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ABSTRACT

Many species of prosobranch gastropod depesit theirvéggs in tough
capsules affixed to hard substrates, Generally, there is a small opening
near the top of such capsuleé, occluded by a firm plug (operculum) which
must be removed before the veligers can escape. Although the removal of
tﬁe operculum is generally attributed to embryonic secretion of enzymes,
there is little experimental support for this sugzestion. Iﬁ the }imited
experiments which héve been reported, all dealing with species that
emerge as juvenile snails, no attempt was made to determine the properties.
of the hatching suﬁstance; or the timing of its production.

' My research has dealt with the escaps of veligers from the egz capsules

of two related species, Nassarius obsoletus and N. trivittstuse Their

egz capsules are quite similar in size, number of eggs contained, general

morphology, and the thickness of the material plugging the opening at ihe

top. Both hatch as swinming veligers, after about one week of encapsulaied

-development.

I

By adding fresh plug material to small volumes of sea-water containing

véligers obtained prior to, or at known times after their normal hatching,
I have demonstrated conclusively the essentially chemical nature of
operculwn removal for these two species. In addition, the hatching sub-
stance was found to be produced in a short pulse, to be functionally short-
lived, and to be species-specific in its action for the two species consi-
dered. There is no evidence that the secretion of the hatching substance
is stimulated by short pulses of light or increased temperature; the
capsules of N. obsoletus contain many more embryos than are needed to

successfully remove the plug, so that complete symchrony of hatching



O

substance production by all individuals within a capsule is probably

not necessary.

.

“Lastly, the observed rates at which }. obsoletus veligers leave

their egg capsulés were compared with those vredicted from an equation

assuning random movement of individuals., A close agreement was found,
the capsules losing 98% of their residents within 45 to 55 minutes of
the first escape. Thus, the location of the exit by an indi?idual,is

probably by chance.




INTRODUCTION

Many species of prescbranch gastropod deposit their eggs in tough
capsulés affizxed to hard sqbstrates. Generally, there is a small opening
near the top of such capsules, occluded by a firm plug (operculum) which
must be removed before the embryos can escape, The sizeable oothecan

iterature deals almost exclusively with basic descriptions - size,
shape, number of eggs or embryos contained, where and when the capsules
are found in the field (e.z., Anderson, 1955; Bandell, 197h; D'As;ro,
1909, 167Ca, 1970b; Franc, 19L1; Gollxov, 1951; Graham, 1941; ngﬁ, 1551
Knudgen, 1950; Ponder, 1973; Radwin and Chamberlin, 1973; Thorscn, 1945).
The remaining studies deal primarily with the structure and rormation of
the capsules, rather than with how the young escape.

| Studies conducted to determine the fine-siructure of prosobranch

egs

LF'Q

czpsules have dealt with only a few species. Although Ankel (1937),
Fretter (1941), and Fretter and Graham, 1952 (pp 337-338) thought that

the material DlLoglng the top of the cepsule of Kucella lepilius was pro=-

duced apart from the rest of the capsule and simply cemented in, it is ap-
parently COﬂuLﬂuOUS with the thin innermost layer (Koot1021ne, 19,0) and
seems to be composed of the same histochemically distinctive material
(Bayme, 1968). Fretter (19L1) asserted that the plug wes compossd of
mucous, and Hyman (1907, p. 305) claimsd that all proscobranch capsule cpsr-
cula are protein, although she cites ne reference., Recently, however, the

plug of Yucella lavnillus has been shcun Lo coatain csrbohydrate as well as

protein (Bayne, 1968), Additiconal fine-structural (Flower et al., 1939)
and bicchemical (Hunit, 1966, 1971) studies have been conducted on the

capsules of Buccinum undatum, but no atteaticn was devoted specifically

ropm e



to the opérculum. The sectioned cépsule of Urosalpinx cinerea, including

the plug, has been figured (Hancock, 1956) =nd photographed (Tamarin and
Carriker, 1968); the operculum appears as a separate entity, cemented
into the top of the capsule.  Appearances of oothecae in section have also

" been reported for Colus stimpsoni (West, 1973), Murex itrunculus (Dul-

zetto, 1950), Nassarius reticulatus (Ankel, 1929), MNassarius mutabilis

(Ankel, 1929), and Ocenebra erinacea (Fretter, 1941), but no special atten-
tion is drawn to the opercular plug. ' ' | .

