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Should the strongest arm endeavor
The limpet from its rods to sever*
•Tis seen its loved support to clasp
With such tenacity of grasp
We wonder that such strength should dwell
In such a small and simple shell

Wordsworth
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ABSTBACT
Investigations were conducted on the littoral euryhaline mollusc# Slnhonarla pectinate. Linnaeus# which
inhabits the granite jettibs near Galveston# Tessas#

Anl~

male were subjected to a wide range of salinities# and the
Atf and sodium concentrations of the body fluids were mea¬
sured under conditions of osmotic stress*

Experiments were

designed to Investigate the possibility of some control
mechanism being operative to explain this animal *s toler*
anoe to osmotic stress*

Experimental evidence Is presented

that fluctuations In the osmotic concentrations of the body
fluids are largely due to water movements*

Evidence is

further presented that fluctuations in the osmotic concen¬
tration of the hemolymph may be effectively reduced during
stress for * periods
of up to 48 hours#
*

This is done by

physical exertion on the part of the animal# resulting
in a tight binding of the mantle fringe and outer margin
on the shell to the substrate*

Such exertion effectively

results In greatly reduced exposure of the soft parts of
the animal to the stress environment.

The end result is a

resistance to swelling or shrinking in hypoosmotlc and
hyperosmotic situations# respectively#
The results suggest that dessication In air and expo¬
sure to hyperosmotic salinities of water yield similar
end results In terms of deleterious effects on the body
fluid concentration of the animal#

A discussion is presented

of the possible significance of the fact that the animals

sees more tolerant to hyperosmotic than to hypoosmotic
conditions.

The significance of the animal* a apparent

mechanical osmoregulatory ability is also discussed#

TABLE OP CONTENTS
X«

Introduction

1

A. Description of the animal,*•••••• 1
B, Mechanisms of Ionic and osmotic
6
regulation In other animals......«
IX.

Materials and Methods
A*
B.
C.
D.
E.

13

Collection and maintenance
of animals
13
x
Collection of hemolymph samples
16
Measurement
of atf.
Ma+ determination,.....,....,............ 20
Weight determinations.,,,..,..,.......,.. 22

i

Results

23

A.
B.
C.
D.
E•
F.

Animal-transfer experiments
Cross-transfer experiments
Activity measurements
Reattachment after stress.
Desslcatlon experiments
Studies on attached animals,,
a* Responses to gradual salinity
changes
b. Responses to sudden salinity
changes «...
Q. Comparative study between attached
and unattached animals,

23

XV•

Discussion

39

V.

References

67

XIX,

VI•

26

28
30
30
32
33
33
3^

Appendix *•*«*#**.•.,•«««•*•*..,***..««.*,.** 69

INTRODUCTION
Slohonarla -peotlnata Linnaeus Is a brackish water
pulmonate mollusc which Inhabits the intertidal 2one on

of

several

Gulf Coast*
limpet*"

the man-made granite jetties along the Texas
The animal has been referred to as the "false

The word limpet, like the word "snail," has

no scientific basis and is merely the name of a shape—a
simple, conical shell which is found in those gastropods
that habitually live in one place, clinging to the substra¬
tum*

The assumption has often been made that the ancestral

gastropod had a simple cap-shaped shell like that shown
by the common limpets; however, in none of these forms is
the shape of the shell primary (Fretter and Graham, 1962)*
The shell has been secondarily derived from a helicoid
spiral shell whloh may still be seen in the young stages*
As the animals mature# the whorl of the shell grows
disproportionately large and provides accomodation for
all the soft parts.
completely worn away*

In the process, the original spire is
The mouth of the shell becomes

round or oval, and the sole of the foor acquires more or
less tf

y

same shape#

Coupled with development of an exist¬

ence on a rocky shore, the operculum has been lost, since
the animal normally never lets go of the substrate to which
it clings*

Consequently, the coluaellar muscle becomes

horseshoe-shaped* probably due to fusion of originally
separate right and left shell muscles (Fretter and Graham,

1962),

Although limpets occur among all groups of gastropods*
the majority of the most common species are prosobranchs *
The prosobranch limpets* or '’true limpets*" are character**
ised by a well-developed head and cephalic tentacles, and
a broad foot.

The overgrowth of the mantle edge encloses

a pallia! groove which encircles the lateral margin of the
foot and is continuous with the palllal cavity, or nuchal
cavity* anteriorly*
with tentaoles.

The mantle margin is typically fringed

The direction of the water currents through

the nuchal cavity and palllal grooves varies with the species,
Among the Patellacea (=Docoglossa) (Fretter and
Graham, 1962) occur the best-known and most frequently
studied genera of prosobranch limpets.

Among these, Aomaea.

a limpet occurring abundantly along the Pacific Coast
of the U, S*, Is the only group which possess a ctenidlum,

1% is a left one, and is elongated and held across the
nuchal cavity? the tip of the etenldla may often be seen
as the animal creeps, projecting from the right anterior
margin of the shell*

When the limpet comes to rest, the

muscles of the otenidlal axis contract and withdraw the
gill into the cavity*
The genera Patella and Patina, common British proso¬
branch limpets, have palllal gills set on the outer edge
of the palllal groove.

They hang down from the roof of

the groove and encircle the head-foot in Patella, but in
Patina the ring is incomplete anteriorly*

In Patina*

the exhalant current from the mantle cavity conveying all
particulate matter leaves the body from the right side of

the nuchal cavity.

The Inhalant current Is drawn Into the.

palllal groove In all regions where gills occur, by cilia
on the gills.

Sediment.entering with the.current la entrapped

in mucus from a glandular

region around the foot, and

passes anteriorly along the palllal groove with the water
flow, and through the nuchal cavity on the right.
Patella has a rather specialised arrangement of currents
In the mantle cavity and of disposal of material from the
body*

A gentle Inhalant current Is drawn in all around the

margin of the mantle by the cilia on the gills, and a

.

weals current leaves the mantle cavity ventral to the
inhalant flow.

Particulate material is directed from the

body by cilia on the sides of the foot and on the roof of
the nuchal cavity, which conduct it to a point midway along
the right palllal groove.

Here it accumulates and Is

ensiled from time to time by sharp contractions of the
shell muscle.

This forceful expulsion compensates for the

laoh of the glandular region around the foot, which is
present in other prosobrsnch limpets*
Much of the preceding discussion of prosobranoh
limpets is quoted from British Prosobranoh Molluscs
(Fretter and Graham, 1962, chapter.19)*
Due to their systematic position as pulmonates,
Ancvlus. the fresh**water limpet, and Slnhonarla, the group
under study herein, have been termed "false limpets,"
Developmental distinctions found in Slnhonarla include
the absence of a palllal groove or ctenidiaj a considerable
space, usually filled with sea water. Is present between

•
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the margins of the foot* which are covered with mucus ceils#
and the shell*

The mantle fringe is highly retractile and

pulls bade in response to the slightest tactile stimulation*
The foot is oval and quite musculari the cephalic region
and foot have merged to the point that no clear line of
demarcation of these two regions exists*
palllal and cephalic* are absent*

Tentacles* both

There is a well-developed

radula* and a rather typical pulmonate digestive tract*
All species of Sinhorarta are hermaphroditic*
The pattern of water circulation in the animal ie
quite unique and is specifically localized* due to the fact
that the animals are pulaonatea*

The mantle entity is

reduced* and Is modified into a highly vascularized lung
containing a secondarily derived gill# or pseudobranch*
The opening to the environment appears at the pneumostome#
on the left side of the mantle^foot junction*

Both inhalant

and exhalant currents pass through the pneumostome*

The

system Is therefore much more "closed" than is the system
described for prosobranoh limpets# where water current
entry and exit points are often some distance apart*
The systematic position of the genus Slnhonarla* as
well as the geographical distribution and distinguishing
characteristics of the different species* is thoroughly
discussed by Hubendloh (19^6)•

An excellent anatomical

study of tha organism is compiled Dieuzeide’s monograph
•

'
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(1935).
In its natural habitat* the animal resides in the
Intertidal zone; populations reach their greatest density

along the fettles on those rooks which are covered by a
thin film of microscopic algae.

At the lower levels along

the rocks# the populations,are more sparse* and the indi¬
viduals# whose average size is larger than the higherlevel forms# live in close association with the maoroscopie
algal mats#

This population of larger individuals# dist¬

inguishable by the rich macroscopic mat of green algae
covering the shell# was observed at the South Jetty to be
exposed only during periods of low tide*

The higher-level

population of smaller animals, distinguishable by the almost
complete lack of visible algal growth on the shell# were
observed to be exposed except during high tides*

These

animals were chosen for this study# due to their increased
numbers and greater ease of collection over the lower level
forms,
The animal may encounter considerable fluctuation in
the environment in temperature, salinity# and length of
exposure to air*

Since the animal can breathe either air

or water into the

n

lung#‘* dessieation presents little

problem to Slnhonarla pectinate, as long as it remains in
a zone where it encounters sufficient surf or spray to
maintain hydration of the soft parts.

However#, during the

elevated temperatures, encountered, during the summer months#
the rooky habitat may reach quite high temperatures during
periods of low tide.

In these cases# the animal is faced

with environmental stress and presumably, any control
mechanisms present which would aid the animal in retarding

6
dehydration during dessieatlon would ho advantageous*
Additionally, the environmental salinity at the South
Jetty shows considerable variation (Appendix, Table II)*
Therefore, soiae mechanism to retard swelling or shrinking
of the tissues during exposure to salinity extremes would
also be desirable,

This study was therefore directed

toward elucidation of any possible control mechanisms
possessed by the animal which would enable it to survive
and fluorlsh tinder suoh a wide range of environmental
conditions,
MECHANISMS OF IONIC AND OSMOTIC REGULATION
The ability to create and maintain lonlo and/or
osmotic differences between the tissues and/or body fluids
of an animal and its environment is present in several
groups of invertebrates.

These concentration differences

are the result of both passive and active factors, one or
more of which ®ay be Involved in any example cited (Potts
and Parry, 1964),

The passive factors Include the permea¬

bility of the animal*s body wall to water and solutes, and
the presence of protein in the body fluids, which may
produce Donnan effects or may bind some ions selectively
into indlffusable complexes.

The available active meohanisms

include the excretion of salts and water from the body, and
the active uptake of salts and water, possibly, in the gut
and at the body surface.
Among the invertebrates, there exist two major classi¬
fications of animals as regards their responses to osmotic
concentration changes.

