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Mollusea

It seems unusuad that a phylum so highly organized
as that of mollisks should contain several parasitie

species and that moerphologically speeinlized forms

should he able 1o adapt themselves to parasitism.

We find evidenee that different groups of mollusks
have become parasitic and that distinet types of
aduptation 1o parasitism have arisen. Ectoparasilic
forms have evolved in a way different frem endo-
parasites. In all of these, it i3 possible to observe re-
pression of certain organs and the sppearance and
growth of new structures that have nol existed
previously.
Maollusks present two distinet types of parasitic
fptutions, In the first, parasitism s resorted to
v boevald Forms only, the corresponding adults being
veo-fving wherens in the second, the adults only ave
perensitiv and the urval forms free-living,

1o dlustrte the diversification of host relations
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anid morphiologieal adaptations of mollusks to para-
sitism, conditions in the Dndonddar and in o series of
peentily modifed  pastropods will be diseussed.
A series of genera will he compared, some of which
are only commensals or predators while others show
varieill morphological and biological adaptations to
specialized forms of parasitism.

Parasitism among larvae, sometimes called pro-
telian parasitise, is found only in bivalve mollusks
and constitutes o normal stage in the e eyele of
frosh-water unionids, Consequently, parasitism in
furval nnionids is neither aceidental nor occasional
Dt repeesents an ieporiant stage in the hfe history
ol the species,

Female unionitls incubate their eges in brood
poueches that arve formed in the gills. On hatehing the
larvae sre expelled through the exeurrent siphon,
The number of eggs produced by a single fresh-wator
clam is something remarkable; several hundred thou-
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sand to over a mitlion larvae may be thrown out by
. single mussel.

The larval unionids, known as glochidia, possess
o characteristic morphology. A single glochidinn:
hus two small, hornlike shells or valves that protea
the so-called embryonie mantie. The valves are mo-
bile around theiv base and can be applied amonet
e another by the confraction of a small transverse
muscle that unites them. A gland loeated bhetween
the two valves, near their base in ithe vegion of she
hinge, seereles o viscous fluid that hardensc on con
taet with the waler and emerges s o long thrend
from between the valves, The embryonie mnode
bears sensory
of the valves is usually more or fess rangubore or
heart-shaped, although in some species the valves
are shaped somewhat like the head of an axe {(Prop-
lera). In severn! species, the apex of cach valve hears
on ils inner margin an avticolated hook or spine
that folds back when the two valves are apposed.
Smaller fixed spines are wlso Townd on either side of
the hinged spine (Anodonta, rio, Strophilius). Tu
othoer spectes The valves are spineless (MWargarilann,
Lampretes, Proptera).

The glochidin are expeled in lurpe nowses from
the clam and in some species remain adtached 1o one
another by their threads, forming small buneles
that fall to the bottom. Thelr speetfie weight 1= =0
close 1o that of water that the shightest distarhanee of
the water throws up clouds of glochidia, The turmoil
caused by the fins of passing fishes 3s sufhicient Lo
create a veritable tempest of glochidin that brings
them into contact with their bost. Most of the
larvae are drawn in by respiratory movenmenis of
the fish and distributed over the gilly or other paris
of the body. Glochidia with nrticuluted spines wsual-
lv attach themselves to the fins and sometimes to
the epidermiy, wherens nnarned bovae (3hp0 1A
fix themselves onto gill flamenis)

I both cases the tissues of the host are imprisoned
botween the valves. When articulated spines are

organs along its free cdge. The shape

1 Hookless gloéhidi:}. of Quadruta heros have been found
on the fing of the sheepshead Aplodinolus grunniens Hatin.
(Burbet).
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nresent, these first pieree the tissues and then fold
back, so that the larval bivalves are literally clipped
onto their host. The host’s epidermis reacts strongly
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that the glochidium derives its necessary metabolites
from disintegration products of its own bady. The

adduetor muscle is the first organ to be digested

Fra. 15, AL Section through a gill (o which a gloehidiam
of Elliplio complanatus (Dillwyn) 18 attached, B, Young
einm freshly detached from the fish. e.--embryonie eells,
vy lurvab mantle, so—-Iarval shelll Lol tissue from the
ewst {Frone an oviginal alide presentad by Dr. ML Mafteson) .

