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ABSTRACT

Two species of sipunculid worms, Phascolosoma

dentigergm-and Themiste lissum, inhabit the rocky inter-
tidal zone at Puerto;Penaéco,>Sbnora,,Mexicd._ Thé‘osmotic
concentrations of their coelomic fluid and the chanéesﬂih
body weight‘wére determined while the worms were exposed
to 80, 100, and 116 éercént sea water and to temperatures'
of lOQ, 250, and 35°C for varying periods of time up to
.48.hours° Nb differences in the rate or degree of osmotic
change were noted between species. There were also no
signifidant differences between the two species in their

' weight changes. ~The_time for the osmotic pressure of the
coelomic fluid of both species to reach equilibrium with
the external epvironment is7greatest at the low teﬁpera~

' ture. There is a difference in mortality of the two species
Lafter extended exposure ﬁé'éxperimental conditions.

Themiste is more sensitive to 35°C and Phascolosoma, under

stress, is more sensitive to lOOC,. These responses to
temperature probably explain differences in the distribu-

tion of the two species in the field.
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INTRODUCTION

The intertidal éone aiohg a sea coast is a far from
stable habitat and may be:éubject to extremes of_temperature,
Windivelocity, and humi&ity'even'during a single eXcursioﬁ
of the tide., For example,uthe'maximum vertical: excursion
of the tide for the intertidal zone in front Qflfhe dé-
salting plant at Puettd Penasco, Sonora,ﬂMexico,_isVZZ feet,
vet several hundred>feetibf reef and boulderéiéan be ex-
posed for about three to»sinhours when the tide is very
low. During this shoff period of time the desert climate
;prevails and therercan.be drying of the surface of the
reef, concentration of sea water iﬁ the tide pools, exposure
of the intertidal animals to extremes in temperatures and,
‘&uring an occasional rainstorm, dilution'ofvfhe'micro~.
.habitat. Cyclical sea greezes tend té modify these con-
ditibhs,'but they.are still severe.

What are.the ranges of these environmental vari-
ables, particularly in the microhabitat? We do not know,
but the assumption is made that the concehtration of sea
‘water in the burrows of the intertidal animals changes by
no more than 20’perceht during a low tide and that dry.winds
are never severe enough»tb"completely desiccate the burrows.
One environmental variable that can be detérmined is

1
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‘tempera#ure. .The mean sea Water,Surface ﬁemperatufe raﬁge
pei year at Puerto Penaeco is l3°C7in January to.320C'ine
Augueﬁ (Roden, 1964).. My own observations show that the
surface temperatures of the exposed reef are usually a de-
~gree or two'loWer fhan the aif temperature, This difference
is probebly caused by thenevapofation of the surface mois-
ture. 1In addition to the surfece_temperatures, measure-
‘ments of temperature were made about'7 cn into the reef.
.Aftef a hole was;driiled andthe thermometer inserted, some
modeling clay was packed.areund,the,thermometer to prevent -
~any air from entering and causiﬁg a chenge in temperature:

1 At this depth, the temperature rengeé-ffom 12°c (December)
to 31°C (August) . ‘

Two species of sipunculids, Phascolosoma dentigerum'A

Selenka and DeMan, and Themiste lissum (Fisher), are dis-

tributed in a mosaic pattern in the reefs and rocks of the
mid- and low~intertidal zones. Concentrations of Thémiste

will be found in one small area and concentrations of

léhascolosoﬁa will be found in another;'seldem are both
vspecies found in equal numbers in the same ledge. However,
both species are-found.withiﬁ'3 to'5 cm of the surfecevof
a ledge or reef. Usuallf these worms eccﬁpy burrows which
open out onto the surface or into a tide pool; but some--

“times a slab can be lifted off the surface of the reef and



the'sipunculids are found in'Fhe gfeViCé between the slab
“and thé ledge.

There appear té-bé further differences in ﬁhe dis— -
tribution of the tWO'speciesvin the intertidalAzone,“ac~
- cording to my:obserVétibns and those of Taylor (1964).

Themiste is rarely found in the mid~intertidal barnacle-

4cOvered rocks, while.Phascolosoma is more abundant there, 
Both species are fouhd in about equal numbers from ﬁhe |
lower parté of the mid?intertidal levels to the lowest
.excursion of the tide. rThe barnacle-covered rocks, because
of their high pbsition in the intertidal zone, are exposed'
for the longest period of time of any of the reef areas
during low tide; Taylor (1964) found a difference between
the two speciés in their tolerances to high temperatures
and suggested a relationship betwéen tolerance and distri-

bution.. Phascolosoma could survive for 30 minutes at

itemperatures up to 450C,‘while*Themiste could not survive
past 42°C, even after beiﬁg'acclimated a£‘350C for 48 hours.
Sipuncﬁlids have perhaps the best examples of the |
hydrostatic skeleton, which is described by'Chapmaﬁ'(l958)
as any fluid mechanism providing a "means by which contrac-
tile elements can be antagonized, ™ Iﬁ sipunculids this is
an open circulatory system contained within the coelom and
surrounded by the.body wall, The correct volume of body

fluid must be maintained in order to allow efficient



moyements of the body and extension of the introvert,
zuckerlandl (1950) states that .eversion of the introvert

in Sipunculus nudus was never observed when there was no

coelomic préssure, although the muscles were still able-td
display activity. When no resistance is met the proboscis
can be everted by a pressure as low as 0.9 cm of body fluid.

However, during burrowing movements pressures up to 90 cm

of body fluid are required. ' Phascolosoma and Themiste un-
doubtedly must'maintéin their hydrostatic preSsﬁre in order
to-remain in their burrows, to extend the iﬂtrovert for |
feeding and to facilitate defensive movements such as con-
tracting the body wall and completely withdrawing the intro-
vert. Hydrostatic préssure is dépendent on fluid Volume
and this iﬁ turn is dependent upon the fluid's osmotic

pressure in relation to the osmotic pressure of the en-

" vironment.