One group, termed osmooonformers.

react passively to the medium by equilibration of the
body fluid concentration with that of the mediumi these
animals are often tensed polkilosmotic•

Another group of

animals are osmotlcally stable, and their body-fluid con¬
centration remains constant and Independent of medium
concentration changes$ these animals are termed homolosmotlc, and are thus osmoregulators*

These two classifications

represent ideal oases$ in fact, there are all gradations be¬
tween these two extremes.

Some animals have the ability

to conform-osmotlcally in one concentration range and
regulate In another.
volume regulation.

Other groups show varying degrees of
Salt transfer usually occurs in these

cases, enabling the animal to maintain a constant volume as
the body fluid concentrations change with the environment*
Among the marine Invertebrates, a large number are
isosmotlc with the external medium.

The limitation to the

distribution of all osmolabile animals is probably the
dilution or concentration at which their oellular organi¬
zation can still permit basal metabolic functions (Prosser
and Brown, chapter 2)(1965),

This implies that, among

osmoconformers, each species has its mm "normal range"
of external concentrations in which it can successfully
survive.

The simplest and purest form of osmotic con¬

formity is found in a few marine Invertebrates which gain
or lose water according to the concentration of the medium,
These animals show no volume regulations they are bounded by
membranes permeable to water only (perfectly semipermeable)

and swell or shrink in proportion to the total soluto
concentration#

However, this is again an Ideal case and has

few ©samples in nature#

Assuming that most living cells show

some degree of Ionic exchange, it is not surprising that
numerous marine Invertebrates therefore show osmotic con*
formlty, coupled with poor volume regulation.

The term

volume regulation is rather misleading? in this case* an
active process is not implied.

Volume regulation is due

to a breakdown of the semlpemeable nature of the limiting
membranes* allowing salt exchange*

One example of an

organism which shows osmotic conformity with poor volume
regulation is the sipunculid Golflnsda (Adolph, 1937)*
The sipunculid Dendrostomnm apparently has a more efficient
method of volume regulation, using the gut and nephrldio*
pores for ion exchange as well as showing a limited ability
to release osaotioally active particles from its body wall
into the blood (Gross, 195^)•
A comprehensive survey of the various mechanisms
demonstrated by invertebrates for limited ionic and osmotic
regulation is beyond the scope of this study; the reader is
referred to a number of excellent reviews on this subject (bib¬
liography).
Among the molluscs, several species show limited abili¬
ties for volume regulation.

The gastropod “sea hare” Anlvsla

shows an initial weight gain for 2-3 hours after transfer
to

75%

weight.

sea water, followed by a recovery of the Initial
On transfer back to 100$ sea viator* weight loss

occurs, indicating that salt loss occurred during the
recovery of the initial .volume (Bethe, 1929* 193*0*
The presence of an external shell or shells In molluscs
lends to this group a unique potential for a rather spec¬
ialised behavioral response during osmotic stress.

This

response consists of temporary exclusion of the environment
by clamping or closing of the Imlveaj it lias been su.ggested
to occur in several different.species of molluscs as a
mechanical method of osmoregulation#

The principle Involved

here is quite similar to that shown by the eggs of marine
and frash-water fish*

In this case, the eggs are protected

against osmotic stress by the fact that they are impermeable
to both water and salts#

Thus a barrier against equilibra¬

tion during periods of concentration differences Is erected#
Among the molluscs, the most notable examples of this
phenomenon are cited.
xtrogh (1928) has.demonstrated that the bivalves
Bytilus. Grassostrea. and Modiolus respond for varying
lengths of time to transfer from normal to dilute sea water
by closing the valves#

with the valves closed, these marine

pelecypods could survive and maintain the heSaolymph undiliited for several days.

However, if the valves are forced

open, the animal swells.rapidly and little volume regulation
is observed.

Among these bivalves, Hytllus seems to show

some degree of volume regulation, since Krogh (1928) found
that the hemolymph and tissue chloride concentrations had

become reduced In dilute sea water*

Further evidence that

llvtllus is able to tolerate dilute sea water ms furnished
by Milne

(19^0),

who found that* at low tide* the salinity

inside the mantle cavity of M.vfciius was 24$P * while the
salinity of the environment had fallen to

TU«

Freeman

and Bigler (1957) demonstrated that the estuarine lamellibranch SoroMeularla nlarn tolerates wide salinity varia¬
tions by closure of the valves* seriously decreasing the
rate of equilibration of the body fluids with the external
milieu after environmental concentration changes*
Among the gastropods, Mayes {i960) found a gradual
increase in weight in all the species of British Llttorlna.
an operoulate snail* upon transfer of the animals to 25$
sea water*

Tn this medium* all animal3 remained retracted

until deaths Mayes therefore concluded that the survival
times of each species in this medium were correlated with
the goodness of fit of the operculum*

Avene and Sleigh (1965)

have verified these findings using Llttorlna sexatills*
These workers concluded that hyperosmoticlty of the body
fluids of tills animal in dilute solutions is a result of
avoidance of deleterious conditions by retraction* rather
than active hyperosmotic regulation* since active animals
were always Isosiaotlc tflth the medium*

Thus* Avens and

Sleigh conclude that the retraction must be of considerable
Importance in the survival of the animal under temporary
adverse conditions*
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Among the prosobranch limpets, Milne (1940) suggests
that Patella yulflata may hay© the ability to exclude the
environment during periods of osmotic stress,

Arnold

(1957*1959) suggests that Patella does show such responses
during desslcatlcn# and proposes that the cephalic tentacles
and/or mantle fringe contain receptors for the perception
of salinity,

Segal (1956) and Segal and Dehnel (1962)

give evidence that extravisceral water my serve an osmo¬
regulatory function in Aomaea limulata.
The animal selected for this study* S.lpfoonaria
peotlmta, has not been previously Investigated as to its
capacities for volume and/or ionic regulation* with the
exception of a study done by Buoher and Harry (unpublished).
These workers demonstrated that the chloride concentration
of the hemolymph closely parallels that of the external
milieu at all concentrations,

Height fluctuations were

found to be less than those predicted for a perfect osmo¬
meter,

It was concluded that this animal shows osmotic

conformity coupled with limited volume regulation.
This study was designed to give definitive evidence
that a clamping response, that is, active contraction of the
foot and shell muscles to reduce equilibration with the
adverse environment, is occurring in the false limpet*
Experimental design ms constructed in an effort to esta¬
blish a normal salinity range for the animal, and experi¬
ments were conducted on both attached and unattached
animals, in hopes of producing some measure of the efficiency

of the clamping response in reducing volume fluctuations

in osmotic gradients *

Although the false limpet lias many

features distinct from the prosobranoh, or trip limpet,
it is hoped that this study will produce definitive
numerical evidence in support of the observations of earlier
workers, that limpets can indeed respond to osmotic stress

by using the substratum as an "auxiliary valve,” in a
fashion similar to that demonstrated to be operative in
pelecypo&s*
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MATERIALS AMD METHODS
COLLECTION AND MAINTENANCE OP ANIMALS
Animals were obtained along the South Jetty* Galves¬
ton, Texas, which is located at the southeastern tip of
Galveston Island,

The Jetty lies due west of the mouth

of the Houston Ship Channel*

All animals were collected

from the west, or Gulf, side of the Jetty from a point
approximately one-fourth mile from the beach*

Animals

were collected, whenever possible# at low tide.
The collection technique consisted of the introduction
of a dull knife or scalpel under the shell and foot and
exertion of a gentle prying force*

Care was taken to

prevent damage to the shell fringes or underlying soft
parts $ a mortality rate of approximately 2.0% was encountered
due to injury after collection,

A small amount of water

was also collected in a plastic bottle, for salinity
determination*
The animals were placed in an ice chest with a snail
amount of surrounding loe for transport back to the labor¬
atory#

Upon arrival, they were individually placed, foot

down, in reoovery aquaria (henceforth referred to as "tanks”)„
each of which contained 15 gallons of "Instant Ocean"
(Aquarium Systems, Inc#, Cleveland, Ohio) artificial
sea water#

Animals were distributed among the recovery tanks

so that thdre were approximately 50-75 animals per tank,
All tanks, both reoovery (control) and experimental.

were aerated.

To each tank ms attached an external char*

coal-glass wool filter, through which the water me circ¬
ulated to facilitate removal of waste products.

The sali¬

nity of the control tanks ms maintained at 24$o.

All

artificial sea water solutions, both experimental and
control, were prepared by diluting a concentrated solution
of the artificial sea water to the desired salinity.
Salinity measurements ware conducted using three hydro¬
meters and sea water and conversion tables supplied by
the Coast and Geodetic Survey, U. S. Department of Commerce.
All experiments were conducted in an air conditioned
laboratory, the temperature of which varied between 229 and
26° C.
Animals were acclimated in the recovery tanks for
at least 48 hours after collection before an experiment.
Average mortality during the first 24 hours was 19$.
This was attributed to either (1) injury Inflicted during
collection or (2) shock Inflicted either during transfer
or after exposure to the artificial sea water#
After the 48-hour acclimation period, animals were
maintained with little difficulty in the recovery tanksi
however, In the latter stages of the study, some problems
were encountered with bacterial growth in the tanks which
in all oases led to 80-90$ mortality in those tanks
which had become contaminated#
be a small Grom negative rod.

The bacterium was found to
The addition of 0.1 gram

streptomycin sulfate (Lilly) per gallon of sea water was

15
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found to prevent such bacterial growth and associated
mortality.
COLLECTION OP HEMOLYMPH SAMPLES
For removal of body fluids, the animal ms first
blotted dry with absorbent paper, and the sole of the foot
was then lightly lacerated with a razor blade around the
lateral margins, thus puncturing the foot sinuses and
ventral hemocoel#

This method was only fairly successful,

however, and an average of b0% of all animals tested
»

*

•

yielded either no hemolymph at all or else a fluid of a brown¬
ish color.

Only those animals which yielded a clear

bluish fluid were used in the experiments.

The diffi¬

culty of obtaining body fluid samples was most marked in
animals acclimated to extreme hypoosmotic conditions.
In these cases, only one animal in five yielded a measur¬
able amount of hemolymph (see Discussion),

Conversely,

in hyperosmotic solutions# the animals yielded hemolymph
quite readily,
Hemolymph samples were withdrawn after laceration using

25 microliter mioropipettas.

