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. INTRODUCTION

The determination of the tolerance limits of organ-
isms t0 various environmental factors is an active branch of
comparative physiology known as environmental, or stress
physliology. The importance of these studies is indicated by
" their use in explaining and illustrating distribution patterns,
vertical zonation, enviroumental preferences and similar
matters. The reasons influencing the abllity of an organism
to survive in a parbticulasr habitat are often found in studies
of thelir physiology. The eﬁtir@ picture of any one population,
however, is very complex and cannot be explained by one factor
alone., The preference of an organism to a specific habitat
ugually involves the interaction of many physical and biolog-
ical factors.,

Organisms which are engaged in transitions from the
sea to land are faced with great physiological stress., A
common route from the sesa is through estuaries, This
transition involves adaptation to gradual changes in salinity,
temperature fluctuations, and ionie composition. A more
drastic transition is one which occeurs through the inter-
tidal zone, directly to land., Here the orgenisms encounter
rapid temperature changes, immediate osmotlic stress, and a

great number of other problems. Animals 1ivihg in the inter-

tidal zone may be periodically exposed by the tides and must
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overcome such probiems asg desiccatian, buoyancy, food gource,
etec. Such animals, in f&ct; re?reéenﬁ a‘step’toward land
life for they have 301ved these terrestrial problems to the
extent that they can survive short periods of exposure. Sbme
of the conditions which may ald animals in this transition
through the intertidal region are high humidity end moderate
sunshine,’both of which aid in preventimg,desiccatidn. A
1arge tidal ampliﬁuﬁe tends to make the transition more gradual
by subjecting the animals to longer and longer periods of
exﬁééur@ as they move higher through the intertidal region,

Moderate surf asction is beniflcial in easing the physical

 aspect of the transition (Gislen, 1946).

 The isopod crustaceans are excellent examples of
animals making the transition from & merine to & berrestrial
habitat, They may be found in completely marine situations,
(e.g., Cirolana harfordi) fresh water, (e.g., Asellus sp.)
and on land (e.g., Porcellio scaber). Lven though the
terrestrial species have no association with the sea they are
not adjusted to very dry conditions as are some other
arthropods., That is, they require more environmental molsture
than the more terrestrisl insects, arachnids, ete. None the
less, a definlte traunsition does exist snd many intermediste
stages areiﬁc be found between the extremes. Thus the

isopods lend themselves very nicely to a study of the

transition from the sea and the various environmental problems.



that are involved,

This study is of five species of'iéopo&s-common to

“the Dillon Beach srea, each of which represents a different

level in the transition toward land life. Cirolena harfordi

was used as a completly marine form, Idothea (Pentidotes)

wosnesenskil repregents a step toward land life as it

inhabits an area uncovered by most low tides. Ligia o
occidentalis is found in the splash zone, recelving spPYay
from the action of the surf. This illustrates another, higher,

level in the transition. Alloniscus perconvexus was the

fourth species studied. It is commonly found burrowed in , .

the sand in the area of the berm, which is the nearly level
portion of the beach formed by high tidal wave action.

Finally, the terrestrial form, Porcellilo (FPorcellio) scaber,

was used to illustrate those isopods best adapbed to land

life. The physiological daba presented in this paper , —

includes salinity tolerances and humlidity tolerances. Some
information on acclimating one species to lowered salinities
is also presented. The results of these experiments are
used to illustrate the degrees of adaptation to land life

ghown by the isopods in different areas of the transition.

A discussion of the adaptive morpmology and behavioral [

characteristics is also related to the environmental

situations in which each animal is found.

- A_great deal ol ecological and taxonomic work on the



isopods illustrates and, in some cases, mentions the
transition. Abbott (1940) discusses the transition and
employs some physiologieal data. Abbott's work was concerned
mainly with the family Lygididae. Some structural modificas
tions were also considered in the study. Abbott places Ligia
occidentslis nearly in the middle of the transition as it
is congidered in this present study. An interesting study
concerning the terrestriasl isopods of th@ San Francisco
region was conducted by Miller (1938), Hiller reports very
high optimum humiditles for all terrestrial forms, illuse
trating that the transition is still in a relatively early
stage, compared to the more well adepted land arthropods.
There have also been studies done on individual specles in
regards to their salt requirements, etc. (Barnes, 1932,
1935). ‘These works are informative, but not actuaslly | e
comparative for use in illustrating the transition, _ S
Some studies have been done relating generally
physlological problems of different groups to their environ-
ment (Topping & Fuller, 1942; Smith, 1959; Robertson, 1949).
Smith's work was concerned mainly with the problems of
bracklish water and may be involved in the transition to land
through esturine conditions., |
This paper is & consideration of some of the basle

problems in the transition of lilsopods from a marine to a

terrestrial 'i:.lrc:%bi_‘ﬁrc‘z"\?. Al organisms were collecteddnthe——mmm

Dillon Beach srea, Marin county, California (38°N, 123%),



MATERIALS AND METHODS

Gollection send maintensnce of snimals

Animals collected in the field were trahsportéﬁ to

the laboratory in glass containers., Conditions in the jars'

were made ag close to the natural situation as possible. In

the laboratory snimals were maintained in a large water table.