"It required over one-hundred years from the time attention was first
drawn to egg capsule formation by Cuvier (1817) (as discussed by'Dulzetto,-.
.1950) until workers agreed on the basics of the process for auny speciese.
Aléhough it is now accepted that the capsules are formed within the cap§
sule gland before leaving the oviduct, tﬁe details of the process are un-

known. Pretter (L9L1) gave detailed descriptions for Buccinum undatum,

Nassarius reticulatus, and llucella lapillus. Howe§er, these are based
entirely on the orientation ?f fibers in the diffcrent capsule layers and

on the position and orientation of the czpsule within the gland; capsules
have never been sectioned at different stages of formaticn, so that Freﬁter's
scheme is qﬁite speculative., Moreover, Fretter's hypothesis does not
explain the structure of all prosobrznch ezz capsules equally well, as
revealed by the ultrascructural studies of Tamarin and Carriker (1971)

on the capsules of Uroszlnink cinerea.

In a review pépef on the hatching of agquatic invertebrates, Davis
(1558) sucgested that the removal of the plug is commonly attributable
to embryonic secretion of enzymes (pe 336). Ilowever, most of the ideas
about how this first step in the hatching process is accomplished are

without expcrimental support, dcriving‘solely from descriptions of the




process (eeges Bandell, 197h; Chess and Rosenthal, 1971; Davis, 1967;
Houbrick, 197h; Kohn, 196f3 Murray and Goldsmith, 1963; Portman, 1955).
The lirmited experiments which.have been reporied, all &@éling with species
that_completé their developﬁent within the ezg capsule, did suggest that
a hatching substancé is produced by advanced embrjos, but no attempt was
nade to determine the nature or properties of the substance, or the timing
of its prodﬁction. |

Aakel (1937) demonstrated that the plug material of Nucella ¥epillus

capsules was unaffected by ssa-water, pancreatin and pepsin, potash lye,
and wineral aﬁids; plugs were also unaffected by trypsin (Kostitzine,
1940}, Opercula were, however, degraded after emersion in the juices
of crushed, prehatched embryos, and in the presence of living embryos
(ankel, 1937). Capsule opercula remained firmly held in the mouths of

Urosalpinx cireres egg capsules from which z2ll embryos had been rernwoved,

even after five months in sea-water (Hancock, 1956). De Mahieu et al. (197k)
followed changes in salinity,'pH,‘and protein and free amino acid concen=~

trations in the intracapsular fluid of Adelomelon brasiliana durirg deve-

lopment. They observed slight, but erratic changes in salinity, and
only a small change in pH, from 7.2 initially to 6.8 - 6.9 in the last
stages of desvelopment. They.did find a2 slight increcse in amino acid

concentration, and a more subétantial 1néreaée in total protein concen-
tration shorily before hatchinz, which they clgim indicates the essen=-
tially chemical natufe of thes process, However, the same graph illustrates
considerable increszses in protein and free amino acid concentrations much
earlier in development as well, which did not result in release cf juveniles.

Moreover, they detected no change in the protein ccmposition of the intra-

capsular fluid during development.
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Regarding the liberation of larvas from the sand-mucous collars of

" Polinices heros, Giglioli (1955) appeals to a2 hatching substance re-

leased by the embryos, whereas Hanks (1960) claims that the embryos have

no active role in the process, the disintegration of the collar being an

inevitable consequence of prolonged exposure to sea-water. Ziegelmeler

(1961) has appsrently come t0 a similar conclusion of embryonlc h1351v1tv

during hatching in Lunatia nitida (cited in Davis, 938) Thoe ine be-

‘lief in a chemically-mediated release of young is not universal. Hest

{1973) has suszested that the capsule pluz of Colus stimpsoni is dezraded

by "external factors such as bacteriz and fungi"; this idea lacks sny

experimental support.

~

The egg capsules of MNasszarius obsoletus and . trivittatus are quite

Similar in size (approxima tely l.5 mm hizh), nuwer of eggs contained
(£ifty to several hundred), and general morparology (Scheltema and Sc helteﬁa,
196h), and both havp openings occluded by plugs of apecroximately 100 n
in thickness. Hatching takes place at the veliger stage for both species,
aftér about one weel of encapsulated development {Scheltemz and Scheltena,
1963 Schelte ma, 19 57) “The—precise msthod-of-escipe from—the-capsule is
unkmewR (SchisXtang,, 1967),

‘This thesis demonstrates that a specific hatchinz substance is §ro—
duced by encapsulated embryos of both species and examines some of its
properties and the tining of its production, primarily for N, obsoletus,

-

through laboratory experimentation,

LS L& §

In addition, the actual escape of veligers from the emg capsules of

N. obsoletus was examined. Due to the larce size of the egg capsule




relative to the size of an individual feliger, the small size of the
opening of the capsule, and the jelly-like nature of the intracapsular
fluid (Costello and Henley, 1971), one mizht expect that many hours
would be requiréd for the capsules to become empty if the veligers are
swimming about aimlessly. Houvever, if movements within the egg capsule
aré.directed‘towards the opening of the capsule, much less time would
be required. This directed motion would not require a SOphisticated
physiolozical mechanism. Since the intracapsular fluid is solubie in

sea vater (Costello and Henley, 1971), a viscosity gradient might be set

up in the capsule soon after . hatching began, with the intracapsular

. medium becoming decreasingly viscous near the openinge. Under such con-

ditions, the veligers would be directed towards the capsule opening
simply because they would move more quickly when facing ﬁhat direction
as they rotated about within the capsular fluid. Evidence is presented
here for a random escape of veligers.

