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MOLLUSCA
(AMPHINEURA)

Chaetopleura apiculata
LIVING MATERIAL:

Chitons are usually found clinging to shells or rocks dredged from Vineyard
Sound at Woods Hole, Mass.; they are quite abundant. The sexes are separate,
but there is no way of distinguishing them externally.
BREEDING SEASON:

The breeding season begins about June 20 and continues to the end of ~eptember, reaching its height from about July 10 to August 20. There is evidence
of a lunar periodicity; and although the eggs are obtainable at any time during the
breeding period, they are shed most abundantly between full moon (or a few days
before) and third quarter (Grave, 1932).
PROCURING AND HANDLING MATERIAL:

A. Care of Adults: When brought into the laboratory, the chitons should be
removed from the shells and rocks to which they cling, and placed in large finger-

bowls (25 to 30 animals per dish) supplied with running sea water. Ripe animals
seem to shed most abundantly during their second evening in the laboratory, with
a pronounced decrease during subsequent nights. For this reason, it is advisable
to obtain fresh animals after about three days.

B. Procuring Gametes: If naturally-inseminated eggs are desired, toward evening wash the adults free of sediment and replace them in a large finger

bowL.

Half-fill it with fresh sea water, and allow to stand undisturbed. The males
extrude sperm at about 8 P.M., and about half an hour later a few females may

spawn. Shedding by the males seems to have a stimulating effect on the females,
although isolated females do sheeL. Unfertilized eggs and sperm may be collected

separately by isolating the animals at dusk, in small fingerbow1s half-filled with
sea water (Grave, 1937).
C. Preparation of Cultures: If the animals were isolated before spawning, sev-

eral pipettes-fu1 of sperm suspension may be added to a fingerbow1 of eggs. Many
of the eggs remain fertilizable for as long as 24 to 48 hours after shedding (Grave,

1932). The inseminated eggs should be left undisturbed for 30 minutes, and the
sea water then changed. When spawning is completed, naturally-inseminated eggs
can be collected in a pipette and transferred to fingerbow1s of fresh sea water.

All cultures should be kept covered on the water table. Decant the upper
layers of sea water and refill the dishes several times during the first 24 hours.
The larvae, which hatch in about 25 to 30 hours, should be transferred twice daily
to fresh sea water, using a pipette to collect them. Since they are well supplied

with yolk, there is no need to feed the larvae, although diatom feeding, initiated on
the sixth day of larval life, often hastens the onset of metamorphosis.
Young metamorphosed chitons can be kept indefinitely if sea water is allowed
100
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to flow through their dishes for a part of each day. Special feeding is not neces-

sary, and if they are occasionally washed free of sediment, the young animals
will thrive.

.~

;~

'-

D. Methods of Observation: Because of the size and opacity of the egg, the
early development is best studied by mounting egg samples in depression slides.
A dilute solution of Janus green will slow down the moving larvae.
NORMAL DEVELOPMENT:

A. The Unfertilized Ovum: The egg is spherical and measures 180 to 190
microns in diameter. It is opaque, due to its high yolk content and to the chorion
which surrounds it (Grave, 1932) ; the chorion is tough, ornate and bristly. When
the eggs emerge from the oviduct, they are embedded in a viscid, jelly-like secretion which spreads over the bottom of the dish in a thin film. Although it cannot
be seen in the living egg, sections show that the ovum is usually developing the

first maturation spindle when it is shed.

B. Fertilization and Cleavage: There are no visible changes at the time of
fertilization; no fertilization membrane is elevated and the egg does not change
shape. Two transparent polar bodies are formed, but no polar lobes. The first
noticeable change occurs shortly before first cleavage when there is a slight flattening of the egg at the animal pole.

The first cleavage furrow usually divides the egg into two equal b1astomeres,

'-

but in a small percentage of eggs one blastomere is perceptibly larger. The second
cleavage is at right angles to the first, and again in some cases the D cell is slightly
larger than the others. The cells of the first quartet of micromeres, given off by
the dexiotropic third cleavage, are distinguishable from the larger macromeres.
Further divisions follow the regular pattern of spiral cleavage. Four quartets of
micromeres are produced. The first three give rise to ectoderm, nervous system
and stomodeum, while the fourth quartet, except for 4d, becomes part of the endo-

derm, along with the macromeres; the 4d cell gives rise to mesoderm and to

'-

some endoderm.

C. Time Table of Development: The following schedule, based on a batch of
eggs developing at 230 to 240 c., is offered as an approximate outline of develop-

mental rate. Metamorphosis seemed to occur early in this particular batch, the
usual time being 6 to 10 days (Grave, 1932). The times are recorded from

insemination.

Stage
First polar body
Second polar body
First cleavage

Time

Third cleavage

30 minutes
55 minutes
1 hour, 30 minutes
2 hours
2 hours, 40 minutes

Gastrulation

About 13 hours

Beating cilia

14 hours
20 hours
36 hours
27~ to 3 days
4 days

Second cleavage

Rotation within capsule

Hatching
Free-swimming trochophores
Metamorphosis
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D, Later Stages of Development and Metamorphosis: The young trochophore
(40 to 60 hours old) is propelled rapidly through the water by a band of powerful
cilia, the prototroch, The larva rotates on its longitudinal axis, following a spiral
path, Crowning the pre-trocha1 hemisphere (the head vesicle) is a clump of very

long cilia, the apical tuft, which is apparently sensory in function, There are two
lateral, reddish-brown eyes; the mouth lies just below the prototroch, Other
regions of the digestive tract are obscured by the yolk mass,
As the larva develops, there is an elongation of the body, especially of the
post-trocha1 hemisphere, By three to four days, the mouth and archenteron are

visible, due to reduction in the quantity of yolk. An anus is formed, and the shell
segments begin to appear on the dorsal surface, gradually extending anteriorly to
the region of the head vesicle, A contractile foot develops on the ventral surface,
just posterior to the mouth, The larvae are still propelled by the prototrochal
cilia, although slightly older stages may creep along by means of. the foot,
Metamorphosing larvae are found on the bottoms of the culture dishes, The

prototroch and the apical cilia are lost during metamorphosis, There is a sudden
dorso-ventra1 flattening of the body, and the larva now creeps about by the well-

developed foot, The shell plates increase in number, although at this time, the
full adult set is not complete, The mantle, a fold of the body wall, develops just
dorsal and lateral to the foot,
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MOLLUSCA
(PELECYPODA)
'-~

Callocardia convexa *
(Syn. Pi

tar morrhuana Gould)

LIVING MATERIAL:

'-

These small white bivalves are found with Venus mercenaria, burrowing on
muddy or sandy flats near the lower part of the intertidal zones, and also in deeper
waters, Although somewhat similar to Venus in appearance, Callocardia is much
smaller and, unlike Venus, does not have a crenulated shell-margin, The species

is moderately plentiful at Woods Hole, Mass" and may be collected by digging

,~

or dredging, The sexes are separate and similar in appearance,
BREEDING SEASON:

Although the limits of the breeding season have not been ascertained, it is
known that mature animals are available during the early part of July at Woods
Hole, Loosanoff (personal communication) states that animals brought from their
natural beds in Long Island waters during the month of January were apparently ripe,
. PROCURING AND HANDLING MATERIAL:

'-

A. Care of Adults: Adults may be kept on a water table or in large fingerbow1s
supplied with a continuous stream of sea water,
B, Procuring Gametes: Open the valves and excise the visceral mass, discarding the gills and mantle, After rinsing in running sea water, place the visceral

.~

mass in a stender dish filled with about 25 cc, of sea water. If mature, the gametes

wil ooze from the gonads which are located dorsal to the foot, on either side of
the liver, The testis is light yellow in color; the ovary is creamy-white (Loosanoff,
personal communication), The eggs appear as tiny flecks, the sperm as a milky
suspension, Using a pipette, transfer the eggs to a large fingerbow1 of sea water,

They are very fragile and can stand neither rapid changes of temperature nor high
temperatures,
Loosanoff (personal communication) states that he and his associates have
been unsuccessful in all attempts to induce spawning in these animals, nor has he
observed spontaneous spawning of Callocardia in the laboratory,
C. Preparation of Cultures: When a microscopical examination reveals that
the eggs have become spherical, inseminate them by adding two. or three drops of
sperm suspension. Place the culture on a water table, and leave for about 15 to
17 hours, At the end of this time, use a mouth-pipette to remove the free-

swimming larvae to a fresh dish of sea water; this procedure should be repeated
daily,

This culture method has yielded veligers which lived for a week or more, It
* We are indebted to Dr. V, L. Loosanoff for some of the information reported here,
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CALLOCARDIA

should be noted, however, that only a very small percentage of the inseminated
eggs developed.

Loosanoff (1954) has described another method for culturing older larvae,
by rearing the embryos in large (five-gallon) earthenware jars; the cultures are
left undisturbed until swimming larvae are present, Then the water is changed
every day or two, by passing it through fine sieves which hold back the larvae,
Older larvae should be fed; it is convenient to use mixed plankton for this purpose,
NORMAL DEVELOPMENT:

A. The Unfertilized Ovum: The egg is small, measuring from 49 to 60 microns
il diameter, and is surrounded by a thick jelly-hulL. It contains prominent yolk

granules and a large germinal vesicle, which breaks down after entrance of the

sperm, When first shed, the ovum often has a protrusion at one side (undoubtedly
the remnant of the ovarian attachment), but after standing in sea water, it soon
rounds up,

B, Cleavage: Cleavage is unequal and spiral, and gastrulation is probably by
invagination, The early development of Callocardia is almost identical to that

of other pelecypods (Loosanoff, personal communication), ~
C, Time Table of Deveiopment: The developmental rate of naturally-shed eggs

has not been determined, Those eggs which have been artificially procured from

the gonads seem to be slow in maturation and rather irregular in cleavage, The
speed of development is apparently dependent to a large extent on the temperature

(Loosanoff, personal communication), Loosanoff observed the following schedule

of events at room temperatures; times are recorded from insemination.

Stage

Time

Straight-hinge larvae

30-45 minutes
6-8 hours
18 hours
24 hours

Setting

About 14 days

Polar bodies

Ciliated swimming larvae
Late trochophores

D, Later Stages of Development: The larvae are quite small; Loosanoff reports

(personal communication) that normal straight-hinge larvae measure approximately 78 X 64 microns, The trochophores are top-shaped, and have a long apical
flagellum, Typical bivalve veligers are formed, similar in structure to those of
Mactra and Pecten, but smaller and more opaque, After setting, the young clams
grow quite well, according to Loosanoff,
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MOLLUSCA
(PELECYPODA)

Crassostrea virginica
(Formerly Ostrea virginica)
(Syn, 0, virginian

a Gould)

LIVING MATERIAL:

\.

~

The American oyster is found in shallow and brackish water and may be collected at West Falmouth, Rand's Harbor, and Hadley Harbor, Mass, The animals are raised commercially at Cotuit, Mass, The species is protandrous in these
northern waters, but in one-year-old animals the sexes are essentially separate,
although externally similar in appearance,
BREEDING SEASON:

'-

~

Mid-June to mid-August in the North Atlantic states (Galtsoff, 1937), prov:ded that the temperature is 20 to 210 C. or above, Loosanoff and Davis (1952)
state that in Long Island Sound, spawning begins at the end of June or early in
July. They also demonstrated that animals could be induced to spawn at temperatures as low as 150 C.

,

PROCURING AND HANDLING MATERIAL:

.~

A. Care of Adults: These animals will live indefinitely in aquaria provided with
running sea water. If they are to be kept for any period of time, the sexes should
be segregated, since the presence of members of the opposite sex acts as a stimulus
to spawning, To ascertain the sex of an adult, one can drill a small hole in the
anterior portion of one of the shell valves, and pinch off a small piece of the gonad
for microscopic examination. This procedure does not seem to disturb the animal
(Galtsoff, 1937), and the eggs or sperm are easily recognized in such a preparation,
B, Procuring Gametes: Ga1tsoff (1937) gives several methods for procuring
gametes and fertilizing the eggs of the oyster. The following account is abstracted
from his article.
Remove one of the shells and locate the gonads which, in a ripe animal, appear
as a creamy-white layer surrounding the visceral mass, Cut out a portion of an

ovary and shake it gently into a fingerbowl of filtered sea water, As soon as the
requisite number of eggs are released, the gonad should be removed, Sperm can

be obtained by cutting up 0,5 gram of testes into 50 cc, of sea water.
C. Preparation of Cultures: One or two cc, of sperm suspension is suffcient to
inseminate a fingerbow1 of eggs. According to Brooks (1880), the sperm retain

their full vitality for several hours; the eggs, however, should be fertilized immedi-

ately after they are released. Mix the eggs and sperm, allow the eggs to settle
and then decant the top layers, containing superfluous sperm, Fill the fingerbowl

with fresh, filtered sea water. In about four to six hours the larvae will rise to
the surface, They should be transferred by means of a wide-mouthed pipette to
105
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CRASSOSTREA

.--

a large battery jar of fresh sea water, and left undisturbed on a water table until
the following day, Sea water filtered through coarse filter paper will contain
enough microplankton to feed the larvae, but will be free of predators and com-

peting species, The sea water should be changed every day, The larvae may be

concentrated by the use of filter paper or bolting silk. For details of culture
methods for older larvae consult the papers of Prytherch (1937) and Loosanoff
(1954) ,
D. Extension of the Breeding Season: After the natural breeding season,

oysters pass into an "indifferent" stage, This is followed by sex differentiation

and then by a winter inactive stage which normally persists until April or May,
Precocious gonad development may be induced in mid-winter during the inactive
stage, The following conditioning method has been developed by Loosanoff (1945,

