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A number of nudibranchs of the genus and species çhidoris 
montereyensis were collected during the sumner of 1950. These 
were xïnt.ained and spawned in the laboratory under conditions 
closely approcLmating their natural environment. Entire animals 
were fixed in Boum' s solution daring the following phases of 
their reproductive cycle: Copulation, egg laying, and the period 
between egg laying and copulation. Developing eggs were observed 
at regular intervals during their deve1oprent. These stages were 
recorded with the aid of a Camera lucida. Developmental stages 
were fixed in Kleinenberg's picro.-sulfuric fixative and kept for 
future study. Serial sections were made of the gonad and repro- 
ductive tract. The sections were cut at lOp and stained with Held- 
enhain's iron hematoxylin. 

The reproductive tract contained an organ which had been des- 
cribed for only one other species of nud.ibranch. This structure 
is termed the hermaphrodite valve. It differs greatly in structure 
but bas the same function as t he valve described for Embletonia 
fuscata. The spermatotheca, which up until this time had been con- 
sidered a storage place for Incoming sperm, was discovered never 
to contain any sperm. Its lining epithelium vias fouth to be made 
up of glandular cells. Its lumen contained a substance which 
appeared granular after fixation and staining. The sperm were found 
to be oriented in the spermatocyst with their heads embedded in the 
epithelial lining and their tails projecting out into the lumen. 
Since the sperm producing follicles of the gonad lack nurse cells, 
and the manner in which the sperm are oriented in the sperratocyst 
suggests the typical sperm-nurse cell relationship, it was postulated 
that the epithelial cells of the spermatocyst act as sperm nurse 
cells. Gametogenesis in 4doris montereyensis does not differ 
from that described for many other gastropods. The atypical sperma- 
togeneals or size polìmorphism of sperm that has been described for 
some other gastropods was not found in Archidori montereyensis. 
Fertilization occurs in the aipu11a of the hennaphrodite duct. 
There is no specialized "fertilization chamber" in Archidoris mon- 
tereynsis. 



The egg mass of Archidoris montereyensis consists of a flat, 
ribbon-like band.. It is coiled in a counterclockwise direction 
through three revolutions. The egg capsules are arranged in a 
long cord, bent back and forth upon itself to form the main baria. 
Each egg capsule contains f rara one to eighteen eggs, with three 
being the commonest number. The capsules at the proximal and 
distal ends of the band tend to contain fewer eggs than those in 
the center regions. The eggs of Archidoris monterayensis uther- 
go the typical molluscan spiral cleavage for at least the first 24 
hours of their development. Larvae kept under laboratory con- 
ditions hatch out of their capsules in 20 to 24 days. The free- 
swimming life of the veliger is from 30 minutes to two hours. 
The larval heart, liver and gut are the most conspicuous internal 
organs. The veliger lacks eyes. No mouth or anus could be 
found. All attempts to rear the larvae beyond the "settling" 
stage failed. 
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T} EARLY E1R1DLOGY OF THE NUDIBRANCH 

ARC HIDORIS MONTEREYENS IS MCFARLkND 

Introduction 

The suborder Nudibranchia has been studied in detail t the 

ayatematists of the 19th century, and a nuniber of the older investi- 

gators have worked upon nudibranch larval development. Peach in 

1845 (21) found the spawn of Doris tuberculata during the month of 

January. He stated that approximately 18 days were required for the 

veliger to develop to its free swiuming condition. He found no spawn 

during the month of March. Reid in 1846 (23) published information 

ori the seasonal occurrence of spawning, rate of development, and 

structure of the larvae of several dorid and non-dorid nudibranchs. 

Garstang (U) in 1890 observed that the spawn of Archidoris tubercu- 

lata was the most abundant in March and. April. Mazzarelli (1898) 

(18) discussed various larval organs and their functions in opistho- 

branchs including several nudibranchs, t*it presented no definite 

information on rate of development. 

The first extensive work on the early embryology of a nud.ibranch 

was published by Casteel (4) in 1904.. Casteel discussed extensively 

the cefl lineage and fate of the germ layers of Fiona marina, a member 

of the family Eolidae. The length of time required for larval develop- 

ment and the fertilization process were not described however. 

Sxnaflwood (25) in 1905 gave a brief account of the maturation of 

the eggs of Doris bifida, He made no statements, however, concerning 

the route taken by the ova through the reproductive tract, or the 

development of the larvae. The most complete general account of the 
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results thus far obtained upon the subject of nudibranch exnbryo1or 

appeared in 1909 in Eliot's (2) supplement to Alder and Hancock 's, 

A Monograph of the British Nudibranchiate Moflusca, Risbec's (24) 

1928 xxnograph on the nudibranchs of New Caledonia cont.ain illustra- 

tions of the larvae and egg sses of many species. A very co1et 

work on the organs of reproduction s published by Chambers (6) in 

1934. In it he reviewed in a generalized way, the entire group Nudi- 

branchia. He also gave a detailed account of the reproductive system 

of Emblethnia fuscata, a member of the fai1y Eolidae. One of the 

few reports on the breeding habite of the nudibranchs of the Pacific 

Coast of North America was that of Costello's (8) in 1939. He des- 

cribed the structure of the egg ribbons of a number of nudibranchs 

belonging to the family Dorididae and the months during which they 

spawned. Thorson published in 1946 an analysis of the Danish, xirine 

bottom invertebrates. He describes the larvae of a few forms anl 

includes a check list of the type of larval shell for 24 species of 

northern nudibranchs. He states that "The duration of their pelagic 

life is very short an3. that "Off Ven, larvae were met with all the 

year round, t*it the largest numbers of larvae seem to occur from early 

January to April - May" (26, p.275). Further information on the size 

and type of the ova and larvae was presented by Ostergaard (20) in 

1950. 

