’s iron-hajmatoxylin,

other stains only being used for investigating particular

structures.

III. Descriptive.

(1) The Effects of Hypertonic Solutions upon the

Eggs of E. esculentus.

Series A.—Eg'os were treated with 50 c.c. sea-water -|-

5 c.c. 2^ M. NaCl solution for half an hour.

The division figures for the large majority of these eggs

are quite normal for the first segmentation. Only a few

exceptions were found in which abnormalities could be

detected. Fig. 1 shows a nucleus in which there is a distinct

' A comparasion of the effects of various strengths of hypertonic

solutions upon eggs derived from the same female shows an apparent

inconsistency in the degree of abnormality caused by these solutions in

respect to their strength ; for example, series C of the eggs of E. a cut us

appears to be less affected in some way than the series B, although

treated with a stronger solution. As, however, the exact way in which

such treatment affects the chromatin is unknown, it is impossible to say

whether this is due to the specific strength of the solutions used, or to

more general causes. Again, in some cases the individual properties of

an egg appear to determine to what extent it is affected by abnormal

treatment; this is well seen in series C of the eggs of E. esculentus,

in which different mitotic figures show a very wide range in their degree

of abnormality.
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vesicle similai- to those to be described later for other series of

effSTs, while fiff. 2 shows a somewhat later stao’e in which tliere-

is a small rounded mass of chromatin lying within the nucleus..

Later stages of these eggs, however, show a certain amount

of abnormality. Irregular cleavage is not uncommon, and in

some mitotic figures the chromosomes become scattered

irregularly on the spindle (figs. 3 and 4). Fig. 5 shows a

polyspermic egg
;

this also is a fairly common occurrence in

this batch of eg'o-s.

Apparently the effect of the weak hypertonic solution is

not sufiicient to affect the nuclear elements until later stages-

than the first segmentation division.

Series B.—Eggs treated with 50 c.c. sea-water + 6 c.c.

5/2 M. XaCl for half an hour.

Preparations of these eggs show that the effect of the

hypertonic solution is (1) to induce polyspermy, and the pro-

duction of tripolar and tetrapolar spindles, and (2) to produce

abnormal chromatic bodies within the nucleus. The extra

sperms are apparently derived from those which become

attached to the fertilisation membrane which is extruded

after the entrance of one spermatozoon. Figs. 6 a and 6 b

sho\v the male and female pronuclei of one egg
;
within the

female nucleus is seen two very conspicuous bodies which will

be referred to in this paper as “vesicles.” Tliese bodies are

usually round or oval in outline, and stain progressively

lighter from the periphery to the centre. In the male nucleus

are seen four similar thonofh verv much smaller bodies.O k

Fig. 7 shows the fusion of an accessory sperm nucleus with a

zygote nucleus
;
within the latter there can be counted over

thirty definite chromosomes, while in the former there are

about half this number.^ IVithin the larger nucleus ai*e seen

one very large vesicle and four smaller ones, while within the

accessory nucleus are also two small vesicles.

These large vesicles ai-e characteristic of the female pro-

nucleus, and must be derived fi'om the female element,

' The somatic number of chromosomes for both Echinus escu-

lent us audE. acutus is 38.
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beciuise (1) they can always be foimd iu the female pro-

nncleiis, and nevei- in the male
; (2) in eggs in which more

than one sperm has entered only one lai-ge vesicle is found.

Bhg. 8 shows an egg with a fusion nucleus showing a con-

spicuous and very darkly stained vesicle, while in the accessory

sperm nuclei no such large bodies are found (only small dark

dots among the chromosomes).

I’hese vesicles are visible within the nuclear membrane
before the chromosomes begin to be formed (fig. 6). They
appear to arise from the network of the nucleus in the follow-

ing manner : the outline of the vesicle is fii-st distinguishable

as a circle of dots enclosing minute granules of a darker

staining substance. As the network of the nucleus becomes

darkei’, preparatory to the formation of the chromosomes

(which in these eggs arise as veiw fine crinkled threads), the

interior of the vesicles gradually becomes more uniform, and

it appears as though the granules gradually diffuse themselves

until the whole vesicle is of a homogeneous nature. Fig. 9

shows a vesicle in the process of formation. In fig. 10 the

vesicles are in such a conditiou as they are iisually found in

the later phases of division. Fig. 11 shows a nucleus as it is

seen just before the nuclear membrane disappears: thirty-six

or more chromosomes are present together with a large and a

small vesicle. In mitotic phases of a later stage all the

vesicles except the large one disappear, or can be only recog-

nised among the chromosomes as small dark dots. The large

vesicle, however, persists. Figs. 12-15 show the vesicle

during the inetapluise, anaphase, and telophase conditions of

the spindle.

The ultimate fate of the large vesicle appears to vary with

its position; if it lies on the centre of the spindle towards

one pole, it passes up with the chromosomes and is included

in the daughter-nucleus (fig. 14). More frequently, however,

it lies towards the equator of the spindle; in this case it is

omitted from both danghter-nuclei (fig. 15). Such omitted

vesicles shrink to dark dots and can sometimes be detected

near the cell-wall of 2-celled stages (fig. IG).
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In the daughter-nuclei of the first division thei’e are usually

a few minute vesicles such as have been described for the

male pronucleus—the fate and origin of these is unknown
(fig. 16).

Fig. 17 shows that there is a tendency for some chromo-

somes to be omitted in the first division—the significance of

this will be discussed later.

In tripolar and tetrapolar spindles, which are often derived

from a female pronucleus which has fused with more than

one male pronucleus, there is only one vesicle (figs. 17 and

17 a).

The interest of these vesicles lies in the fact that they are

exactly similar both in appearance and behaviour to those

which have been described (Doncaster and (li ay [2]) for the

h}'^brid eggs of the cross E. esculentus S ^ E. acutus ?,

There is, liowever, one point of difference : in the hybrid eg”S

vesicles were never found earlier than the prophase of the

first division, i. e. until after the nuclear membrane had dis-

appeared
;
while in the eggs treated with hypertonic solution

the vesicles are more numerous and distinct within the nuclear

membrane than in any other phase of division.

I’he origin of the vesicles in the hybrid eggs is described

in tlie introduction to this paper, and is obviously different

to that of the vesicdes in those eggs of E. esculentus which

have been treated with hypertonic solutions.

Considerable time lias been spent in an attempt to deter-

mine by actual chromosome counts whether the large vesicle

in these hypertonic eggs is morphologically equivalent to one

chromosome. 'I'liis has not been altogether successful, as

the crowding of the chromosomes makes it exceedingly difficult

to determine whether their number is thirty-seven or thirty-

eight. As, however, this vesicle is exactly similar in appear-

ance and behaviour to those formed directly from the

chromosomes, both in the hylnld eggs and in “hypertonic’^

eggs of E. acutus, 1 believe that this vesicle does represent

a chromosome, and therefore regard it as being formed from

that part of the nuclear network which normally goes to form
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a particular chromosome
;
the smaller vesicles would represent

parts of such complexes—the remainder of which have gone
to form chromosomes in the usual way.

The staining reactions of these vesicles are peculiar. They
stain blue-black in Heidenhain’s haematoxylinj dark blue in

Ehrlich’s hmmatoxylin, and maroon in Ehrlich-Biondi-Heiden-

hain. Whether they are to be regarded as chromatic or

nuclear in nature is more fully discussed in another place.

Series C.—Eggs of E. esculentus treated with 50 c.c.

sea- water + 7 c.c. 2| M. NaCl solution.

The effect of a solution of this strength upon the chromatin

varies a great deal for individual eggs: a more or less com-

plete series can be found between eggs with normal mitotic

tigureSj and eggs in which the chromatic complex is entirely

disorganised.

Eig. 18 shows an advanced anaphase, in which the individual

chromosomes are clearly visible, each possessing its charac-

teristic shape
;
the fig-ure is, however, somewhat irregular, and

the chromosomes, instead of being arranged in two definite

plates are considerably scattered on the spindle towards the

two poles. Two chromosomes are seen lying entirely off the

mantle fibres.

Fig. 19 shows another anaphase Avhich is slightly more

irregular, but in which most of the chromosomes have

retained their individuality. They have moved towards the

poles in an irregular manner, the lower group especially

being very irregular. In both groups it is seen that a few

chromosomes have lost their normal shape, and have swollen

up to form rounded or irregular masses of chromatin; as

in fig. 18, a few chromosomes have separated from the main

spindle. Fig. 62 shows the two ends of an anaphase in

face view; nearly all the chromosomes are swollen, and in

the right hand group is a large irregular mass of chromatin.

Fig. 20 shows a prophase condition which apparently pre-

ceded such an anaphase as is shown in Fig. 19; the

aggregation of some of the chromosomes into clumps i&

very characteristic.

A
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Fig. 21 shows a still more irreg’ular anaphase. In this

case the whole mitotic figure has been affected. Tliere is

no trace of asters or spindle-fibres, all that can indicate

their existence being *a region of sliglitly denser and moi’e

darkly staining protoplasm round the chromatin groups.

The effect of the hypertonic solution npon the centro-

somes is to cause them to become granular and to contract.

In normal eggs the area of the centrosome is comparatively

large and vesicular, as has been figured by Boveri and many
other authors. They do not stain with iron-htematoxylin,

and are quite free from granules. Tlie ceutrosomes of fig.

18 are somewhat granular and more darkly stained than is

normal. The extreme effect of the hypei’touic solutions,

however, is to cause the centrosomes to contract into com-

pact but irregular masses, which stain as darkly as the

chromatin in the nucleus (fig. 21, etc.) (Fig. 33 shows the

contracted centrosomes still at the centre of normal asters for

series G.) The chromosome groups of fig. 21 are shown

enlarged in fig. 63. It will be seen that the centrosomes are

entirely degenerated, although the chi-omosomes are only

somewhat swollen.

Extreme cases of the degeneration of the nuclear structures

is shown in figs. 22, 24. In fig. 23 a few chromosomes can

still be detected as rod-like bodies, although this is somewhat

doubtful
;
while in fig. 22 all that remains of the numerous

rod-like and V-shaped chromosomes of the normal egg is

represented by irregular masses of chromatin.

Fig. 25 shows a telophase in which all trace of the achro-

matic parts of the nucleus have disappeared. At each

polar area is a group of normal chromosome vesicles arranged

as in a normal egg. "Within the lower group is seen a

darkly stained vesicle which is exactly comparable to those

found in series B, and to those found in the hybrid eggs of

Echinus esculent us d x E. acutus $. Outside each

group of vesicles are irregular darkly stained masses, which
apparently represent the degenerated centrosomes. In spite

of the entire loss of the individual nature of the chromosomes
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tlie chromatin is still able to form the normal clu-omatic

vesicles in the telophase—in other words, such a stage as

fig. 21 or fig. 23 is followed by that shown in fig. 25.

Text-fig. 1 shows two chromosome groups of the same

spindle in which the chromosomes are apparently all normal

with the exception of one which lies outside the main group

and which is somewhat vesicular. It will be noticed that in

one group there are 30 chromosomes and one vesicle (?) while

in the other there are only 34 chromosomes. Xow it has been

shown (Doncaster and Gray) that the normal number of

clu’omosomes is 38 for each group—a total of 76 for the whole

;

Text-fig. 1.

Two chromosome groups of the same spindle of an egg of E.
escnlentus. series C. In the left-hand group are thirty-four

chromosomes, and in the right thirty-nine plus a dot.

this spindle only shows 73 to 75; the latter number if the

chromatin body lying outside the two main groups represents

a swollen chromosome which has failed to divide and has not

been attracted to either pole. This shows that, owing to

irregularity in the earlier stages of the division, both halves

of a certain number of chromosomes must have passed to

one and the same pole. This may be due to the fact that

when division took place the mother chromosomes were lyfing

abnormally nearer to one pole than to the other, so that both

halves went to the same pole.

That irregular distribution of chromatin between the two

poles does take place is seen in many of the more irregular



THE EFFECTS OF HYPERTONIC SuLETIONS. 457

figures. These frequently show very much more chromatin

aggregated at one pole than at the other.

Fig. 26 shows the nucleus of a 2-celled stage; it contains

two minute vesicular bodies which are found in such nuclei in

other batches of “ hypertonic ” eggs.

In spite of the profound disorganisation of the mitotic

figures in this series of eggs, it is remarkable that in all the

2-celled stages examined, not a single case of irregular

cleavage was observed. This is quite in accordance with the

work of Paula Hertwig (6) on the effects of radium emana-

tions on the eggs of Ascaris megalocephala. She has

shown that eggs subjected to such treatment undergo chro-

matic degenei’ation in all respects similar to these eggs which

were treated with hypertonic solutions; the mitotic figures

disappear, the individuality of the chromosomes is lost, and

the chromatin becomes aggregated towards each pole in

irregular masses. She finds, however, that the first cleavage

is perfectly regular (cf. her figs. 1-12).

The structures found in this series of eys^s are iuterestiii'r

in two respects
: (1) they partially explain why egg’s of

Echinus acutus when fertilised by Echin us esculentus
sperm develop normally, although considerable irregularities

occur within their chromosome complexes
; (2) they appear to

indicate that cleavage of the egg is not primarily dependent

on the existence of the mitotic figure. The chromatin appears

to segregate into two groups, and the egg divides normally

without the existence of asters. As Paula Hertwig points out,

cleavage appears to be a function of the cytoplasm, and is

only indirectly controlled by the mitotic figure.

Series D. : E. esculentus.—Eg’gs treated with 50 c.c. sea-

water -|- 8 c.c. 2^ M. NaCl for 30 minutes.

Very few mitotic figures were found and no very definite

statements can be made. Figs. 27-29 show nuclear figures

of these eggs. It tvould appear as though the stage at which

the chromosomes become visible as distinct units within the

nuclear membrane is considerably delayed, and in many cases

is never reached
;
owing, however, to the scarcity of good



458 J. GEAY.

preparations this cannot be insisted upon. Whether it is

legitimate to compare these figures with figs. 23 and 25 of G.

Hertwig (5) is doubtful. In no case were “vesicles’^ found

within the nuclear membrane of these eggs (cf. fig. 30).

Series E. : E. esculent us.—Eggs treated with 50 c.c.

sea-water -4- 9.V c.c. M. NaCl solution.

Fig. 31 shows an extreme effect of hypertonic solutions on

an egg. Similar figures were obtained for first segmentation

divisions. This is exactly comparable to Konopacki’s (7)

results on the eggs of Echinus microtubercutus treated

with a slightly weaker solution (cf. his fig. 18).

Whether we are justified in assuming that the first mitotic

figure of the particular egg which is figured was similar to

those of the second division is doubtful, for it is possible that

the pathological effect of the hypertonic solution did not

affect the chromatin until the first division was over.

Konopacki assumes that the dark streaks are entirely chro-

matic in nature, but my preparations tend to show that part of

the darkly stained material is derived from the spindle fibres.

Series F.: E. esculentus.—Eggs treated with 50 c.c.

sea-water -f 20 c.c. 2i M. NaCl solution for fifteen minutes.

This batch showed very few mitotic figures, most of the

eggs having evidently failed to develop. The figures avail-

u,ble showed that, as a whole, division is normal although

there is a tendency for the omission of one or more chromo-

somes (fig. 32).

Series G.: E. esculentus.—Eggs treated with 50 c.c.

sea-water -f 20 c.c. M. NaCl solution for 30 minutes.

In these eggs the hypertonic solution has visibly affected

both the chromatin and the cytoplasm. Very few eggs

develop, and those which do so show some sign of cytolytic

action. Figs. 33 and 33 a show a 2-celled stuge in which

the first division of the egg was normal, but which was then

preparing to divide very irregularly. There is a tendency for

omission of chromosomes from the spindles in this egg. The

centrosomes are contracted to small and compact bodies

which stain darkly with Heidenhaiu’s htematoxyliu.
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(2) Effects of Hypertonic Solutions upon the Eggs
of E. acutus.

Series B.—Eggs treated one hour after fertilisation with

50 c.c. sea-water + 6 c.c. 2| M. solution for 30 minutes.

This series of eggs shows a marked difference to the eggs

of E. esculentus which were subjected to exactly similar

treatment. Whereas in E. esculentus there was always one

definite vesicle to be found in each nucleus^ in E. acutus

there are several. These are exactly similar in appearance

and behaviour in the two species^ being’ either omitted or

included in the daughter-nuclei of the first segmentation

division. As a rule the vesicles are either four or five in

number for each mitotic figui-e, and one or two of them are

conspicuously larger than the rest. ThiSj however^ is not an

invariable rule, as figures have been found with four large

vesicles all about the same size.

Like those found in the corresponding series of E. escu-

lentus eggs, these vesicles stain pink in Erhlich-Biondi-

Hedeiihain's stain. Their origin in these eggs is, however,

diffei’ent. Numerous fused male and female pro-nuclei have

been examined without detection of vesicles (tig. 34) ;
on the

other hand, in a few such nuclei well-formed vesicles are

present (fig. 35). As, however, every astral figure seen (and

these were very numerous) possessed well-defined vesicles,

we cannot well attribute the origin of all these from the reti-

culum inside the nuclear membraue.

Fig. 47 shows individual vesicles considerably magnified,

and their shape, together with the fact that many intermediate

conditions between fully formed vesicles and normal chromo-
somes can be found, at once suggested that they have been

formed in such a way as are the vesicles in the hybrid eggs

E. esculentus ^ x E. acutus ? (Doncaster and Gray

[2]) : in other words, it is absolutely certain that the
majority of vesicles in these eggs are derived
directly from the chromosomes. This being so, we
should expect to find a reduction in the number of normal
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cliromosomes. There is no doubt that this is the case. Fig.

64 shows an anaphase in one group of whicli there are 34
chromosomes, and in the other 35—while between the two are

two large vesicles, two chromosomes, and a small dot (the

latter being larger than a normal chromosome and yet not

definitely vesicular). No\v if each of these large vesicles re-

presents one of the 38 chromosomes of the original nucleus

—

then the total number of potential chromosomes would be
34 -f 35 + 7 = 76, which is the full number for an anaphase

of a normal egg. Fig. 65 shows an aggregate of 76 in a

similar way.

From figs. 36-45 it will be seen that the behaviour of these

vesicles is exactly similar to those described for “ hypertonic ”

E. esculentus eggs, and for the hybrid E. esculeutus S
X E. acutus ?. Fig. 40 shows the omission of two

vesicles, and the inclusion of one vesicle among tlie chromo-

somes at each end of the spindle. A tripolar spindle with

about seven vesicles is shown in fig. 48.

Figs. 49 and 50 show two aberrant nuclei comparable to

G. Hertwig’s figs. 19-23 and 26, and Konopacki’s fig. 29.

If it could be shown that the vesicles in these eggs were

always formed from the same individual chromosomes, there

would be an interesting’ proof of the physiological individuality

of these bodies. Unfortunately, however, treatment with a

hypertonic solution of this strength often causes the normal

shape of most of the chromosomes to be lost, so that the missing

members of the complex cannot be identified by this means.^

All that can be said, is that a certain number of chromosomes

become converted into vesicles, from what elements in the male

or female chromatin they are derived it is impossible to say.

It is just possible that those vesicles which are found with-

in tlie nuclear membrane are really nucleoli, while those which

are formed directly from the chromosomes must be regarded

' In the normal complex there can be identified two rod-like chromo-

somes which are distinctly longer than the rest
;
in these “ hypertonic

”

eggs only one such chromosome can be recognised, but, as shown in the

text, this evidence cannot be regarded as very satisfactory.
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as essentially chromatic in nature. If this be so^ however, it

is remarkable that two nuclear elements of such widely

different origin should appear so exactly similar. It seems

more probable that those vesicles which are formed within

the nuclear membrane are formed from those parts of the

network which normally enter into the composition of one or

more chromosomes, as is suggested elsewhere in this paper.

Series C.—E. acutus eggs treated w'ith 50 c.c. sea-water

-F 7 c.c. 2.^ M. XaCl solution.

In preparations of these eggs no vesicles have been found.

The clu’omosomes are, however, somewhat irregular, as they

show a marked tendency to group themselves together. On
account of this, accurate determinations of their number is

usually impossible, but in some case the full somatic number

can be counted. In anajihase plates it is remarkable that

many of the chi-omosomes appear double (cf. fig. 67).

Usually the mitoses are somewhat irregular, and in some

cases there is a marked omission of chromosomes from the

main groups, as shown in figs. 67 and 68. Fig. 69 shows a

condition very similar to Baltzer’s (1) figs. 25 b and -33 a of the

firstsegmentation division of Sphaarechinus c5' x Strongy-
locentrotus ? and the second division spindle of Echinus
? X Sphaerechinus c? respectively.

Another peculiarity in these eggs is that the spindle is very

much narrower than is normal for this species of Echinus
(fig. 51), in fact the spindle in this series of eggs recalls the

narrow spindle of the hybrid E. miliaris x E. acutus ? .

Is it possible that the narrow spindles of this hybrid are

a result of abnormal conditions due to hybridisation, and are

not a characteristic feature of the male parent ? (The spindles

ofE.miliaris $ x E. miliaris are broader than those

of the hybrid eggs.)

Series F.—Eggs treated with 50 c.c. sea-water -F 15 c.c.

24 M. NaCl solution.

Ill this series of eggs the process of vesicle formation is

still more pronounced than in series B. There are, however,

one or two poiuts of distinction between these series. Practi-
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cally all the chromosomes in some eggs of series F show a

distinct tendency to form vesicles (hgs. 56-60). Every

gradation is found between typical rod-like chromosomes and

large well-formed vesicles^ and there can bcj therefore, no

doubt whatever that these bodies are formed from the chromo-

somes after the nuclear membrane breaks up. This is sub-

stantiated by the fact that it is only the exception to find

vesicles within the membrane of the fused male and female

pronuclei. Fig. 53 shows such an exception.

Besides the formation of numerous vesicles many mitoses

show that there is a tendency for the chromosomes to be

aggregated together in clumps, in some cases giving rise to

irregular masses of chromatin (fig. 58).

Chromosome counts in the anaphases of these eggs, shows

that the formation of the vesicles has reduced the number of

the chromosomes, as would be expected from their mode of

formation. In all cases counted it was found that 32 to 34 was

the average number for each group, together with a varying

number of vesicles. If we regard, as before, each vesicle as

ecpiivalent to a chromosome removed from each group of the

anaphase in which it is fonnd, then the number of chromo-

somes present, plus twice the number of vesicles, should

give 76 units (cf. figs. 70, 71). This is sometimes the

case, but numerous exceptions have been found, in which

the aggregate is only 74 or less. But as in many
cases the large vesicles in anaphases are exceedingly lightly

stained (cf. fig. 61), it seems reasonable to suppose that in

some cases they disappear altogether, the only evidence of

their previous existence being the reduced number of the

chromosomes. It is also possible that one vesicle may be

formed from more than one chromosome, as is suggested by

the shape of the vesicle in fig. 53 (cf. also the last vesicle

fig. 47).

1

^ Tlie low value of some of these chromosome coiants is doubtless to

be explained by wrong interpretation as a single unit, of what is really

two chi'omosomes closely approximated together. This approximation

of chromosomes is characteristic of this series of eggs.
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Fig. 52 shows the normal condition of a nucleus before the

break-up of the nuclear membrane. Thirty-eight chromosomes

can be identified, although the exact number is often difficult

to determine, owing to portions of individual chromosomes

occurring- in two sections of the same nucleus. There are

typically no vesicles. Just as in the other series of eggs,

however, exceptions are found (figs. 53-55). The large vesicle

in fig. 53 has a peculiar structure, and which, as is suggested

above, may have arisen from more than one centre, there-

fore, being equivalent to more than one chromosome.

Fig. 61 shows an anaphase, with the chromosomes some-

times very irregular in outline. In the centre of the spindle

is a large vesicle, the interior of which is practically un-

stained, Avhile round its periphery are a number of minute

dark dots.

Later Stages in the Development of “Hypertonic”
Fg-srs

.

The eggs of E. esculentus which have been treated with

hypertonic solutions of moderate strength usually behave

quite normally until after the first cleavage has been com-

pleted; only a few exceptions were found in Avhich the first

two blastomeres were unequal. After this, segmentation

usually becomes irregular, and gives rise to blastulae such as

are figured (Text-fig. 3). Great mortality occurs at this stage
;

only a few gastrulae were obtained, and these were more or

less abnormal and never gave rise to plutei.

“Hypertonic” eggs of E. acutus show a somewhat

similar development. Text-fig. 4 represents irregular blas-

tulae from these cultures. The development is i-etarded con-

siderably by treatment with the solutions. The first cleavage

is normal in all the eggs which develop, even in the case of

eggs treated with 50 c.c. sea-water -t- 15 c.c. 24 M. XaCl

solution. The later segmentation of such eggs is irregular

in all the cultures; and the number of these abnormalities

varies roughly from 1 to 20 per cent, of the total number of
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1

eggs according to the strength of hypertonic solution with

which they have been treated. The blastnlse derived from

these irregular eggs are all abnormal (Text-fig. 4). Probably

none of them develop further. Some, however, appear to be

Text-fig. 2.

Eggs of E. esculentus which had been treated with hjiiertonic sea-

water for half-an-hour. Four hours after fertilisation.

“ half blastulee,'’ i. e. only one side of them is iiwegular. At

a later stage only healthy plutei are found, and these have

developed from eggs whose segmentation was normal.

'J’here are also, however, a few plutei half the normal

size—apparently these have developed from the stereo-

blastulm.
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Text-fig. 3.

Eggs of E. esculentus which had been treated with hypertonic
sea-water. Seventeen hours after fertilisation.

Text-fig. T.

BlastuliE reared from eggs of E. a cut us which had been treated
with hypertonic sea-water for half-an-hour. Seventeen hours
after fertilisation.
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IV. Summary of Experimental 'Work.

(1) The chromatin of Echinus acutus under certain

abnmoral conditions behave differently to that of E. escu-

lent us which is subjected to similar conditions.

(2) 'f’he effect of hypertonic solutions of a certain strength

on the fertilised eggs of E . ac utns is to cause the elimination

of chromosomes from the nuclei by a pi’ocess exactly similar

to that which is normally found in the hybrid eggs of the

cross E. esculentus c? x E. acutus ?. This phenomenon

cannot be induced in the fertilised eggs of E. esculentus
by similar treatment.

(3) In eggs of which the whole nuclear structure has been

disorganised, the first segmentation division is normal.

(4) The later segmentation of all eggs which have been

treated with hypertonic solutions is abnormal.

V. Comparison of Results with those of other

Investigators.

In 1903 Teichmann (17) published an account of the cyto-

logy of the eggs of Echinus microtuberculatus fertilised

by the sperm of the same species, which had been treated

with ‘05 per cent, solution of strychnine previous to use. He
showed that the male chromatin failed to become active until

after the first segmentation division, during which period it

can be seen lying near to the spindle as a compact chromatic

body. Later on it becomes active and amalgamates itself

with the female chromatin of one of the blastomeres.

In 1911 Konopacki (7) described the effect of hypertonic

solutions upon the fertilised eggs of Strougylocentrotus
lividus and Echinus microtuberculatus. Although a

detailed description of the chromatin is not given, it may be

concluded from his figures that his results were similar to those

described iu this paper for Echinus esculentus and E.

acutus. Figs. 1, 2 of Konopacki’s work show irregular ana-

phases in Echinus eggs which have been treated for half an
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hour witli 50 c.c. sea-water -|- 5 c.c. 2-J- M. NaCl solution, similar

to figs. 3 and 4 of this work. Figs. 46 and 38 of his paper show

the swelling of the chromosomes, while fig’s. 37 and 39-50 make
it appear as though a process of vesicle-formation had taken

place, comparable to what I have described. Fig. 31 of this

paper is quite compai’able to figs. 14 and 18 of Konopacki. I

have failed, however, to find structures similar to his figs. 17,

20, 24, 31-36. A comparison of the figures of the two papers

will make these points apparent.

In a recent paper Griintlier Hertwig (5) has described the

cytology of the eggs of Parechinus miliar is (Echinus

miliar is) fertilised by sperm of the same species which had

been previously subjected to radium emanations. As his

results have some bearing on the general questions at issue, it

may be convenient to give a summary of his woi’k. In the

case of eggs which were fertilised by sperm which had been

treated with ra}'s from a “ Mesothoriumpraparat ” (55 mg.

pure radium bromide) for twelve to fifteen hours, the male

chromatin was found to have lost its power of development

and remained quiescent just as in Teichmann’s prepai-ations
;

it never regained its activity, however, and eventually degene-

rated in the cytoplasm of the egg.

In some of the figures which illustrate the fate of sperm

clu’omatin which has been treated with “ Riidiumprapaiat I
”

(7’4 mg. pure radium bromide) for sixteen hours, the male

prouucleus is seen to have fused with that of the female,

immediately giving rise to abnormalities. Hertwig descril)es

his results as follows :
“

. . . zu einer Zeit, wo die Kon-

trolleier schon zweigeteilt waren, der Furchungskern sich

etwas in die Liinge gestreckt hat; an seinen beiden Enden
sind ;chwache Strahlnngen entwickelt, die Stelle, wo der

Spermakern mit dem Eikern verschmoltzen war, ist noch

daran kenntlich, das hier eine dichtere Anhaufung’ von

Chromatinfaden sich findet. Ferner sind, unabhiinofiof von

dem Spermachromatiu, in der Masse des uispriinglicheu

Eikei-ns, (drei) mit Heidenhaiuschen Hiimatoxylin sich

tief.schwarz tingierende, mit Bioiidi-losung sich ebeiiso wie
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der gesainuite Kern rot farbende Koruer aiifgetreten, die in

ihrem Iniieni eine Art Vacuole aufweisen. . . . Icli

glaube diese Kornchen als Nucleoleu denten za diirfeu/’

Tliere can be little doubt that these “ Kornchen ” are to be

identified with the “ vesicles^’ found within the nuclear mem-
brane of the eggs of E. esculentus and E. acntus, which

have been treated with hypertonic sea-water.

Now, in series B ol the eggs of E. acutus, it has been

shown that the formation of the vesicles is attended by a

reduction in the number of the chromosomes, and yet these

vesicles do not show a chromatic reaction with Ehrlich-

Biondi-Heidenhain’s stain. This is, however, not a con-

clusive proof that the vesicles are not derived from the

chromosomes, because the normal chromosome vesicles, which

are formed directly from the chromosomes in the telophase of

Echinoid eggs, are also stained pink by this reagent. Hence

it seems justifiable to assume that the formation of the

vesicles and the elimination of them from the rest of the

chromatin of the nucleus is equivalent to the elimination of

the chromosomes themselves, and that these vesicles are

not necessarily of nucleolar origin—a conclusion which

receives very strong support from the mode of formation

of these vesicles themselves. Hertwig’s fig. 24 makes it

appear as though in some cases the nucleus divides into two

without the disappearance of the nuclear membrane, by a

process of “ainitosis,” such as Kouopacki described (see

Konopacki’s figs. 31 and 33). In other cases (as when the

sperm received lower intensities of radium treatment) the

mitotic figures are more normal, a typical spindle and asters

being formed. The chromatin in these cases, however, is

seen to be quite abnormal, for, while some of the chromo-

somes are i-ecognisable as rod-like bodies, a considerable

number are represented by irregular masses of chromatin

scittered on the spindles (which are often multipolar, as lu

the eggs of E. esculentus here described) (cf. his figs. 28-

32). Most of this chi’omatin scheint teils in Form der

kleinen Kornchen vorhanden zu sein, teils hat es sich auch
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im Plasma, das dadurcli seine Farbbarkeit erhalten hat, wieder

gelost. tiber die Herkunft der Intensiv gefarbten, grossen

Klumpen konneii wii- nur Vermutungen aiissern
;

einmal

werden sie wolil Reste von Nukleolarsubstanz entbalten,

aiidererseits ware aucli daran zii denken, das zu ihrer Bildung

das viiterlicbe Radiumchromatin beigetraten liat.^’

Later stages of such eggs also resemble those of E. acutus
which have been treated with hypertonic solutions, being

characterised by very irregular segmentation aud the pi’O-

duction at times of stereoblastulfe (cf. Hertwig’s text-figs.

6 , 7
,
8 ).

Hertwig finds that the introduction of an abnormal sperm

nucleus into the female pronucleus leads to abnormalities in

the female chromatin. He concludes, however, that “ diese

Schadigung des mutterlichen Chromatins allein durch den

radiumkranken Spcrmakern hervorgerufen sind,” because

the control eggs behaved normally. He does not entertain

the idea that it is possible for the female cytoplasm to affect

the female chromatin either after the break-up of the nuclear

membrane or before. As a result of the work described in

the present paper, however, this is a consideration which

must be entertained, for, as the eggs in this case were not

subjected to abnormal treatment until an hour after fertilisa-

tion, any irregularities in the nuclei must be attributed to

the effects of the deranged cytoplasm of the egg.

YI. Hybridisation and Pathology.

The primary effect of the treatment of the fertilised eggs

of E. acutus with hypertonic solution of medium strength is

to cause the elimination of a certain number of chromosomes

from the nucleus. G. Hertwig’s results show that this can be

likeAvise effected by fertilising normal eggs with sperm which

has been rendered abnormal. It may be concluded, therefore,

that elimination of chromatin from the nucleus can be referred

to patliological conditions of the nucleus itself, and is not

exclusively a result of hybridisation.
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In 1908 Baltzer showed that in hybrid eggs of the cross

S p h ae r e c h i n u s g r a n u 1 a r i s S x S t r o n g y 1 o c e n t r o t u s

livid us ? there is an elimination of fifteen chromosomes in

the first two segmentation divisions. The eliminated chromo-

somes are found as double units lying at the equator of the

spindle (c f. his text-figs, ii a and vii). This is a condition similar

to that shown in fig. 69 of this paper. In the reverse cross

Baltzer found no elimination
;
the cross was difficult to obtain,

and, although most of the mitoses were normal, a few showed

marked abnormalities. Text-fig. iii of his paper shows an

irregularity in the nucleus which is strikingly similar to figs.

21-25 of G. Hertwig', except for external form. (See also fig.

50 of this paper.)

The elimination of chromosomes from hybrid eggs has also

been described by Tennent (18 and 19 ). He has shown that

in the cross Toxopneustes ^ x Hipponoe ? thereisacon-

tinuous elimination of chromosomes up to the 16-cell stage;

while in the reciprocal cross no elimination occurs.

A comparison of the cytology of hybrid eggs with that of

eggs rendered pathological before or after fertilisation shows

a. remai’kable similarity between the two.

Kupelwieser (8) showed that when eggs of Echinus
microtuberculatus are fertilised by the sperm of Mytilus
gallopro viiicial i s the male chromatin remains inactive, and

does not fuse with the female pronucleus. This is exactly

similar to what happens if such eggs are treated with patho-

logical sperm of the same species (Teichmann), or when eggs

of Parechinus miliaris are fertilised by sperm rendered

abnormal by strong radio-active treatment (G. Hertwig)
;

compare Kupelwieser fig. 19, and G. Hertwig fig. 6.

The characteristics of Baltzer’s hybrid eggs are likewise

an elimination of chromosomes from the nucleus, and in

exceptional cases abnormalities within the nuclear membranes

(text-fig. X, Baltzer).

As an appendix to his paper, Konopacki compares his

results with those of Baltzer
;
he is of the opinion, howevei’,

that although the structures observed in the two cases are



THE EFFECTS OF HYPEJri'UNlC SOLUTIONS. 471

I'emarkably similar, they are fiindanientally different, as he

never observed any elimination of chromatin from the

nucleus.

In the introduction to this paper, a short description was

given of the cytology of the hybrid eggs of Echinus acutus

$ X E.esculentus cJ. It has now been shown that the

phenomena observed in this cross can be exactly paralleled

by the effects of hypertonic solutions upon the eggs of E.

acutus, and that similar treatment affects E. esculentus

in a different way.

A conclusion which may, therefore, be made is that the

cytological phenomena of hybridisation are, in fact, the phe-

nomena of pathology, and that, when an egg is fertilised by

the sperm of a foi’eign species, the behaviour of the male and

female chromatin tends to become irregular, owing to a general

derangement of the whole nucleus, elimination, therefore,

cannot be regarded as a simple rejection of that part of the

nucleus which is out of tune with the rest, or with the cyto-

plasm of the egg.

In other words, we must assume that, whenever the condi-

tion of the nucleus becomes peculiarly abnormal, certain of

its constituent elements are affected to such an extent that

they are no longer able to pass through their normal phases,

and, therefore, fail to take part in the further development of

the cell; thus, in the case of the chromosomes, some are, ap-

parently, more affected than others, and are eliminated from

the nucleus.

The bearing of these results upon the cytology of the

leciprocal hybrids of the species of Echinus is more fully

de.sci’ibed in. another paper (Doncaster and Gray [2a]).

VII. d’HEORETICAL.

Until recently, it was supposed that the cell-membranes in

animal tissues were practically impermeable to electrolytes.

It has now been shown that this is not the case, and con-

i-iderable evidence is available to support the opinion that the
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relation ol the cell to electrolytes is of prime importance to

its existence.

The work of McClendon (13) and R. S. Lillie (9-11) has

shown that, after fertilisation, the egg surface is more per-

meable to ions than before. It has also been demonstrated

that the CO2 production of a dividing cell, changes just

before each division, i. e. there is a slight increase in perme-

ability.^ It is also highly probable that the effect of hyper-

tonic solution upon a cell is to decrease its permeability to

ions (Sutherland [16], Lillie).

The whole of the evidence in favour of the view that the

permeability changes of the egg membranes (plasmic and

nuclear) are of profound importance to the activities of the

cell cannot be discussed in full, but the following extract

from a recent paper .by^ R. S. Lillie (11) has a peculiar inte-

rest in connection with the phenomena discussed in this

paper

:

‘•'The conclusion that many pathological conditions have

their primary origin in abnormalities of the limiting mem-
branes of cells is an obvious corollary of any view that

regards such membranes—which are essentially insulating

surface films of varying ionic permeability and electrical

polarisation—as largely controlling the rate and character

of the cell processes. If stimulation depends primarily upon

altered polarisation of the plasma-membrane due to increased

ionic permeability, it is clear that a normal response in the

case of any cell, implies a definite condition of the membrane.

If this condition is permanently altered, the cell processes

inevitably underg'o derangement, and pathological changes

follow. Such a deranged condition, if not too far advanced,

may be rectified by restoring the membrane to its normal

condition. . . . The alteration caused by a toxic agent

may consist primarily either in increasing or in decreasing

the permeability normal to the membrane, or in altering in

either direction the readiness with which the latter undergoes

‘ The susceptibility of a dividing cell to poisons has also been shown

to be rhythmical in the same way.
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change. . . . The plasma membrane cannot undergo

marked and prolonged increase of permeability without alte-

ration in the nature and proportion of the cell-constituents
;

this involves altered chemical organisation and eventual de-

rangement of the cell-processes
”

(pp. 344 and 345).

It iSj therefore, a possibility that the hypertonic solutions

of a fertilised egg exert a toxic action upon the nucleus

by upsetting the normal relationship of the cytoplasm to

electrolytic ions.

Now, the permeability of the egg is changed when sperma-

tozoon enters, and presumably the change is constant in degree

for each species. When, however, the sperm of a foreign

species is made to enter an egg, is it not possible that the

change in permeability is not that which would have been

caused by a sperm of the species to which the egg belongs ?

If this be so, and the degree of change in permeability of an

egg when fertilisated is, therefore, a function of the sperm,

then the cytological behaviour of reciprocal crosses is

explicable.

Let the change in }

permeability for )
E . a c u t u s eggs

1

fertilised

hy
E . a c u t u s sperm l)e P

„ E. esciilentus

Then „ E.esculentus
and ., E.acutus

E.esculentus „ Pj

E. acixtixs is P
E.esculentus is P,

Let the difference between P and be about equal to the

change of permeability in normally fertilised eggs of E.

acutus which is brought about by the action of hypertonic

solutions of appropriate strength.

Now the chromatin of E. esculentus can withstand a

change of permeability in the surrounding protoplasm equal

to P— Pi without becoming abnormal,^ as is showm by its

reaction to a hypertonic solution capable of producing such

a change. Hence when the egg of E. esculentus is

•' Presumably the change P— Pj is a little less than that caused iu

eggs of E. esculentus hy .50 c.c. sea-water -|- 6 c.c. 2^ M. NaCl, as

in the latter case one vesicle is produced, while in the hybrid E.

acutus xE.esculentxis $ no such ahnorjnality occiu-s.
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fertilised by tlie sperm of E. acutus, and so attains tlie

permeability peculiar to fertilised eggs of E. acutus, no

abnormality occurs.

On the other hand, when the egg of E. acutus is fer-

tilised by sperm of E . esculent us, the E. acutus element

becomes pathological, as it cannot endure a permeability in

its surroiinding protoplasm equal to that characteristic of an

egg of E . e s c u 1 e n t u s .

Such a change in permeability might well give rise to

changed osmotic relations between the nucleus or chromo-

somes and cytoplasm, such as has been suggested (Doncaster

and Gray [2 a]), as the direct cause of vesicle formation in

hybrid eggs.

Th is by poth esis implies that in the hybrids it is

essentially the female chromatin which gives rise

to the vesicles. It is impossible to determine this from a

study of the hybrid eggs, but the effects of hypertonic solu-

tions upon the eggs of the two species give strong support for

such an assumption.

This sug-gestion is, however, in entire opposition to most

of the conclusions of other workers on hybridisation. Tlie

work of Kupelwieser, Baltzer and Tennent all tends to show

that it is the male chromatin which becomes abnormal in such

cases. Tennent, however, has shown that in the crosses

Arbacia x 'roxopneustes not only are all the chromo-

somes which are derived from the male eliminated, but also

some of those from the female parent. Again, G. Hertwig

has shown that fusion with an abnormal sperm can cause the

female chromatin to be affected.

Again, abnormalities are to be entirely confined to the male

element in the egg, there is apparently no explanation for

the cytology of such reciprocal crosses as SphEerechiuus

X S t r 0 n g y 1 0 c e n t r 0 1 u s
,
or E c h i n us a c u t u s x E . e s c u -

lentus
;
for if, as Baltzer suggests, the male chromatin goes

wrona" because it is
“ out of tune ” with the female cytoplasm,

why are not both reciprocal crosses abnormal ? And in the

case of E. acutus c? x E. esculentus ? we should expect
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the more sensitive E. acutus chromatin to go wrong when it

enters the cytoplasm of the more resistant E. esculentus,
anil yet this is not the case.

The proof of the hypothesis^ here put forward tentatively,

would lie in the demonstration of the fact that the perme-

ability change of an egg when fertilised differs according to

the species of sperm used—in other words, the degree of

permeability change should be a function of the sperm.^

Jn conclusion, I wish to express my sincere thanks to Mr.

Doncaster for much valuable advice during the progress of

this work, and to Dr. Shearer for his valuable help in the

preparation of this paper for publication. I also wish to

thank the officials of the Plymouth laboratory for their un-

failing assistance in obtaining material.
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EXPLANATION OF PLATES 24-27.

Illustrating Mr. J. Gray’s paper on ‘^The Effects of Hyper-
tonic Solutions upon the Fertilised Eggs of Echinus.
(Echinus esculent us and E. acutus.)”

[Most of the outlines of the figures were drawn at talde level with a

camera, under Zeiss ocular 2 and 2 mm. oil-immersion objective.]

PLATE 24.

Figs. 1-20.

Figs. 1-.5.-—Nuclear figures of eggs of Echinus esculentus which

had been treated with 50 c.c. sea-water -|- 5 c.c. 2t\ M. NaCl for half

an lioni’.

Fig. 1 .—Fused male and female pronuclei showing vesicle.

Fig. 2.—Fused male and female pronuclei showing no vesicle, but a

small dark mass of chromatin.

Figs. 3 and 4.—Later stages of eggs in this series showing regular

and irregular mitotic figures. [Magnification oc. 2, objective

Fig. 5 .—Egg showing mnnerous sperm nuclei in process of division.

[Magnification oc. 2, ol>jective L]

Figs, fi-l 6.— Nuclear figures in eggs of E. esciilentus wdiich had

been treated witli 50 c.c. sea-water + 6 c.c., 21 M. NaCl for half

an hour.

Figs, fia and fi b.—The female and male pronuclei from a single egg.

Within the former are two vesicles, while in the latter are four minute

bodies with a faint vesicular nature.

Fig. 7.—Fusion of a large and small nucleus; the former contains

thirty-six or more chromosomes, with one large and four small vesicles.

The accessory male nucleus shows two small vesicles.

Fig. 8.—This egg shows two accessoi-y male nuclei which have not

fu-sed with the female pi’onucleus. Each show the typical haploid

number of chromosomes and no vesicles. Within the larger nuclei are

the full somatic number of chromosomes, together with a large, very

darkly stained vesicle.

Fig. 0.—Shows two large and two small vesicles within a nucleus

whose chromosomes are well defined.
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Fig. 10.—Shows the formation of a vesicle from the reticuhmi of the

nnclens.

Fig. 11.—Proi)hase showing one large and one small vesicle.

Fig. 12.—Metaphase showing hu-ge, \mpah-ed vesicle.

Fig. 13.—Anaphase showing omission of the vesicle.

Fig. 11.—Telophase with the vesicle appressed to one of the danghter-

nnclei.

Fig. 15.—Similar stage with omission of the vesicle, which has now
contracted to a dark dot.

Fig. 16.-—Two-celled stage showing omitted chromatin between the

nnclei. [Magnification oc. 2, objective -^.]

Fig. 17.—Tripolar anaphase showing omission of one vesicle and

several chromosomes.

Fig. 17 a.—Quadripolar figure showing a dispermic nnclens with one

vesicle.

Figs. 18-26.—Nuclear figures in eggs of E. escnlentns which had

been treated with 50 c.c. sea-water + 7 c c. 24 M. NaCl for half

an hour.

Fig. 18.—Anaphase with chromosomes arranged irregularly on the

spindle.

Fig. 19.—Anaphase somewhat more irregxilar than fig. 18.

Fig. 20.—Irregular prophase without trace of asters or spindle.

PLATE 25.

Figs. 21-33 a.

Fig. 21.—Still more irregular anaphase : the centrosomes degenerated

into irregular, darkly stained bodies, and the shapes of the chromo-

somes mostly lost.

Fig. 22.—The chromatic complex is represented by irregular masses

of chromatin.

Figs. 23 and 24.—Very irregular anaphases.

Fig. 25.—Telophase with degenerated asters and centrosomes.

Within one group of chromosome vesicles is a small irregular vesicle.

Fig. 26.—Nucleus of a 2-cell stage with two minute vesicles.

Figs. 27-30.—Nuclear figures in eggs of E. esculent us which

had been treated with 50 c.c. sea-water + 8 c.c. 2g M. NaCl solution

for half an hour.

Fig. 31.—Egg of E. esculentus which was treated with 50 c.c.
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sea-water -|- 9'5 c.c. 2h M. NaCl for half an hour. The chromatin is

entirely degenerated, hut the asters are normal. [Magnification oc. 2,

objective i.]

Fig. 32 .—Late anaphase of an egg of E. esculentus treated with

.50 c.c. sea-water + 20 c.c. 2i M. NaCl for fifteen minutes. One
chromosome has been eliminated.

Figs. 33 and 37 A.—Two sections of a segmenting egg treated witli

50 c.c. sea-water + 20 c.c. 2i m. NaCl for half an hour. The cytoplasm

shows signs of cytolysis and the centrosomes are contracted. [Magni-

fication oc. 2, objective i.]

PLATE 26.

Figs. 34-61.

Figs. 34-50.—Nuclear figures from eggs of E. acutus which had

been treated with 50 c.c. sea-water H- 6 c.c. of 21 M. NaCl for half

an hour.

Fig. 34.—Fused male and female pronucleus showing no vesicles.

Fig. 35.—Nucleus in same phase as fig. 34, but with vesicles.

Fig. 36.—Prophase showing four vesicles.

Fig. 37.—Metaphase showing seven vesicular elements.

Fig. 38.—Metaphase showing six vesicles, the shape of some indicate

their origin from the chromosomes.

Fig. 39.—Metaphase showing five vesicles.

Fig. 40.—Anai^hase showing two vesicles omitted, and one included in

each chromosome group.

Fig. 41.— Anaphase showing three omitted vesicles.

Fig. 42.—Anaphase showing four omitted vesicles and one included

in one of the chromosome groups.

Fig. 43.—Anaphase in face showing four vesicles.

Fig. 44.—Telophase showing omitted and included vesicles.

Fig. 45.—Telophase sliowing omitted and included vesicles.

Fig. 46.—Two daughter-nuclei of the first segmentations division

showing small vesicles.

Fig. 47.—Individual vesicles. Each horizontal line shows the vesicles

from a single nucleus. [Magnification oc. 4, objective y.j.] The

lowest vesicle a^jpears to show its origin from two elements.

Fig. 48.—Tripolar figure (lu'ophase) showing seven vesicles.

Figs. 49 and 50.—Two aberrant nuclei from this series of eggs.
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Fig. 51.—Metapliase condition of an egg of E. aciitiis wliioli had

been treated for half an hour with 50 c.c. sea-water + 7 c.c. 2i M.

NaCl. The spindle is ahnornially narrow.

Figs. 52-61.—Mitotic figures of eggs of E. acutrrs treated with

50 c.c. sea-water -|- 15 c.c. 2^ M. NaCl for half an hour.

Fig. 52.—Chromosomes within nuclear membrane
;
no vesicles.

Fig. 53.—A nucleus in the same phase as fig. 52 but with vesicles.

The large vesicle looks as though it might have been formed from

more than one centre.

Fig. 54.—Nucleus in a slightly earlier stage than figs. 52 and 53,

but with two well-formed vesicles.

Fig. 55.—A slightly later stage than fig. 53.

Figs. 56 and 57.—Prophases. Nearly all fhe chromosomes show

evidence of giving rise to vesicles.

Fig. 58.—Prophase. The chromosomes are not distinguishable from

one another, being very irregular in shape, and have given rise to small

iiTegular masses of chromatin.

Fig. 50.—Slightly later stage than figs. 56 or 57. Five or six vesicles.

Fig. 60.—Similar mitotic phase showing seven vesicles.

Fig. 61.—Iri-egulai- anaphase with a very large vesicle which is very

faintly stained and contains small granules at its peripheiy.

PLATE 27.

Figs. 62-71.

Fig. 62.—Chromosome group from a spindle of an egg of E. escu-
lentus, Series C. All the chromosomes are abnormally swollen, and in

the right-hand grouj) is a large, irregular mass of chromatin. (Drawn
under ocular 4, 2 mm. oil-immei’sion objective.)

Fig. 63.—The chromosomes of fig. 21 drawn under higher magnifi-

cation. Cent., centrosome.

Figs. 64-66.—Chromosomes from eggs of E. acutus. Series B.

Fig. 64.—Chromosome groups of an egg, showing thirty-four and
thirty-five chromosomes at the two ends of the spindle, with three

chromosomes and two vesicles omitted, thus making seventy-six

elements in all. [Magnification oc. 4, objective

Fig. 65.—Chromosome groups from a similar egg to the above, show-

ing thirty-three chromosomes at each end and five omitted vesicles.
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Fig. 66.—Anaphase groups containing thirty and thirty-one chromo-

somes respectively. No vesicles.

Figs. 67-69.—Chromosomes from eggs of E. acnt\is. Series C.

Fig. 67.—Anaphase with thirty-seven (?) and thirty-five (?) chromo-

somes. A double element is seen omitted at the equator of the spindle.

IMany of the other chromosomes seem to be paired.

Fig. 68.—Anaphase with four omitted chromosomes.

Fig. 69.—Early anaphase. Some chromosomes have only just

divided and appear to be lagging behind the rest.

Figs. 70 and 71.—Chromosomes from eggs of E. acutus. Series C.

Fig. 70.—Equatorial plate with thirty-five chromosomes and three

vesicles.

Fig. 71.—Prophase with thirty-four chromosomes and three stained

vesicles. The large unstained vesicle is regarded as having been cut

twice. Hence there is a total of four vesicles in this section.
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Cytological Observations on the Early Stages
of Segmentation of Echinus Hybrids.

By

L. Doncaster, M.A.,

Fellow of King's College
;
and

.r. Gray, B.A.,

Scdiolar of King's College, Cambridge.

With Plates 28 and 2!>.

Introduction.

The material on wliicli the greater part of the observations

here described was made was handed over to us by ]\[essrs.

Shearer, De Morgan and Fuchs, and was collected by them

while carrying out experiments on the characters of the plutei

in hybrids between the British species of F chin ns. A pre-

liminary account of their results has been published,' and

their fuller paper appears concurrently with this. In view of

the fact that in some of the hybrids the plutei, whichever way

the cross was made, were essentially of the maternal type, it

was clearly of interest to determine whether an elimination

of paternal chromosomes takes place comparable with that

described by Jfaltzer,- who has found that iii the early stages

of hybrids between different Ecliinoid genera, paternal

chromosomes are eliminated in those cases in which the plutei

are of the maternal type. The species used in the present

exjieriments were Echinus esculentus, E. acutus, and

E. miliaris, the three species of Echinus found at Plymouth,

where the experiments were made. The maten'al obtained
‘ ‘ Journ. Marine Biol. Soc.,’ ix, Itdl, p. 121.

“ ‘ Arch. f. Zellforscli.,’ v, ItdU, 497.
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in 19 1 1 consisted of segmenting eggs of these three species,

and of the hybrids esculentns ? x acntus (^ ,
acutus ?

X escnlentus (5'
,
and acntns ? x milaris

,
preserved

at intervals of from half an honr to five lioni'S after fertili-

sation.

In 1912, besides a few additional batches of the same
c losses, we obtained eggs of esculentns ? x mill aids

S iiii d m i 1 i a r i s $ x e s c n 1 e n t n s and acntns ^ . The
great majority of the egg’s sent to ns were in stages from
shortl}" before the conjugation of the pronunclei up to 2- or

4-cell stages
;
very few had reached the third segmentation

division. Several samples of eggs were from batches the

remainder of which were reared to plutei.

The preservatives used were sublimate-acetic, sublimate-

nitric, Flemming’.s, Hermann’s and Perenyi’s fluids. The
preservation varied in different cases

;
in general, sublimate-

acetic and Flemming gave the best results. The eggs were

sectioned (the sections we made ourselves were 5 or 7 ju in

thickness), and stained on the slide with Heidenhain’s iron-

hannatoxylin. In counting chromosomes we have found it

absolutely necessary to draw every spindle; repeated

attempts to count by eye have shown that by this method a

number smaller than the true one is usually recorded.

Hefore desctibing the hybrid eggs, a few words are needed

on those of the pure species. The greater part of the work

has dealt with crosses between acutus and esculentns
;
of

pure miliaris comparatively little material was available,

and an account of it will be postponed until the miliaris

hybrids are dealt with. Of acutus and esculentns we

had a considerable supply of material from the early stages

of fertilisation up to the second segmentation division. No
account is needed of the stages of fertilisation nor of details

of the segmentation mitoses except those relating to the

chromosomes. We have determined the chromosome number

in both species as 38; in early anaphase groups seen in

face this number can frequently be counted with confidence

(I’l. 28, figs. 1, 2, 3j, and where a lower number is found it is
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probable that some chromosomes are missing or concealed.

The chromosome groups of the two species are very much

alike
;
we have spent a considerable time in trying to discover

points of difference Avhich might be used in the study of

hybrid eggs, but have failed to find any that are trustworth}’.

The chromosomes differ considerably in size and shape; in

early anaphase figures seen in side view the following points

are usually recognisable. (Fig. 3) : Two chromosomes are

noticeably longer than all the rest, and commonly complete

their division slightly later than the remainder. Two are U-

or V-shaped; if seen with the two limbs almost superposed

they are recognisable by their apparently greater thickness.

About four are loiiger than the remainder, though shorter

than the two long ones mentioned above, and are not usually

hooked at the ends; these, however, are not always dis-

tinguishable from the somewhat shorter rod-shaped chiomo-

somes. The remainder are about equally divided between

bodies the length of which is several times as great as their

width, and shorter rods which often appear as oval or round

dots if seen slightly obliquely. The chromosomes of both the

last classes are frequently hooked at the end towards the

pole
;
sometimes this is so pronounced as to cause them to

resemble the V-.shaped bodies mentioned above. Since the

various classes described grade into one another almost

imperceptibly, and are so similar in the two species, we have

not been able to distinguish paternal and maternal chromo-

somes in the hybrid eggs in the crosses between acutus and

esculentus.