This table was 3 feet by 5 feet 11l inches, and was 11l.5
inches deep. The water tabie was lined with fiber glass on
the bottom and up the sides a few inches. Fresh waﬁer was
placed in the table to a depth of about 5 inches and émall
dishes were placed in this water for the animals. A fairly
constant temperature was maintained by the use of a
thermostat-controlled refrigeration unit, The taﬁperatur@
ranged from about 13.59C to 15.0°C throughout the entire
study. Temperature changes of more than 1°C were ﬂét noted
during any one experiment.

salinity tolerance tests

The salinity tolerance tests were conducted in the
above described water table, The summer tolerances were
determined in July, 1960. Winter populations were tested in
February, 1961, The salinities of experimental media and

also of the field samples were determined by titration witﬁ

silver nitrate and the following calculations.



| | (ml. AgNO3) (norm. AgNOs)
Holarity of Clmweceew- ,-“_-,-,_-,_-~__,_,_,_
' ml. sample
Chlorosity= (molar. Cl) (at. wt., of Cl)
‘chlorosity | |
Chlarinityg‘f’“”‘rﬂm~'ﬁw#~ﬂmduwy&auemmqn
{sp. den., at 209C)

Salinity= .030 + (1,805 x chlorinity) S

“The animals were placed in 2oo ml, of each experi- ~— — ~  ——
mental solution and tests wersvcenaucted‘fsr b8 hour periocds.
Pifty percent death times were recorded during the experis
ments. Temperatures of experimental media were allowed to
equalize with the temperature of the water table before
introducing the animals. The water was not changed during

the 48 hour period.

Humidity btolerance tegts

These testé were also éonducbed in the watér tabie. R
The tésts were run in April, 1961. Experimental animals |
were placed in gallon jaré in which various humidities had
been established. The humidities were maiﬁtaineé throughout
the 48 hour observation period by the use of various
solutions of sulfuric acid.. e following table is taken
from Miller (1938) and gives the various concentrabions

for the different humidities.
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200 ml;‘of each solution used was placed in a flask and set
in a}gallon Jar. The test animals were placed in beakers
and set in the jar. The lids were sealed with tape and a
small pin hole put in the.top of the jar. This hole was
‘govered with tape éna was only opened Lo stimulate the
animals with a small wire to establish death times. All
test animals were consldered dead when they no longer
responded to mechanical stimulation of the body or the
appendages. ALl humidities were checked after the experi-
ments and found to have been maintained within 3% relative

humidity of the prefered humidity.

Training experiment

_ - This experiment was conducted in Februsry and March
of 1961, Specimens of Cirolana harfordi were placed in 200

ml. smaples of the test solutions. The tempersture of each

7&&% ééiutiéﬁ'wéé allowed to egualize before ﬁhe Specimens



were transfered to a lower salinity. The experiment was

carried out in the water table.

Removal of pleopods

The:pleopodé to be removediwére grasped with fine-
tipped forceps under a low powervaissectian microsqape. The

plepods were then simply pulled off the abdomen of the

specimen. Animals were placed in small jars for observation.

The following salinities were used in interpretation
of all test data involving,V&rious'concentrations of sea
water. There was no appreciable change in the salinity of

100% sea water in the summer and winter,

. Medium Salinity

100% 858 WALEI . s svrenesansnssnseedeld 9/00
75% 568 WALer..uvessoestsevessess2d. 779 00
50% S8 WALET. ceveeveerveansnessss17.00 %00
25% S@O WOLEIsuuesveoesesvsennaess 8.32 /00,
10% 568 WALEPeueerriersvereossans 3.60 %f00

Fresh WALeTeeeseeeoiossenssesss 0.25 9/00




ENVIRONMENT OF THE I80PODS

Mest of the specimens uged in this study were col
lected in the Second Sled Road érea, Dillon Beach., This
region is of the sort described by Hicketts and Calvin (1956)

ags a protected outer coast. The intertidal zone is very

" pocky; in many places s sandy substrate underlies the rocks.

The beach is sandy with numerous rock outcroppings, forming
a splash, or spray zone. The entire srea is backed by steep
sandstone c¢liffs,

‘The area 1s well suited for studying the trensition
being considered, This section of the Californis coast is
éharacterized by heavy fog and high humiditles, lessening
the problem of desiccation. There is an annual rainfall of
31.65 inches, and the mean air temperature of the region isg
52.49F (Jonnson, et al.). & relatively large tidal smplitude
(maximum=approximately 3.3m.) is observed and makes the
transition somewhat more graﬁuél;~

Girdlan& harfsr&;_is.cammonly,fcund‘1n the mid-tide

regions and lower. Individuals afe apparently never exposed,
éven in thelir upper limits, Allasuimsls in this study were
taken from under rocks, usually in sandy tide pools. This is
a very protected habitat and the animals here are not

subjected to wave shock, large temperature fluctuations or
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drastlc sallinity changes. Several temperatures taken through-
out the year (June, 1960 - June, 1961) under rocks where this

spegies'was collected ranged from 12.5°C to 16.09C., Salinity

changes were very slight, ranging from about 32.5%/06 to
33.99/00.~-These temperature and salinity changes represent
gradusl variations, not rapid fluctuations in a short period

of time, This informstion suggests that Cirolanas harfordi

mugt accomodate only Lo the changes in the physical and
chenical properties of the'intertidal water itself. Taylor
(1956) réports an abundance of €., harfordi in mussel beds.
They are apparently confined to the lower tide gzones where
large amounts of water are retalned during times when the
general ares is exposed by the tides,