It is the purpose of this thesis to describe the early embryology 

of the nudibranch Archidoris montereyensis MacFarland. It was found, 

however, that complete information on the nrphology- of the reproduc- 

tive tract ax. the functions of its various components did not exist. 
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Therefore, it was necessary to investigate these structures in order 

to xrke more complete the description of the earliest phases of the 

exnbryolo gy. 

.krchidoris montereyensis is placed, taxonomicafly, in the tribe 

Holohepatica, superfamily Cry-ptobranchiatae, family Dorididae. 
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Materials and Methods 

Archidoris nntereyensis is easily obtainable the year round 

along the Central and Southwestern Coasts of Oregon. It is nìst 
counnonly found from the O to -0.7 tide levels of protected, rocky, 

outer coast regions. 

A number of individuals were collected during the early summer 

of 1950. They were placed in aquaria through which fresh, cold sea 

water was constantly circulated. No difficulty was experienced main- 

taming these individuals for the rest of the summer. Spawning, under 

laboratory conditions, was frequent and apparently normal. 

HISTOLOGICAL TECHNIQUE. Animals to be studied were fixed in 
Boumt s solution during the f clawing periods of their reproductive 

cycle: Copulation, egg laying, and the period between egg laying and 

copulation. Serial sections cut at lOp were made of the gonads and 

reproductive system. Al]. sections were stained with Heidenhain's 

iron hernatoxylin. 

CABE OF THE EGG MASS AND LARVAE. As soon as the animal had 

spawned the egg mass was removed from the aquarium and placed in a 

petri dish of fresh sea water. The petri dish was then placed in a 

shallow pan through which constant temperature sea water circulated. 
The temperature at no time varied more than 20 from that of the ocean 

itself. Each dish was provided with aeration by means of a fine jet 
of air. The jet of air also served to agitate the egg mass. The 

water in the dishes was changed daily. These conditions closely 

approximate those in which the eggs normally develop. 
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TECHNIQUE OF OBSERVATION. The developmental stages were observed 

and recorded every hour or two for a period of two days after spawning. 

Drawings were made of the living embryo at these times by means of a 

Camera çi4. After the first 48 hour period, observations were made 

approximately every 4 hours. After the first 72 hours, observations 

were made only several times a day, for the remainder of the larval 

life. 

The method of observation was as follows: Small portions of the 

egg mass were cut off and placed in a depression slide with sea water. 

These were then observed under low and high powers using both trans- 

mitted and reflected light. Reflected light was found to be more 

satisfactory for the observation of the early cleavage stages. The 

large amount of yolk obscured the details of the cleavage planes when 

using transmitted light. After each observation the eggs or larvae 

were placed in a small vial of Kleinenberg' s picro-sulfuric fixative, 

and the date, time and stage of development recorded for future use. 



Reproduction and Larval Develqpment 

1LRPHOLOGY AND HISTOLOGY OF THE REPRODUCTIVE SYSTEM. This system 

falls naturally into two parts . The hernphrodite gland and all the 

remaining organs of the reproductive system are known collectively as 

the anterior genital ness. The herphrodite gland consists of a 

layer of ovarian and testicular tissue completely covering the liver 

(Plate I, figure 1). It is cixiposed of numerous lobes which subdivide 

many tines until they ultimately become siU follicles (Plate II, 
figure 2) . Sections taken from anterior to posterior showed a gradual 

transition from an area consisting entirely of sperm producing folli- 

cles to one made up, chiefly-, of ovarian tissue. Serial sections of 

a hermaphrodite gland taken from an animal that was killed and fixed 

while laying eggs contained mature ova in the lumen of the anterior 

male follicles (Plate IX, figure 20). This indicates that all the 

follicles intercomnunicate and eventually merge into two tubes which 

join together at or near the surface of the gland to form the herma- 

phrodite duct (Plate I, figure 1). 

The hermaphrodite duct leaves the gonad at its right anterior 

tip and is the only connection between the hermaphrodite gland and 

the rest of the reproductive system. The wall of the duct consists 

of a single layer of cuboidal cells which appear to be ciliated in 

fixed and stained preparations (Plate IX, figure 21). A thin layer 

of smooth muscle covers the outside of the duct. The hermaphrodite 

duct gradually widens into the ampulla (Plate I, figure 1) and begins 

a series of tortuous convolutions as it approaches the anterior 
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genital U.58 AS it enters the albumen gland it bifurcate ar send3 

one branch into the albumen gland. The other branch becomes the highly 

twisted va defereris (Plate I, figure 1). A valve is located at the 

point of tdfurcation of' the hermaphrodite duct (Plate I, figure 1) 

and (Plate VI, figure 15) . It consists of a conical extension of the 

hermaphrodite duct into the vas deferens (Plate VI, figure 15). The 

cellular structure of the linings of the two branches formed here are 

quite different. Epithelium ithin the valve changes abruptly to the 

rather poorly defined columnar epitheliuzn that is typical of the lin- 

ing of the vas deferens (Plate VI, figure 15). The entire area of 

the valve is surrounded by heavy layers of smooth muscle that are 

oriented in such a vy as to effect the closing of the valve. The 

epithelium lining the walls of the vas deferenz is thrown into many 

folds and is heavily ciliated throughout its length (Plate VI, figure 

16). The cells making up this epithelial layer appear to be strati- 

fled columnar but are often distorted by vacuoles, thereby making a 

definite designation difficult. The frequency of large, clear vacu- 

oies in the epithelial lining ixicates that it has a secretory func- 

tion as well as aiding the transport of sperni by means of its cilia. 