Since fluid volumes from

individual animals varied between 5 \\1 and 300 ^1, depend¬
ing on the size of the animal and salinity of the water
from which the animal was taken, pooled hemolymph samples
from a minimum of three animals were used for all deter¬
minations,

These pooled samples imre stored in glass vials

at -20°C, and the samples were taken from these vials for

the determination of

and Na+ concentration*

A sample

of the water from which each of the experimental groups
was taken was also collected in vials and stored at -20°C«
Each time a quantity of the hemolymph ms used In a deter¬
mination* an equal amount of the sea water in which that
group of animals ms maintained ms also measured*

LmsuasMST OP *tf
, The capillary technique used for the measurement of
the freezing point depression* At^, was a modification of
that described by Gross (1954)*

Standard solutions of Mad

were prepared using reagent grade Mad which had been
heated in an oven for 24 hours at 100°C,

Standards (0*1K,

0#25M» 0.5K# 0.75H* 1*014* 1.25M* and distilled water blank)
wore run with each unknown determination*

For the deter¬

mination* 25 mieroliter disposable micropipettes (Kensing¬
ton Scientific Co** San Francisco) were filled with appro¬
priate solutions and sealed at each end with stopcock
grease.

These tubes were then glued to a plastic rack with

rubber cement and quick-frozen in an ice chest containing dry
ice*

It was found that a maximum of twenty-five tubes

could be run conveniently during a single determination*
Therefore* seven Mad standard tubes plus nine pairs of
experimental samples were run In each determination*
Each pair of experimental samples consisted of one tube
containing hemolymph* and one tube containing the appro¬
priate sea water*
When frozen* the rack of tubes ms quickly placed

Into an insulated sealed chamber containing
which had been previously cooled to *4°G,

25%

ethanol

A small electric

stirrer was built into the insulated ethanol bath to allow
gentle agitation and thus an approximately linear rise
in temperature in the bath*

The stirrer was controlled

by a constant-voltage power supply constructed of a
battery charger connected to a variable transformer*

The

tubes were viewed from above through a window in the insul¬
ated chamber*

Grossed sheets of Polaroid film were intro¬

duced between the light source and the observer# in order
to make the frozen crystals appear birefringent*

The

progress of melting In each tube was monitored using a
dissecting microscope with 10X magnification*

A stopwatch

was used to time the melting of the crystals in each tube*
Melting of the last crystal as an end-point criterion
was found to be unsatisfactory? the entire length of the
tube could not be viewed when using the microscope*
Therefore# the arbitrary end-point adopted by the writer
was the time of melting of the last crystal in a small
specified region of the tube# delineated by the inner
margins of the two plastic supporting racks*
The stopwatch ms started when the end-point was
reaohed in the standard of highest concentration# l.e*
1*25M NaCi.

The end-points of melting of the other stan¬

dards and the experimental solutions were recorded as
minutes and seconds after the zero time standard*

After

the last standard had reached the end-point, the bath

was again cooled to «4°C* the tubes were again frozen In
dry ice* and the determination was repeated with the post**
tlon of the rack of tubes reversed*

This was done to nullify

any discrepancies in readings due to the tubes on the end
of the raolc nearest to the stirrer responding more rapidly
to the gradual temperature rise and thus giving a non-linear
standard curve*

All values reported for at^ are thus a

result of the average melting time of two successive
measurements *
After each At^ determination* the melting times of
the standards were plotted against time* yielding a linear
curve (Table 1)*

standard slopes obtained using this

method were found to be reproducible +!;£«

From the

standard curve, the experimental values of the melting
times of the hemolymph and corresponding external milieu
could be superimposed and values of equivalent molarity
l?aCl could be determined#

From these values for the

experimental solutions, the

values for all solutions

measured were calculated from tables of standard values
for HaOl solutions from the Handbook of Chemistry and
Physics(46th Ed*, p« D-158),

Pertinent formulae used

In such calculations are summarised in Table la*
The rationale behind running a double set of standards,
1*Q, reagent grade NaCl solutions of known molarity and
sea water solutions of known salinity may best be explained
in reference to the formulae in Table la.

Formulae (1) and

(2) depend for their accuracy on a constant percentage of

19
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Table 1—Standard values measured for At^
Molar HaCl

Melting time(range)

Atf

0.25
0.50
0.75
1.00
1.25'HUQ blank

31*45”
24*40”
15*30”
8*45”
0*00”
39*50"

0.86
1.74
2.57
3*44
4.35
0*00

(22*20”-38*40”)
(18*30,,-30*15"5
(11»45”-19,20”)
{ 6*10"-11*15”)
(30*45n-50*10“)

Above values, are averages of 56 determinations
Average slope of standard curve « -3#33 ± 0*034

(S.D,# N»56)

Table la—Formulae used In Atg. calculations
(1) Salinity

(S0o)

« 0.030 * 1*805 01

(2) Atf « 0*0966 Cl *» 0*0000052 Cl3

(3) A*f « KfHa
II « molality (for each ionic
species present)
Kg- 1.858 ~ molal freezing
point constant
Q » Cryoscoplc coefficient
(isotonic coefficient)

-20
chloride lone being present in all sea water solutions
used.

Tills introduces a source of potential error into

the calculations when using artificial sea water solutions#
whose chloride ion percentages might be slightly different
from those present in the sea water standard on which
these formulae are based*

Formula (3) is expressed in

terms of molality# and the 11 term in this equation must
Include all ionic species present in the sea water*

Thus

the concentrations of the various trace elements present
would need to be known# since sodium and chloride ions
together comprise only around 85% of the ions present in
normal sea water {see appendix)*

The concentrations of the

different ions would either have to be measured or obtained
from the manufacturer of the artificial sea salts* and
even then* it must be assumed that thermo are no differen¬
tial solubility effects at different salinities for the
trace elements*

To avoid such cumbersome measurements#

samples of the appropriate external medium were estimated
along with the body fluid samples# and all values for

A

t^

x

were obtained from the equivalent sodium chloride molarities
extrapolated from the standard curve#
A

for the standard curve for
11a* DETEEMimf XGBS

:

The average values

t^ are depicted in Figure 1#

!

The determinations for Ma* concentrations were made
in the following manner*

Five microliter samples of body

fluid and an equal amount of the appropriate sea water
were taken from the pooled storage vials and diluted 1*1000

22
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In

7%

**

ethanol In 5 ml polyethylene containers.

of standard solutions of sodium chloride in
were also prepared*
and a blank of

7%

7%

A series
etlianol

0*lmM# 0#23a&* 0.5mM* 0.75mh* l*OmH,

ethanol*

The standards were determined

using a 5*“second response time on a Seise Spectrophotometer
Q.II equipped with a flame photometer attachment*

Absorb¬

ances ware plotted versus concentration and a standard .
curve was obtained*

The experimental aumples containing

hamolymph or appropriate sea water ware then measured and
their Na* concentrations determined from the standard
curve.
HEIGHT OITEBMIHATIGHS

For the determination of wet weights, the animals
were blotted dry with absorbent paper and weighed on a
torsion balance.

RESULTS
EXPERIMENTS INVOLVING TRANSFER OF ANIMALS INTO DIFFERENT
SALINITIES
This group of experiments was designed In an effort
to determine the animal's osmotic behavior when trans¬
ferred from normal sea water to sea water of a “stress
salinity," that lsf outside the range normally encountered
by the animal*

The experimental conditions were quite

similar to those used by Segal and Dehnel (1962) and by
Harry and Bucher (unpublished).

An effort was made to

determine if the total osmotic behavior of the animal
was reflected by the behavior of the chlorides (the malor
Ionic species present in sea water) determined by Harry
and Bucher (loc, clt*),
Animals were removed from the control tanks (2k%» )
and placed into experimental plastic containers, twenty
animals per container*

These vessels contained different

salinities, that ranged from

to 6o>&> at 10&> Intervals

Thus each experiment involved eight containers holding
salinities 5* 10* 20, 30, 40* 50,
for the control salinity

,

, and one container

After 24 hours exposure to

the experimental salinity, five animals were removed,
body fluids withdrawn and pooled, and the atf values
determined#

Percent attachment to the bottom of the

container after 24 hours was recorded, as was percent
survival#

Those animals which did not respond to tactile

stimulation at the mantle fringe by localized retraction

*»24«*
of the mantis In the area of stimulation ware considered
dead*

Surviving animals after the first 24 hours exposure

were left in the experimental salinities for three more
days, and percent survival after each additional 24 hours
ms recorded,

The results are summarised in Table 2 and

Figure 1*
Table 2—Fercent survival and percent attachment
Animal Transfer Experiments
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Zb igmi

48 Japuyii
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JSB
5
10
20
30
40
50
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zb

10
25
100
100
90
60
0
100

0
0
90
100
85
40
0
100

0
0
90
100
85

96 hours

«...

mm

mm-

mm

*mm

mm*

90

«.«.

mm

—*

mm

90
100
85
40

90
100
85
40

bo

90
100
85
40

mm

»«•

.«»

mm

mm

mm

100

100

95

95

95

95

.

90
100
85
40

100
85 .
40

~ percent survival
percent attachment

During transfer of the animals during the experiments
above, it ms noticed that each animal had to be placed
into the plastic containers foot doxmg when held above the
bottom of a container $n& dropped, the animal will, always
land foot;up, resting on the shell.

Furthermore, the

animals have no ability to right themselves when in this
position.

These observations open to question the true

validity of experiments involving the animals in whloh they
are removed from the substrate, placed in the experimental
solutions, and then observed*

The point is, the animals

Figure 1—•Besults, Anlraal~transfar experiments
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® Sea water
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will rarely encounter conditions In nature paralleling
those x-Thlch it encounters in any experiment in the
laboratory In v?hioh the animal Is removed from the sub¬
strate, placed In the experimental solution, and the
entire surface of the foot exposed to the environment.
In fact, in the few cases in which the animal would be
Knocked or washed from its rode in nature, it would
almost certainly be doomed since, upon reaching the
bottom. It could not right itself and death would result
from predation or silting.

These thoughts, coupled with

the results obtained in the preceding group of experiments*
lead to questions concerning the ability of the animal
to reattach after exposure of the foot to stress salinities*
The possibility of lengthening survival time under stress
conditions by gradual acclimation of the' animal in the
attaohed stats was therefore investigated.

Therefore,

slow dilutions or concentrations of the environment
were carried out with no mechanical disturbance to the
attaohed animals.
After a few of these acclimation studies had been
carried out, it was noticed that those animals which were
attached seemed to bo much more firmly bound to the bottom
of the tanks In the stress salinities than In the oontrol
tanks.