The eggs of the pure species differ from those of the hybrids

in the greater uniformity of the rate of development. In

any batch of eggs of acutus or esculentus the majority

are in stages of development not very far removed from one

another, though there is not absolute uniformity. In the

hybrid eggs, however, there is great diversity, and this

appears to be the case to about the same extent Avhichever

way the cross is made. In batches of which some eggs have

reached the four-cell stage, others will show prophases of the
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first clivisioiE or stages of conjugation. A considerable pro-

pca-tiou of the eggs is also usually not fertilised.

The Hybrids between Esculentus and Acutes.

(i) Esculentus ? x acutus .

In the eggs of this cross the behaviour of the nuclei appeai-s

to be perfectly normal. The conjugation of the pronuclei

differs from that iu acutus ? x esculentus ^ described

below iu the fact that the sperm-nucleus often reaches a size

nearly equal to that of the egg-nucleus before the two begin

to unite, and that chromosomes are visible in both nuclei

before conjugation. The mitotic figures are like those of the

parent species, quite regular iu every respect as far as the

second segmentation division, and no trace could be found of

chromosome elimination. I'he chromosome number iu the

first and second divisions appears to be 38 as in the parent

species ;
elimination, if it occurs at all, does not take place

until a later stage (PI. 28, figs. 4, 5).

(ii) Acutus ? X esculentus c^.

4'he mitotic figures in eggs from this cross differ con-

spicuously from those of the converse cross or the parent

species, and it is to them that the greater part of our atten-

tion has been devoted. The conjugation of the nuclei appears

to take place without serious abnormality. We have many

examples of the two nuclei lying iu contact, the sperm-

nucleus distinguished by its smaller size and conspicuous

central mass of chromatin. Eather later stages show that

the sperm-nucleus becomes absorbed into the egg-nucleus

before this chromatin mass breaks up, while the male nucleus

is still quite small, and before the chromosomes of the egg-

nucleus are formed
;
the rather elongate zygote nuclei with

an aster at each end, such as are common iu pure acutus

eggs and in the cross, esculentus ? x acutus cJ, are not
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nsaally found. In pure esculentus the process of conjuga-

tion appears to be more like Avhat v/e have found, in the

esculentus c? hybrids. The zygote nucleus swells, irregular

masses of chromatin appear within it, and. become concen-

trated. into small elongated, chromosomes, the number of

which is about thirty-eight. As the nuclear membrane dis-

appears, and the spindle is completely formed, the chromo-

somes, at this stage scattered irregularly, become shortened

and thickened, and often clumped in pairs or groups, so that

a count usually gives a number much lower than that at

rather earlier or later stages. Sometimes, however, they are

scattered more separately, so that each can be seen distinctly,

and here again thirty-eight may be counted (fig. G, a, 1). At

about this stage, however, the abnormal featui'e of the mitosis

appears; small vesicles of varying size and number appear

among the chromosomes, distributed irregularly on the

spindle (figs. 7-11). In eggs preserved with osmic fixatives

these vesicles are faintly and evenly stained, except that

the edge is more deeply stained than the centre
;

iu

sublimate preparations they have more the form of minute

nuclei with small stained dots under their enclosing mem-
brane, and are rather similar to the vesicles normally formed

by the chromosomes in the late anaphase as they cluster

round the pole of the spindle, although quite distinct from

them.

A comparison of a series of prophase figures, or even of the

vesicles in one figure, leaves no doubt that thej’ are formed from

chromosomes, for all stages may be found between a chromo-

some which appears somewhat swollen and a fully formed

vesicle (figs. 7, 8, a-z). Hut it is also quite clear that iu

many cases the whole chromosome is not used up in forming

the vesicle
; often apparently normal chromosomes may be

seen to which a vesicle is attached, either at its side or atone

end. The number of vesicles which are formed at this stage

varies from one or two up to about six or seven, or occasion-

ally even as many as twelve, as shown iu the counts in

Table I. 'I'he considerable variation in the number of chromo-
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soines and of vesicles is due in part to the fact that the

vesicles are being formed at the stage at which the counts

were made, and in some nuclei others might still have been

produced
;
and as regards chromosomes, to the fact that at

this stage they show a strong tendency to become clumped.

Tiie counts in Table I were made by eye
;
the nutnber of

vesicles in each case may be regarded as trustworthy, of

chromosomes only approximtite.

Table I.—Numbers of C h rom o som es and Vesicles in

l^rophase Fig u r e s (first division). a c u t u s ?

e s c u 1 e n t u s .

Chromosomes. Vesicles. Chromosomes. A'esieles.

31 12 29 G

29 9 35 2

32 () 32 2

3

1

2 29 3

33
.>

O 31 0

28 1 32 3

33 1 32 4

31 () 32 7

28 2 31
o
O

31 3 32 3

33 5

V at first believed that each vesicle was formed from

chromosome which was entirely used up in the pi’ocess, but a

detailed examination and comparison of different stages

makes this view untenable. AVe believe that the vesicle

formation may be explained as follows : In the late prophase

stages, when the normal chromosomes are beginning to

split longitudinally, some of the chromosomes, instead of

splitting', tend to swell up and form vesicles as the normal

chromosomes do in the late anaphase stage. Every gradation

may be found between chromosomes which behave normally

and those which are completely converted into vesicles.
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Some inerelj become swollen and faintly stained in the

centre; others develop a vesicle at one side or end while the rest

of the chromosome appears normal
;
others, again, split more

or less completely, but a vesicle is formed by one or possibly

both of the longitudinal halves. AVhether a chromosome of

which one half forms a vesicle divides completely or remains

undivided in anaphase, seems to depend to some extent on its

position on the spindle at the time when the vesicle develops.

Jjefoie the equatorial plate stage the chromosomes are scat-

tered quite irregularly over the spindle, but already may
show traces of the longitudinal split (h‘g. 9, a, h). If at this

sfage one half of a chromosome develops a vesicle, it prevents

the whole chromosome from reaching the equatorial plate,

with the result that both halves of the chromosome are

included in the anaphase group belonging to the pole of the

spindle to which the chromosome happened to be nearer in

the pi-ophase. This is especially well seen in the case of one

chromosome wh.ich is conspicuously longer than the rest.

Two such long chromosomes ai-e found in both esculentus
and acutus

;
the hybrid also has two, one doubtless derived

from each parent. In the pure species these long chromo-

somes complete their division rather later than the smaller

ones, making bracket-shaj)ed figures, just before the

complete separation of the halves. In the hybrids it ma}'

sometimes be seen that one of them is in this stage in the middle

])lane of the spindle, while the second, lialf of it bearing a

vesicle, lies between the equator and one of the poles (fig. \8h).

At the close of the prophase the normal chromosomes

arrange themselves in an equatorial plate, and are at this

stage rather long and bent. Some of them are already

completely transformed into vesicles; to some, vesicles are

attached, and probably others have already^ formed and
thrown off a vesicle, d'he vesicles may be included in the

equatorial })late, or remain scattered on the spindle; some
are nearly always left in the equatorial plane just outside the

spindle, and take no further part in the division. The
chromosomes now divide along the split of which traces can
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be seen in earlier stages, and the lialves pass to the poles.

AVe have already pointed out that in some, to which vesicles

are attached, this division is incomplete and both halves

])robably ])ass to the same pole. There are occasional indica-

tions also that sometimes a chromosome which has not

actnally become vesicuhu', bnt which shows traces of swelling,

may fail to divide, and pass entire to one pole. For this reason,

in some eai'ly anaphases, while the two halves of most of the

chromosomes are easily recognisable, some appear to be

without mates, and the numbers in the two daughter-groups

are not always equal. The numbers of chromosomes and

vesicles found in anaphases of the fii’st division are given in

the counts recorded in Table II, which are all made by

drawing. The numbers bracketed together indicate the two

daughter-groups of one spindle
;
the total number of vesicles

is given by the first figure, that of typical, unshrunk vesicles

by the figure in round brackets
( ).

Table II.

Cliromosomes. Vesicles. Chromosomes. Vesicles.

32-35^

33-35

J

•
(•>)

36 1

30-32

J

. .5 or 6

34-30^
L

. 4 70-75t 1

35 ^(

•

30-321
^ . . 2

31-34'’
L •5

32 J

33-36.1

•

37 1
1 7

20* 11

. 0 30-31

J

30* Jh 37 1

35 J

64-651- 5

* Numbers approximate.

t Daughter-groups not distinct enough to count separately.

The exact number of vesicles in anaphase is difficult to

determine, for while some of them appear to have increased in

size, others appear to have shrunken and become reduced to
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roundj deeply stained bodies^ which are not always easy to

distinguish from large yolk-granules or sometimes from

normal chromosomes. Every stage may be found between

these stained dots and true vesicles, and in the telophase the

normal chromosomes within the daughter-nuclei give rise to

chromatic dots exactly similar in appearance. The fate of

the vesicles depends upon their position on the spindle;

those which lie among the chromosomes of the anaphase

groups are carried with them to the poles and become

included in the daughter-nuclei, while those which lie on

the periphery of the spindle or just on its equator remain

where they are, and are excluded from the nuclei. They

may commonly be found along the line of the cell divi-

sion in the 2-cell stage, already considerably shrunken

and reduced to stained dots. The number eliminated as

counted in late anaphase figures before the cell-division

varies from none to about five, but in 2-cell stages a larger

number of chromatic dots may sometimes be seen, and it is

possible that they break up as they undergo degeneration.

Figs. 10-14 illustrate anaphase and telophase stages of the

first segmentation division.

Before proceeding to describe the secoml segmentation

mitoses we must refer to a curious phenomenon which is

very common in the first division figures. In a very large

proportion of anaphases of the first division, and not rarely

before the chromosomes have become arranged in the equa-

torial plate or even immediately after the dissolution of the

nuclear membrane, it is seen that the centrospheres of the

spindle have become divided, so that what at first appears as

a bipolar or more commonly quadripolar spindle results. The
extent of the division varies; the two halves of the sphere

may be close together so that the spindle-fibres are not

seriously deranged (figs. 10, 11), or they may, even in pro-

phase, be widely separated, and a small secondary sheaf of

spindle fibres may sometimes be seen between them (figs. L5,

16). At first we took these spindles with divided poles to be

multipolar spindles caused by the entrance of more than one

VOL. 58, PART .3. NEW SERIES. 33
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spermatozoon, but an examination of a series shows that every

stage occurs between normal spindles, through those with

poles just divided to examples with four, or sometimes three

quite distinct spheres to which the fibres converged A further

difference is that in no case have we found a noticeably

abnormal number of chromosomes
;
sometimes they appear

to be considerably below the normal number, due doubtless

to
“ clumping,” but never conspicuously above the number

expected. In one batch of eggs of pure esculent us, on the

other hand, true tripolar and quadripolar spindles are of very

frequent occurrence, in fact hardly any of the eggs are

dividing normally
;
but in this case the chromosome number is

constantly about either one and a half times or twice the

normal (38). For example, in this batch of pure esculentus

four counts of chromosomes on abnormal spindles (late pro-

phase) gave respectively 52, 70, 71 and about 65 chromo-

somes (the numbei’S are only approximate)
;
numbers of this

kind have never occui’red in the acutus $ x esculentus

^ hybrids. We can only conclude, thei'efore, that in eggs

of this cross there is a tendency for the centrospheres to

divide prematurely, but the daughter-spheres rarely separate

so widely as to cause an abnormal cell division. A moderate

division of the spheres has been seen in some anaphase

figures of pure acutus and of the converse cross esculentus

$ X acutus (J, but in these eggs it is never so extensive as

in the cross acutus ? x esculentus (J.

In the prophase of the second segmentation mitosis the

chromosomes appear within the nucleus as elongated, more or

less bent rods, like those of the same stage in the first

division, but the smaller size of the nuclei and frequent

interlacing of the chromosomes make trustworthy counting very

difficult. AAithin the nucleus sometimes a varying number of

faintly stained, round bodies may be seen, which we at first

took for vesicles which had been included in the nucleus in

the first telophase, but the inconstancy of their occurrence

’ Boveri has figured similar divided poles in Echinus micro-

tuberculatus (‘ Zellenstudien,’ iv, Taf. v, fig. 59).
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makes this interpretation very doubtful. When the nuclear

membrane dissolves the figures are closely like those in the

first prophase
; the chromosomes become scattered over the

spindle, and, as before, some of them are seen giving rise to

vesicles (fig. 17, a, h, c). These differ from those of the first

segmentation mitosis only in being in general somewhat

smaller, and in the fact that complete chromosomes appear

less often to become entirely vesicular; the vesicles seem

rather to be formed on the ends or sides of the chromosomes,

and often quickly become separated from them. The fact

that the average number of vesicles in the second division is

about the same as that in the first, and that the chromosome

number, as counted in anaphase, shows no further diminution,

suggests that the same chromosomes which produced vesicles

in the first mitosis again do so in the second.

The division of the poles of the spindle is less conspicuous

in the second segmentation mitosis; in anaphase they are

often elongated transversely to the axis of the spindle, or

divided to a small extent, but exactly similar figures are not

uncommon in pure esculentus eggs in the same stage. The

vesicles, as before, are scattered among or outside the chromo-

somes, and in anaphase some are included among the daughter

groups and enter the nucleus of the 4-cell stage ; others

remain in the centre or round the edges of the spindle and

are eliminated (figs. 18, 19, 20).

Counts of late prophhase and anaphase groups gave the

results recorded in Table III
;

the prophase figures were

counted by eye, the anaphases by drawing. As in the case

of the first division the anaphase figures are more trust-

worthy. Brackets on the right side of the numbers indicate

anaphase groups of the same spindle
;

on the left side

spindles of the same egg.
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Table III.—Counts of Chromosomes and Vesicles

in Second Divisions.

Prophases. Anaphases.

Chromo-
Y^'esicles.

Chromo-
Y^esicles.

Chromo-
esicles.

somes. somes. somes.

J33 (3 34--35\
4 p37|

CO
. 3 35 ) 37 J

. o

35 . 6 351 _ -35*
. G

|28 G 35 J

/

'351 _

l29 8 35 1, K 36j
/

32 2 35 -I

. U
381

6
o] 1 35 6 ,35 1

/32 4 ^3G' '33--351

l32 3 133^
ft

33--341
J

/30 .') 35/
. 0

34--35
1

i32 3 35/ 34. 1

4

/30
O
O ,35 I

. *J

VI--72t 5

131 5 3Gl
s

-341
. 6

35 1 ,
dd

)

35--361 (31
1

33- CO
. •) 34

1

* About 30* 1

* In these figures the chromosomes had not yet divided,

t Two ends of spindle not accurately separable : t^vo or three

chromosomes possibly cut in two sections.

It will be seen that while there is considerable variation in

the chromosome number, the numbers in the two spindles

in most eggs are in fair agreement, and further, that the

number of vesicles added to the chromosome number is often

considerably above 38. This, and the fact that there is

no diminution in the chromosome number as compared with

that in first division anaphases, confirms us in our belief that

in the second division the vesicles are given off from chromo-

somes rather than that whole clu’omosomes are converted into

vesicles. Occasionally also in second division anaphases,

chromosomes which have clearly divided, and are travelling
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ill a normal way to the poles^ are seen to have vesicles

attached to them. We conclude, therefore, that the tendency

to vesicle-formation is diminished in the second division, and

that nearly all the chromosomes which entered the nucleus of

the 2-cell stage are able to divide and move to the poles in

the normal way. Our material does not provide any examples

of segmentation divisions later than the second in the cross

acutus ? X esculent u s cJ ,
but we defer any discussion of

the facts observed until the hybrids with E. miliaris have

been described.

E. ^IILIAPJS AND ITS CeOSSES WITH AcUTUS AND EsCULENTUS.

The material obtained in 1911 included only one cross with

E. miliaris, viz. acutus? x miliaris (?. Unfortunately

the supply of pure miliaris eggs was small and not very

good, so that we cannot give so full an account of it as of the

other species. All the eggs showing mitotic spindles in pure

miliaris were in the 4-cell stage or later, and owing to

the small size and crowded state of the figures couuting was

difficult. The chromosome number appears to be smaller

than in the other species; many counts, especially of equa-

torial plates, gave numbers ranging from 30 to 32 or 33, but

ill two anaphase groups in one spindle, in which the chromo-

somes were very clearly shown in face, 34 may be counted

at each pole (fig. 21), and this number is confirmed by counts

of the cross esculentus ? x miliaris (J (1912). The

chromosomes are more nearly alike in size than in escu-

lentus and acutus.

Acutus ? X miliaris,^.

In the eggs from the cross acutus ? x miliaris <S the

spindles differ noticeably from those of the acutus and

esculentus crosses (tigs. 22-25). The spheres with their

radiations are very large and conspicuous, and only rarely

show any division. The spindles are much narrower, with the
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result that the chromosomes are more crowded
;

this relative

narrowness may be due partly to the absence of divided poles,

which in the esc ulentus hybrids cause considerable widening

of the whole figure, but this cannot completely account for

the difference, for in the exceptional cases of divided poles in

the miliar is cross, the spindles are still very narrow. The

general appearance of the spindles and asters is mncb more

like that of pure mi liar is than of acutus, suggesting that

the centrosome introduced by the mi 1 iaris spermatozoon can

cause mitotic figures of the miliaris type to develop in

acutus eg’gs. Our observations on the hybrid eggs have been

made almost entirely on two lots, which gave in seme respects

dissimilar results. One lot consists of stages from the

beginning of the first to the beginning of the second segmen-

tation division, all the stages of the first division being well

represented. The second lot contains much more advanced

eggs, up to the 16-cell stage at least, but also includes

early stages from prophases of the first segmentation division

onwards. In a preliminary examination of the first lot we
failed to find any trace of elimination or of vesicle formation;

both equatorial plates and anaphases were somewhat irregular,

but the conspicuous vesicles found in the acutus $ x

esculentus cross appeared quite absent. In the second

lot, however, vesicles were not rarely found in the earlier

divisions, and when present were of the same kind and as

conspicuous as in the cross with esculentus cJ . A re-

examination of the second lot showed that vesicles were

sometimes pi-esent, but were in most cases very small, and

attached to chromosomes as in prophases of the acutus ? x

esculentus cross (fig. 22). Further, in metaphase and

early anaphase it is sometimes, though not by an\- means always,

possible to see that a few (one to three) chromosomes are

swollen, irregular in shape, and without any trace of a

division at a time when the halves of the remainder are

beginningto separate. In later anaphases the majority of the

chromosomes are rod-shaped, long and narrow, but sometimes

a few are much larger and more ovoid in shape. In anaphases

occasionally a minute vesicle may be seen left on the spindle.



EARLY STAGES OF SEGMENTATION OF ECHINUS HYBRIDS. 497

but these are always so small and faint as to be recognisable

with difficulty, and in telophase and the 2-cell stage no

trace of elimination is to be found.

In the second lot of eggs typical though small vesicles are

commonly to be found in the first division, and may be seen,

though with progressively less frequency, in the second, third

and sometimes the fourth. The vesicles in these eggs are

in most cases still attached to chromosomes, and are included

with them in the daughter-plates, and appear to be carried

into the nucleus. Vesicles are rarelyif ever left on or outside

the spindle as in the first and second divisions of the

cross with esculentus. The interpretation of these eggs is

made difficult by the fact that those in the earlier stages are

almost all abnormal
;
many have multipolar spindles and

nuclei dividing without division of the cytoplasm, and fre-

quently there is evidence of polysperm 3^ The later stages of

this batch, however, from the 8-cell stage onwards, appear to

be normal, and an occasional vesicle may be found in them
also. We SLig-gest that the behaviour of the eggs in the two
lots may be reconciled as follows : In the first divisions of the

cross acutus ? x in i lar i s a small but varying number of

chromosomes may show a tendency to form vesicles as in

acutus ? X esculentus d* ;
in normall}' developiirg eggs

the vesicles are usually small and do not become detached

from the chromosomes, but when the tendency to fonn vesicles

is present the chromosomes affected probably fail to divide

and are carried entii-e to one or other pole. In eggs the develop-

ment of which is delayed and which ai’e abnormal through

polysperni}’ or other causes, lar-ger and more conspicuous

vesicles are formed, which, however usually remain attached

to the chromosomes and so are not eliminated from the

daughter-nuclei. The non-division of some of the chromo-
somes is not an easy matter to prove, and in many eggs all

appear to behave quite normal!}", but that in some eggs one or

more fail to divide is suggested by three facts
: (1) The

great difference in thickness among the chromosomes in some
anaphases suggests that some of them have failed to divide.
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v2) 111 early anaphase it is often possible to see which

chromosomes in the daughter-groups correspond Avith each

other, and it is usually the swollen and irregular ones which

appear to be Avithout mates; unfortunately, however, the

narrow and crowded spindles make the determination of this

point uncertain in many cases. (3) The third piece of evi-

dence is from counts of the chromosome number. If acutus

has 38 and rniliaris 34 chromosomes, the hybrid should have

36. We have found two eggs in which the spindle is replaced

by a monaster (fig. 26), and in these the chromosomes, though

some of them are constricted, have not divided, and in each

36 can be counted, in one case Avith confidence, in the other

Avith great probability.^ Prophases after the nuclear mem-
brane is dissolved are in this cross usually too crowded for

counting, but Ave have found one in Avhich about 36 are also

present. In almost all other counts of both batches of eggs

,E IV.—Chromosome Counts
rniliaris c? .

in Acutus

Propliases and Metaphases. Anaphases.

36 (39 ?) (monaster) 36
1

36-f-l small vesicle (monaster) 34 J

32 (35 ?) -f 1 vesicle 35

36 + 1 ,,

)'

35

31* + 1 „ ) 35 (33-36)

29* +1 „(?)) 35 1

34) 32 (33 ?) J

3/ f 34
1

30-34 -b 1 A'esicle ) 35 )

34-35 1 35-37
I

33-35 i

31
1

37 J

* These numbers are probably too low.

' That the number when no vesicles are present should be 36 is

further indicated by the similar cross escAilentus $ X rniliaris

(see below), in which the number is almost certainly 36.
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the number is lower, as is shown in Table IV. The two ends

of one spindle are bracketed as before.

The small size of the chromosome groups, with the

resultant crowding, doubtless makes the numbers in Table IV
lower than the true figure, and further, Avhen the chromo-

somes are in very close proximity, it is idways possible for

two of them, if the fixation is not very perfect, to become so

united that they appear as one of double thickness. In the

pure miliar is eggs, although we have sections in which

34 cbromosomes can be counted with little doubt, the

majority of counts gave from 31 to 33, and hence we are

not disposed to lay very great weight on the counts in the

miliaris hybrids. Nevertheless the frequency with which

the counts fall below the theoretical number 36, coupled

with the facts that vesicle-formation on a small scale is not

infrequently seen in the early stages of division, and that

in early anaphases swollen chromosomes without visible

mates at the other pole are also sometimes found, sugg’ests

that in some eggs at least a reduction in chromosome number
may be brought about by non-division of one or more

chromosomes.^

It appears, therefore, that in the acutus $ x miliaris

cross a small number of chromosomes show a varying

tendency to swell and form vesicles in the early stages of

the first division; when the tendency is pronounced this

may cause failure to divide in the metaphase, and they

become canned to one or other pole. Exceedingly small

vesicles are sometimes eliminated, but this process is not

frequent and conspicuous as it is in the cross acutus ? x

esculentus • In the later divisions the abnormal tendency

is less marked, and by the third or fourth segmentation

' A somewhat cursory examination of three batches of eggs of

acutus ? X mi laris cf, obtained shortly before going to press,

confirms our account of this hybrid. The eggs, almost all of which

are fertilised, are chiefly in the later stages of the first division. The
spindles are like those obtained in 1911

;
most of the figures are normal,

but a few show very small vesicles, and one case was found of a large

vesicle eliminated in the telophase.
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div’ision all the chromosomes have usually regained their

normal behaviour. When widely different numbers are counted

at the two poles of one spindle in the later segmentation

divisions (cf. fig. 27 a, h), it is possible that some chromo-

somes are still behaving abnormally, but another possible

explanation is that owing to the irregularity of the equatorial

plate the two halves of the chromosomes are still seen in one

daughter-plate.

Comparing these conclusions with what has been described

in the cross acutus ? x esculentusJ'jit is seen that in

the latter cross a similar tendency is more strongly shown;

some chromosones swell up entirely to vesicles which are left

out of the spindle, and others produce smaller vesicles, and

in some cases probably fail to divide. 'I’he vesicles which

are left near the equator of the spindle are eliminated.

In the second division there is already evidence that the

chromosomes are beginning to recover, and the results

obtained from the cross acutus ? x miliaris S suggest

that in the later segmentation divisions their behaviour

would again be normal. Owing, however, partly to the

elimination of some entire chromosomes in the first division,

and to the failure of others to divide, the chromosome

number of the acutus ? x esculentusc? hybrid would

be reduced from 38 to somewhere between 31 and 37, the

number varying in different embiyos, and probably some-

times in different cells of the same embryo.

The preceding account deals with the hybrid eggs obtained

in 1911. In that year, owing to an oversight, no eggs of

suitable age were obtained fi'om the crosses esculentus ?

X miliaris J' >
fmd of miliaris ? x esculentus and

acutus cJ . These hybrids were obtained in 1912, but, as

Shearer, De Morgan and Fuchs have recorded,^ the plutei

obtained from them differ considerably from those reared in

1911, and the miliaris eggs especially appear in this year to

develop much less satisfactorily than in 1911. It cannot,

‘ ‘Xature,' June 27th, 1912.
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thereforej be concluded with complete confidence that our

results obtained from these hybrids are entirely typical.

Esculentus ? x Miliar is (?.

The eggs of this cross preserved in 1912 were mostly in the

2-cell stage, but a considerable number also show stages in

the first division. Almost all are fertilised and in general are

developing quite normally. No elimination of chromosomes

nor formation of vesicles was observed, and the mitotic figures

are in most cases as regular as in the eggs of the pure species.

The spindles are less noticeably narrow than those des-

cribed in the cross ac utu s ? X m ili a r is (J, but are probably

narrower than in pure esculentus eggs or in esculentus

? X acutus (J; divided poles are not found. Counts of

chromosomes leave little doubt that the number is 36. Seven-

teen counts of anaphase groups, in 11 eggs, gave 36 in nine

cases (7 eggs), including nearly all the most satisfactory

figures; 37 in two cases in wliich a pair, counted as two,

are probably really one V-shaped chromosome; and in six

counts either 34 or 35. Some of the cases in which 36

are seen are so clear that there can be little doubt that it

is the true number (fig. 28). If our estimate of 34 for

miliar is and 38 for esculentus be correct, 36 is the

number to be expected. One V-shaped chromosome is com-

monly visible; there are two in esculentus, and none (pro-

bably) in miliaris. In a considerable number of the

anaphase figures (about eight out of twenty examined on

this point), no V could be found, and for a time we thought

that this body might be comparable with the hook-shaped

chromosome found by Baltzer in half the eggs of Strongylo-

centrotus and the horse-shoe found in half those of

Echinus microtuberculatus.^ Further study, however,

has convinced us that in our material it is almost impossible

to determine with certainty the presence or absence of this

element; when seen sideways it is practically indistinguish-

* ‘ Ai’ch. f. Zellforsch.,’ ii, 15*09, p. 549.
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able from one of the thicker rods, and it may be present

in one cell of a 2-cell stage, and apparently absent in the

other.

Miliaris ? x Esculentus and Miliaris ? x

A c n t n s ^ .

These two crosses, the converse of the last two described,

may be taken together. As has been mentioned above, the

miliaris eggs in 1912 were very unsatisfactory, only a small

proportion yielding larvm even when fertilised by their own
sperm. In our material of the hybrid eggs, in both cases an

exceedingly small proportion showed evidence of fertilisation.

In the cross with esculentus (J about 2 per cent, are begin-

ning to develop; in that with acutus the percentage is

considerably lower. Most of the developing eggs in both

cases are in the 2-cell stage, but nearly all stages of both first

and second segmentation divisions have been found, and at

least one clear case of the conjugation of the egg and sperm

nuclei.

The figures in both crosses are distinguished from those of

the converse crosses by the greater irregularity of the chrotno-

somes on the spindle. 'I'he extent of this irregularity varies;

some figures are almost normal, in others the chromosomes

are muc-h scattered, but cases are rarely found in which an

accurate count of chromosomes is possible. In one unusually

regular first anaphase of miliaris ? x acutus J* cut

transversely to the spindle, 35 may be counted at one end

and about 36 at the other; in this case, however, four

chromosomes are scattered entirely outside the main group

around the pole. In late anaphases and telophases of both

crosses it may often, but not always, be seen that one, two, or

probably sometimes moi’e, chromosomes lag to such an extent

that they are not included in the daughter-nuclei (figs. 29, 30).

In some cases they appear not to divide; in others the halves

separate so late that they are left behind in the cytoplasm.

.Sometimes this causes the daughter-nuclei to have a tail-like
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pi’ojection extending’ towards the line of cell-division; in

others the daug’hter-nuclei are normal, bat a stained mass of

chromatin remains in the cytoplasm on the line dividing the

two cells. In 2-cell stages such a chromatic mass, usually

very small, but of varying size, is very commouly found

pressed against the faces by which the cells are in contact,

sometimes in only one of the daughter-cells, at others in both.

In other eggs no sign of elimination is found, but it is possible

that in some at least of these the eliminated chromosome has

been absorbed.

The second division figures in our material are mostly in

metaphase or early anaphase, so that it is difficult to deter-

mine with certainty whether any chromosomes are eliminated

in them; in one casein an anaphase one chromosome appears

not to be dividing (miliaris $ x acutus but in the

few other cases observed no evideiice of elimination in the

second segmentation division was found. The spindles in

these crosses, especially in the second division, are very short,

with poles near together; not very infrequently nuclear divi-

sion occurs not followed by cell-division.

In general, then, it ma}' be concluded with regard to the

miliaris crosses, that in (1) acutus ? x miliaris a

small but variable number of vesicles, such as we have

described in acutus ? x esculent us d, is sometimes

formed, and that the chromosome number is possibly reduced

thereby to a small extent. (2) In esculentus $ x

miliaris there is no abnormality, and the observed

chromosome number is that which is to be expected from our

determination of the numbers in the parent species. (3) In

the converse crosses miliaris ? x acutus and escu-

leutus c?j “o vesicles are produced, but in the anaphase of

the first division one or moie chromosomes commonly either

fail to divide, or divide so late that they are not included in

the daughter-nuclei.
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Summary and Discussion.

Our work was undertaken primarily in order to discover

whetlier in the crosses described there was any systematic

elimination of chromosomes, such as have been found by

Baltzer in crosses between Sphaerechinus and Strongylo-
centrotus, which might be correlated with the facts

described bj^ Shearer, De Morgan and Fuchs in their work

on the hybrid plutei. Baltzer found that in the cross

Sphierechinus ? x Strongylocentrotus cJ no elimi-

nation of chromosomes occurs, and tlie hybrid plutei are

intermediate between the parental types. In the converse

cross (which is successful iu a very small percentage of

cases), sixteen chromosomes, regarded as belonging to the

male (Spliaerech inns) parent are eliminated, and the hybrid

plutei, when exceptionally they can be reared, are of the

maternal type. In our cases. Shearer, De Morgan and Fuchs

have found, in the years preceding 1912, that in crosses

between esculentus or acutus and miliaris the plutei, in

certain characters at least, were of the maternal type, which-

ever way the cross was made. It seemed possible, therefore,

that we might find elimination of chromosomes in the manner

described by Baltzer.

For several reasons the work described above has followed

somewhat different lines from those expected at the beginning.

In 1911, the only cross with miliaris which was obtained

before the season was too far advanced was acutus ? x

miliaris In the hybrid eggs we found that some of

the chromosomes developed vesicles, but no other elimination

occurred except the possible non-division of certain chi-omo-

somes, about which we are uncertain. The vesicle formation,

which appears to a small extent in eggs of acutus ? x

miliaris (^, is much more clearly shown in the cross acutus

? X esculentus c? ,
species in which the characters of the

plutei are so similar that the hybrid cannot be distinguished

with certainty from the pure forms. We have therefore been
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led chiefly to study the vesicle formation in this cross, on

which a few words will be added below.

In 1912 we have obtained the remaining crosses with

miliar is. Of these, we find that esculentus ? x

miliaris c^'
behaves normally, with no elimination; miliaris

? X either esculentus or acutus shows only a small

percentage of developing eggs, of which a considerable pro-

poi'tion at least show elimination of one, or at most a few

chromosomes. We do not feel able to say with confidence

wliether these are paternal or maternal
;

in the few examples

which are at the right stage of division, the length of the

eliminated chromosomes suggests that they are paternal.

We cannot, however, correlate this result with any confidence

with the observation that the advanced plutei show maternal

characters, for as Shearer, De Morgan and Fuchs have

recorded, in 1912 the crosses with miliaris ? have shown a

different behaviour from that of previous years, and have

been as a rule of the paternal rather than of the maternal

type. It is not certain, thei’efore, that our results obtained

in 1912 are similar to what w'ould have been obtained in 1911

or previous years. It is worthy of note, however, that in the

cross esculentus ? x miliaris (J, which in 1912, as in

other years, has given purely maternal plutei, no chi'omo-

some elimination of any kind has been found.

With regard to vesicle-formation little need be said here,

for the matter is thoroughly discussed in a paper by one of

us published concurrently with this. We assumed at first

that the chromosomes Avhich develop vesicles are paternal,

and that vesicle-formation is to some extent comparable Avith

the elimination of paternal chromosomes described byBaltzer.

Experiment Avith hypertonic solutions on eggs of the pure

species, hoAvever, has made it very probable that the vesicles

in the eggs of the cross acutus ? x esculentus c? are

derived from the acutus (maternal) chromosomes, due pro-

bably to an alteration of the permeability or osmotic condition

of the egg consecjuent upon the development within it of a

foreign spermatozoon. Baltzer gives evidence on several
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distinct lines that the chromosomes eliminated in his experi-

ments were all paternal, so that if he is correct, it is probable

that the vesicle-formation in our case is quite a different

phenomenon. Tenuent,^ on the other hand, finds that both

paternal and maternal chromosomes are eliminated in the

cross Arbacia ? by Tox opn e u stes c? j
so that it is po.ssible

that elimination is not due simply to an incompatibility

between the chromosomes of one species and the egg-cyto-

plasm of the other, but that, as suggested above, the physical

condition of the cytoplasm is altered by the development

within it of a foreign sperm-nucleus, causing the non-division

or other abnormal behaviour of certain chromosomes, of either

one or both species in different cases.

In any case a point of importance is that all these expeii-

ments give evidence of a physiological differentiation among
the chromosomes. Some behave normally, others form

vesicles, or fail to divide, and from the comparative con-

stancy of the numbers it may be inferred that it is the same

chromosomes in each case which are affected. We do not

feel confident in identifying the chromosomes which form

vesicles in the acutus $ x esculent us (J cross, but our

general impression is that some at least of the affected

chromosomes are the same in each case, suggesting that they

differ in physiological characters as they do in shape and

size. The physical cause of the vesicle-formation has been

discussed by one of ns elsewhere, but we put forward one

additional suggestion which may possibly be worthy of con-

sideration. A^esicles are produced in acutus chromosomes

when the eggs have been treated with hypertonic solutions

and have been returned to normal sea-water. It seems

possible that the hypertonic solution withdraws water from

the egg, causing it to have a higher concentration, both in the

cytoplasm and nucleus, than the normal. At about the time

the chromosomes are forming the egg is returned to water of

lower concentration; the cytoplasm will then absorb water,

and its concentration will thus be lower than that of the

' ‘ Journ. Exp. Zool.,’ xii, 1912, p. 397.
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chromosomes Ijiug in it. If, then, each chromosome can be

regarded as a closed semipermeable membrane containing

substances at a higlier concentration than the surrounding

cytoplasm now possesses, the chromosomes will absorb water,

and in some cases swell so much as to produce vesicles.

In the cross acutus ? x esculent us cj vesicle for-

mation could be explained on the same hypothesis, if the

esculent us spermatozoon takes up more fluid from the

cytoplasm and especially from the egg-nucleus in forming the

male nucleus than does the acutus sperm. It will act like

the hypertonic solution in withdrawing water from the rest

of the egg. The egg-cytoplasm will replace this water from

the surrounding sea-water, but the chromosomes which

have formed meanwhile in the egg-nucleus will have a

higher concentration than the normal, and, as in the case of

the eggs treated with Iwpertonic solutions, will show a

tendency to swell and form vesicles. That the chromo-

somes may be regarded as being each enclosed in a semi-

permeable membrane is suggested by their normal behaviour

in the late anaphase, when each chromosome swells up to

form a vesicle in appearance like a small nucleus. Evidence

in the same direction has been recently brought forward by

A. A. Lawsoifl, though we doubt whether his conclusions are

entirely applicable to our cases. The suggestion that in

the cross acutus ? x esculentus (J, the esculentus
sperm acts like a hypertonic solution in withdrawing water

from the egg-nucleus is supported by the fact, i-eferred to

in oui' account of the conjugation of the nuclei, that in this

cross the sperm-nucleus conjugates with the egg-nucleus

while it is still quite small and contains a compact mass of

chromatin, and while the chromosomes of the egg-nucleus

are not yet definitely visible. In the converse cross, on the

other hand, in which no vesicles are formed, the sperm-

nucleus becomes nearly as large as the egg-nucleus before

the two come into contact, so that conjugation does not

‘ Lawson, “Nuclear Oniosis as a Factor in Mitosis,” ‘Trans. Roy.
Soc. Edin.,’ vol xlviii, pi. i, 1912, p. 1.37.

VOL. 58, PAKT 3. NEW SERIES. 34
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take place until both nuclei are fully formed and contain *

visible chromosomes. It is doubtful, however, whether this t

can be the complete explanation of the vesicle-formation, for

without further qualification it does not provide a reason for

the production of vesicles in the second segmentation division.

That the vesicle-formation is a phenomenon depending on the

disturbance of the osmotic relations between the chromosomes

and cytoplasm seems nevertheless a hypothesis which should

be taken into account.

EXPLANATION OF PLATES 28 axd 29,

Illustrating Mr. L. Doncaster and Mr. J. Gray’s “ Cytological

Observations on the Early Stages of Segmentation of

Echinus hybrids.”

[The figures were drawn with a Zeiss apochroinat. 3 umi.. n.a. ITO and

with coinpens. o.c. 12. They are not all drawn to the same scale, figs.

5, 13, 14, 20, 22, 23, 29, 30 being on a smaller scale, figs. 8 and 17 on a

larger scale than the rest. Since the chromosomes on the spindles are

at different levels in the section, it was found that drawing Ijy eye

was preferable to using a camera. In some cases where the cell 1

outlines are drawn, the nuclei or spindles are enlarged i-elatively to the I

cell.]
'

f

PLATE 28. .'

Fig. 1, o, b.—E. acc\tus ? X (J. Two anaphase groiqis in face,

from different eggs, 38 chromosomes in each. The two chromosomes

outside the group to the left in 1 belong to the other end of the

spindle.

Fig. 2, a, b.—E. esculentus ? X (J. Two anaphase groujis in

face, from the same spindle. Thirty-eight chromosomes in 1 b. 37 or

38 in 1 a.

Fig. 3, «,
—E. esculentus $ X Anaphase (second division)

;

spindle seen sideways. 3 a and 3 b are from successive sections ; 38 at

each end.

Fig. 4.—Esculentus $ X acutus J'. Anaphase, second division,

in face
;
38 chromosomes.

Fig. 5.—Esculentus ? X acutus . Anaphase, second division,

side view'.

I
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Figs. 6-20.—Acutus ? X esciilentus

Fig. 6, a, b .—Acutus ? X esculentus (^. Two sections of pro-

phase
; 38 chromosomes, no vesicles at this stage.

Fig. 7.—Later prophase; formation of vesicles. The line round the

spindle in figs. 6 and 7 rei^resents the edge of the clear area in which

the spindle lies.

Fig. 8, a-z .—Various shapes of chromosomes during vesicle formation.

Early stages, first segmentation division.

Fig. 9, a, b .—-Two sections of a late prophase, showing chromosomes

beginning to divide and vesicles.

Fig. 10, rt, b.—Anaphase, first division, showing vesicles left on

equator of spindle, and divided poles. Some chromosomes added in both

a and b from the next sections.

Fig. 11, rt, b .—Later anaphase—only two vesicles. Five chromosomes

added in 11 a, from the next section.

Fig. 12.—Telophase, showing normal chromosomes becoming vesicular

at the poles
;
one large vesicle included among them

;
seven eliminated.

Combined from two sections.

PLATE 29.

Fig. 13.—Beginning of cell-division. Several vesicles eliminated. Com-
bined from two sections.

Fig. 14.—Completion of cell-division. Several vesicles eliminated.

Fig. 15. », b.—Late prophase showing consideraljle division of

poles.

Fig. 16, rt, b.—Extreme case of division of poles giving quadripolar

spindle. Not all the chromosomes are shown
;
they were not more

than 38.

Fig. 17, rt, b, c.—Vesicle-formation in second division.

Fig. 18 0
, b.—Early anaphase, second division

;
two sections of one

spindle. There were also one small chromosome and three small vesicles

in the next section.

Fig. 19. rt, b.—Anaphase, second division. Two sections of one
spindle. The small vesicles on the lower edge of 19 b were added from the

next section. In 19 ii one long chromosome is displaced by the
razor.

Fig. 20.—Telophase, second division. Three vesicles eliminated on
each spindle.

Fig. 21, rt, b.—E. niiliaris ? x Two anaphase gi-oups in

face, from one spindle; 34 chromosomes at each end.



510 L. DONCASTER AND J. GRAY.

Figs. 22, 23.—Aciitiis ? X miliaris (J. First division, showing

naiTow spindles, and in fig. 22, tw'o vesicles. N'ot all the chromosomes
showm.

Figs. 24, 25.—Acntiis $ x miliaris (^. Tw'o spindles showing

small vesicles. Fig. 25 combined from two sections.

Fig. 26, n, 5, c.—Acutns $ x miliaris Chromosomes in three

successive sections of a monaster
;
36 chromosomes.

Fig. 27, o, h .—Acutns $ X miliaris Two anaphase gi’oups

in face, from one spindle; 37 chromosomes in 27 o, 31 in 27 b.

Fig. 28.—Escrrlentus ? miliaris (J. Anajjhase group in face
;

36 chromosomes.

Fig. 29.—Miliaris $ X esculentus Telophase, first division.

Irregular groups at jjoles, three or four chromosomes eliminated.

Combined from four sections.

Fig. 30.—Miliaris $ X acutns J'. Tw'O-cell stage. (Each cell

was in metaphase of second division
;
section through the poles.) Three

chromosomes eliminated (one drawn from the next section).
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The Life-Cycle of Moina rectirostris.

By

'J'lie late G. H. Grosveiior, M.A.,
New College, Oxford,

and

Geoffrey Sinitli, Itl.A.,

New College, Oxford.

In tlie summer of 1904 the late Mr. G. H. Grosvenor began

some experimental observations on the life-cycle of Moina,

with the object of testing Weismann’s hypothesis (1) that

the succession of parthenogenetic and sexual individuals is

controlled by an internal rhythm independently of external

circumstances. The species of the genus Moina, as pointed

out by Weisrnann, belong to the polycyclic group of Cladocera

which inhabit small ponds and which produce sexual indi-

viduals with great frequency, and this fact, together with the

ease with which they can be cultivated, renders them con-

venient for experimental purposes.

After cultivating the animals for some time, Grosvenor

noticed that if the parthenogenetic females were kept isolated

in separate vessels from the time of their birth to the period at

which they produced }’oung, they gave rise to a much smaller

proportion of males than was the case when they were kept

crowded together in the same vessel. His method of cultiva-

tion was to place the young newly hatched parthenogenetic

females, either isolated or together in numbers of about five to

fifteen, in ordinai-y tumblers three quarters full of tap-water,

and to add to the water a small quantity of a stock infusion
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made from dry horse-dung. The actual numbers obtained by

him in these early experiments were as follows :

Mo in a re c t i r o s t r i s : Oxford, 1904. June, July and October.

j

Isolated.

1 .

Crowded.

i

j

No. of <J s. No. of $ s. Xo. of c5 s. Xo. of 9 s.

i

j

4 95 50 153

4'296 per cent, males. 24 6 per cent, males.

M o i n a m a c r o c o p a : Oxford, 1904. Juue and July.

Isolated. Crowded.

Xo. of (J s. Xo. of 9 s.

1

No. of ds. No. of $8.

25 224

L

1

10% per cent, males. 30'89o per cent, males.

From these figures it will be seen that when the partheno-

genetic females were kept isolated they produced 4'2 per cent,

and 10 per cent, males, but that when they were kept crowded

together but otherwise under identical conditions they

produced 24’6 per cent, and 30’8 per cent, males.

In 1906 Grosvenor asked me to join him in repeating and

extending this investigation, and during the summer and

autumn of that year we bred Moina rectirostris on a large

scale and subjected them not only to the conditions of isolation

and crowding, but also to different temperatures. Weobtaiued
the Moina from a small pond at Sutton near Stalham on the

Norfolk Broads, and most of the experiments were done in the

fresh-water laboratory belonging to Sir Eustace .and Mr.

Robert Grurney, to whom we offer our thanks for giving us

every accommodation in their laboratory.



THE LIFE-CYCEE OF MOINA RECTIROSTRIS. 513

The result of these experiments was to show that Gros-

venor’s idea as to the factor of isolation and crowding influ-

encing the life-cycle was well founded^ and also to prove

that the influence of temperature, especially when combined

with isolation, was of great importance. We were, in fact,

able by keeping the parthenogenetic females isolated in an

incubator at about 28° C. to inhibit absolutely and for an

indefinite period the production of sexual forms. Although

this latter result was of a far more definite kiud than could

be drawn from any experiments published at the time or

since, we refrained from publishing them, as we hoped to find

out what the exact nature of the factor of isolation and

crowding might be, but the experiments which we made to

settle this point were inconclusive. Owing to other duties aud

preoccupations the work lapsed, but Mr. Grosvenor’s sudden

death makes it desirable to publish the results as they stand.

Before referring to, and explaining, the tabular statement

of our results, it is necessary to make some general observa-

tions on the life-cycle of Moin a rectirostris.

The fertilised egg, after lying dormant, invariably hatches

out as a female, which reproduces parthenogenetically. The

parlhenogenetically produced young may be either them-

selves parthenogenetic females, or they may be males or

ephippial females. The parthenogenetic females of this

generation, again, may produce all three kinds of individuals,

and'so on indefinitely. Schematically we may represent this

type of life-history as follows :

Besting egg

P.?

/
I
V

P. 2 cJ Ephippial $

/
I

\

P-? df P-2

etc.
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In fact, as Weismann pointed out, there is only one gene-

ration which invariably and uniformly consists of partheno-

genetic females, viz. the first generation which hatches out

from the resting eggs. Any of the succeeding generations

produced partheuogenetically may consist of males and

ephippial females as well as of parthenogenetic females, but

that they invariably are so constituted is negatived by our

experiments.

The ephippial or sexual females and their relation to the

parthenogenetic females demand a word of explanation. The
two kinds of female do not differ from one another structu-

rally at first, but a young female that is destined to produce

a resting egg and ephippium can be soon recognised by the

greater opacity of the ovary, and later by the presence of the

large I’esting egg in the ovary. At most two such resting

eggs are brought to maturity and deposited in the specially

prepared brood-pouch or ephippium, where they may be

seen as opacpie dark-red bodies of very large size. The

ordinary eggs of the parthenogenetic female are, on the other

hand, very numerous, small, and of a transparent greenish

colour. Now, as the result of onr observations, it is found that

an ephippial female, if it is not fertilisedby amale, may i-eabsorb

its resting eggs and turn into a parthenogenetic female later.

But we did not findany caseof afemalethat had produced eggs

parthenogenetically turning into an ephippial female, and

giving rise to resting eggs. This is in agreement with Weis-

manu’s observations on Cladocera in general, Issakowitsch (2)

being the only observer who records the contrary in the case

of Simocephalus vet ulus.

In the tables given on p. 521, 522, no mention is made of

the occurrence of ephippial females, because it was im-

practicable to include them by the methods necessary for

dealing with such large numbers of individuals, owing to the

necessity of keeping the females alive for some time in order

to determine whether they were ephippial or not. Neverthe-

less this was done in a large number of cases, and it was

found that ephippial females occurred in the same broods in
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which males were being produced; so that it appears tliat the

conditions which call forth the production of males are the

same as those which determine the production of ephippial as

opposed to parthenogenetic females.

A good deal of confusion has arisen in regard to the life-

cycle of Cladocera by the tacit assumption that the conditions

controlling the production of males are sex-determining con-

ditions—that alterations in the food supply^ temperature, etc.,

condition the production of males as opposed to females.

This is an altogether mistaken view. Alterations in the

external conditions do not alter the sex-ratio, except in so far

as they may change the method of I’eproduction from that by

means of parthenogenetic females to that by means of sexual

males and females. For instance, in our own experiments

isolation in the warmth led to the entire suppression, not only

of males, but also of sexual females, while crowding at room

temperature or in the cold led to the increase of males and

ephippial females as opposed to parthenogenetic females.

Thus, what is really shown to be influenced by the external

conditions is not the sex-ratio, but the production or suppres-

sion of the sexual forms of both sexes.

The same stricture applies to all the experimental work on

the life-history of the Cladocera, which is sometimes loosely

termed work on sex-determination, but which is really

calculated to throw light, not on the determination of sex,

but on the alternation of asexual with the sexual mode of

reproduction. Since in our experiments the same conditions

called forth the production of males and sexual females, we
can only conclude that these conditions were not specific sex-

determining conditions, but simply determined that sexual

males and females should be produced as opposed to partheno-

genetic females. It is, of course, possible that external con-

ditions, besides influencing the occurrence of sexual as

opposed to asexual reproduction, may also influence the pro-

portions of males to sexual females in any brood, but our

experiments do not throw any light on this point, and the

experiments of other observers appear to be beset by the
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same limitafciou. The main i-esults of our experiments are

given in tabular form on p. 621, 522.

Table I gives the actual numbers of the males and females

produced by parthenogenetic females when isolated in sepa-

rate vessels and when crowded together in the incubator be-

tween 25° and 30° C. (column H)
;
at room temperature, about

14° C, (R)
;
and in an ice-chest between roughl}' 8° and 1° C.

(C). In all, ten experiments are included. Nos. 2 to 12 in the

first vertical column. These numbers refer to tlie particular

females which were used as the original parents to start the

lines of descent which were employed in the expei-iments. In

the course of the experiments the actual pedigrees of every

female used was known, but in Table I all the offspring of

succeeding generations are summed and entered together

according to whether they were produced from an isolated or

crowded parent at room temperature, in the incubator or

ice-chest. The offspring of the ten different lines are, how-

ever, kept separate in the horizontal lines. The first total

given in the first horizontal line below the table gives the

grand total of males and females produced by all the diffe-

rent lines.

Thus the isolated females in the incubator gave rise to 1167

individuals, all of which were females, no males being pro-

duced. The isolated females at room temperature gave 323

males to 1385 females, or 19’1 per cent, males, those in the

cold chamber 10 males to 174 females, or 5’4 per cent, males.

The crowded females in the incubator gave 286 males to

657 fern lies, or 30’3 per cent, males
;
those at room tem-

perature gave 1631 males to 1487 females, or 52’3 per cent,

males
;
and those in the cold chamber gave 167 males to 226

or 42'5 per cent, males.

The most striking of these results is the entire absence of

males in the broods of females kept isolated in the incubator.

This occurred in six different lines of descent in which

parallel cultures at other temperatures, or when the parents

were crowded, gave a large proportion of males, so that it

cannot be argued that special female-producing lines were by
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chance chosen for these experiments.^ The suppression of the

sexual forms must therefore be certainly attributed to the

condition of high temperature and isolation of the parents.

In line 5 eight successive generations^ containing 413 indi-

viduals,, were propagated without the appearance of sexual

forms.

The effect of isolation is also seen in the fact that the isolated

parents at room temperature and in the cold chamber gave a

smaller proportion of males than when the parents were

crowded under the same conditions, viz. 19T per cent, and

5'4 per cent, males as against 52'3 per cent, and 42'5 per cent.

The effect of tempei-ature by itself is seen in the fact that

when the jDai’euts were isolated in the incubator they gave

0 per cent, males, while isolation at room temperature gave

19T per cent, males; also crowding in the incubator gave 30'3

per cent, males, while crowding at room temperature gave

52'3 per cent.

The effect of low temperature, i. e. in the cold chamber at

about 5°C., gave actually a lower percentage of males than

at room temperature both when the parents were isolated and

when they were crowded. 'I’he numbers of broods and of

individuals produced uuder these conditions were small, as it

was found that the extremely low temperature inhibited growth

and reproduction. It might be expected a priori that since

more males are produced at room temperature tliau in the incu-

bator, a still gi-eater proportion of males would be produced

in the cold, but it appears that the factor of extreme cold intro-

duces another element—possibl}' that of very slow growth

—

into the conditions, which acts in an opposite direction.

The influence of i.solation and of crowding can be shown by
another method of arranging the results. In Table II are given

> Prof. R. C. Pumiett, in liis work on “ Hydatina,” lias suggested that

such female-producing lines exist. Owing to the way in which our ex-

periments were performed, viz. by subjecting the individual members of

each brood to different conditions, it is impossible to account for our
results in this way. We are, however, not in a position to deny that it

may be possible to segi-egate out a pure female-2>roducing line in Moina
in accordance with Punnett's suggestion.
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the proportions of males and females produced at room tem-

perature according to the number of parents present in the

vessel. The number of parents kept in the same vessel varied

from one to thirty-four. It cannot be said that the proportion

of males to females steadily rises as the degree of crowding of

the parents increases, as the numbers fluctuate rather erratic-

ally, but by grouping the numbers together in various ways it

can be shown that on the whole the proportion of males does

increase with an increased intensity of crowding. For instance,

to take the largest grouping, when one parent was present

19‘1 per cent, males were produced, when two to seven parents

37'3 per cent, males, when eight to thirteen parents 60'9 per

cent, males, and when fourteen to thirty-four G5’2 per cent,

males. We may take it, therefore, as established that the

two factors of crowding and temperature profoundly influence

the production of the sexual forms, and that by isolation of

the parents at a temperature of about 28° C. it is possible to

suppress entirely this production.

The inquiry as to how these factors of crowding and

temperature brought about this effect was found to be beset

with great difficnlties. It seemed probable at first that the

effect of crowding was due to the accumulation of excretoiy

matter in the glasses, but experiments in which isolated

females were placed in culture-water which had previously

contained numerous individuals of Moina gave negative

results, the isolated females in the incubator in such culture-

water producing invariably females. Culture-water which

had contained great numbers of Moina was also evaporated

down to dryness and the residue dissolved in fresh culture-

water, but again with negative results. It is, of course,

possible that the excretory matter is of an unstable character,

and quickly oxidised or destroyed as soon as it is formed.

There is, however, another possibility, viz. that the effect of

crowding is to lessen the food supply for each individual.

The food of Moina consists of the organisms in the infusion,

but it is uncertain whether the Cladoceran canfeedindifferently

on all the bacteria and infusoria found in such infusions, or
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whether they are confined to some particular kind of food.

If they are omnivorous it is inconceivable that the presence of

eight or nine individuals in our culture-glasses should cause

any shortage of food, but if they really confine themselves to

some particular organism in the infusion as food it is very

probable that there is a limited supply of this organism, and

that the presence of several Moina is sufficient to upset the

balance. From the behaviour of Moina in the culture-medium

it Avould seem that they are actively hunting some special

prey, and the peculiarly local occurrence of the various kinds

of Cladocera points to their being in general dependent on

special organisms for food. There- can be no doubt that an

important step forward will be taken when we can settle this

question and cultivate these Cladocera on relatively pure

cultures of their appropriate food. When the organisms are

cultivated ou the mixed and complicated fauna of an infusion,

as was the case in our experiments, it is impossible to regulate

the food supply, as thei’e is no means of controlling the rela-

tive abundance of the particular constituent which alone may
be serving as food.

For the present we must be content to say that under

certain optimum conditions, which can be attained by isola-

tion and a moderately high temperature, it is possible to

propagate Moina entirely by parthenogenesis without any

pi’oduction of sexual forms, but whether this result is due

to the absence of excretory matters or to an abundant food

suppl}’’ it is impossible to decide.