I use the terminology of Giese and Pearse (1974). "Embryo " refers .
to an individual which has not yet taken up a free-living existence,
whereas the term "larva! refers to a free~swimming individual which'haé

entered the plankton to compiete its develooment,



METHODS

Egg capsules were obtained from snails held in the léborétory.

N, obsoletus were collected from the mudflats at Barnstable Harbor,

Massachusetts, and N. trivittatus were -collected by dredging in Buzzard's

Bay, Massachusetts. All animals were fed on shredded clam meat.

The experiments fall into two main categories - those designed to
examine the production of a hatching substance by embryos and its fudctional
longevity, and those designed to detect its continued.productién by hatched
larvae. Shelled, pigmented embryos were obtained from intact capsules by
slicing into the éapsule wall with arazor blade and expelling the embryos
with'gentle squeezing of the capsule using forcepsf Other capsules were
monitored hourl? until hatching occurred; larvae from these cipsules were
then used at knowm times from the onset of hatching,.

To assay for the production of hatching substance, a knowm number of
embry@s»or larvae were first pipetted into the bottom of a small zlass
chamber, whose empty weight had been detersined on a Zoller-Smith Pre-
cision balance. The chamber wes then reweizhed and the weight difference

before and after filling used to estimate the volume of water in the

chamber. a froeshly-deposited egg capsule was then SLlced in nalfd persllel

b,

to its long axis so that each hzlf coatained one part of the plug firmly
held in the sectioned neck (fig. 1). One half of “this capsule wzs placed
at the bottom of the a,nwlber with the animals, while the other half of the
same capsule was placed in a similar chamber with sea-iater but no embryos
or larvae, as a control. Chambers were examined daily for three to six

days, or until the plug was observed missing fron the nec& of the capsule.



Chambers were held in air-tight containers at rocm temperature (20 - 23 ob),
at a relative humidity of 100%, Embryos and larvse remaioned active under
these conditions for at least six dayse. Five—micfon filtered sea-water

was used in all experiments.

‘The functional longevity of the hateching subsitance was assessed by
placing intact egz capsules into individual zlass chaﬁbers in a small volume
of water (approximately 10 ml), and monitoring ﬁ til hatching began. The

. ) L4
actual volume of water in each chamber was. devermined by weighing, as
above, One hour after hatching had tegun; the- chamber fluid was removed to
a new glass chamber, . Fresh plug material was then added to the hatching.

fluid from O to 3 hours later, and iis integrity examined several days later,

- Capsule opercula were held in sea~water as controls.

Specific details for each experiment are given in the tables. In

éxperiments testing the species specificity of hatching substance, plugs

- of both species were included with the advanced embryos of one species; the

control plug was produced by the species vwhose embryos were being tested.
Additional controls were set up to examine the possibility of eventual
spontaneous plug detachment. Capsules containing osmotically-killed egzs
and embrjos were held for two months in five-micron filtered séa-water av
room témperature; periodically these were gently squgezed to assess plug
integrity. ‘Freshly deposited egg capsules vwere gmptied of their contents

and sliced in half as described above, and their opercula examined after

two months in sea-water at room temperature.

-

'To compare experirentally-determined densities of embryos required to

initiate plug release with the actual density of embryos in egz capsules,

the volumes of four N« obsoletus capsules which had hatched out known num-



bers of larvae were estimated with a microsyrings.
e?\rxw,,(\..“n- ',

F1na11y3 a fewﬁex“cflnents were conducted to see whether light and/

or increased temperature might stimulate the relzase of the hatchinzg sub- -

stance by embryos. li. obsoletus eag capsules were harvested within 2k

hours of their deposition in the laboratory, and placed individually in

‘plastic "Becem" capsules norrally used fer SiH ”orn, in approvimately O.1

ml of five-micron filtered sea-water. The irayvs of "Beem"-caps%}es,were

then kept in the dark. Rach nizhi, in the dark, the water ia each con-

tainer was agitated with 2 pipette for zer=tion, After 10 days, sone

of the trays were rlaced under the light from two "WJild" microscops
- L

HE

. lamps for two hours. XNo attempt was made to coubrol temperature. After

the light/ heat pulse, the trays ware returnpﬂ to the da;r. Five to iO
hours later the extent of hat"hlnv was determined in the excerirental
trzyes relative to the unexposed conirols.

An equation predicting the rate of collisio;s of confined zas weclo-
cules with the walls of their coatainer was used to predict the rate atb

which veligers would leave an ecg cazpsule if their escaps were a purely

chance process. <the equation is (Sears, 1959):

.