Kaster and Lee (1959) report that Idothea
(Pentidotean) wosnegenskii is concentrated along the band of

Porphyra perforata which runs parallel to the beach. This

is in Y%one 3 according to Bicketts and Calvin (1956), and
is described as an area below mean sea level, largely
uncovered by most low tides and covered by most high tides,

All specimens of L., wosnegeunskii used in this study were

collected from this red alga. These animals were subjected
to quite regular pericds of exposure and immersion by the
tides. 'This presenbs a much grester stress than is faced by

Cirolana harfordi. Temperatures ranging from 12.59C to

15,09 were recorded in the algal curtains where



10

v ;,wosnesenskii‘was;collecﬁad. This represents rapld chenges

with tidal fluctuation rather than longAfange changes during'
the seasons. Although exposed'by tid&1 acti0n l. wosnesenskii
was always found in r@latively'mcistﬁsituations;;provided by

Porphyra perforats. The problems of land life are presented

to this animal a2lternately with periods of immersion by the

tddeg, - - - - - -

Mid-way in the series is Ligia occidentalis. Eranco

(1958) discusses the distribution of this species in the
Dillon Beach region, and describes the habitat as high in
the spray zone, or the uppermost regions of Zone I, according
to Ricketts and Calvin (1956). This is generally a bare
rock area, inhabited by semi-terrestrial organisms. In the

Second Sled Hoad area Ligis occidentalls is usually found

in cracks in the rock outeroppings along the beach.
Temperatures in these microclimates appear to be somewhat
more stable than exposed alr temperatures. With heavy wind,
an alr temperature of 15,0°C was recorded while in the
cracks where the animals were found the temperatures ranged

from 17.59C to 19.0°C. These temperatures were recorded in

June, 1961. Such higher temperatures may be considered

benificial in that they maintein a higher humidity. Under
logs windy conditions, and thug a lessened problem of

deslccation, this species was observed on the sand, on
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exposed rock surfaces, and submerged ln small pools ln the

‘rocks, In these areas alr temperatures ranged from 11,5°C

to 21.0°C. The temperature in the water where L. og-
Qidéntai g was found was 11.5°C. The alr temperature
imnediately above the pool was 12.59C. . 'This species appears

to be able to tolerate rather rapid fluctuations in

temperature; the major problem seems to be a necessity of

remaining in aress of high humidities..
Jamison (1951) reports the habitat of Alloniscus

perconvexus as belng in damp, loosely packed sand, above or

glightly below the berm. Individuals were commonly found
burrowed to a depth 6f three to six inches, depending on the
ama&nt of moisture in the send. They were most abundant
under masses of algae that had been washed up on the beach,
It is quite probable that their entire molsture supply is
attained from the interstitial water inm the sand. They

are not very actlve animals and were never found in either
very wet or very dry sand. Temperatures recorded in the

gand from which Allopigcus perconvexus was collected

ranged from 14.20C to 15.5°C. Moisture content of this

sand during the summer of 1960 ranged from 2.89% to 5.50%,
This appears to be a rather stable habitat, for the animals
were obgerved to migrate and avold extremely wet or dry sand.

The problem of desiccation is nminimized snd temperatures are

-guite--gtable in this moist enviromment. =
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Porcellio (?Géeellio) gcaber is completely divorced

fyrom the ses and is the most terrestrial of the specles

studie&.v'These animalg were collected from under boards
and rocks about a guarter of a mile from the beaéh. These

isopods may be found mucﬁ farther 1n1énd, but &ll specl-

mens used in this study were taken near the beach, Temper-

atuyeéit&ken under objects where P. scaber was collected
ranged from 16.0°C to 20,8°C, fTaylor (1956) reports a
slightly higher temperature range in this same srea: 180C

to 220C, Retention of moisture seems to be the najor

problem in this habitat, The microclimate where these animals

were féund was less subjlect to factors of degiccaticn than

exposed habitats in the seme ares. As sO0n as cover was

remgved from I', scaber they immediately moved btoward protected

areas, This activity was also reported by Taylor (1956).

Cirolsna harfordi, Alloniscus perconvexus and

Porcellio (Porecellio) scaber were usually found in

aggregations, That is, in the case of (. harfordi, large
numbers would be found under one rock, while under another

rock in the same area they might have been completely absent.

A. perconvexus were found to be congregated in groups in the

gand under patvches of slgae while in the surrounding area

they may not have been found st all, P, scaber exhibited

e

the same btype of grouping under boards and rocks, Ildothea

(Pentidotea) wosnegenskil appeared to bé,rather evenly




distributed'throughoﬁt‘the,bedsfafZPQﬁphyrauggrforatat Groups

of more than two or three.individuals'of'Ligia occidentalis

were rore and the animal was usually encountered singly.