Although our results are incomplete in this direction, yet we

ai-eable to furnish a definitely negative answer as to the truth

of Weismann’s contention that the life-cycle is an hereditarily

fixed process which runs its course independently of external

conditions. It is, however, by no means certain that the life-

cycles of other Cladocera are as sensitive to external con-

ditions as IMoina. It may be found possible to inhibit the

pi’oduction of sexual forms indefinitely in other species of

Cladocera, but it seems probable that the artificial production

of sexual forms in any particular generation of those forms
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which normal!}’ produce only one or two epidemics of sexual

forms in the year may be beyond the power of the experi-

menter, and maybe dependent on an internal rhythm such as

Weisman sn"o-ests. Probably for each species of Cladocera

this internal rhythm exists, by which the parthenogenetic or

sexual nature of the successive generations is determined,

but it is now certain that this determination ” is of a plastic

nature, and subject to radical modification in response to

changing conditions. The degree of plasticity, and the

extent to which the normal life- cycle may be modified, pro-

bably differs very greatly in different species. Scharfenberg

(3), who has recently worked with Daphuia magna, admits

the influence of external conditions, but holds that the life-

cycle is fairly rigidly determined in Weismann’s sense. Issa-

kowitsch, on the contrary, holds that nutritive conditions have

a preponderating influence on the life-cycle, and the earlier

experiments of Kerheve point in the same direction.

A critical discussion of the literature (see Scharfenberg [3] ),

is, however, better postponed until further experiments have

been performed, and especially the nature of the food which

the various kinds of Cladocera are dependent on has been

thoroughly investigated.

Summary.

(1) According to AVeismann, in the life-cycle of Aloina

sexual forms should be produced in every parthenogenetic

generation independently of external conditions.

(2) By isolating the parthenogenetic females at birth until

the production of the brood at a temperature of 25° to 30° C.

the production of sexual forms is entirely suppressed, 1167

parthenogenetic females and no sexual forms having been

obtained by this means.

(3) Parallel cultures with related females crowded together

in the culture-glasses at a temperature of 25° to 30° C. gave

30 3 per cent, males, and at about 14° C. gave 52’3 per cent,

males. Isolated females at 14° C. gave 19'1 per cent, males.
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Isolated females in an ice chest at about 5°.C. gave 5'4 per

cent, males, when crowded together 42’5 per cent.

(4) The intensity of crowding’, measured by the number of

parents kept together in the same glass, is shown to have a

not very constant effect on the proportions of males pro-

duced, on the whole the proportion of males increasing with

the intensity of crowding.

(5) The influence of isolation and of a high temperature on

the suppression of the sexual forms may be ascribed either to

the comparative absence of excretory matter under these

conditions, or else to the nutritive conditions being under

these circumstances highly favourable.

Table I.—Number of Males and Females in Broods
produced at Different Temperatures in Indi-

vidual lines.

Line.

Isolated. Crowded. 1

i

H. R. c. H. R. c.

cj8. 9 s. 6s. 9s. <Js. 9 s. <Js. 9 s. (Js. 9 s. Js. 9 s.

215 58 174 63 291 282 290 28

0°/o 25°/o 17-7°/ 0 49-3°/, O/o —
:

3. — 28 25 — — 12 22 —
1 52-8°/o

1

1

35-2°/„

4. — — 8 57 — — —
^

— 122 127 13 15

1 12-3°/o 48-9°/, 46-4°/,

1 5. — 419 — 24 1 153 2 73 36 35 — 11

0"/o 0 °/o 5°/o 2-67o 50-7°/, 07o
i

— 78 567 4 4 592 405 41 50
1

12-l°/o 50°/o 59-3°/, 45°/o
7. — 98 58 145 — 151 191 28 16

1 0°/o 28-5°/o
44-1 63.3°/,

62 8 54 — — 86 — 63 160 —
1

0°/o 12-9=/o 100 28-2°/,

10. 87 65 130 — 313 134
1

0°/o
33-3°/„ 70°/,

11. 286 2 159 — — 41 199 54 123 76 79'

j 0°/o l-2°/o 17-1°/ 30-5°/, 497o 1

12. — 18 50 5 17 94 94 6 — 9 27i
1

26-5°/o 21-7"/o 50°/, 100°, 36°/,
i

1

Total
0

0°/o

1167 323

19-l°/o

1385 10
5-4 °/o

174 286 657
30-3°/,

1631
52-3°',

1487 167 '226

42-5°/,
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I. IXTKODUCTION.

Dcking the last seven or eight years extensive experiments

have been carried on in the laboratory of the Marine Bio-

logical Association in rearing various marine larvae. In

particular, attention has been directed to perfecting means

for bringing the delicate plutei of Ecbinoderms through

metamorphosis. As the result of considerable investigation

a method has been found by which these larvae can be reared

with considerable ease and certainty. We have already

successfully raised at Plymouth several species of sea-urchins

and their hybrid crosses to the adult condition.

This suggested to us that these methods might equally be

VOL. 58, PART 3.—NEW SERIES. 35
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applied to reariug the pavthenogenetic plutei obtained by

some of the vai'ious ways of bringing about the development

of the Echinoderm egg, such as that of Loeb, Delage and

other investigators. The following paper is a record of

some experiments that have been carried on during the past

two seasons at Plymouth, in an endeavour to accomplish this

object.

The first aim of our work was that of devising a con-

venient method for obtaining large numbers of parthenogenetic

plutei
;
the first year, therefore, we confined our attention to

a thorough trial of the well-established method of Loeb.

Little success has attended the attempts of those who have

sought to repeat Loeb’s (17) work on inducing artificial

parthenogenesis of the eggs of the Echinoderms of our coast.

On this account Prof. Loeb, while in England (1909), visited

Plymouth, and made a number of experiments. He has

handed over his data to us, with a request to determine the

optimum times and strengths of solutions suitable to the

peculiar conditions presented by the low alkalinity of the sea-

water of the British coast.

In working at Plymouth, it is first necessary to raise the

alkalinity of the sea-water prior to the treatment of the eggs

by hypertonic solution.

In the second year we tried several methods, and finally

adopted a combination of Loeb’s and Delage’s tannin and

ammonia method.

Our experiments have shown that parthenogenetic plutei

obtained by Loeb’s improved method can be easily reared to

a late stage and through metamorphosis. We have been

unsuccessful, however, in getting the young Echini to live

any length of time after metamorphosis, and few of our

parthenogenetic Echini have grown to any considerable size.

The very high percentage of larvae which we have raised

to a late stage (twenty-five to thirty days) renders our results

of interest. In some of our culture-jars we have had as

many plutei go through to a late stage and form Echinus-

rudiments, as would do so in a lot of eggs normally fertilised
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with sperm. This clearly shows that the growth of the

parthenogenetic plutei to the sexually mature stage is well

within the range of possibility if sufficient time and care be

taken Avith them.

Delage (5) has been the only investigator Avho has

attempted to raise parthenogenetic plutei to a late stage.

He obtained in all some six completely metamorphosed

urchins of Strongylocentrotus lividus. Two of these

attained considerable size, and one finally developed rudi-

mentary gonad cells. Three of these six were obtained by

his HCl and ammonia method, and three were derived from

his tannin and ammonia method.

With the exception of this work of Delage (5), no attempt

has been made to rear parthenogenetic plutei, and their

characters have not been closely compared with those of the

normal larvae. In our work tve have carefully compared the

growth of the two at different ages, from the blastula to the

metamorphosed Echinus stage. This comparison has clearly

established the fact, that there is always a slight difference;

and that once the features that characterise both are known,

it is never possible to mistake one for the other. That there

should be a slight difference between the two is not unlooked

for, when we consider that it has now been established that

the parthenogenetic larvas, in the early stages at least,

develop only in the presence of the reduced number of

chromosomes. (Hiudle [6] and Wilson [21].)

These differences are most marked in the length and shape

of the arms and in the pigmentation. In the later stages

(eight-armed pluteus) the parthenogenetic are always dis-

tinguishable from the normal larvae, by a slight granular

condition of the protoplasm. The relative rates of growth

differ greatly, development of the parthenogenetic larvae

being much more rapid in the early stages up to the four- and
eight-armed pluteus, Avhile after this it is much slower than

in the normally fertilised ones. While the normal larvae

nsually metamorphose in five to six weeks frbm the time of

fertilisation, none of our parthenogenetic larvae have meta-
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mol’phosed within a shorter time than eiglit weeks, and

usually have taken at least ten weeks. Again, the develop-

ment of the parthenogenetic larvm is never as regular as

that of the normal
;
the arms tend to grow somewhat irregu-

larly from the first, as a glance at the figures will show.

It is remai’kable, however, that a large number of these

irregular larvte are quite healthy, and form perfect Echinus

rudiments, and may metamorphose into A’oung sea-urchins.

While in the normal larvae, abnormality of growth is usually

a sign of early death and inability of the larvm to reach a

late stage, in the parthenogenetic, it seems to have no such

significauce. The irregularity of these larvrn seems most

marked in the order in which the arms appear. This often

gives them a peculiarly abnormal appearance. It has to be

borne in mind, however, that this is sometimes seen in healthy

larvte obtained from tow-nettings, and is, perhaps, of no great

significance. Another feature presented by the partheno-

genetic plutei, is that once they have begun to form their

Echinus-rudimeuts, the rest of the pluteus rapidly degenerates

and begins to lose its arms. Thus, by the end of the third or

fourth week, the parthenogenetic plutei ai-e quite different in

appearance from the normal ones, in that their arms have

already undergone considerable degeneration, while their

Echinus-rudiments are still small; the normal larvae of the

same age have perfect arms, and large Echinus-rudiments. A
frequent abnormality of the parthenogenetic larvae is a peculiar

crumpling in of the dome of the pluteus, shown in fig. 22.

This abnormality has appeared very often in our cultures.

The remarkable rate of growth of the parthenogenetic

plutei in the early stages is in marked contrast to their

slow growth in the later stages. As the time for meta-

morphosis approaches they become more and more feeble,

and in the last stage of metamorphosis they seem unable to

absorb the remnants of the pluteus. They may remain

in this condition for weeks, until they finally die from the

interference of the still attached remains of the pluteus. The

spines and pedicellarim can be seen protruding through the
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pluteus skin^ but in nearly all cases the young Echinus fails

in the end to absorb this completely, and remains indefinitly

in this condition till it dies.

As the mouth and anus of the young' sea-urchin do not

appear till about the end of the first week after metamorphosis,

the inability of the larvte to get rid of the remnants of the

pluteus so unduly lengthens the process of metamorphosis,

that they seem unable to live the length of time required

afterwards, until the mouth and anus form, aud they are able

to take food. This would seem to be the explanation of the

almost invariable death of the larvae during metamorphosis.

As we have said, large numbers of our parthenogenetic plutei

reached this stage, and then apparently died of starvation,

AVe have been unable to get them to metamorphose more

cptickly, although several changes of food were tried in the

earlier stages, in the hope that this might give better results.

If the larval rate of growth could be accelerated slightly at

this point, in metamorphosis, parthenogenetic young Echini

could be obtained probably as readily as the normally fertilised

ones.

In the use of sea-water in all our experiments we have

observed certain ]3recautions to prevent any possible infection

by sperm. From experiment Ave have found that in no case

do the sperm of Echinus at Plymouth survive or remain

alive after standing for more than thirty-six hours. We have

used Avater collected in large sterilised carboys (3-4 gallons

capacity) from some seven miles out from the Plymouth break-

Avater and then brought into the laboratory and alloAved to

stand for a week or more before being used. We liave never

had any of our controls go Avroug from the use of this Avater,

and therefore Ave have concluded that any possible infection

from it has been avoided. AVater collected in this AA'ay and
alloAved to stand in the above-described manner, Ave call

outside Avater.” This outside water never seems to

contain any plutei as apparently did the water used by
Delage (5), so we have not resorted to filtering it to prevent

any contamination from this source.
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The true alkalinity of the “ outside water,” that is, the con-

centration of the hydrogen ion, expressed in gram-equivalents

per litre, has been determined by means of the colorimetric

method of S^rensen^ by Mr. D. J. Matthews. He has kindly

given us the following figures for the alkalinity during the

two years covered by our work. In the latter part of 1911,

the outside water ” gave a distinct red colour with phenol-

phthalein, and was consequently above 8‘0, generally 8‘15

to 8'25. In the spring of 1912 it gave no colour with

phenolphthalein, but tests with a-naphtholphthalein showed

that was about 7'9, but this figure gradually increased as

the season advanced until it was about the same as in the pre-

vious autumn.

By Berkefeld water we mean ordinary laboratory tank-

water, which has been treated with animal charcoal, aerated

and filtered through a Berkefeld filter and then stored in

sterilised flasks. This water is Hee from bacteria and infusoria,

which increase in such great numbers in ordinary “ outside

water” when this has stood some time in the laboratory;,

and it is of considerably lower alkalinity than “outside w'ater.”

In Berkefeld water we have noticed that the seg'mentation

of the egg is somewhat slower in the earlj" stages than it is in

“ outside water,” and possibly this is due to the low alkalinity

of the “ Berkefeld ” as compared with the “outside water,”

the average alkalinity of the “ Berkefeld” water being about

P„ = 7'40 as compared with Ph = 8T5 for “ outside water.”

The amount of ammonia in both is roughly the same. We
' According to Sorensen's determination the dissociation constant of

pure water is at 18° C., and a litre of pure water at this tem-

perature would contain 10“’“' gram-erpiivalents of hydi-ogen ions, and

the same number of hydroxyl ions. He expresses, for convenience, the

acidity of a solution by the syml)ol P„, which is the numerical value of

the exponent of the concentration of the hydi-ogen ion with the sign

changed. Thus for pure neutral water P„ = 7'07. Owing to the change

of sign, the higher the value of Ph the lower the acidity or the greater the

alkalinity. (See Palitzsch, “ Uber die Messung der Wasserstoflionenkon

zentration des Meerwassers,” ‘Publ.de Circonstance No. 60. Conseil

Permanent Internat. pour I'exploration de la Mer,’ Copenhagen. 1911).



)

ARTIFICIAL PARTHEXOGEXESIS IX ECHINUS ESCULEXTUS. 529

have used almost exclusively ‘‘outside water ” foe the early

stages of all our experiments.

AVhen the egg.^, after treatment with hypertonic sea-water,

have been returned to normal sea-water and have segmented

and developed to the actively swimming blastula stage, they

have been pipetted off, and placed in breffets^ of Bei kefeld

water. In this way any contamination of our cultiu-es from

the outside water has been avoided as far as possible, any

contamination also being watched by proper controls made
Avith every experiment.

The stock solutions of our reagents used have been made
from doubly re-crystallised salts dissolved in water re-

distilled from glass.

The hypertonic sodium-chloride solution was tested by

precipitation with silver nitrate.

The solutions used in the experiments were made by adding

quantities of the stock solutions to sterile sea-water as they

were required.

In all our operations proper attention has been paid to

sterilisation of instruments, pipettes, glassware, etc. Each

sea-urchin, before being opened, was placed under a tap of

fresh water to kill any sperm on its surface, and after each

one opened the hands and instruments have been re-sterilised.

Of every experiment made a proper control has been kept,

as well as ev'ery batch of eggs being tested by normal

fertilisation. In any case where the control has gone Avrong,

or the eggs failed to fertilise in the normal way when sperm
Avas added to the fertilisation control, the entire batch of

eggs Avas thrown away, and the experiment discontinued.

The meiliod Ave ha\'e followed in rearing our larvm is

that elaborated by Allen and Xelson (1), and which has beeu

already extensively applied by one of us (20) to the rearing

of Echinoid hybrids. It is therefore unnecessary to describe

this method here, as a detailed description has already been

published by Allen and Xelson (1). We have made use of

pure cultures of diatoms to feed the parthenogenetic plutei,
' Glass jars of •2500 c.c. capacity.
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aud as fai’ as tins is concerned^ have not found that they need

any special food other than that used for feeding the normal

fertilised larvae. Our young urchins have in most cases, as

we have said, failed to develop their mouths sufficiently

soon after metamorphosis to feed on the algte we have found

so satisfactory in our Echinoderm hybridisation experiments.

One remarkable fact which we have repeatedly noticed

is that the eggs that develop and segment best, after

treatment with various chemical solutions, are not those that

are in the very best condition for fertilisation with sperm.

In our experiments in Echinoderm hybridisation we have

learnt to distinguish what are more or less the ripest eggs

for giving the best results on fertilisation with sperm. This

consists in the absence of nucleus and a peculiar appearance

of the cytoplasm, which, although somewhat hard to describe,

is readily learnt from practical observation. We have been

surprised, therefore, that invariably those eggs, which we

concluded from our observations were in the best condition
€

for giving the highest percentage of normal fertilisation

with sperm, were just those that gave poor results by methods

of artificial parthenogenesis. We have repeatedly remarked

that those lots of eggs in which our fertilisation controls

with sperm gave very high percentages, gave very poor

results by any method of artificial parthenogenesis we
might use. In fact, early in our work we soon learnt to dis-

tinguish the peculiar stage of ripeness necessary to give

good results by artificial fertilisation, and this stage of ripe-

ness is quite different from that which experience has taught

us is most suitable for normal fertilisation with sperm. This

has been so constant a feature in all our experiments that

there is no doubt that it is a definite factor which should be

taken into account in considering the nature of the chemical

changes which accompany artificial parthenogenesis, at least

under the conditions presented at Plymouth.

The breeding’ period of E. esculentus is confined at

Plymouth to a relatively short period, extending from the end

•of February, in favourable years, to the first part of May.
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While it is fi’equently possible to get good ripe females well

into June, most of the females have shed their eggs by the

iniddle of May.

The exact time when the breeding period may be said to

reach its tnaximum, seems to vary very considerably, some

years being much nearer the former than the latter part of the

season. This variation is influenced by temperature and other

conditions. Of the two years throug-h which this work has

been extended the first may be said to have been normal in

that the breeding season reached its height at the usual time,

in the middle of April. The fertilisation controls went well,

and the growth of the larvae was rapid and vigoi’ous.

In the season of 1912, however, good ripe females were

much harder to obtain, and often, although the eggs of some

of these looked quite ripe, they failed to segment when
fertilised witli sperm. Moreover, in our hybridisation experi-

ments of 1912 we found the same trouble. We have some

evidence, then, for supposing that the second season was not

so favourable as the first for our experiments.

In 1911 we had no difficulty in getting a large number of

plutei to reach a late period, and quite a nutnber to pass

through metamorphosis to the young urchin stage. In the

season of 1912 very few reached metamorphosis, and none of

them advanced as far as in the previous year. This difference

in the two years should be kept in mind in comparing the

results of the two years.

It is possible that the combined method of Loeb and
Delage that 'we adopted during the second season has not so

far, for these reasons, had a fair trial. The fact that we did

not obtain young inchins by this method, may have its

explanation in our possibly using unfavourable material for

the majority of our experiments. It should also be remem-
bered that we have been equally unsuccessful this year with

Loeb’s method. Whatever the differences between the two

seasons may have been, it affected only the later stages of

development, for little difference could be noticed between the

numbers of blastulae obtained, during the early stages of the
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experimeuts, in the two years. If possible, a higher per-

centage of blastnlte was obtained during 1912 than in the

previous yeai-. They seemed healthy and vigorous in every

way, but did not survive to metamorphose as did those of the

previous season.

II. Loeb’s MgCh Method and Delage’s HCl Method.

Some preliminary experiments were tried with a few of

the early metliods that have been devised by Loeb (11 )
and

Delage (3 and 5) for producing artificial parthenogenesis, with

a view to finding out what results they would give with eggs

at Plymouth.

A large percentage of eggs were successfully induced to

segment somewhat irregularly with Loeb’s MgClo method.

In all cases the segmentation was highly irregular even in the

first stages, and became progressively more irregular as

cleavage advanced. A small percentage of the eggs ulti-

mately developed into unhealthy-looking prism larvae, and

finally into very abnormal plutei (figs. 3 and 5).

The most satisfactory results were obtained by placing the-

eggs in the following solution :

50 c.c. 20/8 N MgCL -)- 50 c.c. sea-water

for two hours, and then transferring them back to normal sea-

water. About 5 per cent, of the eggs formed plutei. In all

these cases plutei were very unhealthy, and at the end of four

days had become highly abnormal (figs. 3 and 5), although

some lived for a fortnight or more, by the end of which time

they had degenerated into shapeless masses of cytoplasm.

Some very irregular blastulge were also obtained by

Delage’s (3) HCl method, but these never progressed beyond

the blastula stage.

As both the above methods g’ave little promise of being

much use for our work, they were not carried beyond the-

preliminary stage, and were soon abandoned.
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III. Loeb’s Improved Method (figs. 5-9^ and 12, 14, 15

and 16).

The method elaborated by Loeb (17) for bringing about

artificial parthenogenesis in the eggs of sea-urchins consists

in first treating the unfertilised eggs with sea-water to which

small quantities of butyric or any other fatty acid has been

added, and afterwards with hypertonic sea-water. Owing’ to

the fact that the sea-water at Plymouth has a lower con-

centration of OH ions than that of the water of the American

coast, it is necessary, in order to obtain successful results by

this method at Plymouth, to transfer the eggs from the butyric

acid solution to sea-water in which the OH ion concentration

has been raised by the addition of small quantities of NaOH..

After lying in this hyper-alkaline sea-water for a short time

the eggs are changed to the hypertonic solution, and on being-

returned to normal sea-water segmentation takes place.

We have tried various strengths of butyric acid for longer

and shorter times, as shown in the following table. The best

membrane formation was bi’ought about by using a mixture

of 3 c.c. X/10 butyric acid and 50 c.c. of sea-water for P5
minutes.

Table I.

Lot I. Lot II.

(1) 1 C.C. N/10 butyric acid -j-

50 c.c. sea-water for I’o

mill. ..... No memln-anes . 5°L membranes..

(2) Ditto, 2'0 mill. A few

(3) Ditto, 2 5 min. A few

(4) 2 c.c. ditto, 15 min. 60°/o poor .. • iO-lo

(5) Ditto, 2'0 min. O
oo00

.

(b) Ditto, 2'5 min. 60°, 0 „ ..
—

(7) 3 c.c. ditto, I'o min. 70°/o good .. . 95°/o good ..

(8) Ditto, 2'0 min. 70°/o poor .. . 20°/, „ ,.

(9) Ditto, 2'3 min. 70°/o „ .. . 25°/, ., „

(10) Ditto, 3'0 min. —
• 15°/, „ „

Besides using membrane-formation as a criterion for the

time and strength of the buty ric acid, Ave also made experi-

ments in which, after treating with butyric acid, the eggs are-
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passed tlirongli liyper-alkaline and hypertonic sea-water to

normal sea-water. The degrees of segmentation at varying

times in the but3’ric solution, other factors being kept con-

stant, confirm tlie idea that times longer than about T5
minutes cause some damage to the eggs. Table II gives one

series of our experimental numbers. The eggs after butyric

acid treatment were washed thoroughlj^ and transferred to

—

(1) 2 c.c. X/10 NaOH -j- 50 c.c. sea-water for 7 minutes.

(2) 8 c.c. 2’5 M NaCl -f 50 c.c. sea-water for 8 hours.

(3) Normal sea-water.

Note.—In (3) the low percentage of hlastnlaj may possibly be due to

the eggs having only received one washing in sea-water after the

liutyric acid.

'J’lie alkaline sea-water into which the eggs were placed

after membrane formation was tried in various strengths and

for different times. The time factor did not seem to be of

much importance within fairly wide limits (4-10 minutes), and

as success in obtaining blastulfe is largely dependent on the

rapidity of working, we ultimately adopted six minutes as a

uniformly convenient time for exposing the eggs to its action.

The strength of N/10 NaOH which gave us the best results

for the seasons 1911 and 1912 was "2 c.c. in 50 c.c. of sea-

water, but probably this factor Avill be found to vary from

3"ear to A^ear. Table III gives some of our experimental

numbers.

The eggs considered in Table HI were treated with 3 c.c.

N/10 butyric acid for T5 minutes and washed well before

being placed in the NaOH solution. Afterwards they were

Table II.

(1) 3 c.c. N/10 butyric acid + 50 c.c. sea-water foi

1 min.

(-) Ditto, D25 min.

(3) Ditto, 1'5 min.

(4) Ditto, 1’75 min.

(5) Ditto, 2 min.

(6) Ditto, 2'25 min.

(7) Ditto, 3'25 min.

45°/oblastulse.
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transferred for •75-1 hour to hypertonic sea-water (8 c.c.

2’5 M NaCl -j- 50 c.c. sea-water), and finally to normal sea-

water.

Table III.

Lot I, examined Lot II, examined Lot III, examined
after a few hours. after 24 hours. after 24 hours.

(1) 0-0 c.c. N/lONaOH
-f .50 c.c. sea-water

for 6 min.

(2) 1 c.c. ditto

(3) 2 c.c. ditto .

(4) ‘3 c.c. ditto .

(5) '4 c.c. ditto .

. 40°/o dividing .

in iiTegular

manner

. 60°/o dividing .

. 70°/o dividing .

. Division very .

irregular

;

many multi-

polar asters

100°/o cytolysed .

•3 .5°/g blastulaj . 50°. ^ blastula^

10°/o .. • 5°/, ,.

—
• . 30°/q blastulw.

(6) '5 c.c. ditto . . —
. — . 25°/q „

Note.—Lot III (4) shows how one bowl of a sei-ies may for no
apparent reason fall greatly below the standard of the others.

We have tried other alkalies, principally NhoCoj, as a inean.s

of raising the alkalinit}' of the sea-water, but we have found

NaOH the most satisfactory. Table lY gives a comparison

of the results obtained by the use of NaOH and NiuCo.;.

(
1

)

(2 )

(3)

(I)

(5)

(
6

)

(7)

(8)

(f)

(
10 )

Table IV.

•05 c.c. N/lONaOH -p 50 c.c.

sea-water for 6 min.

'1 c.c. ditto ....
"2 c.c. ditto ....
'4 c.c. ditto ....

I'O c.c. ditto ....
•05 c.c. N/ 1 0 Na.YOj -f- 50 c.c.

sea-water for 0 min. .

•1 c.c. ditto ....
2 c.c. ditto ....

Lot I.

50°
/q bhistulai

65°/o

60", o

50"/o

50°/o Idastulte

10°/o

5°/o -

•4 c.c. ditto .... None
I'O c.c. ditto .... —

Lot II.

30°/3 Idastuhe.

A few Ijlastula'.

Segmentation

very irregular.

No division.
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After treatmeut with sea-water of raised alkalinity the

eggs are put into hypertonic sea-water. For Echinus
esculeutus iu general 8 c.c. 2‘5 M NaCl -(- 50 c.c. sea-

water for 'TO-l hour gives the best results. These numbers

are the same as those given by Loeb (17) as most satisfactory

for the sea-urchins of the Californian coast. Both the

strength of the hypertonic solution and the time during

which the eggs are allowed to remain iu it are of importance

in bringing about parthenogenesis in many cases, but the

experiments which we have made have convinced us that the

condition of the eggs is the most important factor in deter-

mining whether parthenogenesis can, or cannot, be induced by

chemical means. Frequently eggs are found to separate

freely from the ovaries when the latter are shaken in water,

and to appear ripe under the microscope, being spherical and

having no visible nuclei. These may, however, fail to develop

parthenogenetically, although varying strengths of hypertonic

sea-water be used for different lengths of time. On the

other hand, with some eggs (see Table VII below) 8 or 9 c.c.

2'5 M NaCl + 50 c.c. sea water appeared to act equally

well.

In the results recorded iu Table V the strengtli of the

hypertonic solution used has been varied
;
iu Table VI the

time during which the eggs were exposed to its action
;

in

'Table VII both time and strength are variable. In all the

experiments the eggs had previously been treated with butyric

acid to cause membrane-formation and then with sea-water of

raised hydroxyl ion concentration. In each series all con-

ditions except those of the hypertonic sea-water were constant

for the series.

Table V.

Lot I. Lot II.

(1) 4 c.c. 2'5 M NaCl -|- . Very little attempt .
—

50 c.c. sea-water at division

for 45 min.

( 2 ) 5 c.c. ditto ... -— .A few irregular at-

tempts at cleavage.
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(3) 6 c.c. ditto .

(4) 7 c.c. ditto .

(5) 8 c.c. ditto .

(d) R c.c. ditto .

Table V {continiied).

Lot I. Lot II.

. Yeiy irregular divi- . A few irregular 64-

sioii, considerable cell stages,

cytoljsis

—
. Large number of 64-

cell stages, but

irregular and flat-

tened.

. Kuuierous swimming . Large number of

lilastula?. 40'/p iierfectly regular

64-cell stages, no

cytolysis. 80%
eggs attempted di-

vision and 50“/^

formed blastula;.

. Considerable cytoly- . Good number of 64-

sis. many egg-frag- cell stages. all

ments. No bias- rather irregular

tube and tending to

separate in groups.

Table VI.

Lot I. Lot II.

(1) 8 C.C. :l o M NaCl -f 50 C.C. . Cleavage irregu- . l0°/g normal blas-

sea-water for 30 min. hir. Afewbhis- tuUc.

tukc

(2) Ditto, 45 min. .
50°

/g blastuhc .
50° blastula*.

Some lialf-bl :is-

tula*.

(3) Ditto, 6o min. A few blastuhc . A few half-bhis-

tuhe only.

Table A'II.

(1) 7 c.c. '2 5 M NiiCl + 50 c.c. sea-water

30 min. ......
(2) Ditto, 60 mill

(3) 8 c.c. ditto, 30 min. ....
(4) Ditto. 6(1 min. .....
(5) 0 c.c. ditto, 30 min. ...
(6) Ditto, (>o min. .....

(
\ eiy few iittempts at

j
division.

. Few attempts iit division.

. 80°/o swimming blastuhc,

60°/o normal.

. Few attempts at division.

. 80°/o swimming blastuhc,

60°/ o normal.
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As the result o£ many experiments we have found that with

Loeh’s improved method the figures and procedure given

below are generally the most satisfactory for E. escu-

lent u s

.

(1) 3 c.c. N/10 butyric acid + 50 c.c. sea-water for 3

minutes.

(2) Wash in two or three changes of sea-water and

transfer to :

(3)
‘2 c.c. N/10 NaOH + 50 c.c. sea-water for 6 minutes.

Transfer to :

(4) 8 c.c. 2‘5 M NaCl + 50 c.c. sea-water for ‘75-1 hour.

Transfer to

—

(5) Nornml sea-water.

IV. Dei.age’s Method.

Delage (5) used tannic acid followed by ammonia to induce

parthenogenesis in Strougylocentrotus lividus at Ros-

colf. Various media were used as bases for these reagents,

but the one finally adopted was a mixture of 30 c.c. sea-water

and 70 c.c. of a solution of cane-sugar containing 388 grin,

per litre. Delage fixed on this strength of sugar solution,

which is about D13 molecular, under the impression that it is

isotonic with sea-water. Mr. D. J. Matthews, who has kindly

determined the salinity of the “ outside water ” from one of

the jars used in our experiments, gives us the figure S =
.34'60. From Krummel’s tables this gives an osmotic

pressure of about 23 atmospheres, whereas the experimental

number obtained by Lord Berkeley and Mr. Hartley (2) for

the osmotic pressure of a solution of sucrose of the strength

used by Delage is somewhere about forty atmospheres.

The tannic acid solution used by Delage contained 5'4

N
grm. of the acid per litre. In his paper he calls this

assuming that the carboxyl and five hydroxyl groups of

tannic acid are all dissociated in solution. The dissociation

constant for tannic acid has never been taken experimentally.
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and since from the consideration of nearly allied organic

acids it seems highly unlikely that tannic acid would even

have the ca.rhoxyl group completely dissociated in the

presence of such a weak base as ammonia, we have preferred

to call the same strength of tannic acid M/60.

In his earlier experiments Delage added the eggs to a

mixture of sea-water, sugar and tannic acid, leaving them for

six minutes and then adding the ammonia, and after an hour

transferring to normal sea-water. In his later experiments

he added the ammonia before the eggs, merely placing these

for an hour in a mixture of sugar, sea-water, tannic acid and

ammonia. At Plymouth, with E. esculentus we have

failed to get any results with this later method, and all our

blastulm have been raised by the earlier one. Table VIII

gives a comparison of the results obtained by using the two

methods on eggs from the same sea-urchin.

Table VIII.

(1) Eggs were placed in

—

(a) 1.5 c.c. sea-water 35 c.c. 1'13 M sugar solution -|- 1’4 c.c.

M/60 tannic acid, for 6 min.

(b) 1'5 c.c. N/10 ammonia were added to (a).

Eggs transferred to normal sea-water after

45 min. ....... 5°/g hlastulse.

Ditto, after 60 min 50“/o hlastulse.

Ditto, after 75 min 30°/^ hlastulse, hut

rather irregular.

(2) Eggs were placed in :

15 c.c. sea-water 35 c.c. 1’13 M sugar solution -|- 1‘4

M/60 tannic acid + 1’5 c.c. N/10 ammonia.
Eggs transferred to normal sea -water

after 45 min. .....
Ditto, after 60 min
Ditto, after 75 min

Very few attempts

at cleavage. No
hlastulse.

The proportion of sea-water to 1'13 M cane-sugar solution,,

which is best for E. esculentus at Plymouth is 10 c.c. of the

former to 40 of the latter. This is the strength which we
have used in all our later experiments, though we have also

VOL. 58, PART 3.
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obtained good results with tlie proportion used by Delage,

namely, 15 c.c. of sea-water to 35 c.c. of sugar. Table IX
gives a series of experimeuts varying these proportions.

Table IX.

Lot. I. Lot II.

55°/o eggs showing . 50° eggs showing

attempt at clea- iri'egular clea-

vage. A few vage.

blastulse.

15°/o blastulsB. . Cleavage fairly

More cytolysis. regular. 25 °/q

blastulae.

50°
/o good bias- . Cleavage less regu-

tulee lar than in (2).

15°/o blastulae.

. Very few attempts

at cleavage.

The experiments given in Table X were made to vary the

proportion of ammonia to tannic acid. It indicates that

Delage’s method of adding '1 c.c. more of ammonia than of

tannic acid gives the best results. A higher proportion of

ammonia is accompanied by increased cytolysis.

Table X.

(a) 15 c.c. sea-water -)- 35 c.c. 113 M sugar + 1'4 c.c. M;60 tannic acid

for 6 mins.

(b) (1) 1'4 c.c. N/10 ammonia added for 1 hr. . 70 °/q eggs showing

cleavage, 30 °/q blas-

tulre.

(2) 1'5 c.c. ditto 35 °/o blastulae.

(3j T7 c.c. ditto ...... Some superficial cyto-

lysis, cleavage more
irregular than (1)

and (2). A few blas-

tulae.

(4) I’O c.c. ditto Large amount of cyto-

lysis. Cleavage very

irregular.

(1) 25 c.c. sea-water + 25 c.c. .

1T3 M sugar solution,

1"4 c.c. M/60 tannic acid

for 6 min., 1'5 c.c. N/10

ammonia for 60 min.

(2) 15 c.c. sea-water -|- 35 c.c. .

ditto

(3) 10 c.c. sea-water + 40 c.c. .

ditto

(4) 5 c.c. sea-water -|- 45 c.c. .
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The proportion of tannic acid added to 50 c.c. of sea-water

and sugar was also varied (see 'I’able XI). In our later

experiments we used T4 c.c. M/60 tannic acid followed by

T5 c.c. N/10 ammonia to 50 c.c. of solution. The best time

for allowing the reagents to act on the eggs is for one hour

after adding the ammonia. Three quarters of an hour fails

to stimulate many of the eggs to start cleavage, and an hour

and a quarter materially increases the number of deformed

blastulse.

Table XI.—10 c.c. Sea-water + 40 c.c. 1T3 M Sugar.

(1) 1'2 c.c. M/60 tannic acid for 6 min.

1'3 c.c. N/10 ammonia for 1 hr.

(2) 1'4 c.c. M/60 tannic acid for 6 min.

1'.5 c.c. N/lO ammonia for 1 hi-.

(3) 1'6 c.c. M/60 tannic acid for 6 min.

1’7 c.c. N/10 ammonia for 1 hr.

(4) 1‘8 c.c. M/60 tannic acid for 6 min.

T9 c.c. N/10 ammonia for 1 In-.

30°
/o eggs unchanged; some

cytolysis and seiiaration of

blastomeres
;

10° /q blas-

tulse.

40°/o blastulse.

20°/q blastulai
;

great sepa-

ration of blastomeres.

10°/o blastulaj
;
more cyto

lysis than (1), (2), or (3).

Our final variation of Delage’s method is described below :

(1) The eggs are placed in a solution of 100 c.c. sea-water

-b 40 c.c. 1T3 M. cane-sugar + T4 c.c. M/60 tannic acid for

six minutes.

(2) T5 c.c. N/10 ammonia is added to the above solution

and the eggs are left for one hour.

(3) The bowl is filled up with sea-water and the eggs are

washed with three or four changes of sea-water before being

finally left in normal sea-water.

At stage (3) the bowl has to be filled up with sea-water

before the reagents can be drawn off, as the eggs float in the

viscous sugary solution, but after adding sufficient sea-water

they fall to the bottom. It is important to wash with three

or four changes of water after the tannic acid, as traces of

the latter left in the water cause a white precipitate to be

thrown down. This precipitate only appears slowly, some-

times not for two or three days.



542 CKESSWELL SlIEAliEK AND DOROTHY JORDAN LLOYD.

On a Comparison of the above Experiments.

We have made many experiments, using both the methods
described above on eggs from the same sea-urchin, to compare
tlieir relative efficiency for E. esculentus at Plymouth. We
have always obtained a higher proportion of blastulae b}' the

use of tannic acid and ammonia, than by the use of hyper-

tonic sea-water. 'I’able XII gives two typical examples, one

chosen to illustrate the comparative effects on a good batch

of eggs, the other on a poor batch.

Table XII.

Lot I.

(1) 3 c.c. N/10 butyric acid -)- 50 c.c. 60°/o ))lastula>

sea-water for 15 min.
‘2 c.c. N/10 NaOH 50 c.c. sea-water

for 6 mill.

8 c.c. 2'5 M NaCl -f 50 c.c. sea-

water for 45 mill.

(2) 10 c.c. sea-wates- -f 40 c.c. sugar -f 80° blastulai

1’4 c.c. M/(50 tannic acid for 6 min. 10°/o eggs
1 ‘5 c.c. N/lO ammonia added for! lir. showing no

change

Lot II.

Very few
attempts at

cleavage.

Very irre-

gular.

40°/o regular

blastulai

Rest of eggs

showing no

change.

By the use of butyric acid and hypertonic sea-water

100 per cent, of the eggs are made to undergo some

change, but the cultures always show much cytolysis and

irregular cleavage. 'The blastulas obtained by this method

are healthy, they swim up to the top of the containing vessel

ill about 18 hours, and their moi’tality in the early stages is

very low. With tannin and ammonia a higher percentage of

normally shaped blastulie is obtained, frequently 80 per cent.

The eggs which do not give rise to blastulae often do not

show any change, and compared with the former method

cytolysis is much less. The blastulae, however, do not appear

healthy, many never swim up to the top of the culture-vessel,

and even at the four-armed pluteus stage may remain near

the bottom of the jar. Their mortality for the first few days
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is exceedingly higli. Tliere is no membrane formation by

Delage’s method, and tliis, together with the characters of

the larvfB mentioned above, forms a parallel to the I'esults

obtained by Loeb
(
11

)
when using hypertonic sea-water

alone as a method of starting segmentation.

V. Combined Method.

This suggested to ns that possibly if the eggs of E.

escnlentus were treatetl, first with butyric acid to bring

about membrane formation, and then with tannic acid and

ammonia, we might succeed in rearing large numbers of

healthy larvae. This method, which is a combination of those

elaborated by Loeb and Delage, has been the most successful

at Plymouth this season (1912). Table XIII shows the

relative proportions of blastulie obtained by it, as compared

with the numbers obtained by either of the other two

methods.

4’able XIII.

(1) 3 c.c. N/10 hiityric acid -|- flO c.c. sea-water

for 1'5 min.

10 c.c. sea-water -)- 40 c.c. sugar 10 c.c.

M/OO tannic acid for 0 min.

I'l c.c. N/10 ammonia added for 1 hour

(2) 3 c.c. N/10 Inityric acid -(- 50 c.c. sea-water

for 1'5 min.

lO c.c. sea-water -|- 40 c.c. sugar -f-
2‘0 c.c.

M/OO tannic acid for 0 min.

21 c.c. N/10 ammonia added for 1 hour.

(3) 10 c.c. sea-water + 40 c.c. sugar -f-
1'4 c.c.

M/00 tannic acid for 0 min.

1'5 c.c. N/10 ammonia for 1 hour.

(4) 3 c.c. N/10 butyric acid + 50 c.c. sea-water

for 1'5 min.

•2 c.c. N/10 NaOH -|- 50 c.c. sea-water for

0 min.

8 c.c. 2‘5 M NaCl -|- 50 c.c. sea-water for

45 min.

80 per ceiit. blastula;

swimming vigor-

ously and very

healthy in aj^pear-

ance.

75 per cent, blastuhc.

70 per cent, blastuhc.

00 per cent, blastulac
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Tlio blastulie obtained by this combined metliod are very

liealthy. Tliey swim up to tiie top of the culture vessel

within 18 hours, and up to the eig-ht-armed pluteus stage grow
more rapidly than normally fertilised eggs.

Given in detail the method consists in treatingr the e<z£CS

with

—

(1) 3 c.c. N/10 butyric acid + 50 c.c. sea-water for I'O

minutes.

(2) Wash in two or three changes of sea-water. Transfer

to

—

(3) 10 c.c. sea-water + 40 c.c. T13 M sucrose solution + T4
c.c. M/60 tannic acid for G minutes.

(4) T5 c.c. N/10 ammonia is added to (3) for 1 hour.

(5) Wash in three or four changes of sea-water, transfer

to

—

(6) Normal sea-water.

We have been imsnccessful, however, in bringing any of

the larvae obtained by this method through metamorphosis,

despite the fact that they at first grew considerably faster

than the normal sperm-fertilised ones. Their rapid rate of

growth at first is remarkable, as the plutei obtained by this

method liave frequently attained the eight-armed condition in

half the time that it takes the normal larva; to reach this stage,

d'heir development becomes, however, very slow after this, and

only a few lived to develop an Echinus-rudiment.

'I'he great objection to this method, and the probable l eason

why the larvae obtained by it die off so rapidly in the late

stages, is due to the difficulty of getting rid of all traces of

the chemical solutions with which the eggs have been treated.

When the eggs are transferred finally to normal sea-water,

this in a few days’ time, despite repeated washings, invariably

goes cloudy and the larvae seem to be killed. In some cases

we washed the eggs in as many as thirty or forty changes of

sea-water, and still the whole jar went cloudy in the course of

a few days. We had recourse to pipetting off a few larva; and

placing them in a separate jar, as the only successful way of over-

coming this difficidty. We were, however, unable to get any
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of the few larvaj we separated in this manner to passthrough

metamorphosis, although they remained alive for several

mouths.

This method would seem to offer considerable advantages

over the other methods we have tried, if the difficulty of

washing the eggs thoroughly could be properly overcome.

It can hardly be said to have been given a fair trial by us

this season, on account of so much of our material this year

being unfavourable.

VI. Conclusion and Summary.

Contrary to the experiences of Delage (5), we have always

found that the parthenogenetic larvae are readily distinguish-

able from the normal ones. This is most marked in the length

of the arms and other minor featui*es. Comparison of fig. 1,

which represents a normal larva of E. esculentus, with

that of fig. 8 brings out this point clearly. These two larva^

are of the same age approximate!}’ as regards development.

That repi’esented in fig. 1 is somewhat more advanced than

that of fig. 8. The arms of the larvae shown in fig. 8 are a

third longer than those of fig. 1. The age of the larva of

fig. 1 is twelve days, while that of fig. 8 is eight days. This

illustrates the second point of difference between the two

kinds of larvie—their rate of growth.

In the later eight-armed condition, fig. 4, which represents

a parthenogenetic larva twenty-five days old, this slender

long condition of the arms is not so marked as in the earlier

stage shown in fig. 8. At this stage the growth of the par-

thenogenetic larvae is much slower than that of the normal

ones. This is again brought out by a comparison of figs. 4

and 10. Fig. 4 represents a parthenogenetic larva twenty-

five days old, while that of fig. 10 represents a normal larva

twenty-two days old. It will be seen that the lai-va of fig. 10

is far in advance of that of fig. 4. The Echinus-rudiment in

that of fig. 10 is well formed, while that of fig. 4, if present,

is hardly distinguishable.
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While tlie long slender arms of the partlienogenetic larvae

is the most obvious feature by whicb in the early stages they

can be distinguished from the normal ones, a constant

difference is also present in tlie arrangement of the pigment.

In the normal larvae this is more or less sharply localised in the

tips of the arms, and in definite regions of the body, where

it collects in dense masses. In tlie parthenogenetic larva

this arrangement is much less definite, and the pigment

seems more uniformly distributed throughout the arms and

body. Again, all our parthenogenetic larvae have shown a

slight opacity of their cytoplasm, no matter by what methods

they have been obtained. In the normal larvm the cytoplasm is

extremely clear and transparent, while in the parthenogenetic

larvae it never attains this excessively transparent condition.

Beyond these differences just enumerated, there seems no

distinction between the parthenogenetic larvae and the normal

ones, and these differences, after all, are of minor importance.

We have always been able to distinguish one from, the other,

however, throughout the course of our work.

Summary.

This work was carried out during the seasons 1911 and 1912

at the laboratory of the Marine Biological Association,

Plymouth. The experiments were made in order to obtain a

method that could be applied to the sea-urchins of the

English coast, and in the hope of raising some of the partheno-

genetic larvm to maturity.

We have been successful in rearing the plutei through

the late stages, and large numbers in our cultures formed

Echinus-rudiments. A few of the larvae completed their

metamorphosis, but we have not succeeded in getting the

young urchins to live for more than a few weeks. In all

about fifteen plutei underwent metatnorphosis.

The methods used were those elaborated by Loeb and by

Uelage, and a new method which combined certain features

from each of these.
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Loeb’s inetlioJ consists in ti-eating the unfertilised eggs

witli butyric acid to cause inetnbrane-forination^ and sub-

sequently with hypertonic sea-water.

Owing to the condition of the sea-water at Plymouth it

is necessary, after membrane formation, to place the eggs in

water of raised OH ion concentration before treating them

with hypertonic sea-water. The modification of Loeb’s

method which we employed is as follows. The unfertilised

eggs were placed in

—

(1) 3 c.c.X/10 butyric acid -|- 50 c.c. sea-water for 1 '5 minutes.

(2) 0'2 c.c. X/10 XaOH -f- 50 c.c. sea-water for 6 minutes.

(3) 8 c.c. 2’5 M/NaCl -f 5 c.c. sea-water for •75-1 hour.

The best experiments with this method gave 60 per cent.

blastulse. The larvae were healthy and grew well. All

those plutei that underwent metamorphosis were obtained by

this method.

Deluge’s method consists in treating" the unfertilised eggs

with tannic acid and ammonia in a mixture of sea-water

and cane-sugar. The proportions we found most favourable

for E. esculentusat Plymouth were 10 c.c. sea-water -f 40

<3.c. cane-sugar solution (strength, 388 grms. to a litre) + P4
c.c. lM/60 tannic acid. The unfertilised eggs were placed in

this for six minutes, and then P5 c.c. M/10 ammonia was

added for one hour. AVe have obtained 80 percent, blastulte

by this method, but they were not healthy, and died off

rapidly during the first week. There is no membrane forma-

tion by this method.

The method which we have found most successful consisted

in treating the unfertilised eggs first with butyric acid to

cause membrane formation, as in Loeb’s method, and then by
Delage’s method, as described above. In this way we have

obtained as many as 90 per cent, blastulte. The larvae are

vigorous, and grow for the first three weeks more rapidly

than larvae from fertilised eggs. AVe were, however, unable

to get any of these larvae to successfully metamorphose.

Given in detail, this method consists in treating the eggs
as follows :
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(1) 3 c.c. N/10 butyric acid + 50 c.c. sea-water for 1'5

minutes.

(2) Wasli in two or three changes of sea-water and transfer

to

—

(3) 10 c.c. sea-water -f 40 c.c. 1'13 M sucrose solution -f-

1‘4 c.c. M/60 tanic acid for 6 minutes.

(4) 1'5 c.c. N 10 ammonia is added to (3) for 1 hour.

(5) Wash in three or four changes of sea-water and transfer

to normal sea-water.

Finally, there is always a sFight difference distinguishable

between all parthenogenetic larvte as compared with normal

sperm-fertilised ones. This is noticeable in length of arms,,

pigmentation, and rate of growth.
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EXPLANATION OF PLATES 30-32.

Illiisti-ating tlie paper by Mr. Cressvvell Shearer and Miss

Porotliy Jordan Lloyd. ‘‘On Aletliods of I’roducing

Ai'tificial Parthenogenesis in Echinus escnlentus,

and tlie Rearing of the Partheuogenetic Plutei through

Metamorphosis.’^

Lettering.

a. cil. cp. Anterior ciliated epaulette. uJ. a. Antero-lateral arm. an.

Anus. CO?/. Cadomic sac. ec/n ?•. Echinus rudiment, la. Mouth. p.ciJ.

ep. Posterior ciliated epaulette, pd. a. Postero-dorsal arm. ped.

Pedicellaria. p>o. a. Postoral arm. pro. a. Preoral arm. st. Stomach.

PLATE 30.

All the figures refer to Echinus esculentus.

Fig. 1.—Normal pluteus; dorsal aspect; 12 days old. X 100.

Fig. 2.—Normal pluteus
;
4 days

;
dorsal aspect, x 100.

Fig. 3.—Partheuogenetic pluteus. Loeh’s method MgCh.
;
4 days.

Highly ahnormal
;
ventro-lateral aspect, x 100.

Fig. 4.—Typical partheuogenetic i^luteus
;
25 days; dorsal aspect;

liosterior ciliated epaulettes beginning to be cut off. Loeb's iiipjroved

method. X 50.

Fig. 5.—Partheuogenetic pluteus; 4 days; left lateral aspect. Loeb’s

MgCL method, x 100.

Fig. 6.—Partheuogenetic pluteus
;
4 days

;
ventral aspect. Loeb’s

improved method, x 100.

Fig. 7 .
—Parthenogenetic pluteus

;
5 days

;
left lateral aspect. Loeb's

method, x 100.

Fig. 8 .
—Parthenogenetic pluteus; Typical; 8 days

;
dorsal aspect.

Loeb's method, x 50.

Fig. 9.—Parthenogenetic pluteus
;

45 days old
;

ventral aspect.

X 100.

Fig. 10.—Normal pluteus; 22 days; dorsal aspect, x 50.

PLATE 31.

Fig. 11.—Young metamorphosed Echinus; ventral view; raised

from egg fertilised with sperm. X 100.
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Fig. 12.—Partlienogenetic Echinus; dorsal aspect. Still retains

portion of the pluteus skin, through which some of the spines are seen

l^rojecting dorsally. X 100.

Fig. 13.—Young Echinus shortly after metamorphosis; ventral

aspect. Raised from egg fertilised with sperm, x 100.

Fig. 14.—Young partlienogenetic Echinus
;
ventral aspect. Loeh's

method. X 100.

Fig. lo.—Metamorphosing partlienogenetic Echinus. Loeh’s

method. X 100.

Fig. 10.—Partlienogenetic pluteus showing Echinus-rudiment, x 100.

PLATE 32.

Fig. 17.—Parthenogenetic pluteus
;
25 days

;
ventral aspect

;
Echi-

nus-rudiment showing. X 50.

Fig. 18.—Pai-thenogenetic pluteus; 20 days; veiitro-lateral aspect.

X 50.

Fig. 19.—Pai-thenogenetic pluteus; 22 days; ventral aspect
;
showing

Echinus-rudiment. X 50.

Fig. 20. — Parthenogenetic iiluteus
;
dorsal aspect

;
4 days, x 50.

Pig. 21.—Parthenogenetic pluteus; dorso-lateral aspect; 5 days.

X 50.

Fig. 22.—Parthenogenetic iiluteus; 22 days
;
ventral aspect. Avery

abnormal form freijiiently turning iiji in cidt lire-jars. X 50.

Fig. 23.—Parthenogenetic pluteus
;
dorsal asjiect

;
much degenerated.

22 days, x 50.
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Changes in Chondriosomes Occurring in Patho-
logical Conditions. •

By

.1. O. Wakelin Barratt,
From the Cancer Research Laljoratory, University of Liverpool.

With 11 Text-figures.

The structural characters of chondriosomes were first

investigated in detail by Benda^ in a number of different

cell types (renal cells, spermatids, marrow cells, leucocytes,

striated muscle).

Subsequently Meves,- by means of embryological observa-

tions, studied the metamorphoses of chondriosomes® in rela-

tion to differentiatiou of cell function, and showed that thereby

different types of fibrils resulted, such as the cytoplasmic

fibrils of epidermal cells, the fibrils of striped and unstriped

muscle, neurofibrils, neuroglia fibres and connective-tissue

fibres.

Although the structural characters of chondriosomes have

been studied iu detail, nevertheless the delimitation of mito-

chondria is in some cases still uncertain, and the full signifi-

cance of chondriosomes in respect of cell function has }mt to

be determined. It has, however, been found possible in

some cases, especially in respect of secreting cells, to form a

* Benda, “ Weitere Mitteilungen fiber die Mitochondria,” ‘ Verh. d.

Phys. Ges. zn Bej'lin,’ 1899.

* Meves, “ Die Cliondriosoinen als Triiger erblicher Anlagen, Cyto-

logische Studien am Hfilmerembryo,” ‘ Arch. f. Mikr. Anat.,’ 1908, B.

72, S. .

^ Mitochondria (/uVof
,
a thread

;
x®v5po(,-, a grain) are granular

; chon-

driokonts Ikovtoq, a pole) are rod-like. Chondriosome {aiofia, a body) is a

general term applied to both varieties. Illustrations are given iu the

figures.
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conception of the significance of these granular or rod-like

structures found in cytoplasm. Thus it has been shown by

Regaud^ that choudriosomes form the matrix of the secretory

granules in the cells of the convoluted tubules of the kidney^

and Gi. Arnoid/ in an investigation upon the secretory activitj'^

of pancreatic cells, has traced the formation of zymogen
granules by the maturation of choudriosomes.

Various theories have been advanced in explanation of the-

significance of choudriosomes in relation to cell functions.

Benda regarded chondriosomes as representing a contractile

constituent of the cell. Meves''^ has advanced the hypothesis

that they are carriers of hereditary functions. Morerecenth'

Regaud,'^ following Altmann and J. Arnold, has attributed to-

chondriosomes the function of fixing and concentrating-

various substances in the cell (fonction electique, Renaut)

—

an hypothesis which, as he observes, is not opposed to that

of Meves, the two hypotheses rather representing different

points of view. The conception of function advanced by
Regaud is in complete harmony with the behaviour of

chondriosomes in relation to secretion as exhibited by the

cells of secretory glands.

Observation does not appear to have been up to the present

directed to the study of chondriosomes in morbid cell states.

Such investigation, however, appears likely to throw further

light upon the significance of these cell structures.

In the present paper the condition of the chondriosomes is

* Regaud, C. L.— ‘‘ Participation du chondriosome a la formation des.

grains de segregation dans les cellules des tubes contourness du rein

(chez les oiDhidiens et les ampliibiens)," ‘ Compt. Rend, de la Soc. de

Biologie,’ 1909, t. 66. 1034.

* Arnold. G., “ The role of the chondriosomes in the cells of the

guinea-pig’s pancreas,” ‘ Arch. f. Zellforschung,’ 1912, B. 8. S. 252. Cp.

L. Launoy, “ Contribution a I’etude histo-physiologique de la secretion

pancreatique,” ‘ Arch. Internat. Phys. Liege,’ 1905, vol. iii.

^ Meves.—Loc.cit.
* Regaud, C. L.—“ Sur la signification physiologique du chondriome

des cellules sexuelles inures, notamment des spermatozoides,’’ ‘ Compt.

Rend, de la Soc. de Biologie,’ 1909, t. 66, p. 443.
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investigated in respect of three pathological cell states, namely

:

(1) in that obtaining in the cells of the liver when pig-

mentaiy degeneration has occurred
; (2) in that obtaining in

the convolnted tubules of the kidney during severe haenioglo-

binminia
;
and (3) in the epidermis when a marked degree of

epithelial proliferation has been set up. In all these cases

examination of chondriosomes is readily effected, special

methods of chondriosomal fixation not being’ required, and

Fig. 1.

[The scale of figs. 1, 2, 5 and 6 is given below fig. 1 ;
that of figs. 3, 4, 7,

8, 9 and 10, below figs. 3 and 4.]