Number of collisions per unit arsz per unit time = 2 n ¥,

where ™" is the number of molecules per unit.volume, and "W is the
average speed of the mclecules in the container. The sguation assumes. bhat
the gas nolecules arc uniformly distributed in the CO“tnlne..; Yy tresting
the encapsulated veligers as gas molecules, and assuming that ths collision
of a veliger with the opening at the top of the caﬁsule results in the
escape of the individual fron the capsule, the rate at whlch veligers

should leave is prcdicted by wultiplying the above expression by the

© pmees o



surface aréa of the opening of the egg capsule, 0.08 mm2 (W = 2), The
average‘speed of encapsulated veligers was determined by analyzing

movie footage of the movements inside an emptyiﬁg egg capsule when only

8 veligers remained, by which time individual moverents could be
followed, The model egz capsule was assumed to iniﬁially contain 50
veligers. The value of "n'" in the equation was chanzed after each hypo-
thetical S-minute interval by subtracting the number of escapees in the
interval from the number present'at the beginning of the interval,'and
dividing by the hypothetical egg capsule's volume, 0.6 nl.. Predicted
rates of escape were compared'with.those actually 6bserved in the labora=-

tory.
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RESULTS and DISCUSSION

~ Before hatching, the capsule plug has very distinct outlines in
both species, and is firmly held in the neck of the egg capsule'(fig. 1). -

The plug is not actually dissolved in the hatching process, buit be-

comes amorphous, greatly softened, and is easily disiodged from the capsule

wali. The plugs of freshly-deposited capsules apneared as @istinct in
outline, and as secureiy held as those from cabsules containing’yeligers
close to hatching. Plug degredaiion seems to be a sudden event,'rather
than a gradual process. Hancock (1956) and Kostitzine (1940) implied

that the loosening of the plug is a gradual process in Urosalpinx cinerea

~and Purpura (=Hucella) laoillus capsules, respectively.

No control plugs became softened, or loose in the necks of their egg
capsules over the two-mcnth observation period or in the course of any
particular experiment. Those plugs destined to be degraded generally

fell away from the necks of the sliced egg capsules by the day following

- the start of the experiment. This supports the contention that degre-

dation of the plug does not involve a gradual build-up of hatching sub-

stance within the capsule.

Density of M. obsoletus embryos necessary to free the plug

The results of 1l experiments in which different nunbers of embryos

were confined in volumes of sea-water ranging from 2.h nl to 230, ul are

" presented in order of increasing embryonic density (Table Iy, Flug rew

lease was scored in all chambers holding more than C.li embryos per nl,

regardless of the absolute nurber of individuals contained.
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The mean number of developing eggs'enblosed by a single capsule is
highly variable between species, even within the same genus. N. vibex
capsules, for example, generally hold 20 eggs (3cheltema, 1962), N,
pysmaeus capsules hold LO io 50 ezgs (Lebour, 1$37), and N. obso-
lgggg capsules hold as many as 300 egzs (Costello and Henley, 1971),
although Scheltema (19562) gives a range of LO to 100, If removal of
the capsule operculum is zenerally a chemical proéess, one migh§'expect~
the parcelling of eggs into capsules tg be related to the minimum number
of individuals required to produce sufficient hatching substance to de-
graﬁe‘the plug. However, thewactual densities oflgmbryos in N. obso-
lE§E§ capsules are over one hundred times the minimum density required
for successful hatching (Table II). For these egz capsule volumes (Téble
II), a single individual should be able to remove the operculum and

escape.

Continued production after hztching

Although no clear cut-off time is revealed, the secretion of haiching
substance is no longer detectable li hours after hatching for N. otsc-
letus, and by 2L hours after hatching for N, trivittatus‘(Tablo 0.
Indeed, production by N, otsolstus larvae scems to decline within one hour
of hatching, since plugs were degraded only at the hi ighest densities of

one-hour old lam qe. 11dte that all larval) densities used in these oxperi--
AN

ments were well above those prsviously Tound adegquate for plig disso-

lution by erbryos {T-ble I). ihe hatching substance is thus ro ordinary

- metabolite, but rather a.substance produced specifically to 10038ﬂ the



——

capsule plug prior to escape of the veligers. Larvce which have apparently
ceased production of hatching substance do not degrade capsule oper-

cula, indicating that physical manipulation plays a minor role in removing
ﬁhe plug. - , . )

As in N, obsoletus, embryos of the urchin Strongylccentrotus pul-

cherrimus seem to produce a hatching substance, which dissolves the fer-

tilization membrane about the egg prior to gastrulation, in a short

pulse, There is evidence of hatching substance production between 1l and

-

1l hours after fertilization, bubt not before or after this pericd (Susa-

wara, 1943). There is no other comparable data for any other marine

’

‘invertebraic,

¥

Longevity and spneciesg-specificity of

the substance

The hatching substance produced by N. obsoletus embryos losss its
potency within 3 hours, in éea—water at room teméerature (Table I¥).