Attempts were made to measure force of attachment

of acclimated animals In various salinities, but these
met with little success,

No suitable method for the

attachment to the shell of some sort of halter with which

-26-

upward force could be exerted was found*

However# the

following experiments provide indirect evidence for increased
force of attachment were found to be feasible.
This group of experiments consisted of short term
experiments and physical observations of the animal under
several different conditions.
OROSS-TEANSFSB EXPERIMENTS
The salinity in one control tank was diluted grad¬
ually from the initial salinity of 24#*> to a final salinity
of 12#® over a period of 24 hours.

This was done by

slowly adding fresh water into the tank, using an elec¬
tric stirrer to ensure proper mixing*

Percent survival

after this 24 hour ’’dilution period” was 48#,

The animals

ware then left in this ”50# sea water” for an additional
24 hours* after which time an additional 5# of the animals
died.

Ten animals were then carefully removed from the

experimental tank and returned to a control tank*

Ten

animals were removed from the bottom in the experimental
tank, lifted upwards to expose completely the ventral
surface and soft parts to the stirrounding water, and
returned to the bottom of the tank*

Animals in the control

tank were treated in the same manner, with ten being
transferred into the experimental tank, and ten being
lifted up and replaced*

All forty animals were then

left undisturbed for six hours to allow time for reattachsent*

After this period, all forty animals were examined

by careful nudging, and the percentage of each of the

-27four groups which had reattached ms recorded.
In this hypoosmotio situation, it ms found that,
In all cases, those twenty animals which had been entirely
exposed to the experimental sea water (12;£>) could not
reattach,

this included ten animals from the control

salinity as well as the ten animals which had been accli¬
mated to the stress salinity and then lifted up to comp¬
letely expose the ventral surface.

3y contrast, all twenty

animals which had been completely exposed to the control
salinity, whether they had come from the experimental
salinity or had been removed from the bottom of one of
the control tanks and replaced, retained the complete
ability to reattach.
The same sort of experiment as that Just described
was repea ted,‘.again using forty animals, under liyperoGmotic conditions,

The salinity of one control tank was

slowly concentrated from the initial

PJvfa to

salinity of 49^°, over a period of 24 hours.

a final
This was

accomplished by slowly adding concentrated artificial
sea water to the tan!. Observations similar to those
above were made, after the 48 hours exposure followed
v

by a 6-hour r©attachment period after transfer.
The results obtained were essentially identical to
those observed under hypoosmotic conditions, i.e. all
animals which had been completely exposed to the exper¬
imental sea water showed no ability to reattach, while
the animals which were exposed to the control salinity
reattached In all cases.

The average(of four replicates)
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percent survival observed after the 24 hour concentration
period was 80$, and an Identical value ms observed after
the additional 2k hour period Just prior to cross-transfer*
In the course of the above experiment, It was noticed
that those animals which had been acclimated to stress
salinities seemed more firmly attached than the control
animals*

Therefore, some method for measurement of

activity under stress and control conditions xras sought*
Considering the fact that reduced motility seemed to be
coupled with this increased force of attachment, the
following experiment ms conducted*
ACTIVITY MEASUREMENTS
Activity of the individual animals In the different
salinities was recorded in the following manner*

Animals

In the control tanks were placed under gradual stress
over a 24-hour period until values of 12$* In the hypoosmotic tank and 49$D in the hyperosmotic tank were ob¬
tained#

Animals not firmly attached to the bottom of the

tanks with a pencil, outlining the shell margin of eaoh
animal.

All animals were then observed periodically}

the percentages which had moved perceptibly from their
original positions In the experimental as well as the
control tanks were recorded*
% activity
ir

2k%c

2

8*9$
35.0$

For further observation, animals were allowed to
attach to glass microscope slides in the control tanks.

m29**

Then, salinities were dropped to 12%° or raised to 48fa
over a period of 24 hours*

Control animals were allowed

to attach to slides in the control tanks, where the salin¬
ity was unaltered*

After the exposure period, the slides

were inverted into finger bowls containing water from the
appropriate tank from which the animals had been taken*
In this position, the undersurface of the animal could
be observed in the attached position*
microscope with
slide.

50X

A dissecting

magnification ms positioned over the

In order to observe water circulation beneath

the shell, finely divided carmine particles were intro¬
duced into the water near the pneumostome.

The animals

were then observed for a while and the distribution of
the red color was noted for animals in the two experi¬
mental salinities and the controls*
In the control animals, the carmine particles were
seen to circulate freely beneath the shell, and the
external water ms obviously bathing most of the lateral
margins of the foot and the groove lying between the
mantle fringe and the edge of the foot*

However, all

acclimated experimental animals, whether in hypoosmotio
(12$o) or hyperosmotic (48^o) were tightly clamped to
the petri dishes*

A bailor was apparently formed by

the mantle fringe and the shell, and the animal appeared
to be firmly attached to the substrate.

No carmine par¬

ticles were observed to pass beneath the shell at any
time during these observations, with the exception of

>30
the area adjacent to the pneumostome*
REATTACHMENT AFTER STRESS
Animals In the control tanks were subjected to sudden
osmotic stress by a dilution of the sea water to

normal

(12%p ) or a concentration to twice normal salinity(48#*)
and left until a few animals in each tank had become
unattached.

The salinity in each experimental tank was

then readjusted to the normal value and those animals
which recovered their ability to attach after the stress
was removed were noted*

This was done in an effort to

investigate any correlation between the ability to
attach and the ability to survive.
It was found that, in all oases, those animals
which had become released fr$m the substrate could not,
under any circumstances, recover from the stress after
a return to a normal salinity.
Considering the fact that these animals live in
an environment where desslcatlon at low tides may be
encountered, experiments were designed to study the res¬
ponses of Slohonarla nectlnata to the effects of dessioation, in hopes of determining the maximum period
which the animal may withstand these effeots under
laboratory conditions and still recover when resubmersed
in sea water,
DESSXCATION EXPERIMENTS
Animals were removed from the control tanks and

wet weights were taken#

The weighed animals were then

placed in petrl dishes* the "bottoms of which had been
frosted by grinding with fine carborundum particles#
The dishes containing the animals were then submerged
In the control tanks for 24 hours to allow for attachment
to the frosted glass substrate.

The petrl dishes were

then removed from the tank, the water poured off, and the
dishes with animals placed on a shelf In the laboratory#
Two of the animals were then removed from one of the dishes
every six hours over the next 72 hour dessicatIon period?
one was placed back Into the control tank*

After 4 hours

exposure to the control sea water, the animal was examined
and Its condition noted#

The other animal removed at

each 6-hour period was weighed, the weight change from
the original value recorded, the heaolymph collected, and
the

of the hemolyraph determined#

The results are

summarised In Figure 2#
In the recovery experiments after dessioatton, it
was found that animals survived up to 5^ hours desslcation
and could still recover completely when returned to the
control tanks#

Those animals, upon return to the sea

water, regained their Initial weights In approximately
45 minutes to one hour after rehydratlon*

However, many

animals exposed to desslcation for 54 hours or more in
these experiments did not recover#

It was observed that

In those animals which did not recover, the body had
become shrunken to such a great extent that the mantle
had been stretched to the point that It had pulled free

Figure 2—*Besults, dessioation experiments
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from Its point of Insertion alone: the Inner margin of
the shell*
STUDIES OH ATTACHED AHIMALS
These experiments were designed to Investigate the
osmotic behavior of the hemolymph and salinity tolerance
of those animals which had been allowed to acclimate and
become attached to the substrate before exposure to sudden
or gradual salinity alterations*

The experiments were

conducted using procedures quite similar to those employed
in the experiments Involving transfer of animals* in this
case, however, the animals were not transferred into the
stress salinities} they were left undisturbed and the
salinity of the surrounding sea water ms altered.
survival averages and

The

and Ha* concentrations of the homo***

lymph will be compared with the values obtained in the
animal-trans far experiments *
Experiments were carried out using one IS'-gallon
tank as a control, and four 15-gallon tanks as experi¬
mental *

Two of the experimental tanks, designated

tanks I and II, were used for hypoosmotic conditions,
and the other two, tanks III and I?, were used for
hyperosmotic studies.
All five tanks initially contained the same number
of animals and were maintained at the control salinity.
Seventy-five animals were placed in each tank and allowed
to acclimate for several days.

After this period, the

following experiments were performed,

-33
The salinities In tanks
at the rate of

$$o

salinity of 24$°
of four days*

I

and

II

were slowly diluted

per 24 hour period from the initial

to a final salinity of

$%>

over a period

Simultaneously, tanks III and IV were

concentrated at the rate of 10$o

per day until a final

salinity of ?5& was reached after five days.
tank was maintained in the usual manner.

The control

Hemolymph

and appropriate sea water samples were collected at the
end of each day Just prior to the - nest adjustment in
salinity In each of the four tanks.

Thus four pairs of

samples, two of which came from different tanks of iden¬
tical salinity, as well as a control pair of samples,
were collected each day,

Measurements of the At^ and Ha*

concentration for each sample were condiioted.

Survival data

in the different salinities were also collected daily
and expressed as percentages.

The results of this exper¬

iment are given in Figure 3»
In another experiment, the salinities of tanks I
and XI were quickly diluted from the Initial value of
24$o

to a final value of 4$>

water.

by the addition of fresh

Similarly, the salinities In tanks III and IV

were quickly concentrated to a value of 74by the addi¬
tion of a concentrated sea salt solution.

The salinity

changes were effected as quickly as possible In order
to obtain an approximately Instantaneous change to a
stress condition,

After the alterations in salinity,

hemolymph samples and a water sample were taken from

Figure 3—-Hesults, responses of attached animals
to gradual salinity change
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each experimental salinity at the following time intervals*
0*25, 0.5, 0.?5* 1.0, 3, 6, 12, 24, 48, and ?2 hours.
The it. and Ha* concentrations of the hemolymph and sea
water samples wore determined and their changes with time
in the different salinities recorded.

Percent survival

in each tan!; at each time period ms also recorded.

The

results are suooariged in Figure 4,
COMPARATIVE STUDY BETWEEN ATTACHED AND UNATTACHED ANIMALS
This group of experiments me conducted with the
purpose of showing similarities and differences in the
osmotic behavior of the animal in the attached and un¬
attached state.

By means of a set of experiments conducted

in petri dishes, measurements were made of weight changes
In the different salinities in attached and unattached
animals.

Sodium concentrations of the external milieu

were conducted and these findings were correlated with
the

A

tf measurements which were carried out on both

sea water and hemolymph.
The bottoms of petri dishes were frosted to facili¬
tate attachment by the animals.