0^ ' fOO/u '

Section of liver of healthy rabbit. The liver-cells are closely
apposed, the usual ai-rangement in cell columns being
oliscured. The blood-capillaries are indicated by red blood-cells
darkly stained. The cytoplasm of the liver-cells exhibits
numerous chondriosomes, appearing as deeply stained granules
which obscure or conceal the nuclei. Fixed in Flemming’s solu-
tion. Stained by Heidenliain's iron-alum hsematoxylin method
X 200.

thus the uncertainty and difficulty of chondriosomal staining

is avoided. In the case of the liver and kidney it will be
necessary, before studying the chondriosomes in the patho-
logical state under consideration, to describe the normal
appearance presented by the latter structures. It may be
observed that in the liver and kidney, as in other secreting

glands, the chondriosomes retain the embryonic type of

VOL. 58, PAUT 3.—NEW SERIES. 37
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granule or rod throughout life, not undergoing any meta-

morphosis.

In the cells of the lobules of the liver of the adult rabbit fixed

ill Benda’s orFlemming’s solution, and stained by Heidenhain’s

iron-alum haematoxyliu method (figs. 1 and 3), only mito-

chondria are normally met with. These are spherical or oval

in shape, and are usually 0’6 to TO /x in their greatest length,

but the latter measurement may be exceeded, and, on the

other hand, granules 0*2 g or less in diameter may be met with

(fig. 3). The mitochondria are sharply outlined, and are

Fig. 2.

Section of liver of raliliit, exliibiting pigmentary degeneration.

The liver-cells, which exhibit the normal arrangement in branch-

ing columns, contain dark pigment-graindes, similar in size and
arrangement to the chondriosomes shown in fig. 1, but less

numerous. Fixed in Zenker’s solution. Stained by Heidenhain's
ii-on-alum Inematoxylin method, x 200.

scattered irregularly throughout the cytoplasm of the liver-

cells, not being definitely arranged iu chains or groups. They

appear to vary in number. It is not, however, possible to deter-

mine accurately the number of chondriosomes present in a

single cell owing to the difficulty of defining the exact limits of

the hepatic cells. Nevertheless, seventy may be regarded as

an appi’oximate estimate of the number present in a single

hepatic cell. The varieties observed in the chondriosomal

content of healthy liver-cells in different rabbits (illustrated
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by figs. 3 and 4)^ ai'e apparently related to the functional or

nutritive condition of the cell.^

The appearance of the pigment-granules (unstained) in the

liver-cells in pigmentary degeneration (figs. 2 and 4) is^ apart

from their coloration, indistinguishable from that of the

mitochondria (shown in fig. 3). Tlie granules are spherical or

oval in shape, and are scattered irregularly throughout the

cytoplasm. Those shown in fig. 4 are 0'3 ju to0‘6/x in length,

but smaller (0‘2 p) and larger (0'8 fj) forms are also met with.

The number of chondriosomes pi*esent in a single cell is

Figs. 3 (to left) and 4 (to right).

«-
1 1 1 1

0/* >M/ul

Fig. 3.— Liver-cell from fig. 1, more highly magnified. The
c-hoiidriosomes, which are ahmulant, assume the form of well-

defined, deeply stained granules, more or less ovoid in shape,
ranging from U ft to2 U /u in diameter and arranged in groups.
Fixed in Flemming's solution. Stained hy Heidenliain’s iron-
alum hajuiatoxylin method. X lOtlO.

Fig. 4.—Liver-cell from fig. 2, more highly magnified. The
cytoplasm is denser than in the cell shown in fig. 3 and exhiliits

a meshwork arrangement; it contains hlack (unstained) pig-
ment-granules, which in appearance and size closely resemhle
the chondriosomes shown in the preceding figure, Imt are
fewer in numher. Fixed in Zimker's solution. Stained hy
Heidenhain’s iron-alum haunatoxylin method. X 1000.

‘ The rabbit from which figs. 2 and 4 were made was somewhat thin

but seemed otherwise normal ; its liver-cells were small in size, thecyto-

l)lasni being dense and presenting a finely vacuolated structure. The
rabbitfroni which figs. 1 and 3 were made was exceedingly well nourished

;

its liver-cells were large, the cytoplasm being abundant.

37 §
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•ipproxiinately seventy, the variations met witli not appear-

ing to be considerable. The identity of the pigmented

granules with mitochondria at once becomes obvious

when a comparison of the two is made. The appearance of

liver-cells, stnined with hmmatoxylin, containing the former

is indistinguishable from that of normal liver-cells similarly

stained after treatment with mitochondrial fixatives (such ns

Benda’s modification of Flemming’s solution). In both cases

the mitochondria appear of a deep black coloni-.

In sections of the kidney of healt,hy adult rabbits fixed in

Fig. 5.

Section of kidney of liealtliy rahfiit at junction of cortex and
medulla. The cells of the convoluted tul)ules shown in the

section present a i>ranu'ar aspect, due to the presence in the
cytoplasm of deeply stained chondriosomes, the nuclei tending-

to become obscured in consequence. A few red blood-cells,

deeply stained, are seen lying hetw-een the tulndes. In the
lumen of three of the tuhufes hyaline material is seen. Fixed
in Flemming's solution. Stained by Heidenhain's iron-alum
hematoxylin method. X 200.

Benda’s solution, and stained by Heidenhain’s iron-alum

hmniatoxylin method, the chondriosomes which are met with

in the cells of the convoluted tiibnles^ assume the form of rods

and grannies. In some of the cells only mitochondi ia are

seen
;

in others—and this is more usually the case—chou-

driokonts ai'e also met with, situated near the basement mem-
‘ 1 have not met with chondriosomes in the cells of the glomeruli.
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braiie, to which they ai’e attached by one extremity, mito-

chondria being- distributed throughout the cell elsewhere.

In fig. 5 the appearance of the healthy kidney with the

chondriosomes stained is shown under a low magnification,

which, while showing indications of granules and collections

of rod-like forms, does not permit of the arrangement of the

chondriosomes being traced in detail. In fig. 7 a convoluted

tubule cell taken from fig. 5 is shown under a higher magnifi-

cation. Only mitochondria, it will be observed, are seen, but

elsewhere in the same section cells conforming to the type

Fig. 6.

Section of cortex of kidney of rabl.)it during marked liujmoglo-

hina;niia. A glomerulus is seen, within the capillaries of which
are red hlood-cells deeply stained, hut no granules are present.

Several convoluted tubules are shown, the cells of which contain
darkly stained graiudes, many of which are larger than those

exhibited in fig. 5. The largest granules are disposed next to

the lumen of the tubules. Hyalin material fills the lumen of

the tubule lying to the right of the section. Fixed in Zenker's
solution. Stained by Heideuliain’s iron-alum liujmatoxylin

method. X 200.

sliowii diagrammatically in fig. 9 arc found. Tlie mito-

chondria which arc distributed throughout the cytoplasm

resemble those already desci-ibed, being sharply outlined,

spherical or oval bodies, ranging from 0'5 fi to 0'8 fi in

diameter; occasionally they reach I’O
f
.1 in diameter; in other

cases they do not measure more than 0‘2 /j. across. The

choudriokonts assume the form of short rods, sometimes very
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fine, sometimes coarse, occasionally thicker at the end, and

not nnfreqnently presenting a fl.ittened-ont appearance.

They measure 0'5 g to 0’8 /x in thickness, and reach about

4’5 ju in lengtli. The number ot clioudriosomes in individual

convoluted tubule cells could not be accurately determined,

but appeared to be approximately about fifty.

In sections of the kidney of a rabbit suffering from severe

hmmoglobinuria following injection of a large amount of

haemoglobin (obtained from rabbit’s red blood-cells) (fig. 6),

or of a dog suffering from haematuria due to piroplasmosis,

the renal cells exhibited clioudriosomes, readily stained by

Heidenhain’s iron-alum haematoxylin method, after the

Figs. 7 (to left) and 8 (to right).

Fig. 7.—Renal cell taken from fig. 5, more highly magnified. The
cytoplasm contains deeply stained chondriosomes, assuming the
form of more or less oval granules 0'5 fi to 2’0 p in diameter.
Neai‘ the basement membrane these granules are small

;
towards

the free surface large granules are seen. Fixed in Flemming’s
solution. Stained Ijy Heidenbain's iron-alum hsematoxylin
method. X 1000.

Fig. 8.—Renal cell, taken from fig. 6, more highly magnified. Near
the basement membrane, chondriosomes, deeply stained, of

small size and more or less elongated, ai’e seen in the cytop>lasm
;

towards the free surface of the cell large chondriosomes,
reaching as much as 4 ju in length, are observed. (The large,

darkly stained mass lying wholly within the nucleus is a
nucleo’us

;
below and to the right of this is alarge chondriosome

lying upon the edge of the nucleus.) Fixed in Zenker's solution.

Stained by Heidenbain’s iron-alum haematoxylin method.
X 1000.

use of fixatives such as Zenker’s solufciou and formaline

wbicli do not permit of the staining of chondriosomes in

the normal kidney of the rabbit. As was first described and
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figured by Yorke,^ the cells of the convoluted tubules in such

conditions are filled with granules which may be of unusuully

large size and are recognisable under a low magnification

(fig. 8). Rod-like forms may also bo preseut^ but owing to

their small size are not well seen. The granules which are

situated towards the lumen of the tubules are well defined,

more or less rounded in aspect, and reach as much as 2 ju to

2'5 /i in diameter, granules of this size being fairly numerous,

while in exception-il cases a diameter of 6 /i may be reached
;

the smaller gTanules measure O'o /i to 0 8 ju across, the smallest

granules being, however, 0'2 jn or less in diameter. These

granules are irregularly scattered and exhibit no definite

Figs. 9 (to left) and 10 (to right).

Fig. 9.—Type of normal cell of convoluted tuljule prior to excretory
activity. Tlie chondriosomes consist of cliondriokonts, lying
near the hasenient memhrane, and mitochondria, arising from
tlie cliondriokonts, and forming an outer granular layer reach-
ing to the striated border of the cell, x 1000.

Fig. 10.—Type of cell of convoluted tubule in severe hamio-
globinmmia. The condition of the cell is indicative of extreme
secretory activity. The cliondriokonts are much finer than in
the preceding figure, while the mitochondria and secretory
granules are numerous and of unusually large size, x lOOO.

grouping. 'i'hu rod-like forms shown in fig. 8 ai'c slender

and are situated more deeply than the granules, one end
being attached to the basement membrane; their thickness
usually ranges from 0'3 to 0'4 g, their length being about

3 fi. The number of rods and granules observed in the cells

of the convuluted tubules appeared to be approximately the
same as in normal cells. In some cells no cliondriokonts

could be seen, only mitochondria being observed. The smallest
' Yorke, W., “ The Passage of Hmmoglobiu through the Kidneys,”

‘ Annals of Tropical Medicine and Parasitology,’ 1911, vol. 5, p. 401.
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granules are in tlie unstained condition colourless
;
the larger

granules are brownish, tlie depth of colour being proportional

to their size. The coloui-ed granules stain less deeply with

ha^inatoxylin than the smallest granules.

The granules and rods just described are obviously chon-

driosoines, some of which are larger than in the normal

condition. The identity of the forms seen in hminoglobi-

ueemia with chondriosomes is here more strikingly exhibited

than is the case in the instance furnished by the pigmented

liver of tlie rabbit, for we are dealing with two types, namely,

rod-like forms and granules, and in both the normal and

pathological condition the passage of rod-like forms into

granules can be observed. For convenience of comparison

of healthy and abnormal renal chondriosomes, a semi-

diagrammatic representation of the two types is afforded by

figs. 9 and 10.

Regaud ^ has shown that in Ophidia and Amphibia the

secretory granules of the kidney, which are discharged into

the lumen of the convoluted tubule, arise in relation with the

mitochondria, and these in turn are formed from chondrio-

konts. 'I'his author figures the chondriokonts and secretory

granules in the different stages of secretory activity of the

renal cells, pointing out that the former are least numerous

when the hitter are most abundant and vice versa. The

cell shown in fig. 8 and represented diagrammatically in

fig. 10 resembles an exaggerated degree of the condition

figured by Regaud as that immediately preceding excretion,

but it is not improbable that the functions of the cell repre-

sented in fig. 8 have in reality become disordered to such an

extent as to imperil the integrity of the cell. The brownish

colour of the larger granules during haemoglobinaemia indi-

cates the part taken by these structures in the elimination of

hmmoglobiu.

The significance of the pigmentary change exhibited by the

cells of the liver is difficult to estimate, the relation of the

chroudriosomes to the secretory activity of these cells being

‘ Regaud.—Loc. cit.
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unknown. It may, however, be observed that the functions

of the hepatic cells in such cases do not seem to be seriously

affected, for the condition is not incompatible with continued

existence.

The chondriosomes of the epidermis have long been known as

epidermal fibrils (fibrilles epidermiques, Protoplasmafasern),

thong’ll their relation to chondriokonts has only recently been

established by the researches of Firket,^ So far back as

1899, Herxlieimcr* pointed out that these fibrils are most

readily demonstrable iu epithelioma, in warts, and in the

apparently healthy skin in the neighbourhood of these lesions.

Epidermal fibrils can also be exhibited with varying degrees

of facility in callosities, at the edge of lupus areas and in

chronic inflammatory conditions. In all these lesions, how-

ever, staining is more or less uncertain and is unequal in

different parts of the same section. When overgrowth of

epidermis has been produced in human skin or in the skin

of the rabbit by means of the epidermal cell proliferant

Scharlach II.® epidermal fibrils are much more easily exhibited,

and the condition of the skin, both in respect of the extent

to which cell hypertrophy takes place, and of the degree to

which the chondriosomes become stained, can be modified by
varying, on the one hand, the amount or concentration of

Scharlach II introduced into the skin, and, on the other hand,

by suitably choosing the period after injection at which the

skin is sectioned, so that excellent preparations exhibiting

the condition of the epidermal fibi’ils may iu this way be

obtained. The effect of the dye, like that of haemoglobin in

‘ J. Firket—“ Reclierclies sur la gcncse des fibrilles epidermiques
cliez le poulet,” ‘ Aiiat. Anz.,’ 1911, Bd. xxxviii.

- K. Herxheiiner.—“ Uber eigenti'imliclieFasern in der Epidermis and
Epithel verscliiedener Schleimliaute,’’ ‘Arch. f. Dermatol, n. Syph.,’

1889, Bd. xxi.

’ B. Fischer.—“ Die experimentelle Erzeugung atypisclier Epithel-

wucheruiig and die Entsteliang bbsartige Gescliwiilste,” ‘ Manch. med.
Wochenschr.,’ 1906, 53 Jahrg., S. 2041; J. O. Wakelin Barratt, ‘’Im-

plantation of actively proliferating Epitheliam,” ‘ Proc. Roy. Soc.,’ 1907,

ser. B., vol. Ixxix, p. 546.
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llie Ciise of the kidney^ may in fart bo compared to tliat of a

mordant, enabling structures to be exhibited which would

otlierwise remain unstained or stain very imperfectly. Tlie

action of Schaidach 11 is, however, exerted only upon the

prickle layer; in the stratum gianulosum, stratum lucidum

and stratum corneum the fibrils are not demonstrable, though

Fio. 11,

Section of rajiidly proliferating^ Malpighian hiyer of limnan epidermis.

Epidermal fibrils are seen passin;f from cell to cell with varyin;^

decrees of ohliqnity. At the junction t>f the tihrils of adjacent cells

nodular thickeniiiLfs are seen forming the “prickles of the Mal-

jiiy Ilian cells. The fibrils, which are ari anged in bundles, pursue a

curved course through the protojdasm of the prick'e-cells, passing

round the nucleus and then passing out of the cell again. When
viewed at right angles to their length the fibrils

j
resent a sheafdike

arrangement ;
if seen lying in the axis of vision the surfaces of the cells

pi-esent a hairy aspect. X ‘220(».
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the nodular junctions of the fibrils passing between adjacent

cells are still recognisable.

Tlie appearance of the prickle layer of the epidermis when

undergoing active proliferation is shown in fig. 11. The

epidermal fibrils are seen to be arranged in bundles or

sheath-like collections which pass from cell to cell. Within

the cells the fibrils can be traced through the cytoplasm;

they do not enter the nucleus, though frequently lying near

the nuclear membrane as the figure illustrates. Although

many of the fibrils entering the cell can be seen to pass out of

the cell again, nevertheless the exact distribution of the

fibrils in the ])rickle-layer is comple.x and. difficult to follow

out in its entirety. At the junction of the fibrils of adjacent

cells a variable degree of thickening occurs, spindle-like

nodules being thereby produced. When a number of such

nodules are seen on the fiat in optical section, as is shown in

sevei'al cells in the upper half of fig. 11, a remarkable prickly

or hirsute appearance is pi-esented. The fibrils are of nearly

uniform thickness throughout their course in the cell pro-

toplasm.

The extent to which chondriosomes are altered in conditions

involving active cell proliferation cannot be estimated with

great precision owing to the impossibility of satisfactorily

exhibiting the chondriosomes of the epidermis in perfectly

healthy skin, for the methods of fixation and staining at

present available usually reveal only the nodular thickenings

at the points of junction of the fibrils of apposed cells, the

fibrils themselves eitlier remaining unstained—and this is the

usual event—or staining imperfectly. As has been already

mentioned, onr knowledge of epidermal fibrils has been for

the must part obtained by the study of the epidermis in

pathological conditions. Judging by the appearance of the

nodular junctions, it would seem that the chondriosomes in

conditions of epithelial proliferation are markedly hyper-

trophied. "WTiether in addition any increase in the number
of the fibrils or any change in their distribution in the cell

protoplasm also occurs cannot at present be determined.



566 J. O. WAKELIN BAHRATT.

S ummary.

(1) The mitochondria of liepatic cells in pigmented de-

generation of the liver assume a brownish-black colour and

form the pigment-granules characteristic of this condition.

(2) In severe liEemoglobinEemia the chondriosomes of the

cells of the convoluted tubules are more readily demonstrable

than in the normal condition, their staining capacity being

increased. In this condition the mitochondrial elements

reach an abnormally large size and are observed to take part

in the elimination of hsemoglobin.

(3) In pathological conditions in which rapid cell prolifera-

tion is occurring, the chondriosomes of the prickle layer of

the epidermis appear of large size and stain with unusual

facility, details of their structure being readily observable.

In this respect they contrast with normal epidermal chondrio-

somes, which stain imperfectly.
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The Problem, of Mitosis.

By

C. F. F. Heek, M.Sc., F.L.S., F.Z.S.

Introduction.

The first comparison of the achromatic figure and that

representing lines of force was made in 1873 by Fol, who

likened the centrosomes to magnetic centres
;

and many
theories of cell division have been based upon this similarity.

Three j^eai’S later Biitschli, who with Carnoy and van Beneden

believed that the achromatic figure is formed anew at each

mitosis, offered a definite explanation of division founded on

his hypothesis of the alveolar constitution of protoplasm.

According to this explanation diffusion currents flow towards

the centrosomes, under whose influence the entire achromatic

figure is evolved by morphological re-arrangement of proto-

plasm
;
and the resulting increase of surface tension at the

equator causes the cell to divide. In 1878 Klein enunciated

the rival theory of fibrillar contractility, based upon the

reticular hypothesis of protoplasmic structure
;

he likewise

believed that the achromatic figure is a re-arrangement of

protoplasm under centrosome influence, but attributed the

kinetic phenomena of division to contraction of fibrillae. This

theory was independently suggested by van Beneden in 1883.

Later, Niigeli attempted to explain division by an assumed

increase of the cell periphery; and Caimoy suggested that an

emanation of ferments from the poles is the cause of aster

formation.

In 1887 van Beneden elaborated the theory of fibrillar con-
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tractility, assuming the spindle to be a differentiated portion

of the asters, which were said to be radial arrangements of

protoplasm. According to this theory the fission of the

centrosome, or insertion point, causes the fibrillse to become

arranged in two radial and opposing groups, and their con-

traction results iu division of the cell. This explanation was

accepted in the following year by Boveri, who affirmed that in

Ascaris the movement of chromosomes towards the equatorial

plane, and the subsequent divergence of daughter-rods are

caused by contraction of fibres that have become attached to

them. Moreover, in 1889 Kabl upheld the view that the

achromatic figure is only a re-arrangement of the resting-

stage meshwork
;
whereas Boveri believed that it arises from

the attraction sphere, or archoplasm, which was said to be

composed of minute granules surrounding the centrosome

and held there by its attractive force.

The first restriction of the contraction theory was made in

1891 by Hermann, who showed that the central spindle

elongates during mitosis
;
he concluded from this that con-

tractility in the spindle is confined to the mantle fibres, and

suggested that the remainder are non-contractile supporting

filaments forming a path for the chromosomes. The re-

searches of Solger upon leucocytes, published at this time,

seemed to corroborate van Beneden’s theory
;
for their move-

ments were attributed by him, and later by Heidenhain and

Zimmermann, to contraction of permanent astral fibrillae

radiating throughout the cell. On the other hand, Biitschli

in 1892 again affirmed that astral rays are not fibres, but

lamellee forming the walls of alveoli. In the same year

Strasbnrger, who believed the entire achromatic figure to be

derived from the cytoplasm, suggested that chromosome

movement is due to chemotaxy; and Lustig and Galeotti

showed that an unsymmetrical amphiaster may be the result of

inequality of the centrosomes, and the cause of unequal dis-

tribution of chromosomes to daughter-cells.

In 1894 Heidenhain illustrated his theory of mitosis by a

model, consisting of rubber bands placed at intervals round a
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circular plate. According to this theory, which in principle

resembles that of van Beneden, the astral rays are in a state

of tension, their common insei’tion point being the centrosome,

which plays a passive part in mitosis : on fission of the cen-

trosome a new equilibrium is established by divergence of the

poles and formation of a spindle between them
;
and contrac-

tion of the fibres causes not only divergence of daughter-

chromosomes, but constriction of the cytoplasm itself.

The contraction theory was further restricted in 1895 by

Driiner, who denied contractility in the astral rays, and thus

extended Hermann’s qualification to the entire achromatic

figure. He affirmed, moreover, that the central spindle is not

formed in the earliest stage, as Heidenhain, Hermann, Kosta-

necki, and others believed, but arises later through union of

astral rays of the two poles. Although his denial of con-

tractility in the astral rays was not accepted by all investi-

gators, Boveri, Flemming, Heidenhain, Kostanecki, and Meves

adopted the view that centrosome divergence is caused by

growth of the central spindle; and this explanation seemed to

account for the contortion of these rays during the metaphase,

and Recorded with infusorial mitoses in which centrosomes

Avere said to be absent. In this and the following year R.

HertAvig and Morgan independently produced asters in un-

fertilised Echinoderm ova by chemical treatment; and

Schaudinn described a neAv formation of centrosomes in the

swarm spores of Acanthocystis. Furthermore Boveri con-

cluded from the study of abnormal Echinoderm ova that

spindle formation is uninfluenced by the nucleus, and that

cell division not only depends upon both asters and spindle,

but canuot occur in the absence of chromatin.

The existence of elastic or contractile fibres was at this

time denied by Gallardo, avIio formulated an electric inter-

pretation of mitosis, assuming the centrosomes to be poles of

opposite signs. This, hoAvever, Avas criticised by Meves,

Avho said that crossing of rays is impossible in an electric

field of unlike poles, and corroborated Driiner in restricting

contractility to the mantle fibres. Rhumbler, on the other
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hand, attributed cell division to the influence of a local

thickening upon the surrounding cytoplasm.

In 1897 Erlanger put forward a theory similar in certain

respects to that of Rhumbler. His researches upon Cepha-

lopod cells and Echinoderm ova led him to believe that the

aster, under centrosome influence, exercises a chemical or

physical attraction upon the cytoplasm. He said that during

the prophase of mitosis the nucleus absorbs fluid from the

surrounding- cytoplasm, and that its membrane disappears

when a maximum volume is reached ; fluid is then with-

drawn by the astei-s, particularly from the nucleus, whose

achromatic substance is thereby converted into a spindle
;

later the asters give up to the daughter-nuclei the fluid

previously absorbed, and consequently diminish until they

finally disappear in the resting stage. In the same year

Kostanecki, who regarded the centrosome merely as an organ

of insertion, suggested that the monocentric aster is con-

verted into the spindle by longitudinal cleavage of its

rays
;

but this has not been corroborated by subsequent

investigation.

Following the researches of Mottier, Osterhaut,
,
and

Strasburger, who denied the presence of centrosomes in

Pteridophyta and Phanerogams, R. Hertwig published in 1898

the result of his investigations upon ActinospliEei-ium. He
believed that the central spindle is derived from the nucleus,

and the asters from the cytoplasm
;
and affirmed that through-

out the animal kingdom changfes in form of the nucleus

during mitosis repi-esent a process of growth, and are caused

by forces arising within it. Although denying that nuclear

elongation is caused by contractile fibres, he did not exclude

the possibility of contraction in mitosis
;
and thus agreed with

Meves, who said that we must determine whether at a given

moment a particular fibre causes movement by contraction or

elongation. Moreover, Calkins and Ishikawa adopted the

view that centrosome divergence is due to growth of the

central spindle ;
and the former, wdio agreed witliR. Hertwig

regarding the origin of the metazoan centrosome, affirmed
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that mantle fibres do not shorten during* mitosis—thus con-

tractility was denied to every portion of the achromatic

figure in tui*n.

During the same year His remarked that elasticity of

fibres is irreconcilable with the fluid condition of pro-

toplasm : and showed that the contraction theory must at

least be modified; for in trout germ-cells the mantle fibres

are not attached by their ends to the chromosomes, but pass

over them. He observed no congestion of thickened fibres

in telophases, as must occur if contractile fibres are present,

and afiirmed that the problem of mitotic mechanism will not

be solved until further analysis has been made of the chemical

influences working in division. Moreover, Ziegler denied

that mitosis in Beroe can be explained by contraction or

elongation of fibres. He believed that the ovum consists of

an inner vesicular yolk mass surrounded by a thin protoplasmic

layer, and that cell division is caused by a thickening of the

last-named, arising under centrosome influence in the region

of the segmentation furrow. This idea of peripheral change

caused by distant action of the centrosome was, however,

criticised by Fischel and dismissed as purely hypothetical.

The crossing of rays was at this time dealt with by

Biitschli and Rhumbler. The former showed that a figure

resembling a mitotic spindle can be produced artificially if a

warm film of gelatin containing air-bubbles is cooled and

later coagulated with chromic acid. The latter pointed

out that protoplasmic meshwork is held together by cohesive

force, and that changes in form of alveoli must depend

upon this as well as upon the forces that effect division ;

thus the crossing of i*ays was said to be impossible only

if the centrosomes exercise an equal and uniform attraction

upon an uniform cytoplasmic network. This explanation

was accepted by Hacker.

In this year Meves published an exhaustive criticism of

cell-division theories. Rejecting Rhumbler’s explanation as

inconclusive, he repeated that rays cannot represent lines of

force because they cross, and pointed out that spindle
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formation is impossible in an electric field of like poles

;

he believed that rays grow as new structures from the

centrosomes, and thus disagreed with Biitschli, Erlanger,

and Rhumbler, who regarded them as re-arrangements of

pre-existing meshwork. He said that Ziegler’s theory is un-

tenable
;
and in this concurred with Rhumbler, who remarked

that the distant centrosome action, postulated by Ziegler,

can have no direction, and that the yolk mass must seriously

diminish the influence of the centrosome upon distant

portions of the membrane.

Two years later Rhumbler elaborated his theory of cell

division. He suggested that the centrosome is a local

solidification of the alveolar wall substance, and that the

increased adhesion at this spot causes the formation of an

attraction sphere by driving fluid contents towards parts

of the cell where pressure is less : the migration of fluid

particularly affects the reticular rays that extend from the

centrosomes; and these, in giving up fluid, tend to shoi’ten,

thus exercising a tractive force that results in division.

Latei’, Wilson accepted his explanation of the crossing of

rays, and repeated that an electric interpretation of mitosis

involving the assumption of unlike poles is inconsistent

with the occurrence of tripolar mitotic figures. He agreed

with Boveri, Carnoy, and Meves that am phi astral fibres

are a new formation, but pointed out that the contraction

theory postulates opposite functions of mantle and central

spindle fibres, which appear to be similar in evex’y respect.

At this time Reinke dealt with mitotic figures of unequal

poles in Salamandra larvae and Echinodermata. He showed

that the half spindle on the side of the stronger radiation is

more pointed than that on the side of the less, and that the

equatorial plane is nearer the latter than the former
;
he

therefore assumed force centres of unequal strength and

opposite signs, and regarded the equatorial plane as being

in equilibrium. Although explaining the crossing of rays by

assumed unsimultaneous action of the centrosomes, he said

that we know nothing concerning the nature of the mitotic
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force, and that spindles may be produced otherwise than

electrically. In a criticism of current theories he allowed

that the assumption of unlike electric poles seems to be dis-

proved by tripolar mitotic figures; and showed that, since

such poles will attract and not repel one another, a further

assumption is necessary, e.g. that the centrosomes irritate

the living substance between them, thus causing the growth

of a spindle that pushes them apart. On the other hand, he

regarded the smallness of the centi’osomes as a serious objec-

tion to Biitschli’s explanation of mitosis.

In 1903 Rhumbler published detailed studies of resemblance

of mitotic figures and electric lines of force, and again denied

that the .former can be traced to the latter. He reiterated

his theory of division, affirming that it not only accords

with the occurrence of tripolar mitoses, but is the more

compatible with cytological phenomena. At the same time

Ziegler adhered to the view that cell division results from a

change in the protoplasmic outer layer caused by centi’osome

action.

In 1905 Hartog said that division is caused by a “ mito-

kinetic ” force resembling magnetism
;

that protoplasmic

components vary in their respective degrees of permeability

to this force; and that the most permeable in the cytoplasm

become converted in mitosis into “material chains” of force,

differing from geometrical lines of force in that they can cross

and anastomose. The chromosomes were likewise regarded

as susceptible to induction, and, since contiguous portions

presumably carry like charges, cleavage of the spireme and

subsecpient divergence of daughter - rods in mitosis were

attributed to mutual repulsion. He believed that cytoplasmic

traction is the cause of centrosome divergence, and pointed

out that figures of Kostanecki and Yatsu prove that this

divergence is not always observed during mitosis. In support

of his theory he produced several magnetic figures, including

a triaster obtained with two unlike poles and a third centre

at zero. He rejected the contraction theory, as held by

Boveri, firstly, because contractility must be confined to the
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mantle fibres, and secondly, because in certain plants the

chromosomes move along the fibres, and no contraction is

observed
;

moreover, he affirmed that fibres, although

flexible, afford no evidence of the pushing force assumed by

Meves. Dismissing Biitschli’s gelatin figures and Rhumbler’s

model as inconclusive, he denied the validity of their theories

on the grounds that they involve spindle formation between

like poles, and based this argument upon the work of

Vejdowsky and Mrazek, who showed that the action of

osmosis, currents, and surface tension in the cell is the same

at both centres.

During the following year Gallardo put forward a modifica-

tion of his earlier electric theory, based upon certain

experiments of Lillie. The latter, after defining protoplasm

as a complex aggregate of waterand colloid and ci’ystalloid sub-

stances, showed that free nuclei and spermatozoids follow the

negative current Avhen placed in a magnetic field
;
whereas cells

rich in cytoplasm tend to follow the positive. He accordingly

assumed that chromatin and cytoplasm carry electric chai’ges

of opposite signs, and pointed out that this assumption is

consistent with their staining reactions. Gallardo thereupon

assumed electric charges of opposite signs for the chromatin

and cytoplasm in mitosis, and said that centrosomes move
apart as a result of repulsion of like forces, while chromosome

divergence is due to the combined effects of mutual repulsion

and centrosome attraction. He explained cell division by

assuming that the divergence of daughter-nuclei causes a

fall of potential at the equator, thereby entailing in this

region an increase of superficial tension and the formation of

a zone of constriction. He accounted for the growth and

fission of chromatin granules on the spireme by adopting

Perrin’s theory of segmentation and divei’gence : each

granule was said to grow under the favourable influence of

superficial tension and cohesion until sufficiently large to be

inducted with electric charges of like sign
;
these act as an

internal cause of dislocation, and by mutual repulsion effect

fission of the granule, whose daughters undergo further
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growth. He believed that the objection of crossed rays is

removed by Hartog’s distinction of material chains and

theoretical lines of force, and said that not only had tripolar

figures been produced magnetically, but that his theory is

consistent with their occurrence in mitosis. He allowed,

however, that chai-ges of opposite signs must be assumed for

the centrosomes of spindles that can-y no chromosomes.

Two years later Baltzer published the results of his investi-

gations upon multipolar mitoses in Echinoderm ova. He
pointed out that, if centrosomes carry charges of unlike

signs, Hartog’s explanation of chromosome divergence fails;

for each daughter-rod must be inducted by the near pole

more strongly than by the farther, and the presence of

unlike charges in sister rods will consequently cause attrac-

tion and not repulsion. Moreover, he repeated that the

assumption of unlike poles cannot be reconciled with the

occurrence of either typical triasters or tetrasters that have

diagonal spindles. He remarked that Gallardo’s qualifica-

tion in the case of chroinosomeless spindles involves opposite

explanations for apparently similar data, and is incompatible

with the occurrence of mitotic triasters in which two spindles

containing chromosomes are united to one that contains none.

Furthermore, he showed an eai-ly stage of an Echinoderm

triaster in which three distinct spindles are formed while the

chromosomes are still lying in the centre of the figure: and

affirmed that the early stage of every mito.sis is represented

by a chromosomeless spindle; for the last named is stretched

between 'the two poles for some time before the chromosomes

take up their positions upon it. In criticising the conclusions

of Keinke he pointed out that in Echinoderm mitosis the

chromosomes can be equally distributed to the two poles

wlien these are obviously unequal, and suggested that

abnormal distribution is due to insufficient plane surface

offered by the smaller aster. He i-emarked, in conclusion,

that Rhumbler’s explanation seems to be the most probable,

and accords with multipolar mitoses and the occurrence of

asters of various sizes.
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In 1909 Gallardo replied to these criticisms. He withdrew

his qualification in the case of chromosomeless spindles; and,

instead, denied that they can be formed, affirming that their

appearance is an illusion produced by juxtaposition of rays of

two centrosomes lying close together. He saw no reason for

regarding as chromosomeless the spindles in Baltzer’s early

stage triaster, and believed that these were formed in the

normal manner and in accordance with his theory.

Dui’ing the same year Hartog also published a reply to

Baltzer’s criticisms. Again postulating the dual character of

the mitotic force, which Avas said to resemble electrostatic

force or magnetism, he repeated that the centrosomes are

unlike poles, and said that magnetic experiments suffice to

remove Baltzer’s objections. He pointed out that a triaster

can be produced with a neutral iron core and two unlike

magnetic poles, and that three charcoal iron balls, placed in

a magnetic dust-field traversed by an electric current, behave

as three equal and equidistant centi*es united by spindles.

Furthermore, he showed that tetrasters having one diagonal

spindle can be obtained with two unlike magnetic poles

alternating with iron cores, and denied the existence of

tetrasters with two diagonal spindles, as shown by Baltzer.

In the following year he said that Gallardo’s theory is dis-

proved, because cases are known in which full-grown spindles

have been formed in the absence of chromatin, and agreed

with Baltzer that in the animal cell the spindle is ahvays at

first chromosomeless. Since no spindle can be formed between

like poles, and since the mitotic spindle appears to be homo-

polar with respect to all known forces, he concluded that mito-

kinetism is a new force unknown so far outside the living cell.

The views of Gallardo and Hartog were criticised by

Baltzer in 1911. He pointed out that the denial of the

existence of chromosomeless spindles is refuted by his figures

and those given by Wilson in 1901
;
for in these the asters

are too far apart to permit the explanation of juxtaposition :

moreover, in Gallardo’s figure explaining the early stage of

the triaster, the lines of force ai-e bent at the equator; and.
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since tin’s is not seen in the mitotic triaster, correspondence

is incomplete. In dealing with Hartog’s interpretation he

repeated that the theory of unlike poles is disproved by

triasters
;

for, in the figures obtained with the iron core, one

spindle must always be formed more strongly than the other

two, and an equilateral triaster, such as occurs in Echinoderm

ova, can therefore never be obtained. He showed, moreover,

that the figure produced by the charcoal iron balls differs

from mitotic triasters in that spindle axes are straight in the

latter and bent in the former. Furthermore, he pointed out

that in magnetically produced tetrasters having one diagonal

spindle, the last-named must lie in the long diagonal, i . e

.

between the two real poles
;
whereas in mitotic tetrasters it

lies in the short diagonal, as is shown in his figures and those

of 0. and R. Hertwig. He then described two tetrasters with

two diagonal spindles, obtained from sections stained with

htematoxylin and light green, and superior to his older whole

preparation; and thus again contradicted Hartog’s denial of

the existence of such figures in mitosis. With regard to

contraction theories, he remarked that we know nothing con-

cerning the nature of the rays
;
and said that the crossing of

spindles, as observed in tetrasters, is explicable on the

assumption that rays are either independent fibres or mutually

dependent portions of a figure representing lines of force,

because crossed rays have been found by Rhumbler not to lie

in the same plane.

Closely following these criticisms, a paper appeared by

Lawson upon the achromatic figure in vascular plants. In

this he said that changes undergone by the cliromatin during

the prophase of mitosis cause the karyolymph gradually to

diffuse by exosmosis through the nuclear membrane; and this

diffusion is said to be the direct cause of diminution observed

in the nuclear vacuole. He believed that the corresponding-

increase in volume of the cytoplasmic portion of the cell

cavity involves a change of tension resulting in readjustment

of the reticular structure, and that portions of the last-named

immediately surrounding the nuclear vacuole' are drawn out
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in fine tliveiids by the membrane as it contracts. When the

kai’yolymph has completely passed into the cytoplasm the

nuclear membrane is seen to have drawn the chromosomes

into a compact group, and the membrane then envelops each

chromosome, which thus receives an independent osmotic

system. Moreover, since the contracting- membrane draws

after it a portion of the cytoplasmic reticulum in the form of

fibres, each chromosome at this time is furnished with

numerous fibres attached to the membrane enveloping it
;

and, since the fibres are said merely to represent lines of

tension, each chromosome is compelled to assume a position

such that its major axis is parallel to the equatorial plane. On
arrival at the poles each daughter-chromosome becomes vacuo-

lated by endosmosis
;
and the formation of a unclear vacuole

in each daughter-cell is regarded as an inverse repetition of

the process seen in the prophase, in that karyolymph flows

back from the cytoplasm through the membrane enveloping

the chromosomes, thereby causing this membrane to expand.

He attributed the apparent destruction of the nuclear mem-
brane in preparations to the action of fixing reagents, which

kill the cytoplasm; and pointed out that in the living cell we
have no reason to suppose that it breaks down, and that, if it

does break down, a new membrane must at once be pre-

cipitated by the cytoplasm. Thus the achromatic figure is

regarded as a passive result of the movements in mitosis, and

the fibres as the expression of lines of tension. The fibres

neither grow out and attach themselves to the chromosomes,

nor exercise a tractive force upon the latter
;
and the appa-

rent movetnent of fibres, as seen in the convergence of cones,

is merely an illusion produced by local alterations of tension

entailing ti-ansference of expression from one locality to

another.

At this time an explanation of cell division was put forward

by Robertson. He said that, iu the polar synthesis of nuclein

from lecithin, cholin is formed as a bye-product; this was

supposed to diffuse in all directions, and, reaching a maximum

concentration at the equator, to cause decrease of surface
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tension and consequent constriction of the cell. This, how-

ever, has been denied by McClendon, who pointed out that no

appreciable synthesis of nuclein occurs during cleaviige, and

that Masing and Shackell have found as much nuclein in the

two-cell stage of the egg as in the blastula. Moreover, he

described an experiment showing that the surface tension is

not diminished, but relatively increased.

The electric interpretation of mitosis was advocated last

year by Pentimalli, who, with Gallardo, assumes a negative

charge for the chromatin. In his experiments, which

resemble those of Lillie, he showed that the chromosomes

move towards the positive pole when an electric current is

passed through the cell; and, Avhen the cell membrane is

perforated, free themselves from spindle and cytoplasm and

pass into neighbouring cells. He affirmed that the spindle is

not similarly affected, but seems to be drawn by the chromo-

some movement
;
and suggested that the electric charge of

the chromatin increases as mitosis proceeds. His results

have since been corroborated by McClendon.

Gallardo has recently published a paper summarising his

views and offering a further explanation concerning chromo-

someless spindles. He again points out that the theory of

unlike poles cannot account for either the divergence of

centrosomes in the prophase or that of daughter chromosomes

in the anaphase ; that it is impossible on this assumption to

produce tetrasters with two diagonal spindles, oi- to produce

triasters without having' recourse to a neutral centre
;
and

that the staining reactions at the Gvo poles appear to be

inconsistent with the theory. He affirms that these difficulties

are removed by assuming the poles to be of the same sign,

and says that all chromosomeless spindles are formed by the

stretching of the viscous and elastic cytoplasmic medium.

Disquisition.

Consideratiou of the various theories outlined on the pre-

ceding pages and of the objections that have been raised

against them shows that no unanimity of opinion exists
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coucerning this problem : in the circumstances we must try

to discover if any of these theories constitute an adequate

explanation.

We will fii’st deal with the arguments of Hartog. He says:

‘^The absolute proof of the opposite polarity of the two

centrosomes is to be found in the growth of the spindle by
inflexion and coalescence of rays growing out from the

centrosomes.” Now this can only mean that the mitotic

spindle is formed by a force acting at two points, viz. its

poles
;

and that, since a known force cannot produce a

spindle figure between two points if these points represent

like poles, the mitotic spindle must be heteropolar if it is

produced bj’" a known force. Let us assume that the spindle

is formed in the manner described, and therefore that the con-

clusion is valid. Now he says: “Since it is demonstrated that

the cell-spindle is homopolar with respect to osmosis,

currents, electrolytic or electrostatic force, magnetism is out

of the question, (and) we may conclude that mitokinetism is a

new force unknown so far outside the living cell.” By the

first part of this sentence I understand that the mitotic

spindle cannot be heteropolar with respect to known forces,

because, if it is heteropolar, one point in certain mitotic

figures must represent two poles of opposite signs—a

reductio ad absurdum. By the second part I understand

that, since it has already been shown that the spindle must

be heteropolar if formed by known forces, such forces cannot

be the cause of its existence; consequently we are dealing

here with a new force. Let us consider this force. Now, if

the spindle is formed as he believes by the action of this

force at its poles, the last-named must be either unlike or

like. We will assume the former. In this case certain

mitotic figures cannot be explained unless we assume one pole

to be of two opposite signs : and this is inconceivable. Let us

now consider the alternative. In this case the new force is

able to produce a spindle figure between two points at which

it is given expression, when these points represent like poles.

Hut this is contrary to fundamental principles of physical
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science, and its acceptance necessitates the assumption that

in the unirerse two sets of physical principles exist, diametri-

cally opposed to one another. Which of these alternatives

does Hartog ask us to accept ? He asks us to accept the

first
;
for he says that the visible structures of the polar stars

and spindle are “ material chains of force of more permeable

substance than the rest of the field, held in position by the

stresses radiating from the unlike poles.” But this alterna-

tive has been shown to imply the inconceivable
;
and, since

an explanation implies something that can be conceived, the

assumption of his new force cannot explain spindle formation.

We must now ask if this new force can be the cause of the

mitotic processes that result in the separation of daughter-

bodies into two groups. We find that it cannot cause the

divergence of either the centrosomes in the prophase, or the

daughter-chromosomes in the anaphase. In the case of the

former the unlike signs postulated must entail attraction and

not repulsion : and Hartog himself has realised this
;

for in

order to explain centrosome divergence he has been forced to

assume “a bodily pull exercised by the cytoplasm.”^ In the

case of the latter the daughter-chi’omosomes must presumably

become inducted more strongly by the near than by the

farther pole, and since the presence of unlike charges can

cause only attraction, other forces must again be invoked to

explain this divergence. But if essential processes of mitosis

cannot be explained without invoking forces to counteract

the effect of the new mitokiuetic force, how can this latter

force be put forward as the cause of mitotic phenomena ? It

cannot be so put forward. And, since the new force postu-

lated by Hartog can neither cause the formation of the

spindle, nor effect the processes for which mitosis has been

instituted, his entire theory is found to be inadequate.

Before, however, leaving the subject let us look again into

* Since writing this I have received a communication from Prof.

Hartog, who says that he now believes that centrosome divergence is

caused by like osmotic and electric charges, which counteract the

heteropolar mitokinetic force.
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the arguments from which he has concluded that the spindle

is formed by a new force. We find at once that the conclu-

sion rests upon a belief that the spindle is formed by a force

acting only at its poles, and, since the reasoning is logically

valid and the other premises appear to be irrefutable, we
must either accept the conclusion or reject the interpretation

of spindle formation. Now we have already found that the

action of a new force between unlike poles is inconceivable in

certain figures ;
we must therefore choose between a method

of spindle formation different from that assumed and the

acceptance of a new force acting between like poles. But we
have also found that the latter involves the further assump-

tion that in the universe two sets of physical principles exist,

diametrically opposed to one another. Consequently the new

force must be I’egarded as a special creation in the narrowest

sense of the words. We know that special creation has been

the refuge of the baffled investigator throughout the

history of scientific thought, and that it has seldom or

never proved itself to have been justified : and in the circum-

stances I prefer to think that the spindle is not formed by a

force acting only at its poles, rather than that it is the visible

expression of a force whose action violates the principles upon

which physical science is at present based.

Let us now turn to Grallardo’s interpretation. This assumes

that the centrosomes and chromosomes in mitosis carry

respectively positive and negative electric charges; that the

spindle, as seen in the metaphase, is composed of two spindles,

each formed between a centrosome and the chromatin of the

equatorial plate; and that cell division is a bipolar pheno-

menon, primarily electro-colloidal in nature. Let us consider

first the assumption that the chromosomes carry negative

electric charges. This was suggested by certain experiments

of Lillie, who found that free nuclei and spermatozoids move
towards the anode when placed in an electric field

;
moreover,

Pentimalli, corroborated by McClendon, has since shown that

the chromosomes move towards this pole when an electric

current is passed through the cell. We know that particles
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in colloid suspensions invariably carry charges of this sign,

and, even if chromosomes cannot be regarded as such particles,

the staining reaction of chromatin suggests at least the

possibility of this potential. In the circumstances G-allardo

seems to be justified iu saying that this assumption rests upon

a sound experimental basis ; and, if found to be true, it may
explain the divergence of daughter-chromosomes in the

anaphase; for like charges must cause mutual repulsion. We
will now consider the assumption that the ceutrosomes carry

positive electric charges. This likewise was suggested by

the experiments of Lillie, but only in so far as the cytoplasm

as a whole was said to become inducted. Gallardo, however,

says,
“ Les ceutrosomes sont susceptibles d’acquerir uu poten-

tiel positif plus eleve que le cytoplasma, qui contient des

microsomes d’un potentiel plus bas.’^ But I see no proof of

this : and Gallardo himself realises that it is hypothetical
;
for

he says almost immediately afterwards, “ Le potentiel positif

du centrosome augmente pour des causes incounues et deter-

mine sa bipartition et la separation des deux centrosome fils

eutoures de radiations.” And the second half of this

sentence clearly shows his object in making the assumption.

We will, however, suppose that the ceutrosomes represent

definite positive poles, and will pass on to his interpretation

of spindle formation.

By regarding the spindle of the metaphase as being com-

posed of two half spindles, ejacli formed between a centrosome

and the chromatin of the equatorial plate, he is able to explain

all mitotic figures containing chromosomes without asking us

to imagine spindle formation between like poles. But the

interpretation fails the moment that we consider chromo-

someless spindles
;
and Gallardo has repeatedly tried to

remove this objection. Firstly, he proposed charges of

opposite signs for the ceutrosomes of these spindles; but

the possibility of this was disproved by Baltzer, who pointed

out that it is irreconcilable with the formation of triasters in

which two spindles containing chromosomes are united to

one that contains none. Gallardo thereupon fell back upon

VOL. 58
,
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a denial of the existence of all chromosomeless spindles,

affirming that their appearance is an illusion. Baltzer, how-

ever, produced figures that cannot be thus explained, and

said that the same conclusion must be drawn in the case of

other spindles independently shown by Wilson
; moreover, he

pointed out that in the animal cell every spindle is at first

chromosomeless. Grallai’do now admits the existence of such

spindles, and says, “Une difficulte se presente pour expliquer

le petit fuseau primaire pendant I’eloignement des centro-

somes; mais on pent admettre avec Eoriques (1911) que ce

fuseau est forme par I’etirement du milieu visqueux du

cytoplasma. Cette meme viscosite et elasticite du milieu

cytoplasmique peuvent expliquer les rares cas connus de

fuseaux sans chromosomes.” Let us consider this explana-

tion. Now, if the form of the spindle is controlled, as he

affirms, by forces other than the electric charges at the poles,

all the forces concerned either can or cannot be represented

by resultants at these points. We will suppose that they can

be so represented. In this case a spindle cannot be formed

between like poles, nor can an anti-spindle be converted into

a spindle without at the same time changing the signs of the

poles from like to unlike. But, if the signs are thus changed,

the theory of spindle formation is at once disproved by

Baltzer’s triaster in which two spindles carrying chromosomes

are united to one that is chi'omosomeless
;
moreover, if the

poles of the primary spindle are unlike, other forces must be

invoked to explain their divergence, because unlike charges

cannot cause repulsion. We are therefore compelled to

assume the alternative, viz. that the action of the various

forces concerned in spindle formation cannot be represented

by resultants at the poles : and, if this is so, the spindle can

no longer be regarded as a figure formed entirely by forces

acting at the centrosomes
;
consequently the conclusion at

which we arrived in our criticism of Hartog’s theory appears

to be justified.

We must now ask how far this conclusion affects Giallardo’s

interpretation of cell division ;
for the conformation of the
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acliromatic figure can now be no index of the actions at the

poles. He says, “Les deux nouveaux noyaux en formation

attirent le cytoplasma positif et determinent ainsi la seg-

mentation cellulaire. Le contour exterieur do la cellule suit

dans cette segmentation le forme des equipotentielles succes-

sives entre deux centres homonymes. L’approximation des

deux nouveaux noyaux en formation aux centrosomes re-

spectifs, de charge de nom contraire, produit une coagulation

entre colloides de signes opposes (formation de nouvelles

membranes nucleaires) et une neutralisation qui determine

une periode d’equilibre.’’ From this it is evident that the

interpretation depends upon electric effects between the

negatively charged chromatin and the positively charged

centrosomes, and that the spindle itself is not actively con-

cerned in these processes. But, although the assumption of

a negative electric charge for the chromosomes has been

shown to rest upon an experimental basis, the assumption

that the centrosomes have a positive potential higher than

that of other microsomes is hypothetical
; and upon the latter

assumption as well as upon the former rests his interpretation

of both spindle formation aud cell division. His proposition

relating to bipolarity in the mitotic process is therefore

entirely speculative so far as the centrosomes are concerned
;

and we must remember that, even if these are eventually

found to be definite positive poles, electricity may not be the

primaiw factor in division, and, in any case, the theory will

require modification before it can explain the mitosis of those

plants in which centrosomes do not exist.

We will now consider Rhumbler’s theory. As already

stated, the centrosome is said to arise as a local solidification

of the alveolar wall substance
; the solidification involves

increased adhesion at this spot, and fluid is accordingly

driven towai’ds portions of the cell where pressure is less.

The consequent loss of fluid in the reticular rays causes them
to shorten, and thus exercise a tractive force that results in

division. That the theory has been carefully thought out is

evident ;
for it postulates a concatenation of events in mitosis.
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and throughout its construction Rhunibler has kept before

liini the phenomena that he seeks to explain. But Hartog

lias pointed oat that the actions of osmosis and currents in

the cell have been shown to be the same at both poles, and

that, because the two centrosomes must accordingly have the

same sign, spindle formation between them is impossible.

We must therefore ask if Rhumbler assumes the spindle to

be a figure formed entirely by the action of forces at its poles

;

for, if he does not assume this, Hartog’s objection need not

be considered. Now, it is obvious that he does not regard

the spindle as being formed in this manner, because, in order

to overcome the difficulty presented by an assumed spindle

formation between like poles, he invokes other forces, which

are said to convert the anti-spindle into the spindle by causing

coalescence of rays. This explanation is identical in principle

with that put forward by Glallardo, and accords with the

conclusion at which we arrived in our criticism of Hartog’s

theory.

We must now ask if Rhumbler’s theory of mitosis depends

for its proof upon the conformation of the spindle. It does

depend upon it, because division is directly attributed to

tractive forces exei’cised by the reticular rays. But, if the

conformation of the achromatic figure can no longer be

regarded as an index of the actions at the poles—and in the

circumstances it cannot be regarded as an index—we have no

reason for believing that the rays represent a migration of

fluid from the region of the centrosomes. And, if proof of this

migration is not established, we cannot infer that the rays

conti'act as a result of loss of fluid. The theory therefoi’e

remains for the present a suggestion.

Let us now turn to the recent work of Lawson. This is

not offered as an explanation of mitosis, but merely consti-

tutes an interpretation of the achromatic figure in vascular

plants. His researches have led him to affirm that in the

prophase the karyolymph difi^uses thi’ough the nuclear mem-
brane into the cytoplasm, thus causing diminution of the

nuclear vacuole
;
that the contracting membrane draws the
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bivalent chromosomes into a compact group at the equator

;

that the membrane never breaks down, but envelops each

chromosome in the metaphase and anaphase ; and lastly, that

the spindle-cones are fibrils drawn out from the cytoplasmic

reticulum by the receding membrane, and attached at one

extremity to the chromosome envelopes. He concludes from

these data that the cones are a visible expression of tension,

and believes that the divergence of cone apices merely repre-

sents transference of tension from one locality to another and

is unaccompanied by movement of the fibres themselves.

His first two assertions, which are the result of direct obser-

vation, constitute a simple and efficacious method of collecting

the scattered chromosomes into one spot before division, and

may be the correct explanation of this phenomenon. His

next assertion, however, is entirely hypothetical. Firstly, he

asks us to believe in the existence of a membrane at a time

when he himself says that it is invisible. Secondly, his

drawings are inconclusive. He ,says that fig. 22, pi. 48,

shows the beginning of envelopment of individual chromo-

somes by the membrane : but in this figure I see only a slightly

lobulate appearance of the nucleus such as is often observed

ill somatic and spermatogonial resting stages. His fourth

assertion is equivalent to saying that the spindle-cones are

composed of mantle fibres
;

for he affirms that the fibres are

attached at one extremity to the chromosome envelopes. But,

since the belief in the existence of these envelopes rests upon

no evidence, this assertion also must be regarded as hy))0 -

thetical.

Before, however, passing on, let us suppose that his data

are correct, and ask how far his conclusions, which concern

only mantle fibres, affect spindle interpretation in other

types. In the animal kingdom we find asters and a primary

spindle, upon which the chromosomes later become arranged

and divide : the presence of this spindle can no longer be

denied
;
for considerable controversy has recently taken place

concerning it, and Gallardo himself has now been forced to

admit its existence. If we turn to Meves’ paper upon the
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spermatogenesis of Salamandra ma.culosa (1896), we see

in fig. 55, pi. 4, a typical example of this spindle and its

asters
;

and the arrangement of the mantle fibres closely

resembles that of the cones drawn by Lawson. Now Lawson
regards the cones as a visible expression of tension, and
suggests that this tension “ decreases in proportion with the

distance from the nuclear membrane.’^ And, since the

primary spindle, as is shown in Meves’ figure, lies between

centrosomes placed at the apices of the cones, it cannot have

been formed entirely by the action of forces expressed by the

cones; for the forces postulated by Lawson, however attenuated

at these points, are like. But, if the spindle is not formed

entirely by the action of forces expressed in the cones, to

what is its formation due ? Lawson’s interpretation does

not profess to tell us, and cannot tell us. It is therefore

unnecessary for us to discuss it further.

We will now consider the older theories of mitosis. These

may be classified as centrosome theories and fibre theories.

Let us deal first with centrosome theoides. Meves defined

these by saying :

“ Unter Centrentheorien verstehe ich solche,

welche die bei der Mitose wirksamen Krafte in die an den

Spindelpolen befindlichen Gebilde verlegen und die Strah-

lungeu als die erscheinende Wirkung dieser Krafte ansehen.”

He pointed out that all such interpretations of spindle forma-

tion necessitate the assumption of either unlike or like poles
;

and said in the former case that rays cannot cross, and in the

latter that no spindle can be produced. With respect to his

first objection, the adherents of these theories affirm that we
are dealing here with material chains, and not theoretical

lines of force, and that crossing of rays is therefore possible.