The most obvious feature of the vas deferens is the heavy layers of 

muscle lying outside of the epitheliuni. The muscle layers may be 

divided into two portions: A thin, inner layer of longitudinal muscle 

and a thick, outer layer of circular muscle. Some areas of the duct 

show no longitudinal muscle layer at all. The vas deferens gradually 

widens out as it approaches the body wall until it forms a conical 
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bag-shaped structure, the introinittent organ (Plate I, figure 1). 

Although many allied genera of the Dorids possess accessory glands 

associated with, and emptying into the vas deferens, there are no 

such structures in Archidoris montereyensis. 

The female branch of the hermaphrodite duct bifurcates again a 

short distance from the hermaphrodite valve. One of' the Iranches 

enlarges and becons highly convoluted as the albumen gland (Plate 

I, figure 1). The fertilized ova pass through this portion during 

spawning. The other branch with its associated structures is known 

as the androgenou duct (Plate I, figure 1). It serves to conduct 

incoming sperm from the copulatory orifice to the unfertilized ova. 

It will be described in detail in a subsequent paragraph. The albumen 

gland (Plate I, figure 1), because of its complex nature, is extremely 

difficult to interpret. Basically it consiste of two portions which 

have been separated by some authors into albumen and nnicous secreting 

parte. Upon groas inspection it appears as a single large organ, the 

ntLd-anterior region of which is yellower than the rest. The outward 

appearance of the organ gives no indication of its internal complexi- 

ties. EsstiaUy it is merely one long duct which serves to conduct 

the ova to the external genital pore The lining of the wall of the 

duct is made up of a tall, simple columnar epithelium, the cells of 

which usually are greatly distended with secretion products (Plate 

IX, figure 22). Serial sections of this organ taken from an animal 

in the process of laying eggs showed that both portions of organ con- 

tained ova, and that by the time they reached the nnicous gland portion, 

the ova had picked up their outermost coating, the case membrane. It 



has not been determined, however, ithether the mucous-albunien gland 

conpiex consists of a single long tube that is highly convoluted, or 

if it is a tube that bears many side branches as cecae which pour 

their secretion products into the main channel. 

The androgenous portion (Plath I, fIgure 1) consists of a zmis- 

cular tube leading from the point of ÙLfurcation of the oviduct past 

a pear-shaped cecum, the spertnatocyst, to a large, thin iUed, sac- 

like structure, the spermatotheca (Plate I, figure 1). The arxìrogen- 

oua duct leaves the spermatotheca at a point very near where it 

entered. The duct then passes towards the genital aperture. As it 

reaches the latter it widens slightly to join with the sac of the 

intromittent organ just anterior to it, and the oviduct (uterus) 

just posterior to it. The three ducts joining at the inner body 

wall present a single opening to the outside, the external genital 

pore. This pore is situated at the juncture of the under surface of 

the untle and the foot, about one-third of the way from the anterior 

end, on the right side. 

The route taken by the inconng sperm is as follows; small clumps 

of sperm are introduced into the widened portion of the androgenous 

duct. The sperm clumps pass up the duct probably by means of nMscular 

contractions and ciliary action. They then pass into the basal region 

of the spermatotheca. The sperimatotheca is a thin walled sac, roughly 

spherical in shape. Its walls consist of a single layer of simple 

columnar epitheliuni surrounded on the outside by a thin layer of con.. 

nective tissue (Plate VII, figure 17). The cella of the epitheliuni 

were seen to be apocrine secretory cells, thus indicating that the 
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spermatotheca is glandular in function. The lumen of this organ 

usually contains a granular, non-cellular secretion product that does 

not stain well idth heniotoxjlin. 

The sperm pass through only the basal region of the spermato- 

theca and then pass down another short region of the androgenous duct 

to the speriaatocyst. They then enter the spermatocyst and become 

oriented so that the heads of the sperm are embedded in the epithelial 
lining of the sperrnatocyst, while the tails project straight out into 

the lumen of the organ (Plate VII, figure 18). 

The epithelial lining consista of ciliated stratified columnar 

cells, and is thrown into large folds. These folds involve tth the 

epitheliuni and the underlying connective tissue. A thick layer of 

circular muscle surrounds the entire organ. 

After leaving the spermatocyst, the sperm pass further along 

the androgenous duct and enter the oviduct. 

GAMETOGENESIS. The process of gametogenesis has not been studied 

in great detail, but it does not appear to differ significantly from 

any of the other gastropods. 

The male follicles consist of a thin outer covering of connective 

tissue and spermatogonia (Plate VIII, figure 20). No nurse cells could 

be identified in any of the male follicles examined. ill stages of 

spermatogenesis could be seen in any one section of the hermaphrodite 

gland, t*it individual male follicles usually showed only three or at 
the most four of the stages. No follicle was seen in which aU the 

cells 'were in the same stage of spermatogenesis. The spermatogonia 

undergo their maturations in groups of from 5 to 40. The spermatids 
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arid maturing speiatozoa remain in clumps until the follicle contains 

mostly sperm and the cellular detritus that is incidta1 to their 

development. In an effort to determine thether the sperm are stored 

in the follicles to await copulation or pass into the hermaphrodite 

duct, sections of the hermaphrodite duct were taken from an animal 

after it had spawned, but before it had copulated again. These were 

full of sperm. However, sections of the gonad taken from an animal 

while lt was copulating showed mature appearing sperm in the male 

follicles. Therefore, from the above information it could not be 

determined where the sperm were held previous to copulation. 