Individual animals

were weighed and marked and placed in these dishes,
five animals per dish.

The dishes were then placed in

one of the five recovery tanks and allowed to acclimate
for 72 hours.

During this period, animals were observed

closely and those which crawled out of the dishes were
replaced.

After the acclimation period, dishes were

removed from the tanks and any accumulated feces were

Figure 4—Results, responses of attached animals
to sudden osmotic stress
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washed out with freshly prepared sea water of the con¬
trol salinity*

The wash solution was poured off, and the

dishes and attached animals were blotted dry with absorbent
paper.

Fifty milliliters of sea water of the following

salinities were added to the dishes, two dishes per
experimental salinity?

5» 10, 20, 30, 40, 5G» 60, 7Q%o

and the control salinity 24$* .

One blank control dish

containing 50 ml of water and no animals was prepared
for each experimental salinity and the control salinity
to allow for any evaporation effects.

At time intervals

1 hr, 3 hr* 6 hr, 12 hr, and 24 hr, one animal from each
dish from each salinity was removed and its hemolyraph
collected, along with a sample of the surrounding exper¬
imental water.

Insufficient homolymph was obtained to

determine both the

A

t,, and Ha* concentration In the low

salinities} therefore, only the &lf was determined for
the homolymph,

The At^ of the surrounding medium was

determined, as well as the initial and final samples taken
from each of the blank control dishes.

The remaining

set of dishes were left oovered for the full twentyfour hours, and the five animals in each dish were ob¬
served periodically in an effort to detect any swelling,
shrinking, or other visible changes in the physiological
state during the stress period.

After 24 hours, a sample

of the surrounding water was taken from each dish and
the Ha* concentration of each} these concentrations were
compared to those obtained for the water from the blank

-36control dishes containing no animals.

The five animals

In each of these dishes were then weighed and their
final weights compared to the original (pre-stress)
weights*
A similar experiment was then conducted using petrl
dishes; however* in this experiment, animals were removed
from the dishes after acclimation and a small piece of
plastic screen was placed in each dish*

The animals

were then placed on this screen and the test solution (50 ml)
added.

All dishes were then covered.

In this fashion*

the animals were submerged in the water tout were unable
to male© contact with the bottom of the dish* mahing attach¬
ment impossible.

Thus the complete surface area of the

foot and soft parts was exposed to the experimental
sea water.

Two dishes were again used at each salinity

with five animals per dish.

One dish was again used

for determinations of changes in atf of the hemolymph
with time* while the other dish was maintained until the
end of the 2A-hour period*

At this time, the $&+

fluctuations of the external milieu were measured*

Weight

fluctuations were recorded just prior to removal of
hemolymph samples, at the same time intervals used in
the preceding experiment.
in Table 2 and

The results are summarized

Figures 5*3.

.
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Table 2--.Results, Comparative Study
ATTACHED ANIMALS

nr

U liJ.

Bp.

JL

&

&}yo

1*07 *0.7
5
10
1.19 +0.9
20 :1*32 —1*3
1 * 62
*******
30
4-o :1.78 +2.4
1.84 -1.2
50
6o
1.98 -1.4
70 ;2.09 -2.2

<3

at,, 0Z~~

95
95
100
95
90
95
100
90

X2 to
0.6? *9.2
5
10
0.93 +6.7
1.20
-0.7
20
30
1.77 +1.1
4o ;2.30 +1.0
50 ;2,42 -1.8
6o ;2.53 -1.9
70
2*59 —2.4

95
95
95
95
85
95
90
90

?S,„

‘‘H ,
1.05
1.19
1.19
1.74
2.04
2.12
2.27

2.43

-1.2 95
+0.9 95
-0.7 95
95
+1,2 90
—1,4 95
-1.9 90
-2.7 90

24 hr
0,58 4-13.4
0.84 +7.1
1.19 +1.3
1,73 42,2
2,30 -0,7
2.66 -1.2
2,79 —1,6
2,90 -2.8

1.01
1.04
1,22

1.68
2.2?

2.36
2.4?
2,53

44.9
42,7
-0,7
—1,4
-0,9
-1.7
-2.8

95
95
95
95
85
95
90
90

95
95
95
95
85
95
90
90

SEA WATER SAMPLES

—-

5

10
20
30
40
50
60
70

Ma‘*
' i.n.it.,.. ,T.n:final

2?
54
52
103 :106
151
151
206 ;209
259 ;260
308
307
362
36?
26

Atinit._ _ final
0. 33
0,33
0,58
0, 59

1,17
1.79
2.35
2.98
3*55
4,12

1.16
1. 77
2. 33
3* 00
3. 52
4. 12

* percent
wet weight
change

No changes found In absolute control dishes for

percent
survival

A

tf or Na*1

Above values represent averages of three experiments
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Table 2 (oont.)
UNATTACHED ANIMALS (on plastic screen)
O

5
10
20
30
40
50

60
70

1 hr
#0%B
0,35
0,58
1*19
1,79
2.37
3.04
3.57
3,98

+19,6 35
+9.9 50
+1.5 100
95
—1.2 90
—1,2 85
—6.0 75
“15.3 40

V

0.34 +20,0 25
0.66 +10,2 40
1.17 —1,2 100
1.84 -0,1 95
2.32 -1,4. 90
2,92 “1.9. 85
3.52 -5.8 75
3.99 -14.6 25

0,36 +19,7
0,69 +9*7
1,15 +0,5
1,87
2.46 -0*9
2,98 -1,7
3.49 -6,3
4.17 -14,?
«#«***«»

15
35
90
95
90

60
65
15

24 hr

SJ$o

5
10
20
30
40
50
60
70

6 hr

3 hr

0,33
0.62
1.17
1,72
2*4o
3.00
3.59
4.12

+19.9
+9.8
+0.7
+0.7
+1,2
-2,2
•’5*9
**14 * 9

5
20
90
95
90
40
40
5

0.34 +19.8 0
0.5? +10,0 0
1.1? +1.1 90
1.30
95
2,38 -0,3 90
3.00 •*2*9 40
20
3.5? •*6
4.11
0
■

••IS*? 2

Above values represent averages of three experiments

Figure 5—Hesults, Comparative Study
Responses under hypoosaotlo stress
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Figure 6—-Results, Comparative Study
Responses in the normal range
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Figure 7—Results, Comparative Study
Responses under hyperosmotic stress
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Figure 8—Results, Comparative Study
Comparison of weight fluctuations,
attached and unattached animals
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DISCUSSION

-39The data compiled In Figure 1 Indicate that Slphonarla pectlnata shows no ability to osmoregulate over
the range of salinities tested under the defined exper¬
imental conditions*

The freezing points depicted for

hemolymph and sea water are not considered to be diff¬
erent, since the values represent averages of fourteen
determinations with a standard deviation of 0*07 and
0*09 for sea water and hemolymph, respectively.

It

was therefore concluded that the hemolymph remains
essentially lsosmotic with the external milieu at all
salinities between

and 60^=, under the defined con¬

ditions.
From the survival data compiled in this experiment,
It is proposed that the animal can tolerate salinities
of between 20$» and

ho%°

with apparently no ill effects*

This range of salinities will be tentatively be referred
to as the "normal range*"

Above and below the limits

of this normal rang© of salinity, it was found that the
animals could not reattach to the substrate when placed
in the experimental sea water*

Furthermore, no animal

which ms unable to effect reattachment survived for
longer than 24 hours after exposure to the sea water
above or below the normal range*
A comparison of these results with those found by
Harry and Bucher (unpublished) show a close correlation
between the fluctuations in total osmotic pressure and
those of the chlorides of the hemolymph in different

-40salinities#

It Is thus concluded that a measure of the

chlorides is a good approximation of the total osmotic
behavior of the hemolymph of S, pectinate under the
defined conditions#
The animal-transfer experiments and those reported
in the literature which were conducted under similar
conditions (Segal and Dehnel# 1962) are considered to be
unphysiologlcal and artificial#

There are several reasons

for questioning the validity of such experiments, especially
in the case of S# peotlnata.

The animal rarely encounters

in the environment such sudden salinity changes as it
was subjected to In the laboratory in these experiments#
Salinity extremes are occasionally encountered in nature
(see Table 2, Appendix), but they normally occur grad¬
ually over hours or even weeks* duration#

The second

•

objection to these experiments lies in the methods used
for exposure of the animals to the experimental salin¬
ities, that Is, by placing them directly into the test
solutions#

The shell of the animal is its only means of

protection from predation; If the animal Is dislodged
from the substrate and allowed to drop into the water,
it lands on the bottom with the foot up#

In this position,

it is unable to right Itself and would therefore be
particularly susceptible to predation, as well as the
ever-present danger of being silted under#

Therefore,

experiments in which the animal Is fully exposed to the
surrounding medium, even for a few seconds, are considered

to be a poor representation of the natural habitat*
The questionable value of total exposure of the foot of
the animal to the environment Is further substantiated by
the observation that the foot of the animal shows a
slight tendency to swell in salinities of 15~20$» after
only a momentary exposure of the soft parts to the
surrounding water*

Accompanying thi3 swelling is an inabil¬

ity to reattach when placed on. the substrate.

The ability

to reattach is apparently regulated by the amount of
swelling observed after exposure, with more swelling
being observed with decreasing salinity.

By contrast,

animals were often oollloted in the field In salinities
of 15«20;1», and no swollen or poorly attached animals
were ever seen on the jetty.

It might be argued that

the apparently conflicting observations could be evidence
that the artificial sea water used in these experiments
was not Ideally suited for the support of this species,
and thus could be the reason for Increased swelling and
Inability to remain attached*

Hovrever, it was observed

that animals which had been collected in the field In 1
and transported bade to Houston in this water showed

:

little tendency to attach to the sides of the transporting
container, whereas those collected in higher salinities
attached both to the sides of the container and to the
shells of neighboring animals.

Furthermore, initial ,

mortality rates during the 24 hour recovery period were
considerably higher than normal in these groups of animals.

In th© course of the cross-transfer experiments,
several observations were made*

In both the hypoosmotic

and hyperosmotic conditions, percent survival after 24
hours exposure was greatly improved over the results
reported in the animal-transfer experiments, which involved
a removal of the animal from the substrate#
than

25$

Wo better

survived after 24 hours exposure to a salinity

below the normal rang© in the animal-transfer experiments.
In the cross-transfer experiments, in which the animals
were placed under stress without the accompanying removal
from the substrate, 45% of the animals had survived
12-18 hours of the dilution period during which the salinity
had passed out of the normal range, as well as 24 addi¬
tional hours at a constant salinity of 12$»«

In the

hyperosmotic situation, 80$ of the animals had survived
a similar length of exposure to water considered to be
above the normal range of salinity.