We need not, however, consider this possibility; for we have

found that the assumption of unlike poles is irreconcilable

with the occurrence of certain mitotic figures, and this alone

suffices to disprove the interpretation. With respect to his

objection to the assumption of like poles, we have already

sliown in our criticism of Gallardo’s theory that, if the forces

concerned in spindle formation can be expressed by resultants
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at the poles, it is impossible to convert the anti-spindle into

the spindle without at the same time changing the signs of

the poles from like to unlike
;
and that, if the forces cannot

be so expressed, the spindle is not a figure formed entii’ely by

the action of forces at its poles. In the circumstances we
must accept Meves’ conclusion that :

“ Die Strahlungen nicht

als die sichtbar werdende Wirkung einer in den Centren

lokalisierten Kraft anzusehen sind; womit aber nicht ausge-

schlossen ist dass die Centren bezw. Ceutralkorper iiberhaupt

Einfliisse irgend welcher Art auf das umgehende Cytoplasma

ausiiben.” And, since the conformation of the spindle figure

can no longer be regarded as an index of the actions at the

poles, all early theories that depend for proof upon this con-

formation must now become mere hypotheses.

Meves defined theories belonging to the second class by

saying : Fadentheorien sind solche, nach welchen die wir-

kenden Krafte ausschliesslich in den Faden ihi’en Sitz haben

und nach welchen die im Centrum der Strahlungen gelegenen

Gebilde in erster Linie die Rolle von lusertionsmittelpunkten

besitzen.” They were, moreover, divided into two sub-classes

accoi’ding as the kinetic phenomena of mitosis were attributed

entirely to contraction or to contraction and elongation of the

rays. Such were the theories of van Beneden, Boveri,

Driiner, Flemming-, Hermann, 0. and R. Hertwig, Meves,

Rabl, Solger, and Ziinmermann. We have seen in the intro-

duction of this paper that objections have been raised against

these theories, and that independent investigators have

denied contractility in every portion of the achromatic figure

in turn. In the circumstances the theories belonging to the

first sub-class seem to be completely disproved
;
and in view

of the conflicting evidence those belonging to the second

must be regarded as speculative in that they assume that the

mantle fibres pull the daughter-chromosomes apart.

Conclusion.

Let us now consider our position. We have found that

none of the theories discussed can be accepted as an adequate
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explanation of mitosis
;
for those that are not actually dis-

proved appear to be either partly or entirely hypothetical.

In the circumstances there is only one course of action left

for us to adopt. We must try to discover if there is any

generalisation upon which all these theories are in agreement,

or that may be regarded as having been established by the

reasonings of their supporters. It is at once evident tliat

there is such a generalisation, viz. that the mitotic spindle
is not a figure formed entirely by the action of

forces at its poles. Hartog’s arguments have proved that,

if this is denied, the spindle cannot be formed by known
forces. Gallardo and Rhumbler have been foi’ced to accept

this proposition
;
although the latter, in doing so, has sacri-

ficed the proof upon which he sought to establish his theory.

Lawson’s interpretation of mantle-fibre formation involves

this proposition
;
and we have seen that the older theories

either admit it, or are disproved if they do not admit it.

This, therefore, and this alone, is the basis upon which

we must raise the superstructure that will eventually explain

these phenomena.

Is there a second generalisation that can be regai'ded as

established ? There is none
;
for all others are either hypo-

thetical or dependent upon personal observations that are not

accepted by all investigators. There is, however, one con-

clusion that must be drawn from the proposition that we

have established, viz. that the spindle figure cannot now

be regarded as an index of the actions at the poles : at

present we have no means of determining how far these

actions, if existing, are limited or counteracted by the other

forces whose presence we have been compelled to admit;

and, until this is known, no theory depending entirely for

proof upon the conformation of the spindle figure can be

regarded as other than hypothetical. For this reason the

utility of models in the immediate future seems to be

doubtful.

In the circumstances we must collect data, and not attempt

to furnish an explanation of mitosis until we have been able
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to establish further generalisations upon which investigators

ai’e agreed. Unfortunately the technical difficulties of this

research and the small likelihood of obtaining results leading

directly to an explanation have deterred students from under-

taking investigations : the work done has consequently been

confined to the laboratories of a few eminent cytologists.

Only by patiently collecting data and building one established

proposition upon another shall we arrive at the solution of

this problem, which we have found to be so complex.
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It was shown by Sherrington that the skeletal muscles

innervated by the spinal nerves receive afferent nerve-fibres

from the posterior nerve-roots as well as efferent nerve-fibres

from the anterior roots. These afferent nerve-fibres come

from cells in the spinal root ganglia, and constitute from

one third to one half of the myelinate fibres in any muscular

nerve-trunk. On the other hand, the external ocular muscles

do not receive any ganglionated nerve-fibres, and the direct

fibres which pass to them are efferent-afferent (Sherrington,

Sherrington and Tozer, Dogiel).

It is of interest to inquire whether the muscles innervated

by the fifth cranial nerve resemble the skeletal muscles

innervated by the spinal nerves in receiving ganglionated

afferent nerve-fibres, or whether they resemble the external

ocular muscles in not receiving such nerve-fibres.

The subject has already been investigated, with very diverse

conclusions.

Sappej'' (’72) stated that Palleta, Louth and Longet, “ ne

voieut dans cette union ”—of the motor and sensory parts of

the mandibular division of the fifth cranial nerve—

“

qu’un
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simple accolemeiit et admettent en consequence que le nerf

niaxillaire inferieur se compose de deux brandies parfaitement

distinctes dans toute I’etendue de leur distribution, une

bi’ancbe inferieure et interne ou sensitive, et une branche

superieure et externe ou motrice, qui a 1-6911 tour a tour les

norns de nerf buccinato-buccal, de nerf masticateur, de nerf

maxillaire inferieur moteur.”

Sappey himself was of a different opinion. He held that
“

les deux branches du nerf maxillaire infei-ieur s’envoient

reciproquement un grand nombre de filets”; that “parmi
les divisions de ce tronc nerveux s’il en est qui se detachent

plus particulierement de la raciue motrice, et d’autres de la

racine sensitive, les premieres renferment aussi quelques

fibres destinees a des organes sensibles, et les secondes

quelques fibres destinees a des muscles.”

His (’87) made the following statements :

“ Als am meisten

dem Typus am Riickenmarksnerven folgend, sieht man
bekanntlich den Trigeminus an. Hier verfolgt man die

motorische Wurzel, an den G. Gasseri vorbei, bis zu ihrer

Verbindung mit dem Aste der sensibeln Anlage. Die Ver-

bindung ist indessen nicht nach Art jener inniger Durch-

dringung wie wir sie fur die Eumpfnerven kennen, vielmehr

kreuzt der motorische Stamm dem sensibeln und geht jenseits

von der Kreuzungsstelle direct in die Kaumuskelzweige ubei-.

Nur zwei Zweige erfahren einen wirklichen Austauch der

Bahnen, der mit dem N. rnandibularis gehendeN. mylohyoi-

deus, und der in Begleitung der Muskelnei-ven gehende N.

buccinatorius.”

The foregoing investigations were undertaken in the case

of man. Willems (’ll) has stated that in the rabbit “ rien

n’est plus facile que d’eulever le ganglion et les branches qui

en derivent, in respectant la racine motrice avec toutes les

branches motrices, a I’exception du mylohyoidien qui se mele

intimement avec les fibres du nerf dentaire inferieure a la

sortie du crane.”

The inferior maxillary division of the fifth cranial nerve

innervates the masseter, temporal, external pterygoid, internal
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pterygoid, teusor veli palatini, tensor tympani, mylohyoid,

and anterior belly of digastric.

Though the innervation of the tensor veli palatini—both in

man and in other mammals—by the fifth nerve has been

described by anatomists, the evidence afforded by cases of

disease and by division of the roots of the nerve in man is

equivocal. Krause found no anomalies in the position of the

palate after extirpation of the Gasserian ganglion and division

of the motor root. Cushing found a marked asymmetry of

the palate in four cases, and elicited movements of the palate

by electrical stimulation of the peripheral stump of the fifth

nerve in one case. Davies found asymmetry of the palate in

five, and no asymmetry in twenty-oue, of twenty-six cases

operated on by Hoi’sley
;
and he records that in three cases

Horsley stimulated the peripheral end of the divided 'fifth

nerve without any movement of the palate resulting. Davies

concluded that “the balance of evidence seems to show that

the fifth nerve has nothing to do with the innervation of

the palatal muscles.^’

Beevor and Horsley (’88) stated that iuMacacus sinicus

movements of the palate occurred on intra-cranial stimu-

lation of the vago-accessorius, but did not occur on intra-

cranial stimulation of the seventh nerve. They did not state

whether movements of the palate did or did not occur on

intra-cranial stimulation of the fifth nerve.

Davies further states that “ no change has been observed

to follow excision of the Gasserian ganglion, either in the

tenseness of the drum or the increased power of the indi-

vidual, when tested with a Gallon whistle, to appreciate

high-pitched sound,” and consequently discards the innerva-

tion of the tensor tympani by the fifth nerve.

To obtain additional information on these mattei’S Sir

Victor Horsley was good enough, at my request, to divide

the roots of the fifth cranial nerve proximal to the Gasserian '

gauglion in two monkeys (Macacus cynomolgus). The
wounds healed by first intention. The animals Avere allowed

to live for thirty days, and then killed by an overdose of
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chloroform. The muscles and nerves, both on the cut and

uncut (normal) side, were then dissected out. Sections of the

muscles were stained by van Giesen’s method. The nerves

were stained by osmic acid and examined in transverse section.

All the masticatory muscles, including the tensor veli

palatini and tensor tympani, together with the mylohyoid and

anterior belly of the digastric, showed evidence of degenera-

tion—loss of transverse striation, increase in the number of

nuclei, and proliferation of the interstitial tissue.

The tensor veli palatini and tensor tympani are, conse-

quently, innervated by the fifth cranial nerve, and belong to

the group of masticatory muscles. This conclusion agrees

with that obtained by investigation of their development.

The Anlage of the masticatory muscles divides into an internal

lamina, giving rise to the internal pterygoid, pterygo-tym-

panicus or tensor veli palatini, and tensor tympani
;
and an

external lamina, giving rise to the external pterygoid, temporal

and masseter.

It may be added that no degenerative changes were found

in the levator veli palatini—a muscle which is developed from

the pharyngeal musculature, and is innervated by a branch of

the pharyngeal plexus (Cords) from the vaso-accessorius

(Beevor and Horsley).

In the muscle-nerves on the uncut (normal) side medullated

fibres of all sizes were present from a diameter of under 4 (x up

to a certain maximum. This maximum was 12'8 fx in the nerves

passing to the tensor veli palatini, internal pterygoid, external

pterygoid, temporal, masseter, and anterior belly of digastric
;

1T4 fx in the nerve to the mylohyoid, and 5’6 q in the nerve to

the tensor tympani.

Medullated nerve-fibres were also present in the muscle

nerves on the cut side, of all diameters from one under 4 fx up

to the same maxima as in the corresponding nerves on the

uncut side, e.g. it was 12'8 q in the branch of the mylohyoid

nerve to the anterior belly of the digastric and lT4ju in the

branch to the mylohyoid muscle. The number of medullated

nerve-fibres in the branches on the cut side formed from 35 to
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39 per cent, of the number found in the corresponding nerves

on the uncut side. This percentage held though the absolute

numbers were different in the two animals. Thus in animal

the number of medullated nerve-fibres in the trunk of

the mylohyoid nerve on the uncut side was 906 ;
on the cut

side it was 335, = 36 per cent. In animal “ B ” the number of

medullated nerve-fibres in the trunk of the mylohyoid nerve

on the uncut side was 736, on the cut side it was 280,= 37 per

cent.

The persisting medullated nerve-fibres in the muscle

branches on the cut side were distributed fairly evenly among
the degenerated ones until near the muscles (fig. 2) ;

in the

nerve-filaments just outside the muscles the persisting and

degenerated nerve-fibres were largely, though not wholly,

segregated from one another (fig. 3), and the former tended

to lie on one side of the filament.

To ascertain the source of these non-degenerating nerve-

fibres serial sections were made through the mandibular

division of the fifth nerve, from the site of operation to the

point where the various branches had begun to diverge

from one another. In neither animal are any medullated

fibres visible in the motor root above the level of the Gasserian

ganglion—all had undergone degeneration. At the level of

the Gasserian ganglion, and for a little distance below, medul-

lated fibres can be seen passing from the sensory into the

motor root. They lie, for the most part, in the lateral part of the

motor root, and are more sparsely scattered in its median part

(fig. 4).

The ramus lateralis—which innervates the external ptery-

goid, temporal and masseter muscles—is formed from the

lateral part of the motor root (figs. 5, 6, 7, 8) ;
it also receives,

from the ramus posterior, those fibres which form its (sensory)

buccal nerve constituent (fig. 6). The ganglionated afferent

fibres for the muscle branches of the ramus lateralis thus

have a simple direct path.

The paths of the (degenerated) motor and ganglionated

afferent fibres of the ramus medialis—which innervates the
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internal pterygoid, tensor palati and tensor tympani—and of

tlie mylohyoid nerve are more complicated. In each case the

persisting afferent nerve-fibres in the motor root, accompanied

by (degenerated) motor fibres, pass into those branches by

two routes. The ramus medialis (figs. 5, 6, 7) is formed

partly by fibres which pass downwards and inwai-ds, from the

motor root, into the ramus, partly by fibres which leave the

lateral part of the motor root (fig. 6) and sweep round the back

of the ramus posterior from without inwards and so enter the

ramus. The relative numbers of the (degenerated) motor

fibres following these two paths

—

internal and external—
could not be determined, but it was possible to do so in the

case of the persisting afferent fibres. In animal “A’’ the

internal path contains 50 medullated fibres, whilst the ramus

medialis, when fully formed, contains 219, i. e. about one

quarter followed the internal path and three quarters the

external one, round the ramus posterior. The ramus medialis

passes through the otic ganglion, giving off, just as it enters,

the branch for the tensor tympani (fig. 7), and subsequently

dividing into branches for the internal pterygoid and tensor

palati. The branch to the tensor tympani receives a fine

filiiment from the otic ganglion containing (in animal ‘‘A^’)

eight medullated fibres
;
above that point it contains twenty-

eight medullated fibres. The branch to the internal pterygoid

and tensor palati receives three fine filaments from the otic

ganglion containing twenty-nine medullated fibres. The

medullated fibres entering these branches from the otic

ganglion are all small—under 4 fx in diameter.

The mylohyoid nerve is formed partly from internal fibres

(degenerated and intact) which pass from the inner part of

the motor root (fig. 5), a little higher up than the direct

fibres of the ramus medialis, round the back of the ramus

posterior from within outwards, and thus come to lie between

the ramus lateralis and the ramus posterior (figs. 6 and 7) ;

they are joined by external fibres (degenerated and intact)

from the deeper, more posterior part of the ramus lateralis,

and pass inwards on the anterior aspect of the ramus posterior
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(fig. 8) to take up a position on its antero-median side. Here

they are joined by a filament from the otic ganglion, contain-

ing’ a few small medullated fibres. It was not found possible

to estimate the relative numbers of intact fibres following the

two paths.

It follows, from these observations, that in Macacus
cynomolgus all the muscles which are innervated by the

fifth cranial nerve receive not only direct medullated nerve-

fibres from the motor root, but also afferent nerve-fibres

which originate in the Gasserian ganglion. These ganglion-

ated afferent nerve-fibres form about one third of the total

number of the medullated nerve-fibres passing to each

muscle. They are of all sizes up to the same maximum
diameters as are found in the corresponding intact branches

of the opposite side. The ramus medialis and mylohyoid

branches also receive a few fine medullated fibres fi-oin the

otic ganglion.

The proportion of ganglionated affei’eut nerve-fibres found

in the muscle-branches of the trigeminus is thus closely

similar to that shown by Sherrington to exist in the branches

of spinal nerves passing to skeletal muscles.

Examination, by serial sections, of the mandibular division

of the fifth nerve in man (figs. 9-20) showed similar results.

The motor root receives fibres, just below the Gasserian

ganglion, from the ramus posterior. The fibres of the ramus

lateralis pass directly from the motor root into the ramus.

The ramus medialis and the mylohyoid nerve are formed

from fibres which leave the motor root and pass, some inside,

some outside the ramus posterior, and then join to form these

two branches. In some respects the constitution of the

ramus medialis and of the mylohyoid nerve is even clearer

than is the case in Macacus, owing to the inner and outer

fibres of the mylohyoid nerve being situated distinctly more

proximal—nearer the Gasserian ganglion—than are the inner

and outer fibres of the ramus medialis, and also owing to the

separation of the fibres of the ramus posterior into groups.

Examination by serial sections of the mandibular division

VOL. 58, PART 4. NEW SERIES. 40
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of the fifth nerve in the rabbit and dog gave the same results

in regard to the entry of sensory fibres into the motor root,

and the constitution of the ramus lateralis, ramus medialis,

and mylohyoid nerve.

These observations show that in Macacus, man, rabbit and

dog, the muscles innervated by the fifth cranial nerve receive

afferent fibres, which originate in the Glasserian ganglion, and

pass into the motor root. The motor and ganglionated

afferent nerve-fibres of the ramus lateralis have a simple

direct path
;
those of the ramus medialis and of the mylo-

hyoid nerve have, for a space, a double course, being divided

by the ramus posterior into two groups which again unite to

form those nerves (fig. 21). The reasons for this curious

path are doubtful—the phenomena suggest a downward

growth of the ramus posterior occurring later than that

of the muscular branches, and splitting up those destined for

the ramus medialis and mylohyoid nerve. This actually

occurs in rabbit embryos—the mylohyoid nerve is present in

the mm. stage, the rami medialis and lateralis are developed

in the 8 mm. stage, the ramus posterior not until the 9 mm.
stage. I could not obtain embryos of Macacus, man or

dog.

Information as to the end-organs of the afferent nerve-

fibres of the masticatory muscles is as yet scanty and incom-

plete. Cipollone has stated that muscle-spindles are present

in the masseter and pterygoid muscles.

Mesencephalic Root of the Fifth Nerve.—May and

Horsley (’10) showed that practically all the axons of the

globular cells of the mesencephalic root of the fifth nerve

leave the pons by the motor root of that nerve, that destruc-

tion of it does not cause either motor or sensory loss, that

stimulation of the root on the cut surface of the mesence-

phalon produces no effect on the muscles of mastication unless

the excitation spreads to the pontine masticatory nucleus,

and “ that avulsion of the peripheral branches of the infeifior

division causes chromatolysis in the mesencephalic root cells,

a result suggesting that these axons run in the peripheral
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branches, tliongh examination by the Marchi method has

failed to reveal them.”

Willems (’ll) also found chromolytic changes in the mesen-

cephalic nucleus after avulsion of the individual motor

branches of tlie fifth.

Though the observations described in this paper show the

existence of ganglionated afferent nerve-fibres in the muscle-

branches of the fifth nerve, they leave untouched the difficult

question of the peripheral distribution and function of the

axons of the mesencephalic root.

I owe many thanks to Sir Victor Horsley for performing

the operations described above. The expenses have been

defrayed by a grant from the Bristol University Colston

Committee.

September 18th, 1912.
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EXPLANATION OF PLATES 33-36.

Illustrating Dr. F. H. Edgeworth’s paper “ On the Afferent

Ganglionated Nerve-fibres of the Muscles Innervated

by the Fifth Cranial Nerve ;
and on the Innervation

of the Tensor Veli Palatini and Tensor Tympani.”

List of Abbreviations.
6>’*. r. med. Branches of ramus medialis. buc. n. Buccal neiwe. ext.

aff. r. med. External afferent fibres of ramus medialis. ext. f‘. myloliy. n.

External fibres of mylohyoid nerve, ext. /'. r. med. & mylohy. n. Exter-

nal fibres of ramus medialis and mylohyoid nerve, int. aff.f’. myloliy. n.

Internal afferent fibres of mylohyoid nerve, int. /^ myloliy. n. Internal

fibres of mylohyoid nerve, int. /^ r. med. Internal fibi’es of ramus

medialis. mot. r. Motor root, myloliy. n. Mylohyoid neiwe. n. int.

pty. & t. pal. Nerve to internal pterygoid and tensor palati. n. t. tymp.

Nei’ve to tensor tympani. n. temp. ext. pty. & ma. Nerve to temporal,

external pterygoid and masseter. ot. g. Otic ganglion, r. lat. Ramus
lateralis, r. med. Ramus medialis. r. post. Ramus posterior, sens./’.

Sensory fibres entering motor root.

Note.—In fig. 14 the directing line from ‘Hnt.f\ myloliy. n.” should

pass directly upwards to the group of fibres on the periphery of the

nerve, cf. fig. 15.

[Figs. 1-8 are from Macacus.]

Fig. 1.—Right masseter nerve : roots of left fifth cranial nerve

divided thirty days previously.

Fig. 2.—Left masseter nerve : roots of left fifth cranial neiwe divided

thirty days previously.

Fig. 3.—Left anterior digastric nerve, close to muscle : roots of fifth

cranial nerve divided thirty days previously.

Figs. 4-8.—Sections from a serial series made thi-ough the fifth cranial

nerve, the roots of which had been divided thirty days previously. Fig.

4 is the most proximal.



MUSCLKS mNERVATED BY THE FIFTH CRANIAL NERVE. 603

Figs. 9-20.—Sections from a serial series made through the fifth

cranial nei*ve of man. Fig. 9 is the most proximal.

Fig. 21.—Diagram representing the paths of the motor and afferent

constituents of the muscular branches of the fifth cranial nerve. Motor

fibres are represented by a thick dotted line, afferent fibres by a thin

dotted line. To show these paths on one plane, the constituents of the

mylohyoid nei’ve are depicted lying internal to those of the ramus
medialis

;
in reality they are more proximal.
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Introduction.

(1) Survey of the Literature.

It has long been a matter of common knowledge that

larval nematodes inhabit the common earthworm, Lum-
bricus terrestris, Linn. They are found both in the

coelom and in the nephridia. Those occurring in the coelom



606 GILBEET E. JOHNSON.

are enclosed in cysts or capsules, by which movement is

restricted or entirely prevented. Those inhabiting the

nephridia, on the other hand, are free and active. The en-

cysted, coelomic form has long- been known as Rhabditis
pellio, having been named by Schneider

( 1 )
as early as

1866. The nephridial form is generally believed to be the

same species, but it was not mentioned by Schneider, and I

have not been able to find that its identity has been deter-

mined by any subsequent investigator, as the following brief

survey of the literature will show.

In 1845 Dujardin, according to Bastian (2), recorded the

existence of nematodes in the general body-cavity of the

earthAvorm. These he placed in the genus Rhabditis. He
found that they developed in prodigious numbers, forming

whitish masses in the vessels in which he had kept earthworms

with moss and damp soil. Bastian says that Dujardin also

described a nematode, Dicelis filaria, occurring in gi’eat

abundance in the nephridia of the earthworm.

In 1858 Lieberkiihn, according to von Linstow (3), shoAved

that the “Pilariae of the earthworm,” after the death of

their host, creep out of the cysts, moult, and in a feAv days

develop into mature Avorms.

In 1864 and 1865 Lankester (4, 5) mentioned the nema-

todes as occurring in the lobes of the seminal vesicles, in the

posterior end of the coelom and imbedded in the muscular

layer of the body-wall.

Hitherto only the larvae had been investigated, but in 1866

Anton Schneider
(
1

)
described the adults. He stated that

they occur “in damp earth and putrefying substances.”

These terms he must have used to signify dead eartliAvorms

decaying in moist earth, for he says—“ The larvae occur

encysted in the body cavity of eartliAvorms, especially on the

septa,” and adds that, as Lieberkiihn was the first to point

out, they become sexually mature on the decay of the Avorms.

Schneider named the species Pelodera pellio.

In 1873 Biitschli (6) described the adult males and females

obtained from decaying earthworms in greater detail and Avith
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good figures. He noticed certain structural differences

between bis form and Schneider’s but regarded these as un-

important. He altered Schneider’s name Pelodera pellio

to Rhabditis pellio, Rhabditis being Dujardin’s name
for the larvte which he found in the eartliworm.

Von Linstovv (3) in 1882 described the larvae as well as the

adult males and females, and, using a decaying worm, actually

developed the encysted larvae into the sexually matui’e Rh.
pellio.

Railliet (7) in 1893 merely quoted Schneider’s description.

Keng (8) in 1895 watched the eucystment of the coelomic

form, but he does not show that he was aware of the identity

of the nematodes with which he was dealing.

In 1897 von Erlanger (9), working on the segmentation of

the egg, made a pure culture of Rh. pellio from strips of

the body -wall of an earthworm placed on soil which had

been first sterilised and then moistened. He obtained large

numbers in this way.

Maupas (10) in 1899 made extensive cultures of Rh. pellio

with an artificial food-medium. He probably used for parents

the encysted larvae from the freshly killed worm or the mature

adults from decaying worms, for, while he speaks about the

encysted, coelomic form, strangely enough he does not mention

the active, nephridial larvae.

In 1900 de Ribaucourt (11) described the excystation of

the encysted larva. He mentions the nephridial foi'm and

explains its probable method of entry. He did not attempt

to determine its identity or show that he knew that of the

encysted form, but he evidently regarded them as belonging

to the same species.

Shipley (12) in 1902 summarised the work of the earlier

writers. Like them he says nothing of the nematode in the

nephridia.

K. C. Schneider (13) in 1902 mentioned the encysted larvae

of Rh. pellio occurring in the coelom. He also says that

nematodes, which, according to Anton Schneider, belong to

Rh. pellio, are frequent in the lumen of the bladder of the
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nepliridium. But this statement is incorrect, foi‘, as has been

seen, Anton Schneider did not mention the nephridial form.

It will be seen from the foregoing suiwey that, while almost

every writer describes the larva ofRh. pellio as living en-

cysted in the coelom, there are only three who mention the

nephridial larva. Dujardin called it Dicelis filar ia,

evidently regai'ding it as a different species from the coelomic

Bhabditis form. Be Ribaucourt mentions both forms, and

though unconcerned with their identity, writes as if he

believed them to be the same species. Lastly K. C. Schneider

wrongly supposes that Anton Schneider identified the neph-

ridial form as Rh. pellio, whereas he did not even men-

tion it.^

Thus although the nephridial form is generally supposed

to be the same species as the coelomic form, Rhabditis

pellio, it appears that in reality its identity has never been

determined.

(2) Nature of the Research.

The present research, then, was undertaken with the

object of identifying, and following out, if possible, the life-

history of the active larval nematode inhabiting the nephridia,

and in the hope of being able, in so doing, to throw some light

upon the relations of sex in the group. The work has proved

exceedingly difficult, and the conclusions reached are in some

cases largely hypothetical. But the subject is one of great

interest, and further work should yield valuable results.

The work has been carried out in the Zoological Laboratoiy

of the University of Birmingham, under the supervision of

Professor F. W. Gamble, F.R.S., to whom I am very grateful

for his unfailing assistance, by suggestion and by criticism,

throughout the course of the investigation. I am deeplj^

indebted to the Board of Agriculture and Fisheries for the

award of a research scholarship in Agricultural Zoology, with

the aid of which the latter part of the research has been

* For a reference to Oi’ley's work, see footnote, p. 622.
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carried on. I have also been assisted by a grant which was

made me at the commencement of the work from the Endow-

ment of Research Fund of the Birmingham Natural History

and Philosophical Society.

Occurrence.

(1) The Encysted Larva inhabiting the Coelom.

The encystedform is most plentiful in the posterior end of the

coelom. In dissecting Lumb. terrestrisa number of flat-

tened and roughly oval bodies of brown matter varying in

length from 1 to 5 mm. are to be found lying round the intes-

tine close to the anus, in the compartments formed by the

septa. These brown bodies, when placed in water and exa-

mined iinder the microscope, are at first too solid and opaque

to show of what they consist. But in some instances a few

nematodes are to be seen partly imbedded in them and partly

free, their free ends waving about in the water. Occasion-

ally large, white, rounded bodies are present, projecting from

the surface. These are cysts of Monocy stis.

When one of the brown bodies is placed in water a number of

unencysted larval nematodes make their escape from it before

very long. In the course of one or two days it gradually

disintegrates. It is then seen to be constituted of numerous

small, and occasional large, cysts of species of Mono-
cy stis, discarded setae of the worm (sometimes still encased

in the setigerous sac), encysted nematodes (of which some

have already escaped from their cysts and others are in the

act of doing so), and lastly a large quantity of loose brown
cellular matter, which consists of broken-down, discoloured

amoebocytes, and has held the whole mass firmly cemented

together. Lankester (5, p. 104), de Ribaucourt (11) and
K. C. Schneider (13, p. 425) have all described these inclusions

of the coelomic fluid at the posterior end of the body, and my
observations agree with theirs.

The cyst enclosing the nematode fits round its body closely.
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but, being slightly longer than the nematode, allows it to

move a short distance backwards and forwards. It appears

to be formed from the cast-off outer layer of the cuticle of

the nematode, but it is covered with lymph-cells, some of

which usually remain attached to it even after the disintegra-

tion of the brown body as a whole. It is seldom extended

straight. The commonest shapes in which it is bent are the

figures 3 and 8, and it is often coiled in a ring or a spiral (PI.

37, fig. 5).

I have seen the coelomic form in the act of emerging from

the cyst on numerous occasions. One end of the cyst

—

usually the anterior end—is ruptured or pushed off as a cap,

and the nematode works its way out by a prolonged series of

writhings and contortions. Among the constituents of the

disintegrating brown bodies, nematodes, covered with amoebo-

cytes but with the cysts not yet formed underneath these, are

frequently to be seen.

In addition to the nematodes congregated in the brown

bodies at the tail, independent encysted individuals surrounded

by ccelomic corpuscles are found in smaller numbers in all

parts of the coelom. Unencysted individuals also occur.

The coelomic form is sometimes found imbedded in the mus-

cular layer of the body-wall or encysted on the septa (one of

the positions given by Schneider, who does not mention the

brown bodies in the tail and may not have seen them).

Lankester (4, PI. vii, fig. 12) gives a drawing of a nematode in

the former position.

I have examined other species of earthworms besides Lu mb.
ter res tr is, the common earthworm, and have found the brown

bodies in Lumb. rubellus Hofi^meister, Allolobophora
longa Ude, All. turgida Eisen, and Octolasium
cyaneum Savigny, and I do not doubt that they occur in

other species as well. All except those in All. turgida con-

tained encysted larval nematodes.

Though varying considerably in size and stoutness of bnild,

the coelomic form is always found in a larval, never in an

adult, state in the freshly killed worm.
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(2) The Active Form living free in the Nephridia.

The nephi’idial foi’m inhabits the cavity of the “bladder,”

the dilated muscular termination of the nephridial tube next

to the uephridiopore. It occurs very constantly in worms of

this pai’ticular species. Several are to be found in almost

every nephridium. The number present varies from two or

three to over a dozen. The nematodes are found in worms
of all sizes. The largest and most healthy-looking appear to

be infested quite as much as the weakly specimens. I have

seen the nematodes in worms which are only 1'5 in. long and

are so young as scarcely to be recognisable as Lumb.
terrestris. The only part of the nephridium in which the

nematodes occur is the bladder. On one occasion, certainly,

I saw one in the “wide tube,” but it had evidently strayed

from the bladder and it soon went back.

The active form is sometimes met with in the seminal

vesicles (5, p. 11).

I have examined other species of earthworms besides

Lumb. terrestris, and have found the nephridial form

present in Lumb. rubellus Hoffmeister, Eisenia foetida

Savigny, Dendrobaena snbrubicunda Eisen, and Octo-
lasium cyaneum Savigny. They are in some cases

plentiful, as they are in Lumb. terrestris. But the}" are

more often present in only very small numbers, and most
frequently absent altogether. The nephridial form in Oct.
cyaneum belongs to the same species as that in Lumb.
terrestris. I have not identified those found in the other

species of earthworms, but I believe them also to be the

same.

The nephridial form is in an active condition, though it

may exhibit very varying degrees of activity. It often

remains coiled and motionless or makes only sluggish move-
ments. At other times it writhes unceasingly. Like the

coelomic form it is always found in a larval, never in an adult,

state in the freshly killed worm. Like the coelomic form, too,

it varies considerably in size and stoutness of build, but the
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majority of individuals are smaller and slenderer. Its average

length is -5 mm. (PI. 37, fig. 4). The two forms appear

identical in structure and proportions. But, in the unde-

veloped condition in which they exist in the worm, they do

not exhibit features sufficiently distinctive to make identifica-

tion possible, the different species of Rhabditis being very

much alike in the larval stage. The sexually mature males

provide the most important means of discriminating the

different species, the disposition of the papillm or rays of the

bursa (PI. 37, fig. 9) being the most useful diagnostic

character.

In order, then, to determine the identity of the nephridial

form it was necessary to rear it from the larval to the adulc

condition, and with this object, as well as with that of inves-

tigating the sexual phenomena, cultural methods were em-

ployed.

Cultural Methods.

The researches of Maupas
(
10

,
14), extended by those of

Potts
(
15 ), on the free-living nematodes have shown the

possibility of rearing different species of Rhabditis, Diplo-

gaster, Cephalobus, etc., in artificial media. The method

employed by them consists in the use of watch-glasses, pre-

ferably of the “ solid
” kind, in which the nematodes are kept

in drops of water to which is added a small quantity of the

nutritive medium. To prevent evaporation of the medium
the watch-glasses may be closed by glass covers fastened

down with vaseline, or a number may be placed together,

without covers, in a humid chamber. The latter alternative

is employed in cases where the decomposition of the medium

is so intense that the nematodes would succumb to the effect

of the gases liberated in putrefaction, were they confined in

the small space afforded by the cavity of a single watch-glass.

B}" this method of culture nematodes can be maintained in

conditions favourable to growth and reproduction, and, given

a suitable medium, generation after generation can be reared
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merely by transferring a mature female of one generation

into a fresh watch-glass, in which it may become the pai’ent

of a further generation.

The temperature at which the cultures were carried on was

the ordinary temperature of the laboratory.

For the liquid in the watch-glasses into which the nematodes

were put ordinary tap-water or salt solution was used. It

Avas first filtei’ed to remove any nematodes Avhich might be

present in it. The culture medium was then added, and

replenished afterwards from time to time as required.

If, as often happened, the medium in the watch-glass

became too cloudy to alloAv direct examination of the

nematodes under the microscope, they had to be removed

singly on the point of a needle or a few at a time by means

of a fine pipette, and transferred to a drop of Avater on a

slide. Nematodes lying in Avater or in the nutritive medium
in a Avatch-glass can be examined under the microscope Avith

a low, but not Avith a high poAver. For examination with the

high poAver they must be transferred to a slide.

Various media have been employed. They are here given,

roughly in the order in which they Avere tried. Most of them
Avere abandoned as useless, and none have proved altogether

satisfactory. The nematodes inhabiting' the Avorm Avere

found exceedingly difficult to rear. From some cause not yet

understood, Avhole cultures have died off quite suddenly and
unexpectedly, breaking the continuity of experiments and
rendering it in many cases impossible to obtain conclusive

results. The explanation for this may perhaps lie in the

peculiar conditions in Avhich these nematodes live. But, in

addition to the sudden and unaccountable deaths of Avhole

broods of nematodes in cultures Avhich began promisingly,

great difficulty was frequently experienced in the starting of

cultures. Again and again every one of the larvae removed
from the nephridium died as soon as introduced into the food-

medium. The difficulty of maintaining the cultures in a

healthy state was on the Avhole not so great as that of making
a successful start.
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A nearly saturated solution of peptone (Witte’s) was tried

but this strength proved useless, as the nematodes died soon

after being placed in it. Weaker strengths were then tried,

with the same results, until a '15 per cent, solution was reached.

This, though exceedingly dilute, proved satisfactory for one

series of cultures. But after that peptone was almost

uniformly unsuccessful and was abandoned.

Hay infusion (1 per cent.), like peptone, was successful for

one series of cultures, but in other cases was unsatisfactory.

Hay infusion, first sterilised and then inoculated with soil

bacteria, Avas no impi’ovement. A solution of urea was tried

but Avas found to be useless. Meat extract and decaying

meat Avere also unsatisfactory. Since these artificial media

Avere unsuccessful, the natural food of the nematodes Avas

used instead.

Earthworms decaying in damp soil Avere tried, as being

the natural medium in Avhich Rh. pellio develops. The

mode of procedure is as folloAvs. A freshly killed Lumb.
terrestris containing nematodes in the nephridia and coelom

is opened, and its gut is removed in order to obviate any

chances of contamination Avith soil nematodes which may
happen to be passing through in the soil Avhich has been

swalloAved. The nephridia and the brown bodies in the

ccelom are left remaining. The Avorm is placed Avith soil in

a watch-glass and then moistened Avith water. The soil is

first heated to kill off any soil nematodes in it. But the

temperature required to make certain of having done so

probably renders it sterile and therefore valueless. At any

rate, I find that it can be dispensed Avith. Within a Aveekthe

decaying worm is seen to be covered Avith a whitish mass of

actively Avrithing nematodes. Examination shows these to be

adult males and females, the latter being the larger. Several

generations are produced before the nutriment provided by

the rotting carcase of the Avorm is exhausted. On comparing

these adults obtained from the putrefying Avorm with those

reared in peptone or hay infusion the difference in size is seen

to be very striking (PI. 37, figs. 2 and 3). The putrefaction
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form is considerably the larger and stouter. Further, its

reproductive organs ai’e larger than those of the peptone form

in proportion to the rest of the body, and tbe eggs in the uteri

of the females are ranch more numerous, although, strangely

enough, they are individually smaller. Decaying’ earthworm

is of higher nutritive value than peptone, but it is in several

respects less useful as a food-medium. Unless specially

treated beforehand it cannot be employed for nematodes which

are required to be reared in isolation, for the body-wall

already teems with nematodes from the nephridia and ccelom.

In order, therefore, to remove these I pi’oceed as follows.

A Lumb. terrestris is killed, and from along the whole

length of the worm is cut a narrow strip of the dorsal part of

the body-wall, a region to which the nephridia, infested as

they are with nematodes, do not usually extend. To insure

the entire removal of the nematodes imbedded in, or encysted

on, the body-wall or present in any nephridia that may be left

attached to the strip, the greatest care is exercised. The

strip is laid on a slide and kept moist with water for about

two days. During this period it is examined under the

microscope from time to time. The nematodes which are

present on the strip of body-wall congregate in the water

round it, the encysted ones emerging from their cysts as it

begins to putrefy. Unless the strip is heavily infested they

can almost all be removed on the point of a fine needle. The
relative thinness of the body-wall allows a fairly minute

examination of it as a semi-transparent object, so that nema-

todes still left buried in the muscular tissue can be dug out

with a needle, unless too deeply imbedded. When they have

all been removed the strip is ready for use. A piece is cut

from it and placed in a watch-glass with a small quantity of

water and the nematode which it is required to cultivate. A
control, consisting of another piece of the same strip moistened

with water, is kept in order to make certain of the entire

absence of nematodes fi’om the medium employed. Decay is

rapid, and the nematodes in the cultui’e, like those reared on

the body-wall decaying in its entirety, attain large dimen-

VOL. 58, PART 4.—NEW SERIES. 41
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sions. While sharing with the latter medium this advantage

over peptone, the new form of medium has also certain draw-

backs ill common with it. The body-wall, as it becomes more

and more opaque in the course of deca}^, makes a dark back-

ground on which it is difficult to distinguish the nematodes

in the culture. Occasionally, also, the whole contents of the

culture develop an evil odour or in addition become clouded

over with a dense scum, not only rendering examination impos-

sible, but also causing the death of all the nematodes. But the

chief drawback, and the one which rendered it necessary to

discontinue the use of the strip method, was the presence of

nematodes which were found infesting the medium in certain

cases even after the exercise of the utmost care in attempting

to remove them all.

A third medium, designed to avoid the disadvantages of

its predecessors, has been devised and is prepared as follows :

Several Lumb. terrestris arekilled and then cleaned by

the removal of the gut. They are put with some water into

a test-tube, which is then plugged with cotton-wool, heated in

a steamer and kept at boiling-point for about two houi’S.

The opaque broth is decanted and filtered. The almost clear

resultant liquor, in which putrefaction very soon commences,

is inoculated with the bacteria, which in the natural state are

associated with the decay of the worm in the soil. For this

purpose a freshly killed Lumb. terrestris is allowed to

decay in a small quantity of water to which a little earth is

added, and a spot of this fluid, carefully examined under the

microscope to get rid of any nematodes in it, is added to the

clear liquor before the bacteria from the air have had time to

multiply in it. The liquor soon becomes cloudy with the

growth of the soil bacteria and is then ready for use. This

worm extract has been used for all the most recent cultures.

It forms on the whole an excellent food-medium. Certainly

it is the best that has yet been devised. Like the body-wall

medium, it is more nutritious than peptone, and produces

adults of large size. Over decaying body-wall it possesses

the twofold advantage (for the sake of which it was devised)
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of not being liable to contamination^ and, of affording a fairly

clear view under the microscope of the nematodes under

cultivation. It is open, however, to the same objection as

the body-wall medium. Occasionally an evil odour develops,

accompanied as-n rule by the appearance of an opaque scum,

and all the nematodes in the culture die off.

The dimensions to which the adult nematodes attain vary

according to the nutritive quality of the media on which they

are reared, their size being directly dependent on nutrition.

Thus those fed on worm e.vtract or putrefying worm (the

natural food) considerably outgrow those fed on peptone,

and the latter cannot be regarded as typical of the species in

regard to size.

The length of life of these nematodes in a natural state will

be considered later in connection with their life-history. In

artificial cultm’es, the period which the larva occupies in

reaching maturity after its removal in the nephridial stage

from the wonn corresponds of course to that part of the

nematode’s life which in a state of nature elapses between the

death of its host in the soil and its appearance as an adult.

During this period growth is exceedingly rapid. In worm
extract maturity is usually reached in four days. But occa-

sionall}'^ mature females have been obtained in three days and
males in two. Decaying body-wall takes about four days,

peptone about six. Another jjeriod, easily ascertained in cul-

tures, is that wliich elapses between the hatching of embryos
from the eggs of successive generations of nematodes. In

Avorm extract this is about eight days, in peptone about ten.

While the period of growth prior to reproduction is fairly

uniform, the length of life of the adults kept in cultures after

reproduction is very variable. Some females succumb to the

effort of reproduction, others survive the process by only a

few days, and others live on afterwards for two or three Aveeks.

The use of an artificial culture medium shoAvs that the dis-

tinction between oviparity and viviparity as specific characters

does not exist in these nematodes of the earth-AAmrm. They are

oviparous or viviparous according to the food supply. Those



618 GILBERT E. JOHNSON.

fed on peptone are ahvays^oviparons. Those fed on putrefying

worm are usually oviparous at first, but, since they produce

a far larger stock of eggs than the peptone form, they

become viviparous later, when the eggs are being discharged

into the uterus faster than they can be laid. The embryos

are ready to emerge before the eggs have been laid, and there-

fore they hatch out in the uterus, and, when discharged

from the parent’s body, are no longer enclosed in the egg-

shell. The nematodes of the earthworm are thus oviparous or

viviparous according to the nutritive quality of the food supply.

But both the peptone form and the putrefaction form behave,

so to speak, viviparously if they die before all their eggs are

laid, for the fertilised eggs that remain in the uterus, being

quite independent of the parent for their nourishment, continue

their development, and the embryos hatch out within the

uterus of the parent, in whose decaying body they thrive and

Sfrow until nothin^' remains but a thin investment of cuticle.

Identification.

The encysted larvte from the coelom are reared to the adult

stage (at which they can be identified) in the following

manner. A number of the brown bodies from the tail of a

freshly killed Lu mb. terrestris are placed in a watch-glass

with a little water. Disintegration and decay set in very

soon, providing a natural food medium for the nematodes

Avhich emerge from the cysts. They grow rapidly, and within

a week have developed into sexually mature adults of Rhab-
ditis pellio, exactly, similar to those obtained from the

worm decaying in its entirety (PI. 37, figs. 1 and 2).

This, however, is merely a confirmation of the results

obtained by the early investigators. The question which the

literature of the subject does not appear to have hitherto

answered is, whether the active larvie in the nephridia are

the same species as these or not ? I have not discovered that

any previous worker has ever removed the larvae from the

nephridia and reared them to maturity in order to establish
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their identity, and therefore I have done this myself. Larvae

from the nephridia of aLumh. terrestris were put in a

watch-glass with small strips of decaying body-wall and a

little water. Glrowth was rapid. When sexnally mature they

were examined and were found to be Rhabditis pellio.

The nephridiiil aud coelomic larvae, therefore, are the active

and encysted forms respectively of one and the same species.

'I'his has beeu confirmed by all subsequent cultures. Further,

I have found no other species but this inhabiting the living-

worm.

Confusion op Two Species under One Name.

A perusal of the literature on Rhabditis pellio leads

one to suppose that all the nematodes Avhich have been

encountered in connection with the earthworm and described

under this name ai-e genuine inhabitants of the healthy worm
and belong to a single species. But whether this is really so,

and whether the name does not require to be more clearly

defined, are questions which I propose to discuss.

I have mentioned earlier in this paper in the survey of the

literature that Biitschli (6) noticed certain diffei-ences between

the adult individuals of Rh. pellio which he examined

and those which had been described by Anton Schneider (1).

'I'here were various minor discrepancies. But the most

striking })oiut of dissimilarity was that the tail of Schneider’s

males did not project beyond the edge of the bursa, while

that of Biitschli’s males was jn-olonged to a fine point a short

distance beyond the margin, whicli was slightly notched at

the place of emergence.

Biitschli regarded these differences as unimportant, and

supposed that the two different forms of bursa merged into one

another by imperceptible gradations. Subsequent references

to Rh. pellio in the literature of the Nematoda are for

the most part very meagre. With the exception of Maupas,

the writers do not comment on the dissimilarity of the two

forms. Maupas (10), however, twenty-six years after the
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publication of Biitscbli^s work, wrote as follows :

“ Sous ce

noin de Rhabditis pellio ou confond deux especes

distinctes :
1° le type decrit par Sclineider (' Monograpliie

der Nematoden,’ p. 154) ;
2° celui decrit par Biitsclili

('Beitrage zur Kenntniss der freilebendeii Neinatoden,’ p.

112) ;
la premiere espece est une forme peloderienue, la

seconde une forme leptoderienne. . .
(Text-fig. 1 .)

In support of this statement that the two forms are

distinct species, there is, I think, convincing evidence

Firstly, Maupas says :
“

. . malgre I’opinion contiaire

du Butschli, je me suis convaincu que cette absence ou cette

existence dhin prolongement caudal male constitue bien

un excellent caractere distinctif. J’ai eu occasion d’observer

des milliers d’individus des deux types, obtenus dans des

cultures isolees, et jamais je n’ai vu ce caractere faire

defaut.” Secondly, neither Schneider nor Butschli saw the

form described by the other, and Butschli does not say he

ever saw the intermediate forms which he supposed existed.

Thirdly, in my own case, I have never found any but

Butschli’s “ leptoderian form. The “ peloderian ” form of

Text-fig. 1.

“Peloderian” tail. ‘ Leptoderian” tail.
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Schneider and the' “ leptoderian ” form of Biitschli are

clearly distinct and separate species.

Now Biitschli’s “ leptoderian ” adults are the form

developed from the larvae living in the worm, as my own
results have abundantly shown. Schneider’s peloderian

”

adults, on the other hand, were obtained from worms decaying

in soil, and were not actually proved to have been developed

from the larvae inhabiting the worm. Further, while those

of my cultures of decaying worms, in which all chance of

contamination from soil larvae has been excluded, have never

yielded any but the leptoderian species, those, on the other

hand, in which eairthworms are allowed to decay in ordinary

soil have, as von Eidanger also (9) has shown, yielded others

besides the “ leptoderian ” species. Indeed, on one occasion,

in examining some earth in which several Lumb. terrestris

had died and decayed, I found a number of larval nematodes,

from which, when reared in worm extract, I obtained a male

with a “peloderian ” bursa and the bursal papillae disposed,

as far as I can judge from a rough drawing’ made at the

time, similarly to those of Schneider’s form. These con-

siderations afford sti’ong evidence that Schneider’s ‘^pelode-

rian ” form was a soil-inhabiting species, attracted while

larval to the decaying worm, on which it developed and

matured. This w’ould be quite in keeping with the behaviour

of the free-living species of nematodes inhabiting the soil,

studied by Maupas and Potts.

On this hypothesis the reason why Schneider made the

mistake of supposing his “peloderian” form to have

developed from the nematodes inhabiting the worm as larvte

is not far to seek. Lieberkiihn had seen the larval nematodes

in the worm develop on the decay of the latter into sexually

mature adults (which, however, he did not describe), and

Schneider would naturally suppose, since he did not actually

make the experiment and prove the contrary, that the adults

which he himself found on the decaying worm had likewise

developed from these larvae. In the second place, the reason

why Biitschli failed to recognise that the form which he des-
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cribed was a distinct species from that of Schneider was

evidently because Schneider’s form, like bis own, had occurred

on decaying worms, and he did not realise that the presence

of soil allows chances of contamination with soil-inhabit-

ing forms.

It may be asked why neither writer recorded the form

described by the other. The explanation may be that

Biitschli probably did not find his infected earthworms de-

caying in soil like Schneider’s, but killed them himself and

allowed them to decay in water, in which case the “ pelo-

derian ” form would not be present; and that Schneider

made his description from only a few individuals, amongst

which none of the “ leptoderian ” species happened to be

included.

With the notable exception of Maupas, later writers, as I

said before, do not comment on the difference of the two

forms. The probable reason was that they saw Biitschli’s

“ leptoderian ” form only, because soil was excluded from

contact with the putrefying- worms which they used, or they

may have seen both forms but did not suspect them to be

distinct species because they did not recognise that the soil

is a source of contamination.^

In view, then, of the confusion, under the same name, of

two undoubtedly distinct species found in the same situation

in the adult state but derived probably from different 'larval

habitats, I propose to distinguish between them by narrowing

the application of the name. I propose to restrict the name
Rhabditis pellio Schneider to the “ peloderian ” form

described by Schneider, and provisionally to designate the

' Since writing the above I have been able to consult Orley's ‘ Die

Rbabditiden nnd ibre mediciniscbe Bedentnng,’ Berlin, 1886 (14). The

tail of the male Rh. i^ellio which he describes (p. 33) is of the “pelo-

derian ” type and closely resembles that of Schneider's form. But
whether he made his description from adults l)red, without risk of con-

tamination with soil nematodes, from larvEB actually inhabiting the

living worm, and not from adults obtained from dead woi-ms allowed

to decay on soil (his method of obtaining large numbers of nematodes)

appears to be doubtful.
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Jeptoderian form^ described by Biitscbli, but wrongdy regarded

by him as belonging’ to the same species, by the name Rhab-
ditis pellio Biitschli, non Schneider. No doubt the correct

course would be to call the “ leptoderian ” species by a new
name, but until Schneider’s “peloderian” species has been

re-examined, I hesitate to take this logical step.

In reading this paper no confusion should, I think, be

caused by this splitting of what has hitherto been regarded

as one species. This paper deals exclusively with Biitschli’s

leptoderian” form,whichI callRliabditis pellio Biitschli,

non Schneider, the species whose larvm, both free and encysted,

infest the living worm, and it is this form which is intended

when the abbreviation Rh. pellio B. is used.

Anatomy.

It will be well at this point to say something of the anatomy

of Rliabditis pellio B. since the descriptions given by

Schneider, Biitschli and von Linstow are not quite complete.

'I'he accompanying table of measurements is intended to

show the inferiority in size of the adult I’eared on peptone to

tlie typical form fed on decaying worm. 'I’he arrangement is

based on the admirable system used by Maupas (15). The
fractions express the relation between the length of the

particular region and the total length of the body. The
length given for the buccal cavity, however, is relative to the

total length of the oesophagus, of which it is regarded as part.

'I'he measurements of the adults—subject as they are to great

variation—have been taken as far as possible Irom thelai-gest

individuals obtained.

The cuticle is transparent, and marked by exceedingly .

delicate ti-ansverse striations difficult to distinguish except at

tlie anterior and posterior ends.

’I'he mouth (PI. 37, fig. 6) is bordered by three lips, one

dorsal and two ventral, each of which is divided by a shallow

groove into two lobes. Each lobe bears a pair of fine short

papillae. The buccal cavity in side view appears to be cylin-
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Table I.—Measurements.

Adult female. Adult male.

Typical form. Peptone form. Typical form. Peptone form.

Length ‘2000 /i 1238 /r 17 81 900 u

CEsophagus

.

226 = 248 = 4- 209 =l
Tail .

Vulva . 1019

143 = 1

638

Diameter 1^3 =~ 86 104 = 4 50

Buccal cavity

Spicules

2, 23 =4
67 49

Eg

Larva in Nephriilium.

Typical form. Peptone form.

Length 510 fi 56 /r 62

Diameter 28
1

~ 18
3-

=T^5 1-3

drical. It is of equal width tlii oughout, except at its posterior

end, just in front of the point wliere it is continued into the

oesophagus. There it narrows and then widens again, ending

in a thickened edge. The oesophagus has two hulb-like

swellings, an anterior elongated one and a posterior rounded

one, the latter bearing a dental armature. A part of the

anterior end of the oesophagus is reflexed forwards round the

posterior three fourths of the buccai cavity. The intestine

(PI. 37, fig. 2) is a tube formed between two lows of large

alternating cells containing' large nuclei. Its dark appear-

ance by ti-ansmitted light is due to the granules deposited in

its walls. The lumen of the intestine, and also of the whole

of the alimentary canal, is lined with chitin. The rectum
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(PL 37, fig. 8) is exceedingly short and has a narrow cavitj".

It can he distended by means of muscular fibi-es passing to

the body-wall. Its anterior end is surrounded by three uni-

cellular glands, two lateral and one median dorsal. The anus

is ventral, and appears to be a transverse slit situated at the

base of a papilla.

The nerve collar (PI. 37, fig. 6) surrounds the oesophagus

between the anterior and the posterior bulb. It is inclined

obliquely iu an antero-ventral direction.

The excretory canals (PI. 37, fig. 6), which are difficult to see,

pursue a sinuous course in the body-wall along either side.

From each canal a single downward branch descends towards

the excretory pore. Biitschli (6, pi. x, fig’. 59e) represents

these as uniting before reaching it. The excretory pore

is situated in a median ventral position a short distance behind

tlie posterior oesophageal bulb.

The female is long and narrow and. tapers gently towards

either end.

The tail of the female (PI. 37, fig. 7) is prolong’ed to a fine

point. It bears a pair of short papillae, one on each side, a

little more than a third of the distance backwards from the

anus. They do not project from the surface of the body,

but are continued inwards, each as a delicate fibre running
forwai'ds towai’ds the anus. They are not always exactly

opposite one another.

The vulva, the reproductive aperture of the female, is placed

slightly more than half-way along the body in a median ven-

tral position, and has two projecting lips borderijig a trans-

verse slit. The vagina is short. In females of the typical form

reared on putrefying worm the paired uteri are long and dis-

tended, and contain probably between one and two hundred
eggs (PL 37, fig. 2). In the form fed on peptone they aie

smaller and contain five to twelve eggs 'PL 37, fig. 3). The
ovaries are long and retlexed dorsally, nearly reaching back to

the vulva. The so-called “seminal receptacles,” which are

really the oviducts, are filled with spermatozoa, the female of

this species reproducing as a hermaphrodite. They are short.



626 GILBERT E. JOHNSON.

naiTOw tubes connecting the ovaries with the uteri and bent

in the form of an S or a U. The eggs are oblong-oval.

Those of the typical putrefaction form are 56 p in length and

37 jit in diameter, while those of the form reared on peptone,

though so much fewer in number, are 62 p in length and
47 in diametei'.

The bursa (PI. 37, fig. 9), the copulatory organ of the male,

is broadest in the middle. In all the males that I have seen

the tail is prolonged a short distance beyond the end of

Text-pig. 2.

9

8

7

6

5

Tail of a male Rhabditis jiellio B. as seen in ventral view, showing
the disposition of the bursal papillae.

the bursa, whose edge is emarginated at the place of emer-

gence. There are nine papillm, disposed in groups of three

each (Text-fig-. 2). 'J'he posterior three are close togethei-.

Counting from the posterior end the second papilla is usually

nearer to the third than to the first. The median three are

also close together, and separated from the posterior group by

an interval. In the median group the fifth papilla is usually

nearer to the sixth than to the fourth. The interval between

the anterior and median groups is equal to that between the

median and posterior groups. In the anterior group there is

a somewhat wide interval between the seventh and eighth, and

a very wide interval between the eighth and ninth papillae.
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There is a great deal of vai-iation ia the disposition of tlie

bursal papillse in different individuals, even of the same brood.

Single papillae may be missing’, extra ones may be present, or

the usual intervals between papillae may be altered. These

variations may occur on one side of the bursa only, or on both.