1954) : The animals are brought in from water in which the surface layer is frozen
or nearly frozen, and placed in trays of sea water maintained at 7-80 c.; the

temperature is gradually increased by several degrees per day, until it reaches
20-220 C. (after two to three weeks), Then the animals are removed from the
conditioning trays and placed in small glass dishes (containing sea water) which,

in turn, are set in a large tray into which warm water is poured, This procedure
rapidly increases the temperature of the sea water in the small dishes, and the

animals are induced to spawn, The fertilized eggs are freed of debris by passing
them through a series of fine screens; they are then transferred to large (fivegallon) earthenware jars containing sea water, and left undisturbed until they
reach the swimming larva stage (Loosanoff, 1954),
NORMAL DEVELOPMENT:

--

A. The Unfertilized Ovum: When first shed, the egg is irregular, hexagonal
or pear-shaped, but on exposure to sea water it quickly becomes spherical, measur-

ing 45 to 54 microns in diameter, It is somewhat opaque, The ovum is shed in

the
germinal vesicle stage, ~,
B, Fertilization and Cleavage: The germinal vesicle breaks down shortly after
insemination and two polar bodies are quickly formed by two maturation divisions,

A thin fertilization membrane is present, Cleavage is unequal and spiral, with
large polar lobes forming during the first two divisions, Gastrulation is accom-

plished chiefly by invagination, preceded by epibolic movements (Brooks, 1880),
C, Time Table 01' Deveiopment: The following schedule of development at 18
to 210 C. is given by Amemiya (1926). The time is calculated from insemination,
Time
Stage
First polar body

Second polar body
First cleavage

Second cleavage

Rotating blastula
Free-swimming gastrula

Trochophore ,

Shell well developed
Feeding begins

40
45
75
80

to
to
to
to

50 minutes
60 minutes
90 minutes
120 minutes

6% hours
8 hours
24 hours
52 hours
60 hours
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At 200 C. the free-swimming stage lasts about 17 days; according to Ga1tsoff

(1937), the free-swimming stage is reached in 4lh to 5 hours at 230-250 C.
D, Later Stages of Development and Metamorphosis: A rounded trochophore
is formed, with an aboral circle of cilia, It rapidly develops into a veliger by the

expansion of the prototroch into a round, flat velum and by formation of a shell,
bivalved from the time of its origin, The straight-hinge larva is a delicate pink
in color, This color darkens to reddish-brown in the older ve1iger, which has a

prominent foot, digestive tract and gils before metamorphosis, Diagrams and
further details of the younger forms are given by Brooks (1880) and of later
developmental stages by Stafford (1909),

'-
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MOLLUSCA
(PELECYPODA)

Cumingia tellinoides
LIVING MATERIAL:

This small, thin-shelled bivalve formerly was found on certain sandy mud
bottoms, usually in the vicinity of eel grass; it was collected by digging at low tide,
Formerly abundant at Woods Hole, Mass" it has not been available in this region
in appreciable numbers since the severe winter of 1934-35, although the population
is now slowly increasing,

The sexes are separate and can be distinguished by the color of the gonads
which can be seen through the thin shell; the testes are white, the ovaries sa1monpink.
BREEDING SEASON:

Mid- June to mid-SepteDIber. There is a critical water temperature (about

200 C.) below which the species does not spawn, At .Woods Hole, eggs were
usually abundant until about August 20, following which there was a lull lasting
until the beginning of September, or until the next full moon, Details of this lunar
periodicity can be found in a paper by Grave (1927a),
PROCURING AND HANDLING MATERIAL:

A, Care of Adults: The animals should be transported to the laboratory as
quickly as possible after collection, kept barely damp in moist sand, and protected

from high temperatures, While it is desirable to use them on the day they are
collected, they will survive for one or two days in cool, moist sand, They must
be kept away from sea water, to prevent shedding of gametes,

B, Procuring Gametes: Wash the adults free of all sediment and isolate them
in small stender dishes half-filled with sea water, If mature, both sexes will shed

30 minutes to one hour after being placed in sea water. Grave (l927a) believes
this spawning reaction in the laboratory is induced by shock. Collect the eggs
as they are shed, and transfer them to a fingerbow1 containing about 200 cc, of sea
water, After shedding, remove the adults from the stender dishes, They should

then be returned to their normal habitat,

C. Preparation of Cultures: Allow the eggs to stand for about 15 minutes (so
that they may advance to the metaphase of the first maturation division) and then
inseminate by adding one or two drops of dilute sperm suspension. Polyspermy

occurs if too much sperm is used, Allow to stand for about 30 minutes, and then
change the sea water several times to remove excess sperm and body fluids, Cover
the culture dish and store on the sea water table,
About 12 hours after insemination, pour the upper layers of water, containing

the normal, top-swimming larvae, into a large battery jar, and fill it with sea water.
Repeat this procedure in about four hours, and then leave undisturbed for one or
two days, At this time, the ve1igers tend to settle and lie quiescent on the bottom,
108
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They are readily collected with a pipette and should be transferred once a day to
fresh dishes of sea water until they metamorphose, During this time they must
be fed diatoms, preferably Nitzschia, It is advisable to employ some device for
gently agitating the water,

D. Methods of Observation: Early stages may be mounted on vase1ined slides
or on slides with the coverslips supported in some other manner. The jelly which
surrounds the eggs is rendered visible if they are placed in a suspension of Chinese

ink. Older moving larvae may be trapped in shredded lens paper or lightly
anaesthetized with a dilute solution of chloral hydrate in sea water, and mounted
in a Chinese ink suspension,

NORMAL DEVELOPMENT:

A. The Unfertilized Ovum: The egg is small; measurements of the diameter
vary from 61 to 65 microns, but the majority measure 62 or 63 microns, It is
surrounded by a tough vitelline membrane and a thick jelly-envelope, The egg
is transparent and contains yolk granules which give it a faintly pink cast, It is

shed in the germinal vesicle stage and, on contact with sea water, proceeds spontaneously to metaphase of the first maturation division,

B. Fertilization and Cleavage: The vitelline membrane is not elevated perceptibly at fertilization. The polar body is relatively enormous and seems to round
up before reaching the surface of the egg, Two polar bodies are formed, the first
usually remaining undivided. The living egg is suffciently clear for the approach
and association of the pronuclei to be observed, Cleavage is spiral and very closely

resembles that of Dreissensia (see the paper by Meisenheimer, 1901), The late
blastula becomes ciliated,
'-,

C. Ti11,e Table of Development: The rate of development varies considerably
with the temperature, A table showing developmental rates at different temperatures is presented by Grave (1927b), The following schedule was observed at

20 to 210 c.; times are recorded from fertilization,

Stage
First polar body

Time

First cleavage

12-15 minutes
28-35 minutes
60-70 minutes

Second cleavage

90- 102 minutes

Blastula
Gastrula
Trochophore
Fully-formed ve1iger
Metamorphosis

5-6 hours
7-10 hours
12-18 hours
2-24 days
16-24 days

Second polar body

D, Later Stages of Deveiopment and Metamorphosis: The early gastrula develops a prototroch and swims vigorously, The trochophore stage is of short
duration (less than 10 hours), Yolk obscures the internal organs of this larval
form. When first formed, the typical ve1iger settles temporarily to the bottom,
swimming less and less frequently until metamorphosis, A pair of semi-circular

valves develops, and extending from the straight hinge line to the ciliated velum
are several strands of muscle fibers, The digestive tract is ciliated and consists
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of oesophagus, stomach and intestine, The mouth and anal openings have formed,
Late veligers rarely swim, and the velum appears to have become more and more
an accessory feeding organ (Grave, 1927b),
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Ensis directus
LIVING MATERIAL:

Razor clams are found burrowing in muddy sand habitats, which are also suitable
for collecting Mya, They are procured by rapid digging at low tide, One of the
best collecting grounds in the
Woods Hole region is Barnstable Harbor, Mass"

and another is Rand's Harbor, Mass, The sexes are separate, but cannot be
distinguished externally,
BREEDING SEASON:

Little is known of the breeding season of this species, but according to Just
(1939), mature animals are found at Woods Hole during July, It is probable
that spawning begins before this, since in the colder waters at Prince Edward
Island, larvae have been found in the plankton throughout June (Sullivan, 1948),
PROCURING AND HANDLING MATERIAL:
A, Care of Adults: In the laboratory, the animals should be kept in wet sand

in an aquarium, protected from increases in temperature,
-- B, Procuring Gametes: Fertilization is internal, but it is possible to obtain fully
mature, unfertilized eggs, Best results are obtained with adults over five inches

long, Such animals isolated in large fingerbow1s wil, according to Just (1939),
shed naturally, Gametes may also be obtained directly from the gonads, To do
this, remove one valve, exposing the gonads (white irregular masses) which lie
Remove
the gonads with forceps or a pipette, and isolate in a watch glass. The gametes wil

on and around the dark brown digestive gland, just anterior to the heart.

~ ooze out, and when this extrusion has ceased, the gonads should be removed, The

eggs are relatively clean, and require little washing, They remain fertilizable
for five hours, but with a decreasing percentage of fertilization, .

C, Preparation of Cultures: If fertilization has already taken place, eggs may
be found in various stages of development, Unfertilized eggs may be inseminated
by adding several pipettes-ful of sperm suspension, After a short time, change the

sea water, in order to remove excess sperm. The cultures should be kept in a
large amount of water and stored on a water table, The sea water in the cultures

should be changed at least once a day. Loosanoff (1954) describes a method for
culturing older larvae of this form,

--

NORMAL DEVELOPMENT:

A. The Unfertilized Ovum: The egg of Ensis may be quite irregular in shape;
it is enclosed in a thin vitelline membrane and surrounded by a narrow perivitellne
space, The ovum is light yellowish-brown in color. It is rather granular, but
moderately transparent, and has a large germinal vesicle,

B, The Spermatozoon: The sperm are green in color, and relatively large, the
111
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head measuring 2,8 microns in width and 5,6 microns in length, They have a very

long taiL.

C, Fertilization and Cleavage: Shortly after insemination, the egg rounds up
and the germinal vesicle breaks down, The egg now measures 65 to 67 microns in
diameter, Two polar bodies are given off, and prominent polar lobes are formed
prior to each of the first two cleavages, Since the eggs are relatively transparent,
the phases of spindle formation in cell division are readily distinguished. Cleavage
is unequal and spiraL. A ciliated blastula is formed, which hatches and swims in
a clockwise circular manner at the surface. Gastrulation is by epiboly and in-

~

,
,

vagination,

D, Time Table of Deveiopment: The following schedule represents a range of
times observed in cultures developing at laboratory temperatures ranging from 27
to 300 C. Times are recorded from insemination,

Stage
Germinal vesicle breakdown
First polar body

Second polar body
First polar lobe
First cleavage

Second polar lobe
Second cleavage
Third cleavage

Morula
Free-swimming blastula
Gastrula
Early trochophore
Early ve1iger

Time
3 to 5 minutes
15 to 20 minutes
25 to 30 minutes
30 to 35 minutes
42 to 46 minutes
50 to 60 minutes
58 to 65 minutes
75 to 85 minutes
2Yi hours

3% to 4 hours
10 hours
11 hours
27 hours

E, Later Stages of Development: The ciliated gastrulá is bell-shaped, with a

prominent flagellum, It transforms rapidly into a typical trochophore, oval in
shape, At the end of one day, the shell gland can be seen and the early veliger
soon develops, The shell increases in size and has a long straight hinge, By the
end of the second day, many of the veligers have lost their flagella, The velums
are reduced in size, The viscera appear as an amorphous, coarse, granulated mass,

The larvae are pale yellow throughout their development, darkening only just

before settling to the bottom, The larval life seems to be of relatively short duration (Sullivan, 1948),
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MOLLUSCA
(PELECYPODA)

M actra (now S pisula) solidissima
LIVING MATERIAL:

These clams are found on sandy bottoms in shallow water, and may be collected

L.

by digging at low tide, Large individuals are obtainable at Barnstable, Mass,

The sexes are separate, but are similar in appearance,

'-

BREEDING SEASON:

Ripe animals can be secured at least throughout the summer months (Schechter,

1941), They have been collected off the New Jersey coast as late as December
(Hei1brunn, personal communication), and Allen (1953) reports that eggs are

'-

obtainable from animals collected in New Jersey waters at any time from early

spring until late autumn, In the \i\ oods Hole region, Allen (1953) describes the
season as beginning late in May and extending into September,
PROCURING AND HANDLING MATERIAL:

A. Care of Adults: Clams kept in large aquaria, with a good supply of running
sea water, wil retain their gametes in a viable condition for several weeks, It is

advisable to segregate the sexes, Dead or dying individuals should be removed
immediately,

The sex of an individual may be ascertained, without injury, as follows: Place
a wooden peg between the open valves to keep them slightly apart, N ow insert,

'-

as near the hinge as possible, a hypodermic needle (2Y2-inch, 20-gauge), attached
to a syringe containing a small amount of sea water, Inject a few drops into the

region of the gonad (anterior to, and below, the pedal retractor muscle), and then.
draw the fluid back into the syringe, If the animal is mature, this withdrawn