.Despite-the éimilarity between the capsules of the two species,
the substance produced by the embrves of sne species is incapatle Ofi
weakening the plugs of the other (Table ¥}, |

- The bnly comparable experimentzl work done cn marine invertebrate
hatching is that investigating the dissoluticn of sea-urchin fertilization
membranes prior to gastrulation, and studies on the dissolution of the

chorion by ascidian embryos. In contrast to the hatchinz substance

P

produced by N. obsoletus, that produced by the urchin Arbaciz punciulabe

is said to remain active for several weeks in sea-water, albhough the
conditions of storage are not given (Kopac, 1941). Functional longevity

of the hatching substance has not been specifically consi'éred for other

e RN
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species studied, although the substance produced by the urchins Hemi-~

centrotus pulcherinus and Anthacidaris crassispina was concentrated for

experiments by evaooratlng th= hatchlna water for 3 to 10 hours at room
"temperature,_after which time it was quite potent (Yasumasa, 1960),
The species specificity of the natching substance produoéd_by the

~ . two Nassarius species in my study contrasts sharoly with’the known action

of other marine invertebrate hatching substances. Those produced by

1

the ﬁrchins Stronzylocentrotus purpuratus and S. franciscanus wlli dlssolve
the fertilizétion'membraneé of either species (Barrett and Angelo, 1969).
In the Ascidiacea, there is no evidence of spccies'speoificity of the
hétching’subsoance in the 5 species.studied. In fact, the substance pro-_

duced by Ascidia conchilesa acts more guickly ca thp cborlon of Phallﬂala

maillota eggs than on the cherion of its own.eggs (Berrill, 1929)!%

on hztchine in ¥, obzoletus

The production of hatehing substznce in a shord pulaz, and the
.« - apparenily short life-span cf the subsitance suggests that synchronized
production bv ‘all residents within a capsule would be desirable, Lirht
is known to stimulete the relsase of seneies and larvee by a nupoer of

invertebrate adulis (Giese znd Fearse, 197L, pp 31~32). Recently,

light has been shown to accelerate hatching of Artemia ezgs {Zorseloosze,

=

s

1973)e In the case of X. gbsolebus, iccraased teuperaturs could also
be a trizger for haicidng due to the intertidzl nabure of the cupsules,

- Howevey, aeliher Lichit noy bzt pulses affected the relezze of veliger

=)
inny experinents (Table‘;§£$° This ig © nob surprisivz. .
obsoletug | . nseds ne envirommenial coordinatins stimalus, as

all individuais within a consule

Y

seen to dzvelop &b approximately the cane
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rate, at least initially (Clement, 1971), and each capsule con-
tains many more embryos than the minimum number necessary to

achieve successful hatching (Tables I and II).

The rate of escape of veligers from egg capsules of N, obsoletus

The average speed of veligers within the capéule when only a
few remained was 1.8 mm per minute (N = 11 measurements on 8 indi-
‘viduals). Using this value of v, the equation predicts that
98% of the‘veligers will leave the cepsule within only S5 minutes.

Both of the capsules acfually monitored, conteining IS and 51
individuals, lost 98% of their veligers within 45 to 50 minutes
after hatching commenced, and the shape of the escape curve
is similar to that predicted for a chance escape (fig. 2). Thus,
movements with the capsule are probably undirected. However, the
observed rate 6f escape is initially in better agreement with
that predicted for a slower swimming speed instead of the speed
actually determiﬁed. This suggests that the intrscspsular fluid
does become less visgous during hatching, although there is no

evidence that the hypothesized gradient 1s established.
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SUMMARY

1)

L)

%)

6)

3)

’

'The loosening of the egg capsule plug prior to escape of the

veligers is showm to be chemicélly mediated in Nassarius obsoletus

and ﬂ.'tiivittatus.

The:hatching substance is not produced continuously during develop-
ﬁenb,-ﬁut rather in a short pulse beginning just prior t9 hatching

and:én&ing within hours of:eécaping from the'capsulé. ..
The héﬁching substance produced by the embryDS‘éf one svpecles is

effective only on the capsule plugs of that species, for thé two‘
species'studied. - |

The éubstance is functionally short-lived, at room témperéture in
sea-water, losing its poténcy within 3 houré after its secretion.

There is no evidence that the secretion of the hatching substance by

N. obsoletus veligefs'is stimulated by 2-hour pulses of light or

increased temperature. The egz capsules of N. obsoletus contzin

many more embryos than are needed to effect an escape from the
capsule, 50 that pomplete synchrony of hatching substancevproduction
by 211 individuals within»a capsule is not necessary.