The fifth papilla may be nearer the fourth than the sixth, or

the intervals between the fourth, fifth and sixth, or between

the seventh, eighth and ninth may all be equal.

The papillae do not reach the edge of the bursa but bend

round, their ends pointing perpendicularly away fi’om its

ventral surface. The copulatory spicules (PI. 37, fig. 9) are

strong, slightly curved and thickened at their anterior ends.

They are structui’ally independent of each other but work in

unison. The accessory piece (PI. 37, fig. lOj is a little moi’e

than half the length of the spicules. The testis (PI. 37, fig. 1)

is full of spermatozoa in different stages of development. The
vas deferens is a tube formed of large cells with small nuclei.

The lumen is narrow. The spermatozoa are oval and granular

with a refractive nucleus of irregular outline.

Quf!sTioNS OF Sex.

(1) Analysis and Character of Reproduction.

The work of Maupas (14), supplemented by that of Potts

(15), has shown that in Rhabditis and several closely related

genera the mode of reproduction is by no means uniform. At
first it was thought that all species were bisexual. It is now
known that side by side with the bisexual species, in which
males and females are produced in equal numbers, herma-
phrodite and parthenogenetic species also exist.

In the hermaphrodite species, which appear to be even
more numerous than the bisexual species, the females repro-

duce as self-fertilising protandrous hermaphrodites and
constitute the bulk of the individuals, as a rule vastly

outnumbering the males, which in some species are almost

entirely wanting. The males, though apparently as perfectly
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developed as those of the bisexual species, yet take no part

ill the reproductive process or only “ re-£ertilise ” the females

on rare occasions when the latter have exhausted the stock

of spermatozoa produced in their genital organs. It would

appear quite permissible to apply the term “female’^ to the

reproductive individuals of the hermaphrodite species. They

closely resemble the true females of the bisexual species of

the same genera, the only essential anatomical difference

being the presence of spermatozoa developed in the oviducts,

which are hence called the “ seminal receptacles.” Indeed,

there is evidence that the conversion of females into herma-

phrodites is a process which is going on at the present day.

In the parthenogenetic species the females do not develop

spermatozoa, and males are entirely absent.

So far as the question of its reproduction has received any

attention at all, Rhabditis pellio appears to have been

hitherto regarded as a purely bisexual form. But whether

this is the case and whether the species is not somewhat

variable in its sexual character are questions on which I hope

the following investigation will throw some light. The males

liave never at any time been seen tp take part in the repro-

ductive process or even to exhibit any sexual instincts what-

ever, nor are they numerically equal to the females, as in the

bisexual species.

When dead earthworms decay, the male and female nema-

todes which develop from the larvae in the nephridia and

coelom propagate i-eadily. But when larvae were removed

from a freshly-killed worm and placed in an artificial

medium, the proportion of productive adults was in most cases

considerably smaller, the medium being for some reason less

favourable to reproduction than the natural food. This must

be borne in mind in considering the following cultural experi-

ments :

Culture A.—Two sexually mature females, which may or

may not have been already fertilised by males, were removed

from some decaying brown bodies of a Lumb. terrestris

and isolated in worm-extract in watch-glasses. Both pro-



ox THE NEMATODES OP THE COMMON EARTHWOEM. 629

duced yoaug. Botli broods grew up into females (= Fj

generation). No males were produced. One young female

was isolated in worm-extract while still larval. It matured

and reproduced, but both it and its offspring died immediately

afterwards. In this culture the isolated female of the F^ gene-

ration nnqnestionably reproduced without being fertilised by

a male, for not only were there no males in the brood from

which it was taken, but it was still larval when isolated.

Culture B.—Two larvae were removed from a nephridium

and isolated in watch-glasses with peptone. Both developed

into females, which matui-ed and propagated. A series of

about eight generations was produced. (The exact number
was not recorded.) Amongst all the offspring of the various

generations no males were found. The females of this culture,

therefore, like the isolated female of the first filial generation

of Culture A, propagated without any males being present to

fertilise them. Spermatozoa were distinguished in the
“ seminal receptacles.” Parthenogenesis being thus ruled out,

reproduction must have been hermaphrodite.

Culture C.—Several nephridia were removed, together

with the larval nematodes Avhich they contained, from a

freshly killed L. terrestris into a watch-glass with a little

water. As the nephridia decayed the larvte rapidly matui-ed

and reproduced. An Fj and an F„ generation were produced,

and both were cultivated in worm -extract. In this culture,

males, besides being present in the parental generation, were
also produced in each of the filial generations. There were
no cases of undoubted hermaphrodite reproduction, that is,

in no instance did females which had been isolated while

larval propagate offspring. Only those females which were
kept with males reproduced. This is strong evidence for

bisexuality, but is not decisive, since the females placed

with the males may not have been fertilised by them, but

may have produced their own sperm as hermaphrodites, and
the reason why the isolated females refused to reproduce

may have been, not the absence of males, but the poorness

of the food-medium. This objection receives support from
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the fact that, although only those females which were placed

with males reproduced, yet by no means all, but only a small

percentage of them, did so.

Culture D.—Several nephridia, with the nematodes which

they contained, were removed wholesale from a freshly killed

Lumb. terrestris. Fourteen of the larvm were picked out

and isolated in watch-glasses with worm extract. All but

three died while larval, before their sex was indicated. (I

represent such individuals in the culture-table by a plain circle.

Of the three survivors two developed into females and one into

a male. The one female, which I shall call A, began to lay

disintegrating eggs. (Disintegration is a sign that the egg has

not been fertilised.) The male was put with the other female,

B, which had not yet laid any eggs at all. Next day B
began to lay fertilised eggs, from which larvm (F^ generation)

hatched out. The male was then removed from B and placed

with A, which had by this time ceased to lay even sterile eggs.

Two days later A also began to lay fertilised eggs, from

which larvae (Fi generation) hatched out.

Eight larvae were isolated from among the offspring of B.

All developed into females. So did all the unisolated larvae

of the same brood and also A’s brood. None of the

eight isolated females reproduced, even though extraneous

males, taken from a culture of the nephridial form reared on

decaying nephridia, were placed with two of them. Nor did

the unisolated females of A’s or B’s broods reproduce.

Table 2.— Culture D.

ocooooooooo

? $ 9 ? ?
\ \
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The behaviour of the pai’eutal generation in this culture

affords the strongest evidence for bisexuality that I have yet

been able to obtain. The evidence is not absolutely conclu-

sive^ since the males have not actually been seen to fertilise

the females either in this case or in any other, but it is very

strong. The refusal of the isolated females of the genera-

tion to reproduce is additional evidence. But, on the other

hand, the two females of this generation with which the

extraneous males were placed still remained unproductive.

It should be noted that, if the male did in this cultui’e

actually take part in reproduction, it would appear that a male

is capable of fertilising more than one female of the same

genera,tion.

Culture E.—Eight larvae were taken from the nephridia

of a freshly killed Lumb . terrestris and isolated in worm
extract in watch-glasses. Seven developed into females and

one into a male. Four of the seveu females were kept isolated,

and the male was placed with the remaining three females.

On examining the cultures after an unavoidable absence, I

found that, while the four isolated females had laid only un-

fertilised eggs (which rapidly disintegrated), the three females

placed with the male had produced an F^ generation, which

in its turn had given rise to an Fg generation. The parents

and the first and second filial genei’ations were all together

in the same watch-glass, but could be distinguished by their

different sizes. The F2 generation was larval and quite small.

In the Fj generation I could see no males. The only male to

be seen was the parental individual. Those females of the

Fi brood, therefore, which reproduced probably did so as herm-

aphrodites, unless fertilised by the parental male, which I do

do not think probable.

Eight of the small larvae belonging to theFo generation were

isolated. All developed into females, nor were any males seen

among the unisolated remainder. Each of these eight females

produced an Fg generation. Their mode of reproduction was
unquestionably hermaphrodite, for they were isolated while

in the larval condition.

VOL. 58, PART 4. NEW SERIES. 42
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Ten larvae of the F3 generation were isolated from one of

the most prosperous of these eight broods. All grew up into

Table 3.— Culture E.

'1399 9 9 9 9

F2 99999999
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females, nor did I see any males among the un-isolated

remainder. All the females reproduced except one, which



ON THE NEMATODES OP THE COMMON EARTHWORM. 633

(lied before it could reproduce. I represent such an individual

by the female sign with its circle crossed by a line, to dis-

tinguish it from those which live long enough to reproduce

but are for some other reason unproductive.

The culture was continued on the same lines until it died

out in the Fg generation.

Regarding the isolated unproductive females as forming a

control, the parental generation in this culture appear to have

reproduced bisexually. The F;^ generation reproduced

probably as hermaphrodites. The Fg and all subsequent

generations reproduced unquestionably as hermaphrodites. No
males were produced in any of the broods. Extraneous males,

taken from a culture of the nephridial form reared on decaying

nephridia, were placed with two unproductive females of the

Fg generation, but did not induce reproduction.

Culture F.—Ten larvae were taken from the nephridia of

a freshly killed Lumb. terrestris and isolated in worm
extract in watch-glasses. Three died while larval. Of the

remaining seven six developed into females and one into a

male. The male and one female were killed accidentally.

Of the other five females three reproduced but two did not,

although an extraneous male taken from a culture of the

nephridial form in decaying nephridia was placed with one

of the latter.

Ten larvae of the F^ generation were isolated from one of

the three broods. Eight died while larval. The remaining

two grew up into females, nor did I see any males among the

unisolated remainder. One of the two females reproduced,

the other did not. The culture was continued on the same
lines until it died out in the F- generation.

In this culture reproduction was hermaphrodite in all cases.

Nor were males seen in any of the broods. Further, this is

the only case in which reproduction has been unquestionably

hermaphrodite in the parental generation.

Conclusions.—From the numerous cases of reproduction

by the females in the absence of males and the finding of

spermatozoa in the genital organs of such individuals, it is



634 GILBEET E. JOHNSON.

clear that the females are often—if not always—hermaphrodite.

On the other hand, in spite of the fact that males have never

been observed to exhibit any sexual instincts whatever, it seems

probable, from the cases, especially in the parental generation,

in which the females have propagated only when males have

been present, that reproduction is sometimes bisexual. This

Table 4.— Culture F.

\

o o

Fi

F2

F3

F4

OOOOOOoo

9 ^ P 9 9 ? 9 9

CH-
? 5P 5P ^^

o o o o o

^^^^OO OOOO

Fs

would mean that a number of true females exist side by side

with the hermaphrodites as in Rh. marionis, a species

described by Maupas (14, p. 506).

Rh. marionis affords also a remarkable instance of in-

cipient hermaphroditism. Among the hermaphrodites not

only are true females occasionally found, but also individuals

which are partly hermaphrodite and partly female, the one

half of the paired genital gland producing both eggs and
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sperm, the other half giving' rise to eggs only. The males

also occasionally “ re-fertilise
” hermaphrodites whose stock

of spermatozoa has become exhausted. In the present species,

however, I did not see any of these partially hermaphrodite

individuals or discover any cases of re-fertilisation.

It may be asked why bisexuality does not, like hermaphro-

ditism, admit of experimental proof, without actual obser-

vation of the males in copulation with the females. The

reason is that the results of an experiment may be misleading.

A female placed with a male may reproduce, whilst a female,

isolated when larval as a control, may not. This result might

at first be regai'ded as an almost undoubted case of reproduc-

tion. But the real facts may be that the female placed with

the male reproduced as a hermaphrodite, developing sperma-

tozoa for itself and not receiving them from the male, in spite

of appearances to the contrary, while the isolated female

refused to reproduce, not because of the absence of males,

but from some other cause. It should be mentioned that in

this species, on account of the position of the gut, it is often

vei’y difficult, especially in young or unproductive females, to

distinguish whether spermatozoa are present in the reproduc-

tive organs or not.

(2) The Sex Ratio.

In regard to the sex ratio the results of the foregoing

cultures and other observations not recorded here work out

as follows. The nematodes removed from the freshly killed

worm and reai-ed in cultures, or obtained from the dead worm
decaying under natural conditions, develop into males and

females. Subsequent generations, however, bred under cul-

tural conditions consist in almost all cases of females only.

This difference between the ratio of males to females in the

parental and in the filial generations under cultural conditions

is most striking. In the parental generation the ratio of males

to females was about 1 to 5, which for a hermaphrodite species

is very high. After this the ratio was, with few exceptions.
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SO low that in the restricted number of generations through

which the cultures lasted no males were seen at all. In a few

instances, however, males did occur in the filial generations,

and in such cases the ratio was sometimes high. The first

filial generation of culture C, which consisted of 36 males and

31 females, furnishes a very striking instance of this.

Potts
(
15 ), in reference to the free-living hermaphrodite

species which he studied, states that the production of males is

cyclical, but that there is no rule that they should appear at

stated intervals or restricting their production to a period or

periods of maturity. My own cultures did not last long

enough to enable me to throw light on the question. But,

as has been already stated, although males are as a rule

entirely wanting in the filial generations, they always develop

in a high ratio in the parental generation consisting of larvEe

taken from the freshly killed worm
;
and it is not unreason-

able to suppose that, had the cultural series lasted over a

longer period, males would sooner or later have reappeared.

Potts states that it is not probable that the sex proportions

are governed by nutrition, and my own results bear out this

opinion.

Maupas
(
14

), in inducing males of llh. elegans (p. 477)

to re-fertilise hermaphrodites whose stock of sperm was

exhausted, obtained an enormous increase in the proportion

of males to females in the offspring, so that the sexes became

almost numerically balanced. In attempting the same with

Rh. marionis (p. 506) he did not succeed in affecting the

ratio at all.

In the present species re-fertilisation, like ordinary fertili-

sation, has not been observed, and in those cases of repro-

duction in which males may nevertheless have taken part the

sex of the offspring may not have been affected, though,

curiously enough, the only males produced (besides those of

the parental generation, which occur regularly among the

nematodes taken while larval from the worm) have been among

the offspring resulting from these cases.

The culture series made in the course of this work were for
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some not very apparent reason exceedingly short-lived. Had
the conditions been more favourable, they could have been

maintained through a much larger number of generations,

and would have thrown more light on the sexual phenomena
of the species.

LjfFE-HlSTOEY.

(1) Investigation of Problems relating to the

Life-Cycle.

It has been already shown that active and encysted larvae

of Rhab ditis pellio B. infest the nephridia and the coelomic

cavity of Lumbricus terrestris respectively. It is also

known that these larvae, on the death and decay of the host in

damp earth, become sexually mature and reproduce. Beyond
this, except for a few scattered details mentioned in the litera-

ture of the Nematoda, the course which events take in a

natural state has not been known. It was in the hope of being

able to elucidate some of the interesting questions which sug-

gested themselves in connection with the life-history that

certain experiments were undertaken. The difficulties were

considerable. It was found exceedingly difficult to imitate

experimentally the natural conditions under which the

nematode and also the worm live. Both animals were at a

disadvantage, and were often unable to develop in a normal

manner or in many cases to grow or even to live at all. The
results obtained from this investigation are, therefore,

incomplete, and still leave room for further work.

(1) The Nemat ode not confined to the Body of

the Worm during the Latter’s Lifetime.—An
experiment to determine whether the larval nematode ever

leaves the worm while the latter is living was several times

made. ALumb. terrestris was first thoroughly washed
in order to remove any soil-nematodes which might be

adhering to the outer surface of its body, and was then

placed with filtered water in a watch-glass. The tail of the
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worm was kept out of the watch-glass, so that no soil-

nematode, which might happen to have been swallowed

with the earth passing through the alimeutaiy canal, could

pass out into the water by the anal aperture. In almost

every case a few larval nematodes of the active nephridial

kind were found in the water around the worm after two or

three hours. From the elimination of the anus as a means of

exit there is every probability that the nematodes, being the

active form, came from the nephridia, escaping by the

nephridiopores.

That nematodes originally obtained from an earthworm

will, when placed in a small quantity of water with another

worm, make every effort to enter the second worm by any

available orifice has been demonstrated experimentally by

de Ribaucourt (11, p. 297) in the case of a smaller earthworm,

Notogama foetida, the brandling. I have myself on one

occasion seen two larval nematodes with their anterior ends

buried in the external surface of the body of a small earth-

worm about 1'5 inches long. They were probably entering

by the pores. That the pores are capable of affording a

sufficiently Avide passage is shoAvn by the effect of a sudden

application of chloroform vapour. The worm is made to

discharge forcibly through its pores la,rge quantities of

coelomic fluid containing not only amoBbocytes, but also

occasionally both active and encysted nematode larv*.

It seems probable, thei’efore, that during the life of the

earthworm the larval nematodes pass out and in again by the

external apertures of the coelomic cavity and spend longer

or shorter periods in the soil or even enter a different worm.

In order to ascertain by direct means whether Rh. pellio

can be actually found living a free life in the soil, samples

of garden earth Avere examined from time to time. Larval

nematodes Avhicli were discovered Avere removed, andattenqAts

Avere made to rear them to maturity Avith a vieAV to estab-

lishing their identity by means of the sexual charactei’S.

From some cause not yet understood the attempts proved

unsuccessful and the nematodes died before reaching maturity.
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Maupas also
(
10

, p. 623) has only once succeeded in finding

Rh. pellioin the soil.

(2) A Period of Independent Existence passed
in the Soil after the Death and Decay of the

Earthworm underground.—A Dumb, terrestris was

killed and allowed to decay. When the nematodes which it

contained had become sexually mature and begun to repro-

duce, the worm was transferred to a fairly shallow glass dish,

four inches in diameter, filled with soil which had previously

been heated to kill off any nematodes present in it. The

decaying worm was coiled up in as small a space as possible

and placed in the centre of the fioor of the dish. The earth

was spread around and over it to a depth of about one inch

and then moistened. Water was afterwards added from

time to time in order to keep the earth sufficiently moist to

prevent the desiccation of the nematodes. About two weeks

after the experiment was begun, the soil in all parts of the

dish was found to be teeming’ with nematodes. The worm
occupied only a small space below the sui’face of the soil in

the centre of the dish. But as far away as almost at the very

edge of the soil, where it tended to become dried np, the

nematodes were plentiful. Careful examination indicated

that their relative abundance in different jiarts of the soil in

the dish was no longer determined by the desire to be near

to the dead worm foi’ the sake of the food afforded by its

])utrefying body.

Although there were probably some thousands of nema-

todes in the soil, not a single adult was seen away from the

worm. All those that had wandered away into the

surrounding soil were larvm, offspring of the adults intro-

duced with the worm, and had reached the same stage of

giowth as that of the larvae found in the nephridia. Six

months later they were alive and plentiful but had not grown.

Shortly afterwards the earth was accidentally allowed to di’y

and almost all of them died. But as much as eight months

later, i. e. fourteen months after the beginning of the

experiment, one larva was still alive and had not grown any
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further. I do not know whether at the commencement only

one or more than one generation of offspring was produced,

hut the larvm were no larger at the end of the experiment

than when I first examined them shortly after the com-

meuceineut.

'fihe results of this experiment would seem to indicate

that the offspring of the nematodes which mature and rejjro-

duce in a worm that dies and decays in the soil are able to

wander away from their food-supply after (or even perhaps

before) it is exhausted and pass a period of free existence in

the earth, perhaps only until the earliest opportunity arrives

of infecting a fresh worm. It appears that, before leaving

the carcase of the worm, they have reached the stage of growth

coi responding to that of the larvae found in the nephridia, and

while free in the soil do not under ordinary circumstances,

outgrow this stage. I have shown, however, in the previous

secDion the difficulty of finding the larvae of Rh. pellio

in the soil to prove this.

(3) No Alternate Host discovered.—Since earth-

worms fall a prey to moles, thrushes, blackbirds, rooks and

many less highly organised animals, it was only to be expected

that Rh
.
pellio would be met with in connection of one sort

or ainother with them. The larval nematodes which ai-e eaten

with the worm might succumb to the action of the digestive

juices or travel unharmed through the alimentary canal and

out into the earth with the faeces or pass ai period of their

existence within the body, either remaining larval or attaining

sexual maturity.

The alimentary canals of four moles were examined on

ditlerent occasions. They had been feeding on earthworms

amongst other thiugs, as was evident from the presence of

setae aiud portions of nephridia among the contents of the

stomach. Larval nematodes, both free and encysted, were

found in the stomach and intestine. The cyst of one of the

encysted individuals was open at the end, and the nematode

inside it was seen to be alive. All the unencysted individuals

were dead, except a few which appeared after two days among
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the rectal contents of one of the moles. All the larvse were

similar in size and appearance to the larv^ of Rh. pellio

except these last, Avhicli were stouter and rather blnnter-

tailed. I tried to rear these and the encysted larvse to

maturity for the purpose of ascertaining whether they were

Rh. pellio, but I was unsuccessful. No adult nematodes were

seen. It appeal’s likely, then, that the larvse of Rh. pellio

which are in the earthworm when the latter is swallowed by

the mole succumb to the action of the digestive juices in

their passage down the alimentary canal, or, if they survive,

do not remain and mature but escape with the excrement

into the soil.

The droppings of several thrushes were examined while

still moist, and were found to contain a large number of larval

nematodes similar in appearance and size to the nephridial

larvse of Rh. pellio. All were dead. But death may have

been due, not to the effects of the passage through the gut,

but to the frosts which prevailed at the time when the fseces

were deposited. Other freshly dropped fseces of a bird have

been found to contain living larval nematodes, showing that

nematodes can survive a passage through the gut.

Manpas (10, p. 624) says that the larvse of Rh. pellio are

plentiful in all the slugs around Algiers. Whether the slug

is an alternate host to the earthworm is not clear. But the

impression conveyed is that the nematode can live equally

well in the body of either and may pass quite casually into

one or the other.

In this connection it might be mentioned that several

attempts were made to rear again to maturity on decaying

body-wall find on “extract” of Lumb. terrestris the larvm

which were obtained in the experiment with the worm decaying

in soil in the glass dish. But fill failed. This might be taken

as an indication that an alternate host is necessary, but

it is more likely that failure was due to other causes.

It was not discovered, therefore, whether the life-cycle of

Rh. pellio is divided into two periods, one spent in the

earthworm and the other in an alternate host. But it
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seems very probable that the mole, thrush and other animals

Avhich prey on earthworms act merely as carriers o£ the

nematode.

(4) Transference of the Nematode from Worm to

AVorm within the Cocoon.—

I

endeavoured to discover

whether the larvas of Rh. pellio are ever transferred

from the parent worm to the young worm inside the cocoon.

The cocoons are often plentiful in the soil and can be pro-

cured by digging. But it is not easy to discover with

certainty to which species of earthworm they belong, and I

found it impossible, by digging in the earth, to obtain cocoons

which I was sure belonged to Lumb. terrestris. An un-

successful attempt was made to obtain cocoons belonging

undoubtedly to Lumb. terrestris by keeping a number of

mature worms of this species under natural conditions in the

soil, but confined apart from all other species of earthworms.

I have, howevei', examined many cocoons which I found by

direct search in garden soil, but without being able to ascer-

tain to which species they belonged. They were of very

varying sizes and belonged no doubt to worms of more than

one species. Nematodes were found living within several of

them in the albuminous fluid bathing the embryo worm.

The nematodes were larval and resembled the uephridial form

of Rh. pellio. I attempted to rear them to maturity in

order to determine their identity, but was unsuccessful.

I also removed all the young worms that were ready to hatch

from the cocoons, killed them and allowed them to decay in a

little water. Had they been already infected while in the

cocoon, the nematodes would have appeared when they

decayed. But this did not happen.

More evidence is required on this question. Neither the

identity of the cocoons examined nor of the nematodes found

inside them was known. But it appears quite probable that

the larvm of Rh. pellio do not infect the embryonic Lumb.
terrestris in the cocoon even though they may be present

with it.

If the larval nematode found in the cocoon be Rh. pellio

i
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it is not difficult to understand how it g’ets there. When
the cocoon is being* slipped forward towards the head of the

worm it must pass over the nephridiopores, and it is quite

easy to imagine a few nematodes escaping from thenephridia

into the cocoon through these apertures.

(5) Occasions when the L arval Ne m a tod e attain s

Sexual Maturity.—The sexually mature adult of Rhab-
ditis pellio is found engaged in reproduction in large

numbers in the dead earthworm decaying in soil, as is shown

in the case of worms which have died a natural death in the

earth and are found there in a state of puti’efaction, as well

as by ai-tificial methods. But I have never seen the adult or

its eggs or newly hatched larvEein the live earthworm, and I

do not believe that they ever occur there.

Thinking that Rh. pellio might possibly attain the mature

condition in the soil as well as in the dead worm, I have

searched samples of earth for it. But I have failed to find it.

It is not, therefore, certain whether the larval Rh. pellio

in the course of its development becomes sexually mature in

ordinary soil or only in the dead worm. But if a larva

which has passed out into the soil from the bodv of a live

worm finds a quantity of nutritive substance such as the

decaying carcase of some animal, it seems reasonable to

suppose that under such circumstances it will mature and
reproduce just as it would have done had it remained in the

worm till the latter died. Such behaviour would correspond

to that of the larvae of the free-living soil-inhabiting species,

which grow into adults and propagate when they find some
putrefying substance in the soil.

(6) Mode of Infection of a Fresh Worm by the
Larval Nematode.—From the fact that the adult nematode
is entirely absent from the live earthworm it is evident that

the infection of a fresh worm is carried out by the larva.

There are two possible ways of entrance into the body :

(i) through the external apertures of the coelomic cavity,

or (ii) by the mouth or anus into the gut and through the
gut-wall.
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(i) I have not cut sections of the gut of Lumb. terres-

tris to ascertain whether nematodes can be seen actually

traversing the gut-wall, and I have no evidence on this

question except the fact that on three occasions I have found

species of larval nematodes alive among the soil contents of

the gut. Whether the nematode is capable of making its

way through the tissues of the gut-wall is not quite certain.

The genus Rhabdit is is not provided, like some genera, with

piercing mouth-parts, nor do the nematodes in a nephridium

removed from a freshly killed worm appear at all capable of

migrating through even its relatively thin wall. At the same

time they must be able, to some extent, to push their way
in among the tissues of the worm to be found imbedded in

the muscular layer of the body-wall, as is sometimes the case.

(ii) With regard to the other way of entrance, de Ribau-

court, as already shown
(
11

, p. 297), has contributed definite

evidence that nematodes can enter a worm by the coelomic

pores. I have on one occasion seen larval nematodes

apparently entering by the pores, and I have shown that the

larvae can leave the worm by the same means. K. C. Schneider

( 13 , p. 423) believes that the nematodes in the bladder of the

nephridium have wandered in through the nephridiopore.

It seems probable, therefore, that whether or not Rh.
pellio in the natural state infects the worm through the

gut-wall as well, it certainly does so by entering- through the

dorsal pores, nephridiopores or reproductive apertures, or

possibly by all of these.

(7) Reason for the Presence of Rh. pellio in the

Worm in Two Different Larval Conditions.—The

jnost likely reason for the existence of two kinds of larvae

—

free and active in the nephridia and seminal vesicles,

encysted and quiescent in the coelomic cavity—accords with

the supposition that the nematodes enter the worm by the

pores.

(i) Firstly, those which pass in by the nephridiopores find

themselves, as K. C. Schneider says, in the bladder-parts of

the nephridia where they remain as the nephridial form.
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Those, too, which find their way in by the spermiducal aper-

tures and travel up the vasa deferentia are tlie same as are

found on opening the seminal vesicles.

(ii) Secondly, those which enter by the dorsal pores and

the oviducal apertures find themselves in the coelomic cavity.

Here they are attacked as foreign bodies by the amoeboytes

and encyst. Keng (8, p. 391) describes the way in which

the amoebocytes surround and cover nematodes in the coelom,

hampering their movements by means of fine protoplasmic

threads into which they can become drawn out. He gives a

drawing' (pi. v, fig. 44) of a nematode struggling with amoe-

bocytes. When the nematode is completely covered it

apparently sheds the outer layer of its cuticle. The ainoebo-

cytes soon die and turn brown. The cyst is composed of the

loosened outer layer of cuticle with its investment of dead

brown amoebocytes. The completely and partially encysted

nematodes are gradually worked backwards through successive

segments by the movements of the worm until they reach the

tail, where, with cysts of Monocystis and discarded sette,

they are compacted by pressure into the flattened oval masses

and cemented together by their investment of broken-down

coelomic corpuscles. The great majority of tlie nematodes

found in the coelomic cavity of a fresh-killed worm are

encysted. But in addition to these there are some which are

covered with amoebocytes but not completely enclosed by a

cyst, and some which are quite free. Those that are found

quite free have probably not yet been attacked by amoebo-

cytes. Those that ai’e covered with amoebocytes but are not

fully encysted were probably about to become so when the

worm was killed. The latter, being only slightly encumbered,
are no doubt those which, disengaging themselves from the

imprisoning lymph-cells, are the first to be seen escaping

from the brown bodies. The only occasion that I know
when the larvae emerge from their cysts is on the death and
decay of the worm, when the food supply becomes plentiful and
nutritious. But only a certain proportion of the fully encysted

larvae do so. The remainder appear to have degenerated, for
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they do not recover from the conditions of diminished vitality

under which they have been existing'. Those which emerge

are therefore the more recently encysted ones, which have not

yet begun to degenerate.

(8) Nature of Food.—Rhabditis pellio belongs to

a genus, most of whose members are free-living in the soil

and mature and reproduce on animal or vegetable substances

in putrefaction. It resembles these in the conditions under

Avliich it matures and reproduces. But it differs from them

in spending all or part of its larval period in the body-cavity

of an animal instead of in the soil. It does not appear to do

any damage to the worm. It occurs in the largest and

healthiest-looking individuals in quite as large numbers as in

weakly specimens. Moreover, having, like all the species of

the genus Rhabditis, an unarmed buccal cavity, it is

incapable of feeding on the tissues of the living Avorm.

Its food consists of liquids, Avhich are taken in by the suc-

torial action of the oesophagus. It groAvs most rapidly in

)uedia Avhich are swarming Avith bacteria, which shows that it

is upon the bacteria or the products of their action that it

lives. What Potts says of the free-living species of the genera

Rhabditis and Diplogaster applies to this species also.

He says (15, p. 444) : “It is only in the presence of great

numbers of bacteria, or the substances formed by them,

that the nematodes thrive so well. ... It has not been

discovered Avhether digestion takes place by the secretion of

juices dissolving the protoplasm of the bacteria, or is merely

confined to the absorption of soluble substances present in the

culture fluid and prepared by the action of bacteria.

An easily observable phenomenon of nematodes in culture is

the rapid pumping action of the second CESophageal bulb and

the rectum, and it may be argued from this that the nutri-

ment obtained from the stream of fluid so constantly passing

through the alimeutary canal is in the form of easily abstracted

soluble substances. The insignificant development of glan-

dular cells (which are found only in the oesophagus) may be

cited against an intra-intestinal digestion of the bacteria, and,
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whatever else its significance may be, the chitinous layer

which lines the alimentary canal throughout must prevent an

ingestion of bacteria by the endoderm cells themselves in such

a way as Colpidium preys upon the bacteria of the soil.”

The active nephridial larvae feed on the bacteria or bacterial

products which pass down the nephridial tube in the current

of coelomic fluid, or which may congregate in the dilated

bladder-part. But the number of bacteria in the living worm
must be relatively small compared with the number produced

on its decay, and there is, thei’efore, little or no growth in

this condition. Hence the larval period is a long one. But

on the death and decay ot the worm large numbers of bacteria

are produced, and, food noAV being plentiful, growth is rapid,

and the nematodes mature and reproduce in a few days.

Rhabditis pellio, then, not only belongs to a genus

most of whose species are free-living, but in all respects except

its habitat appears to behave like one of the free-living species

of that genus. The role which Maupas (10, p. 623) ascribes

to it when he speaks of it as “locataii’e inolfensif ” is the true

one, and the advantages which it gains from its association

with the worm are protection and dissemination.

(2) Probable Course of the Life-Cycle.

The results obtained in the foregoing investigation are not

conclusive, but they suggest, I think, that the life-history of

Khabd i ti

s

pel 1 io is somewhat as follows :

When an infested Lumbricus terrestris dies in moist

earth, the larvae of Rh. pellio which it contains feed on

the nutriment afforded by its putrefying carcase, the encysted

individuals emerging from their cysts. Growth is rapid.

Within a week they develop into sexually mature males and

females, and the latter reproduce. Reproduction is often

—

possibly always—hermaphrodite. But sometimes it seems to

be bisexual. I am not certain whether in a natural state the

body of the decaying worm is capable of affoi'ding sufficient

nutriment for the production by these offspring, in their turn,
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of a further generation. The young reach the same stage of

growth as that of the nephridial larvae. They then leave the

carcase of the worm and wander into the soil. Here they live

for a longer or shorter period but do not increase in size.

Sooner or later they infect an earthworm, making their way
in by the external apertures of the coelom. Those that enter

by the nephridiopores take up their position in the terminal,

bladderdike part of tlie nephridia. Those that use the spermi-

ducal apertures travel up the vasa deferentia and occupy the

seminal vesicles. Lastly, those that pass in by the dorsal

pores and the oviducal apertures find themselves in the coelom,

Avhere, being attacked by the amoebocytes, they encyst. These

encysted larvae coated with amoebocytes are worked back-

Avards by the movements of the Avorm till they come to rest

in the tail end of the Avorm, Avhere, together with other foreign

bodies, such as cysts of Monocystis and discarded setae, and

AAdth masses of dead broAvn-coloured amoebocytes, they are

compi’essed and cemented into the brown bodies Avhich are

found there.

In this larv'al condition the nematodes remain during a

protracted period Avithout growth, the encysted form Avithout

movement, until on the death and decay of the Avorm in the

soil they grow, mature and reproduce.

When infested Avorms are eaten by moles, thrushes or other

predatory animals, it is probable that the nematodes ti’avel

doAvn the alimentary canal, and, Avhether alive or dead, pass

out Avith the faeces into the soil. I have not yet any evidence

of the existence of an alternate host, within whose body the

nematode spends a part of its life-history.

During its larval existence the active nephridial form

probably passes out and in by the external apertures of the

coelom and spends longer or shorter periods in the soil. Or

it may change hosts, entering and inhabiting another Avorm.

But if, while in the soil, it finds some animal or vegetable

substance in putrefaction, it may mature and reproduce on

the spot, as it Avould have done in the Avorrn had it remained

till tlie death of the latter.
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This passing backwards and forwards between the body of

the worm and the soil may have interesting consequences when

it takes place during the detachment of the cocoon of a worm
engaged in reproduction. The finding’ of larval nematodes

within the closed cocoon suggests that, when the latter is

being slipped forwards towards the head, some of the nema-

todes in the nephridia pass out into the cocoon through the

uephridiopores. But the young worm in the cocoon has not

been found to be infected, and the inference is that tlie

presence of the Jiematode is only accidental, and that, when
the young worm hatches out of the cocoon, the nematode

escapes into the soil.

Summary or Principal Eesults.

(1) The active larval nematodes inhabiting the nephridia

of the common earthworm, Lumbricus terrestris Linn.,

and the encysted larvae found in the coelom of the same host

belong to the same species of Rhabditis.

(2) This species I regard as distinct from Rhabditis

pellio Schneider, with which it has hitherto been confused.

Biitschli first described it but regarded it as merely a form

of Rh
.
pellio. Rh. pellio is, however, a soil species which

may mature on decaying earthworms
;
the species described

in this paper is a parasite of the earthworm and has not

hitherto been recorded with certainty in the soil. I propose

to designate it provisionally by the name Rhabditis pellio

Biitschli, non Schneider.

(3) The dimensions attained by the adults of this species

vary considerably according to the nutritive value of the

culture medium employed. Decaying earthworm, the food

material on which the species grows to sexual maturity in a

natural state, has been found more nutritious than the usual

artificial media, such as peptone, and promotes correspondingly

greater growth.

(4) A medium consisting of extract of earthworms has
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been devised, b}' wliicli tlie natui’al food is conveyed in a

nutritious form, convenient for cultural purposes.

(5) The nematodes removed from the freshly killed worm
and reared in cultures, or obtained from the dead worm
decaying under natural conditions, develop into males and
females. Subsequent generations, however, bred under cul-

tural conditions, consist in almost all cases of females only.

(6) Examination of these cultures, consisting of females

only, reveals the fact that they are in reality hermaphrodite.

(7) Reproduction is frequentl}’—perhaps always—herma-

phroditic. But cases occur in which it appears to be bisexual

—that is to say, both hermaphrodites and true females may
exist side by side in the same species, as in Rhabditis
marionis Maupas.

No ^'partial hermaphrodites” have been found, nor have

any cases of “ re-fertilisation ” been observed.

(8) The numerical ratio of males to females is extra-

ordinarily variable, and no rule governing the fluctuations

has yet been found.

(9) I have not been able to follow out the life-history in its

entirety, but evidence is affoi’ded of the probable mode of

transmission and of infection.

Birmingham,
November 26tli, 1912.
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EXl>LANATION OF PLATE 37.

Illustrating Mr. G. E. Johnson's memoir “On the Nematodes

of the Common Earthworm.”

acc. p. Accessory piece, amceb. Envelope of dead amoebocytes. buc.

cav. Buccal cavity, burs. Bur.sa with bursal papillae, cy. Cyst. ex.

can. Excretory canal, ex. po. Excretory pore. yen. riid. Genital rudi-

ment. int. Intestine, nerv. col. Neiwe-collar. oes. b. (Esophageal
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bulb. Of. Ovary with developing eggs. ovd. Oviduct or “ seminal

receptacle” with spermatozoa, pop. Papilla, rect. Rectum, rect. gl.

Rectal glands, sp. Copulatory spicules, test. Testis with developing

spermatozoa, ut. Uterus with fertilised eggs. v. d. Vas deferens.

vulv. Vulva.

Fig. 1.—A mature male of Rhabditis pellio in latero-ventral

view, showing the reproductive organs. ( X 90.)

Fig. 2.—A mature hermaphrodite of Rh. pellio in lateral view,

showing the reproductive organs. This is the typical form developed

in, and nourished on, the decaying earthworm. ( x 90.)

Fig. 3.—A mature hei’maphrodite of Rh. pellio fed on peptone,

showing its inferiority in size to the typical hermaphrodite nourished

on the decaying earthworm, and the smaller number of eggs in the

uterus. ( X 90.)

Fig. 4.—An active larval individual of Rh. pellio from the neph-

ridium, showing the genital rudiment. ( X 230.)

Fig. 5.—An encysted larval individual of Rh. pellio from the

coelom in the act of escaping from the cyst. ( x 230.)

Fig. 6.—The anterior end of a hermaphrodite of Rh. pellio in

lateral view, showing the mouth-parts, nerve-collar and excretory

system. ( x 350.)

Fig. 7.—The tail of a hermaphrodite of Rh. pellio in ventral view

showing the rectal glands and caudal papillae. ( X 350.)

Fig. 8.—The tail of a hermaphrodite of Rh. pellio in lateral view,

showing the short rectum in distension and the anus. ( X 350.)

Fig. 9.—Tail of a mature male of Rh. pellio in latero-ventral view,

showing the bursa, bursal papillae and copulatory spicules. ( X 350.)

Fig. 10.—Tail of a male of Rh. pellio in dorso-lateral view showing

the copulatory spicules and the accessory piece. ( X 350.)
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The Structure and Biology of Schizoneura
lanigera, Hausmann or Woolly Aphis of
the Apple Tree.

Part I.—The Apterous Viviparous Female.

By

J. Davidson, IVI.Sc.

(Livei-pool).

(From the Cooper Laboratory for Economic Research, Watford, Herts.)

With Plates 38-42, and Text-figs. A-D.

I. Introduction.

The wide distribution of Schizoneura lanigera and its

importance as a serious pest to fruit-growers is generally

recognised by workers on economic entomology, and so far as

I am aware, no detailed account of the structure of this insect

has been given before. It therefore seemed to me very

desirable that a study of the anatomy of this species should

be carried out.

In the present paper I propose to treat of the structure of

the apterous viviparous female, and hope shortly to complete

the study of the winged viviparous female and other stages,

which will be the subject of the second part of this paper.

I desire to take this opportunity of expressing my sincere

thanks to Mr. W. F. Cooper, who has most kindly given me
every facility for cai’rying on this work, and to Mr. L. E.

Robinson for the generous and kind way in which he has

given me advice during its progress.
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II. Technique and Methods.

In order to ensure a constant supply of living material,

several young apple-trees, both in the laboratory orchard

and in the green-house, were infested with Schizoneura
lanigera and kept under close obsei’vation.

For the study of the chitinous exoskeleton, entire specimens

were treated with cold 10 per cent, potash for several hours,

and after being washed in distilled water to which a trace of

acetic acid had been added, were dehydrated, stained in xylol

saturated with picric acid and mounted in Canada balsam.

Chloral hydrate and phenol in the the proportion 2 : 1

proved a useful clearing agent, the insects being left in the

mixture, which was kept warm until cleared. They were then

transferred direct to xylol, stained with picric acid or orange

Gr and mounted in Canada balsam.

For the study of the head and its endoskeleton the parts

were dissected out and macerated in cold 10 per cent, potash,

washed, and examined in glycerine. Glycerine jelly was also

used as a mounting medium.

Dissections were carried out on living and preserved

material under the Zeiss binocular microscope, the specimens

being fixed down on a small Avax plate beneath the examina-

tion medium, special parts being isolated and examined on a

slide. Normal saline solution, glycerine, 70 per cent, alcohol

and oil of cloves were used as examination media. The

animals resist wetting very much, which proves troublesome

Avhen dissecting living specimens under normal saline solu-

tion. If the surface of the aphid is smeared with 70 per

cent, alcohol after fixing on the Avax plate, and before pouring

on the salt solution, the difficulty is overcome.

Entire specimens Avere fixed with Avarm picro-sulphuric

acid (Kleiuenberg’’s) foi'mula, and Cariioy’s fluid, the latter

fixative giving excellent results. Internal organs were

dissected out in normal saline solution and fixed Avith

Perenyi’s fluid or corrosive sublimate.
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For staining sections, liaematoxylin (Ehrlicli), methylene-

bine, eosin and orang’e Gr have been used. Borax carmine

was nsed for staining organs in bulk after corrosive sublimate

fixation.

Material for sections was imbedded in paraffin wax melting

at 58° C., for about fifty minutes to two hours, sections being

cut 6 to 10 ^ thick. Material imbedded in a lower melting-

point wax (45° C.) gave poor results.

The drawings have been made with the aid of the Abbe
camera lucida from dissections, special preparations of parts

and serial sections through the body.

III. Systematic Position, Life-History, and Habits.

Schizoneura lanigera is a member of the order

Hemiptera, belonging to the family Aphididie, the members
of which are popularly known as green fly or “plant

lice.^’

It is classified in the group Schizon eurini
,
of the sub-

family Pemphigi lue.^ On account of the quantity of white

waxy threads that individuals of this species produce from

the dorsal wax-glands they are known as “woolly ajdiis,”

or “American blight.” This latter term is, however, mis-

leading, as this pest, according to Theobald (1897), is

European in origin, and was no doubt impoi-ted into

America with imported stock. Marlatt (1897, p. 2), on tlie

other hand, considers that the evidence is in favour of its

American origin and he refers to the fact that it was first

observed in England in 1787 on some stock imported from

* The classification of the Aiihidida? is at present in an unsettled state.

Passerini (1863), in his ‘ Aphididse Italica',’ includes Schizoneura under
the sub-family Pemiihigina'. Buckton (1875-82) separates the Peni-

pliigina and Schizoneurina) as two distinct groups. Del Guercio

(1900) classifies the genus Schizoneura in the gi-oup Myzoxylides, a

division of the sub-family Myzo.xylina. Mordwilko (1908), classifies tlie

genus Schizoneura (Hartig, 1841), in tlie grouii Schizoneurina, a division

of the sub-family Pemphigina. Tullgi-en (1909), has adopted this

position for the genus in his^ Aphidologische Studien.’
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America. Buckton (1880, p. 91) refers to Dr. Asa Fitch and

Prof. Cyrus Thomas as refuting the idea of an American

origin for woolly aphis, and also refers to Serville and Amyot
as stating that it probably came to Europe through England,

from America.

Owing to the transportation of nursery stock woolly aphis

has been carried from one country to another, so that it is

now established practically wherever the apple is cultivated.

Plant lice live on juices drawn from the tissues of growing

plants, and in accordance with the sucking habits, the mouth

parts, as is common amongst Hemiptera, are modified to

form piercing and sucking tubes.

Schizoneura lanigera attacks practically all varieties of

apple trees in Britain, producing galls on the roots and

branches. It is very destructive to nursery stock and young

trees. According to Theobald (1909, p. 144), who cites

French (1904) and Lounsbury, apples grafted on certain

stocks, particularly the Majentin and Northern Spy, do not

suffer from the root form.

Howevei’, so much has been written about the habits of

woolly aphis that it is, perhaps, unnecessary to say much on

the point here.

Although the damage done by S. lanigera on the roots

and shoots of apple trees, resulting in the formation of gall-

like growths, is familiar to economic entomologists, there

appears some doubt as to the exact way in which the galls are

produced. Riley (1879), discussing this point with reference

to Phylloxera, refers to the work of Maxime Cornu (1878),

Etudes sur le Phylloxera vastatrix,” who accounts for

the swellings caused on the vine by P. vastatrix as purely due

to the piercing action of the mouth parts, and the subsequent

absorption of the sap from the wounds thus formed. There

are manj^ aphids however, which, having fully developed

mouth parts, do not cause galls to develop on the plant host.

Some other factor must, therefore, be considered. As Riley

(‘ Science’, 1895, N.s., i, p. 457) points out in the case of the

larvte of gall-flies (Cynipidm), it is very probable that in
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S. lanigera some poisonous substance is secreted into the

wound. Riley (1879) is inclined to the view that the salivary

g’lands in Phylloxera vastatrix may produce the necessary

irritating substance
;
but the same argument used above may

be applied in this case, for well-developed salivary glands

are present in aphids which do not produce galls. Glrove

(1909) has described salivary glands in Siphonophora
r osarum which closely correspond to those of Schizoneura
lanigera, yet the former species does not produce galls on

the host plant. It may be however, that the histology of

the salivary glands of those species which do not produce

galls differs from the species which cause galls, and that

in the latter case a special ferment is produced which is

not present in the non-gall-producing species.

Blomfield (1906) has described in some detail the origin

and structure of the cankerous growths produced by woolly

aphis. From sections through diseased galls he has shown

that the effect is due to some undue influence acting on the

cambium cells. He considers that the factor of mechanical

irritation is not the important one, and suggests that a

ferment substance is possibly produced by the salivary

gland.'!, but he failed to establish proof of this suggestion.

Kiinckel (1867, p. 45), who inoculated plants with the

extract of salivary glands of some Hemiptera, found it was

innocuous.

The great damage to infected trees is caused by the fact

that the soft, spongy tissue comprising the gall-like swellings

gradually hardens and then cracks. These cracks enlarge

owing to changing -weather conditions, and thus allow the

entrance of spores of the canker fungus (Xectri a ditissi m a),

as pointed out by Blomfield (1905) and Theobald (1909),

and observed by the author. The question as to whether

the product of the salivary glands exerts the influence on

the wounds suggested by Riley and Blomfield is not at present

established.

The photogiaphs (Text-figs. A, B, C, and D) reproduced in

this paper show parts of a young apple tree taken from a tree
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in the laboratory orchard^ (i) at the end of first season of

infection, (ii) during the second season after infection with

S, lanigera.

A remarkable feature of aphids is the extraordinary

Text-fig. A. Text-fig. B.

4

Text-fig. A.—Schizoneura lanigera attacking branch of young
apple tree (Cox's orange pippin), the second season after infection.

(Photograph taken from experiment trees in the laboratory
orchard.)

Text-fig. B.—Schizoneura lanigera establishing itself on an
injured branch of an apxile tree.

numbers of young that may be produced during a season,

lieproduction is largely carried on by parthenogenetic females,

which give rise to numbers of living young. Throughout

successive generations a series of different forms may be

produced, thus resulting in a complex polymorphism. These



STKUCTUEE AND BIOLOGY OF SCHIZONEUKA LANIGERA. 659

forms may be winged viviparous females, apterous viviparous

females, sexual males and females, with intermediate fonns,

tlie larvm or ‘^•'lice” and nymphs.

Text-fig. G. Text-fig. D.

Text-fig. C.—Sell izoneura laniifera establishing itself in a
wound caused by a branch being carelessly broken away from an
apple tree.

Text-fig. D.—Schizonenra lanigera attacking branch of young
apple tree (Cox’s orange jiippin), three months after infection.

(Photograph from experiment tree in the laboratory orchard).

As illustrating the general life-history of aphids and the

relation of these different forms in the same species, it would

perhaps be well to briefly describe the life-history of S.

lanigera as far as is known at present.
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The “ mother queen ” ^ may be found throughout the year

on infested apple trees in crevices of the bark. It differs

somewhat from the apterous viviparous female, in that the

body is stouter, and of a shorter oval contour, and the legs

and antennje are shorter. She produces living young or
“ lice,” which collect round her and form a colony.

The members of the colony secrete a number of white,

waxy threads from the dermal wax glands, in which they

become imbedded. The lice moult in due course and in two

or three weeks become apterous viviparous females (closely

resembling the queen-mother but smaller), capable of produc-

ing living young. This method of reproduction continues

throughout the summer. Towards the end of summer some

of the lice may develop iuto nymphs with a large thorax and

two pairs of imperfect wings. These nymphs develop into

winged viviparous females which may migrate to other apple

trees and produce new colonies of living young. Reproduc-

tion goes on in this way until late in the autumn, when sexual

males and females may be produced. According to Marlatt

(1897, p. 3), who cites the observations of Howard and

Pergande, these winged viviparous females, which appear

about October or November, give rise to a “ true sex genera-

tion ” of lice, the females of which lay a single “winter-egg.”

The sexual forms of S. lanigera are rare. They are

apterous, small in size, and much reduced in structure, the

mouth parts being atrophied. The oviparous female lays a

single egg and then dies. The fertilised eggs are laid near

the base of the tree, and remaining in the cracks of the bark

throughout the winter, hatch out the following spring, pro-

ducing larvae which develop into mother-queens. According

to observations made by Theobald (1897), some of the adults

migrate into the soil during winter and attack the superficial

roots, returning to the aerial portion of the tree in spring.

' Buckton (1860) assigned the term “ queen aphis ” to the immediate

issue produced from the egg which becomes the foimder of a colony.

German authors use the terms “Stammutter” and “ Fundatrix.”
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IV. GrENEEAL BoDY FoKM (PI. 38^ figs. 1, 2, and PI. 41, fig. 35).

The body of the apterous vivipai-ous female is oval in

outline. Its colour varies fi’om a dull brownish-purple to a

richer plum shade, the legs, anteunse, and beak being slightly

paler.^ It presents a well-marked segmentation into head,

thorax and abdomen. The head of aphids, according to

Huxley (1858, p. 230), consists hypothetically of six segments,

but it is usually referred to as the first segment. The thorax

consists of three segments, and the abdomen, theoretically, of

eleven
;
but the terminal segments of the body are consider-

ably reduced and only nine abdominal segments are visible.

The lateral margins of the abdomen are often Avell developed,

forming a wrinkled border or connexivum. In fully fed

gravid females however, the body is much distended, the

dorsum being strongly convex, and the connexivum less

pronounced.

Completely covering the body is a flexible, chitinous

cuticle or integument, which is stouter on the head and coxm.

The head is strongly deflexed under the anterior end of

the body, and is produced on its dorsal or anterior face as

a pointed upper lip or labrum {Ibr.), which lies above the

mouth parts.

On its postero-ventral surface is developed the conspicuous

beak or proboscis (pr.), which in repose, lies on the venter

between the coxae. It has a well-defined longitudinal groove

{1. g.) on its anterior face, in which lie the delicate, chitinous

setae {md.), [mx.]. These structures, on account of their

delicate, haii--like appearance, are generally known as the

“setae.”- In the following description I shall refer to

’ Wlien crushed between the fingers, a reddish blood-coloiu’ed fluid is

squeezed out of the body, and hence this species is known to German
authors as the Blutlaus. Sorby (1871, p. 351), who made some chemical

observations on this colomlng matter, calls it “ aphidiene.”
- The term “ setae ” means stiff hairs or bristles, and its application to

these mandibular and maxillaiy stinctures in aphids is misleading. It

is however, so extensively used in the literature that I have retained it

throughout this paper.
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them as the mandibular setae (anterior setae), and maxillary

setae (posterior setae). They are the “ Stechborsten,” “Russel-

stilette,” etc., of German authors.

The mouth or oral opening, which is not visible on external

examination, is bounded by the oral appendages
;
and two

lateral growths of the wall of the head form a more or less

enclosed buccal cavity round it.

On the dorsal surface of the head is borne a pair of six-

jointed antennae (a.), behind which, situated on the sides of

the head, are the eyes (oc.).

Distributed over the dorsal surface of the body are groups

of wax-secreting glands [w.g.), the segmental arrangement of

which is clearly indicated by the plate-like, facetted areas of

the integument. These facetted integumental areas mark the

position of groups of large unicellar dermal glands, which

secrete the familiar masses of waxy threads. A pair of

breathing pores, or spiracles, is situated on the ventral

surface of the pro- and meta-thoracic segments {p.s.), [m.s.],

but these structures are absent from the meso-thorax. There

is also a pair of spiracles on the ventro-lateral surface of

each of the first seven abdominal segments {a.s., 1-7).

Two crescentic tubercles {cn.) are situated on the dorsal

surface of the sixth abdominal segment. These structm-es

represent the cornicles or “ honey tubes ” of other aphids

such as Macrosiphum, etc.

In addition to the openings of the body described above,

there are two others, the anus {an.), and the genital orifice

[g.o.], situated at the posterior end of the abdomen. The

former lies beneath the small, ninth abdominal segment, and

ventral to it, being separated by the anal plate (a.p.), is the

genital orifice.

On the ventral surface of the thoracic segments are seated

the three pairs of ambulatory appendages, the first pair being

the smallest, and the third pair the longest.

The sense organs consist of a pair of small eyes (oc.),

and two sensory pits (s. o.) situated on the two distal joints of

each antenna.
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V. The External Anatomy.

The luteo'um ent.—The integfument consists of two

layers—an outer, chitinous cuticle, and an inner, cellular,

hypodennal layer, which produces the cuticle.

The chitinous layer is thin and flexible, permitting free

movement of the body segments. It is more stoutly deve-

loped on the head and legs. The hypodermis consists of a

layer of epithelium, in which are scattered small, oval nuclei,

but cell boundaries are not clearly defined.

Several small integumental bail's (7i.) are distributed over

the body and legs.

The Wax-secreting Glands (figs. 2 and 47).—Dis-

ti-ibuted over the dorsal integument are numerous cir-

cular or oval, facetted areas (iv. (/.) or plaques, the

Wachsdriisenplatten of German authors. They are ar-

ranged in transverse rows near the posterior borders of the

thoracic and first seven abdominal segments, four on each

segment. In addition, there are two on the eighth abdo-

minal segment, and ten on the epicranial region of the head,

the latter being situated on a thickened, quadrangular area

of the cuticle, l}dng between the antenute.

Each plaque consists of several polygonal areas surround-

ing a central facette, beneath which are situated large glan-

dular cells. When viewed in vertical section (fig. 47), each

is seen to consist of a group of large, glandular cells (iv.c.),

one cell under each polygonal facette. These cells form

unicellular, dermal, wax-secreting glands, such as are found

in many aphids (Pemphigus, Chernies, Lachnus, etc.),

and considered by Claus (1867) to be specially modified

hypodennal cells. Each of these glandular cells has a

finely reticulate cytoplasm (cy.), and a prominent deeply

staining nucleus (?t.) situated at the free end of the cell. At
the base of each cell there is an irregular lumen (lu.), into

which the waxy secretion is poured, being passed to the

e.xterior as waxy filaments through the chitin of the polygomd
areas.

VOL. 58, PART 4.
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'File Cornicles.—The cornicles (Riickenrolire of German
anthoi’S, the Saftliocker of Morclwilko [1895] in Lachnns),
in common with otlier members of the Pern ph igin ae, are

greatly reduced in Sckizoneura lanig’era. They consist

of a pair of small tubercles situated on the dorsal surface of

the sixth abdominal segment, near its anterior border. Each
tubercle surrounds a semilunai’-shaped opening, which is

overhung by a lip-like thickening of the integument, its

convex border being dircted towards the posterior end of the

abdomen.

A section through the body in the region of the cornicles

(fig. 46) shows that the integument is thickened to form a lip-

like structure over the semilunai’-shaped fissure (c. 0.). Two
bands of muscles (m. cn.) are attached to the integument near

the opening of each cornicle, and passing to the ventral

surface of the seventh and eighth abdominal segments,

control the valve-like movements of this opening.