CADAPTIVE WORPHOLOGY AND BEHAVIOR

There are several features of laopods which
facilitate the transition frem = msrine to a terrestrial

hahlt&t‘(ﬁigérﬁ 9,‘Agﬁémﬁix I). ‘They are derso-ventrally

flattened, which allows the intermediste and terregtrial forms -

to loocute themselves inm m&&r&w,.mai&t.&r&ég, thus ninimizing
axposure to facters of ﬁé@iaaaﬁi@a. The resplratery apw
pendages of mﬁﬁt,ﬁﬁuﬁﬁﬁ&&&ﬁﬁaﬁ?&.brﬁﬂ@hﬂﬁ of the peraeopods)
whil&yiﬂ.ﬁhﬁ‘iéﬁyﬁﬁﬁ the gills arve formed from the pleepuds,
@r,abﬁamim&l'ayﬁaﬂﬁ&ges, The ventral locstion of the gills
&llﬁﬁﬁ,f@? more protection of the respiratory surfaces frem
@xy*&éﬁa snd subgeguent deying. The chitin of the plevpoeds
is thin enough to sllow diffusion of guses even in some of
the more terrestrlel forms, Host of the lsopods whlch have
become asdapted to perisl respiration have pleopods equipped
with thick outer branches, or exopodites, which serge as a
protective covaring over bthe thinner endeopodites. The
r@@pikéﬁary surfaces are kepdb molst %y_@nvir@ﬁﬁ%ntal
mﬂiﬁﬁﬁﬁﬁ, aided by glandular secretlons (Abbott, 1940},

@h@ ehitin over the enbire body alds in preventing water losa,
and g&m&raily.&ﬁﬁlﬁtiﬁg the internal fluide from the envirdfie

ment, In the more torrestrisl speoiles the chibin i thicker

thun the marine forms., The legs of a

W%éléﬁi%ély large and sturdy, enhancing thelr ability te
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adapt to walking on land. One very important characteristic
of the isopods which has greatly aided their transition to
land 1s tHelr method of reproduction. Unlike many of the
erustacean groups there are no free-swimming larval stages
in the isopods. The younyg develep completely in the brood

pouch formed by the costegites along the abdomen of the

female. Thus the isopods 40 not need the depending on the

sea for any part of their life cycle.

o Cirolans harfordi shows no adaptations to land other

than bhas@'general characteristics displayed by all isopods.

Its ohitin‘iswquite thin compared to the more terrestrial

forms and the pleopods are thin and highly motile (Figure 1).

~ Apparently both the exopodite and the endopodite serve in

respiration. The first thre$‘pairs of legs are prehenslle,

and the last four pairs are ambulatory (Richardson, 1950).

Due to this structural situation these animals are able to

ecling to rock surfaces and also move about with s gliding

motlon when water is present on the substrace. They find

difficulty moving on dry surfaces, apparently due to the
buoyancy problem. The pleopods are also well adapted to
swimning. This species exhibite excellent protective

coloration and blends as & mottled gray color with the

. substrate. .

. Idothea (Pentidotea) .shows some pajor

osnesenski

ristice in the transition toward land..
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Its exoskeleton ig much thicker thaen that of Cirolana habfordi

tending to lessen the problem of desiccation. The
exopodites of the pleopods are still guite thin and
characteristic of the more marine forms (Figure 2a). The
main modification is thé respiratory structures in the form
of pleopod covers formed by the margins of the valve-like
‘uropods (Figure 2b). During periods of exposure by the‘tides
these covers apparently form a smsll chamber in which water
is retained for respirstory purposes. UWhen the animals are
covered by water the pleoped covers are opened and the gills
beat in a similar manner &5 was descrlibed for Cirolsna
harfordi. This is theobnly. species studied that possesses

these covers. Although 1. wosnesenskii is rather inactive the

pleopods were observed to be used for swimming when the
animals were submerged. The legs heve terminsl, hookede
shaped spines which aid in attachment to the thalli of Porphyra
perforata. They tend to remain under the algal curtalns when
exposed, thusg uﬁilizing the mdsture retained by the alga.
Prptecﬁive coloration is very common and the individuals tend
toward the color of the algae upon which they are found.
This is usuvally reddish-brown, borwn or green,

Congidered mid-way in the transition is Ligls oc-
cidentalis. This specles spends mosgt bf ite time out of water

and exposed to serial conditions. The chitin is quite thick

> wnich allows for rapid movement and aids

in entering small corecks and crevices. The pleopods are
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gulted to both aguatic snd aérimla?aspiratian, Undor water
the 2ills beat in much the a&mg.manﬁ@r'&ﬁ observed in th@\
more marine forms, while on land the pleopods are held tight
&g&ingt'ﬁha abdomen, The exopodite forms a rether thlek,