Sipunculids cannot maintain the osmotic pressure -
of their body fluids if tﬂe external fluids are different;
they confofm'to'the osmotic pressure of their surrounding
medium (Gross, l954;iSchmidt&Nielson and Lavis, 1963).
However, they do show some volume fégulation-in saliﬁities'
“which ére not more  than 25 pércent above and below nofmal.
After an_initial_gain or lossvofvweight, in low or high
salihities respectively, the animals tend to.appréach their

original weight after several hours. If the salinity;faries
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,;more'than_i25 percént,_the,animals are too severely stressed -

and die quickly, Oglesby (1968) found little volume regu-

,lafion‘in Thémiste dyscritﬁm after transfers from 98 percent -
to . 49 percent sea water.. He postulatés that sﬁméhow thé
nephridia are rendered non~functional by the large change

in salinity, .The néphridia function as Volﬁme reguiatory
organs by eliminating water and salts.from the coelomic
 fluid, thus‘enabling the animal to maintain its isosmoticity
with the environment'and alsé maintain its volume (Ramenoto

~and Larson, 1964).‘ GrdSs (1954) found that Dendrostomum -

zostericolum can release osmotically active particles from

its body wall into_the coelomic fluid to help compensate
for the dilution 'of the fluid in lower salinities. Virkar

(1966) saw no volume control in Golfingia gouldii at lower

Salihities, However, he'did find a release of free amino
acids from-the bday wall in response to lowered salinity.
’Adolph.(1937) first recognizéd the differential'permeability.
of the body wali of sipunculids; the inward flow of water
and-salfs‘is_greater'than the outward flow when theAanimélS
are subjected to_salinitieé that aré other than normal.

Tﬁe'purpdée of this study was to determine whether
-or not differén£ conditions of sdlinity and temperature have
any effect on the ability of these two species.of sipuncu-
lids to adapt to the éxtérnal medium and whether or  not

there is any.difference between the two in this adaptability



thaL c_quld accqunjt for the difference -in ‘their distribution
in the interﬁidal'zonev Both species are'sUbjected‘tb
concéntrétions of salt water 20 percent above and bélow-i
norﬁal and'to temperatures of"lOO and 35°C as well as» -

‘ ﬁormal salinity. and temperaturé; The changes in osmotic
concentration of the coelomic fluid and the changéé in
weight of both species have been'determined‘undef these

various conditions.



MATERIALS AND METHODS

Phascolosoma dentigerum and Themiste lissum were.

‘collected from the intéftidal area near.the deéalﬁingfplant
at Puerto Penasco, Sonora, Mexicdq small samples. were
_taken at various fimes throughout the yeariin ordei'tovwork 
-out the technigues and to perform the preliminary studies. -
Then,IGOO of each spécies were collected for ﬁhe'osmoticf
conéentration and weight studies on 15 and 16 Septembér
1967. In all cases, the animals_were collected at low tide
by breaking off pieces of rock and exposing,the-sipunculids
in their burrows by chipping the rock with a pick and
haﬁmér. ‘The animals_were then kept in seg watér and brought
¥ back to the laboratory.

In the laboratory, both épecies Qefe kept together .
in a l5-gallon aquarium of .sea water brought from Puerto
Penasco. The bottom of thé aquarium contained é half-inch
layer df coarse sand into which the animals wouid burrow.
When first put into this stock aquarium( all of the Phascolof
soma burrowed rapidly and most had disappeared in a few .
tminutes, while it took several hours for‘mOSt of the
‘.Tﬁemiste to burrow. A large sand—filledbaerator~filterwwas
kept at one end of the aquarium. Bubbling of the sea wéfer
was eliminated to avoid rapid evaporation of water and7thei

7
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. aguarium Wa.js, coveregi wi_th clear polyethylene ’film to reduce
sUrfaceAevapQrafionq 'Thefosmétic conceﬁtration-ofrthe'seé
wéter was‘checked‘periodically énd distiiled wétér'was
added as néeded.to keep thevosmotic‘conce.ntratioh-s'tablév
‘Under these laboratory conditions, the sipunculids live and
remain healthy, with nofmal'éctivity and reflexes, for at
leaét_fbur mohths without any food material being added to
the aquarium,

The three céﬁcentrations of salt water ﬁsed invthe

experiments were made ﬁp from InstaﬁtIOcean salts and ordi-

nary tap water. A 40fgalldn stock solution of Instant
Ocean with a 1,000 osmolal'concent:ation was prepared.
From this stock solution dilute salt water was obtaiﬁed,by
adding tap}water, and concentrated sélt'water was obtained
by adding,morersait;AiOsmotic concentrations of the test
solutions used wére between éO and 116 percent of the Value"
©of normal.sea water at Puerto Penasdo, 1.050 osmolé'l° These
salinities are probably aulittle lower and higher, respeé~
tively, than the salinities that actually occur in the
habitat. Responses of-the'two species of worms to higher

or lower concentfations than these might yield interesting
physiological data, but would be of ﬁo ecological signifi-
cance, since the sipunculids probably are never exposed to
_greater fluctuationsrin salinity at Puerto Penasco. Ex-

perimental aquaria with the test solutions each contained

/



five gallons of Watef and were aerated with an air stone.
Filtration‘was not necéssary since'dnly a few animals were
kept in the aquarium:for periods of not longer than 48
rhours, The conéentfatibns bf salt wdter used were 0.830
osmolal, 1.050 osmolal; and 1.210 osmolal for the low,
normal, and high'salinities respédtively, and these cor-
respond to SO, 100, and 116 percent sea Water; These were
the three standard concentrationé for all of the experi~_
ments in which changes in internal osmotic conqentraﬁions
and in weighﬁ\weﬁe detefmined.