fo ihe presence of the parasites and in a short time
eovers them completely. This host reaction is not
aceompanied by any loeal multiplication of the cells.
The epidermis grows over the parasite mueh in the
same way that it would cover a small wound {(Arey).
Neighboring cells migrate to the site of the lesion
at o much faster rate than they would if 16 were an
ordinary wound. When it is entirely enclosed within
the epidermis of its host, the glochidium undergoes
complete metumorphosis whieh s seldom  aceom-
prnterd by an inerease inosize except perhaps in the
case of Proplera lavvissima Lea. The colder the water,
the longer the duration of metamorphosis and the
casier 1 Lo Tollow all the successive steps. The host
tissyes, enclosed within the valves, are gradually
Hguelied by o oseeretion arising from cells located in
the embryonic mantle. The liguelied tissues are ab-
sorbed by the mantle and serve as nourishment.
When all the hogt tissues are digested, it is found

and it 5 followed soon after hy the larval mantile.
During this time new structures are being formed.
Dofinite organs, sueh as an infestine, heart, liver,
gills, foot, and mantie, replace the embryonie or-
gans, Metamorphosis is now terminased and the
tiny mussel i3 seen (0 move around within ity eyat,
the walls of which become gradually thinner. 19-
natly, thrusting out its foot, the young mussel hronks
through the epidermis and falls to the hotion whoere
it burrows in the mud and grows into an adult clam

{Fig. 16B). All the energy necessary to accomplish

larval metamorphosis is not derived entirely from
the tizsues of the host. The glochidivm does not
need to he in contact with the host’s blood, for its
eyst wall s not abnormally vascular. It s, however,
probable that the glochidium benefits from its ro-
spiratory exchanges from the immediate vicinity of
capillary vessels. Part of the maoterinls used for
building up the young mussel are derived from the
disintegrated tissues of the glochidium. This meta-
morphosis is comparable to the nymphal stage in
nsects.

Protelian parasitism (Tucker) appears 1o be a
necessary stage in the Iie history of all unionids

#
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even in Anodonla tmbecilts Say whoere it had been
donal (Lefevre & Cuortig). These au-
ilsor nssume that melanmorphosis of Strophidilig

considered opt
Lhors
centulics Sny ocenrs within muens threds contain-
e Lhe gloehidin which wre formed in the body of the
are expeted into the surrounding
This observation is guestioned by Arey,

ally, plochidin may be made to attach
themselves to many kinds of

fomnde, nnd fader
witd

L\]w: fnent,
fishes nnd even o
i appears that complete
larvnl developiment ean be obtained only when the
vlochidia affix
fishe which fairly =pecifie for o given
mussel, T fish other than these, natural rosistonce
1o the gloehidin seems Lo exist, sithough these attach
Lo the fish they re sloughed off hefore
mictatnarphiosts o compleded.

Ladpoles and axololls; yol
themselves Lo particular species of
scar) Lo e

thermelvies

The Fnropean species of missels,
maea (1., ( nio bataris Lam., and Margartiona mar-
guritifera (10, are always found on eyprinids, the
first species sitached to the gils and the last two to
the fins, Complele lnrval development of AL eygnaca
Has Deen obfained on saxolotls (F In this
country, the glochidin of Lampstlis anodontoides Tea
attach themeelves to the gur pike, Lepisosions osseus
[ those of Lampsilis lwicole Lam. to the large
maouth bass [Ture sabmoides (1 ,'nmp), and those of
Flemistemo gmbigoe Say Lo the gills ol mad puppies,
Fven normal hosls ae-
gnire some kind of immunity that appears after the
third conseentive infestation. The skin of the fish
heeomoes unsuitable for further glochidial develop-
ment in exaetdy the same way as that of sn unfuvor-
able ost (Arey). An antagonism belween glochidia
and parasitic copepods alvo seems to exist, Twenty
gpecimens of the latter on a short-nosed gar, Lepisos-
tens platostomas Rafin., are sufficient to canse a skin
that will prevent the glochidia from attach-

Anodonto cyg-

ausseck),

Nevturas moewlatus Rafin,

restciion
ing themsclves (Wilson).