@r&t@étiva shield over the thinner endopodite., This reduces

water loss fprom the respiratory surfaces (Figure 3). Le

forms end sawinming by means of pleopodul action ls not
oommon,.  This isopod, however, .ﬁ very sotive on land and
rapid movement i&‘%ﬁ$i1y obsarved, All seven pairs of legs
are anbulatory téiéha?@ﬂan. 1905), It i necessary for the
gleopods to be molst for respliration o be accomplished, In
sdadition o glandulsr seoretions the pleopods are molstensd

in a very interesting senner, This asctivity was observed

Quring this study and has been alse reported by several other

invegtigators., Upon preaching weter the animal first appears
to "test® the water with its anbtennne, then reoverses lts
position and lmwerses the tips of the uvepods (not shown in
Figure 3b). By bringing the spines together a caplillapry

tude is ra§§a§ which draws g droplet of water up mnd outo

the yleeyadﬁi When an individual Jeaves the water alter belng
coupletely submerged the abdomen iz ralsed and lowered
several times, apparently to ram@vé excess water from the

gills, for diffusion of atmespheric reapiratory gases would

alis s generelly somewhat larger than the more marine

ve wore effivient through 8 thim film of water (han TLhrough.

o lapge drop of 1liquid, OUn warm days, with biskght sun end
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low humidities,_g. occidentalis tends to remain in shaded

aresas. Most of the specimens were found in cracks in rocks.
Juch behavior is mogt certainly a methed of preventing
desiceatlion. ‘This species is reported bo be very sctive at
night when desiccation is at s minimum (Abbott, 1940).
Hoeturnal activity.enébles the animals to feed on maeterials
on the bemch with little stress. Abbobt (1940) reports L.

ogeidentalis as displaying e positive hydrotaxis in that

they may respond to low tides end move with the recedlng
water., I, however, they are in an adequately moist place
when low tide occurs they do not move with the water., The

above mentioned behavioral features were all observed during

“this present study. The dipping of the uropods was also

cbserved under lsboratory conditions. The coloration of
L. ogegidentallis is adaptive, varying from tan to dark gray
and blending with the rocks,

Alloniscus perconvexus is & smaller lsopod than

Ligia occidenbalis and is well adapted Lo its burrowing

activity. They are less flattened than the other isopods

studied snd have a very thick chitin, glving them a robust
eppearance, ‘Their legs are all ambulatory and are covered
with stiff hair-like structures (Richardson, 1905). These

appendages ald the snimals in digging into the sand. They

exopodites of the pleopods are qulte thick and form a
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(1905) reports primitive air sacs on the pleopods ef A.

pereonvexns used for aerial respiration; these structures are

very incon&plcuous and were not noted during this present
study. "Their tendency to remain in the sand under algal
mats‘illuﬁtrates,their_attraétion toward water. 7They do not
ever remain in very wet sand, and apparently never enter the
ter, These snimals are generally of a mottled coloration
blending with the sand.

“orcellio (Porgellio) scaber was the most terrestrial

“gpecies studied, Again the thickness of “he chitin tends

to ald the animdl in preventing desiceation on land,

Primitive tracheal organs, termed "white bodies" are
developed on the exopodites of the first two palrs of pleopods
(Figure 5). These "white bodies' are by no means as advanced
as the tracheal organs of the insects., There is only one

opening in the surface of each pleopod. It is necessary for

the trachea of isopods té be bathed in & respiratory fluid
for gaseous exchange to take place., 'he alr passages do nob
extend into the body proper of the isopods, bubt terminate in
theAPIQOpods themseives, The remaining three pairs of
pleopods are thinner and apparently serve very little, if
any, respiratory function. Dependance of P, gcaber on %hese

traoheal organs vas illustrated by remcval of various pleopods

and notinv LhPlT survlval times in 8 reLatlvelv low humidlty

(25 30% R H ) ih?@@ groups 0? test aﬂimal an& & montrol
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group were observed and the followling dats vere ohtainaed.

Greoup A, (six specimens) In this group the firet two sets
af pleopods were removed (all tracheal orgung), and the last
%ﬂﬁ@@~1eft intaet,

group B. (six specimons) ‘The last four pairs were removed

and the Tirst set of tracheal orgens were left intact.

grsgg—§,~r(&iwwﬂy@aimeis}, The lasgt throe palrs wepre romoved

leaving the first two {811 trachesl orgons) intact.

Group B. (ten specimens) Ho pleopods were removed
{roup 504 death hime
A 1 hr,
B . 2,25 hr,
¢ - 10 nrs.
D ! 12 hrs.

Similar results were published by Miller (1938). Some
pody fluld was lost in disseetion, which may have lowered
survivel times to some extent in groups A, B and €,

AlL the lege of Porcellic soabepr sre smbumlatory and

faeilitate rapid movement {Rlchaprdson, 1905). These aninals
pend to conzregate under ohjeots, reducing the effect of

deglocation,




Figure 1. (&) Second right pleopod of Cirolana harfordi
removed from the animal (exopodite and
endopodite) ..

(b) Arrangement of pleopods of the abdomen of

Cirolana harfordi.

Figure 2, {(s) Seaona,pight pleopod of ldothesn wosnesenskii

removed. from the animal (exopodite and -
endopodite)
(b) Arvangement of pleopods on the abdomen of

Idothea wosnesenskil; one pleopod cover has

been removed.

Figure 3. (&) Second right pleoped of Ligla eccidentalis

removed from the enimal (exopodite and
endopodite)
(b) Arrsngement of pleopods on the abdomen of

Ligia occidentalis.