L-

material will contain either eggs or sperm, which are readily identifiable,
B. Procuring Gametes: Both male and female gametes may be procured by

either of the following methods: 1) Select an animal, rinse it in fresh water and
'-~

dry, In a few seconds, the valves will gape slightly and a strong, sharp scalpel can

be introduced to cut the adductor muscles. Remove the animal from the shell and

excise the gonad (which lies beneath the gils, mantle and heart), Eggs should
be strained through several thicknesses of cheesecloth (previously washed in fresh
water and then saturated with sea water) into a large volume of filtered sea water,

When the eggs have settled, decant the supernatant fluid and replace it with fresh
filtered sea water (Allen, 1953); this process of washing should be repeated at
least three times, in order to remove all blood and body fluids, which apparently

have a deleterious effect on fertilization. 2) Sometimes the animals shed spontaneously when they are removed from the shell,
C. Preparation of Cultures: Inseminate a fingerbow1 of eggs with four or five

drops of sperm suspension and gently rotate the dish once, Allow it to stand

undisturbed for about 30 minutes; then change the water and cover the dish with
a glass plate, Place the culture on a water table, and after about 10 hours, decant

113

'-

u;: ..'::.~ ;.:-~.¡¡:,.i.LÎ~~':' :~,

, " :~;'.. ":¡.'.;~h~.'~~~i;:lÆLj~~~;':,,\,

"~.:;'~;~~i¡¡;;~.~.'~~::~':,:~,..~" ,

114

MACTRA

the upper layers of water containing the vigorous top-swimming larvae to a clean
fingerbowl. Add fresh sea water to the decanted larvae, and repeat this procedure
at least once a day, After two or three days, diatoms should be added to the
culture, Details for the maintenance of larval cultures are given by Prytherch

(1937) and by Loosanoff (1954),

D, Methods of 0 bservation: Nuclei will stand out very sharply if the eggs are

placed on an ordinary slide, covered with a coverslip, and flattened slightly by

removing some of the water, Both eggs and swimming larvae can be observed
on depression slides, with or without covers1ips, The larvae may be quieted by
adding a few drops of dilute Janus green to the preparations. This paralyzes the

cilia, and the animals, although living, are held motionless,
NORMAL DEVELOPMENT:

A. The Unfertilized Ovum: When freshly shed, the egg is irregular in shape
due to pressure within the ovary, but on standing it soon becomes sphericaL. It
is small, measuring 53 to 56 microns in diameter, The center of the egg is almost
completely filled by an enormous germinal vesicle (30 microns in diameter), containing a prominent nucleolus, There is a thin layer of clear cortical protoplasm,

surrounding some densely packed yolk. The eggs will retain this appearance for
many hours, unless inseminated,

B. Fertilization and Cleavage: Within a few minutes after insemination, the
germinal vesicle begins to break down, and soon only a light area in the center of
the egg marks its former position, A thin fertilization membrane is elevated a very

short distance from the egg surface, The first polar body forms shortly after
germinal vesicle breakdown, and the second polar body is extruded directly beneath
it, Their position marks the plane of the first cleavage,

The male and female pronuclei become visible, approach each other and fuse,
Cleavage occurs soon after; it is unequal, and the first two blastomeres differ

greatly in size, The second cleavage follows and, in the case of the larger cell,
is again unequal, producing one large cell and three smaller ones, The subsequent
cleavages are rapid. They are of a spiral type, but because of the size differences
of the blastomeres, this is more diffcult to follow than in Crepidu1a, The small,
rapidly dividing ectodermal cells spread over the larger, yolk-filled endodermal

cells, leaving an uncovered region, the blastopore, Thus, gastrulation is by
epiboly; a swimming gastrula is formed, .

C, Time Table of Deveiopment: There is considerable variation in developmental rate, depending on temperature and other environmental factors; however,

the following schedules (which are obviously discrepant) give some idea of the
chronology at 210 C. (Allen, 1953) and 250 C. (Schechter, 1941), Times are
rec~rded from insemination.

Stage
Germinal vesicle breakdown
Formation of polar bodies
Pronuclei visible
First cleavage

Second cleavage

Swimming forms

Time (210 C.)
6-7 minutes
29 minutes
50 minutes

74 minutes-99 minutes
Within 24 hours

, '-

Time (250 C.)
10 minuteu,
30 minutes
50 minutes
, 65 minute
95 minutes
5 hours
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D, Later Stages of Development and Metamorphosis: The young swimming larva

(5-6 hours after insemination) has on the future dorsal side a plate of large cells,
the primordium of the shell gland, Internally, two large dark cells, the mesodermal
te10b1asts, are often visible, By 9 hours, the embryos have lost their somewhat
barrel-shaped appearance and are pyramidal trochophores, The expanded base

of the pyramid is the region in which the velum wil form, The cilia are not
L-

markedly visible at this time, On the ventral side a small indentation marks the
blastopore, and on the dorsal surface the invagination of the shell gland appears
as a conspicuous concavity. By 14 hours the shell gland has evaginated, and
this hollow cannot be seen, The cilia of the velum and the apical flagellum are
well developed,

The young ve1iger (18-19 hours) has a well-developed bivalved shell, with a
straight hinge line, On the side opposite the apical flagellum a telotroch has

formed, The stomodeal invagination lies just below the velum, but as yet there is
no proctodea1 invagination, The internal structures are obscured by a mass of
undifferentiated en
do dermal and mesodermal cells which fills most of the postvelar area,

The two-day larva has both mouth and anal openings, and clearly defined

oesophagus, stomach, intestine and liver. The movements of the digestive tract
and the cilia which develop along its entire length are easily observed. Three
groups of retractor muscles converge dorsally, and the anlage of the anterior

adductor muscle can be seen as a small clump of cells anterior and dorsal to the
stomach,

In about five days the velum gradually disappears, giving place to a slender,
active foot (Belding, 1910), This functions first as a swimming and later as a
crawling organ, The young clam is now ready to settle to the bottom,
The development of Dreissensia is very similar to that of Mactra; it has been
described and figured by Meisenheimer (1901),
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'MOLLUSCA
(PELECYPODA)

M yo. arenaria
LIVING MATERIAL:

The soft-shell clam is found between tide lines and in shallow water, on mud flats

and under stones, It may be collected in many such areas around Woods Hole,

Mass, (including Rand's Harbor), but is not abundant, The sexes are separate;
however, they cannot be distinguished unless the gonads are cut open and the sexual

'-

products examined,

BREEDING SEASON:

Spawning begins when the sea water temperature rises above 10 to 120 C.

(N elson, 1928), and, according to Just (1939), extends throughout the summer.
Observations by Bumpus (1898), Kellogg (1899), and Mead (1901), however,

limit it to May and June, Belding (1915) recorded spawning in June and July,
but we have seen only spent females at the beginning of July. The discrepancy

might be explained if there is a second peak of gamete production in late summer,
as suggested by Battle (1932) and, more recently, by Sullivan (1948), The latter
observed an increase of young larvae

at Prince Edward Island,

at the beginning of August in plankton taken

PROCURING AND HANDLING MATERIAL:
A, Care' of Adults: The adults must be kept in clean aquaria and occasionally

allowed to lie exposed, Foul water and continuous submergence are unfavorable
(Kellogg, 1899),

L

B, Procuring Gametes: Mature animals of both sexes have a firm, hard foot
and large creamy gonads, surrounding the digestive tract, It is probably best to
use naturally-shed gametes obtained from isolated mature individuals. Eggs and
sperm obtained by cutting open the gonads in sea water will, upon insemination,

produce only about 10 to 20 per cent normal development (Mead, 1901); Belding
(1915) also reported that artificial insemination is not very successfuL.

C. Preparation of Cultures: Inseminate a fingerbow1 of eggs by adding two or

three cc, of sperm suspension, Leave for about 15 minutes and then decant the
supernatant fluid and replace with filtered sea water, In about 12 hours the upper

layers of water, containing free-swimming larvae, should be poured off into a large
battery jar. Fill the container with sea water filtered through coarse filter paper,

and aerate. The sea water should be changed every second day and a small

quantity of mixed microplankton should be added daily, Old shells will provide
surfaces for attachment as the time for metamorphosis approaches, Prytherch

(1937) and Loosanoff (1954) give details for mass culture of larvae,
NORMAL DEVELOPMENT:

A, The Unfertilized Ovum: The egg is almost spherical; measurements of the
diameter vary from 58 by 62 microns (Stafford, 1901) to 80 microns (Battle,

1932), Belding (1915) recorded 62,5 microns as the average diameter. The
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ovum is surrounded by a vitelline membrane enclosing a thin perivitelline space,
and a jelly-case is often seen, A considerable amount of yolk is present, and the
egg is grey, It is shed in the germinal vesicle stage,

--

B, Cleavage: The unequal, spiral cleavage resembles that of Pecten and Venus,
A ciliated blastula is formed, and gastrulation is by invagination, probably preceded by epibolic movement,
C. Deveiopmental Rate: The blastulae develop in about 9 hours, and trochophores by 12 hours after insemination, The ve1iger larvae may be seen in about

36 hours, In Massachusetts waters, the larvae spend about two weeks at the

swimming stage, before settling to the bottom as spat (Ayers, 1956).
D. Later Stages of Deveiopment and Metamorphosis: As the trochophore

forms, the body becomes elongated and the cilia become confined to the anterior
part of the body, A primitive mouth is present, and opposite it the shell gland
develops, The 24-hour larva is a typical 1amellbranch veliger with a transparent,
bivalved, hinged shell, an apical flagellum, and a round, ciliated velum. In the
older veliger, the velum degenerates and is replaced by the foot as an organ of

--

locomotion, Mantle, gills, heart and a pair of otocysts develop prior to metamorphosis, Figures of the older larvae and fixation stages may be found in papers
by Kellogg (1899), Mead (1900) and Stafford (1909).
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M ytilus edulis

LIVING MATERIAL:

I. The edible mussel is found attached by byssus threads to other mussels, to

rocks and to piles, between tide lines and in shallow water, At Woods Hole,
Mass" it is common and may be collected off docks and at Penzance Point and

'-

Pine Island, The sexes are separate but cannot be distinguished externally,
BREEDING SEASON:

Spawning individuals have been obtained in the Woods Hole region from early
'- June to mid-September (Bumpus, 1898; Field, 1922), Nelson (1928) noted that

spawning of this species begins at temperatures of 10 to 120 c., which indicates
the possibility of an earlier season than has been recorded, His findings are supported by the recent work of Sullvan (1948) at Prince Edward Island; Sullivan
obtained larvae from late May to early August, when temperatures ranged from
10 to 240 C. Battle (1932) offers some evidence of a lunar periodicity for this
species,
PROCURING AND HANDLING MATERIAL:

A. Care of Adults: The animals may be kept on a sea water table or in aquaria
provided with running sea water, The sexes may be identified by examining the
gonads, which completely fill the mantle folds of mature animals, The testes are

orange-pink in color, the ovaries deep maroon; spent gonads are transparent,
B, Procuring Gametes: Field (1922) states that rough handling, such as shak-

'-

ing in a bucket or stirring rapidly in a dish of sea water, wil induce spawning
within an hour, This method has not proved successful in our experience,
Gametes can be obtained, however, by removing the valves of an individual and
placing the mantle folds in a small fingerbow1 containing about 100 cc, of sea water,

If the gonads are fully ripe, the gametes will ooze from them. The eggs should
be strained through cheesecloth (previously washed and rinsed in sea water) to

a bowl of fresh sea water, Berg and Kl1tsky (1951) report that they obtained
Myti1us gametes by placing the animals in separate bowls of sea water and allowing

natural spawning to occur. Their animals were stored for periods as long as one
week at 40 C. before spawning occurred,
C. Preparation of Cultures: As soon as a microscopical examination of the eggs

reveals germinal vesicle breakdown, they may be inseminated by the addition of
four or five drops of active sperm suspension, Artificial insemination is not successful unless the eggs are readily released, the sperm very active, and germinal

vesicle breakdown prompt, The eggs remain fertilizable for about three or four
hours, Larvae may be cultured through metamorphosis; a method is described by

Loosanoff (1954),
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NORMAL DEVELOPMENT:

A. The Unfertilized Ovum: The egg is almost spherical, measuring 70 microns
in diameter, and is enclosed by a vitellne membrane about one micron thick. It

,.

is pale brownish-pink in color, but when viewed in transmitted light, has a yellowish
color. Although shed in the germinal vesicle stage, the ovum rapidly proceeds

to metaphase of the first maturation division, becoming somewhat oval in shape
meanwhile. It remains in this condition for three to four hours and then, unless
fertilized, it dies (Field, 1922),
B, Fertilization and Cleavage: The head of the sperm enters, enlarges and
moves toward the center of the ovum, which assumes a spherical form, Two
polar bodies are given off in fairly rapid succession, the second directly below the
first, Prominent polar lobes are formed prior to the first two cleavages, Cleavage
is unequal and spiral, and gastrulation is by epiboly followed by invagination

(Rattenbury and Berg, 1954), Figures of these early stages may be found in

a paper by Field (1922),
C, Time Table of Deveiopment: The following schedule of development at
200 C. was observed by Field (1922), The time is recorded from insemination,

Stage

Time

First polar body

18 to 20 minutes

Second polar body

30 minutes

Polar lobe formation, fusion
of pronuclei

First cleavage

Second cleavage

Free-swimming blastula
Gastrulation, young trochophore
Shell appears

Well-formed ve1iger
Metamorphosis

50 minutes
70 minutes
80 minutes
4¥! to 5 hours

20 hours 43 hours
69 hours

1 7~ weeks

D, Later Stages of Deveiopment and Metamorphosis: The young trochophore
is a top-shaped organism with an extremely long apical flagellum and an equatorial
circle of long cilia, About 40 hours after insemination, the shell gland appears

as an invagination on the dorsal side of the larva; the apical flagellum is lost as the
velar cilia develop (Rattenbury and Berg, 1954), The intestine is well developed,
and the mouth, stomach and proctodeum are distinguishable, Within a few hours,

the shell is formed, first as a single structure but soon becoming bivalved, It
grows rapidly until it encloses the viscera, A conspicuous statocyst is present in
the foot, which develops a "heel," enclosing the opening of the byssus gland, It

also has a pair of eyespots, At metamorphosis, the larva, now asymmetrically

shaped, settles to the bottom and becomes attached by byssus threads, The velum
disintegrates, and the valves develop a blue rim as they increase in size. Stafford
(1909) and Rattenbury and Berg (1954) present further details and diagrams of
late larvae and metamorphosing forms,

~
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SPECIAL COMMENTS:

Since this species is abundant at Woods Hole and the female furnishes an
adequate supply of ova, it should be more frequently utilized as embryological

'-

research materiaL. The eggs resemble those of Cumingia and Ensis,
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-MOLLUSCA
(PELECYPODA)

N ucula proxima truncula
LIVING MATERIAL:

This species burrows on muddy bottoms and can sometimes be obtained by
dredging in Hadley Harbor or the Fisheries Basin at Woods Hole, Mass. It is
not very commonly found at present, The sexes are separate and cannot be
distinguished externally,

Another member of this genus, N, delphinodonta, is found in the localities
mentioned above, but it is smaller than N, proxima, and usually inhabits shallower
waters, Various sub-species of N, proxima occur at intervals along the Atlantic

..
--.