The enormous nanher of glochidin produced by o
\'ingh' fennule mussel might sppear as a physiologieal
adaptation, telectogieal i nature, to a
]J;z.:'zmu(r mode of life. Yet other bivalves, oysters
for exampie,

somewhat,

produee enormous numbers of young,
These, however, do not have o parasitie existenee bl
Become =edentary as soon ag Lhey are expelled into
the sew. Incubation in the gill pouches s found only
in fresh-water bivalves. In all cases where the num-
Ler of eggs is small, as in Sphacrtwin, incubation
proceeds until metamorphosis is terminated. In Afus-
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eulinm partumetnm (Say) cighteen to twenby-Tour
REETHS
these sinall IH'HFM\:H(I' bivalves do
e of
thon thise ool durtner this

eres moy be inenbaled simuitaneously theve s
cvidenee that
nol lve longer than one year.
unionids is much greater
{ime growth continues,
Tarval mussels being expelled before atinining their
complete development
of s food 'f‘('{ffirmnmi{ vplini-
Lien can he found as to why the inecomplefely | namml
,:u‘h themselves

The length of
Thix might aceount Tor the

“inee

)8 the fermade wtilizes part

for srowih. Yeb no ey

i Lo fisbies,

Vil snadks do nof form o home WeNeos
Zron :'t!ﬂaﬁug‘
converging anatomiced cleameters, Cortonsdy enangh,

all the known parusitic soails

there i evidenee of thelr possessing

Belong to the prosa.
hranchinie gastropocks and are usaally placed with
the Agfosse, e, they are deprived of aomedoda
Py

of other

are recognized e predadors or conennads

snails, fonientes, and cehinoders, bal
Lhe parasitic speeies Lechimaderins
only, This i all hoth

prosobranch mollusks anmd eolinoderms are mong

Cnre ssocinded witd

the more interesting sinco

the most ancient mvertebrates and their fossibe are
found together inearty Padeozoie hedss A Tossil

commaensal, Plalyeeras spivalis Tall) bas Deen foond
ab Crawlordsville, on the nm of an early

Trinssie crinoid and another species has Deen ve-

fndinne,

perlbed from o evinold recovered from Devonian beds
in the Iafel (Germnny),

Although of parasilic ;i:i.‘\{l‘."(!pn(fs
has inereased greatly inoreeent yewrs, 1l

our knowledee
e of
their association with the hosts is not .l\\ s eleny
and it is probuble that further will reveal

that a number of species recorded as parasitic e

vesendeh

sedentary pradudors,

Species of the pyramellid genus Odostemia are
found free in the sen, under stones, awd associnded
with bivalve mollusks. (2,
iy proboseis in hetween the two valves of nomnossed,

sealaris Macg, mtrothiees
foeding on the organisins in the branehiad chaanber
(Fig. 169, This speeios s apparently oovesy speciahized
feeder and may also throst
mouth of

s proboseis imbo the
A fulse foot
the proboscis appears Lo exixl

tubieolous annelids. thod sur-

The cgas nre

e

rounds
deposited upon the host oud the siadis aee Tound 1o
be protandrons hermaphrodites (Frepter & Grabnn),
0. tellinae Polsenecr ives within

Lhio i cavity of

2 fatopalve mdradilis (Voellzkow? is a fnmeilibraneh
moilusk that has been recovercd from (he intostine of a
Synepta. [t does nol appear Lo be w true parasite,
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a mneh greater egp produetion has become possible
by s madification of existing organs. The vagina and
oviduet, become enormously dilated and function
hoth ns a receptacle for the egps and as a brood
poueh.

In Paedophoropus, the foot is transformed and
i adapted as a hrood pouch but this genus shows
evolutionary trends distinet from the previous types.

The intimacy of parasitie adaptation in mollusks
may be judged by the gradual regression of the diges-
tive organs. These adapt themselves to liquid food
of high nutrient content. The disappearance of the

-
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388
o, 38
Fia. 38, A, Nassa. B. Pasdophoropus. Showing the eom-
parative developmant of the foot (Iwanow). :

Fra. 3%, Larval shells of Paedophorepus showing the
tendeney o wind spirally. Compare with Pigure 30
{Twanow).

38A

Fii, 30

stomach, miestine, and anus implies that all of the
food is resorbed and consequently that it is entirely
fiquitl and predigested before being tuken in by the
parssite. Finally all traces of digestive organs have
diseppenred and the parasites assimilate their food
dircetly from the surrcunding tissues of the host with
which they are practicaily incorporated.