There was no evidence of the atypical spermatogenesis and size 

polymorphism of sperm that has been reported in other gastropods (3) 

and (14). 

The ova begin their development as small spherical cells about 

12.5 p in diameter in the epithelial lining of the female follicles. 

They do not remain attached to the epithelium, however, but are 

released into the lumen of the follicle, and there continue to Increase 

In size until they reach a diameter of about 81.5 (Plate VIII, 

figure 19). They are held in the follicles in the metaphase of the 

first maturation division until the time of spawning. No one follicle 

was seen to contain more than four mature ova, but all female follicles 

contained many immature ova In various stages of development. Sections 

of the hermaphrodite gland taken from a copulating animal contained 

many ova that were mature in size, but whose nuclei did not show the 

metaphase plate that Is characteristic of mature ova. 
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FERTILIZATION. Fertilization is internal and takes place during 

the process of egg laying. The mature ova pass out the female folli- 
cies and into the hernphrodite duct. They then pass dorn the duct 

arMI collect in the ampulla where they meet an incoudng mass of sperm 

released from the spermatocyst (Plate IX, figure 21). Sections of 

the entire anterior genital mass taken from an animal in the process 

of laying eggs, show the eggs to be in contact 'with sperm in a large 

portion of the length of the mpuUa. Sperm and egg mixtures were 

found in the convoluted portions of the ampulla even after it had 

entered the mucous-albumen gland complex. The proportion of sperm 

to eggs in the anipulla decreased gradually as it approached the 

bifurcation into vas deferens and oviduct. Very few sperm were found 

in the portion of the (Plate I, figure 1) oviduct between the herma- 

phrodite valve and the bifurcation of the androgenous duct from the 

oviduct. No sperm were found in the mucous-albumen gland portion of 

the oviduct. In view of the above information, there is no evidence 

for a special "fertilization chamber" or restricted area of the herma- 

phrodite duct devoted to fertilization. 

SPA'W1ING. The fertilized ova enter the albumen gland and pass 

down its convoluted ducts in single file, but by the time they reach 

the mucous secreting portion, they are arranged into long cords of 

eggs. It may also be seen here for the first time that the eggs are 

surrounded with their encapsulating membrane. Capsules containing 

two or three eggs have been idOEltified in sections of the mucous gland 

which was taken from an animal in the process of spawning. The duct 

of the mucous gland widens and flattens as it approaches the external 
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genital orifice, and it is probable that in this portion the cords of 

egg capsules are arranged into the flat sheets that make up the egg 

mass. 

Egg laying under laboratory conditions, began, invariably in the 

forenoon, usually around 9:00 o'clock. The process continues four to 

six hours. The egg mass as it comes from the genital orifice is in 

the form of a pleated, flat sheet. One edge of the sheet is attached 

to the substrate and the rest of the mass floats free. The aninial 

then moves very slowly in a counterclockwise direction until it corn-. 

pletes three spirals. As it approaches the end of the last spiral 

the egg mass decreases in size and becomes disorganized. Within a 

few minutes after the egg ribbon comes out of the genital orifice, 
the pleats unfold and the ribbon flattens out and comes to resemble 

a flat, coiled, watchspring laid on its side (Plate II, figure 3), 

In an attempt to establish the length of the breeding season, 

aninls were brought into the laboratory during the months of February, 

April, June, July, August, September and December. They were kept 

in aquaria that were thoroughly aerated, and the tnperature was kept 

to within a few degrees of that of their normal environment during 

those months Copulation and spawning occurred during every month 

lithd above. Development occurred in every egg mass. 

THE MORPHOLOGY OF THE EGG RIBBON. The structure of the ribbon 

may be divided into three component parts. The egg capsule is a 

clear, spherical structure ranging in size from about 160p to 290 p 

The capsules contain from one to 18 eggs. The smaller capsules usually 

contain the smaller number of eggs. There is also a relationship 



14 

between the size of the animal laying the egg mass and the degree of 

polyvitelliny. Animals from six to tvelve centimeters in length 

generally produce capsules containing three or more eggs. Capsules 

produced by animals smaller than six centimeters usually contain only 

one or two ova. 

The capsules are arranged into a flattened cord, generally three 

capsules wide. The capsules are maintained in this relationship by 

a coating of a clear jelly-like material secreted by some portion 

of the mucous-albumen gland. The flat cords are then bent back and 

forth upon themselves until they forni a flat sheet (Plate II, figure 

3). The entire sheet is then cover&1 th a second coating of mucous 

which holds the cords in place and serves to hold the ribbon erect. 

The entire egg mass then is seen to be made of a single cord three 

capsules wide folded IBck and forth upon itself thousands of timas. 

One such egg mass coning f im an animal eight centimeters long was 

measured to be two centimeters wide and 25 centimeters long. This 

egg mass was calculated to contain almost two million eggs. 

TYPE AND RATE OF DEVELOPNT Due to the difficulty in deter'- 

mining the exact time of fertilization, it is impossible to gi.ve the 

exact age of the embryo during the various phases of its development. 

Dit since the rate of development of eggs from different individuals 

varied somewhat, the precise determination of fertilization time was 

not critical, In establishing the rate of development (Table I) age 

was counted as number of hours after a particular area of the egg 

ribbon had come from the genital aperture. 
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During the first twelve to eighteen hours of development all the 

embryos in any one snll portion (about 2 cm2) of the egg mass under- 

go cleavage in unison. Later on, however, those in the center regions 

lag behind the embryos in the capsules tlmt are situated in the mar- 

gins of the ribbon, It was not determined if this occurred in nature 

or was merely an anomaly induced by laboratory conditions. 