Lying in the posterior region of the abdomen is a delicate,

wax-sac {w. s.), which opens at each side into the cornicles.

AVheu a living specimen is examined in normal saline solution,

the wax-sac is seen to contain a pale-yellowish, oily fluid,

somewhat resembling the fat-globules produced by the fat

body-cells. In preserved material, however, the contents of

the sac become hard, and form a conspicuous, whitish,

refractive mass, which lies in the posterior end of the body.

This substance is of a waxy nature, soluble in xylol, but in-

soluble in alcohol, water, and glycerine. In sections mounted

after treatment with xylol, the delicate wall of the wax-sac is

seen surrounding the empty cavity of the sac, whose contents

have been dissolved by the xylol.

'Fhe question as to the function of the cornicles in aphids

has occupied the attention of many observers. It would

appear from the literature that the term “ honey-tubes,”

which is often applied to these structures, is a misnomer.

According to the resume of the subject given by Horvath

(1904), Reaumur (1737), one of the earlier observers, thought

that these structures had an excretory function. Bonnet
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(1745), was of the opinion that they excreted a sweet fluid

and were concerned with the respiratory and excretory system,

this view being adopted by Kyber (1815), Morren (1836) and

Kaltenbach (1843). Linne (1758) expressed the opinion that

a honey substance was secreted from the cornicles, and this

view was fairly generally adopted. Of more I'ecent authors,

Witlaczil (1882) considered that sugary substances were

excreted from the cornicles. Biisgen (1891), refei*ring to

analyses made by Knorr on the secretion produced from the

cornicles, showed that it must be regarded as a waxy
substance. Mordwilko (1995, p. 363) has demonstrated the

waxy nature of the substance underlying the cornicles in

Lachnus viminalis. Horvath (1904), in his paper, “ Sui-

tes cornicles ou nectaires des Aphidiens,” concludes, as the

results of observations made, that the cornicles are secretory

canals from wax-producing glands, specially differentiated,

the product of which is a waxy fluid, which affords a means

of protection against the predaceous larvae of Cocciuellidee
and Chrysopidte. According to this author the honey

substance which attracts ants is produced in clear droplets

from the anus. Some American authors (Gillette, 1908),

have confirmed Horvath’s observations. The author has

frequently observed in S. lanigera large clear and trans-

parent drops emerging from the anus, which were quite

colourless. Buckton (1875, p. 47), has described similar drops

in the case of Schizoneura ulmi. (See also Mordwilko,
‘ Biol. Centrlb.,’ xxvii, 1907, pp. 212 et. seq.)

The Head and its Appendages (figs. 1, 3, 22-24, 35).

—

The head is borne at the anterior end of the body, and
bears the oral appendages which surround the mouth. At
its proximal end it broadens out to become continuous with

the prothorax. Towards its distal end it becomes narrower,

and is strongly deflexed. It is divided by a pseudo-articula-

tion of membranous chitin (a. /.) into a broad, proximal

])ortion, the epicranium, which bears the small eyes and the

antenuEe; and an anterior tapering portion (/V.), which
includes the clypeus and labrum. This anterior portion is
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composed of stout chitin, and is strongly dome-shaped on its

anterior face. It freely articulates with the epicranium by

means of thin, flexible chitin (figs. 23, 24), and is continued

above the mouth as the pointed labrum or upper lip {Ibj-.). It

has been termed the “ frons ” by some American writers

(Ashmead, 1889, p. 185), and is the Vorderkopf ” of German
authors. Bugnion (1911, p. 649) recognises the homology of

this structure in Hemiptera with the clypeus of other

insects. A slight transverse ridge occurs at the junction of

the clypeus and labrum.

The appendages of the head consist of the antennge and the

buccal appendages, the latter comprising the labrum, a pair

of mandibles, the maxillae, and the proboscis or beak (second

maxillm).

The buccal appendages of aphids are now generally accepted

as homologous with the mouth parts of other insects as

follows: the proboscis represents the labium, its anterior wall

being continued beneath the mouth as a small underlip or

hypopharynx
;
the anterior pair of setae the mandibles; the

posterior pair of setae the maxillae ii, the labrum being dis-

tinct as a triangular prolongation of the clypeus. Smith

(1892, p. 189) considers the setae represent the lacinia and

stipes of the maxillae, developed as in the Diptera. This

conception of the buccal appendages of Hemiptera was,

however, proved to be erroneous by Marlatt (1895, p. 241),

but Smith states in a later paper (1898, p. 176) that he

is still of the opinion that the proboscis and setae are maxillary

structures, and that no trace of mandibular structures occur

in any present Hemipterous form. Marlatt (1895, pp. 241—

249), as a result of careful investigations on the sti’ucture of

the mouth parts of Cicada, shows that the mandibles in this

insect are represented by two small sclerites and the anterior

setae, to which the swollen bases of the latter structures are

attached. Similarly the maxilla are represented by two

narrower sclerites, to which the posterior setae are attached.

In the lower families of Hemiptera Marlatt states that

these sclerites are minute or obsolete.
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Smith (1892) observed the presence of these sclerites in

H emiptera, and Marlatt I’emarks that prior to this author’s

work the mandibles and maxillae were supposed to be repre-

sented by the setm alone.

Marlatt (189.5, p. 247) states in error that the mandibular

setae in aphids become intimately united
;

it is the posterior

pair of setae (the maxillae) which fuse, and not the mandibular

setae.

Bugnion (191 l,p. 643), who cites Heymons (1896-8), “Die

Mundtheile der Rhynchota,” 'Entom. Nachr. Jahrg.,’ xxii,No.

11, p. 173), points out that this author showed that the setae

in Hemiptera only represent part of the mandibles and

maxillae, the other portions of these structures being more or

less fused with the wall of the head.

I have not observed any chitinous sclerites attached to the

setm and extending from the wall of the head, except those

mentioned above as the mandibular and maxillary chitinous

rods. These are evidently supporting structures for the setae.

The basal portion of each seta is not in any other way con-

nected with the wall of the head. The insertion of the pro-

tractor muscles on the mandibular rods would seem to show

that these rods are part of the mandibles.

The proboscis is now generally accepted as being homo-

logous with the labium of other insects.

As regards the function of the buccal appendages, the

proboscis acts as a supporting structure for the setm and is

not used as a piercing organ. Marlatt (1895) has made
observations verifying this point. The close fusion of the

maxillary setae in the proboscis groove forms a fine canal

along which the plant juices are drawn.

The relationship of the buccal appendages will be best

understood from the series of sections through the head and
anterior part of the body, shown in figs. 6-12, 23-24, 25-31.

The labrum is the anterior prolongation of the clypeus. It

tapers towards its free end, and is slightly grooved on its

posterior or internal face, the chitin of the external face being

marked with a few minute, transverse ridges.
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The proboscis [fr.) is formed by an evagination of the

integument at the infra-posterior end of tlie head. It may be

withdrawn into the body for some distance, somewhat after

the manner of an inverted glove finger, the integument form-

ing a sheath round it, as shown in fig. 34. I have seen t

specimens with about a half of the beak retracted. It consists 1

of three segments—a long proximal segment, a short middle .*

segment, and a tapering distal segment, at the extremity of 1

which are a few sensory hairs [s. h.). A well-defined longitu- 1

dinal proboscis groove {1. g.), in which lie the mandibles and I

maxillae, runs along the length of its anterior face. I

Situated beneath the mouth is the small hypopharynx (h.)

which supports the chitinous salivary pump (s.) and is con-
'

tinnons with the labium (proboscis).

The mandibles {vid.) consist of a pair of delicate, chitinous

structures which emerge from the head, at the side of the *

mouth, and extend along the proboscis groove. They are >

finely pointed at the distal end.

At their proximal ends, which are situated in the head,

they are greatly enlarged, and each is attached to a stout

mandibular chitinous rod (m .?•.).

The maxillae (mx.) consist of two similar structures, being

situated immediately posterior to the mandibles, but before

leaving the head to enter the buccal cavity, they fuse to form

a single seta, which lies between the mandibles in the pro-

boscis groove.

An elongate maxillary chitinous rod extends from the wall

of the clypeus beneath each maxilla with which they fuse.

At the sides of the mouth the lateral walls of the clypeus

are produced downwards as two-lobed structures, which partly

enclose the buccal cavity. This is shown in the series of

transverse sections through the head (figs. 6-12). It will thus

be seen that the labrum, labium, and these lateral lobes of the

head form a more or less enclosed buccal cavity {b. c.) sur-

rounding the mouth.

I shall discuss the oral appendages in greater detail when

describing the digestive system.

I
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The antennae (fig. 4) are composed of six articles, of which

the third article is conspicuously longer than the others.

The two proximal articles are about equal in length, the basal

one being .slightly broader. The third article is cylindrical

in shape, and almost as long as the three distal articles

together. The fourth and fifth articles are slightly broader

distally, and the terminal one attenuates abruptly at the distal

end, forming a. short, blunt process, which bears a few sen-

sory hairs. Each of the two distal articles bears a sense

organ (.s. o.), which consists of a circular pit, surrounded by a

ring of sensory hairs. A few hairs ai’e scattered over the

.surface of the articles.

There are no compound eyes such as are found in the winged

viviparous stage. Two small eyes, each consisting of three

tubercles, are borne behind the anleunce, one on each side of

the head. As seen in section (fig. 49), they consist exter-

nally of three tmusparent convex tubercles, beneath which

are grouped, in close contact, three densely pigmented areas

[am.) These areas are somewhat pear-shaped, the long- axes

being at right angles to the surface of the head, and the

tapering portion internal. A delicate strand of nerve-fibres

(oc. n.) passes from each eye towards the brain. The

apterous viviparous female is sluggish in habits, living in the

dark cracks of galls or imbedded amongst the members of

the colony, which accounts for the poorly developed eyes.

The Thorax and Ambulatory Appendages.—Each

of the thoracic segments bears on its dorsal surface four

groups 6f wax-secreting glands, and on its ventral surface

a pair of legs. Situated on the ventral surface of the pro-

thorax, near its posterior border, are the two pro-thoracic

spiracles (p. b\). Two meta-thoracic spiracles (m. s.) are

situated near the anterior border of the meta-thorax.

The legs are composed of five articles—a small basal article

or coxa {cox.), a short cylindrical ti’ochanter [tro.), the

femur (/e.), tibia {ti.) and tarsus {ta.).

The femur is elongate and slightly broader distally. The
tibia is elongate and of uniform thickness. The distal article
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or tarsus consists of a small basal joint (6. ta.) and a longer,

slightly curved, distal joint, which bears a pair of curved

claws [cl.) and a few tactile hairs.

The anterior pair of legs is the shortest, the mesothoracic

legs being slightly longer, and the third pair the longest.

A few hairs ai’e borne on each of the articles.

The Abdomen.—The abdomen consists of nine visible

segments.^ The terminal or ninth segtnent {ahd. ix) is very

small, and is not prolonged into a cauda or tail, such as is

found in many aphids. Situated below the terminal segment,

opening on the dorsal surface of the body, is the anus {aoi.),

immediately beneath which is the conspicuous anal plate (a. p.).

This latter structure is an arched, lobe-like development of

the integument, which extends beneath the anus aud the

genital orifice, and bears numerous stout hairs.

The transverse genital orifice {g. o.) is situated ventral to

the anus, being overhung by the anal plate. On the ventral

border of this opening the integument is developed to form a

small semilunar-shaped genital plate {g. p.), which bears

stout hairs.

The abdominal spiracles are situated on the ventral surface,

near the lateral margins of the body, in the wrinkled

membranous chitin at the anterior borders of the first seven

segments.

• The number of segments in the abdomen of apliids is a disputed

point, owing to the modification of the terminal segments. Balbiani

(1869, p. 64) refers to the work of Lacaze-Duthiers (1853), ‘Recherches

snr I’annure genitale femelle des Insectes,’ who considers that the

typical number in insects is eleven. According to Buckton (1875, p. 20),

this latter author has shown that in most Hemiptera there are three

segments intervening between the genital orifice and the anus, and as

Balbiani observes, the absence of the terminal segment in aphids must

be attribrited to the atrophy of one of the post-genital segments.

Kaltenbach (1843) considers there are only nine segments. Tullgren

(1909) considers there are only nine visible in Schizoneura, and I have

adoijted his terminology.



STEUCTUEE AND BIOLOGY OF SCHIZONEUEA LANIGEEA. 671

YI. The Inteenal Anatomy.

The internal anatomy of Schizoneura lanigera, so far

as I am aware, has not been studied in any detail before.

Indeed, considering the great economic importance of the

Aphididte, our knowledge of the anatomy of this family is

very small. Several of the earlier workers on aphids, such

as Dufour (1833), Morren (1836), Kaltenbach (1843) and

Buckton (1875-82), treated in a g'eneral way of the anatomy

of the group. Later, Balbiani (1866, etc.), Mark (1877),

Witlaczil (1882, 1884), and Will (1888), have done much to

further our knowledge of the internal structure and histology

of these important insects. Of more recent contributions

to the literature of aphid anatomy, the works of Dreyfus

(1889 and 1884), Ki’assilstschik (1892-3) on Phylloxera
vastatrix, Mordwilko (1895) on the anatomy of Trama
and Lachnus, Flogel (1904) on Aphis ribis and Grove

(1909) on Siphonophora rosarum may be cited.

Distribution of the Internal Organs.

When the dorsal integument is carefully removed under

normal salt solution from a living, apterous viviparous female

of S. lanigera, as shown in fig. 5, numerous olive-coloured

fat body cells are seen, lying beneath which are a number of

oval yellowish-brown embryos (e.), in various stages of

development. These embryos are contained in long, thin-

walled tubes or the ovarian caeca {p. c.), which are trans-

versely constricted along their length to form several

large ovarian chambers, in which the embryos are borne. The

crnca are arranged in two groups, one group on each side of

the median line, with about four or five crnca in each, and

extend throughout the greater part of the body. In the

posterior region of the abdomen the tubes from each side

lead into a wide oviduct (ocZ.), and the two oviducts enter

into a median, muscular chamber, the vagina {v.), which

leads to the genital orifice.
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On removing the embryos from the dorsal surface the

whitish-yellow coils of the digestive canal are seen lying

beneath.

The alimentary canal, as seen in side view (fig. 35), leads

from the mouth into a well-defined pharynx (p/i.), which

structure passes upwards through the head, and leads into

the narrow, tubular oesophagus (oss.). The oesophagus

passes in the median line over the thoracic ganglion (t.

and enters into the stomach (st.) or sac-like dilation of the

mid-gut. The stomach narrows towards its posterior end,

and leads into the coiled intestine (i.), from which the rectum

(r.) passes in the median line over the vagina (v.) to the

anus (an.).

The salivary glands lie obliquely in the thorax, above the

oesophagus, and consist of a small anterior gland (s. a.) and

a large posterior gland («. p.), situated on each side of the

median line. The salivary duct from each side passes beneath

the thoracic ganglia, and both unite in the mid-ventral line to

form a median salivary duct (s. d.) which leads to the salivary

pump (.s.), situated at the posterior end of the buccal cavity.

The supra-oesophageal ganglia occupy the greater portion of

the head. E.xtending beneath the oesophagus is an elongate

ganglionic mass, which comprises the sub-oesophageal

ganglion, with its two broad commissures, and the fused

thoracic and abdominal ganglia.

The respiratory organs consist of fine tracheal tubes, which

ramify over the body in two definite systems, a dorsal and a

ventral tracheal system, the main trachege from which lead on

each side of the body to the nine pairs of spiracles.

Four conspicuous bands of longitudinal muscles extend

along’ the floor of the body, two on each side of the median

line, and four similar bands extend beneath the dorsal

segment.

A. The Digestive System (PI. 38, fig. 5; PI. 41, fig. 35).

The mouth or oral opening is situated on the ventral surface

of the head, being bounded anteriorly by the labrum (Ihr.),
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and posteriorly by the hypopliarynx (h.) and proboscis (pr.).

Laterally it is bounded by the lateral lobes of the clypeus,

mandibles (md.), and the inaxillte {mx.), and leads into the

suction canal formed by the fusion of the maxillte.

The Pharynx.—The mouth leads upwards into the pharynx.

This structure is a distensible chamber lined with cliitin, which

is continuous with the cuticle of the body. Its posterior or

ventral wall is strengthened by a stout layer of chitin, but its

anterior wall is composed of flexible membranous chitin. As
seen in transverse sections (figs. 12-20) the pharynx is

crescentic in shape, its greatest transverse diameter being

near the oral end. Its walls in this region are thickened to

form two hollow, dome-shaped protuberances {p.p.) or ridges,

the “Naroiden” of Dreyfus (1894) in Phylloxera. The

lumen of the pharynx in this region is very narrow, and

divaricator muscles (m. ph.) pass from its dorsal wall to the

wall of the clypeus. Two folds of chitin extend from the

clypeus to the wall of the pharyn.x protuberances, with which

they fuse.

The pharynx is well supplied with muscles. Attached to

its anterior flexible wall are several bands of divaricator

muscles, which extend to the anterior wall of the clypeus.

These muscles are divided into fine tendons at their attach-

ment on the chitinous walls of the clypeus. By means of

these muscles, the anterior wall of the pharyu.x is drawn

outwards and the lumen of that structin-e is greatly enlarged,

the plant juices being drawn into it through the mouth. I

have pointed out that the lumen in the region of the pharynx

protuberances is very narrow, and ventrally has stout chiti-

nous walls. When the divaricator muscles of this region

are relaxed, the entrance into the pharynx chamber is almost

closed, preventing the plant juices from returning into the

mouth. As the other divaricator muscles of the pharynx are

i-elaxed,the anterior wall of that structure, on account of its

flexibility, tends to regain its original shape, and the cavity,

being thus greatly reduced in size, the juices are forced

backwards into the oesophagus.
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The Endoskeleton of the Head (P]. 38, fig. 3 ;
PI. 39,

figs. 6-24; PI. 40, figs. 2-5-32).—The chitinous endoskeleton

of tlie head consists of an arrangement of chitinous rods

or endosternites, which, in addition to giving support

to the head, afford attachment for muscles of the head

and its appendag’es. Tlie endoskeleton in S. lanigera

agrees closely with that described by Dreyfus (1894) in

Phylloxera and Mordwilko (1895) in Lachnus.
Situated in the posterior portion of the head, beneath the

supra-oesophag'eal ganglion, is a hollow, chitinous plate

or bar {t.), which forms the central support of the endo-

skeleton. This structure corresponds to the “ Chitinstab ”
of

Mordwilko (1895) in Lachnus, named after Witlaczil

(1882). It is also the arcus superior” of Mark (1877),

Krassilstschik (1892-3), and other authors. Grove (1909)

suggested the term “ transverse bar” for the corresponding

structure in Siphonophora rosarum, and throughout my
description of S. lanigera 1 shall use this term.

Four hollow rods of chitin are fused with the transverse

bar and pass from it to the walls of the head. The}’ are as

follows :

A pair of antero-dorsal rods (a. d.) (the Arcus inferiores) of

j\lark (1877), Dreyfus (1894) and Mordwilko (1895), pass

dorsally, one from each end of the transverse bar in an

antero-lateral direction to the roof of the head, joining it at

the junction of the clypeus and epicranium. Prom here a

ridge of chitin (costas inferioies of Mark, Dreyfus, etc.)

passes on each side of the clypeus along its lateral walls, with

which they fuse.

A pair of antero-ventral rods («. v.) embracing the arcus

superiores and costte superiores of Dreyfus and Mordwilko

pass ventrally from the ends of the transverse bar, in an

antero-lateral direction, towards the infra-posterior border of

the head, each being then reflected along the lateral walls of

the clypeus to a position opposite the swollen proximal ends

of the mandibles, where they fuse with the wall of the

head. From this region, on each side, a stout chitinous
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rod passes at right angles into the head towards the proximal

end of each mandibnlar seta. A narrower and more elongate

rod passes beneath each maxillary seta. These structures I

have called the mandibular {m. r.) and maxillary [mx. r.)

chitinous rods.

The mandibular rods are stouter than the maxillary rods,

and expanding at the base, fuse with the continuation of the

antero-ventral rods aud the antero-lateral walls of the clypeus.

The maxillary rods are attached at the base of the mandi-

bular rods, from whence they curve ventrally, pass beneath

the proximal portion of the maxillary setse aud fuse with them.

Two thin rods of chitin [v. r.) (“ Ohitinfortsatzestabchen ”

of Mordwilko), to which are attached a few muscles from the

salivary pump, arise from the posterior end of the buccal

cavity and extend beneath the phai’ynx towards the trans-

verse bar where they fuse.

The Buccal Appendages.—The buccal appendages con-

sist of the labrum, mandibles, first pair of maxillae, and the

proboscis or labium.

The labrum and labium have been described above under

the head appendages.

The mandibular setae {m. r.) are situated in the head below

the pharynx, being supported by the two mandibular chitinous

rods described above. At their proximal ends they are

greatly enlarged, but as they pass towards the buccal cavity

they become considerably attenuated and approximate closelv

to one another in the median line. They are finely pointed

at their distal ends, and each is composed of stout chitin with

an extremely fine cavity running throughout its length. After

leaving the head they pass through the buccal cavity aud
extend along the proboscis groove. The flexible chitin of the

buccal cavity is attached to the walls of the mandibles, which
thus permits of free movement of these structures (fig. 33).

When they are retracted into the head, the sheath is drawn
inwards after the manner of an inverted finger of a glove.

The maxillary setae {mx. r.) ai’e situated immediately

posterior to the mandibles, which they resemble in structure.
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As tliey enter the buccal cavity' they fuse to form a single

chitinous seta, which extends between the mandibles along

the proboscis groove and encloses two minute canals.

Inserted on the internal face, at the proximal end of each

of the mandibular setae, is a strong mandibular retractor muscle

(mh m.), both of which extend in a postero-dorsal dii-ection

to become attached respectively to the right and left antero-

dorsal rods of the endoskeleton, near the ends of the trans-

verse bar. A similar maxillary retractor muscle is attached to

each of the maxillary setae (m'. mx.), and extend to the post-

ventral rods, being attached to them near the ends of the

transverse bar.

The Retort-shaped Organs.—Extending from the

proximal end of each of the setae is an elongate, compact

mass of small cells possessing well-stained nuclei. They ai-e

shown in fig. 22 [ind. o.), {mx. o.). These structures are

related to the peculiar, retort-shaped organs {re. o.) found lying-

in the thorax and posterior part of the head in well-developed

embryos of S. lanigera and other aphids. In advanced

embryonic stages they are large and conspicuous, being of a

characteristic retort shape. From the neck of each retort a

long, fine, chitinous tube, the so-called “ seta,” is produced,

which may frequently be seen coiled round these organs in

the anterior part of the embryo.

These retort-shaped structures are bounded externally by

a chitinous membrane and an epithelial layer of cells, with

elongate, flattened nuclei
;
and the interior of the retoi-t is

])acked with a mass of small cells possessing deeply staining

nuclei. As development proceeds from the larval stage to the

adult they appear to degenerate, so that in the adult apterous

viviparous female, after completion of the moultings, they are

sometimes difficult to make out. Krassilstschik (1893, p. 9)

says that in fully developed adults of Phylloxera vastatrix

the retorts completely disappear. I have observed them in

all the longitudinal sections of the apterous viviparous females

of S. lanigera examined, although they usually appeared to

be in a degenerate condition.

i
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Mecznikow (1866, p. 462) states tliat during the develop-

ment of Aphididae, the structure in the early embryonic stages

corresponding with rudimentary mandibles and maxillae dis-

appear, and that the retort-shaped organs found in more

advanced embryos become elongated at the neck end and

produce the “ Russelstilette,” and Mayer (1875, p. 335), in

describing the origin of the “ Stechborsten” in Pvrrochoris
apterus, states that the retort-shaped organs observed

throughout the development of this insect, are to be considered

as the “ Bi'idungstatten ” of those structiu’es. Witlaczil (1882,

p. 415) is of the opinion, that the embryonic “ Anlagen ” of

the mandibles and tnaxillae do not disappear, but sink into the

head, and give rise to the retort-shaped organs.

1 propose to discuss the question as to the structure of these

organs and their relation to the mandibles and maxillae in

greater detail wlieti dealing with the anatomy of the larva,.

4’ he Salivary Gr lands.
—

'Ihie salivary glands are whitish

glandular bodies, situated in the prothorax and posterior

region of the head. 'I'hey consist of two pairs^ of glands,

which lie above the thoracic ganglion, one pair on each side

of the oesophagus. Kacli pair comprises a large posterior

gland and a smaller anterior gland.

4'he posterior salivary gland (.s. p.) is large, oval in shape,

and lies obliquely in the ])rothoiax.

'I’he anterior salivary gland (.s', a.) is small, spherical in

outline, and situated close to the anterior end of the posterior

gland.

.‘V narrow duct leads from the anterior end of each

posterior gland, near to which it receives a small duct from
the anterior gland. 'I’he salivary duct from each side passes

' In some Aphids three glandular bodies have been described, as in

Phylloxera vastatrix (Krass, 1893); also in Aphis ribis (Fldgel,

1905). In these cases, as Mordwilko (1895) points out, the large postei'ior

gland described above, may be bi-lobed. The small anterior gland, on
account of its small size, was overlooked by some of the earlier workers.

Mark (1877) has figured the salivary glands of S . u Imi, which correspond

closely to those in S. lanigera.
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in an antei’o-ventral direction beneath the thoracic ganglion,

and both unite in the mid-ventral line to forma bulbous expan-

sion in the infra-posterior region of the head. From here the

salivary duct {s. d.) continues beneath the large pump
muscle {m.) as a single median duct, and decreasing

considerably in size, leads into the salivary pump (.s.), which is

situated in the hypophai’ynx at the posterior end of the buccal

cavity.

The salivary glands are simple in structure (fig. 41). The

posterior gland is a sac-like body consisting of an epithelial

layer of large, conical cells, which bulge into the irregular

cavity [hi.) of the sac. These cells possess fine, granular

cytoplasm [cy.) aiid prominent, deeply staining nuclei, and

border on the irregular lumen of the gland, which leads at

the proximal end, by a narrow channel, into the salivary duct.

The cells in the posterior portion of the gland appear to be

filled with secretion, the nuclei are larger, and the cell

contents appear less granular than in the anterior portion.

The cell boundaries of the anterior glands are not well

defined, and the lumen is almost entirely reduced. A few

large, deeply staining nuclei are present, imbedded in a

granular cytoplasm.

The walls of the salivary duct are comparatively thick, and

enclose an extremely fine lumen, along which the salivary

secretion is passed. Several nuclei are seen in the walls, but

cell boundaries are not well defined.

The Salivary Pump.—Lying beneath the anterior end of

the phai’3mx, being supported by the small hj^popharynx,

is the salivary pump (s.) or “ Speichelpumpe ” of German
authors, into which the salivary duct conveys the products

of the salivary glands, which then pass along a fine canal in

the fused maxillae. This structure corresponds in posi-

tion to the Wanzenspritze ” described by Wedde (1885) in

the Rhynchota. It has been observed by Mayer (1873)

in Pyrrhocoris, Mai’k (1877) in Chionaspis, Witlaczil

(1882) in Aphids and Coccidae, Dreyfus (1894) in

Phylloxera, and other authors. Krassilstschik (1892-93)
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lias described its stmctare in Phylloxera vastafcrix.

Kei’sliaw (1911) has recently described the structure of

the pump in Pristhesancus papuensis^ a species in -which

this organ is well developed. My observatious on the

salivary pump agree closely with those of Dreyfus (1894) in

Phylloxera vastatrix.

When seen in longitudinal section (fig. 24), the salivary

pump in Schizoneura lanigera consists of a salivary

chamber (s.c.) or “Kolben,” whose outer walls form the cylinder

[cd.) and a strong, distal portion or shaft, which is strongly

chitinised and laterally compressed, its chitiuous walls being

continuous with that of the hypopharynx.

At its closed proximal end, as will be seen in vertical

sections through the head (figs. 31, 33), the cylinder is greatly

enlarged, its outer walls being strongly chitinised. Its

posterior wall is membranous, and invaginated into the

cylindei’, thus forming a space, the salivary chamber, between

this wall and the outer walls of the cylinder. On this

posterior concave wall is inserted the large pump muscle (to.),

which extending beneath the pliaiwnx, becomes attached to

the transverse bar of the endoskeleton.

'Phe salivary duct leads beneath the pump, and apparently

enters iiito the salivary chamber on its ventral surface, but I

have not been able to definitely trace its entry into the

chamber. Kershaw (1911) describes and figures in Prist h e-

sancus papuensis a valvular eutrance from the salivary

duct into the cylinder, or what this author terms the “syringe

barrel,” but I have not observed this in Schizoneura
lanigera.

The working of the pump is largely controlled b}’’ the large

pump muscle (to.). When this muscle contracts, the iuvagi-

nated posterior wall of the cylinder is pulled outwards, and
the cavity of the salivary chamber being enlarged, the con-

tents of the salivary ducts are drawn into it. When the

muscle is relaxed, the postei’ior wall of the cylinder, which is

membranous and elastic, tends to regain its original position,

and the lumen of the cavity being thus reduced, the saliva is

VOL. 58, PART 4. NEW SERIES. 45
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forced along the pump shaft into a fine canal down the fused

maxillEe.

The (Esophagus.—The oesophagus (u-s.) leads as a narrow,

straight tube from the posterior end of the pharynx, and

passing through the circum-oesophageal ring, over the

transverse bar, extends in the median line above the thoracic

ganglia.

In the raesothorax it enters into the stomach or dilated

region of the mid-gut.^ When examined as a fresh prepa-

ration in normal salt solution, it appears as a whitish-grey,

semi-transparent tube, with comparatively thick walls, which

surround a very small lumen.

The walls of the oesophagus consist of an epithelial layer

composed of granular protoplasm, in which are scattered

small, elongate nuclei, but cell boundaries are not Avell

defined. A thin, outer coat of connective tissue sui-rounds

the epithelium.

The mid-gut.—The mid-gut extends somewhat obliquely

in the median line, its anterior portion being considerably

enlarged to form the stomach, which is the widest part of the

alimentary canal. As will be seen in longitudinal sections, the

oesophagus is invaginated for some distance into the stomach,

its walls being reflected back to become continuous with the

walls of that structure, thus forming an effective oesophageal

‘ This expanded portion of the digestive tract in aphids is sometimes

referred to as the “ crop.” The crop in insects is associated with the

stomodceum, being derived from ectoderm, and lined with a chitinous

intima. The cells composing the wall of the expanded portion of the

mid-gut in S. lanigera agree in character with those in other parts of

the wall of the mid-gut. Further, the place where the oesophagus termi-

nates and the large cells of the expanded portion of the gut commence
is clearly defined. There is no chitinous intima in this region. Of
coi;rse, the absence of a chitinous intima is not in itself proof of its

mesodermal origin, as a chitinous lining is found in the mid-gut of many
insects, as shown by Schneider, but in these cases its origin is doubtful.

This structure must be considered as part of the mid-gut, and the term

“crop” is erroneous. I shall refer to this portion of the gut embracing

the CESophageal valve as the stomach. It is the “ Magen ” of Dreyfus

(1894) and others.
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valve (fig. 48), which prevents the regurgitation of plant

juices from the mid-gut to the oesophagus.

A band of connective tissue (c. t.) extends from the oesopha-

gus across the shoulder of the oesophageal valve, forming

a kind of ligament which is continuous with the connective-

tissue coat of the oesophagus and stomach.

The stomach forms a thick-walled sac with a wide lumen,

which is usually filled with plant juices. Its wall consists of

an epithelial layer of large, conical cells, the free ends of

which bulge into the cavity of the sac (fig. 40). Externally

there is a thin layer of connective-tissue. Towards the

posterior end of the stomach the lumen decreases in size, and

the cells become flatter.

At the base of each cell is a prominent deeply-staining

nucleus, which is embedded in a mass of granular secretion.

The granules are also densely crowded throughout the cyto-

plasm. It is probable that these cells function as digestive

glands, and pour digestive secretions into the lumen of the

stomach. Along the free end of the cells there is a well-

defined margin, which, bordering the lumen, stains deeply

with eosin.

At its posterior end the stomach narrows considerably, and

becomes continuous with the coiled intestine. The structure of

the walls of the latter closely resembles that of the stomach,

but the cells are not so conical, and the granular elements

in the cytoplasm not so dense. The lumen of the intestine

is greatly reduced, and usually tri-radiate or irregular in

section.

When seen in fresh prepai’ations the mid-gut is whitish-

grey in colour, semi-transparent, with the large nuclei of the

epithelial cells showing conspicuously through the walls.

The general course taken by the intestine may be described

as follows (figs. 5 and 35).

The stomach extends obliquely in the median line to about

the third or fourth abdominal segment, where it leads into

the intestine (f.), which turns abruptly on itself in an antero-

ventral direction. In the posterior half of the thorax the
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intestine increases in size, and lies transversely across the

median line above the anterior end or the stomach, turning

abruptly on the left of the median line in a posterior dii’ec-

tion beneath that structure. About the third abdominal

segment it narrows considerably, and passes beneath the

stomach towards the thorax, where it again bends at right

angles across the median line, and leads into the rectum (r.),

which continues in a postero-median direction towards the

anus.

The coils of the alimentary canal lie beneath the large

ovarian crnca, near the ventral surface of the body, and are

held in position by strands of connective tissue and fine rami-

fying trachem.

The Rectum.—The rectum or posterior chamber of the

hind-gut continues in a post-median direction as a thin-

walled tube, and passing between the two oviducts, extends

upwards above the vagina to the anus. In some individuals

it is distended in a sac-like manner, but attenuates towai-ds

the anus.

The structure of the wall of the rectum (fig.- 37) differs

from that of the mid-gut. It is composed of an irreg’ular

epithelium which bounds the lumen. The cell walls are not

clearly defined, but conspicuous nuclei are embedded through-

out the epithelium. A delicate, chitinous intima, continuous

with the body integument, extends for some distance along the

rectum.

Two bands of divaricator muscles are attached to the

rectum near the anus, and pass to the body-wall.

Malpighian tubes are absent in S.lanigera. Kowalevsky

(1889), as cited by Mordwilko (1895, p. 353) and other

authors, has shown that in insects which have no Malpigdiian

tubules, the cells of the rectum wall may have an excretory

function.

B. The Nervous System (figs. 35 and 36).

The nervous system is concentrated in the head and thorax.

It consists of a pair of fused supra-oesophageal ganglia (s. g.),
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which occupy the greater part of the head
;
a pair of fused sub-

oesophageal ganglia
;
and an elongate median ganglion, lying

in the thorax beneath the oesophagus. The latter represents

the fused elements of the ventral nerve chain, and comprises

the three fused thoracic ganglia, to which the sub-oesophageal

g’anglia are attached by two broad commissures, and a median

abdominal ganglion. Nerves are given off from the ganglia

to the appendages and other parts of the body.

The supra-oesophageal ganglia occupy the epicranial region

of the head. They consist of two fused, pear-shaped ganglia,

which have their widest part towards the anterior or dorsal

wall of the head (figs. 18, 21). Histologically they consist of

an outer coat of ganglionic cells with deeply staining nuclei,

and an inner, lightly stained area composed of an interlacing

mass of nerve fibres.

Near the infra-posterior end of these ganglia, two short

circum-cesophageal commissures (cs.) lead round the oeso-

phagus, and connect with the sub-oesophageal ganglion,

forming a loop through which the oesophagus passes.

From the antero-dorsal end of the supra-oesophageal

ganglia a pair of antennal nerves (?i. a. fig. 21) are given off

laterally to the antenna), behind which are a pair of small

nerves which pass to the eyes.

The sub-oesophageal ganglion (sh. g.) is smaller, and is con-

nected wdth the thoracic ganglia by means of two broad com-

missures. From its anterior end a pair of small nerves arise,

which innervate the proboscis, and another pair innervate the

maxillae and mandibles.

The fused thoracic ganglia, together with the median abdo-

minal ganglion (a. g.), form an ovoid, elongate mass, wliich

extends in the median line along the ventral surface of the

thorax.

The histological structure of these ganglia is the same as

before, consisting of an outer coat of ganglionic cells possess-

ing nuclei of varying sizes, and an inner, whitish-grey,

medullary region, composed of an interlacing network of

nerve-fibres.
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From each of the thoracic ganglia a pair of nerves is given

off laterally, which pass into the legs [n. l^.). These

nerves bifurcate before entering the coxrn. From the posterior

end of the abdominal ganglion a stout post-abdominal nerve

(p.) extends in the median line beneath the alimentary canal,

almost to the posterior end of the body. At its extremity,

beneath the vagina, it expands into an irregular club-shaped

post-abdominal ganglion (p. g.), from which nerves pass to

innervate the vagina and muscles of the terminal abdominal

segments. Several nerves are given off along the length of

the post-abdominal nerve. They arise more or less irregularly

in paii’S, and pass in a post-lateral direction to the abdominal

segments, especially innervating the longitudinal bauds of

muscles on the floor of the body.

c. The Respiratory System (PI. 38, fig. 5 ;
PI. 41, fig. 39).

The respiratory system consists of a dorsal and ventral

system of tracheal tubes, the main trunks from which com-

municate with the exterior by means of nine paii’s of

spiracles. Each spiracle consists of a small opening sur-

rounded by a chitinous ring. Each of the first seven

abdominal segments bears a pair of spiracles, which ai’e

situated on the ventral surface, near the lateral margins of

the body.

The two pro-thoracic spiracles are situated external to the

coxae on the ventral surface of the prothorax, near its

posterior margin. Two similar meta-thoracic spiracles (m. s.)

are situated near the anterior border of the metathorax-

There are no spiracles on the mesothorax.

Eorsal Tracheal System.—Leading from each spiracle

is a short tracheal trunk {s. r.), which bifui-cates into a

dorsal {d. h.) and a ventral {v. b.) tracheal branch. The

dorsal branches from the spiracles pass upwards, more

or less parallel to one another, along the lateral walls of

the body to the dorsal surface, and then inwards towards

the dorso-rnedian line. At some distance from the median
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line the dorsal branches from all except the prothoracic

spiracles bifurcate, and join to form on each side of it

a main dorsal longitudinal trachea (rZ. t.), Avhich extends

beneath the dorsal integument in a zig-zag longitudinal

course, from the prothoracic to the seventli abdominal

spiracle.

One of the divisions of the dorsal branch from each of the

seventh abdominal spiracles passes inwards, and both fuse in

the median line, thus connecting the two lateral divisions of

the dorsal tracheal system.

Several small bunches of trachete, which ramify over the

reproductive organs and alimentary canal and aerate the

dorsal longitudinal muscles, are given off from the dorsal

longitudinal trachea.

From the prothoracic spiracles a stout trachea {a. t.) passes

anterioi-ly, and branching considerably, aerates the cephalic

ganglia and muscles of the head, a branch passing to the

antennai.

Ventral Tracheal System. — The ventral tracheal

branches from the abdominal spiracles pass inwards, more or

less parallel to one another, along the ventral surface of the

body, and with the exception of the branch from the first

and last of these spiracles, bifurcate to form a zig-zag ventral

longitudinal trachea [v. 1.) on each side of the median line

as in the dorsal system, but in the former case this stout

trachea only extends from the first to the last abdominal

spiracles.

The ventral tracheal branch from the seventh abdominal

spiracle does not bifurcate, the two lateral divisions of the

ventral system not being connected at the posterior end, as is

the case in the dorsal system.

Several small tracheae are given off from the ventral

longitudinal trachea of each side, and pass inwards to aerate

the internal organs and ventral bands of longitudinal

muscles.

A small trachea arises from the ventral branch near each

spiracle.
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The ventral branch from each of the prothoracic spiracles

passes towards the median line, and both fuse to form a

continnous, stout, transverse trachea {t. t.), which extends

across the median line joining the two spiracles. Several

smaller tracheal tubes arise from it, and aerate the muscles

in the head and prothorax. A branch also passes into the

first pair of legs.

The prothoracic spiracle is connected with the metathoracic

spiracle by a small trachea (c. tr.), which arises near the

former spiracle, and passing posteriorly, bifurcates, one branch

passing into the second pair of legs, and the other joining the

second tracheal trunk near the metathoracic spiracle.

The ventral tracheal branch from each of the metathoracic

spiracles also fuse in the median line, and form a stout

trachea, which lies transversely across the thorax, connecting

the two spiracles, and giving off a number of smaller tracheae,

which aerate the muscles of the thorax. A small trachea

arises from the tracheal trunk of this spiracle, and passes to

the tracheal trunk of the first abdominal spiracle, giving off

a branch to the third leg. A branch also passes forward into

each of the second pair of legs.

D. The Circulatory System.

A tubular heart or dorsal vessel has been described by

Witlaczil (1882, p. 35) as occurring in Aphis, and this

author described its development in his later work (1884,

p. 652).^ Mordwilko (1895, p. 356) also refers to the presence

of a chambered dorsal vessel in Tram a. Dreyfus (1894,

p. 238), on the other hand, was unable to find any trace of

this structure in Phylloxera; and Grove (1909, p. 26)

failed to find it in Siphonophora rosarum. I have been

* Ich fand bei Aphis dass das Herz und die Aorta aus einem Strang

von Mesodernizellen gebildet werden, welcher Anfangs solid, durch

Theilung seine zellen vermehrt und indein er sicli ausbblt, wahrscbeinlicli

die Blutkorpcben ensteben liisst. Die venosen Ostien fand icb bier’an

der Grenze je zweier Segmente des Abdomens.
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unable to establisli its presence in the apterous viviparous

female of S. lanigera.

E. Tbe Reproductive System (PI. 38^ fig. 5; PI. 41,

fig. 35; PI. 42, figs. 45, 46).

The reproductive organs of the apterous viviparous female

occupy a considerable portion of the body. lu general mor-

phology they are simple in structure, and resemble in a

general way those described by earlier investigators, such as

Dufour (1833), Witlaczil (1882), etc., in other aphids.

They consist of a number of thin-walled tubes or large

ovarian caeca, a pair of oviducts, and a stout, muscular

vagina which leads to the genital orifice, the whole forming

the ovarium.

The ovarian caeca (^5. c.) are transversely constricted at

intervals along- their length, forming a series of several

ovarian chambers {p. a.), in which the embryos are developed.

The caeca are developed in two lateral groups of about five

tubes in each group, and extend over the alimentary tract,

throughout the body. In the posterior region of the abdo-

U)en they open into the two oviducts {od.), which pass

beneath the rectum and unite in the region of the sixth abdo-

minal segment to form the stout, muscular vagina (^J.), which

extends beneath the rectum to the genital orifice (y. o.).

The large ovarian chambers contain embryos in vai-ying

stag-es of development, those in the chambers nearer the

genital orifice being more fully developed. In the earlier

stages of development these embryos were called “ pseud-

ova.’^ The development of the pseudovum has been described

by Huxley (1858, p. 215) in an agamic stage of a species of

Aphis. According to this author, it would appear that the

embryos are developed from pseudova, which, surrounded by

a vitelline substance, are set free in the chambers of the

ovarian cteca, and eventually become changed into cellular

germs, from which the germ-layers of the embryos are

developed.
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The terminal chambers of the caeca are small, and from

the distal one is produced a fine thread-like ovarian ligament.

The oviducts are sliglitly flattened dorso-ventrally, and

have stout muscular walls, with an inner epithelium of irre-

gular, columnar cells bounding the duct.

fl'he vagina is flattened dorso-ventrally, appearing narrow

in longitudinal sections, but broad when viewed from the

dorsal or ventral aspect. As seen in fresh preparations, it is

whitish in colour, semi-transparent, and possesses stout,

muscular walls.

The walls consist of a thick, outer layer of circular muscle.®,

and a few scattered, inner, longitudinal muscles, with aii

epithelial layer of irregular cells, bordering the cavity

(fig. 42).

As the vagina eaves the genital orifice it bends upwards,

the muscular walls being thrown into folds.

The genital orifice is wide transversely, and is bounded by

the genital and anal plates, which bear several stout bristly

hairs.

The embryos are squeezed out through the orifice, po.s-

terior end first, by the muscular action of the vagina Avails.

As they emerge from the orifice they are smooth and glisten-

ing, the appendages adhering firmly to the sides of the body.

The embryos are held by the head in the orifice for a feAv

minutes after birth, and the anterior appendages are first set

free from the sides of the body, the other legs being released

soon afterwards.

F. The Muscular System.

The muscular system is well developed. For purposes of

description the distribution of the various muscles may be

conveniently treated as follows :

(1) The longitudinal body muscles. (2) The musculature of

the head and its appendages. (3) The musculature of the

thorax and ambulatory appendages. (4) The dorso-ventral

muscles.

(1) The Longitudinal Body -muscles (PI. 38, fig. 5 ;
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PI. 41, fig. 39).—These consist of four conspicuous hands of

muscles lying- along- the ventral surface of the body, two on

each side of the median line, and four beneath the dorsal

integument. They are divided into two, three, or four

bundles or fasciculi in each segment.

On the ventral surface the two internal, ventral longi-

tudinal bands {m.v'.), lie one on each side of the median line,

and extend from the antero-veutral border of the prothorax

to the eighth abdominal segment.

The two external, ventral bands (m. v.) extend parallel to

the lateral marg-ins of the body. They reach from the

antero-ventral border of the first abdominal segment to the

eighth segment.

On the dorsal surface the two internal, dorsal longitudinal

bands (m. d'.) extend from the eighth abdominal segment to

the antero-dorsal border of the mesothorax, from which

latter position each sends two diverging bands of muscles to

the antero-dorsal border of the prothorax.

The external, dorsal longitudinal muscles (m. J.) extend

from the antero-dorsal border of the metathorax to the

eighth abdominal segment.

(2) ThelMusclesof the Head and its Appeudage.s
(Pis. 39 and 40).— (a) The divaricator muscles of the pharynx

{vi. 2^h.) are attached along the doi-sal or anterior wall of the

pharynx, and extend to the anterior wall of the clypeus. From
the region of the pharynx protuberances, stout bands of lateral

clypeal muscles (m. 2>-) pass outwards to become attached to

the side walls of the clypeus.

(b) a few bands of lateral muscles (m./.) extend aci-oss

the lobes of the clypeus.

(c) Lying beneath the pharynx is the conspicuous pump
muscle {l.p.m.), which is attached to the middle of the trans-

verse bar and passes forwards beneath the pharynx, beitig

inserted on the concave wall of the cylinder portion of the

salivary pump (fig. 33). This muscle is divided longitudi-

nally, and is spindle-shaped, being wider about the middle of

its length.
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Two small bands of muscles {'p.m.) extend from the salivary

pump to the ventral rods of cliitin {v. r.).

(d) Two bands of elevator muscles of the transverse bar

[vi. h' .)
extend from that structure in an autero-dorsal direc-

tion, to become inserted on the epicranial region of the head,

and two similar bands of depressor muscles {m. h.) pass from

this bar to the post-dorsal border of the head.

(e) Two bands of depressor muscles of the head (m. h.) are

attached at its infra-posterior angles, and pass to the dorsal

walls of the prothorax.

(f) The movements of the anteimm are controlled b}' a band

of elevator {m. o}.) and depressor [m. a.) muscles, which are

attached to the antero-dorsal rods of chitiu, near the ends of

the transverse bar, and pass outwards to become inserted on

the walls of the basal article of the antennae.

(g) Two elevator and two depressor muscles of the proboscis

{vi. pr.) are insei’ted at the base of that structure and pass by

the side of the thoracic ganglia to the dorsal wall of the

thorax.

(h) The retractor muscles of the mandibles (mb m.) are

inserted on the internal face of the proximal ends of the man-

dibles, and pass through the head to become attached to the

antero-dorsal rods of chitin of each side, near their origin

from the transverse bar. The protractor muscles (ra.m.) are

attached to the antero-lateral walls of the frons, and pass

upwai'ds to become inserted along the base of the mandibular

chitinous rods.

(i) The retractor muscles of the maxillae (mb mx.) are inserted

at the proximal end of the maxillae, and pass beneath the

mandibular retractors to become attached to the antero-

ventral rods of chitin, near the transverse bar.

'The protractor muscles (m. mx.) are attached to the proximal

ends of the maxillae, and pass ventrally to the antero-ventral

walls of the frons.

(3) The Musculature of the Ambulatory Appen-
dages.—Two stout flexor muscles, which have their origin at

the postero-dox’sal margin of the mesothorax, are inserted on
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the posterior face of the second pair of coxse. Two similar

flexor muscles extend from the post-dorsal margin of the

metathorax to the third pair of coxse.

A stout flexor and extensor muscle extend from the walls

of each coxa to become inserted on the base of the trochanter.

A large extensor and a smaller flexor muscle extend

throughout the femur. Inserted at the base of the tibia are

a small flexor and extensor muscle^, which continue throughout

the article to the base of the tarsus.

(4) The Dorso-ventral Muscles of the Body.

—

Several bands of dorso-ventral body muscles extend from the

floor of the thorax and abdomen to the dorsal and lateral

walls of the body.

The dorso-ventral muscles of the abdomen (m. v.) arise from

the ventral surface, close to, or a little external, to the outer

longitudinal muscle bands, and pass upwards to become

inserted on the dorso-lateralpvalls of the segments. It is these

dorso-ventral muscles which bring abont the I’espiratory

movements of the body.

From the ventral surface of the seventh and eighth

abdominal segments a band of mnscles passes to each of the

coniicles (m. corn.), and control the movements of the opening

of those structures.

The Pse udo-vitellus.

Situated in the posterior half of the abdomen, lying by the

side of, or between the ovarian caeca, are a few roundish

conspicuous cells, which ai-e usually joined together ingroups

of two or three cells, or in young females may form two larger

masses (fig. 45, pv.).

When stained in sections with haematoxylin and eosin, the

cytoplastn of these cells readily takes the eosin stain and

appears to be quite granular. In the centre of the cell is a

deeply staining nucleus with a nucleolus, but in some cells the

nucleus is not seen.

These cells form the so-called pseudovitellus of Huxley and
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Other authors, and the “ Secuudiire Dotter ” described by

^lecznikow (1866) in Coccidte. Witlaczil (1882) has

described them iii Aphis, Krassilstschik (1892) in Phyl-

loxera, Dreyfus (1894) in Phylloxera, Mordwilko (1895)

in Traina, and Grove (1909) in Siphonophoraj so that

they appear to be generally present throughout the Aphi-
di das and probably the Cocci dm.

The origin and development of the pseudovitellus cells

have been described by Will (1888) and also by Witlaczil

(1884), but the function of these cells does not appear to be

established. The appearance and distribution of them in the

individual depends upon the stage of its development. In

embryos of S. lanigera they form a conspicuous lobed mass

of cells in the posterior region of the body. In mature,

apterous viviparous females however, they degenerate into

groups of two, three or more cells, lying to the side of the

ovarian cmca in the posterior region of the body. I have

observed in a few individuals, isolated pseudovitellus cells in

the thoracic region of the body.

It would appear that these cells fulfil a nutritive function

for the developing embryos, but Witlaczil (1882) considers

them to be excretory in function.

Mordwilko (1895, p. 357) has briefly descifibed the changes

which take place in the pseudovitellus during the develop-

ment of Tram a. According to this author, the cells in

young embryos of Trama form a tubular layer lying above

the rectum, which, as the embryo develops, divides into three

finger-like, longitudinal lobes, lying between the ovarian

ceeca. In mature adults only two cell masses are seen, which

lie to the side of the body in the fifth and sixth segments, and

these cells show signs of degeneration.

In addition to the pseudovitellus cells described above,

there are in S. lanigera a few large cells situated in the

])Osterior region of the body, which have a dirty-greyish,

coarsely granular cell contents and a small nucleus (fig. 45,

y. c.). When stained with hmmatoxylin and eosin they differ

in appearance from the pseudovitellus cells, the cytoplasm
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being a dirty-yellowisli colour, taking the eosin stain poorly

and containing numerous dark coarse granules.

Scattered throughout the body cavity are a few isolated

roundish cells which are smaller than the pseudovitellus cells,

and are found in the head, thorax and abdomen, but chiefly

in the head and thorax (fig. 22, x.). They have a greyish

granular cytoplasm and a comparatively large nucleus, and

resemble in appearance the cells described by Dreyfus (1894,

p. 232, fig. 13, X.), in Phylloxera.

The Fat Body.

When examined in normal salt solution, the fat body is seen

to consist of yellowish-brown masses of cells, which extend

beneath the integument and over the internal organs. The
cells are irregular in shape, much vacuolated, and possess

numerous olive-coloured refractive granules and shining fat-

globules.

As seen in sections, the fat body consists of several layers

of cells, forming an irregular network beneath the integument

and round the digestive tract. It is more extensively de-

veloped in the thorax and anterior segments of the abdomen,

and is formed from the mesoblast cells lining the integument.

In stained sections the cells of the fat body are seen to be

irregular in shape with a much vacuolated cytoplasm and a

small, irregular, stellate nucleus. The nucleus is surrounded

by a layer of granular protoplasm and a similar layer extends

round the periphery of the cell, strands of protoplasm passing

aci’oss the cell between the two layers.
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EXPLANATIONS OF PLATES 38-42,

Illustrating Mr. J. Davidson’s paper on The Structure and

Biology of Schizoneura lanigera, Hausmaun or

Woolly Aphis of the Apple Tree.—Part I : The Apterous

Viviparous Female.”

Reference Lettering.

a. Antenna. « d. Antero-dorsal rod. ah. i-ix. Abdominal segments.

a.f. Articulation of clypeus with epicranium. a. g. Abdominal ganglion.

an. Anus. ap. Anal plate, a. s. 1-7. Abdominal spiracles, a. t. Anterior

dorsal trachea, a. v. Antero-ventral rod. b. c. Buccal cavity, b. i.

Body integument, h. ta. Basal joint of tarsus, c. Chitinous thickening

at posterior end of buccal cavity, cd. Cylinder or “ Kolben ” of sahvai-y

pump. c. i. Integumental lip over opening of comicle. cl. Claws, cn.

Cornicle, c. o. Opening of comicle. cox. Coxa. cs. Commissme. c. t.

Connective tissue, c. tr. Stout trachea connecting thoracic spiracles.

cy. Cytoplasm, d. b. Dorsal tracheal branch, d. f. Dorsal wall of
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clypeus. d. h. Dorsal wall of head. d. t. Dorsal longitudinal trachea,

e. Embryos, e. c. Epithelial cells, e. s. Epithelial cells of stomach. /. a.

Integumental areas of wax-glands, fac. Facets of the eyes. /. h. Fat

body. fe. Femur, fr. Clypeus. g. Ganglion, g. c. Ganghon cells, g, o.

Genital oi-ifice. g. jJ- Genital j)late. g. s. Granules of secretion, h.

Hypopharynx. hd. Head. hr. Integumental hairs, hs. Hypodermis.

{.Intestine. {. 7i. Infra-posterior wall of head. m. Intima. Z6?-. Labram.

1. g. Longitudinal proboscis groove. Ir. g. Longitudinal groove on

labrum. 1. 1. Ligament of connective tissue, lu. Lumen, lu. s. Lumen
of stomach, m. Large pump muscle, m. a. Depressor muscles of

antenna, m. a'. Elevator muscles of antennse. m. b. Depressor muscles

of transverse bar. m. b'. Elevator nuiscles of transverse bar. ni. c.

Circiilar muscles, m. cn. Muscles controlling cornicles, m. cox. Coxal

muscles, m. d. External dorsal longitudinal muscles, m. d'. Internal

dorsal longitudinal muscles, m. /. Lateral muscle of clypeus. m. g.

Mid-gut. m. h. Depressor muscles of head. in. 1. Longitiidinal muscles.

in. in. Protractor muscles of mandibular setae, in', in. Retractor muscles

of mandibular setae. in. inx. Protractor muscles of maxillary setae.

in'. inx. Retractor muscles of maxillary setaj. in. p. Lateral divaricator

muscles to the wall of clypeus. in. ph. Divaricator muscles of pharynx.

in. pr. Proboscis muscles, in. r. Mandibular chitinoixs rods. in. s.

Metathoracic spiracle, in. t. Dorso-ventral mxiscles of thorax, in. v.

External ventral longitudinal mi^cle£.___ni. jw'^ Internal ventral longi-

tudinal muscles, in. v. d. Dorso-ventral muscles, ina. Metathorax.

ina. g. Metathoracic' ganglion, ind. Mandibxdar setse. ind. o. Mandi-

bular organs, mo. Mesothorax. mo. g. Mesothoracic ganglion, inx.