Figure 4. (a) Exepmdibe of second right pleopod of

Alloniscus perconvexus removed from the animal,
(b) Arrasngement of pleopods on the abdomen of

Allouiscus perconvexus.

e thorba-Rar )

Figure 5. (a) Exopodite of second right pleopod of Porcellio
. seaber removed from. the animal. Darkly stipled
ares represents tracheal organs.

(b) Arrangement of pleopods on the abdomen of

“Porcellio scagber chowing tracheal orgens om - - -

first two pairs of pleopods.
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DISCUSSION OF PHYSIOLOGICAL DATA

There are many more factors involved in the physiol—
ogical adaptations of igopods to land than are included in
the experimental work of this study. Some of these problems
~are mentioned here as a basis for consideration of the whole
problem of the transition from a marine to a terrestrial
habitat.

In the more terrestrial arthropods such as insects,
uricotelism is the main form of nitrogenous excretion. MNost
marine animals are ammonobtelic., It is interesting to note
that the isopods do not conform to this typical transformation
of excretory products, Uprlcotelism is advantasgeous to life
on land in that it aids in conserving water, but the isopods
have remained smmonotelic. It is thoﬁgh by Dresel and Moyle
(1950) that the main &&aptation of the isopods to land, as
far as excretion 1s concerned, may have taken the form of
a general reduction in nitrogen metabolism, rather than e
conversion to uricotelism. (BEdney, 1957). They also report

that the advanced terrestrisl form Armadillidium sp. excretes

nearly 10% of its nitrogenous wastes in the form of uric
acid., HMarine forms are cousidered not to excrete any
appreciable amounts of uric acid. It should be considered

that possibly the situation is one of a tolerance to

- ammonotelism during a period of slow transformation to

uricotelism.,
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Cuticular permeabilibty plays an important role in the x

rate of transpiration from body surfaces, Bursell (1955) V S

found that terrestrial isopods have the ability to change
the permeability of their cuticle when excess transpiration
threatens,., 'fhis is thought to be the reason for the absence
of & Meritical temperature® for isopods in regards to
transpiraetion (Bdney, 1957).

- The problem 0? 0smoregu1ation was studied in ﬁhis
work in the form of salinity and humldity tolerance deterw
minations, Hesults of the experimental work is shown gpaphi~
sally in Pigures 6, 7 and 8; tabular recorded data is
presented in Appendix I,

In both summer and winter determinations of salinity

tolerances, Girolena harfordi =nd Idothes wosnegensgkil are

clearly defined as basically marine, aquatic forms., 1.
wosnesenskii did show somewhat higher tolerances to reduced
salinities which may be a reflection of the fact that during
périods of exposure by low tides this species must be adapted
to lowered salinities in the form of rain aand fog. Although
summer and winter populations showed very simi1ar relative
survival times, some dilferences in the recorded death bLimes
can be seen, For example, C. harfordi showed slightly higher
tolerances to lowered salinities in. the summer than in the

winter. Although these.differences are rather canstont withe

—in any one species, they may be a product of small sample
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size rather than any indication of seascoral changes in the

enrivonment, It 1s the Opinionlof this lnvestigator that

L. wognesensklii Qccupies the region of highest stress in the
trensition from sea to land. It is in this avea thot the
major changes and adaptations to land life must be made in
order to move any farther.

Ligle occidentalis displays an interesting, somewhat

intermediate, set of salinity tolerances. They are commonly
in contact with only 100% seé water and, acoordingly,
ghow a high tolerance to this sltustion., In salinities
lower than 75% sea‘waﬁer their survival times drop rapidly.
This suggests that this isopod is not leaving the sea through
lowered salinities. That is, they are probably not leaving
the sea via esturine conditions &s is the common route in
trensitions from marine habltats.

Due to a lack of specimens during the winter mo&ths,

Alioniscus perconvexus was only tested in {he summer. Thelr

e T 2

highest survival times were obgered in the 50% and 75% sea
water solublons., Heavy fog and fresh water runcff prevails

in the decond 3led Hoad area where th@sé animals were collected,
The interstitiszl water is quite probably of a lower salinity
than 100% ses uwster, Although a 50% death time was not noted
in the 100% sea water test, two of the specimens had died

at the end of the 48 hour observation period, Even in the

50% wiid 755 SOlutions the animals wepre nol very responsive
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to stimulation at the end of the test, illust?ating that this
Speaie§ is not adapted to complete submergence., Lowered
gurvival times in very low salinitieg'indieate, again, the
non~estburine type of trangition,. |

The low survival times of Porcellio (Porcellio) scaber
in all aquatic situations illustrates the terréstrial.
habltation of this species. The highest tolerances for summer
papulahiehs were obgerved in 50% and 75% sea water solutions,

~similar to the tolerances shown by Alloniscus PErconvexus..

Winter populations showed lowered survival times in all

experimental solutions.