The observed rate at whiéh‘g. obsoletus veligers leave their egg
capsules is shown to be in close agreement with the rates predicted
from an equatioﬁ assuming random movement;of individuals within the

capsule.
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Production of hatching substance by advanced embryos of

TABLE I.
. - Nassarius obsoletus.
+: Release of plug from capsule neck
-: Plug remaining firm in capsule neck
-Number Embryos
Number Embrvos per nl ’ QOutcome

45 0.196 -
55 0.239 -
2 10.400 -
4 0.408 +
- 210 0.913 +
6 1,000 +
16 1.176 +
45 1.364 +
16 1.454 +
' 329 1.645 +
‘16 1.951 +
13 2.241 +
13 2,500 +
4.473 +

16
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TABLE II. Embryos per ul in egg capsules of N, obsoletus.

Capsule Height Number Embryos Approximate Capsule  Approximate Number

mm Contained Volume (ul) Embryos per nl
1.25 47 . 0.6 78
1.4 . 51 0.6 | 85
1.8 152 1.8 ,» 84

1.3 17 0.5 34
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TABLE III, Production of hatching substance by larvae of N. obsoletus
| and N. trivittatus (*) at various times after the ini-
tiation of hatching
+: Release of pfug from capsule neck

-2 Plﬁg remaining firm in capsule neck

ﬁours After Number Larvae
Initiétion of Hatching Number Larvae per ul Cutcome
1 14 '2.641 -
1 15 3.750 -
1 14 3,784 +
1 20 4.545 +
2 19 3.518 " -
2 31 5.000 -
2.5 - 3 24 3.750 +
3.5 - 4 14 2.258 -
4 ' ' 93 1.390 -
4 17 3.696 -
5 19 2,714 -
8 17 - 7.083 -
8 . 14 3.500 -
11 8 3.077 -
16 : 19 4,750 -
24 - 48 177 1.264 -
* within 24 194 1.492 -

% 24 - 48 - 217  L.447 -
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TABLE IV, Functional longevity of N. obsoletus hatching substance.
. +: Release of plug from capsule neck

-: Plug remainiﬁg~firm'in capsule neck

Number Larvae  Number Larvae Hours Between Removal of Hatching

Hatched per ul Water and Addition of Plug Outcome
45 6.618 0 . +
49 7.000 : 0 ) +
25 - 4.630 0 g +
38 . 4.130 0 +
34 3.840 1.50 +
41 4 .254 : , 2.25 -
I 4.889 ' 2.50 +
51 6.892 3.0 -

47 3 5.014 3.0 -
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veligers of N. obsoletus and N. trivittatus (*)
+: Release of plug from capsule neck

=: Plug remaining firm in capsule neck

22

Number Embryos

224 (%)

Number Embryos per ul
291 1.455 N.
.o . N'
264 1.600 N.
| N.
19 3.800 N.
N.
23 4.600 N.
N.
R 208 (*) 3.480 N.
O | X,
1.600 N.
N

)
o

-
-

obsoletus
trivittatus:
obsoletus

trivittatus:
obsoletus
trivittétus:
obsoletus
trivittatus:
obsoletus
trivittatus:
obsoletus

trivittatus:

.

TABLE V. Species specificity of hatching substance produced by

. +

: +

-+

-+
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Table VI. The effect of light and increased temperature on the timing
' of veliger escape. Entries are the number of capsules

empty / total number of capsules on the tray.

‘Before Light/Temperature After Light/Temperature

Pulse Pulse
Experimental 0/8 3/8 .
Control —-- o : 2/8
Experimental 3/6 3/6
Control ——- 3/6 .
Experimental 1/13 5/13
Control ———— 4/14




Figure 1.

2y | 2

Diagramatic illustration of a lassarius obsolebus

egz capsule wnich has been sliced parallel to its
long axis to expoée the plug in'the mouth of the
capsule. Dravn from a photograch. The base of
the capsule has been cut away. C?t surfaces are

stippled.
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Fig. 2.
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The observed énd-predicted rates of e¢scape of veligers from
egg capsules of N. obsoletus. Squares tracé the predic_:ted
rate of escape based on the average swimming speed measured,
1.8 mm per minute. Triangles trace the predicted rate of
escape based on a swimming speed of 1.0 mm per minute. Circles

trace the average observed rate of escape from two capsules.



09

5

05

Sy oY

A_Z_‘_AS_V dNTL

¢ 08 ¢z

I (] L

0C

o<

<D

-001



{

28 -
@*

LITERATURE CITED

Anderson, D.T., 1966, Further obssrvations on the life histories of
littoral gastropods in New South Wales, Proc, Linn. Soc.
N.S. w31es, 90(3): 2h2-251,
Ankel, W.E., 1929, Uber die Bildung der Eikapsel bei Eéggg-arten.
- Verhandl. Deutsch. Zool, Gesellschaft, Vol. 33, Zool. Anz.,
suppl. h: 219-230, ‘ B .