The effect of teﬁperature on:osmoreéulation was
studied by feSting animals at 10°, 25°, and 35°C. . The two
hiQher temperatures were achieved by using two aquarium
heaters in each aquari.um° The’lowest temperature was ob-
tained by placing the aquaiia in a cold room at 4OC.énd
usiné'fwo heaters to keep_the.wafer temperature a£.10°c.
Ten‘degfees centigréde is slightly below and 35°C is |
slightly above_the,minimum>and maximﬁm'mean.monthly'temper%
atures 6ver a yearjin'the rocky substrate of thesé sipuncu-
lids (personal observation). The ZSOC,temperature was
chosen because it is prObably close to. the mean température
of the habitat. -TWenty to 25 animals of'each species were
put into cach of thrée aquaria. The osmotic concentrations
of the body fluids of three animals 0f each species weré

determined at time zero and at 2, 4, 6, 10, and 24 to 35



10
hours later. Fach animal was used only Qnde and not put
back inﬁo #he test aquariqu» |

Coelomic fluid was obtained from‘the sipunculids
after'eacﬁ animél was rinsed briefly in distilled water .
and gently blotted dry with Kimwipes to remove any salts
frﬁm the skin_éurface° The coelomic-fluid*wés~colleéted
by puncﬁufing the body wall Wiﬁh a hollow'giass needle
made from 3 mm tubing drawn to a fine point. During this.
process, the animals we#e on small squares of Parafilm to
prevent the clottigg of any coelomic fluid which might be -
spilled, A new needlé.was used for each animal. The col~
lected coelomic f£luid, ﬁsually about 0.06 ml, was thén
blown,but of the needle into a 3 x 25 mm glass tube with
one closed end. From the time of collectién until. dilu-
tions were made, the-coelomic fiuid_and the plasma were
kept coolrin ice to prevent evaporation; The tubes.of
coelomic fluid were centrifuged for several minutes and
the clear; usually colorlesé plasma, waé drawn off with a
Ilongmnosed Pasteur pipet, without disﬁurbiﬁg the pellét |
of cells in the bottom of the tube. The layers of cells in
the‘centrifuged coelomic fluid of both species. are similar

to those described by Towlé~and Giese (1967) for Phascolo-

soma agassizii. The drop of plasma was placed on a small
clean square of Parafilm. Ten lambda of the plasma were

carefully taken from the drop with a micro-pipet. The



pla‘sm'a was blown ‘in.to 0.19 ml of g,lass~distilléd~ water and -
the pipet was rinsed seyeral times iﬁ this water. Freezing
‘of the plasma was found to increasé the osmotic cdnbéntréé
tion in the éame sample by three percent. It is known thét
freezing éan cause changes iﬁrthe physical properties‘of:
plasma (Archef, 1965). To eliminate the need for freezing,
it was decided to preparé the samples to be read as_théy
were collected. The reference solutions were madé by
mixing 20 lambda of éea water in‘0.18 ml‘of_glass~distilied
. water in the same mannéf.

Dilutions of plasma Qere made bécause even from the
largest of these sipunculids it was imposs;ble to get 0.2 ml
of plasma-~the minimum volume that can be used in the
osmometer. A 1:20 dilution was éhoéen since usually 10
lambda could be obtaiﬁed from the smaller animalé; The séa‘
Qater Was also dilﬁted’sd that-the raﬁge of the inst:ument
1 would not‘have to beAchanged each time the sea water con- -
centration was read. For tHe sea water, a 1l:10 dilution.
Was'uséd'Since it was more convenient to have a different
size of pipet in'fhis case. A direct relationship was
found between the 1:10 and 1:20 dilutions, i,e,,.sea‘water
diluted 1:20 read half ‘the valuerf the sea water'diluted
l:lO."Furthermofe, thé.osmolality of full strength sea

wvater and 1:10 and 1:20 dilutions of it were detérmined and’

showed a direct relaéionship so that it is possible to’
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convert the value for each sample to its actual value.
The,effect.of.these dilutiéns on the actﬁal<values of thé
'osmotic'concentration of the plasma and sea water 1is there-
féreiﬁégligible?. B

Osmotic concentrations were measured‘with an Osmette
Precision Oémometéf, This instrument measures the fxeezihg'
éoint'depression-éf é sblution,: The solution is super- |
cooled to 2°C below the freezing point of the solvent by
removal of £wo calories of heat from each one miililiter
of sample and then insulated. The sample is seeded to cause
'rapid freezing offthe solvent. With seeding, the latent
heat of fusion is released into fhe insulated‘solution
hntil an eéuilibrium between the formation and melting of
ice (theAffeézing point) is reached. The readings of in-
dividual samples on the instrument are reproducible to
within 0.5 milliosmoles. bThe variation in osmotic con-
centratibns among animals was no more than 3.6 percent |
.of the'mean'foi animals measured under'a_given set_of.
cpnditions°

For the Weighﬁ studies, the animals were weighed
on a Mettler Type H3 Aﬁalytical Balance after a brief
fihSe in distilled water and blotting on a Kimwipe. The
same tempefatureSfand/salinities used in the osmotic pres-
sure studies;were-empIOYed. The weights of the animals .

‘are used because any changes in the water content of the
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coelomic fluid due to differences in Séliniﬁy would be
more adcurafely measured as a éhénge‘in weight than-as a
change in volume. Nine animals of each species were |
placed in salt water of each of the thrée'salinities. ‘The
effects'of temperature were determined by changing the-Ar"
temperature of the three aquaria,simultaneously.on £hreé
different days. All 18 animals in each agquarium weré
weighed’carefully.just before they were put into the wéfer
and at 2, 4, 6, 10, 24 and 48 hours thereafter, Handling
animalé during weighing did not appreciably affecﬁvthem.
in one critical test,.for example, the same animal was
weighed seven times in a period of 20 minutes and the

recorded Weights varied by no more than one percent;



' RESULTS .