The distribution of sexes in mollusks 18 highly
variable; in & given genus some species are her-
mapliraditie and others bisexual, This condition is so
Inbile that in many instances there may be seasonal
alternation of sex i the same individual and in ex-
freme instanees, males have entirdy  disappeared
leaving only parthenogenetic females. It is, there-

PARASITHES

fore, not surprising to find the same conditions amony
the parasiiie species. Sexual dinorphism cannof be
attributed to parasitism, since it s constantly found
in the free-living species. However, dwarl males,
probahly neotenie larvae, have never to our knowi-
cdge been reported from free-living smadls. Their
appearance in Bntoconcha and Eniccolar hus no donbt
enabied these parasites Lo become highly specinl-
izedd, since the hazards for successful fertilization
would otherwise be far too great for their survival.

Finally, the foot that represents such an important
organ in free-living forms bas evolved, in parasitic
speeies, along different lines.
females

It is enormows in the
of Poedophoropus and has entirely disun-
peared in Kntoconcha, Fnlocslar, Fnferorenos, nn
Thyonicola, while in the other genera its reduction
iy variable. The false foot is an entively new adapta-
tion.

It is elear that mollusks have been able to wdapt
themselves to paragitism with the remarkable plas
ticity of their organs. Different organs tndependently
at different times and in different proups have be-
come specindized. The trend toward speciadization is
still visible and has enabled the parasitic species 10
adapt themselves suceessfully to their hosts, AL
though our present knowledge is too seanty to d(sm-w
mine the host-parasite relationship, it s probable
that we are dealing with very okl wssocindions.
should be remembered, however, that eehinoderns
are about the only potentind hosts that are sluroish
enoigh to wllow snails to elimb over them and thad
perhaps the host-parasite rclationship that we ob-
serve today is only the result of natural selection,
involving failure of the snails to attach themselves
to other hosts,
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From data available, it s clear that specific glo-
chidin orenr on fishes that inhabit the same biotope
s the ndudt eloms, and that both the spead of Lhe fish
and the levels at which it swims influence the fixalion
of the Lwval el Consequently, ecological segre-
wition appears to be the prineipal eause of this form
of cetoparasitism. It should, however, be borne in
mind that results obtained experimentally are not
always comparable with eonditions as found in the
ekl Usually, experimental infestation of aquarium
fishes with glochidia are {far more inlense than in
nadire, sinee the fishos cannot eseape rom the para-
sites. On the othor hand, from experimental evidence
it appears that the fish reacts to the presence of the
parasites in such a way that subsequent infestations
beeome Lghter and finally that no more infestation
aceurs. This woukl indicate thai the fish ean aequire
somme kind ol immunity toward successive infesta-
tions by the same parasites. A tissue reaction has
beenn found in the host and has been studied by
various nuthors, although ils nature has not yet heen
discovered (Reuling). Sinee this reaction is correla-
Uve with the intensity of the infestation, 3t is prob-
able thad it hardly ever occurs naturally sinee most
hosts are able Lo escape from massive infestations
such s would oeeur in the laboratory.
b, Adulls parasitic; larval stages free-living.

The nature of the relationship between purasitic
prosabranchs and their hosts has not been sufliciently
imvestigated fo support any evidence of host, speci-
ficity. Moreover, the data available as to the rate of
infostation wre far too scanty to be of any statisticsl
value, [t should he noted, however, that In all cases
where parasitic prosebranchs have been reported,
the hosts are always echinoderms and no species
of parasitic snail s known from any other group of
hosts. Binee both gastropods and echinoderms are
exceadingly old forms of animal life, it scems likely
that the association that has sprung up between them
must have arisen sometime in the late Paleozoie or
in early Mesozoie Uimes.
~ Most of the parasitic copepods can be ineluded
under (this heading, although in several eases their
free-living  larval existence s shortened  through
metzmorphosis ocearring while the young s stall
within the egg membrancs.