Approximately four hours after laying, a small protrusion begins 

to arise at the surface of the egg membrane. This increases in size 

and gradually begins to round into a sphere 10 in diameter. This 

is the first polar body. Within a few minutes it is released free 

of the egg and floats loosely dthin the capsule (Plate III, figure 

5). It in turn divides into two equal portions neither of which 

undergo any further divisions and eventually degenerate. While the 

first polar body is dividing, a second is being formed by the egg. 

It arises in the same manner and reaches the same size but is not 

set free fror the surface of the egg. 

Within six hours after laying, the nucleus becomes indistinct 

and the egg begins to elongate. Cleavage furrows begin to form in 

the citer of the oval-shaped egg and the first cleavage plane is 

evident. The egg continues to cleave until two spherical, daughter 

blastomeres of equal size are formed. These two blastomeres are, 

at first, in contact at only one small point (Plate III, figure 6), 

later they flatten together that they are no longer sphica1 in 

outline. The nuclei may be seen to reform at this time and the embryo 

remains in a resting condition, interphase, for some three hours. The 

second cleavage occurs about ten hours after laying and results in 
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four cells of approxinth1y equal size. The spindles thich precede 

it are at right angles to the first cleavage spindle and nearly 

parallel to each other. The resulting four-cell stage is typical of 

the molluscan tyoe of spiral cleavage (Plate III, figure 7). 

The peculiar arrangement of the cleavage furrows provides land- 

marks for keeping the first and second cleavage planes in mind. Later 

in the development there are other differential changes in the quad- 

rant which serve as means of orientation. 

The spindles ithich precede the appearance of the first quartet 

of micromeres lie at first nearly radial, their proximal ends being 

distinctly higher than the distal ones. These spindles make their 

appearance twelve hours after laying. As division proceeds they turn 

in a de.xiotropic direction and with associated cytoplasmic constric- 

tions four small cells are given off toward the animal pole. These, 

the first quartet of micromeres, are each about 25 in diameter with 

the macromeres about 50 . As they round out in shape, they come to 

project high above the macromeres beneath them. This appearance is 
only transitory, however, and as they are pushed further to the right, 

they come finally to lie in the furrows to the right of the cells from 

which they arose. 

The fourth division occurs some fourteen hours after the eggs 

have been laid. The second quartet arises laeotropically, thus alter- 

nating in direction of cleavage with the first, The derived micro- 

meres are approximately one-half the size of the underlying macro- 

meres from which they arose and are pushed strongly toward the left 
as they are .ven off. AU the second quartet cella are alike in 
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size, there being no sign of increase in the D quadrant, as is the 

case with many Anrielids and some Mollusca. 

Before the macromeres divide again the first quartet begins 

cleavage. This results in eight cells cl' nearly equal size. The 

spindles which precede division are laeotropically directed, and the 

lower cells are pushed downward and outward between the second quar- 

tet cells and just above the macromeres. These "primary trochoblasts" 

do not divide again until about sixty cells are present, as illustra- 

ted by Casteel (4, Plate XXV, figure 33, 38, p.576). The formation 

of the primary trochoblast occurs about sixteen hours after egg lay- 

ing. 

No further observations were made on the cell lineage of the 

embryo due to the difficulties encountered resulting from the high 

yolk content of the cells. Such embryos do not transmit light nor 

do they lend themselves to the standard fixation and clearing tech- 

niques. It was considered sufficient to establish the fact that 

Archidoris znontereyensis, at least in the early stages of its devel- 

opment, shows the typical molluscan spiral cleavage pattern. 

The remaining stages of development will be described from exter-. 

nal appearance only. It may be noted, however, that during the later 

stages of the development of the larvae, yolk tends to disappear and 

the entire animal becomes more transparent. 

Approximately six days after lring, the embryos are no longer 

sph'ical in shape tt present a rather flattened egg-shaped appear- 

ance. At this time a darkened depression is observed in the posterior 

one-half of the enibryo. From its resemblence to similar structures 



in other opisthobranch larvae it was assumed to be the blastopore (Plate 

IV, figure 8) . At the widened ex$ of the six-day larva two symetri- 

cally placed clear protrusions appear. These were weakly ciliated and 

were subsequently identified as the developing velar lobes. Another 

unidentified clear area was observed a t the narrow end of the six-day 

larva (Plate IV, figure 8). 

At sonie time during the period from the sixth to the eleventh 

day the ciliary imvenients become strong enough to set the larvae spin- 

ning within their cases. This spinning movnent continues almost 

constantly until hatching. 

By the eleventh day of growth the larvae are well defined veligers. 

The velum is still small and not yet bi-lobed and the foot anlage ha. 

just nmde its appearance. However, no internal structures are discern- 

able, because of the heavy yolk content. 

At sorne time during the period from the eleventh to the thirteenth 
day of development, two transitory structures make their appearance 

at the left postero-ventral end of the larvae. They resemble two small 

clear bubbles joined together at their base (Plate 1V, figures 9 and 

10). The author has not been able to find any reference to these, 

or any similar structures in any of the voluminous literature on moi- 

luscan development. However, it is known that the shell of many types 

of veligers orinates in this general area, and in some forms shell 

glands have been identified in this locus, 

The veliger is fully developed at twenty days. There is very 

little yolk left in the interior, and the movements of some organs 

may be seen. The following internal structures could be identified: 
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a) The center portion of the gut which is ciliated (Plate V, figure 

12), but no mouth or anus, b) The heart (Plate V, figure 12) which 

was seen to pulsate regularly. c) A small area of yolky cells in the 

ventral region which is frequently termed "l2rval liver" (Plate V, 

figure 12). d) The heavily ciliated foot and velar lobes (Plate V, 

figures 12 and 13). e) The shell which forms from 3/4 to i whorl 

only. The largest diameter of the shell at this time is 135 

No eyes could be seen. 