Ankél, WeZe, 1937, Der feinere Bau des Kokons der Purpurschnecke

Nucella lepillus (L.) und seine Bedeutung fur das Laichleben.
Verhandl. Deutsche Zoole Geseilschaft, Vol. 39, Zoole Anz.,
suppl. 10: 77-86,

Bandel, K., 1974. Spawning and developmeht of some Columbellidae from
the Caribbean Sea of Columbia (South America). Veliger, 16(3):
271—282. .

Barrett, D., and G;M. Angelo, 1959, Haternal characteristics of hatching
enzymes in hybrid sea urchin embryos. Exp. Cell Res., 57:
159-166,

Bayne, C.J;; 1958, Histochemical studies oﬁ the egz capsules of eight
gastropod molluscs. Proc. Malac. Soc. Lond., 38(3): 199-212,

Berrill, W.J., 1929, Studies in tunicate deéeloPment. Part I, General
pbysiolOgy of development of simple asoidians. Phii. Trans.
ROy, Sote Londe, sers B, 218: 37-59,

Chess, JJ.R., and R.J. Rosenthal, 1971, On the reproductive bioclogy of
Mitraidae. Veliger, 1Lh(2): 172-176.

Clement, A.C., 197l. Ilyanassa. In: Reverberi, G., ed.: Experimental

Embryology of Marine and Freshwater Invertebrates. American




Flsevier Publishing Company, Inc., New York,vpp 188-21L.

Costello, D,P., and C. Henley, 1971, Methods for Obtaining and
Handling Marine Eggs and Embryos, second ed. Bakef Mz,
Company,liassachusetts.

Dtasaro, C.N., 1959, The egg capsules of Jenneria pustulata (Light-

foot, 1786) with notes on spawning in the laboratory. Veliger,

11(3): 182-18L.

-

- DVAsaro, C.N., 1970a. Egg capsules of prosobranch mollusks from South

Florida and the Bahamas and notes on spawming in the laboratcery.
Bull, Mar, Seci., 20: Llh-llLO.

D'Asaro, Cl.Ne., 1970bs Egg capsules of some prosobranchs fron the Pacific
coast of Panama. Veliger, 13(1): 37-L3.

Davis, C.C., 1967, Emergence of veliger larvae from eggs in gelatinous
masses laid by some Jamaican gastrépods. Malacologia, 5:
299=30%.

Davis, C.C., 1958, Meéhanisms of hatching in aquatic invertebrate eggs,

~Oceanogr. Har. Biol. Ann. Rev., 6: 325-376,
De Nahieu,_G.C;, Penchaszadeh, P.E., and A, B. Casal, 197L4. Algunos
| aspectos de las variaciones de proteinas y amina acidos libres
totales del liquido intracapsular en relacion al desarrolla

embrionaris en Adelomelon brasiliana (Lamarck. 1811)(Gastropoda,

Prosobranchia, Volutidae). Cah, Biol, Mar., 15(2): 215-227,

Dulzetto, F., 1950. Sull 'origine e la structtura'dellé capsule ovifere

di Murex trunculus L. Arch. Zool. Italiano, 35: 83-100.
Flower, N.E., Geddes, A.J., and K., Rudall, 1969, Ultrastructure of

the fibrous protein from the egg capsules of the whelk

~



30 -

Buccinum undatum. J. Ultrastr. Res., 26: 262-273,

Franc, A., 1941. Ia ponte et le developpment chez quelques prosobranches,

C.R. Seances l'l'em. SOCQ BiOlo’ 135: ]ll9h-]ll96.

- Fretter, V., 1941, The genital ducts of some British Stenogloséan

Prosobranchs. J. Mar. Biol. Assoc., 25: 173-211,

Fretter, V., and A. Graham, 1962, British Prosobranch Mollusca.
Ray Society, London. 771 ppe.

Giese, A.C., and J.S. Pearse, 197he Reproduction of Marine -
Invertebrates.s Vol. l: Acoelomate and Pseudocoelomate
Metazoans. .

Giglioli, M«E«Cey 19550 The ezg masses of the Haticidae (Gastropoda).
J. Fish. Res. Bd. Canada, 12: 287=327.

Golikov, AJN., 1961. Ecolozy of reproduction and the nature of egg
capsules in_some gastropod molluscs. of the genus Neptunea
(Bolten). 2Zool, Zhurnal, LO: 997-1008,

Graham, D,H., 1941, Breeding habits of 22 species of marine molluscs.

_ | Trans, Proc. Roye. Soc. NeZ., 7L: 152-159,

Hancock, D}A.,.l956. The structure of the capsule and the hatching
process in Urosalpinx cinerea (Say)., Proc. Zool, Soc, Lond.,
127: 565-57L.