Coast, The eggs of N. deiphinodonta are retained in a brood-pouch attached to

the shell, until the embryos have undergone metamorphosis: Neither eggs nor
larvae of this species will develop outside the brood-pouch,
BREEDING SEASON:

Although it has not been investigated in the Woods Hole region, Drew (1901)
indicated that in Maine waters, this species spawns during the summer.
PROCURING AND HANDLING MATERIAL:

bowls supplied with runA. Care of Adults: Adults may be kept in large finger
ning sea water.
B, Procuring Gametes: It is not known whether eggs removed from the gonads

can be successfully fertilized, Drew (1901) reported that in the laboratory, the
animals wil shed in fingerbowls of sea water, but he did not describe his methods
in detaiL.

C. Preparation of Cultures: Naturally-inseminated eggs have been cultured

through metamorphosis by Drew (1901), The larvae are well supplied with yolk,
and do not require any special feeding.
NORMAL DEVELOPMENT:

A, The Unfertilized Ovum: The mature ovum is yolky, and measures 90
microns in diameter, There is some evidence that maturation is completed in
sea water, even if the egg is not inseminated.

B, Cleavage: Cleavage is total and spiral, but has not been described in detaiL.

If the cleavage pattern resembles that of N, deiphinodonta, it is unequal, and polar
lobes are formed before both the maturation divisions and first cleavage, Gastrulation is probably by epiboly (Drew, 1899),
C. Rate of Deveiopment: Development is very rapid, By 25 hours, the larvae
are swimming and possess a well-marked shell gland and intestine, Metamorphosis occurs at about 60 hours,

D, Later Stages of Deveiopment and Metamorphosis: The free-swimming larva
is similar to that of Y oldia, but is smaller and rounder in shape, The embryo
122
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develops within an external test, formed of five rather indistinctly arranged rows
of ciliated ectodermal cells, As in Yoldia, the cilia of three of these rows are

long and concentrated into bands; there are indications occasionally of a fourth
banded row, which is not characteristic of Yoldia, There is a prominent apical
'-"

tuft and a well-marked stomodeum, leading into an elongate midgut, Close to the

stomodeal opening on the dorsal side, there is an opening in the test which probably

represents a region where the test failed to grow over the shell gland, At meta'~

morphosis, the test is cast away, and the embryos lie helpless for several days while

'-
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MOLLUSCA
(PELECYPODA)

Pecten irradians

(Syn, Gibbus borealis Say)
LIVING MATERIAL:

The common scallop inhabits the shallow waters of protected bays with sandy
mud bottoms, It may be collected at Cotuit or from the Eel Pond at Woods Hole,
Mass, The species is hermaphroditic and apparently self-fertile, but in nature

,"'

the eggs and sperm of an individual are shed into the sea at different times,
BREEDING SEASON:

Belding (1910) states that the breeding season at Wools Hole lasts from midJune to mid-August, and in Buzzard's Bay is advanced about two weeks, There

is some evidence that spawning begins when the ocean temperature rises to 15 to
160 C. (Belding, 1910; Nelson, 1928). However, at Beaufort, N, c., the season
is reported to extend from the end of July, when the water temperature must be
well above this critical temperature, to January, reaching its peak during the fall
(Gutsell, 1930),

PROCURING AND HANDLING MATERIAL:

A, Care of Adults: It is convenient to keep the scallops in large aquaria, supplied with running sea water.
B, Procuring Gametes: Mature individuals can be selected by prying open their
valves and inspecting the gonads, These organs are found in the lower portion of
the visceral mass, and are covered by glossy black pigment during the breeding

~'~

season, The testis is a narrow, elongated, cream-colored structure, ventral to the
liver, It extends along the lateral border of the ovary, which in a ripe animal
is distended and bright orange-pink in color, Both glands are small and pale

after spawning.

The animals normally spawn between 8 A.M. and 4 :30 P,M. The optimum
spawning temperature, according to Belding (1910), lies between 24,5 and 290 C.
In the laboratory, the frequency of spawning may sometimes be increased, but not
always successfully, by raising the temperature of the sea water in which a pre-

viously washed, mature adult is placed. Belding's method was to expose the
animal to the sun, in a small jar of sea water over dark paper; after a period, the
animal might spawn. Gutsell (1930) raised the temperature of the sea water
from 25 to 320 c., and on cooling, the animal occasionally spawned,

Since eggs and sperm are usually shed separately, the animals can be removed,

rinsed in fresh water, and placed in fresh sea water after each discharge, In this
way, the eggs and sperm can be collected separately. Spawning ceases when the
animals are returned to cold water, so that specimens may be used repeatedly,

It is also possible to obtain gametes by cutting up the gonads in sea water, but
124
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eggs obtained by this method are not as favorable as those which are naturally shed
(Belding, 1910),

C. Preparation of Cultures: Inseminate the eggs with four or five drops of

sperm suspension; when they have settled, decant the supernatant fluid and fill the

'-

container with fresh sea water, Store the culture on a sea water table, In about

12 hours, decant the upper layers of sea water, containing the swimming larvae,
into a large battery jar. Fill the jar with sea water filtered through coarse filter

paper; this will contain enough microplankton and other minute particles to feed
the larvae, but will eliminate competing forms, The sea water should be changed
once a day. The larvae may be concentrated by the use of filter papers or No, 25

bolting silk. For further details, consult the paper of Prytherch (1937),
NORMAL DEVELOPMENT:

A, The Unfertilized Ovum: The egg is pale orange in color and opaque, due
to the presence of numerous yolk granules, It is surrounded by a thin membrane,

'-

which does not elevate upon insemination, and an outer, thin jelly-hull, Although

one axis may be slightly longer than the other, the ovum is almost spherical, and
measures about 63 microns in diameter (Belding, 1910). The germinal vesicle

'I

1,..

of the mature egg probably breaks down either before or immediately after it is
released,

B. Fertilization and Cleavage: The fertilization membrane is not well marked,
Some time after insemination, two polar bodies are formed; the second pushes out
of the egg directly beneath the first, They remain attached to the egg, Cleavage
is unequal and spiraL. The yolk lobe is very prominent and a marked trefoil stage
is present during first cleavage, Gastrulation is by epiboly followed by invagina-

',-

'-

tion. The ciliated gastrula rotates through the water,
C. Rate of Development: The following schedule was published by Belding
(1910), The temperature was not recorded; time is calculated from insemination,
Time
Stage
First polar body
First yolk lobe

First cleavage

Second cleavage
Third cleavage

Blastula
Ciliated gastrula

Trochophore
Straight-hinge veliger
Late ve1iger

',-

33 minutes
43 minutes
46 minutes
67 minutes
81 minutes
9 hours
10 hours
12-14 hours
17--0 hours
5 days

In cultures developing at 25° c., Gutsell (1930) obtained trochophores II one to
two days, and straight-hinge ve1igers in 42 to 48 hours,
D, Later Stages of Deveiopment and Metamorphosis: The early trochophore is
top-shaped, with a long apical flagellum and a ciliated anterior pole, It is pro-

pelled through the water, rotating about its longitudinal axis, The shell appears
about 14 hours after insemination, and grows rapidly, forming a straight hinge in
the young veliger. This has a simple, three-part digestive tract, an inconspicuous

'-
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mantle, and one adductor muscle (the anterior one), The larva is propelled

through the water by a conspicuous ciliated velum, In late veligers (four days
old), the degenerating velum is replaced by a well-developed foot, Gill filaments
and the posterior adductor muscle are present, and the mantle has now become
conspicuous, The digestive tract has developed pa1ps and a coiled intestine, At
metamorphosis, the larva settles and becomes temporarily attached by the byssus,
and the velum disintegrates, Diagrams of larval stages can be found in the paper
by Belding (1910).
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MOLLUSCA
(PELECYPODA)

c.

Teredo navalis
LIVING MATERIAL:

'''--

The shipworm normally attacks permanent wooden structures, such as wharf
piles; it is therefore diffcult to obtain large numbers of these animals without
making advance preparations. Turner (1947) recommends the use of a laminated
collecting board, It is made of six or more layers of soft, straight-grained wood
12' X 6" X 7~", with brass or galvanized iron washers separating the layers to

produce cracks large enough so that the animals will not cross from one layer to
the next, The borers form long straight tubes and, as the wood is very thin, may
be easily extracted, The board should be suspended vertically in the region of
most severe attack, which is usually near the mud-line, and weighted so that it wil

remain in place. If this is done in July or August, the boards wil be infested

with shipworms by the following summer. Another device for collection is de-

~
.~'-..

'-

scribed by Lasker and Lane (1953); it is somewhat less cumbersome than that

recommended by Turner,
The animal is abundant at Woods Hole, Mass.
In the adult, the sexes are separate and cannot be distinguished externally.
Young animals, however, are potentially hermaphroditic and pass through alternating uni-sexual phases during their development, Details of this may be found
in papers by Coe (1936, 1941) and Grave (1942), The species is viviparous,

.,

releasing larvae at an advanced veliger stage; certain other related species of ship-

worms (T, dilitata and Banl?ia (Xylotria) gouldii), not found in the Woods Hole
region, are oviparous,

',-

BREEDING SEASON:

These animals breed at Woods Hole from the first or second week of May until
mid-October, Spawning begins when the water temperature rises above lIto
120 C. (Grave, 1928),

PROCURING AND HANDLING MATERIAL:

I.

A. Care of Adults: The animals should be left in the collecting board and supplied with running sea water until required for study or experimentation, at which
time they may be dissected out with ease,
B. Procuring Gametes: Active sperm are expelled by sexually mature males
when they are removed from their burrows. However, eggs of this species which
are artificially inseminated wil not develop beyond the third or fourth cleavage,
C, Preparation of Cultures: Various developmental stages can be obtained by

dissecting open the gill chamber of a ripe female, (Sigerfoos, 1908, presents a
diagram showing the anatomy of the adult, and the location of this brood chamber,)

The tightly packed embryos are arranged in two parallel rows on either side of
the elongate body, Three developmental stages are usually present in each mature
127
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female; the oldest, which are grey in color, are located in the most anterior region

(Hatschek, 1880), The eggs and younger stages are white in color; they will

not live for more than a very short period outside the gill chamber. However, late
trochophores and ve1igers can readily be cultured in fingerbowls of sea water, The
veligers are very hardy and may be kept for about three weeks with a minimum of
care, provided they are fed regularly with diatoms (Grave, 1937),
NORMAL DEVELOPMENT:

A, The Unfertilized Ovum: The egg is small, measuring 55 to 60 microns in
diameter. It is surrounded by a delicate membrane and contains a large germinal

vesicle, The animal pole is distinguishable from the darker vegetal pole, even in
the unfertilized condition, The ovum is white in color.

B. Fertilization and Cleavage: There is apparently no observation recorded
concerning the state of the ovum at fertilization, Cleavage is markedly unequal

--

~

and undoubtedly spiraL. Gastrulation is by epiboly and invagination, The embryo
is about 250 microns in diameter when it is released from the maternal gill (Lane
et aI" 1954).