Furthermore, in both

cases (hypo- and hyperosmotic), all th© animals which
died during the experiment died within 6-12 hours after
the salinity had passed out of the normal range.

This

Is interpreted to mean that those animals which did not
survive the initial dilution in the attached state lacked
some sort of mechanism for adaptation to the stress sali¬
nity which the survivors possessed.

Presumably the ability

to withstand the Initial stress was lost through previous
injury*
After the Initial dilution (concentration) period,

the cross*-transfer experiment was conducted.

The results

suggest that all animals which are exposed totally to
a hypo- or hyperosmotic stress salinity show no ability to
reattach.

This held true for animals which had been

transferred into the stress salinity from the control tank,
as well as those which had been attached in the stress
tanks and simply lifted up and placed tack on the substrate*
However# all animals in the control tanks reattached
after similar manipulations, as did those animals which
were taken from the stress salinities and placed in the
control tanks.
These results are interpreted to mean that the animals
show improved survival if undisturbed from the attached
state on the substrate.

Furthermore, mere exposure of the

soft parts of the body seems to be the key to the reason
the animals in the stress salinities could not reattach.
The possibility that the animals were injured during
removal from the substrate mayrbe safely discarded as a
reason for inability to reattach, since all animals in
the control tanks, which were treated in the same manner
as those in the stress salinities, reattached*
The results of this experiment imply that only a
few seconds* exposure of the soft parts (head-foot complex
and mantle extension) to an extreme salinity outside the
normal range renders the animal unable to reattach to the
substrate*

It would appear that such a short exposure

to the stress salinity would yield a similar effect in
those animals which were removed from these salinities

and transferred to the control tanks* since they exper¬
ienced a similar duration of exposure to the stress salinity
during transfer#

Presumably the immediate and sustained

exposure to the control salinity after this brief period
of total exposure to the stress solution is sufficient
to reverse the effects of the stress salinity.

This

hypothesis is supported by the fact that all these animals
did# in fact, reattach*
The preceding results prompt the formulation of an
hypothesis to explain the discrepancy in survival ability
in salinity extremes outside the normal range between
attached animals and those which had been completely
exposed to the stress salinity#

It ms noticed in the course

of the above experiments# that the animals seemed much
more firmly attached in the stress salinities than in the
normal range*

Animals In the hypo- and hyperosmotic sal¬

inities were much more difficult to remove from the
substrate—so difficult, in fact* that they seemed almost
to fora a "water-tight bond” between the outer margin of
the shell and the substrate*
It is thus postulated that attached animals# when
faced with an environmental salinity outside the normal
range# respond to the stress by aofcive contraction of the
shell* foot# and visceral muscles# effecting a tight union
between shell edge and substrate*

It is further proposed

that such a "clamping response” of the animal followed by
the maintenance of tonus of the muscles Involved# could

greatly reduce water flow between the foot and the environ**
nent during periods of stress when the osmotic gradient
Is high due to salinities outside the normal range*
Furthermore* previous attachment to the substrate seems
to be obligatory* since animals which have been removed
from the substrate during periods of osmotic stress show
no ability to elicit the proposed response*
Indirect evidence for the existence of the clamping
response comes from observations gathered during the
animal-transfer and cross-transfer experiments»

Animals

which had been previously attached showed much less tendency
to swell or shrink in hypo- and hyperosmotic stress salini¬
ties, respectively* than did those animals which had been
removed from the substrate and completely exposed to the
stress salinity,
The results of the activity measurement experiments
also support the notion that the animal elicits the clamping
response dtirlng periods.of osmotic stress.

The reduced

activity observed shows a direct correlation with the
proposed response, which is plausible since any active
foraging on the part of the animal would tend to sacrifice
the tight bond with the substrate which had been established*
Farther evidence that the clamping response is operative
was obtained from direct microscopic examination of the
animals acclimated in hypo*, hyperosmotic and control
salinities*

Carmine particles were added near submerged

animals which had attached to microscope slides.. The

so-called terrier erected, between the mantle fringe-shell
complex and. the slide appeared near-perfect In the stress
salinities} the only bridge across this terrier lay In
the region of the pneumostome, where water was observed
to be circulating In and out at regular Intervals*
Except In this region,. the red color was not observed to
cross the shell margin.

By contrast, in the control

animals, the red color was seen to pass freely beneath
the shell and much of the foot margin acquired a red hue,
due to the carmine particles being trapped in the mucus
covering the lateral margins of the foot,

These observa¬

tions lend further evidence for reduced ciliary activity
and museular contraction in response to the stress sali¬
nity.
Those animals which do not show the clamping response
and become dislodged from the substrate due to salinity
stress show no ability to recover and survive when placed
into a salinity of normal concentration*

These animals

have presumably lost, through injury, the ability to
clamp themselves down in response to the stress.

If

these animals are exposed to the stress for more than a
few minutes, they are irreparably injured by the stress
medium.

This experiment points out the obvious adaptive

advantage held by those animals which possess the ability
to show the clamping response.

Furthermore, It lends

evidence to the premise that ability to attach In stress
salinities Is directly correlated with the ability to survive.

The most striking result of the dessleatlon experl'
aents is the finding that the animals, when attached,
could withstand dessleatlon for up to 72 hours.

Further¬

more, the limiting factor here seemed not to 03 one of
water loss so much as rupture of the mantle Itself,
that is, mechanical injury.

This finding points up the

adaptation with 3. oeotinata has acquired for an existence
In a donation along the jetties where the animals might
be subjected to periods of dessleatlon during low tides.
It is unlikely that the animal would ever be exposed for
longer than 12-1-3 hours in the Galveston region? however,
on a warm day, evaporation could be increased to the point
that exposure under field conditions would be more detri¬
mental than those in the laboratory at 25°G*

The results

of the dessleatlon experiments will be discussed in more
dotal! in a later section,
Arnold (1957, 1959) made note of the fact that the
prosobranch limpet, Patella vulgata. during dessleatlon,
tends to raise the front margin of the shell.

This behav¬

ior was also noticed by Segal and Dehnel (1962) to occur
in Acmaea llmulatat they termed the phenomenon the "stilting
response.!t

Presumably the function of this response is to

permit air to circulate over the tissues, thereby inducing
evaporation and lowering the temperature.

There is no

evidence for the existence of such a response in

s,

This is ascribed to the fact that the extravisoeral
water in Patella and Acisaea lios, for the most part,

•peotlnata.

within the mantle cavity or pallial groove and Is there¬
fore enclosed; thus the animal would be in little danger
of losing much water by raising the front of the shell» with
the exception of that lost due to evaporation#

However*

most of the extravisceral via ter of Slnhanarla is held
between, the shell and the lateral margins of the foot#
Any release of the shell from the substrate would release
this water, thereby complicating the problems of dessicatlon*
The findings of these experiments support an hypo-thesis that the clamping response may have evolved in this
animal to the point that it might be a mechanical method •
of temporary osmoregulation, by means of a short-term
ability to prevent water from leaving or entering the
tissues during osmotic stress#
It has been demonstrated that the animal remains
leosmotic with the environment at all salinities under
the conditions defined in the animal-transfer experiments#
It is proposed that 5* neotlnata functions superficially
as an osmometer when faced with salinity variations •
This implies that the animal behaves as an approximately
semipermeable membrane, completely permeable to water and
relatively impermeable to salts#

Thus, there would be

little salt exchange with the environment, and all volume
changes, be they swelling in hypoosmotic conditions, or
shrinking in hyperosmotic solutions, could be explained in
terms of water flow#

Further discussion of these consider¬

ations appears in a later section#
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The next group of experiments# conducted entirely
with attached animals# was conducted in an effort to
produce evidence to substantiate or refute the hypotheses
presented.

An effort, was made to show the osmotic fluct¬

uations of the hemolymph when attached animals wore pre¬
sented with hypo- and hyperosmotic stress and allowed.to
show the clamping response.

In addition# it was felt that

some ionic species should also be determined and its
fluctuations measured in the different salinities*

It

lias been previously demonstrated that the chloride ion
concentrations of the hemolymph fluctuate in response
to different salinities in a fashion directly proportional
to the total osmotic concentration*

Therefore# one of the

monovalent cations was considered to be the obvious ion
of choice for these experiments# since rtei* is second only
to chloride ion concentration in terms of the major
species present in sea water (Appendix)•
The first of these experiments using attached animals
involved a gradual dilution (concentration) to a hypoosmotic
(hyperosmotic) salinity extreme over a period of four (five)
days#

Examination of the survival data show that the

animals survived much better In the attached state under
gradually increasing osmotic stress than was found after
instantaneous exposure in the animal-transfer experiments.
Assuming the concentration did not reach a stress level
in the hypoosmotlc tank until the second day when the level
reached 20$° # 19$ of the animals managed to survive three

-50additional days of increasing stress to a final level of

5%°

•

In the hyperosmotic tank* tho salinity was concent

trated over a period of five days to s' final value of «
74& « after which time 43# of the animals were still
alive*

This a 43,* increase in survival over the animals

in the animal-transfer experiment, which after exposure to

Sop*

survived no longer than 24 hours.

Furthermore#

percent survival showed no large decrease in the hyper¬
osmotic tanks until the fifth day, a point 24 hours
after the concentration had reached 74/4 «.

This is

considered to he very significant* since the upper limit
of the normal range had been attained 48 hours previously*
Therefore, it is concluded that the clamping response is
more ‘beneficial to the animals undar hyperosmotic conditions
than hypoosmotic ones*

This does not imply that tho

clamping response is ineffective in hypoosnotic salinitiesj
it merely hints that it is more effective in allowing the.
animal to survive salinities above the normal range than
below it,
2xamination of tho data obtained for

for hemolymph

and sea water at the different salinities (Figure 3) lend
further evidence to this hypothesis.

According to the

proposed hypothesis, any deviations from the external

&t^

(isosmotlc line) by the hemolymph would indicate some
sort of control mechanism is operative*

Furthermore, these

deviations should be primarily due to restriction of
water movements due to the clamping response.

The values

•m

**1*

for Ati* and Ha* concentration were found to be essen¬
tially identical as regards increments of deviation from
the external milieu.