General Procedure - Osmotié'Studies

The osmoticvconcenﬁration of the coelOmicrfluid of
. the two species of sipunculidé was determined at 359,250,
and 10°C and at 1220, 1051, and 840 milliosmoleS'(116, l60;
and 80 percent sea water). The aniﬁals were taken‘frbm a
stock agquarium filiea with 100 peréent sea water at room
temperature and'plaCed'into the test aquaria. The osmotic
concentraﬁidns of the plasma of three animals of each
species were read at time zero, before addition to the test
aguarium, and at approximately 2, 4, and 6 hours later,
because preliminary studies showed that the greatest osmotic
- changes occurred within the first five hours. The osmotic |
concentrations of~the plasma of two animais.of‘eaéh species
were defermined also-at 10 and 24-35 hours later to see‘how
the animals reactéd after“more prdlépged exposure to the
medium. ° 7
The means.éf the osmotic concentrations for each
_group'of three animals are used for plotting the graphs.
The ranges of each mean are also shown to indicate the
variation among the three animals. Since it took at least.
~one—haif hour td'obtain coelomic fluid from three*aniﬁals,
the mean of the osmotic concentrations was plotted at:thé

14 -
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midpoint of the.time interval. For example, the mean for -

the two hour reading was plotted at 2.5 hours for Themiste

and close to three hours for Phascolosoma.
| The osmotic cOhcentration of animals kept fof'over a
month in the stock agquarium changéd very little. ’The{osmo_
conceﬁtration_of body fluids and sea wafér, neverthelesé)
did vary slightly during the experimental pefiod aé can bé

seen in the figures. The mean value for Themiste was 1089

with a range of *60 milliosmoles and for Phascolosoma was

1073 with a range of +40 milliosmoles. The mean osmotic

"concentration of the sea water in the stock aquarium in

these experiments also changed a little and was 1050 20
milliosmoles.

Not much can be said about changes in behavior with
ex?erimental conditions. 1In all salinities Themiste tend
to be more flabby and slower to respond.to stimuli at 35°C

than Phascolosoma. Animals of both species stay cohtracted

most of the time at 10°cC.

Effects of Temperature on Worms
in Normal Sea Water

 The bsmotic concentrations of the plasma of both
species &ecreased'slightly after the worms were added to
the test aquaria with 100 percent sea water because the
water in the stock aquarium from which the aniﬁals Qere'

taken was about two percent more saline than thé~test solu-

tion of Instant Ocean (Figure 1). Thé,general.responses



Figure_l.

Changes in osmotic concentration of“the coelomic

'gerum as a function of time, - when WOIrms are

placed in 100 percent sea water.

The osmotlc concentration is expressed in milli-
osmoles. The temperatures are 350 250, and 10°C
for (a), (b), and (c),_respectlvely° The dotted
line indicates the osmotic concentration of the
test medium throughout the experiment. The aver-—
age of three values is plotted at each point.

The vertical bars indicate the range. Open cir-
cles indicate- Phascolosoma, closed circles indi-

.cate Themiste.
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Figure 1. Osmotic changes in 100 percent sea water.
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of both species a# all_ﬁhreevtemperatures are very similar.
The plasma‘osmoconcentration reaches that of the test water
within two to three hours and‘ﬁhén.generally remains un-
changed for at ieast 29 hours. Slight differences.can be
| notedrhowevér“ In‘Figures la and 1b at 35° énd 25°C the
plasma osmoconcentiation of both species tends to be a
little lower than. the Waﬁer osmoconcenﬁration. (in Figure
lb at four hours, the mean for Themiste is above that of
sea Waﬁer because bf'a high value for one animal.) On the
otherbhahd, at lOOCl(Figurevlc) both curves are above the
 _osmoqoncentra£ion of the salt water. ‘Qn reanalysis of the
resulfs it is concluded that these high values are arfifacts
resulting from instrument malfunction in this single ex~
periment and it is concluded that the osmoconcentration
of the body fluid is close to that of the test solution.  »
A change'in salinity of the test solution at high temper-
atures cannot be avoided as some evaporation‘takes-jplac'e°
As predted; after 28 houfé therelis a slight increase in
‘the osmoconcentration of'sea‘water (Figure la), and the
plasma osmoconcentration of both.speciés rises slightly
-as well. |

Effects of Temperature on Worms
in Hypersaline Water

In Figure.2 both species at all three temperatures -

~ show an increase in the osmotic concéntration of the plasma



'Figure'z. Changes in osmotlc concentratlon of the coelomlc

egerum as a function of time, when Worms are
placed in 116 percent sea water.

For other information refer to legend of Figure 1.
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until it conforms to the external medium by the end of
five or six hours. Then, for the next 20 to 24 hours the
plasma osmocOncentration.generaliy parallels the osmotic
Conéehtyation of fhe‘salt watéf; At 10°c (Figure 2c) the
ihiﬂial requnse bf both'speciES'apéears to be slower than -
at'highér tempefatures, i.e., the slope is less than‘%n‘
Figures 2a and 2b. Conversely,.at 35OC‘(Figure 2a) the
peak concentration ié reached more quickly than at the lower
temperafures. |

'In Figure 2a between 12 and.26 hours the osmotic
éohgenﬁration of the salt Water had increased due to a
.highirate Qf evaporation ét,BSOC; The plasma osmoconcen- .
trétién of both'sﬁegiés increases concﬁrrently,-but the
two means are Widely separated at 26 hours. Thémisté was

much more erratic than Phascolosoma at 25°C (Figure 2b)

with widely varying ranges and at 30 hours the. two means are.
also qﬁité widely separated. . Whether these differences in
fmééhs at the higher temperétures are trénsient differences
or whether they are biologically significant is still'tb
be determined. At 10°C (Figure 2c) at 26 hours the meaﬁs
and rangéS'of both species are quite closg’to one anothér

and to the osmOtic concentration of the salt water.