C. Rate of Development: Since the eggs of this species cannot be reared outside
the parent, the developmental rate has been estimated, only, using indirect methods,

~'~

Grave (1928) suggested that the entire developmental period from insemination

to metamorphosis lasts about five weeks, with at least half this time spent within
the gill chamber of the mother. Lane et aI, (1954) state that the normal free-swim-

'-,

ming period does not exceed four days. The young animal reaches sexual maturity
about six weeks after metamorphosis,

D, Later Stages of Deveiopment and Metamorphosis: The early trochophore

is top-shaped and measures 59 by 60 microns, Although the alimentary tract
appears solid and dark, a recognizable stomodeum is present. The prototroch is
either very poorly developed or absent. In older trochophores the cilia, which
previously covered the entire body surface, are limited to the region of the velum.
The appearance of the shell gland coincides with, or slightly precedes, velum formation, The newly-formed shell is single, but it soon becomes bivalved, Older

veligers are actively motile, even within the branchial chambers, The velum in
these larvae is well developed and the pre-trocha1 hemisphere is tipped with an
apical tuft of cilia, The complex digestive tract consists of stomach, intestine and

liver, and has mouth and anal openings, Traces of kidney and muscles are also
present, Diagrams of the stages developing in the brood chambers can be found

in a paper by Hatschek (1880),
During the free-swimming period, the larva develops siphons, gils and a wellmarked foot with byssus threads, The nervous and muscular systems continue to

differentiate, As it grows older, the color of the larva changes from grey to
yellow-green, and finally to olive green. After attachment, the young Teredo
undergoes a remarkably rapid metamorphosis, during the course of which the velum
is cast off and eaten, For details of metamorphosis and diagrams of the young
attachment stages, see the paper by Sigerfoos (1908),
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MOLLUSCA
(PELECYPODA)

Venus mercenaria

..

LIVING MATERIAL:

Venus mercenaria, the hard-shell clam, is also known as the "little-neck" or
quahog, It burrows in mud or sand flats near the lower: part of the intertidal zone,
The quahog is common at Woods Hole, Mass" and can be dug from the mud off

Devil's Foot Island, Another clam, Callocardia, obtained in the same areas, is
similar in appearance, but has a smooth margin to its shell; it is considerably
smaller than the mature Venus,

Venus is "partially hermaphroditic," but is never self-fertile, It is usually
protandrous until the second year, when the animal either remains male or reverses
its sex (see the paper by Loosanoff, 1937b, for details),
-'"

BREEDING SEASON:

Mid-June to mid-August, with a peak period extending from late June through
early July, Individual batches of animals will shed for about 20 days only (Beld-

ing, 1911), The temperature of the sea water must be above the critical level of
23 to 250 C. (Loosanoff, 1937b),
PROCURING AND HANDLING MATERIAL:

A, Care of Adults: These animals will remain in good condition indefinitely in
the laboratory, if they are kept in large aquaria provided with flowing sea water.
B. Procuring Gametes: Since all attempts to prepare cultures by cutting up
the gonads have proved unsuccessful, it is necessary to use naturally-shed gametes,
Animals kept in the laboratory have been known to spawn three different times

during a single season, extruding the gametes through the excurrent siphon in a
fine stream. Belding (1911) stated that mature quahogs spawn at night when
the water temperature reaches 24.50 c., and do best when they are not covered

with sand, To induce shedding, place a beaker containing an adult into a waterbath, raising the temperature rapidly to 32-330 C. Spawning usually occurs when
the animal is cooled slowly, If the normal sea water temperature is above 200 c.,
the procedure is not effective until the animal has beet) pre-treated by chillng in
an ice box for 24 to 36 hours (Zinn, personal communication).

C, Preparation of Cultures: The ova should be inseminated immediately. Add
four or five cc, of sperm suspension to a fingerbow1 of eggs and mix well, In a
few minutes pour the contents through a #80 stainless steel sieve with 177-micron
openings, into a fingerbowl of sea water, This wil remove large debris, Repeat,

using a finer sieve, which wil retain the eggs and allow excess sperm and other
small particles to be eliminated, Place the eggs in large battery jars of sea water
and aerate continuously, Leave them undisturbed until the early veliger stage,
then change the sea water every second day, Add a small quantity of mixed

microplankton to the cultures daily; shells should be added to older cultures, to
130
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provide surfaces for attachment at metamorphosis. Using this method, Loosanoff
and Davis (1950) reared cultures through metamorphosis without diffculty,

D, Extension of the Breeding Season: Loosanoff and Davis (1950) have conditioned quahogs so that they spawn in winter, They are taken from their natural
beds at a temperature of about 00 c., and placed in trays of running sea water

having a temperature of approximately 5 to 70 C. At intervals of three to five
days, the temperature is increased by several degrees, up to 20 to 220 C. This
conditioning period takes about three weeks, Actual spawning may now be in-

duced by the method outlined above, Not all egg batches will have the same
vitality, but with experience, poor batches can be recognized and eliminated,
NORMAL DEVELOPMENT:

A. The Unfertilized Ovum: Due to pressure within the ovary, the newly-shed
egg is often irregular in shape, and one axis may be longer than the other, When

spherical, the egg measures about 70 to 73 microns in diameter (Loosanoff and
Davis, 1950), It is surrounded by a gelatinous membrane which swells markedly

on contact with sea water; the diameter across this membrane measures 167 to
170 microns, The ovum is very yo1ky and appears white and opaque, It is shed

--

in metaphase of the first maturation division, The germinal vesicle apparently
wil not break down in sea water (Loosanoff and Davis, 1950),

B, Fertilization and Cleavage: A fertilization membrane is formed; cleavage is
by

spiral and unequal. Poorly defined polar lobes are developed, Gastrulation is

'-

,

epiboly, followed by invagination,
C. Time Table of Development: The following schedule of development at about
220 C. is presented by Loosanoff and Davis (1950), Time is calculated from
insemination,

Stage
First cleavage

',-

Second cleavage
Ciliated blastula

Early gastrula
Trochophore

.~

¡

Straight-hinge ve1iger

Fully-formed veliger
Mature larva, ready to set
'--

Time
45 minutes
90 minutes
6 hours
9 hours
12 hours
24-36 hours
32--4 hours
12 days

D, Later Stages of Development and Metamorphosis: The gastrula elongates
to form a top-shaped trochophore, which has no apical flagellum, but which is pro-

pelled through the water in a spiral direction by a crown of cilia at its anterior

end. A mouth and shell gland are formed, The shell of the early veliger is
bivalved and has a straight hinge line, Two adductor muscles are present, The

mouth, stomach and small intestine are clearly visible, but the mantle is inconspicuous, The velum is ellptical and well ciliated, In older veligers, the velum
degenerates and is replaced by a prominent ciliated foot, with its associated byssus
gland, The digestive tract becomes increasingly complex, developing a liver,

pa1ps, and a long, coiled intestine, A well-formed mantle is present, At metamorphosis, the larva settles and becomes temporarily attached by the byssus,
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Diagrams and further details of the larval stages can be found in papers by Stafford
(1909), Belding (1911), Loosanoff and Davis (1950) and Loosanoff, Miller and
Smith (1951),
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MOLLUSCA
(PELECYPODA)

Yoldia limatula
LIVING MATERIAL:

This bivalve may be found burrowing in sandy mud or swimming in shallow

coves and inlets, At Woods Hole, Mass" it is easily obtained by dredging in Eel
Pond or Hadley Harbor; the pollution of Eel Pond, however, is not conducive to

~

the development of prime individuals,
The sexes are separate and are easily recognized during the breeding season.

The ripe gonads are very extensive and surround the visceral mass just above the
foot; in mature females, they are chocolate brown in color, in males they are yellow.
BREEDING SEASON:

Probably during the early summer months, However, the season has not been
determined for the Woods Hole area,
PROCURING AND HANDLING MATERIAL:

A, Care of Adults: Adults may be kept in aquaria or in large fingerbow1s supplied with running sea water.
B, Procuring Gametes: It is not known whether eggs removed from the gonads
can be artificially inseminated, Mature animals, however, wil spawn spontaneously
in the laboratory,

L

C. Preparation of Cultures: Naturally-inseminated eggs may be reared through
metamorphosis, No special feeding is necessary, as the larvae are well supplied
with yolk. They are free-swimming and should be decanted daily to fresh sea
water.

'~
NORMAL DEVELOPMENT:
A. The Unfertilized Ovum: The mature egg measures approximately 150

'~

microns in diameter, and is free of membranes (Drew, 1897), It is chocolate
brown in color and very opaque, containing a large amount of yolk. Two polar
bodies are extruded and lost shortly after the ovum is shed,
B, Cleavage: Cleavage is total, unequal and spiraL. Gastrulation is by epiboly.

C. Rate of Development: Development is fairly rapid, The first cleavage occurs about two hours after insemination, By 36 hours, the swimming embryo

has a developing shell gland and cerebral ganglion, and by 80 to 105 hours it
'~

'-

metamorphoses,

D. Later Stages of Development and Metamorphosis: The early barrel-shaped
larva is marked by a unique structure: a ciliated outer covering which is discarded
at metamorphosis, The ectodermal cells which form this covering, or test, are
arranged in five distinct rows, The two end rows are covered with short, evenly
distributed cilia, and each of the intervening rows bears a band of longer, powerful

cilia. A very long apical tuft is visible at one pole, and at the opposite pole is the
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blastopore, Close to this, on one side, there is a small invagination, the stomodeum,

Beneath the test, another ectodermal layer is formed, that of the embryo proper.
At metamorphosis, the animals settle to the bottom, the apical cilia shrivel, and
the test cells disintegrate, The young animal which emerges has a pair of straighthinged shell valves, otocysts containing otoliths, and a well-developed foot which
becomes active within a few hours, There are rudimentary gils and a complex
rudimentary digestive tract. Further details, and ilustrations of the development

of this animal, may be found in the papers by Drew (1897, 1899a, 1899b).
REFERENCES:
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'MOLLUSCA
(GASTROPODA)

Busycon carica (formerly Fulgur carica)
and B, canaliculatum (formerly Sycotypuscanaliculatum)

LIVING MATERIAL:

Busycon carica is rare at Woods Hole, Mass,; B, canaliculatum can often be
purchased from 10bstermen in the vicinity, The egg-strings of B, canaliculatum

',-

(which have a single-keeled edge, according to Johnson, 1903) are sometimes found

cast up on beaches in the Woods Hole-Falmouth area, but they are not very
common,
BREEDING SEASON:

Conklin (1907) states that the breeding season of B, canaliculatum occurs in
late August and early September, The season for B, carica is apparently earlier;

at Beaufort, N, c., the animals deposit their egg-strings in May and June,

'-

PROCURING GAMETES:

The eggs and larvae do not live very long when brought into the laboratory,
and the eggs are unsuitable for experimental purposes because they flatten out

\~ when they are removed from the protective jelly,

NORMAL DEVELOPMENT:

A, Egg Characteristics: The eggs of both species are laid in parchment-like,
disc-shaped capsules attached to a long central cord; in both forms, the first few

capsules of a cord may be small and empty, Within each of the subsequent capsules there are 10-20 eggs, embedded in a gelatinous matrix, The eggs of both
species are very large and yolky; the average diameter of the egg of B. carica is
approximately 1700 microns, while that of B, canaliculatum is about 1000 microns.
There is no fertilization membrane present on either egg,
B, Cleavage and Gastrulation: The development of B, carica has been studied
by Conklin (1907) and by McMurrich (1886, 1896) ; presumably, that of B, canaliculatum is similar. The following description applies to B, carica, Cleavage is

spiral and almost equal, closely resembling that of Crepidu1a until the 56- to 60-cell
stage, Small yolk lobes are formed during the first two cleavages; the micromeres

',-

are small and yolk-free. Cleavage in Busycon shows a transition between the
holoblastic and meroblastic types, The mitotic figures of at least the first few
divisions are very small, in relation to the size of the cells,
C. Rate of Development: In B, carica this is known to be slow; a period of
about 13 months is apparently spent within the capsules,
D. Later Stages of Deveiopment: Due to the enormous supply of yolk, the

L.

closure of the blastopore occurs very slowly, and the larval organs appear on the
upper surface of the yolk mass long before closure is completed, Shell gland,
mantle, ganglia and velum are well formed before the blastopore closes. The foot,
135
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intestine, gils, larval kidney and heart appear during later development, For
details and diagrams, see the papers of McMurrich (1886) and Conklin (1907),
REFERENCES:
CONKLIN, E. G" 1907, The embryology of Fulgur: A study of the influence of yolk on devel-
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MOLLUSCA
(GASTROPODA)

'-

Crepidula fornicata and C, plana
LIVING MATERIAL:

The greenish-brown, boat-shaped C. fornicata adults pile one on top of another
to form "chains" of individuals; the colony is attached to a stone, shell or other
solid object by the bottom limpet. This species can be collected at Vineyard

'-

\

Haven Harbor, Mass, Another species common to the Woods Hole area, C. plana,
is found within whelk or moonsnail shells inhabited by large hermit crabs, and can
be obtained at Cotuit, This species has a flat, whitish shell and is considerably
smaller than C. fornicata,

Both species are potentially protandric hermaphrodites, The active males are
small, whereas the mature females are the large, older individuals; all sizes and
sexual conditions can be found in any colony,

BREEDING SEASON:

C, fornicata breeds from mid-June until mid-August, C. plana has a longer
season; it breeds through the first week in September (Bumpus, 1898), Sexual
activity is reduced to a minimum at sea water temperatures below 15 to 160 C.
(Gould, 1950),

PROCURING AND HANDLING MATERIAL:

',-

\.