In snany coses there exisls noovery distinet host
specificity visible in that certain genera and species
always oecur upon the same hosts. Many genera are
specific for ascidians, others for anaelids. Fishes be-
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longing to the same family harbor wentieal menern
of copepods that are sometimes differont frony those
harbored by other fish familios, Unfortunately, here
also, slatistical evidenee i hsnflieient o warrnt
defintte results,
ceologieally segregated upon thelr hostsg wand the
more specialized modes of Teeding, with the morphoe

Parasitic copepatds are obvionsly

Jogical adaptations that appenr sabsequentiy, have
cortainly  caused hecome
intimate. This s particnlarly well marked in blood
fooders of which each pomes wnd often even eaeh
species 18 adapted to a delinite species al host,
The majority of fleas have free-living hovae fhat

the assormtion o very

acenr either in the nests or in the dens of their hosts
where they feed on organie detritus, Consequently,
the relationship of the parasite and the host aequires
a definite degree of permanence. On the other hand,
as everybody knows, fleas wee apt to abandon ong
host to pass onto another. Such exchanges ocenr even
when both of the hosts are living. The eeologieal
isolating factor, however, still ocenrs and eoriaii
eases this hag given vise to new species of parsites,

Fleas ceerr exclusively on mumads and on bivds,
the mammalian species being the more prinutive,
Palacopsylla, o genus found on presentday shrews
and rooles, oceurred i the Oligocene where it has
been reported from Baltic amber.

Zeological segregation of adult Heas upon their
hosts is very clearly marked when the hoxts them-
gelves oceupy a specindized biotope.
ischnopsyllines have been reported only from hats,
amd eoptophyliines from jorboas, w group of €l

For dnstanee,

World jumping mice, Such mstances of isolniion
upon hosts living i colonies lrom spectdined bio-
topes may even fead Lo supporting evidenee ol plhiye
logenetienl relationship between hosts.

Buropean ground squirrels harbor a series of gen-
era and species that are ncluded in the vitelophyl-
tinines. One speeies of ground squirrel, Crtells Dleas
{Licht.}, from Southern Russia oeenstotuily Juone
hors only fleas belonging to the oropsvibnes, a proup
that oceurs exclusively on Ameriean gronnd sqnurels
and prairie dogs. Sinee both praine dogs aned grovd
souirrels are known to have areen froms eonunon
ancestors, 1L ean be assumed that the Tatter alrondy
harbored
hefore urasin becane separaled from Amerien, or
in other words, during the Miceene. T s ulso posable

flens, This sibaation must have ool

to assume that the species of Geas from the R
ground squurel has retained anvestrad churnetens



The ecological appreach to the study of parasitism
clearly shows that m‘my organisms appear to have
bheen predisposed o beeoming parasilie, and that
they were preadapted to a dilferent mode of life that
has ennbled them to establish themselves suecessfully
in o new ecological niche,

The idea of preadaptation, as coneeived by modern
biologists, m no way implies the existence of o pre-
concelved plan, of a directed form of evolution ous-
side the seope of human discernment, Preac taptation
menns thel organisms living in o given environment
may possess, besides their normal adaptive charng-
teristies, other potentialities that may never, nor-
mally, bheeome manifest, 1, however, for some aeei-
dental cause the environment be meodified, fresh
water becoming brackish or drying up for instance,
the organisms that possessed such potentialities arve
able to survive in the new envirenment and would,
therefore, be eonsidered as preadapted. Preadapta-
tion may be cliher physiologieal or morphological,
aad Hondso implies that sueh organisms are able 4o
puss from oo generalized type of environment to a
more speciadized one.

Cave-dwelling arthrepods (mites, dipterans, and
other inscets) have passed secondarily onto hats.
From leading o purely guanophilie existence they
were prepared Lo become blood feeders, since they
wore accustomed toa high nitrogen content in their
diet. Richer Tood was advantageous for the species,
whose reproduction rade inereased in consequence.
Onee arthropods were established  physiotogieally,
worphaologienl ehanges condd be evolved and, natu-
raly, those that were best adapted for the particular
{ype of existenee stood the grendest chanee of sur-
viving. 1t iy obvious ihat the individoais thed. were
physiclogieally  adapted, but not morphotogieally,
wore graduatly eliminated by selection.

The origin of lice, and probably also of fleas, can
he explained In similur manner although lum the
free-hving ancestors were no doubt insects dwelling
in the bark of trees. Subsequently, as in lice, the
entive hfe eycele oceurred upon the host,

’i‘\m very good instanees of constitutional pre-
aduptation are that of fy lorvae and of worms like

nematodes that normally feed upon decaying organie
matter, and, in this case, physiological adaptation
appears to have been more important than the subse-
quent morphological adaptation. The latter does not
even appear to have oceurred in fly farvae and exists,
moreover, in only a few groups of parsitic nema-
toades,

It has been demonstrated that adult fies lny

- their eggs in certain places or upon certain unimals

to which they are atfracted by odor, and also that,
the nature of this atfraction is linhle to be condi-
tioned, Consequently, maggots will grow in dilferent
hosts but the selective influence that will eliminate
unfavorable hosts will also, but inversely, affect
conditioning of the ndult flies (o the most [uvoruble
hosts.