By the time the egg mass is from 20 to 25 days old the layers 

of jelly become soft and flabby and begin to disintegrate. The 

larvae in peripheral regions in the meanwhile are very active and 

are spinning rapidly in their capsules. Upon a slight agitation of 

the egg mass, the veligers break out of their capsules and swim 

actively about the container. This happens, however, only to those 

larvae in the outer margins of the mass. The larvae in the inner 

portions, because of their slower rate of development are not yet 

ready to hatch, and the jelly of the centrai area is still firm 

enough to hold the egg capsules in place. It appears, therefore, 
that the degeneration of the jelly of the egg mass is related in 

some way to the state of development of the larvae in the area where 

the degeneration takes place. 

The larvae have a very short free-.swinuming life. They usually 

settle to the bottom of the dish in a matter of a few hours. Once 

on the bottom they crawl actively over the surface of the glass. 

All attempts to rear the larvae beyond this stage failed. 



Table I 

Rate of Development in Sea Water 
at 17° Centigrade 

2 Polar Bodies 4 Hours After Laying 

2-Cell Sthge 6-7 Hours After Laying 

: 4-Cell Stage 10 Hours After Laying : 

: 8-Cell (ist Quartet) 12 Hours After Laying 

: 12-Cell (2nd Quartet) 14 Hours After Laying 

18-20 Cell (Primary Trochoblast) 20 Hours After Laying 

Early Trochophore (Qastrula) 6 Days After Laying : 

: Foot and Velum Formation 11 Days After Laying 

--t 
Early Veliger 14 Days After Laying 

Late Veli ger 20 Days After Laying 

Hatching 
: 

z 

20-24 Days After Laying z 

z 

: Settle to Bottom 1-2 Hours After Hatching 
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Discussion 

Although Alder and Hancockts (2) description of the reproductive 

system of Doris tuberculata is adequate for taxonomie purposes, it 
does not include information proving the function of the structures 

described. The description is of gross anatomy of the reproductive 

structmes and therefore of little help in tracing the route of the 

ova through the reproductive tract. An investigation of the repro- 

ductive system of the closely related Archidoris nteryensis revealed 

details not mentioned by these authors. The arrangement of the male 

and female follicles of Archidoris montereyensis is essentially the 

sane as that described for Dori8 tuberculata. But the statement that 

"The ultimate lobes consist of a central portion containing sperma- 

tozoa, round and about which are smaller globular ovarian follicles, 
opening into the central portion" (2, p.49) could not be verified in 

the form herein studied. They do not mention the existence of a valve 

at the bifurcation of the heriphrodite duct into the vas deferens 

and oviduct. A related type of structure was described by Chambers 

as occurring in Emblethnia fuscata (6) The organ, as illustrated 
by Chambers, differs greatly from the one found in Archidoris 

tereyensis. However, tiese two structures appear t have the sama 

function. The valve as described by Chambers consists of two sphinc- 

ter muscles in the wall of the oviduct, "The first sphincter permits 

the passage of ova into the oviduct while f oritdng an effective barrier 

to spermatozoa" (6, p.é22). "The second sphincter acts as a barrier 

to incoming foreign spermatozoa, preventing their passage into the 



hernphrod1te duct or vas deferens" (6, p.622). The hernapbrodite 

valve in Archidoris niontereyensis, however, is merely a conical exten- 

sion of tissue opening from the hermaphrodite duct into the vas defer- 

ens (Plate VI, figure 15). It is postulated by the present author 

that the hernphrodite valve of Archidori znonteryensis functions in 

the following manner: During egg laying the ova pass do'wn the herne- 

phrodite duct, past the valve and into the oviduct. During copulation 

the sperm pass down the hermaphrodite duct aixi are swept through the 

opening of the valve and into the vas deferens by ciliary action and 

peristaltic constrictions of the wall of the duct arxi vas deferens. 

In addition to this, the small flap (Plate VI, figure 15) located just 

distal to the valve, is closed, thus preventing any spermatozoa from 

entering the oviduct. 

Eliot in his supplement to Alder arMI Hancock's monograph on the 

British nudibranchs (2), attributes the following function to the 

spermatotheca of Doris tuberculata: "The former probably acts as a 

bursa copulatrix and when the genitalia are protruded becomes acces- 

sible to the intromittent organ, thus affording a first resting-place 

for the spermatozoa. It is found to contain not only free spermatozoa, 

but spermatozoa in pockets and also detritus" (2, p.5°). These obser- 

vatlons have not been confirmed for Archidoris montereyensis. Sperma- 

tothecae taken froni animals while copulating, while laying eggs, ar 

during the period between egg lay-ing and copulation, did not contain 

sperm. The lumen of the gland was filled with a granular secretion 

product which appeared to be secreted by the epithelial lining of the 

gland itself (Plate VII, figure 17). It is clear to the present 
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author that the spermatotheca of Archidoris rnontereyensis does not 

function as a storage organ for incoming sperm t*t rather secretes a 

fluid that is in some way associated with the incoming foreign sperm. 

Since the incoming sperm do not become oriented in any particular 

manner until after they have passed beyond the spermatotheca, it may 

be that The secretion product facilitates orientation. 