This indicates that measurement of

the Ha* concentration of the heaolyraph is directly propor¬
tional to the total osmotic concentration at all salin¬
ities tested.

This conclusion agrees with that proposed

earlier concerning hemolymph chloride concentration.
A closer examination of the data composing Figured
shows that within the range of 20-45&, the henolymphAtf
values correspond very closely with those of the external
milieu.

However, the rallies are markedly higher than the

sea water below 2Q%* , and are lower than the sea water above

h5%o ,

It is further noticed that when the salinity was

diluted from 10!« to

over an additional 24 hours, the

hemolymph values drop back to a point equal to that of the
external milieu.

Ho .such drop was observed at the oppo¬

site end of the salinity spectrum, after the final salinity
adjustment in the hyperosmotic tanks.
These results are Interpreted to mean that when the
dilution of the hypoosmotic tank reached a level of 20$«,
the animals clamped down, hindering equilibration of the
hemolymph with the sea water as the environmental dilution
was continued.

The same phenomenon apparently has taken

place in the hyperosmotic situation.

As the level of

concentration reached 4$%** the animals elicited the
clamping response} thus equilibration was hindered due
to restriction of water movements.

It must- be pointed
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out that the restriction of water flow Is not a perfect
process; If it were, the hemolyraph curves would level off
when the clamping response occurred, Indicating total
"blockage of water exchange.

However, the curves do not

demonstrate this In either the hypoosraotie or hyperosmotic
salinities.

The rate of change of hsmolymph concentration

is obviously greatly reduced, but It Is by no means stopped
completely.
The above values Imply that the limits for the tenta¬
tive "normal range" determined by percent survival In the
animal-transfer experiments, i,e. 20-4o$o, should be amended.
The animal clamps down-at salinities below 20$. or above
45$.; It is therefore proposed that the range of salinity
between 20$, and 45$.- be designated the normal range for
optimum survival.

Percent survival begins to fall off

when the salinity passes out of the normal range, at
both ends of the curve.

Furthermore, there is a good

correlation between these curves and the proposed notion
that the clamping response works more efficiently in
hyperosmotic than in hypoosraotie salinities,

This is

evidenced by the fact that in the hyperosmotic stress
salinity, the hemolyraph concentration remained markedly
below the external concentration throughout the experiment,
indicating that the clamping response was still operative.
However, after 48 hours exposure to hypoosraotie stress,
the

Jtf

of the hemolyraph suddenly dropped back to equality

with the sea water.

Fttrthemore, the animals which were
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left when the salinity had finally reached $%<■ were all
unattached and swollen; only 19% were still alive,.

This

result indicates that the clamping response becomes
Inoperative when the salinity, after *4-8 hours dilution
outside the normal range, finally reaches a level of 5%° •
This inability to maintain the clamping response my
be accounted for in a variety of ways.

One explanation

would be that salinities below 10/4 are unequivocally
lethal to the animal, . A more plausible explanation
would be that, after *t-8 hours exposure to a stress salinity
(below 20&), sufficient water had entered to allow the
foot and soft parts of the animal to swell to the point
.that maintenance of muscular contraction was rendered
impossible.

In this partially swollen condition, the

animal could thus no longer maintain the clamped state,
and would become released*

Thus the tissues would be

completely exposed to the environment; the end result would
be a return to isosmticlty.
In either case, the curves do substantiate the clamping
hypothesis, as well as the notion, that the animals are
more tolerant to hyperosmotic than to hypoosmotic con¬
ditions.

The actual mechanism responsible for the loss

of the clamping ability in hypoosmotlc salinities remains
somewhat obscure*.
The second of the experiments conducted entirely with
attached animals was done in an effort to show the res¬
ponses of the attached animals to sudden osmotic stress*

Again » both

Atf

and Na+ ooncontratlons were measured for

hemolyraph and sea water*
The survival curves (Figure 4) show that the animals
survived the hyperosmotic stress reasonably well* after
?2 hours exposure, 27$ had survived*

Furthermore, the plot

of percent survival versus time would show a linear drop.
Those animals in the hypoosmotlc tanks show near-identical
survival values through the first twenty-four hours
exposures however, at this point, there is a sharp break
in the curve; over 50$ of the animals died after between
24 and 48 hours of exposure at 4$*,
These results are interpreted as lending support to
the hypothesis that the animals elioit the clamping res¬
ponse when subjected to osmotic stress.

In this experiment,

any unattached animals were considered dead, due to the
findings earlier that animals which had become unattached
due to salinity extremes could not recover*

Therefore,

the initial 5**6$ of the animals which had become released
due to stress after 30 minutes exposure were presumed to
be those which could not effect the clamping response.
The approximate linearity of survival with time in
the hyperosmotic salinity is to be expected; it simply
suggests that with increasing exposure, more and more
animals pass the salinity tolerance limit, become un¬
attached, and die*

Those animals which die first presum¬

ably have more imperfections along the margin of the shell*
Thus, they are presumably less efficient at restricting
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water entry than are those animals with more uniform
shells which form a more efficient bond with the substrate.
This argument is strengthened by the observation that the
longer an animal had been maintained in the laboratory
before it was used in an experiment, the more efficient
was the clamping response.

Observations showed that after

2-3 weeks of maintenance in the control, irregularities
in the shell edge had been largely repaired through shell
regeneration#
The sharp break in the survival curve in the hypoosmotic salinities (Figure 4) shows a strong resemblance
to that observed in the first experiment reported conducted
entirely with attached animals,

It seems probable that

this break In slope represents the point at which the animals
begin to swell to the point that the clamping response is
interfered with*

This is qfeit© similar to observations

made in the first experiment, involving gradual osmotic
stress (Figure 3)*
The survival curves shown (Figure 4) also support
the notion that animals are more tolerant to hyperosmotic
than hypoosmotlc conditions,

Only

of the animals

survived the entire ?2 hours in a concentration of Sfa ,
a value approximately 20% that of the normal salinity.
In the hyperosmotic tanks (?4$o), 27% of the animals survived,
after the full ?2 hours exposure*
This point is well taken by close examination of the
A

values measured at the various time intervals.

The
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hypoosnotlc curve shows a drop for the first 12 hours,
to a

value of G.60 (Ka+®55^)*

After this, the curve

levels off and then drops again at between 24 and 48
hours until

a final value of hemolymph identical to that

of the external milieu is reached (Atf=0.30, Na+«24mM').
It is therefore proposed that when the blood concentration
has reached a stress value, the clamping response occurs.
The drop after 24-48 hours to a final value equal to the
external milieu supports the idea that the clamping res¬
ponse is overruled by gradual swelling; this would occur
after 24-48 hours of exposure to the stress salinity.
Therefore, the animal appears to-be able to survive at
least 24 hours of extreme hypoosmotic stress and possibly
as much as 48 hours.

This lengthy tolerance may be attri- ,

bated to the clamping response.
The curves for the hyperosmotic tanks show similar¬
ities to those 3ust-discussed; again, the clamping response
occurs, at a hemolymph ctf value of approximately 3,7? (Na*»
340mll) after approximately 24 hours.

In this case, the

curves drop very slightly once the clamping response has
been initiated; the curves are still significantly below
the values for the external milieu after 72 hours exposure.
In summary, the experiments conducted with attached
animals tinder either gradual or sudden osmotic stress have
added evidence to the response hypothesis.

It has been

established that this response is apparently highly useful,
especially under conditions of hyperosmotic stress, in
preventing sudden weight losses or gains and the accom-

panylng cellular damage due to strong osmotic gradients
between body fluids and sea water;

The response allows

S,, nectinata to survive 24-48 hours of hypoosmotio stress,
after which time sufficient water has entered to allow
the animal to swell to the extent that it cannot maintain
the clamped condition#

Under hyperosmotic stress, the ani¬

mal can survive for periods of ?2 hours or longer by aid of
the clamping response,
RELATIONSHIP BETWEEN DBSBIGATIGN AND 0SI10TIC DEHYDRATION
It has been shown that the animals which exhibit the
clamping response show tolerance to hyperosmotic conditions
for periods of

72

hours or longer.

Similarly, the dessi-

cation'experiments (Figure 2} have indicated a maximum
survival time of approximately 54-72 hours at room temp¬
erature*

In view of these similarities, it is proposed

that dessleatlon during exposure and water loss due to
hyperosmotic dehydration are similar phenomena when faced
by S„ pectinata.

This notion is substantiated by the fact

that in both cases, the animal exhibits the clamping
response.

That this response was operative during the

dessioatlon experiments is not obvious from the curve in
Figure 2i however, during these experiments the animals
were observed to cease all movement and to adhere very strong¬
ly to the substrate, two factors characteristic of the
proposed damping response,
The best line of evidence for these two phenomena
being essentially identical would be a conclusive doou-
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mentation that the animal does, In fact, behave as an
osmometer*

If such were the case, then any xielght loss

in hyperosmotic salinities could be explained completely
in terms of water loss.

This would of course be identical

to weight loss during dessication*

In keeping with these

considerations, weight fluctuations in the different sali¬
nities were measured in the course of the experiments
Involving a direct comparative study between attached and
unattached animals* responses to osmotic stress*
The results of these experiments are summarized in
Figures 5**8 and Table 2*

These experiments were designed

to show behavioral differences between attached and unattached
animals after sudden exposure to a variety of salinities,
Experiments were conducted for only twenty-four hours in
order to obtain a direct comparison between the two
groups of animals over a time period considered to be the
maximum period which the animal would encounter severe
stress conditions In nature.

The experiments were conducted

In petrl dishes, In hopes of showing any differences In
external

or Ha* concentrations or other factors which

might possibly be ascribed to ion movement or lack thereof.
However, the final values did not differ significantly
from those found Initially} it was concluded that the
volume in which the animals were placed (50 milliliters)
was too large to detect any ion or water movements in
terms of fluctuations In the external medium.