The treining of Cirolsma harfordi to lowered salinities
Wa s dnne in an &tt@mpt\zc 1llustrate the ability of the
isopods, as a marine grouvp, to adjust to new enviroumental
conditions., With reference to Table IV, Appendix I, one sees
that by slowly lowering the galinity of the water a much
longer sUrvivai time wasg attained in 30% sea water than when
the snimals were placed directly from 100% to 30% sea waber,
When the aﬂimalg were replaced into 100% sez water bhose

tﬁat had been "trained" to the 30% solution diedwveryuquiakly,
while of those that were placed directly into 30%, two lived
10 hours end the third recovered completely., This way
indicate that the snimals not only gained the ability to

survive in the normal situation. This suggests that re-

invagion of the sea by terrestrial orgenisms might be as
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difficult as the original migration from the sea to land.
It can be seen by comparing Groups A and B that a
protracted "tralning period" is necegsary for complete
&d&ﬁﬁationﬂtoylower@d salinities, Higration to laend, of
cgourse, involves & great deal more than the problem Of‘
Gsmctie stress.

Teble 111, Appendix 1 is a record of the'humidity'

tolerances of three of the isopods studied in this work.

Cirolens harfordl, Ligia occidentalils and Porcellic
(Porgellio) sceber were used to illustrabe tolersnces of
isopods in three general sveas of the transition., (€. harfordil

showed an expected renge of tolerances, with very low
gurvival times in the less humid situations and 2 steady
increase in survival‘times with an increase in humidity.
Abbott (1940) concluded that the intermediate forms in the
transition show s controlling influence over the humidity.
This 1ls probably a telerance to lowered humidibies ac-
complished by chauging the permeability of their cuticle.
This present gtudy indlcates that this ability 1s limited to

short periods of time, but that L. occoldentalis does show

Fairly nigh survival times in all humidities. Porcellio
seaber wag the nost bterrestrial species subjected to the
humidity tolersnce tests. In its navural habitat it does,

of course, encounter much lower humidities than the other

gpecies. rFrom the data obtained it can be seen that I,

gecaber has adapted to suech situationg. . Isopods are not
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capable bf extracting water vapor f{rom alpr that 15 not very
near saturation (Edney, 1957). The increased survival times
in higher hﬁmidities may,_then,:bebdue to an incressed

ability to retain body water, rather than a utilization of

moisture Trom the sip,

- In these experiments size and sex were recorded for

each animal then dlied during the first set of tests, No.

juvenile forms were used and size did not seem Lo be related

to death times, Death was influenced by sex only in the

‘eagse of gravid females which appeared less sble to

tolerate any adverse conditlons thaniithe others,

Contols were abserved 4 ring the testsz by placing

T—a group of enimals in & medium as near the natural situge

tion as possible at the same temperature to which the
test‘auimals were being subjected, No deaths were noted
in the controls during any of the experiments,

Another simple control method wag employed in the
form of a small “laboratory pool. An environment wes

prepared having wber, exposed sand, Porvhyrs perforats atb

the édge of the wster, and rocks in the sand. The purpose.
of this pool wes to observe if the aniwals of each species
would arrange themselves, undeyr lasboratory conditions, as
they did in their natural @ﬁvironment.\ Two specimens of

each species were placed in the pool. Both individuals of

Liroleaa neriordi immediately entered The water sand

burrowed in the sand, completely submerged. The specimens
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of Idothea wosnesenSkii.bobh&ttached,towthe,piecesaof P,

perforata at the edge of the water. ‘Ligia.oneideﬂtalis,_which
had been kept in a dry situation for a few heﬁra, exhibited
the‘prcc 58 of dipping their uropods into the water after
testing it with their antewnae; then they retreated to the

upper arvea of the sand and located themselves on the rocks,

- Both specimens of Alloniscus perconvexus burrowed about 15

inches into the sand in the driest area; they did not prefer

the very wet send., The specimens of Porcellio scaber

continued Lo wander about at the upper edge of the pool area,
apparently seeking drier conditions. Thus the animals did
tend to arrange themselves in the laboratory ag in their

natural habitats.
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SUNMARY

. The purpose of this study is to illusirabe the
transition of isopod crustaceans from & marine to a terw
reatrial habltat. Of the many factors involved in such &
transition a few were cousidered in this study. ¥Five speciles
of igopods were used representing different levels in the
transition., A discussion of the ecolOgy of each enimal and
the problems met iﬁ the various slituations provides a basis
for interpretation of the data presented. Morphological and
behaviopral adaptatiaﬁs are considered and related to the
‘problems of the different hebitats. Balinity tolerances and
humidity tolerances were determined and used to illustrﬁte

the physiologicsal adaptations to the problem of

osmoregulation, The training of Clrolens harfordi to lowered
salinities was attempted and illustrates the ability of the
igopods, as e marine, aguabic group, to adapt physiologically
to & long-range process of environmentel change.

The information presented in this paper does define
the isopods &s a group which is engaged in the transition
discussed., The specieg at different levels in the
migration clearly alsplay wdaptations to their specifie

envipronmental problems.
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TABLE I

Recorded here are the salinity tolerances of summer e
populations. All experiments were conducted over a 48 hour
period. (48+) indicates that a 50% death time was nat
observed during this perxcd. Graphic representaticn is
whmwn in Flyure 6.