A. Care of Adults: These limpets may be kept indefinitely in aquaria or fingerbowls provided with a current of flowing, unfiltered sea water, C. plana wil
readily attach itself to glass when it is removed from the hermit crab shelL. Unless
they are already in the adult female phase, these animals eventually differentiate
into males and females,

B. Procuring Fertilized Ova: The animals can be detached with a heavy knife.
If eggs have been deposited, they are found in a transparent capsule, attached to
the substrate or to the foot of the female. Mature females which have not yet

deposited eggs may be isolated in glass dishes supplied with running sea water,
After a few hours (preferably in the early morning), pour off the water and examine the ventral surfaces of the females through the glass, In this way females
can be found in the process of oviposition, and the first stages of development can
be obtained, Transfer the capsule to a Syracuse dish of sea water and tease it
open with needles to release the eggs (Conklin, 1937),
C, Preparation of Cultures: Eggs removed from the mantle cavity of the female

do not develop normally for more than one or two days, However, a complete
series of embryos can be obtained by selecting a number of capsules, The young
stages appear bright yellow through the capsule, while older embryos are brown,
D, Methods of Observation: Details of the living eggs and larvae are more distinct against a dark background, Swimming larvae can be mounted on vase1ined
slides or on slides with supported coverslips, They are usually quite active, but
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can be tangled in a few shreds of lens paper or lightly anaesthetized with a dilute

solution of chloral hydrate, Due to the opacity of the living eggs, the details of
maturation, fusion of the germ nuclei, and cleavage are best studied from prepared whole-mounts,

E, Preparation of Slides:

Sections: In preparing sections it is advisable to fix, embed, and section eggs
while they are stil in the capsules,

Whole mounts: Fixation, Obtain decapsulated eggs as outlined above, After
freeing the eggs, agitate them by gentle rotary rinsing with a pipette, in order to
wash them and concentrate them in the center of the dish, Change the water two
or three times, Concentrate the eggs and, using a pipette, transfer them to a vial
three-quarters filled with Kleinenberg's picro-sulfuric fixative, Fix the eggs for
15 minutes,

Remove the fixative using a pipette of small diameter, and then fill the vial
with 700/0 alcohoL. Wash in 700/0 alcohol until the eggs are white; it is advisable
to avoid a prolonged washing, since the stain employed is best when it does not

penetrate the macromeres, The latter should therefore be left slightly acid, Thus,
the eggs are removed from 700/0 alcohol immediately after the last wash which
removes no picric acid from them, hydrated in 50% and 350/0 alcohols and washed
thoroughly in two or three changes of water.

Staining. After washing with water, fill the vial with undiluted Mayer's

haema1um, and stain for 5 to 10 minutes. For the polar body stages, a staining
time of 5 to 7 minutes is usually suffcient, After staining, wash thoroughly in

water, dehydrate, and clear in xyloL. Remove the xylol used in clearing and
replace it with a small amount of thin damar.
Mounting, Covers

lips must be supported. For this purpose it is convenient

to use paper squares the size of %-inch covers1ips. A hole is punched in the
center of each square with a paper punch, In mounting, the squares are cleared

in xylol, and fixed to the center of the slides by adding three or four drops of thin
evaporates, When the paper mounts have dried, the eggs
damar before the xylol
are removed from the vial, in which they are stored, by the use of a pipette drawn
out to a long taper and having a small diameter at its tip, The eggs are allowed
to settle toward the tip of the pipette, and one drop of the egg-damar suspension
is placed in the center depression of each paper mount, The damar is allowed to

dry to the point of formation of a thin film, in order that the eggs may remain
dispersed and with the macromere quartet adjacent to the slide when mounted,
Apply thick damar to the edge of the paper mount, immerse a #0 coverslip in

xylol and apply it to the slide over the paper mount.
An alternative method:
1. Fix for 30 to 120 minutes in Mayer's picro-sulfuric fixative,

2, Wash in 350/0, 50% and 70% alcohols; leave in the latter until the yellow color
ceases to come out,
3, 50% and 35% alcohols, to water-5 minutes in each,
4, Stain in Conklin's haematoxy1in (one part Delafield's haematoxy1in in four or

five volumes of distiled water, to which is added one drop of the picro-sulfuric
fixative for each ten cc. of the diluted stain) : 5 to 10 minutes,
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5, Wash in water, dehydrate 5 minutes in each alcohol; 10 minutes in 95% alcohol;
two changes of absolute alcohol; xyloL.

6, Mount in thick balsam or damar with supported coverslips,
NORMAL DEVELOPMENT:

A, The Ovum: The unsegmented ovum of both species is nearly sphericaL. It
contains a small quantity of yolk granules which are more concentrated, and larger,
at the vegetal pole, There is no egg membrane, The ovum of C. fornicata measures approximately 182 microns in diameter, that of C. plana about 136 microns,
The eggs are deposited in transparent capsules (about 240 eggs per capsule for

C, fornicata, and between 64 and 176 per capsule for C. plana), before maturation
begins.

B, Cleavage: Two polar bodies are extruded and remain attached for some
time, The pronuclei associate, but do not fuse, and the separate maternal and

'-

paternal portions of the zygote nucleus remain distinct at least until the 69-cell
stage, Crepidu1a thus ilustrates clearly the condition known as gonomery,
Cleavage is spiral and regular, and similar in all four quadrants as far as the

24-cell stage, Gastrulation is by epiboly, which is not accompanied by invagination, The mouth appears near the mid-ventral surface soon after the blastopore

closes at this point (Conklin, 1897), Further details and illustrations of these

~

,

early stages can be found in two papers by Conklin (1897, 1902),
C, Rate of Development: Development proceeds slowly, Not less than four
hours elapse between fertilization and first cleavage, In both species, hatching of
the fully-formed veliger takes about four weeks, The free-swimming period of
C. fornicata probably lasts about two to three weeks (Conklin, 1897),
D, Later Stages of Development and Metamorphosis: There is no typical trochophore stage; the gastrula transforms directly into a ve1iger larva, The ve1iger has
a bilobed, ciliated velum which develops purple pigment along its margin, The
mouth and foot, containing a pair of statocysts, are on the ventral side, The head
vesicle, the pair of pigmented eyes with lenses, the heart and oesophagus are dorsaL.

The digestive tract is well developed; stomach, liver and intestine can be seen,
',-

The anus lies on the right side, and the external kidneys are lateral to the foot,
At metamorphosis, the head vesicle decreases rapidly in size, the velum is largely,
if not entirely, absorbed, the foot becomes enlarged, and the shell, which during
the veliger stage was of the spiral type, takes on the form characteristic of the
adult, Consult the paper by Conklin (1897) for further details and ilustrations
of the larval stages of these species, A good description of organogenesis in

C, adunca can be found in a paper by Moritz (1939),
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MOLLUSCA
(GASTROPODA)

Haminea (formerly Bulla) solitaria

\-

LIVING MATERIAL:

These small, hermaphroditic gastropods have a reduced shell and a relatively
large foot, The adults burrow into the mud, about half an inch below the surface

(although the egg-capsules are deposited at the surface), and can be collected from

the mud flats of Hadley Harbor, close to the Middle Gutter, at Woods Hole, Mass,
Although the adults are quite abundant during the breeding season, they seem to
disappear during the rest of the year,
BREEDING SEASON:

June to September, with the peak between July 15 and August 15,

I-

PROCURING AND HANDLING MATERIAL:
A. Care of Adults: If the adults are placed in large fingerbow1s covered with
cheesecloth, and supplied with a gentle stream of sea water, they will live and

breed in the laboratory without any other special care,
B, Procuring Fertilized Ova: There is apparently no relation between capsule

production and time of day. Animals have been known to produce, on the average,
three to four capsules daily over a period of three weeks. During the last week,
however, both eggs and capsules may be abnormaL. The number of eggs in each
capsule varies, but the average content is about two thousand (Smallwood, 1904b),
C. Preparation of Cultures: Eggs will develop normally in open finger

bowls of

sea water if they are kept coolon a water table and have a daily change of sea
water, This treatment allows normal development, even of eggs in ruptured

capsules.

When the free-swimming larvae appear, they should be decanted daily to finger-

'-

bowls of fresh sea water, They will live for four to five days under these conditions, After this time, many die from starvation or because they become trapped

and held in the surface film,
NORMAL DEVELOPMENT:

A. The Ovum: The fertilized, uncleaved egg is small, having a diameter of
about 80 microns, It is enclosed in a thin, structure1ess membrane, and is very

L

opaque, The ova are laid in spherical, soft gelatinous capsules with no apparent
orientation, Capsules produced by laboratory animals average about half an inch

in diameter, and, as noted above, contain about two thousand eggs, although this
number varies considerably.

B, Cleavage: Shortly after fertilization two polar bodies are extruded, Cleavage is total and spiral, and often unequal. Smallwood (1904a) observed that in

about 30 per cent of the eggs, one blastomere was markedly larger than the other,
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The micromeres are strikingly large and clear, Gastrulation is apparently by
epiboly,

C. Time Table of Deveiopment: The following schedule is given for temperatures of 24 to 260 C. Times are calculated from the appearance of the first polar
body, which is reported by Smallwood (l904a) to appear about 15 minutes after
the egg -is deposited,

Stage
First cleavage

Second cleavage
Third cleavage

Gastrulation
Young ve1iger
Well-formed, rotating ve1iger
Hatching

Time
85 minutes
120 minutes
200 minutes
24 hours
48 hours
72 hours
96 hours

D, Later Stages of Development: A typical gastropod veliger is formed from

the gastrula, In young forms, an opaque digestive tract can be seen, and beside
it another dark mass which is probably unabsorbed yolk. A clear vesicle, which
may represent a head kidney, is sometimes visible, In older ve1igers the alimen-

tary tract becomes more complex;; a triangular mouth, ciliated oesophagus, large
ciliated stomach and a narrow intestine with one coil may be seen. A dark lobe,

the liver, lies to the left of the stomach, An eyespot and a pair of statocysts
develop, At hatching, the veliger is enclosed in a curved shell; the large, twolobed velum, which protrudes from it, propels the free-swimming larva through
the water.
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MOLLUSCA
(GASTROPODA)

Ilyanassa obsoleta *
LIVING MATERIAL:

This snail is commonly found on mud flats in shallow water, and is abundant
at Woods Hole, Mass. The species is dioecious,
BREEDING SEASON:

Egg-laying in the natural habitat at Woods Hole has been recorded from the
last week in April (Mead, 1898) to mid-July, However, snails collected in June
and kept in running sea water in the laboratory will continue to deposit egg-masses

through August, Toward the end of the summer, unfertilized eggs are often
deposited, and fertilized eggs may be fragile, Snails collected at Woods Hole from
December 1 on through the spring months will, if kept in aquaria at room temperatures, lay abundantly. Diffculty has been encountered in obtaining eggs from

snails collected between mid-summer and December (Clement, personal communication) .
PROCURING AND HANDLING MATERIAL:

A. Care of Adults: These snails are very hardy and can be maintained in the
laboratory in good breeding condition for a prolonged period, A new batch of
adults usually takes several days to become acclimatized before they begin to spawn,

As many as 250 animals can be kept in a large aquarium, provided there is a continuous flow of fresh sea water; however, 100 snails will provide an adequate supply
of eggs for most purposes.

One or more minced clams should be provided for food every day,

A smaller number of adults (about 25 to 30) can be kept for at least a month
in standing, aerated sea water, if they are removed to a separate container for
feeding and then returned to the aquarium, This makes possible their use for
certain types of embryological experiments at inland laboratories, where running
sea water is not available. See "Special Comments" below,

If the wooden ends of the aquaria commonly used at Woods Hole are covered
with removable glass plates, collection of egg capsules is greatly facilitated,

B, Procuring Fertilized Ova: Fertilization is internal, and 30 to 300 eggs are
deposited in transparent capsules, which are produced singly or in groups, The
snails usually climb up the sides of the aquarium to spawn, but congregate at the
bottom of the tank to feed, If an irregular feeding schedule is followed, eggs wil

not be deposited on the day after the animals are fed,

Freshly-deposited capsules may be obtained if the snails are watched to deter~

mine the time of oviposition, The capsules are first visible at the pedal gland
opening at the anterior, median part of the foot, After a capsule is fastened to

* We should like to express our appreciation to Dr, A. C. Clement for his helpful suggestions, and for much of the information on which this section is based,
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the glass, the snail can be gently removed and the capsule transferred to a watch

glass of pasteurized sea water (prepared by heating the water to 70 or 800 C. for
15 minutes, cooling it and shaking to aerate),

Clement (1952 and personal communication) describes the following methods
for obtaining Ilyanassa eggs, A handy device for scraping the capsules from the
aquarium walls is a razor blade mounted in a long wooden handle, The capsules
are picked up and transferred with a long, wide-mouthed pipette, Excess jelly
and the non-pasteurized sea water can be removed from the egg-capsule, before it

is placed in the watch glass, by gently rolling it on a piece of paper towel or
filter paper.
U sing a binocular dissecting microscope, hold the capsule against the bottom

of the watch glass, with a sharpened dissecting needle, With a pair of curved
cuticle scissors, snip off the end of the capsule at a point where the eggs are not
clustered, They are held in the capsule by a thick jelly which is soluble in water

and which will ultimately dissolve, The eggs may be more rapidly freed, however,
by exerting a very slow pressure on the capsule with a second needle,

C. Pr!.paration of Cultures: Using a pipette, transfer the eggs to 35-mm,

stender dishes (half-full of pasteurized sea water), placing about 10 to 20 eggs
in a dish, Cover the dishes and place them in a large fingerbow1 on a water table,

Using this method, perfectly normal veliger larvae can be reared from decapsulated
eggs (Clement, 1952),

D, Methods of 0 bservation: Nuclear details of maturation, polar body formation and early cleavage stages are easily seen in fixed and stained, flattened, cover-

slip preparations, Accounts of two methods are given by Morgan (1933) and
Tyler (1946),
The internal structure of the living ve1iger may be observed quite clearly in