Effects of Temperature on. Worms
fi&'Hyposaline Water

When placed in dilute sea water Themiste and -

Phascolosoma show decreases in the osmotic concentration’

of thelplasme until it approaches the osmotic concentra- .
tion.of-the,surroundiﬁg medium within 2 to 5 hours (Figure
3) . The plasma osmoconcentrations_roughly parallel the
Wefer osmoconcentration at all three temperatures but both
species.remain'hyperosmotic Eelthe_medium’until after.lQ
hours. Again, the slope is less at 10°C (Figﬁre 3c)'than‘
at the two-higher temperatures,_indicating a slower rate
of adjustment at the lower temper_ature°

The plasma osmoconcentration of Themiste at 35°C
(Figure 3a) at 35 hours and the plasma osﬁoconcehtrations
of both species at 10°¢C (Figure 3c¢) at 30 hours are slightly
.below the osmotic concentration of the salt water, while at
250C (Figure 3b) the plasma osmoconcentrations of both
epecies at 29 hours are above the concentration of the
medium. _ 7 ’

Effects of Salinity at Moderate
and Extreme Temperatures -

At all salinities and temperatures the osmotic
concentrations of the plasma of both specieé~of sipunculids
tend to conform to the external salinity. The rate at

which the adjustments occur is virtually the same in all



Figure 3. Changes in osmotic concentration of the coelomic
fluid of Themiste lissum and Phascolosoma denti-
gerum as a function of time, when worms are

" placed in 80 percent sea water.

For other information refer to legend of Figure 1.
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cases except at the loyest temperature in which there is a

time lag for complete adjustméﬂt,

General Procedure - Weight Studies

The experiments in which changes in Weight'of

Themiste and Phascolosoma’were détermined as a function,bf
changes in salinity and téﬁ?eratﬁre"were>carried_out at |
35°, 252, and 10°C and at 116, 100, and 80 percent sea water.
Each of nine animalsidf both species was ?ut iﬁto a small
labelled beaker in a test aquarium and was weighedvbefqre
-addition to the test solution and at exactly 2,‘4, 6, 10,-
. )
24 and 48 hours later for»the_350 and-25oc experiments and
at é, 5, 7, 10, 24 and 48 hours later for the lOOC‘experiﬂ
ments. In the figures, the initial weiéht*at time zero is
taken as 100 percent weight; and the changes in.weight with
time‘are expreésed as a percent of the original weight,
that is, the-ratio of the new wéighf torthe origihal weight. -
The worms were taken from a stock aéuariumvfilled
with 100 percént sea water af'fooﬁ temperaﬁute ahd, after
weighing, were placed into fhe‘test agquarium at staégered
intervals to.allow each animal to be weighéd at the exact
ﬁime épecified. The same animals Were weighed throughout'”
" the experiment at'any oné femperature and séiihity. The
means of the percent weight1Change are plotted on the g;aphs
with the rénges,shown to indicate the variations among the

animals. Weighings wereftaken»also on nine animals of both
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species in the Stqck aquarium at the Séme-time'as;we;ghipgs
of animals in the.35?.and_250C experiments, The animals
were again isolated in small beakers and handled in the
same manner to observe the amount of'vériatieh_that might
‘be -caused solely by'hahdiing over ailong peried of time.'

There were a number of . fatalltles in these experlw'

ments, w1th Themlste afLected more than Phascolosoma

There werevalso some fatalitiee.in the osmotic studies;ﬂ
but among Themisfe ohly° These latter'eccurred at 35°C
and in all sallnltles to which anlmals were exposed for
more Lhan 24 hours | However, both species suffered fatali-
ties in the weight studies and fatalities among ThemiSte
_were'much more common in the weight studies fhan in the
studieé of.osmofic cencentrations.7 AApossible explanation
is that Weight change'experiments were.conductea about a
month and a half after the osmotic sfudies were begﬁn and
the animals may have begun'to be affected by stervatiOn
and ﬁere less able to edaéf. in the weight change experi~.
ﬂ,ments,'at'24 hours seven of the nine Themiste were dead in
fhe 3SQC and high salinity test'aquarium. After‘48jhbu:s
at 35OC and iniail'the salinities,'half or mere of'the"
'Themiste'were dead. After ten,hours some of the Themiefe ,
would seem to lose ' muscle tonus and become flabby._ They
would react'slowly‘to_touch and contract after'lo to 15

minutes instead of immediately as in normal worms. ‘However,
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thesé animals were weighed because they were assumedrto'bé
“alive, even though they were dead at 24 to-48 hours.r Before
dying they seéméd to fill'with water, éxtend the introvert
cand tentacles, and become covered with a mucoid substance.

Thé“only*fatalities~among the Phascolosoma were at 48 hours

-at 10°C in all salinities. When the worms were placed on

" a pépervt0wei prior to wéighing'at 24 hours, fhey wouidi
bﬁist open towards the anterior end of the introvert, bloéd,
. Wduid‘spurt out, and the animal would be iimp but sﬁill
vrespénsivé; A£-48'hours they'would be'dead, The 24 and

48 houf‘weights of these animals were not used.

Effects of Temperature on Worms
in Normal Sea Water

Figure 4 is the graph of the weight changes of

" Themiste and Phascolosoma at 22°C in the stock aguarium

- with 100 percent sea water. The means are close to thé

original weights of both species with Phascolosoma gener-—

'élly,refaining its originél weight and Themiste slowly
decreasing in weight even under control conditions. There
are slight fluctuations of the means within these general
frends,_rAt 48 hours ﬁhe means of the two Species are widely
séparated‘éﬁd the réhges about each mean are larger than
“before but the weights of the majority of the 18 animals

lie within #5 percent of the original weights, Just before

the ten hour weighing, one Phascolosoma escaped from.its




Figure 4,

Percent change in weight of Themlste llssum and

" Phascolosoma dentlgerum as a function of time,

when worms remain in stock aquarium with 100
percent sea water; at 22°C..