‘ Number ) ,
Organism Individuals Hedium 50% Death Time e
Girolana harfordi 6 PY 1 hr,
o o 6 104 SW 7 hrs, N
6 25& SW b6 nhrs, |
6 50% SW  (48+)
6 75% SW (L8+)
6 100% sw  (48+)
Idothes wosnesenskii 6 FU & hrs.
\ 6 104 SW 29 hrs, -
6 ?5ﬂ SW o (48+) B
6 75%,°W (A8+)
6 1004 &W  (48+)
ligia occidentslis 6 "W 7 hrs.
6 10% SW = 8 hrs.
6 25% SW 9 hrs, B
6 . 50% .\)W 19 1’11"8.
6 7545 SW (48+) (2 dead)
6 1004 sW  (48+)
Alloniscus perconvexus 6 By 37 hrs.
' 6 10% SW 15 hrs,
6 25% SW 24 hrs,
6 50% SW o (4E+)
6 75% SW  (48+)
6 100% S (48+) (2 dead)
Porcellio scaber 6 Py 14 hrs,
6 10% SW 13 hrs.
6 25/ 8% 16 hrs.
6 50 QW Qh‘ 1’11"..:. o
6 75% SW 23 hrs.
6 100% SW 17 hrs,

P = fresh water S5W = ges water _ I




TABLE 11 .
This table le a record of the salinity tolerances T
of winter populations, .collected in the same area as those
animals used in determining tolerances of summer populations.
For a graphic¢ interpretation of this dats refer to Figure 7.

| Number ' _
Organism Individuals Medium 50% Death Time o

Cirolona harfordi P 1 nr. -
10% SW 3 hrs. i
25% SW 3b hrs.
50% SW  (48+)
75% SW (48+)
1007 5W  (48+)

Idothes wosnesenskii PW 1.5 hrs.

106 SW 12 hrs.
25% SW 47,5 hrs.
50% SWo (48+)

75% SW (48+)
100% SW  (48+)
Ligia oceidentalis FW. 10.5 hrs.

\ 104 5W 9 hrs.

256 SW o 11.5 hrs.

50% SW 21.5 hrs. -

75% SW 34 hrs. :
100% sW  (48+)

Py 2 hrs.
1045w 5 hrs.
25%3W 3 hrs.
50945 345 hrs,
7555 5
100%5W 4 nrs,

Porcellio scaber

OO CAROAR OO OOOARR

Due to the lack of available gpecimens Alloniscus
pergonvexus was excluded from this serlies of determinations.




TABLE IIX

‘These are the humidity tolersances recorded for

spring populations,  Again, these animals were collected in

the same area as those used in the other determinations.
This data is presented in graphliec form in Figure 8,

Number Kel, hum. 50% Death Time
Organigm Individuals ‘ _
Cirolana harfordi 6 00,0%RH 2 hrs,
6 25,0%RH 2  nrs,
6 50, 0%RH 6.5 hrs.
6 75.0%RH 20  hrs.
6 100, 0%RH 45  hrs,
Ligia occidentalis 6 00.0%RU 34  hrs,
6 25 . 0%RH hé  hrs,
6 50, O%RH 32 hrs,
6 75.0%RH 32 hrg.
6 100, 0%EH (L48+)
Porcellio scaber 6 00,0%34 20 hrs.
T 6 25, 0%RH (48+)
6 504 0%RH (h8+)
6 75.0%RH (48+)
bg 1006,0%RH (48+)

Gnly the three above'spacies were tested as to humidity
tolerances. They are used to iidustrate tolerancesg at the

early, mid, and late stages of the transition.
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TABLE'IV

An attempt wag made to train Cirolans harfordi to
lowered salinities to. 1llustrate the ability of the squatie,
marine isopods to adapt in a transition from one environ-
ment to another. Three groups were tested; below are the ;
times each was left in various salinities in the training -
process. : )

Group A (5 indi#iduals) gggggwg, (5 individualé)
100% SW..evev.o. .2l hirs, | 1002 SW.eeurno. 2k hrg.. !
90% SWuuvuoso.ss25 hrs, 75% SWeseeennss 25 N0,

80% SWevvuv.or. 23 APS, 50% SW..ui.si..23 Drs.

70% SWevereewar 65 hrs, C25% SW. ...y 17 hrs.,

60% SWeusvesse.sR8 hrs,

B0% SWeuuusoose 8l hrs, Group C (6 individuals)
BOZ SWeurueseaad?B hos, O 100% SW....s.....2h hirs,
0% SWevrvvaesrs.93 hrs, ‘ . 30% 8W.,........30 Hres,

Group A:  Bunching or grouping of lhe aninals was noted in -
the 50% ses waber solubion. In 40% sea water one gravid

female died after 72 hours, After 93 hours in 30% sea water

another grevid female diled; the remaining three specimens

were replaced directly into 100% sea water, These all died

within 1 hour.

Group B: All individusls died after 17 hours in 25% sea
water.

Group C: These animals were placed directly from 100% sea
water into 30% sea water. A 50% death time was noted in

50 hours. The remaining snimals were replaced directly into
100% gen water., Two of the specimens survived for 10 hours,
the third recovered completely. A4All of the isopods used in
the above experiment were collected at the sasme time snd in
the same area.




EXPLANATION OF FIGURE 9

This figure shows o ventral view of a female

isopod (Porcellio goaber), modified from Light (1957).




| 1st pleopod
2d pleopod
3d pleopod

uropod
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