The fact that the sperm are held in the spermatocyst until fer-. 

tilization and egglaying was established by Alder and Hancock (2) 

for Doris tubercuJ..ata and later by Chambers (6) for Embleto, fus- 

cata. The spermatocyst of Archidoris montereyensis was found to have 

the same function. These authors do not indicate that the sperm heads 

are embedded in the walls of the epithelium as is the case in Archi- 

__ris montereyensis. Since Archidoris monterejensis appeared to have 

no nurse cells for the spermatozoa in the testicular follicles, and 

since the sperm in the spermatocyst are oriented in a ìranner remninis- 

cent of the sperm-nurse cell relationship found in Emboaia fuscata 

(6) and other animal f orme; it is postulated that the epithelial lin- 

ng of the spermatocyst of 4rçhidoris montereensis consists of nurse 

cells, and that the incoming foreign sperm undergo a maturation in 

the spermnatocyst before passing to the ampulla. 

While studying spermatogenesis, an attempt was made to count the 

haploid chromosome number of Archidoris montereyensis, but due to the 

smafl size of the chromosomes, no certain conclusion could be reached. 

It appeared that the haploid number was probably six. The same number 

of chromosomes was seen in the metaphase plate of the mature ova. 

Smnallwood (5) reported that nine was the haploid chromosome number 
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in Doris bifida. The mature sperm of Archidoris montereyensis are 

not polymorphic nor is there any indication of abnoria1ities of the 

xneïotic divisions. These phenomena have been reported as occurring 

in several genera of viviparid gastropods (3) and (14). 

According to Eliot (2), "No investigator has discovered a distinct 

fertilization chanibertt in Doris tubercu1a, but that "The organ here 

called ainpulla of the hermaphrodite gland is often found fuil of sperma- 

tozoa, and there is reason to believe that it acts as a ixale recepta- 

culum seìninis which retains the spermatozoa and does not allow them 

to pass into the vas deferens until they are wanted" (2, p.50). This 

is a3.so true in Archidoris monterey-ensis. 

O'Donoghue (19) states that the spawning of Archidoris montery- 

ensis occurs chiefly during the months of April, May and June; Costello 

(8) found egg masses in January, February, March, April, June and July. 

Both of these authors indicate, however, that the gaps in the breeding 

months may be due to lack of collecting during these months. It has 

been established by the present author both by personal collection 

and reports from other observers, that Archidoris nxDntereyensis spawn5 

during every month of the year on the Oregon Coast. It was indicated 

by Costello (8) that the distal end of the egg mass of Archidoris 

montereyensis usually contained more eggs per capsule than the proxi- 

mal end. This was found to be true occasionally, bit is not the 

general rule. The most common situation was to find the capsules in 

the central regions of the egg mass with the largest number of eggs 

per capsule Wnile the distal and proximal ends contained fewer. 
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The rate of development of Archidoris montereyensis, in its 

earliest phases, compares with that of Doris bilainellata a. reported 

by Reid (23) in 1846. But the later stages , from gastrula on, 

develop more slowly in Archidoris montereyensis. No other information 

concerning the rate of development of nudibranchs could be found in 

the literature, except that of Ostergaard (20). He reported that the 

hatching tinte for several tropical species was from six to ten days, 

in contrast to 20-24 days for Archicloris montereyensis. 

There has been a great deal of discussion of the function of 

larval organs in the veligers of' various gastropods. Many authors 

report the existence of a larval muscle that is used to retract the 

larva into its shell (12, 24, 4). This structure was not seen in 

the larvae of Archidoris montereyensis at any time during their devel- 

opment. None of the larvae examined appeared capable of extending 

themselves for any great distance out of their shells, nor were they 

able to retreat far thck into it 

The edstence of eye spots in many nudibranch larvae have been 

noted (1, 16, 18, 24). But Thorson says that "The types of shell, 

the small velum, and the lack of eyes in the nudibranch larvae are 

characters which . . are suggestive of a short pelagic life (26, 

p.326). The observations on Archidoris montereyensis larvae sub- 

stantiate Thorson's statement. 

The fact that no mouth was seen in the larvae of Archjdorjs 

montereyensis is difficult to explain. In all other descriptions of 

nudibranch larvae, a mouth is always mentioned. Thorson says that 

"Nudibranch larvae will normally take no, or only little food from 



the plankton (26, p.330). Larvae of Archidris tuberculata however, 

are known to feed on small phytoplankton organisms of the species, 

P1eurococ unicornis" (6, p.335). 

Throughout the literature nudibranchs are described as protan- 

drous hermaphrodites. The definition of protandry is: The develop- 

ment of ntle or female gonads or their product son time before those 

of the opposite sex, thus preventing self-fertilization. This defini- 

tion does not fit the situation that exists in Archidoris montereyensis. 

Sections of the hermaphrodite gland contained male and female products 

in all stages of development. Mature eggs were found in the lumen 

of male follicles that also contained sperm which appeared to be mature 

in size and staining properties, Thus it is evident that Archidoris 

nntereyensis is not strictly a protandrous hermaphrodite. 
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Sunar 

1. A number of nud.ibranchs of the genus and species Archidoris nn- 

teryensjs were collected during the sumnier of 1950. 

2. These were maintained and spawned in the laboratory under con- 

ditions closely approximating their natural environment. 

3. Entire animals were fixed in Boum' s solution during the follow- 

ing phases of their reproductive cycle: Copulation, egg laying, 

and the period between egg laying and copulation. 

4. Developing eggs were observed at regular intervals during their 

development. These stages were recorded with the aid of a Came 

lucida. Developmental stages were fixed in Kleinenberg's picro- 

sulfuric fixative and kept for fubire study. 

5. Serial sections were made of the gonad and reproductive tract. 

The sections were cut at 10 and stained with Heidenhain's iron 

hema toxylin. 

6. The reproductive tract contained an organ which had been described 

for only one other species of nudibranh. This structure is 

termed the hermaphrodite valve. It differs greatly in structure 

but has the sanie function as the valve described for Embletonia 

fusca ta. 