The mean of nine values is plotted at each point{
The vertical bars.indicate the. range. Open cir-
cles indicate Phascolosoma, closed 01rcles indi-
cate Themiste.
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béaker and miﬁgled with the.other worms.kept.in the stock
_aguarium. ~Theref6re fhe'means for this species from ten
hours on represent eight animals each., The 48 hour mean
for Thémisté-also’représents eight animals since theré‘was
one”fatality{‘ | |

When WQrmé were transferred from the stock aquarium
to 100 peréenf éea water (Figures‘5 and 6) the mean per-
centages of weight changes over a 48 hour period were within
five percent of the btiginal Weight. The only exception
is'Themis?é at lO?C (Figure 6b) where the weights drop
initially and continue to drop‘to about 10 percent below
,the'ofiginai weight by 24 hours. At this éame température

‘Phascolosoma also decreases in weight initially but stays

betwéeﬁ.95 and 100 percent until 48 hours. Due to fatali-
ties this last point represents thelmean wéight change of
seVenraniméls..’Comparing the worms kept in the stock

. agquarium at 22°c (Figure.4)Awith those transferred to 100
peicent,séa'watér at 250C‘fFigure 5), it can be seen.that'
the variation in'Weight change is much greater in the-
lattefr What is responsible for this variation is not
known.‘ In fact the range of variatién is greater in mpst
of the experiments in this section. Due to mortality the
_wéightrchange‘for Themiste at 24 houfs is an average of
five aﬁimals and at 48»hburs’of four animals. Although

there is much fluctuation in the means throughout the



‘Figu:eHSL

Percent change in weight of Themigte lissum and

‘Phascolosoma dentigerum as a function of time,

when worms are placed in 100 percent sea water,
at 25°c. :

The mean of nine values is plotted at each point
(except as indicated in the text). The vertical
barg indicate the range. Open circles indicate
Phascolosoma; closed circles indicate Themiste.
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Figure 6.

Percent change. . in weight of Themlsue lissum and
Phascolosoma dentlgerum as. a. function of time,

when worms are placed in 100 percent sea water,
at 35° and 10°c.

The temperatures are 35° and 10°C for (a) and
(b)), respectively For further 1nformatlon
refer to. legend for Figure 5.
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48 hour period, the worms of both species generally remain |
fairly close to the oxriginal weight.

Effeéts.gﬁ Temperature 93 Worms
in Hypersaline Water

At all temperaturés the initial reéponse.to the
transfer té hypersalihe_water is a drop in weight. The
~greatest decrease in_both species occurs at 10°C (Figure
8b) énd‘the least decrease in both species occurs atr350C.
(Figure 8a). - After 48 hours most of,thevanimals are still
less than 95 percent of their origina} weight, but Themiste_
at 25°¢ (Figure 7) approaches its‘original weight by that
time. The only other exception fb this occurs at 35°¢C.
Here, due to high mortality, there were only two Themiste
left at 24 hours and they wereAwell over 115 percent of
their original weight. This was an unexpected finding,
and indicative that thej were no longer functioning cor-
recﬁly. These two were dead at 48 hours. A few worms died
in another experiment as well. At 10°C (Figure 8b) there

were eight Phascolosoma left at 24 hours and seven left at

48 hours.
In general the means for Themiste at all tempera~—

tures were slightly above those for Phascolosoma throughout

the whole time interval.



‘Figure 7,

Phascolosoma dentlgerum as a functlon of tlme,
when worms are placed in 116 percent sea water,_
at 25°C. :

For’ furthef 1nformatlon refer to legend for .
'Flgure 5. .

~
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Figure 8.

Phascolosoma dentlgerum as a functlon of tlme,_
when WOIMS are placed in 116 percent sea water,
at 35° and 10°C.

The.temperatures are 35° and 10°C for (a) and
(b), respectively. For further 1nformatlon
refer to. legend for FJgure 5.
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Effects of Temperature on Worms
"in Hyposaline Water

-The initial responses of fhétfwo species at all
temperatures (Figures 9;‘10,[and 11) afe rapid increaées'
in weight as a result of exposure to lower salinity.: The
_greatest increase islshowntby.Themiste af 25° and 350C-- |
(Figures 9 and'iO) ahd~the,sm§lle3t change iS shoWh by
'both épecies at“lOOC'(Figuré ll). 'After two hours the ﬁéahit
weights gradually deérease until they are within 15 per-—
cent of the or%ginal weight’at 48‘hours° The only excep-

.tion to this is the response of Phascolosoma at 35°C

(Figure 10) where at 48 hoﬁrs it weighs nearly lO'peréent
less than it did originally. In some cases, e.g. Themiste

at 10°C (Figure 11) and Phascolosoma at 25°C and 35°C

(Figures 9 and 10), the mean weights are below the original
weight within 24 hours. |
In Figure 11 at 48 hours the point représents the

mean for only eight Phascolosoma because’ two, of the animals

had died. Also in this figure all the means of Themiste
represent eight animals beCause the initial weight of the
ninth worm was nof recorded.

In general, in all three parts of this experimént
the rénges varied moreVWidely throughout the 48 hour period

than in any of the other experiments.



"Figure 9.

Phascolosoma dentlgerum as a function of tlme,
when worms are placed in 80 percent sea water,,
at 25°¢C., :

For further information refer to legend for
Flgure 5, : ,
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Figure 10. Perxcent change in welcht of Themiste lissum and
- Phascolosoma - dentlgerum as a functlon of time,
when worms are placed in 80 percent sea water,
at 35°cC. .

For further 1nformatlon refer to legend for
Flgure 5.
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Figure 11. Percent change in weight of Themiste lissum and

' - Phascolosoma dentlgerum as a function of time,
when worms are placed in 80 percent sea Water,
at 10°c. .

“For further information refer to legend for
Figure 5.
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- Effects of Salinity on the Weight of the Woxms
at Moderate and Extreme Temperatures

vaweight‘gains and losses were strictly a funCtion
Qfﬁthe salt content of the test solutions, one would expect
'rthat the worms would gain 20 percent and lose 16 peréént
- of their weight in the hyposaline water‘(80‘percent sea
_watér)_énd thé hypefsaline water (116 pefcenﬁ sea water),
réspectively. In_80'bercent seé water at 25° and 3SOQ
.(Eigu:es ° and 10) the means of Themiste, only, a?proaéh
" nearly thersame ?eréentage abové the.originai weight as
1the percent Salinity‘of the test solutién_wasvbelow nofmaI
séé:water, Also, in ll6lpercent sea water, at 10°C only
(Figure 8b), the means of both species approach the-same _
'percéhtaqe'belOW»the original weight as the percent saliﬁiﬁy
vofithe test solution was above the nérmél sea water.