Hanks, J.E., 1960. The early life history of the New England clam drills,

Polinices duvlicatus (Say), Polinices heros (Say), and Polinices

triseriata (Say). Unpublished Ph.D. thesis, University of

‘New Hampshire.

Houbrick,‘ﬁ.s. (JeRa), 197h. Studies on.the reproductive biology of

the genus Cerithium (Gastropoda: Prosobranchia) in the western



31

Atlantic. Bull. Mar, Sci., 23(k): 875-90k.
Hunt, S., 1955, Carbohydrate and amino acid composition of the esg

capsule of the whelk Buccinum undatum L. Nature, 210: L36-437.

Hunt, S. 1971. Comparison of three extracellular structural proteins in

the gastropod mollusc Buccinum undatum (L.), the periostracum,
egg capsule and operculum. Comp. Biochem. Physiol., LOB:
3716 f

Hyman, L.H., 1967, The Invertebrates, Vol. 6. lollusca I. 4RcGr§w Hill
Book Company, New York, 792 pp. |

Knudsen, J., 1950, Egg-capsule size and development of some marine
prosobrapchs from trépical West Africa. Atlantide Reps, 1:
85-130.

Kohn, AJJ., 1961. Studies on spawning behavior, egz masses, and larval
developrent in the genus Conus. I. Observations on nine
species in Hawaii, Pacific Sci., 15: 163-180.

Kopac, M.J., 19&1;- Disintegration of the fertilization membrane of
Arbacia by the action of an "enzyme". J. Cell, Comp, Physiol.,
18: 215-220.

Kostitzine, J.,1940. Sur la ponte de la pourpre. Bull., Soc. Zool. Fr.,
65: 80-8L. |

Iebour, M.V., 1937. The eggs and larvae of the B?itish prosobranchs,
with special reference to those living in the plankton. Je
Mar, Biol. Assoc., 22: 105-166.

Murray, F.V., and M.H. Goldsmith, 1963, Some observations_on the egg

capsules and embryos of Torvamurex terrirus (Reeve, 1845)e Je
Malac. Soc. Austrs, 7: 21-25,

Ponder, W.,F., 1973, The origin and evoluticn of the leogastropoda,

O T O B ORI e
-



32

Malacologia, 12(2): 295-338, |
Portmann, A., 1955, La metamorphose "arbritée" de Fusus (Gastropodes,
‘ Prosobranches)., Rev. Suisse Zool., 62 (suppl.): 236-252,
Radwin, G.E., and J.L, Chamberlin, 1973, Patterns of larval development
in stenoglcssan gastropods. Trans. San Diego Soc. Nat. Hist.,
17(9): 107-117. |
Scheltema, ReS., 1962, Pelagic larvae of New England intertidal gas=

tropods: I. Nassarius obsoletus Say and lassarius vibex Say.

Trans. Amer. Micr. Soc. 81(1): 1-11,
Scheltema, R.S., and A,Hs Scheltema, 196li. Pelagic larvze of New Eng-

land intertidal gastropods: III. ilassarius trivittatus.

Y

Hydrobiole., 25: 321-329.
Scheltema, R.S., 1957, The relationship of temperature to the larval

development of iassarius obsoletus '(Gastropoda)e. 3Biol. Bull.,

132: 253-265,
Sears, F.W., 1959, An Introduction to Thermodynamics, thé Kinetic
| Theory of Gase§, énd Statistical MHechanics, second ed.
Addison-Wesley Publishing Corpany, Reading, lMassachusetts.
Sorgelocs, P., 1973. TFirst report on the triggering effect of light on

the hatching mechanism of Artemia salina dry cysts. DMar.

Biol., 22: 75-75.

Sugawara, He, 1943 Hatching enzyme of the sea urchin, Stronzylocen-

trotus pulcherrimus. J. Fac. Sci. Univ. Tokyo Section L,
Zoole 3 6 : 109-'127 °
Tamarin, A. and M.R. Carriker, 1957. The egg capsule of the muricid

gastropod Urosalpinx cinarea: an intesrated study of the wall




. 33

by ordinary lizht, polarized light, and electron microscopy.
J. Ultrastr. Res., 2Ll: 26-l0.,

Thorseny G., 1946. Reproduction and larval development of Danish
marine bottom in?ertebrates.h liedd. Xorm, Havundersog.

Kobenhaven (ser: plankton) lL: 1-523.

West, D.L., 1973. Hotes on the development of Colus stirpsoni (Proso-
. branchia: Buccinidae). Nautilus, 87(1): 1-lL.
Yasumasu, Ikuo, 1950, <uantitative determination of haichine enzyre
activiby of sea urchin blastulze. J. Face Sci. Univ. Tokyo

Section L, Zool., -9: 39=L7.