~

,

specimens mounted under a supported coverslip, The action of the velar cilia can
be stopped by mounting the larvae in a 1 % solution of urethane (Clement, 1952),
NORMAL DEVELOPMENT:

A, The Ovum: The fertilized, uncleaved egg is spherical, and measures about
166 microns in diameter (Clement, 1952), No membrane is visible, The ovum
is very opaque, and contains a cap of granular cytoplasm around the animal pole,

which is rich in mitochondria and lipid droplets (Clement and Lehmann, 1956),
The remainder of the ovum is filled with coarse yolk spherules, which are I')rgest
in the vegetal hemisphere. In sea water, the egg tends to orient with the animal
pole floating upward,

B, Fertilization and Cleavage: The history of the egg from deposition to first
cleavage has been described by Morgan (1933), In the majority of inseminated,
freshly-deposited ova, the first polar spindle is forming deep within the cytoplasmic
cap; in others, some variation may be observed, After its formation, the spindle

moves toward the polar surface and takes up a radial position, The first polar
body is extruded shortly after this, As it is forming, the first polar (yolk or
anti-polar) lobe appears, This lobe is inconspicuous; the only indication of its
presence is a slight elongation along the polar axis, which gives the egg a top-like
appearance, It is soon withdrawn and the egg remains spherical for about ten
minutes or less, A second polar lobe develops and continues to enlarge for some

~
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time after the second polar body is fully formed. The second lobe is very broad
and is more constricted from the rest of the cytoplasm than the first lobe, After

about an hour the second lobe is resorbed, the egg rounds up, and the pronuclei

come together and enlarge,
As the first cleavage spindle forms, the third polar lobe appears, In development and form, it is much like the second, although it ultimately becomes more

constricted from the rest of the celL. After it has reached maximum size, the upper
hemisphere of the egg broadens and flattens at the pole, A constriction appears
in the region of the polar bodies, indicating the approach of the first cleavage,
As the cleavage furrow cuts deeper between the blastomeres, the constriction delimiting the polar lobe also grows deeper, until a stage is reached where it is
impossible to tell into which of the two b1astomeres the lobe will flow, This is
the trefoil stage, It lasts for several minutes; then a short, clear, yolk-free stalk

can be seen connecting the polar lobe to one of the blastomeres, The stalk soon
broadens as the contents of the lobe flow into the blastomere, The resulting blastomeres are unequal in size, for the larger CD cell contains the contents of the polar
lobe, The fourth and final polar lobe appears during second cleavage in the vegetal
region of the CD celL. The fourth lobe is of the same size as the third, After
the cleavage is completed, there are three small cells: A, Band C, and a large cell,
D, which contains the lobe substance, The first quartet of small, clear micromeres
is cut off by a typical dexiotropic division; further divisions are very similar to

those of Crepidu1a, The papers of Crampton (1896) and Clement (1952) may
be consulted for further details,

C. Time Table of Development: Due to differences in maturity of the fresh1ydeposited ova, it is diffcult to establish an exact chronology of development.

After extrusion of the first polar lobe (between 15 and 50 minutes after egg deposition, according to Morgan, 1933), development is quite constant. The following
table gives approximate rates of development at a room temperature of 23 to
240 C. The time is recorded from the initial appearance of the first anti-polar lobe,

Stage
Egg spherical, first lobe withdrawn
Beginning of second polar lobe

'-

Egg spherical, second lobe withdrawn

Appearance of third polar lobe
First cleavage

Second cleavage
Third cleavage

Ciliated, rotating embryo
Veliger

Time
11 minutes
21 minutes
1 hour, 21 minutes
1 hour, 59 minutes
2 hours, 59 minutes
4 hours, 9 minutes
5 hours, 9 minutes
2 days
4-5 days

D, Later Stages of Deveiopment: The very young embryo is ciliated and rotates

within the capsule; it contains a mass of opaque endoderm, There is .no trochophore stage, The young veliger (five or six days) has a pigmented oesophagus,
stomach and intestine, The velum bears large cilia and has a pigmented rim,
Shell, operculum, foot, eyes, otocysts and heart are easily seen, At hatching (about

seven to eight days), the larva swims actively by means of the velar cilia, The
yolk is soon absorbed and details of the digestive tract may be seen (Clement,
1952).
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ILYANASSA

SPECIAL COMMENTS:

This material can readily be used for class experiments in non-marine locations,
since the animals breed readily after shipment in damp-pack. Slices of commercial
frozen shrimp are a convenient and satisfactory food,
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MOLLUSCA
(GASTROPODA)

Lacuna vincta (Lacuna divaricata)
LIVING MATERIAL:

The adults are common on sea-weed at Nobska Beach,
BREEDING SEASON:

This has not been investigated in the Woods Hole, Mass" area, In European
waters, the animals breed from January until June,
PROCURING AND HANDLING MATERIAL:

A. Care of Adults: Breeding adults can be maintained in laboratory aquaria,
They should be supplied with Fucus or other sea-weed, for, as noted above, it is
on these plants that the eggs are usually deposited,

B. Obtaining Gametes: The eggs are deposited in a clear, gelatinous capsule,
which is covered by a thin, lens-shaped pellicle, The egg-mass is in the form of a
ring which is often oval in outline, Although it measures only about 3 mm, across
when freshly laid, it swells enormously during the course of development, Photo-

graphs of the egg-mass are available in the paper by Hertling and Ankel (1927),
NORMAL DEVELOPMENT:

A, Egg Characteristics: The eggs are golden, cream or greenish in color, and
measurements of their diameter range from 103 to 180 microns (Lebour, 1937;
Hertling and Anke1, 1927), Each egg is surrounded by an inner membrane and
an outer capsule which swells as development proceeds, The number of eggs in

each mass is large, varying between 1000 and 1200, They are sensitive to rising
temperature, but apparently can withstand quite rigorous experimental treatment
(Hertling, 1928),

B. Cleavage and Gastrulation: Cleavage is total, equal and of a typical spiral

nature, Information concerning the nature of gastrulation is apparently not
available,

C, Rate of Development: Development is slow, but fluctuates widely with the
temperature, Hertling (1928) states that by the thirteenth day, the velum is
visible, By the fifteenth day, the larvae are showing lively movements, and by the
seventeenth day, the shell anlage appears, Hatching occurs on the twenty-sixth
day, The exact temperature for the above developmental schedule is not given,

but it is presumed to be slightly below 200 C.

D, Later Stages of Development: Lebour (1937) describes the newly-hatched
ve1iger as having well-formed eyes, otocysts, foot, and operculum, The mouth is

open, The shell consists of I¥! whorls, and is clear, colorless, and lacking in
sculpturing, The velum has long cilia, and is marked by a brownish-red border,
For diagrams of the larva, consult the papers of Lebour (1937) and Hertling
(1928) ,
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LACUNA
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MOLLUSCA
(GASTROPODA)

Littorina obtusata (L. littoralis)
LIVING MATERIAL:

.~

The adults are very abundant on fronds of Ascophyllum and Fucus in the
Woods Hole, Mass" region. They can be shaken from the vegetation into a scrim
dip-net, The animals are smaller than L. littorea and larger than L. saxatilis,
The shell is almost without striations, and is compressed so that the spire seems to
be lacking,
BREEDING SEASON:

,~

This form has not been studied at Woods Hole, European workers (Pe1seneer,
1911 ; Delsman, 1914) report that it breeds during the spring and summer months

in European waters,
PROCURING AND HANDLING MATERIAL:

A. Care of Adults: The animals may be kept in aquaria supplied with running
sea water; they should be furnished with a supply of sea-weed which must be

\~

renewed from time to time,

B, Obtaining Gametes: The egg-masses are deposited daily on the sea-weed
(apparently never on the sides of the aquarium) , If the masses are kept in running
sea water, the eggs develop readily,
NORMAL DEVELOPMENT:

A. Egg Characteristics: The eggs are laid in oval or kidney-shaped gelatinous
masses on sea-weed, The gelatinous material is transparent and faintly yellow in

color, An egg-mass measures, on the average, 7 by 3 mm, (See the paper by
Hertling and Ankel, 1927, for a diagram of the egg-mass,) The eggs are contained

in a capsule and surrounded by an albuminous fluid; they are deposited in the
germinal vesicle stage, but this lasts only a short time before the vesicle breaks

down, Measurements of the egg diameter vary from 205 microns (Delsman,
1914) to 250 microns (Lebour, 1937), Fertilization apparently takes place before
the eggs are laid,

B, Cleavage and Gastrulation: Cleavage is total, equal and spiral, with micromeres larger than those of L. littorea or L. saxatilis, Gastrulation is by epiboly

and invagination,

C. Rate of Deveiopment: Development is said to be slow; at 13-140 c., the
embryos hatch in three weeks, having passed the ve1iger stage within the capsule,
D, Later Stages of Development: Although the veliger stage is spent within
the capsule, a well-formed velum is present, The ve1igers have a foot, operculum,

single-whorled shell, kidney, ganglia, and a complex gut, At the time of emergence
from the capsule, the larvae are fully-formed, crawling snails, See the papers by

Delsman (1914) and Pelseneer (1911) for diagrams,
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LlTTORINA

SPECIAL COMMENTS:

This species of Littorina is moderately common at Woods Hole, although L.
littorea is found in greater abundance, The eggs of L. littorea, however, are laid
in transparent capsules (with from one to nine eggs per capsule, according to

Bequaert, 1943), and are planktonic, so that they are somewhat diffcult to obtain
and to study, The ova of L. obtusata are plentiful and relatively easy to study,
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MOLLUSCA
(GASTROPODA)

Thais (formerly Purpura or Nucella) lapillus
LIVING MATERIAL:

Both adults and egg-capsules of this species are common on rocks in shallow

water, They may be easily collected at low tide at Cuttyhunk or at Plymouth,
Mass., where they are abundant, The sexes are separate,
BREEDING SEASON:

The limits of the breeding season have not been determined for the Woods
Hole region, but there is evidence that the animals breed in early summer, At
Plymouth, England, spawning occurs throughout the year, but the egg-capsules
are most abundant in early summer,
PROCURING AND HANDLING MATERIAL:

A. Care of Adults: Only animals with a thick, toothed lip on the shell aperture
should be selected for breeding purposes; individuals with a thin lip are immature

(Moore, 1936), They can be kept in flowing sea water in an aquarium with a
right-angled edge, or with a wire-screen top, to prevent their escape, Barnacles
should be supplied regularly for food.

B, Procuring Fertilized Ova: Oviposition in the laboratory has been reported
by Wilson (1900), but Portmann (1931) was' unsuccessful in his attempts to
obtain eggs in captivity, He recommends the use of capsules collected from their
natural habitat,
C. Preparation of Cultures: Open the capsules by clipping off one end with a

pair of fine scissors, If the capsules are now everted, the eggs wil drop out of
the cut end, Since the young embryos do not seem to develop normally unless

they are associated with the yolk mass, it is doubtful whether they could be cultured outside the capsule, However, the veligers may be reared in fingerbow1s

of filtered sea water,
NORMAL DEVELOPMENT:

A, The Ovum: The mature ovum measures approximately 180 microns in diam-

eter (Se1enka, 1872), and is enclosed within a very delicate membrane, Individual egg-capsules are not formed, but 500 to 1000 ova are deposited with a

clear gelatinous material in a long, slender vase-shaped capsule (8-9 mm, high,
and 2 mm, across), The capsules are attached to the substrate by a short stalk
with an expanded base.

B, Fertilization and Cleavage: Fertilization is internal and no membrane is
elevated, Only a very few of the eggs (12 to 30, according to Carpenter, 1857)

develop into normal embryos, The remainder never complete the maturation
divisions, but instead, they fuse to form a column of yolk in the middle of the
capsule, which is eventually consumed by the normal embryos, In normally
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fertilized eggs, cleavage is total, unequal and spiral with prominent polar lobes
formed, Gastrulation is by epiboly, Further details can be found in papers by
Se1enka (1872) and Pe1seneer (1911),
C. Rate of Development: Development of this species is slow. The compact
yolk mass is formed by the time gastrulation is completed, which is between four
and eight days after fertilization, The embryos become attached to the developing
yolk mass, which is usually absorbed by the tenth day. The young snails hatch
from the capsules in about four months,
D, Later Stages of Deveiopment and Metamorphosis: The embryo, which

attaches to the yolk mass, has a round, sparsely ciliated velum, a shell gland, a small

foot, a pair of larval kidneys, and a large stomodeum and oesophagus, The intestine is short or lacking, Organogenesis ceases during the parasitic period, but

after the yolk has been stored in the intestine, the embryo transforms into a typical
ve1iger, with a well-formed velum, whorled shell, otocysts, eyespots, and a complex
digestive tract, As metamorphosis approaches, the early larval heart and kidneys
are replaced by adult organs, Tentacles appear and the velum slowly regresses,

The metamorphosed larva, which emerges from the top of the capsule, is a miniature of the adult snaiL.
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MOLLUSCA
(GASTROPODA)
U rosaipinz cinerea

LIVING MATERIAL:

The adults and vase-shaped egg-capsules of the oyster drill are found on rocks

between tide levels, Near Woods Hole, Mass., they are abundant at Grassy
Island (the Spindle) and at Sheep Pen Cove on N onamessett Island, The sexes
are separate, Males are easily recognized by the long, curved penis, which is
located on the right side of the body behind the eye,
BREEDING SEASON:
Federighi (1931) and Nelson (1931) both observed that breeding begins when

the water temperature has remained for at least a week above 200 C. At Woods
Hole, the season begins late in May (Bumpus, 1898), and probably continues
throughout the summer,
PROCURING AND HANDLING MATERIAL:

A. Care of Adults: The adults should be kept in aquaria provided with running
sea water, and will remain in good condition if fed occasionally with barnacles,
small mussels or clams, Food debris should be removed before putrefaction sets
in, A ten-gallon tank has been found adequate for as many as 300 drills if it is
kept free of debris (Federighi, 1937),
B, Procuring Fertilized Ova: Copulation probably occurs at night, The female

creeps to the upper levels of the tank to spawn, and does so only once per season,
On the average, oviposition lasts about a week; between 28 (Federighi, 1931) and
50 capsules (Nelson, 1931) are produced, In 24 hours a female deposits approximately four egg-capsules, containing a varying number of eggs, The capsules are

4-12 mm, high, with an operculum at the free end; the outer of the two capsule
layers can be peeled off readily, permitting better observation of the embryos (Han-

cock, 1956), Embryos in different stages of development are contained within
the capsules, At hatching, the young drill is able to feed on young oyster spat or
thin-shelled Crepidula,
NORMAL DEVELOPMENT:

A, The Ovum: The fertilized, uncleaved egg is spherical, measuring approximately 240 microns in diameter (Lebour, 1937). It is white in color and opaque,
and lacks a membrane, The eggs are deposited with an albuminous substance,
which provides nourishment for the developing embryos, in a yellow, urn-shaped
capsule, This has a short stem and an expanded base, and is laterally compressed,
The latter feature distinguishes it from the somewhat similar capsule of Thais,
(See the diagram by Federighi, 1937.)