Mo conclu¬

sions concerning ionic fluctuations of the medium could
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therefore he dram#
The curves Illustrating ^tf values for attached and
unattached animals In Figures
explanatory#

5-?

are essentially self-

These results once more reiterate the effi¬

ciency of the clamping response In restricting hemolymph
concentration changes outside the normal range#

Further-,

more, since the foot and soft parts of half the animal3
used were completely exposed to the sea water throughout
the experiments, examination of the *tf -raluos lends
information concerning the length of time necessary for
equilibration of the hemolymph with the sea water#

In

all cases, this equilibrium was established within one hour*
This serves to illustrate how permeable to water the foot
actually Is when completely exposed to concentration
differences#

In the salinities below 20$*(Fig#

5)

and

above k0%° (Fig* ?), the clamping response is seen to mark¬
edly restrict this equilibration from occurring.
Examination of the survival curves shows that among
the attached animals, at least 85$ of the animals survived
after 2k hours#

This is in direct contrast to those animals,

which because of the presence of the plastic screen, were
prevented from effecting the clamping response,

Conse¬

quently, survival values for those animals were poor in
the salinities above and below the normal range#

The fact

that all animals in 5%° and 10$=, were dead after 2k hours,
while complete mortality in the hyperosmotic, range was
observed only in the

70$°

salinity supports further the
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notion that the animals are more tolerant to hyperosmotic
conditions than to hypoosmotlc ones*
Examination of the wight fluctuations in the attached
and unattached animals (FI© 5«*7 and Fig* 8) again supports
the clamping response hypothesis.

In all cases of salin¬

ities outside the normal range, the weight fluctuations for
those animals which were allowed to remain attached were
markedly less than were the fluctuations found In the
unattached group*

Since both the attached and unattached

groups were maintained under identical conditions for
similar time periods, the weight changes of the unattached
animals (Fig, 8) may be considered as Ideal behavior for
the animal. In the absence of any control factors*

By

contrast, the weight fluctuations of the attached group
represent the animal as It would behave under approximately
normal physiological conditions.

In the latter ease, it

is evident that tho clamping response is operative*

This

is most obvious in those salinities hyperosmotic to the
normal range? here, the weight variations have a marked
tendency to level off*

The discrepancy between weight

variations is also evident in the hypoosmotlc stress salin¬
ities, but tho differences between attached and unattached
animals are not as pronounced In this case*

This Is due

to the fact that tho experiment was conducted for 24 hours*
It has been demonstrated that In some cases ?.k hours is
sufficient time for the slow Inward movement of water to
cause sufficient swelling of the foot to nullify the

clamping response* depending on the degree of irregularity
in the shell margin#
An examination of the .weight fluctuations of the unatt¬
ached animals (Fig, 8) shows the curve produced to ha
asymptotic about the acclimation salinity of 2kyL .

Further¬

more* little change in weight is observed between the sali¬
nities of 20 and ty0/$o •

This is approximately the same

range defined earlier as normal# or the "non-stress" sal¬
inity range for the animal#
Gross (19j&) and Segal and Dehnel (1962) mho use
of the formula for the volume of mobile Cosmetically active)
waters

C2 UW)
V *3

G

1

~

°2

o the original acclimation salinity (100$
sea water)
C2 ~ the concentration of sea water into which
the animals are transferred
a the change in weight of the animal after
equilibration of the body fluids has been
attained after transfer
If the animal in question were behaving as a perfect
osmometer, i»e* permeable to water but impermeable to salt*
the volume of osmotically active water would be a constant
at all salinities*

This is baaed on the assumption that

given any increment of change in external concentration,
there will be a corresponding proportional increment in
weight change observed*
A simpler method for demonstration that an animal
is behaving as an osmometer would be to show that the
product of the osmotic pressure of the body fluids and the
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viator content of the "body is a constant at all salinities#
Assuming a constant weight of the animal is non-water in
all salinities* It follows that* If weight fluctuations were
due solely to water movements, the product of the weight
of the animal and the osmotic pressure of the body fluids
should be constant at all salinities,

.Since the osmotic

pressure Is directly proportional to tho freezing point
depression (nt-,), the product of the ot^ of the hsaolymph
and the weight of the animal at all salinities should be
a constant* if only water movements are occurring.
Although application of either of these two methods
for determination of mobile water yields non-constant
values for the different salinities in the case of S,
tseotlnata, the possibility that the animals are behaving
as osmometers outside the normal range cannot be ruled
out, although it viould be unique among the molluscs if
such were found to be the case.

Within the normal range

of 20, the animals show little predictability regarding
weight fluctuations,

This holds true even though the animals

have been acclimated to the control salinity for at
least one vie eh*

Such a wide range of salinity tolerance

in the unattached state may possibly imply that some sort
of ionic regulatory mechanism is present and operative
within the normal range.

In the stress salinities, the

animal shows considerable and fairly consistent weight
gain or loss,

This implies that water movements are occur¬

ring, although no conclusions may be drawn from this study
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concerning the reasons why the volumes of mobile water
differ In the different salinities*

Evidence lias been

presented that the total osmotic concentration* the Ha*4*
concentration* and the Cl** concentration of the heaolymph
closely approximates that of the external madinn over the
range of salinities tested*

In light of these findings*

the assumption is made that any sort of ionic regulation
which may be occurring does not involve Ha* or Cl* ions.
There are two possible alternatives to explain the reason
why these animals show different weight loss or gain in
hyperosmotic or hypoosmotie salinities than that predicted
for a perfect osmometer.
One explanation would be that soma osmotically active
constituent in the liemolymph appears In disproportionate
concentrations In different salinities, that is, some sort
of ionic regulation Is occurring which cannot be explained
In terms of Ha*** or Cl“ lorvfluctuatlons*
A second possible explanation of the phenomenon concerns
the actual localization of water movements in S, rsectlnata.
The weight loss (gain) in hyperosmotic (hypoosmotie)
salinities is not reflected in the hemolymph volumes.
Bather* all swelling or shrinking takes place intracellularly.

This has been shorn for other species of molluscs

as well (Potts*

195*0(Krogh, 1939)*

All observations made

during hemolymph collection in the experiments herein des¬
cribed with S», peotlnata have revealed that

In

hypoosmotie

salinities, the foot of the animal swells and thickens.
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Concurrent with this swelling is a drop in blood volumes
to the point that, in the extreme dilutions (5^)* it
becomes almost impossible to oolleot a measurable amount
of hemolymph,

Conversely, In the hyperosmotic salinities,

hemolymph volumes increase with increasing salinity, while
the foot itself shrinks to a point that, in the extreme1
cases

(70;to}

it appears almost paper-thin*

This phen¬

omenon was also observed during the dessication experiments.
In this case, the tissues had become dehydrated to the
point of rigidity in the latter stages of dessication.
However, with increasing water loss, hemolymph volumes
remained fairly constant,
This observation indicates that weight fluctuations
which occur in this animal are realised in the tissues
rather than in the hemolymph.

Therefore, responses to

salinity gradients apparently are reflected in the tissues
and the hemolymph itself appears to play a passive role
in response to those concentration differences*-

This

observation explains in part the reason for reduction in
blood volumes with increasing total body water during
hypoosmotic stress.

The colls of the foot swell, and this

swelling in turn leads directly to occlusion of the foot
sinuses and hemocoel.

Conversely, in hyperosmotic solu¬

tions, shrinking of the cells of the foot occux’s, leading
to an increased volume of available space in the foot
sinuses and hemocoel and a corresponding increase in
blood volumes,
Ulth these observations in mind, the complexities
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Involved in any attempt at predicting weight fluctuations
of the animal in different salinities become clear*
ly was mentioned earlier in connection with the mobile
water considerations, that one method of demonstration that
a given animal behaves as an osmometer consists of showing
the product of the osmotic pressure of the body fluids
and tho water content to be a constant at all salinities*
In the case of

nactlnata* this formulation would nece¬

ssarily be required to Include some consideration of the
osmotic pressure of the tissues, l,e* of the cytoplasm
of those cells which play an active role in the response
to the osmotic gradient*

Furthermore, only a discreet area

of the animal, the foot, was observed to display obvious
swelling or shrinking.
It is concluded from these considerations that no
speculations can be made as to whether the animal is
•behaving as an osmometer*

It has been shown, however,

that water movements do occur, and that the clamping
response acts as a mechanico-regulatory aid to the animal
in restricting this flow*

Any deviation from a theor¬

etical value for mobile water calculations bears no direct
relation to the clamping response, although the possibility
of an internal ion regulatory mechanism which would comp¬
lement this mechanical regulatory mechanism would certainly
be advantageous and cannot be ruled out from the results
provided,
In conclusion, tho clamping response lends to the

false limpet* Slphonarla oectlnata. the potential to
evade em^iromuental stresses due to dessioation or sever©
osmotic concentration fluctuations for reasonable periods
of time.

The animal Is a pulmonate mollusc* a guoup

composed mainly of terrestrial forms.

Indeed* it:may be

argued' that members-of the genus Sluhonarla are, in fact*
terrestrial molluscs* since most members reside In the
splash zone and are oftimes alternately submerged and
exposed with the tides.

Considering the fact that the

animal has been observed to respire air when exposed and
water when submerged, it is .suggested that this species
is In a transitory phase of its evolution.

The mantle

cavity has been specialised Into a highly vascularized
"lung*” similar to other pulmonates which show this
unique anatomical feature*

However* in Slphonarla.

this lung has been further specialised and contains a
pseudobranch, or secondarily derived gill.

Thus the

animal may be termed an “amphibious” mollusc, surviving under
both aquatic and terrestrial conditions.

It Is therefore

proposed that the•clamping response has evolved in this
species as a mechanism to prevent the effects

of dessica-

tion during periods of exposure during low tides.

The

response, as the animal has become submerged for increas¬
ingly long periods of time, has been further specialized
to the point that it has become a mechanism to guard
against osmotic swelling or dehydration during periods when
the salinity reaches stress levels outside the normal
tolerance limits.
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APPENDIX

Table 1
Average values for the Ionic constituents
‘ of sea water
Ion
Sodium (Ha)
Potassium (K)
Magnesium (Mg)
Calcium (0a)
Strontium (Sr)
Boron (as
Chloride (Cl)
Sulfate (SO4)
Bicarbonate (HCO3)
Bromide (Br)
Fluoride (P)

Composition
Sea salt

%

. $

30 61

1.10

3.69

1.16
0.04
0.07
55# 04

7.68

0.41
0.19
0.004
99.994$
• Table'Xt

■

Salinities measured at South Jetty, Galveston, Tex
Collection days
Bate
6/10/65

20.5$c
28.8

6/24/65
6/28/65
7/7/65
7/14/65
7/20/65
7/25/65
8/2/65
8/8/65
8/14/65
8/20/65
8/29/65
9/20/65
11/13/65
12/6/65
1/8/66
1/30/66
2/15/66
3/11/66

25.2

6/15/65

Average

27*7

25.2

26,9

31.0
21.1
19*5
16.4
17.2
16.9

27.2

24,4
19.4

20*7
20*3

21,6
24.4
25.6

23 , Q%o