7. The spermatotheca, which up until this time had been considered 

a storage place for incoming sperm, was discovered never to con- 

tain any sperm. Its lining epithelium was found to be made up of 

glandular e ella Its lumen contained a substance which appeared 

granular after fixation and staining. 



8. The sperm were found to be oriented in the spermatocyst with their 

heads embedded in the epithelial lining arKi their tails projecting 

out into the lumen. Since the sperm produeing follicles of the 

gonad lack nurse cells, and the manner in which the sperm are 

oriented in the sperntocyst suggests the typical sperm-nurse cell 

relationship, it was postulated that the epithelial cells of the 

spermatocyst act as sperm nurse cells. 

9. Gartogenesis in Archidoris montereyensis does not differ from 

that described for many other gastropod.. The atypical spermato- 

genesis or size polymorphism of sperm that has been described 

for some other gastropods was not found in Archidoris montereyen- 

sis. 

10. Fertilization occurs in the ampulla of the hermaphrodite duct. 

There is no specialized "fertilization chamber" in Archidoris 

montereyensis. 

U. The egg mass of Archidoris montereyensis consists of' a flat, rib- 

bon-like band. It is coiled in a counterclockwise direction 

through three revolutions. The egg capsules are arranged in a 

long cord, bent back and forth upon itself to form the main band. 

Each egg capsule contains from one to eighteen eggs, with three 

being the commonest number. The capsules at the proximal and 

distal ends of the band tend to contain fewer eggs than those 

in the center regions. 

12. The eggs of Archidoris montereensis undergo the typical Uus- 

can spiral cleavage for at least the first 24 hours of their 

development. Larvae kept under laboratory conditions hatch out 



29 

of their capsules in 20 to 24. days. 

13. The free-scvinuning life of the veliger is from 30 minutes to two 

hours. The larval heart, liver and gut are the most conspicuous 

internal organs. The veliger lacks eyes. No mouth or anus could 

be found. AU attempts to rear the larvae beyond the "settling" 

stage failed. 



Explanation of Figures 

Figure 1 Diagram of the organs of reproduction of Archidoris 

znontereyensis. 

a, ampulla; ad, androgenous duct; ag, albumen gland; 

ep, external genital pore; hd, hermaphrodite duct; 

hg, hermaphrodite gland; in, introinittent organ; mg, 

mucous gland; so, spermatocyst; st, sperniatotheca; 

V, hermaphrodite valve; vd, vas deferens. 
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Explanation of Figures 

Figure 2 Diagram of a cross section of the hermaphrodite gland. 

Drawn to show the relationzhip between male and female 

follicles and the liver. 

ff, female follicles; 1, liver; mf, male follicles. 

Figure 3 Diagram of the egg mass of Archidoris montereyensis. 

The width of the cord containing the egg capsules has 

been exaggerated for illustrative purposes. 

ec, egg capsule; ji 1, inner jelly layer; ji 2, outer 

jelly layer. 
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Explanation of Figures 

Figures 4 through 7 are aU Camera lucida drawLngs made 

from living material. 

Figure 4 Egg capsule containing three undeveloped eggs. 

Figure 5 Polar body formation. cm, case membrane; pb 1, 

first polar body; pb 2, second polar body. 

Figure 6 Two-cell stage. 

Figure 7 Four-cell stage. Shown without case membrane. 
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Explanation of Figures 

Figures 8 through 11 are Camera lucida drawings made 

from living material. 

Figure 8 Gastrula. bp, blastopore; va, velum anlage. 

Figure 9 Young veliger. A postero.-lateral view from the right 

side, f, foot; y, velum; vh, viserai huitip. 

Figure 10 Young veliger. Ventral aspect. 

Figure U Intermediate veliger, showing shell, ciliated foot and 

two velar lobes. Ventral aspect. 
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Explanation of Figures 

Figures 12 through 14 are Cariera lucida drawings made 

from living material. 

Figure 12 Fufly developed, free-wiimning veliger. 

f, foot; g, gut; h, heart; s, shell; y-, yolk mass or 

"larval liver". 

Figure 13 Fully developed, free-swimming veliger. Dorsal view. 

b, heart; y, velum; y, yolk mass. 

Figure 14 Outline of the shell of a fully developed veliger. 



Plate V 
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Plate VI 

Explanation of Figures 

Figure 15 Hermaphrodite valve, showing the junction of the herma- 

phrodite duct with the vas deferens. 200X 

Figure 16 Vas deferens. 200X 
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Plate VII 

Explanation of Figures 

Figure 17 Epithelial lining of the spermatotheca, showing 

apocrine secretory cells. 350X 

Figure 18 Cross section of the spermatocyst with the sperm 

heads attached to the epitheliuin. Another mass of 

unoriented sperm lie in the lumen of the spermato- 

cyst. 300X 
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Plate VIII 

Explanation of Figures 

Figure 19 Fexnale follicle of the hermaphrodite gland, showing 

various stages in the development of the ova. 500X 

Figure 20 Male follicle of the hermaphrodite gland. Mature 

ova are present in a male follicle that contains 

spennatocytes in various stages of development. 

Portions of associated female follicles are also 

included. 400X 



Plat. VIII 

1 

p t, 

ê 

w 

Al 

45 

FIgure 20 



Plate IX 

Explanation of Figures 

Figure 21 Cross section of the hernphrodite duct taken from 

an animal that was laying eggs. Mature eggs and 

sperm present. 70X 

Figure 22 Portion of the mucous gland containing an egg 

capsule in the lumen. 400X 
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