In normal. and dilute sea water, both species
~initially tend to keep the same weighﬁ and to'gain_weight;
respectively, regardless of the temperature, and then tend
to approach within 5 percent of their original weight by
48 hours° At high salinities and at all temperatures both
species initially lose weight but rarely return fo within

~ five percent of their original weight by 48 hours.



DISCUSSION

General Reéctioné~§g Saliniﬁy'Chahgés
Since sipunculids are not able to regulate.fhé
osmotic pressure of their body fluids in any solﬁtion other
~than 100 percent sea Water (Kngh, 1939; HYman, 1959; |
SChmidt—Nielson and Laws, 1963), they must adﬁust to changes

“in Salinity.' Both Themiste lissum and Phascolbsoma denti-

_QEEEEVreact as expected. When placed into solutions which
are 20 percent above and below.normal sea water, the in-
ternal body fluid of each species requires less thén-five
hours to reach the same osmoconcentration as the test
solution. 'After this time the interﬁél fluids remain in
equilibrium with the test solution. After tranéfef from
normal sea water to the higher salinity (116 percent sea
water) there is usually an initial overshoot, so that thé -
osmoconcentration of the bbdy fluids is abové that ofrthe
-_medium; It is not known why this occurs since the weight.
- studies show no large water loss in 116 percent sea water.
There is no cbrrespdndiﬁg undershoot when woxrms are trans;ra
ferred to the lower salinity. |

The results of weight studies on these sipunculids
are éomewhét different from those,of G:os$~(1954), He found

that Dendrostomum,zosteriColum‘in hypo~ oxr hyperbsmotic sea-

37
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water gained or lost welght contlnuously for. 24 hours before
taperlng off and beglnnlng to return toward normal. It
took four days for Worms of thlS species to approach fo
Wlthln five percent of the orlglnal weight. The largest

changes in weight of Themiste and Phascolosoma occurred

" within 10 hours of transfer to the different salinities.
By 24 hours, in most cases, the worms were again approaching

their original weights. Both Themiste and Phascolosoma are

much smaller worms than D. zostericolum and this may account

for their ability to acéoﬁmodate more répidly;

After transfer to the-hypérsaline water. (116 per-
cent sea water) the worms lose weight répidly for fhe first
“five hours. >This is probably due to diffusion of water
from the less concentrated coelomic fluid to the external
medium. After the worms reach»osmotic~équilibrium.with the
test solution at abQﬁt_five hdufs, they begin to gain weight
at a very slow rate. By 48 hours mosf of the mean weights
were less than‘bﬁt still QithinilS percent of the initial
weight. This. slow return foward the initiai weight in
both hyper- and hypoosmotlc sea water may be due to 'a re-
adjustment of the internal- hydrostatlc pressure toward
the optimum for eachvworm.  Presumably after the initial
Vgain.or loss of watexr following tranéfers to hypo- or hyper;
osmotic sea water, the intérnal hydréstatic pressure in-

creases ok decreases, respectively. When the animals. have
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reachéd’osmoﬁic equilibrium,_thén‘there méy beféﬁ éXchangé_
of salts and water with the'eXtérnal_medium untilran op—'

'timum.hydrOStaticlpreséufe is achieved. VTheré,iS'apbgfen£1§':
a fai:ly wide range of‘internéi'hydrOStatic pressure within
which sipUnCulidS mayifunctién (Zuékerlandl,-l950)'and thié
' may'éccount fét the slow return toWard original weight of
these worms,‘ o | | 7

~The initial gains and losses of weight appear to
occur at the same raﬁé. This would séem to be counter to
Adolphfs (1937) observation that water diffuses into the
worms more quickly than it diffuses out; 7

When worms are transferrgd to hyposaline waterr(80

percent éea water) they gain weight guickly. The osmo-
" concentration of the coelomic fluid drops rapidly and thén,
by five hours, it reaches én eqdilibrium with thé external
medium. However, at this time the oSmoconcehtratioﬁs of
the coelomic fluid are always slightly‘greatef than thosé
of the test solutions. 1In facﬁ, the meén osmoconcentratibné
never aéprpached those of the test solution before 12 héufs;
After the coelomic fluid éohcentration approximates that~of‘
the test solution,'thé worms‘losé1Wéight and in néarly éll
caseéj the mean weights are within five percent of fhe'
original weight by 48 hours. - A possible-ﬁechanism:Which. 
. will explain this phenomenon has been.proposed'by‘virkar"

(1963, 1965, 1966). When the:wdrms ére,placediin hypoosmdtic.
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_S'éa watexr they may release free amino acids from I',the body |
-wall into the coelom to help restore the osmotic balance
until the water gain can be regulated by the nephridia and
_SOme:of the weter'is lost This same releese'of ffee amino
.aClds from the tlssues to fhe body flulds has been observed;
1n polychaetes 1n hypoosmotlc condltlons (Clark, 1968)
';-Stephens and Vlrkar‘(l966) found that the brittle stari{l

Ophiactis arehoear would increase the rate of uptake of

,:glycine'of valine frem the external medium iﬁ reSpQﬁse to
a decrease_in>5alinity. These excess free emino acids are
eSmdtically.active particles and may cause the coelomic
fluid to be slightly hyperosmotic to the medium. Perhaps
rafter a longer period of observation than was used here,
_the internal osmoconcentration would become isosmotic with
the externel ﬁedium as some of the free amino acids are
excreted ox re—absorbed.by ﬁhe body wall. An .additional
effect at this salinity is seen at all three test tem?era—
itufee; ﬁamely that the rahée ef ?ariation is.greater than
at any other salinity. | |

General Effects of Temperature on
Osmoconcentratlon and Welght

The enly differences in response that can be-ascribed:
to temperature occurred at 10°C in both hypersaline and hypo-
saline water. The rates at which worms of both species

‘reached osmotic equilibrium with the test solutions were



,41  
'cbnsiderably slbwer at lé%.than'atAﬁhe two. higher tempera~_
-tureéh 'The major-effect of temperéture on thé\weight o

cﬁanges occurred at‘ZSOC‘in all three'salinities',-Ih béth  
species ﬁhe Qariation‘isAgfeatest at this temperature

throughout the entire 48 hour period.