Maxillary setse. mx. o. MaxiUaiy organs, mx. r. Maxillai-y chitinous

rods. w. Nucleus, no. Nucleolus, n. a. Antennal nerve, ii. Z. 1-3. Leg
nerves, n. m. Nerve to mixscles. o. Outer wall of oesophageal valve,

ces. (Esophagus, oc. The eyes. oc. n. Nerve to eyes. ocZ. Oviducts.

oin. Pigment, p. Post-abdominal nerve, p. a. Ovarian chambers

p>. c. Ovarian cseca. p. g. Post-abdominal ganglion, pli. Pharynx.

j). m. Pump muscles attached to v. r. po. Prothorax, p. p. Pharynx

protuberances, pr. Proboscis, p. s. Prothoracic spiracle. pv.

Pseudovitellus cells, r. Rectum, r. o. Retort-shaped organs of embryo,

s. Salivary pump. s. a. Anterior salivary gland. .sZ). g. Sub-oesophageal

ganglion, s. c. Salivary pump chamber, s. d. Salivary duct. s. g.

SuiDi’a-cesophageal ganghon. s. o. Antennal sense-organs, s. p. Posterior

sahvary gland, s. p. Spiracle, s. r. Main trachea from spiracle, st.

Stomach, seg. n. I, 2. Segmental nerves from p. t. Tactile hairs, ta.

Tarsus. Z. jf. Thoracic ganglion. Z{. Tibia. Zx’. Trachea. Z»'o. Trochanter.

Z. Z. Thoracic trachea joining the spiracles, v. Vagina, v. b. Ventral

tracheal branch, v. 1. Ventral longitudinal trachea, v. r. Ventral
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Glutinous rods. w. Wall of the ovarian chamber, w. c. Wax-gland

cells, w.f. Wall of clypeus. w. gl. Wax-gland, w. h. Wall of head; w. s.

Wax-sac. w. s'. Solidified contents of wax-sac. x. Cells described in

text. y. c. Large cells with coarse granular contents.

PLATE 38.

Fig. 1.—Apterous viviparous $ , ventral. X 45.

Fig. 2.—Apterous viviparous $ ,
dorsal. X 45. 2 B. Wax-glands

showing integumental facettes. 2 c. Eyes showing tubercles.

Fig. 3.—Head, anterior portion (frons), showing endoskeleton as seen

from dorsal or anterior aspect. X 375.

Fig. 4.—Appendages
:
(a) Leg 1

;
(b) leg 2

;
(c) leg 3. X 85. (d)

antenna (right) ventral side. X 110.

Fig. 5.—Apterous viviparous $ ,
dissection from dorsal surface showing

distribution of internal organs
;
the dorsal integument, dorsal longitu-

dinal muscles and tracheal system removed. X 85.

PLATE 39.

Figs. 6-21.—Series of transverse sections through the head, being at

right angles to its longer axis, showing relationship of endoskeleton,

pharynx, buccal appendages and musculature. X 250.

Fig. 22. —Longitudinal section through side of the head. X 135.

Fig. 23.—Longitudinal section through head, passing through the

end of die transverse bar. X 135.

Fig. 24.—Longitudinal section through head and thorax, almost

median. X 235.

PLATE 40.

Figs. 25-32.—Series of vertical sections through head, showing rela-

tion of parts of endoskeleton, buccal appendages and musculature.

X 200.

Fig. 33.—Vertical section throiigh head showing salivary pump, etc.

X 375.

Fig. 34.—Transverse section thi-ough thorax showing retracted pro-

boscis. X 200.

PLATE 41.

Fig. 35.—Apterous viviparous ? ,
internal organs from right side,

slightly schematised. Drawing made from dissections and serial sec-

tions. X 100.
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Fig. 36.—Nei’vous system and salivary glands, dissection from ventral

siuiace. X 110.

Fig. 37.—Transverse section tlirough tlie rectum
;

hsematoxylin

(Ehrlich) and eosin. X 710.

Fig. 38.—Transverse section through small intestine
;
hsematoxylin

(Ehrlich) and eosin. X 710.

Fig. 39.—Apteroi^s viviparous ? ,
dorsal, showing dorsal longitudinal

muscles and dorsal tracheal system, x 68.

Fig. 40.—Transverse section through stomach in region of oesopliageal

valve
;
hsematoxylin and eosin. X 710.

Fig. 41.—Longitudinal section through salivary glands
;
hsematoxylin

and eosin. X 780.

Fig. 42.—Transverse section through the vagina
;
hsematoxylin and

eosin. x 710.

PLATE 42.

Figs. 43-46.—Transverse sections through thehody; hsematoxylin and

eosin. X 135.

Fig. 43.—Transverse section through region of anterior salivary

glands.

Fig. 44.—Transverse section through region of posterior salivary

glands, showing salivary duct passing beneath the ganglion.

Fig. 45.—Transverse section through anterior segment of abdomen.

Fig. 46.—Transverse section through region of cornicles.

Fig. 47.—Section through the unicellular wax-glands
;
hsematoxylin

and eosin. X 1100.

Fig. 48.—Longitudinal section through the stomach and oesophageal

valve
;
hsematoxylin and eosin. X 780.

Fig. 49.—Section throi;gh one of the lateral eyes; stained hsema-

toxylin and eosin. X 780. The hypodermis has shnink away from the

chitin.

Appendix.

Through the kindness of Mr. Clifford Dobell my attention

has been directed to the recent works of Dr. Karel Side and

Dr. Paul Buchner on the pseudovitellus in Hemiptera. I

regret that owing to the fact that the manuscript had already
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gone to press, I am unable to incorporate tbe work of these

authors in the text.

Sulc, Dr. Karel.—“
‘ Pseudovitellus ’ tind ahnliche Gewebe der Hom-

opteren sind wobnstatten symbiotischer Saccbaromyceten,”
‘ Separatabdruck aus den Sitzungsberichten der Konigl. Bobm.
Gesellschaft der Wissenschaften in Prag,’ 1910, pp. 1-39, 18 text-

figs. (1910).

Buchner, Dr. Paul.—“ Studien an intracellularen Symbionten: I,

Die intracellularen Symbionten der Hemipteren,” ‘Archiv. f.

Protistenkunde,’ Bd. xxvi, pp. 1-116, Taf. 1-12, and 29 text-

figs. (1912).
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I. Introductory.

During the past two years the Zoological Department in

ilanchester University has been in receipt of fresh salmon,

mainly from the Wye, which have been sent for the purpose of

age determination by means of scale-markings. In December

last Professor Hickson called my attention to the presence of

a fleshy lobe lying immediately above the pelvic fin of a

large female specimen. As we did not then know whether

this growth was normal, and, if normal, whether it was con-

fined to female specimens, I undertook to investigate the

question
;
the investigation has not only proved exceedingly
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interesting, but lias opened np a wider scope of research than

I had anticipated.

On consulting various books on fishes I found that the

lobe was invariably figured in the best drawings of the

salmon
;
in Day’s ^ British Fishes/ for instance, it can clearly

be seen.^ At the same time no reference to the occurrence of

such a lobe could be found in any book which might be

expected to throw light upon a structure of this nature. I

made a dissection of the adipose lobe, and so found that it

was supported at its base by a splint of bone
;
the posterior,

or distal, extremity of this bone was united to, but not

fused with, the outermost fin-ray. This splint of bone is

depicted in a figure of the pelvic fin skeleton of the trout in

Parker and Haswell’s 'Text-book of Zoology,’" and it is

there mentioned that " the adipose lobe of the pelvic fin is

supported by a small scale-like bone.” By treatment of

sections of the lobe Avith osmic acid and witli Sudan III, I

was able to satisfy myself that a considerable amount of fat

was pi-esent in the lobe ; I further observed from my sections

that the lobe was stiffened by a plate of hyaline substance

Avhich ran throughout its length. I was fortunate enough to

obtain a series of young salmon ranging in age from one to

five months
;
from these I prepai’ed serial sections of the pelvic

region, and was thereby enabled to observe the origin and

groAvth of the adipose lobe. From these observations I have

been able to demonstrate that this so-called "adipose lobe”

is nothing more or less than an enlarged scale Avhich has never

pierced its connective-tissue pocket. That a scale is capable

of becoming a fin-like structure is an additional support to

Mr. Goodrich’s hypothesis, namely, that the dermal fin-rays

(lepidotrichia) are modified body-scales, if his lucid argument

has not already gained general acceptance,

I further examined the condition of the pelvic fins of other

Teleosteans; and my observations from illustrations and from

actual specimens go to show that an enlarged scale in the

' See also fig. 1 herein.

- Ed. 2, vol. ii, fig. 864.
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outer angle of the pelvic fin is a character which is common
to a wide range of members of that class. This “accessory

scale/’ if I may so term it, is particularly characteristic of

the more primitive Teleosteans, and is almost invariably

absent in highly specialised forms; it is often well developed

in actively swimming forms, and absent, or much reduced, in

forms which haunt the ground. Only in the genus Salmo,
so far as I am aware, is the accessory scale converted into

an adipose lobe, and only in this genus, and. perhaps in

Coregonus, has it any skeletal connection with the fin-

rays of the pelvic fin.

The nature of the function which this adipose lobe serves

is obscure, but it is possible that it may assist in facilitating

the rapid movements for which this fish is noted. The

subject will be treated more fully at the conclusion of this

paper.

I wish to acknowledge my indebtedness to Miss P. C.

Esdaile, M.Sc., for permission to remove the portions of the

salmon (which had been supplied by J. A. Hutton, Esq., for

work upon which she was engaged) which I required, also

for furnishing me with various particulars as to the size, age,

locality and condition of the several specimens. To Professor

Lorrain Smith I am indebted for the use of apparatus in the

Pathological Department, and for his ready assistance in

determining the nature of the fat in the adipose fins.

Finally, I am glad of this opportunity gratefully to acknow-

ledge the kindness of Professor J. W. Spengel for granting

me a table for work in his laboratory at Giessen, and for the

use of apparatus and materials; also that of Professor J.

Versluys for his friendly interest and for many illuminative

suggestions.

Figs. 1 and 2 illustrating this woi'k were prepared from

photographs kindly undertaken respectively by Mr. J. T.

Wadsworth, of the Zoological Department at Manchester

University, and by Mr. A. W. Brown, of the Gatty Marine

Laboratory at St. Andrews.
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II. Details of the Anatomy op the Pelamc Fin and op its

Adipose Lobe.

(1) Anatomy of the Pelvic Fin.

The anatomy and development of the pelvic fin of the

salmon has been described in a paper by K. G-. Harrison/

and, as it is desirable that the environment of the adipose

lobe should first be realised, I give below Harrison’s summary
of the anatomy :

Die Lage der Bauchflosse variirt bekanntlich sehr

stark bei den verschiedenen Teleostiern. Sie kann hinter,

direkt unter, oder vor der Brustflosse liegen und wird

dementsprecheud bauch-, brust-, oder Kehlstandig genannt.

Die erste dieser Lagen ist natiirlich als die urspriingliche

anzusehen. Diese findet sich bei dem Lachs. Diese Flosse

ist an der ventralen Seite des Korpers gelegen, sehr nahe

zur Medianebene,und ganz ventral von der Rumpfmuskulatur.
Die Muskeln der beiden Flossen werden zum grossten Theil

nur durch ein diiunes Lager Fettgewebe von einander

getrennt. Kopfwarts ragt zwischen sie auf eine gewisse

Streche der M. rectus abdominis hinein.

“ Die Flossenstrahlen sind am Kdrper in einer schragen

Linie befestigd. Die Basen beider Flossen convirgiren somit

caudalwarts gegen die Mittellinie. Der grosste Theil des

primaren Skeletes der Flosse besteht vorzugsweise aus einem

Knochen, der als Basale metapterygii bezeichnet wird.

Derselbe ist dreieckig und nur theilweise verknochert. Die

caudale Seite des Dreiecks ist die Kiirzeste
;
an ihm articuliren

vermittelst kleiner Radien die Flossenstrahlen. Die Lange

des Knochens iibertrifft seine Breite um ein bedeutendes und

er dehnt sich, wie auch die Muskeln, weit von der Basis der

freieu Flosse nach vorn aus.
“ Die Ebenen, in denen diese Knochen auf den beiden

Seiten des Korpers liegen, convergiren dorsalwarts. Daher

‘ Harrison, K.G., “ Unpaar. n. Paar. Flossen. d. Teleostien,” ‘Arch, filr

Mikr. Anat.,’ 1895, p. 530.
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liegen die Mm. Addiicfcoves beinahe ganz dorsal zum
Knochen eingebettet zwischen Hartgebilden und Muskeln des

Rumples, wabreud die Abductoren zum grdssteu Theil ventral

vom Flosseuskelet sicli findeu.

“ Der M. abductor superficialis entspi’iugt von der

Fascie, welcbe den tiefliegendeu bedeckt und zieht zu der

Basis eines jeden Flossenstrables. Er ist der kleinste von

alien Flossenmuskeln.

Der M. abductor profundus entspringt von der

medianen Kante des Basal

e

und befestigt sicb an der

Innenseite der ventralen Strablenhalfte.

‘'Der M. adductor superficialis ist leicbt in zwei

Portionen trennbar. Ein laugfaseriger Tbeil entspringt von

dem oralen Ende des Basale und inserirt an den vier antero-

lateralen Strahlen. Ein Kursfaseriger Theil ist inehr ode-r

weniger deutlich in einzelne. Muskelbiindel zerlegt, die von

der Fascie der Kdrpermuskulatur entspringen und an der

Basis der caudalen Strahlen inseriren. Der Yerlauf der

letzten caudal gelegenen Muskelbiindel ist beinahe vertical.

“ Der M . adductor profundus entspringt vorzugsweise

von der medianen Kante des Basale und ist symmetrisch

zum eutsprechenden Bundel des Abductor profundus an der

Innenseite der dorsalen Strablenhalfte befestigt. Der Muskel

iibertrifft an Masse den oberflachlichen Adductor um ein

Bedeutendes.
“ Die Nerven der Flosse bilden einen Plexus und stammen

von sechs Riickenmarksnerven ab.”

My observations bear out in every respect the above

account of the musculature of the pelvic fin of the salmon,

and I will only add that, in adult specimens, the tendons

fastened to the bases of the fin-rays are very distinct;

forwards, however, the muscle sheets are quite continuous,

excepting that of the adductor superficialis, which, as

Harrison remarks, is divided longitudinally into two portions.

There are normally nine fin-rays in each pelvic fin, and

though most authors quote ten as a variation from the normal,

I have not yet met with this condition.
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lu addition to tlie bony elements of tbe pelvic fin, namely

the Basale metapterygii and the lepidotrichia (dermal

fin-rays), which have been mentioned above, there are in

addition three small nodules, the distal pterygiophores (see

fig, 2, Pt.). The precise position of these nodules varies not

only in different specimens, but in the right and left fins of

the same specimen. The largest pterygiophore is placed

invai’iably, so far as my observations go, between the dorsal

and ventral halves of the ninth, or inner, fin-ray. The middle

pterygiophore varies in position, but not infrequently occurs

between the dorsal and ventral halves of the fourth fin-ray.

The outer pterygiophore occurs between tbe dorsal and

ventral halves of the third or second fin-ray. In one specimen

the middle and outer pterygiophores were bound closely

together and occupied the space between the third and

second fin-i-ays. On warming each of these pterygiophores

in turn in a weak solution of caustic potash, the inner was

found to remain single, but the middle and outer split fairly

readily each into two distinct nodules. That all these several

portions are ossified is indicated by the fact that they

effervesce when placed in dilute hydrochloric acid.

Having now in mind the position and essential points in

the anatomy of the pelvic fin of the salmon we shall proceed

to locate and to describe the structure, known as the adipose

lobe, with which it forms an intimate connection.

(2) Anatomy of the Adipose Lobe.

The lobe (fig. 1) lies in the angle between the pelvic fin

and the body-wall in a position dorsal to and abaxialfrom the

first, or outermost, fin-ray. It presents a vertical triangular

surface when the fish is viewed from the lateral aspect, the

acute-angled apex of the triangle being directed posteriorly
;

at the proximal end its section is approximately in the fortn

of an equilateral triangle, whose apex is directed inwards

and is united to the body-wall of the fish
;
at the aboral end

the lobe is free and plano-convex in section, the convex
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side is adaxial and simply represents the result of the gradual

rounding-off of the angular adaxial surface which has been

noted at the proximal end. The outer vertical surface is grey

in colour and firm in textui’e ; the two inner surfaces, namely

the dorso-latex'al which faces the body-wall, and the ventro-

lateral which faces the upper surface of the outermost fin-ray,

are white in colour and soft to the touch. When at rest, the

two inner siu’faces of the lobe are closely apposed to the

surfaces of the fish which they respectively subtend; as a

result of this the soft ventro-lateral surface is grooved in its

posterior half owing to the pressure of the fin-skeleton.

The lobe is equally well developed in specimens of both

sexes, and, as far as one can judge fi’om the comparatively

few specimens which I have been able to examine, it further

appears that the size of the lobe is not altered during the

seasonal movements of the fish. Specimens were examined

in the pink of condition, fresh from the sea, and others which

had spawned and were, in some cases, infected with fungus,

but neither the regular outline of the lobe nor its consistency

appeared to differ in any degree
;
this is worthy of note, as it

is well known that the body-scales of the salmon undergo a

very marked disintegration at their margins, known as the

spawning-mark, after the sexual products have been shed.

Only in one unfortunate fish, which had long been suffering

from an unsightly wound,^ was the adipose lobe, on either side,

reduced to a mere stump. The following measurements are

from a male salmon weighing 22 1 lb., 100 cm. in length,

52 cm. in girth, taken in the Wye, and will serve to convey

an idea of the normal proportions of the adipose lobe :

Length of outer margin of pelvic fin . lO'O cm.

„ inner „ „ . . 5'5 „
Breadth of distal ,, ,, . . 6'0 „

„ proximal „ ,, . . 3’0
,,

Length of adipose lobe .... 4'0
,,

Breadth
,, (at base) . . 0'7 „

' A hole about an inch in diameter piercing the body-wall and enter

ing the abdominal cavity in the anal region.
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On removing the skin from the base of the adijDose lobe and
that covering the dorsal aspect of the outermost fin-ray a

splint of bone, fig. 2 (Sp.), was observed connecting the fin-

ray with the base of the adipose lobe. At its adaxial

extremity this splint of bone is attached by connective tissue,

just as two adjacent fin-rays are connected, to the dorsal half

of the outermost fin-ray posterior to the point where the

Text-fig. 1.

Adipose lobe from the left side to show its' connection with tlie

pelvic fin. The ligament connecting with the dorsal ramus of

the head of the fin-ray has been severed, and the lobe deflected

outwards through an angle of 180° (so that its inner, angular
surface is presented). Ad. Adipose lobe. F.r.d. Dorsal half

of the 1st fin-ray. Lig. Ligament. 8p. Splint of bone.

latter is joined by the ventral half
;
but while the two halves

are still quite distinct, the splint in this region is rectilinear,

and in girth somewhat more* slender than the dorsal half of

the fin-ray. At its abaxial extremity the splint curves sharply

upwards so as to circumscribe the base of the adipose lobe

(Text-fig. 1). There appear to be no muscles connected with

the splint
;

it simply lies in a pocket of connective tissue, to

the walls of which it is loosely attached; nor are there in the

adult any muscles connected with the adipose lobe. On the
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iiinei’ aspect} of tlie latter, however, near the proximal

exti’emity, there ai*e certain masses of tough ligament [Ug-),

which unite it with the heads of the dorsal halves of the first

(outermost) and second fin-rays. Owing to this arrangement

a certain amount of movement of the adipose lobe is conse-

quent to the movement of the fin-rays, but there appears to

be no mechanism for independent action. Further dissection

of the lobe revealed the presence of an irregularly shaped

mass of hard substance running throughout its length
;
near

the base the mass is more or less spear-shaped, so that it

appears linear in cross section
;
as the distal exti’emity is

approached the section becomes triangular, but in all parts a

flat surface runs parallel with, and close beneath, the vertical

outer wall of the lobe.

(3) Histology of the Adipose Lobe.

Transverse sections, taken near the base of the lobe shortly

before it loses all connection with the body-wall, are tri-

angular in outline. Fig. 3 represents such a section together

with the adjacent portion of the body-wall. The first feature

of note is the entire absence of epidermis, not only on the

surface of the lobe, but also on the surface of the opposing

body-wall; this condition invariably obtained in the case of

all adult specimens examined by me.^ The lobe is bounded

by a sing’le strand of homogeneous material, which is slightly

refriugent and stains deeply with iron-h^matoxylin
;

this

strand I take to be the membrana basale {M.h.). Below

the membrana basale the lobe is composed of dense

connective tissue {C.t.), whose fibres run approximately

' It should be mentioned, however, that the fish had all travelled con-

siderable distances before they reached me, so that the epidermis may
have been rubbed off during transit or may have decomposed during

the time that elapsed before the tissues were placed in the preserving

fluid. I hope later to have an opportunity to clear this doubtful

point by preserving carefully the adipose lobe from a salmon immediately

it is taken from the water.

VOL. 58, PART 4. NEW SERIES. 47
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parallel to the surface of the lobe which they subtend. In

the centre of the lobe there is a fatty tissue {F.t.'); the

connective tissue here is loosely and irreg’ularly arranged to

allow space for the fat-globules. The latter have been

dissolved by the action of alcohol in the preparation depicted

in fig. 3; they will be described later when fig. 5 is examined.

The accessory scale {Sc. A.), can be seen as a band of

refringent substance running parallel to the vertical outer

wall of the lobe throughout its entire height. It is

surrounded by a scale pocket {Sc. 2').). A normal body-scale

{Sc.) is also shown in fig. 3 ;
on comparing the accessory scale

with this, it is seen that the former is very much the larger,

but does not show the characteristic concentric markings.

In thicker sections from this region of the lobe a few lai’ge

pigment-cells were observed embedded deep in the outer

vertical wall.

Fig. 4 represents a transverse section taken through the base

of the adipose lobe quite close to its origin, where it is scarcely

to be distinguished externally from the body-wall. Two scales

{S.c.) are seen lying in their pockets {Sc.p.), close beneath

the outer wall. The accessory scale {Sc. a.) is cut close to its

root, and appears shorter and thicker than in the section

shown in fig. 3 ;
the arrangement of the tissues is similar in

the two sections. Near the inner aspect a round space is

seen {Sp.h.)-, this is due to the removal of the bony splint

(Text-fig. 1, Sp.) which supports the adipose lobe. It Avas

noticed above, under the description of the dissection of the

lobe, that the splint lay in a pocket of connective tissue ; now
in the section, the hole {Sp. h.) is seen to be surrounded by

concentric stands of connective tissue, which give it the

appearance of a scale-pocket. This resemblance will receive

further notice in the section on homology.

Proceeding towai’ds the middle of the length of the lobe,

where it is entirely free from the body-wall, we obtain a cross

section which is still roughly triangular; such a section is

shown in fig. 5. The outer vertical wall (0.), is approxi-

mately straight, the dorsal angle (D.) is acute, the ventral
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extremity {V.) lias become flattened, the dorso-lateral bordei-

is markedly longer than the ventro-Iateral, the latter is

deeply furrowed. There is no epidermis; the outer border is,

as before, formed by the membrana basale {M. h.) Im-

mediately below the surface occur several layers of closely

packed connective-tissue fibres. These run parallel to the

surface which they subtend, and are very definitely defined
;

they are not shown in fig. 5, which was drawn from a hand-

cut section; they appear, however, in fig. 6. There is a large

accumulation of fat-globules {Ft.) in the central area; they

appear a.s a band of orange running parallel with the

accessory scale in sections stained with Sudan III. In

addition a small clump appears in the central area on the

outer side of the scale, where the latter makes a small bend

away from the outer border of the lobe.

A few pigment-cells {Pig.) occur in the outer wall. The

accessory scale {Sc. a.) is seen a.s a narrow strip of hyaline

substance, running approximately parallel to the outer border

of the lobe throughout the length of the latter. In sections

from the same region of other salmon, there is sometimes a

knotted swelling in that part of the accessory scale which

lies within the broad portion of the lobe; it is more usual,

howevei’, to find this swelling nearer the distal end
;
such a

condition is realised in fig. 6.

As the distal end is approached, the outline of the lobe

and the shape of the accessory scale vary considerably in

different salmon.i This is not surpi-ising’ in an organ of sucli

adventitious nature. The most constant and, moreover, the

most striking feature of the distal area of the lobe is the

presence of a patch of well-defined stratified epithelium.

This epithelium, which is depicted in Text-fig. 2 (1), and

under higher magnification in fig. 7 {Ep.), corresponds Avith

the normal mucous epithelium of fishes; that is to say, it con-

sists of round cells on the surface, passing into oval cells,

and finally into palissade cells, the latter standing on a Avell-

' So far as I have observed they are always similar in both the adipose

lobes of the same fish.
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defined membvana basale {M.h.). Each cell contains a

well-defined nucleus {N.). Serial sections show that this

epithelium occupies an oval area a few millimetres from the

tip of the lobe, and that it is confined to the outer vertical

T. Ss. Adipose lobe of adult salmon. 1. In the region of the
epidermis. 2. Slightly more than 3'5 mm. from the tip.

3. Slightly more than 1 mm. from the tip. 4. At the tip.

0., V. Outer, ventral aspects. Ct. Coimective tissue. Ep. Epi-
dermis. 31. h. Membrana basale. Sc. A. Accessory scale. Scbl.

Scleroblastic layer.

wall of the lobe. The invariable preservation of this

epidermal tissue on a definite area, which is in no way

specially protected, tends to suggest that the absence of

epidermis from the remainder of the lobe is quite a normal

Text-fig. 2.

V. Scbl.
V

Sc.A

V.
_ Sc.A.

Sc.A M.b.

Ep O.
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conditiou. Beneath the membrane basale {M.b.) of the

outer wall are numerous small pigment-cells [Pig.)'-, a few

large isolated pigment-cells occur deep in the dorso-lateral

surface. The connective tissue {G. t.) is more open in texture

than that of the proximal region; the elongated nuclei of the

cells [N.) are clearly depicted
;
towards the surface the nuclei

are fewer and rounder. The accessory scale in this region is

typically triradiate in outline as appears in Text-fig. 2 (1),

with a swelling where the rays meet; but it is sometimes

compressed into masses, which are plate-like in section and

much vacuolated. The succeeding sections sketched in Text-

fig. 2 (2, 3) show that the scale is continued to the extreme

distal end of the adipose lobe, though in the last, No. 4, it

only consists of a. layer of scleroblasts {Schl.), by means of

which growth is continued throughout life.

(4) E X a, m in a ti o n of the Fat of the Adipose Lobe.

Sections from all parts of the lobe, taken from fresh

specimens or from those which have been preserv^ed in

10 per cent, formalin or in Muller’s fluid, give the charac-

teristic blackening on treatment with dilute osmicacid. This

treatment is not entirely sati.sfactory, for while the fat-globnles

tui-n black, the connective tissue is also affected to a certain

degree, turning brown, and the fatty matter is not sufficiently

clearly differentiated. A better result is obtained by ti’eating

hand-sections, or frozen sections, with Sudan III according

to the method described by Lee^
;
the fat-globules are then

stained a deep oiange colour, while the other tissues are

scarcely affected. The distribution of the fat in a section

prepared in this manner is illustrated in fig. 5. Nearer the

distal extremity the fat is almost entirely confined to the

inner side of the acces.sory scale
;
towards the base it spreads

to the outer side, where it occurs in very considerable quan-

tities.

The fact that a stain is readily obtained with Sudan III at

' ‘ Microtomist's Vade-Mecum,’ ed. vi, p. 376.
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the ox’dinary x’oora temperatux’e indicates that the fat is in a

liquid condition, as opposed to a fluid ci’ystalline condition
;

for the staining is consequent upon the solution of the dye

in the fat, and the solubility is greater in liquid fats than in

fluid ci’ystalline, while in ci’ystalline fats it cannot occur

(until they are melted). The fat-globules are only slightly

I’efractile. These obsei’vations suggest tliat the fat is allied

to olein, but it is unlikely that the deposit is composed of any

one pure compound.

A further examination of the fat was made by staining

with Kultschitzky’s haematoxylin after mordanting with

bichromate of potash. The significance of this method in

relation to fats has been explained in a paper by Lori’ain

Smith and W. Mair as follows

“ Weigert’s bichromate haematoxyliu method for the staining

of myelin has become firmly established in histology. On
studying the efi^ect of the bichromate mordant on fatty tissue

we were convinced that the myelin method could be extended

to apply to ordinax’y fats such as occur iu fatty liver and fatty

myocardium. This proved to be the case, and we found that

the points on which the method depends are the length of time

during which the bichi’omating is canned on, the strength of the

solution, and the temperatui'e at which the solution is applied.

We early discovei’ed that positive results could be obtained

with formalin sections of fatty liver and heart if these wei’e

moi’danted in a bichi’omate solution kept saturated at 37° C.

After a fortnight of this ti'eatment sections of fatty liver or

heart yield extremely well defined and sharp blue staining of

the fat-globules with Kultschitzky’s haematoxylin followed by

differentiation in Weigert’s borax fen’icyanide solution. On
investigating the chemistry of this reaction Dr. Thorpe found

that the process is due in the fii’st place to the oxidising

action of the bichromate. In the pi’ocess of oxidation of a

molecule of fat the oxide of chromium (CrOg) forms with it a

compound which is pi’actically insoluble in fat solvents. This

“ Fats and Lipoids in Relation to Methods of Staining,” ‘ Skandi-

navischen Archivfiir Physiologie,’ 1911, p. 251.
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compouud in virtue of the cbroixiiutn oxide which it contains

is able to form a lake with hgematoxylin. It is necessary,

however, to distinguish two kinds of fat. The fats in which

no unsaturated grouping occurs are not acted on by the

biclu’omate solution. On the other hand, where the molecule

of fat contains such a group there occurs a slow pi’ocess of

oxidation, and it is while this oxidation is going on that the

insoluble fat-chrome compound is formed. The blue sub-

stance which then results from staining is a threefold body

con:posed of fat, mordant, and dye. It becomes clear, there-

fore, that only the unsaturated fats can be stained by this

process, and that on account of the ease with which they can

be oxidised by the bichromate. We found also that the

method may be applied to the staining of lipoid bodies in

which unsaturated groupings occur such as cholesterin and

cerebrosides.

“In the next place it is interesting to find that as the

bichromating goes on and the fat becomes fully oxidised and

saturated a stage is reached at which no staining takes place.

It is only during the process of oxidation that the chromium

oxide combines with the unsaturated molecule in such a way
that it can lake the haeinato.xylin. Olein, for example, when

oxidised by bichromate of potassium yields finally dioxystearic

acid, and this fat will not stain by these methods.^’

A number of sections of the adipose lobe 5 mm. thick, from

a ripe female fish taken in ihe Wye nets, were prepared on the

freezing microtome. 'I'hese were then placed in a saturated

solution of potassium bichromate and kept at a temperature

of 86° C. In order to observe the effect of oxidation induced

by this treatment, sections were removed at intervals of

twenty-four hours, and subjected to the haematoxylin (Kult-

schitzky) test as described above. For two days no colora-

tion took place; on the third day two minute blue specks

wei'e observed, showing that oxidation had begun, and on

each of the succeeding days up till the eighth very few blue

specks appeared. On the ninth day the first obvious blue

coloration was noted
;
the next day the specks were fewer,
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but tlarkei' iu colour. This condition obtained till the nine-

teenth day, when the blue became more scarce again, indi-

cating the approach of saturation. On the twentieth day,

after -which the observations were discontinued, the blue had

almost disappeared.

A parallel series of observations was made with sections

from the adipose dorsal fin of the same fish. In this case a

distinct blue coloration was produced on the first day of

bicliromating, showing that oxidation had begun. Tiie blue

specks increased in number and in intensity of colour till the

third day. The condition remained practically constant until

the sixteenth day, when the colour became less intense and

the specks fewer, indicating the approach of saturation. The

fading continued until the twentieth, and last, day of the

investigation.

While admitting that the foreg’oing experiments throw very

little light, in the absence of other data, upon the chemical

affinities of the fats under examination, they are highly

relevant as emphasising’ the qualitative difference between

them. We see, firstly, that the deposit in the adipose dorsal

fin becomes oxidised much more readily than does that in the

adipose lobe of the ventral fin
;
secondly, that the saturation

point is approached at a correspondingly earlier date in the

former than in the latter. We may, therefore, conclude that

the fat in the lobe is of a more stable nature than that in the

adipose dorsal fin.

III. The Development oe the Adipose Lobe.

For the purpose of examining the details of tlie development

of the adipose lobe I was fortunate enough to obtain a very

complete series of 3mung salmon, which were all hatched on

the same day, and were removed from the water at intervals

of a few weeks. The following table will show the age, size,

and external appearance of the lobe in the eleven specimens

which are to receive notice in this section :
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No. Age. Length.* Condition of adipose lobe.

1 . 5 weeks 23’5 inm. No trace externally

2 . 6 25 ., • ? > )

)

3 . 7 24

4 . 8 ,, 24 ,, • . » ) )

5 . 10 ,
24-5

,, • » ? )

6 . 12 ,, 26‘5 ,, • •> J>

7 . 14 , 27 „ • ; ’ ;

)

8 . 16 ., 29-5 ,.

9 . 19 ,,
34-5 .. Very slight papilla

10 . 21 „ 41 Slight projection

11 . 23 ,. 43-.5
,, Distinct lobe

* From tip of lips to fork of tail.

The specimens were fixed in Zenker’s fluid. Transverse

slices comprising the whole of the pelvic region were cut from

each fish. These slices were embedded in paraffin, remaining

in the oven for 1 i to hours, according to their size, and

stained in hfematox}din (Grenadier^) on the slide.

(1) Description of the Sections.

In the youngest fishes examined (Nos. 1, 2 and 3) the splint

makes its appearance in the series as an ossified strand,

lying just beneath the surface in the upper angle of the

fin-fold, and on a level with tlie plane which divides the two

adductor muscles. Passing over a few sections in the posterior

direction the head of the dorsal half of the first lepidotrich

comes into view at the outer end of the b as ale and between

the two adductor muscles; the splint in the same section is

seen to be travelling ventralwards and outwards. Slightly

beyond this again the splint is seen to come into close contact

with the haft of the dorsal half of the first lepidotrich, so that

the two together form a V-like structure of bone, lying in the

dorsal region of the developing fin, with the angle of the V
pointing towards the fin’s proximal extremity. In the section

last__described the basale is still quite entire, and there is

‘ ‘ Practical Zoology,’ Marshall and Hurst, ed. vi, p. 466.
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not }"et a trace of any of the other lepidotrichia, dorsal or

ventral, in the region where the splint appears. This con-

stitutes a marked difference from the condition in the adult

fish, in which the junction of the splint with the dorsal half

of the first lepidotrich occurs in the free portion of the

fin outside the body-wall, and on a level with other

lepidotrichia.

In No. 4 the splint is decidedly larger than in the fore-

going specimens, and it is more curved. It first appears as a

crescentic ossification placed nearly in the position noted

above, but slightly higher up, for it subtends the adductor
superior muscle. Further back, in addition to the portion

which goes to meet the first lepidotrich, the upper exti’emity

of the splint still remains in section as a disc of ossified

tissue. No. 5 very nearly resembles No. 4, but in it the

ventral half of the first lepidotrich appears in several sections

before the splint finally disappears, a condition Avhich is

probably due to the greater extension of the fin (and conse-

quently of the lepidotrichia) prior to sectioning, for it is not

observed in the older and presumably more advanced

specimens. In No. 5 is begun, and in Nos. 6 and 7 is

continued, the blunting and obliteration of the primary

fin-fold, which was so clearly defined in the younger

specimens.

The body-scales are first clearly visible in No. 6. From
No. 7 onwards there is an aggregation of connective tissue

which forms a triangular area immediately above the fin; the

base of the triangle is formed by the body-wall, and its acute

apex points towards the division between the two adductor

muscles. In No. 8 an abnormally large body-scale is found

embedded in this triangular area, and this eventually becomes

the accessory scale, the skeleton of the adipose lobe. In

No. 9 the accessoi-y scale is seen deeply embedded in the

connective tissue of the body-wall at its basal anterior end
;

at the distal end it has grown towards the surface, and,

pushing the body-wall before it, has formed a slight pi’ojecting

papilla. The scale does not extend to the tip of the papilla.



THE ADIPOSE LOBE OF THE PELVIC FIN OF THE SALMON. 721

The aggregation of connective tissue in which the accessory

scale is embedded does not at this period reach the splint of

bone which in the adult forms the support of the adipose

lobe, which seems to indicate that the final condition is

secondary. Not until No. 10 does the papilla lose connection

with the bod3^-wall on its inner aspect and become a free

lobe.

In No. 11 the adipose lobe, though still relatively small, in

outward appearance resembles the adult condition, only its

outline is curved rather than angular. Vei’tical longitudinal

sections of this specimen were prepared, and such a section

containing the adipose lobe is depicted in fig. 8. The adipose

lobe [Ad.) is seen lying in the angle between the body-wall

and the ventral (pelvic) fin [V. F.). The epidermis (Np.) has

been very considerably damaged, but a trace of it still

remains. A number of body-scales {Sc.) are seen, cut in

various planes; they have not yet broken through their

scale-pockets {Sc. p.) The accessory scale {Sc. A.) is cut

somewhat obliquely, and is seen deeply embedded in the

tissue of the adipose lobe
;

at this period it is scarcely

distinguishable structurally from the normal body-scales, for

ii- displays the characteristic thickened ridges, though in a

much less marked degree. It is considerably longer than

an)’ of the normal body-scales
;

this does not appear in the

drawing, but can easily be observed by following its course

through the serial sections. Its proximal extremity, too, is

much more deeply seated than that of the normal scales.

(2) Summary of the Development and Mode
of Growth.

In the course of development the formation of the bon)’

splint, which connects the first fin-ray with the base of the

adipose lobe occurs at the same titne as that of the fin-rays

—i.e. long before there is any trace of the body-scales.

It is plainly visible in sections from Specimen 1 onwards.

Tlie body-scales do not appear till Specimen G is examined.

Only in Specimen 8—that is to say, sixteen weeks after
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hatching—is there any trace of the differentiation of the

accessory scale, and the adipose lobe is not visible externally

until the nineteenth week.

A scale, which is developed in a thickened area of connec-

tive tissue immediately above the base of the pelvic fin, is

seen rapidly to increase in leng’th, thenceforward gradually

to lose its ridged markings and to become homogeneous iii

structure. This process begins about sixteen weeks after the

hatching’ of the fish. As this specialised scale elongates it

pushes before it the overlying tissues. First a ridge is

formed in a horizontal direction along the body- wall
;
when

the posterior extremity of the ridg-e reaches the space between

the ventral fin and the body-wall, it leaves the latter and

forms a slight pi’ojectiug papilla. The papilla is at first

conical, but, as the scale continues to grow, its outer aspect

tends to become flat, the dorsal and ventral borders become

sharply angular owing to the pressure of the edges of the

growing scale, and the tissues on the inner aspect become

largely adipose, in consequence of which its marginal walls

fall inwards into folds along the lines of least resistance,

'i’hus we arrive at the triangular outline of the adipose lobe

which has been described in the adult salmon.

IV. Observations from other Teleostei.

(1) From the examination of other Teleosteau fishes, and,

where this was not practicable, from illustrations of such, it

soon becomes evident that the occurrence of an enlarged scale

at the outer angle of the base of the pelvic fin is a wide-spread

feature of the order.

(2) The scale is constant for a given species.

(3) The scale is rarely absent from the Malacopterygian

fishes, which are beyond doubt primitive Teleosteans, and is

more constant in the less specialised forms in other groups.

(4) The scale is seldom seen in connection with ventrals

which are thoracic in position, and never, so far as I am
aw'are, with those which have reached the jugular position.



THE ADIPOSE LOBE OF THE PELVIC FIN OF THE SALMON. 723

(5) So far as present observ^ations go, the development of

the accessory scale into an adipose lobe, possessing a skeletal

connection with the ventral fin, is confined to the genns

Salmo

.

(1) Range of Fishes in which Scale has been
Figured.

The following list of fishes in which the accessory scale is

pi’esent is by no means complete, but will serve to indicate

the wide range of its occurrence. I have not stated the

groups from which it is absent unless I have actually

observed this.

Sub-order—Malacopterygii.

Famil}'^ Elopidse

Hyodoutidae

Albulida)

Goiiorbynchidse
Clupeidae

Salmonidaj .

Elops saxirus. Ox. 387, J. & E. 178.

Megalops atlanticus. .T. & E. 177,

Camb. 547.

Hyodon tergisus. J. & E. 180.

H. selenops. J. & E. 181.

Albula eonorhyiiclius. Camb. 548.

Gonorliyiichus greyi. Ox. 395.

None observed without.

Present in all genera except Osmerus,
Thaleichthys, Mallotiis and

Hypomesiis, which Boulenger re-

gards as together forming a natural

groiip. In Salmo is enveloped in

connective tissue and largely sur-

rounded by fat.

Sub-order—Ostariophysi

.

CharacinidsD . Hydrocyou goliath. Camb. 578.

Cyprinida; . . Carpiodes cyprinus. J. & E. 71.

Cyprinus carpio. Ox. 376.

Labeo falcifer. Camb. 583.

‘ The I’efereuces to figures are as follows. J. & E. : Jordan and Ever-

niann, ‘ Fishes of North and Middle America,’ vol. iv (plates), plate

number. Camb.: ‘Cambridge Natural History—Fishes,’page number.
Ox. :

‘ A Treatise on Zoology,’ pt. 9, Oxford, page number.
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Siluridae . . Tracliinoceplialus myops. J. AE.
235.

. Synodus fceteus. J. & E. 236.

Sub-order—Haplomi.

Scoijelidse . . Saurus undosquaiuis. Grunther' 42.

relatively enormous.

Sub-order—Percesoces.

Atlierinidse

Mugilida9

Polynemidse

Atberina stipes. J. & E. 332, long,

tbiii scale.

Kirtlandia vagrans. J. & E. 336,

very small.

Atherinopsis calaforniensis. J.

& E. 341, very small.

Mrigil cepbalus. Ox. 420, J. A E. 343.

M. curema. J. A E. 344, more
marked than in M. ceplialus.

Cbsetomugil proboscideus . J. A
E. 346.

Agonostomus monticola. J. A E.

347.

Joturus picbardi. J. A E. 348.

Polynema quadrifilis. Camb. 641.

Sub-order—Acantliox)tery gii (Division Perciformes'^).

Berycidae . . Beryx splendens. Camb. 655.

Serranidae . . Centropomus undecimalis. J. A
E. 476, indistinct.

Hoplopagrus guntlieri. J. A E.

513.

N eomenis . J. A E., present in all the

species figured.

Oxiurus cbrysurus. J. A E. 520.

Rliomboplites aurorubeus. J. A
E. 521.

Apsilus dentatus. J. A E. 522.

Verilus sordidus. J. A E. 515,

very small.

Acropomatidae . Xenocys jeisiae. J. A E. 526, very

small.

‘ ‘ The Study of Eisbes.’

2 The accessory scale is not figured in any other division of the

Acanthopterygii.
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Pristipoinatidse

Sparidse

Mullidse

Gerridis

Cypliosidse .

Scisenidse

PomacentridsB .

Xeniclithys agassizii. J. & E. .527,

veiy small.

Hseiniilon. J. & E. 528-32, present

in all species figured.

Lytlirulon opalescens. J. & E. 536.

Anisotreinus surinainensis. J. &
E. 538, very small.

A. biliueatus. J. & E. 539, very

small.

A. virginicus. J. & E. 540, more
marked.

Ortliopristis chrysopterus. J. &
E. 511, very small.

Microlepidotrrs inornatus. J. &
E. 512, veiy small.

Scale present in all SparidjE figured.

Mullus auratus. J. & E. 360.

Mulloides ratliburni. J. & E. 361.

Upeneus maculatus. J. & E. 362.

Pagrus auratus. Camb. 665.

Xystema cinereum. J. & E. 556.

Gerres olisthostomus. J. & E.

557.

Kyphosus sectatrix. J. &, E. 559.

Hermosillia azurea. J. & E. 559.

Cynoscion. J. & E. 561-3. Present

in all figured, but small.

Sageniclithys ancylodon. .1. & E.

564, small.

Bairdiella clirysura. J. & E. 566,

very small.

Umbrina sinaloae. .J. & E. 571,

small.

Menticirrhus americanus. J. & E.

572, small.

Dacyllus aru anus. Ox. 443.

Microspathodon cbrysurus. J.&
E. 593.

M. dorsalis. J. &E.594.
Sparisoma hoplomystax. J. & E.

611, very small.

Scarus cuzamile. J. & E. 612, very

small.

Scaridae
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Pseudoscarus guacamaia. J. &E.
617.

Clisetodontidae . ChBetodipterus faber. J. & E. 619,

small.

Obsetodon nigrirostris. J. & E.

620, doubtful.

(2) Personal Observations.

Having’ noted the above-mentioned list of fishes in which

the accessory scale is figured^ I next proceeded to examine

the actual nature of such a scale in various specimens of fish

in the collection at Giessen.

Tlie scale was first examined in fishes most nearly allied to

the salmon, and the following observations were made :

(1) In all the species of Sal mo the accessory scale is

encased in an adipose lobe, and is connected at its base by a

splint of bone with the outermost fin-ray of the pelvic fin.

(2) In other genera of the SalmonidEe^ the accessory scale

is well developed, but it is not enclosed in connective tissue.

(3) In other Malacopterygian fishes, especially in those

which are adapted for active swimming, there is usually a

marked accessory scale.

In Clupea harengus this scale is very elongated, more-

over it is subtended along its inner margin by a strip of skin,

so that it forms a hollow conical outgrowth from the body
;

there is no bony connection with the fin-rays. In Hyodon
sp. (?) there is an elongated hollow scale, as in Clupea, but

no trace of connective tissue.

Passing next to the Ostariophysi, various Cyprinids were

eligible for examination. A well-marked accessory scale was

found in Abramis blicca, A. vimba, Squalius cephalus,

Cyprinus (Leuciscus) dolula, Luciscus rutilus, and

Chondrostoma nasus; but in Barbus vulgaris, though

distinct, it is very small.

* Except in Osmerus, and probably also in Tbaleicbtbys,

Mallotus and Hypomes us, but I have not bad an opportunity to

examine actual specimens of tbe last-named genera.
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Some specimens of Mugil cephalus whicii had lain many
years in spirit were the next that came to hand. In these a

triangular patch of skin devoid of scales was found in the

normal position of the accessory scale
;
there was no trace of

a lobe.

A few genera of Acantbopterygian fishes in which tlie

accessory scale has been figured were lastly examined. In

these there was a small flap or thread of skin in the normal

position, but the skin was entirely devoid of stiffening matter

of auy sort. Among the MullidEe, Mullus barbatus and

M. furmutetus showed such a condition; in the former,

howevei', ’the thread of skin was very slendei', and the latter

was badly preserved, so that it was not possible to judge of its

normal condition. Among the Spai’idae, Sargus unimacu-
latus shows a distinct flap of skin, but the occurrence

of any projecting tissue is very doubtful in another species

of Sargus (not identified), and the same must be said of

Charax puntazzo. At all events there is in these forms

a certain area at the outer angle of the ventral fin which is

covered by skin, but is devoid of scales.

V. Homology and Function.

In the foregoing pages we have examined the structure

and the development of the adipose lobe of the pelvic fin of

the salmon, and have seen from both these points of view that

it resembles a body-scale. We have further noted that the

presence of an accessory scale, or, in some instances, of a flap

of skin in a corresponding topographical position, is a wide-

spread feature of Teleosteau fishes. That the adipose lobe is

morphologically neither more nor less thai^ a large body-scale

which has never broken through its surrounding pocket is

too obvious to require proof, but it would not be right to leave

such a remarkable 'structure with no more than a platitude of

this kind. The possibility of deriving the dermal fin-rays

from body-scales, through the intermediary of a fin-like scale,

such as we have in Sal mo, occurred to my mind before my
VOL. 58, PART 4.—NEW SERIES. 48
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atteution was called to the admirable paper by Mr. Groodrich/

which deals with the same question from the developmental

point of view. The following is a summary, in his own words,

of Mr. Good rich’s observations :
^

“ Besides these body-scales are found scale-like exoskeletal

elements set end to end in rows and forming jointed dermal

fin-rays, called lepi dotrichia, supporting the web of both

the paired and the median fins. The minute structure of

these fin-rays is almost or quite identical with that of the

scales of the fish to which they belong. This is true more

especially of the lower forms. In some, such as Amblypterus,
there is a perfect gradation in form and arrangement between

the body-scales and the fin-ray elements. But, as a I’ule, the

transition is more abrupt, the segments of the rays acquiring

a squarish or oblong shape, and not overlapping. Both the

scales and the lepidothrichia are embedded in the dense con-

nective tissue, the fibres of which enter the substance of the

bone. Movable joints are formed by the fibrous matrix

remaining unossified between them.”

In the light of these facts, what had been but a passing

idea acquired a real significance. The resemblance between

a scale covered by connective tissue and a lepidotrich might

easily be accounted for on grounds of analogy
; but since we

know that fin-rays are developed from scale-like elements, it

seems just to regard the fin-like scale of Sal mo as a con-

necting link between a body-scale and a lepidotrich.

The fin-like nature of the adipose lobe is enhanced by the

fact that it is connected by a splint of bone with the ventral

fin. What, then, is the homology of this bony splint ? We
have noted that in the course of development it appears

together with the lepidotrichia, which it resembles in structure,

at a period before there is any trace of body-scales. Its

position in the adult fish (p. 710), see fig. 2, indicates that it

represents the doi-.sal half of an additional lepidotrich. If

‘ Goodrich, E. S., “ On the Dermal Fin-rays of Fishes,” ‘ Quart.

Journ. Micr. Sci.’ (v), vol. 47, 1903.

- ‘ A Treatise on Zoology,’ Oxford, pt. ix, p. 212.
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this homology is true, it should be noted at the same time

that the ventral ramus of the head is wanting, as is also all

trace of a ventral half
;
moreover, while the lepidotrichia are

characteristically jointed, the splint is composed of a single

piece. ^ These points are apparent in Text-fig. 3. It was

further observed that the splint lies in a pocket of connective

tissue, which in section resembles a scale pocket (see fig. 4,

Sp. h.). The resemblauce does not necessarily prove the

homology of the two structui’es
;

it is merely satisfactory as

not dispelling the idea. Taking’ the sum of these considera-

tions we must suppose that we have to deal with the head

Text-pig. 3.

The first (outermost) lepidotrich of the pelvic fin, together with
the splint of hone which supports the adipose lobe, seen from
the inner aspect. Sp. Bony splint (probably = dorsal half of

a tenthlepidotrich). H. d. Head of dorsal half of first lepidotrich,

with its dorsal ramus d., and ventral ramus v. H. v. Head of

ventral half of 1st lepidotrich.

and dorsal ramus of an additional lepidotrich which exhibits

certain scale-like properties. ^Vhether this lepidotrich is in

the process of development or whether it is the vestige of a

once fully developed ray I cannot at present decide with

certainty, but its secondary fusion tends to show that it is

vestigial. The exact homology of the adipose lobe itself is

more obscure; that it arises as a scale we have seen. It is

unlikely that it ever functioned as a fin-ray, or part of a fin-

’ This is not necessarily a dissimilarity, for it will be noticed that the

heads of the lepidotrichia are also devoid of joints, and the splint is

only equal in size to the head of a fully developed Lepidotrich. The
unjointed condition of the heads of the Lepidotrichia is, without doubt,

due to secondary fusion.
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ray, for in that case it would have reversed its coui’se of

evolution to a quite unimaginable extent. It is equally

unlikely that it is a rudimentary fiu-ray, or part of a fin-ray,

since it contains but one large scale (instead of a series set

eud to end), and further, it lies dorsal to all parts of the

fin skeleton. It is alienated from any fundamental resem-

blance with the adipose dorsal fin, in the first place because

it develops comparatively late in the life of the fish, it is an

adventitious outgrowth, that is to say, not the result of the

development of a pre-existing embryonic fold (as is the case

with the adipose dorsal)
;

in the second place its fatty matter

is of a different composition, and it is devoid of horny rays

(actinotrichia). It seems probable, then, that the adipose

lobe of the pelvic fin of Sal mo is an organ sui generis.

This does not detract, however, from its impox’tance as

sugg'estiug the lines by which a fin may have been derived

from a scaly outgrowth of the body-wall.

The function of this remarkable structure presents a puzzle

to the investigator. It is almost impossible to believe that

an organ of such large dimensions and regular occurrence in

the genus Salmo serves no useful purpose in the daily round

of these fishes. It seems justifiable to dismiss summai’ily the

idea that it is a storage organ; the relatively stable properties

of its fatty matter, the development of a stiffening axis, and

its invariability in salmon of varying physical condition all

point in this direction.^ Again, as it is equally developed in

both sexes, it is probably not analogous with the “ claspers ”

of Blasmobranchs. Gunther has laid stress on the value

of the paired fins of fishes as balancing org-ans.^ The pectorals

and pelvics ai’e placed where they are required to support the

greatest weight of the fish on which they occur ;
thus the

salmon, being thickly built in the postei’ior abdominal region,

requires large ventrals. The adipose lobes may then act as

additional balancing organs for the pelvic region
;
further,

situated as they are just in the outer angle of the pelvic fin

* Except in one extreme case, see p. 709.

^ ‘ The Study of Fishes,’ p. 44.
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(see fig. 1), they may act as dams to prevent the back-wash of

water, which would be considerable in a fish with large

pelvics, and so facilitate the swift motion through the water

for which the salmon is noted.

EXPLANATION OF PLATE 43,

Illustrating Mr. Edward W. Shaun’s paper, ‘^An Account

of the Anatomy and Homology of the Adipose Lobe of the

Pelvic Fin of the Salmon.”

Lettering.

Ad. Adipose lobe. B. m. Basale metapterygii. C. t. Connective

tissue. Cm. Cutis. Ejp. Epidermis. F. r. d. Dorsal haK of a fin-ray.

F. r. V. Ventral half of a fin-ray. Fi. Fat-globules. Ft.' Fatty tissue

from which the fat has been extracted with alcohol. M. Muscle. M. h.

Membrana basale. N. Nuclei. Pig. Pigment-cells. Pt. Pterygiophores.

Sc. Body-scale. Sc. a. Accessory scale. Sc. p. Scale iiocket. Sp. Splint

of bone which supports the adipose lobe. Sp. h. Hole caused by the

removal of the splint of bone which supports the adipose lobe. V. f.

Ventral (pelvic) fin. 0., Jj., V. Outer, dorsal, and ventral aspects.

Fig. 1.—A portion of the right side of a Wye salmon showing the

2)elvic fin ;
a piece of black pasteboard has been placed beneath the

adipose lobe to render its outline more distinct. Photogi-aiih by Mr.

.T. T. Wadsworth, Manchester. X -|.

Fig. 2.— Skeleton of the right pelvic fin of a Wye salmon, seen from

the ventral aspect; the rays are siiread out and separated from the

Basale metapterygii, with which in the natural condition they

closely articulate. The numbers refer to the lexiidotrichia. Photo-

graph by Mr. A. W. Brown, St. Andrews. Slightly reduced.

Fig. 3.—Transverse section of the adipose lobe, abou tone third of the

length from the basal end, together with the adjacent body-wall. Fi-om

a Rhine salmon, whose adipose lobe measured 35 mm. by 6 mm. The

sections, of which this is one, were block-stained iron-hsematoxylin, and

cut 30 ju thickness.

Fig. 4.—Transverse section of the adipose lobe at the base (the lobe

is quite continuous with the body-wall). Rhine salmon, dimensions

not kno^vn. Method of xirexiaration as above.
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Fig. 5.—Transverse section of the adipose lobe in the middle region,

to show the distribution of fat. $ fish from the Dovey; recently

spawned, 18 or 19 lb., 35:1 in. by 17^ in.
;
shape very like a “fresh” fish.

Not at all emaciated; no fat on the pyloric caeca; five years old.

Hand section, stained Sudan III. x 18.

Fig. 6.—Transverse section of the adipose lobe slightly distalwards

from the middle. $ fish from the Wye, 29f in. by 15 in.
;
full of ripe

eggs. No sign of emaciation; no fat on the pyloric caeca. Stained

haematoxylin, cut 16 /t in thickness.

Fig. 7.—Transverse section of the oiiter wall of the adipose lobe near

its distal end, to show epidermal epithelium. $ fish from the Wye,
35 in. by 191: in.

;
spring fish, unspawned. Great accumulation of fat

on the pyloric caeca ;
nearly five years old. Pi’epared as above.

Fig. 8.—Vei’tical longitudinal section of the pelvic region of a young

salmon. Age of fish twenty-three weeks
;
length, 43‘5 mm. Stained

haematoxylin, cut 12 p. in thickness.
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