B, Cleavage: Cleavage is unequal and spiral, with large polar lobes appearing
during the first two divisions. Gastrulation is by epiboly, At about the time of
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UROSALPINX

gastrulation, a hatching enzyme apparently is produced within the capsule; this
dissolves the operculum (Hancock, 1956),
C, Rate of Development: There seems to be no detailed information pertaining

to the developmental rate, The average time from fertilization to hatching at
temperatures varying between 18 and 320 C. is 40 days (Federighi, 1931), Hancock (1956) reports that at temperatures of 14-210 c., the ve1iger stage is reached
in about 24 days,
D, Later Stages of Deveiopment: Embryonic development is similar to that

of most gastropods. The ve1iger is formed at an early stage, The foot appears
precociously, before closure of the blastopore; both velum and shell are well developed. The intestine and anus are late in appearing, The velum is lost before
hatching, and the young animal emerges as a well-formed snaiL. Details of develop-

ment and figures of the larvae can be found in a paper by Brooks (1879), Hancock (1956) presents diagrams of the egg-capsules,
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MOLLUSCA
(CEPHALOPODA)

Loligo pealii
LIVING MATERIAL:

Mature animals are obtained from the fish traps at Barnstable and Buzzards
Bay, and at Menemsha Bight, Martha's Vineyard, Mass. The sexes are separate,
Among mature animals the males are usually longer and more slender, with the
milk-white testis visible through the mantle near the posterior end; this region in

the female is filled with a uniformly transparent mass of eggs, The accessory
nidamental glands of the female are red during the breeding season and can usually
be seen through the mantle,

Egg-strings can be collected at low tide along the sandy beaches of N onamessett
Island, where they are found floating free or attached to submerged objects in the
shallow water.
BREEDING SEASON:

Females with mature eggs are available at Woods Hole, Mass" from May
through July, although the majority of the animals are spent by mid-July,

PROCURING AND HANDLING MATERIAL:
A, Care of Adults: In order to keep adults even a day or two, they must be

transported to the laboratory without undue disturbance in an adequate amount
of sea water. Then they shuld be transferred to large aquaria with a constant
supply of running sea water. On several occasions, the sexual activities of the
adults and deposition of the egg-masses have been observed in the laboratory

(Drew, 1911, 1919),
B, Procuring Gametes: Open both male and female by making a longitudinal
section through the mantle from the siphon to the tip, cutting along the posterior
(funnel) wall; remove the ink sac, In the female, tear the thin wall of the oviduct
with forceps and shake the eggs into a large fingerbowl of sea water, If the eggs

are fully mature, they separate readily from the ovary and appear as beautifully
transparent as glass, Immature eggs are not transparent and \"ill not develop,

In the male, collect the bundles of spermatophores from the opening of the sperm
duct, and transfer them to a watch glass of sea water, The spermatophores "explode" on contact with sea water, and a concentrated sperm suspension is thus

obtained. If males are not available, sperm may be obtained from the sperm receptacle of the female, which is located in the collar between the head and the free

edge of the mantle,

C, Preparation of Cultures: Add several drops of sperm suspension to the
fingerbow1 of eggs, After 20 to 30 minutes, transfer to a large dish filled with
clean sea water. Keep the culture on a sea water table, and leave undisturbed

for 27~ to 3 hours; thereafter change the sea water at least twice a day,
Embryos of all stages are readily obtained from naturally-laid egg-strings,
which can be kept in aquaria of running sea water, The egg-strings containing
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the older stages are usually darker and more weathered in appearance than those
containing the young ones. To release the embryos proceed as follows: Place an
egg-string in a Syracuse dish, Use two beading needles in the manner of knives
cutting against one another, and cut the string in half. Place the left needle so

that the pressure forces several embryos clear of the jelly at the open end of one
of the halves, Keeping this needle in hand, puncture the chorion of one of the

eggs with the tip of the right needle, and tear the chorion with a sharp jerk. The
pressure of the enclosed fluid wil pop the embryo from the membrane, When the
exposed row of embryos has been removed, cut off the empty jelly and repeat the

procedure, If the eggs are not first forced clear of the jelly, the embryos are
diffcult to remove without injury; the older stages are procured more easily than
the very young ones,
D, Methods of 0 bservation:
To study intact spermatophores: Transfer intact spermatophores quickly into

concentrated (400/) formaldehyde and fix for ten minutes, (They will "explode"
minutes, transferring
in a weaker solution,) Rinse with distiled water for several
the spermatophores gradually from the formaldehyde, Stain with Ehrlich's triacid
for 5 to 10 minutes (6 drops of the stock solution to 8 cc, of distilled water; this
amount wil half-fill a Syracuse dish), Rinse off the stain with distilled water
and place the spermatophores on a slide under a coverslip,

To observe early deveiopment: For short periods, the developing eggs can be
examined in depression slides, To obtain a polar view of the cytoplasmic cap

(which alone undergoes cleavage), it is necessary to mount the eggs in an upright
position, Place a small amount of vaseline (enough to cover the surface with a

film) in a depression slide, fill the depression with sea water, add a few eggs and
manipulate them with hair loops or fine needles so that they stand up,
Preparation of Slides: Because of the large amounts of yolk which they contain,

squid embryos have a tendency to be friable and diffcult to section, especially in
the younger stages, The amyl acetate technique may be used (see p, 225 of this
manual) or the dioxan technique as outlined below:

1. Fix embryos in Bouin's solution, first anaesthetizing in sea water containing
ch10retone, if the embryos are highly motile,

2. Transfer the embryos from the fixative into pure dioxan, Make two changes
to fresh dioxan, at hourly intervals (total of three hours in dioxan),
3. Transfer to pure paraffn for one hour; change to a fresh paraffn bath for one
hour, and then to a mixture of paraffn containing 8-100/0 bayberry wax for one

hour,
4, Embed in paraffn-bayberry wax mixture,
5, Section at 5 or 6 microns and stain with Heidenhain's haematoxy1in or with

Prenants triple stain.
NORMAL DEVELOPMENT:

A, The Unfertilized Ovum: The mature egg, from the oviduct of the female,
is surrounded by a thick, closely applied, transparent chorion, At the pointed
end of the egg, there is a depression in the chorion and a minute canal, the micropyle, extending through it, The opposite end of the egg is blunt, and the region

between shows a bilaterality, The more convex side is the future "anterior" or
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mouth side of the embryo, The egg is large and somewhat elongated in shape;

it measures 1500 to 1600 microns in length and 1000 to 1200 microns in diameter

(Wiliams, 1910). A thin cytoplasmic cap covers the yolk at the pointed pole;

'..

this cap will give rise to the embryonic structures,
The inseminated eggs are embedded in a gelatinous matrix, which is produced
by glands of the oviduct, and covered by a jelly-membrane produced by the

nidamenta1 glands, The eggs in their jelly-coats are wound spirally around a
central core,

B, The Spermatophore: This unique structure consists essentially of an outer
envelope and a central core, with a fluid-filled space between, The envelope has
a double wall, the outer and middle tunics, and at its small tip-end, an opening

sealed by a cap bearing a long thin cap thread, The central core is attached at
this "oral" end, It is made up of the elongated, opaque sperm mass and an

ejaculatory apparatus, with flask-shaped cement body and spiral filament, The
ejaculatory apparatus is enclosed within three membranes, the most conspicuous
being the middle membrane, It is relatively thick and extends from the cement
body to the cap end where it is permanently fused to the outer tunic, The outer

membrane also begins at the cement body, but it is closely applied to the inner
tunic, a structure which also encloses the sperm mass, The "oral" end of the
inner tunic and outer membrane can be easily identified as a thickened ring around
the middle membrane at a short distance from the cap,
When the spermatophore "explodes," the entire contents of the capsule evaginate at the "oral" end, The evaginated inner tunic and outer membrane form the
sperm reservoir after the "explosion." During evagination the cement gland

reaches the surface and bursts, releasing cement which forms a seal at one end of
the reservoir, The middle membrane opens and is lost, along with the outer
envelope of the spermatophore, The sperm, mixed with a gelatinous mass, ooze
out slowly from the opposite, open end of the sperm reservoir; this process may
extend over a period of hours or even days. Further details and illustrations of
the spermatophore are to be found in papers by Drew (1911, 1919),
C, Fertilization and Cleavage: The entrance of the sperm through the micropyle
of an inseminated egg is soon followed by a withdrawal of the cytoplasmic cap

from the chorion, leaving a clear perivitelline space, Within an hour, two polar
bodies are formed (Hoadley, 1930),
Cleavage is meroblastic, and, in contrast to other molluscan eggs, not spiraL.

The first cleavage plane coincides with the median plane of the future embryo
(Watase, 1891), At the end of the first day, there is a gradual extension of the
blastoderm about the yolk. The "blastocones," which are supposed to give rise to
the yolk epithelium, are not very distinct in Loligo, The thickening of the margin
of the blastoderm denotes the formation of the entomesoderm, and is thus the

beginning of gastrulation,
D, Time Table of Development: There is considerable variation due to temperature differences, The following table gives only a rough approximation of the
times after insemination at which given stages are reached,

Stage
First polar body
Second polar body
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Time
20 minutes
1 hour
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Stage
First cleavage

Blastoderm over top of egg
"Gastrula:" thickened peripheral ring

Blastoderm halfway over egg
Blastoderm nearly covers egg
Shell glands and eye-stalks appear

Time
3 hours
12 hours
24 hours
2 days
3 days
3:1 days

Siphona1 folds and arms appear,

eyes project
Siphonal folds fuse into a tube,
eye-stalks prominent
Hatching

5:1 days

6:1 days

11-12 days

E, Later Stages of Development: The blastoderm grows down to completely
enclose the yolk at the ventral pole, Meanwhile at the opposite, or dorsal, pole

the developing shell gland can be seen, with the mantle primordium underneath,
The primitive mouth, seen as a slight ectodermal invagination, and a pair of large,
rounded projections, the eye primordia, lie toward the anterior side, On the
posterior side are the gill primordia, otocysts and the anterior and posterior

siphona1 folds, and near the equator the primitive arms can be seen, Rhythmical

contractions of the yolk epithelium serve to circulate liquefied yolk material in
the yolk sac vessels, which are continuous with the embryonic vessels (Portmann,
1926), As the embryo develops, the yolk sac gradually constricts, It continues
into the embryo which is thus formed around a yolk core, The mantle and fins
are easily recognized at this stage, but the shell gland has invaginated and is not
visible, On the posterior side, the siphon is forming by concrescence of the

anterior siphona1 folds, The posterior siphona1 folds, which wil form the retractor muscles, continue as ridges to the anterior side, The aniis is located between the gil primordia,
The pre-hatching embryo has very prominent eye-stalks, which contain pri-

mordia of the optic and cerebral ganglia, the so-called "white bodies," and a
separate mass of yolk. The inner sector of the lens, which is formed by the outer
part of the optic vesicle, is clearly visible as a club-shaped rod extending into the
eye vesicle, The contractile mantle has overgrown the anus and gills, and later
develops chromatophores which are equipped with muscles and innervated. The

otocysts lie close together, Feather-like gils can be observed through the mantle,
At their bases lie the branchial hearts and, between them, the systemic heart; all
three pulsate,

When the yolk sac is nearly absorbed, the embryos adhere to the chorion by
Hoyle's organ, This is aT-shaped structure, which is located on the posterior
dorsal side of the mantle, The secretion from Hoyle's organ dissolves the chorion

and the jelly, leaving a hole through which the embryo emerges, aided by pulsations
of its mantle, Adherence to the chorion can be stimulated in late embryos by
stroking the egg-string.

Ilustrations of these stages may be found in a paper by Brooks (1880),
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