Comparison of Themiste and Phascolosoma '

There are no signifiéant differences in osmofic'
concenﬁration‘dr weight responses between the two species
in that both react as expected to the salinity chaﬁgesu
The ﬁemperature changes éeem_generally tb cause the same

reactions in both species. The significant difference

between Themiste and Phascolosoma is in the greater sensi-
tivity of Themiste to 35°C as was shown in the weight-_:
studies; and thé_greatest number of deaths,of Themiste
occurred at 35°C in the hypersaline water. - These resulté

" coincide with those of Taylor (1964), although'he uséd
temperatures up to 42°C for short periods of time and in
these experiments lower températures are applied over a
longer period of time. In both cases, Themiste is less

able to survive the high temperatures than Phascolosoma.

The only mortalities among Phascolosoma occurred at 10°¢

and in all salinities only after the animals had been kept

in the stock aguarium for over a month. Phascolosoma

dentigerum is a tropical form with an Indo-Pacific distri-

bution (Fisher 1952);_ This may account for the'sensitiVity’
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of these worms at 10°¢ during stress conditions such as

starvatlon Themiste lissum is known only from intertidal

areas of the Gulf of Callfornla eThe'most clo?ely'related:»,

spe01es is Themlste SChmlttl found-on the lee'side of,Vieja,t
Island, Peru (Fisher 1952). The average yearly Water -
-vtemperature in this area is ldo'to l7oC

The h;gh temperature dld‘eause some‘Slﬁggishness:e-
in the reactions of both species. .Vinpgradeva and'r
Dzhamuso?a (1963) foﬁnd a deterioration in excitability
of the retractor muscles of Phascolosoma margaritaceaum

: J
‘after prolonged exposure to high temperatures.

Conclusions

Apart from the points mentioned above ne major
differences are found between these two species and those.
studied by Gross (1954), Adolph (1937), Oglesby -(1968),

and Kamenoto and Larson-(l964). Many of'the studies whieh
have been made on the effeets of osmotic stress on sipuncu-
lids were done in,hypoosmotic sea water only, érobably ‘
because dilute sea water is more readily encountered by
sipunculids in temperate regions with heavier precipitationt
and greater fresh water runoff. However, I feel that hypér—
osmotic conditions are more likely to occur at Puertov
Pehascotduefto the heat and the'drying influence of the.
winds. Moreover, from observatlons of the sensitivity of

Themlste to the nlgher sallnlty, this would seem to be an
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important faétoxiin deﬁerminipg #he_distribution~of this
species iﬁ the intertidal zone. This may'be why this
‘species is‘not often.found in the areas exposed for the
londest periods during a tidai'excurSion,'i.e.,_the barnécie— 
ééveréd rocks;- |

'Tempefature is unqdubtedly a.véry impoxtant factor

in the distribution of these two speciesv':Hutchins (19475
fouhd_that high summer temperatures wére important factors
in the distribution of tropical ahd subtropical ihterﬁidal
~animals. This is seen in the extreme sensitivity of
Themiste to long exposures to 35°cC. This degree of ex—
poSure probably occurs only rarelyrat Puerto Penasco since
the water seldom reéches this»tempefature’and the air
temperaturé at nigh£ iévgenerally much cooler.  Southward
tl958)‘found that the temperatures in éﬁ intertidal area
'werevgenerally within'the4tOLerance limits of the animals.

' Even occasional extréme témperatures would have little, .
if ahy, effect on the aduit animals.

| | Further work is‘néeded,in determining moré'exactly
the distribution of these two species in the intertidal'
zone at Puerto Penasco. Careful.studies of the temperatﬁ:e
and salinity of the microhabitat would be mds£>enlighténihg,
especially since littie is known of the salinity variations
during the tidal'excursions,. Studiés should be made>of.£he

life history of these two speéiés particularly in
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determlnlng how and when these worms form thelr burrows.
Addltlonal work ls_need ed on the mechanlsms 1nvolved 1n'
attaining osmotic.equil;brlumjwlth-theeenvironment. Elu-
cidation of the exchange of fiuids between the animal and
its environment should inclﬁde not only measurements of
‘changes'in OSmofic pressure but also the determinatioh-of
'hydrostatlc pressure under similar experlmental condltlons
and studles of active transport, excretlon and dlgestlon,,
all of which influence the eXchange of ions between or-

ganism and environment.



SUMMARY

1. The osmotic concentrations of the coelomic

fluid of two species of sipunculid worms, Phascolosoma

dentigerum and Themiste lissum, were determined after the:

worms were exposed to 80, loo-énd 116 percent sea-ﬁgter;
and to temperatures of 10°, 25° and 35°C,- No differences
in the rate or degreé of osmotic change wére noted between
species. The time for the osﬁotic pressure of the coelomic
~fluid of béth species fo reachiequilibrium is.greateét'at
the low femperature,

2. Under the same conditions, the changes‘in wéight
over a period of 48 hours of boﬁh'species were determined.
1.No significant differences werébfouhd betﬁeen the two

. species, although in all three salinitieé the range of
Variétion in weight was greatest a£ 25°C.,
3. 'There‘iS'a‘différence in mortality of the two

' species after extended exposure to experimental conditions.

Themiste is more sensitive.to 35°C and Phascolosoma, under
stress, 1s more sensitive to 10°cC. These responses to._
temperaturé probably explain differences in the distribu-

tion of the two species in the field.
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