Since fmo—]iving nematodes and scavenger beeiles
both feed upon decaying organic material, it iy o sy
to understand in what way the former have become
established in the latter species. It is probable thut
nematodes beeame established in e intestine of
vertebrates either direetly or vin insects, but, in nny
case, they were physiologienily preadapled !n living
in an atmosphere with o low oxygen tension, Many
of the present-day species of nematodes (hat live in
the cloaea of reptiles, and that reproduce conting-
ousty without leaving their hosts, should be eon-
sidered as iHustrating one of the stages through
which the free-living forms passed before heeoming
parasitic,

All the known eeological niches have heen popu-
nted accidentally and this i especially true Tor
parasites. The number of unsuccessiul atlempts must
have heen enormous and  were doubtless due,
primarily, 1o the inability of the species to heeomo
physiologieally adapted, since among parasites there
does not appear to be any evidence of competition
for survival as the food supply is generally plentiful.

From the outset, parasitism benefits the species
that has adopted iu:x mode of life, boosts its fer-

Aility, and thus inereases the chanees for the invasion

of new hosts, Parasitism also exerts w conservative
influenee on the species beeanse faek of competition
is pariieularly favorable for the swrvivad of o much
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farger proportion of mutations than would persist
among freediving organisms.

Life cyeles mvolving intermediate hosts have no
doubt arisen secondarily, since they are corollary to
an increased fertility; but here, of course, ecological
faetors sire of primary imporiance in establishing the
nature of the intermediate hosts.

The distrbution of parasites; as found today, 1s
clearty the outeome of hundreds and thousands of
unsneeessful experiments, in the course of which
species or individuals have been eliminated. There
15 no evidence of ectoparasites bemng older than
entoparasiles; both fvpes have evolved independ-
ently and sometimes side by side. Hetoparasites are
frequently o cause of rritation to their hosts, that
seratel: and bite themselves to get rid of these un-
desirable animals and, in so doing, swallow their
varasites, Yet this bas never led to the parasites
hecoming established in the intestine of the host.

Al tarbelluriang are hormaphroditic and from
this stock have arisen some of the most successful
Hoes of parnsites, sueh as monogenetie tromatodes,
digenetic frematodes, cestodariang, and  cestodes,
althouph some of these have become sccondarily
diccious. [ ean be casily understood Lo whatl extent
hermuphroditism iy able to benefit o species, since it
inereases s chanees of invading new niches, For
cach freshly established Dhisexual purasite, the corres-
pouding number of hermaphrodites is many times
wreaier,

One of the most evident consequences of the
parasitic mode of iving is the appearance of neoteny
that mostly affeets the male sex only or, more
parely, Both sexes as in eertain mites. Neoteny hns
e

?
been reported from free-living  organisms al-
thongh much less Mequently, The cause for neoteny
= undetermined, bt Ha relative frequency among
parasites might indieate that 30 I some way re-
Inted to the quality of the food available and to the
preseree, i the Jatter, of cortain essentind substances.

As previously stated, physiologieal adaptation has
Been o condition sine gua non for organisms Lo be
able Lo become parasitie, and even more so for ento-
parasites than for cotoparasites. Parasitism affects
an organism i two totally different ways, physio-
losteally, through enusing 1t to lose the power {o
synthesize part or all of its essential nutritional re-
guirements, and morphologically, through the loss
of ni superfluous organs. The grester the effect of
either one or of both of these [actors, the more

PARBASITER

highly specinlized and therefore the more intinmtely
adapled to its host will the parasite he.

o1 certain that parasitism has appeared at fre-
quent intervals in the course of the thousands of
centuries during which plants and animals gradunlly
oceupied all the available niches: Tnoseverl zronps,
stielt as arthropods, nematodes, and protozouns,
parasitic forms arose from species that had already
become differentiated, and consequently that
evolved along distinet Bnes. This i elosrly oviedent
i the netund prossitie ntes and i the nematodes

[ndirect evidence, as stated previoushy, ek (o
the conclusion that flagellates have been wssocided
with termites and other wood-eating nsevts ever
sinee the Paleozole, and that during the sanwe period
the erinoids harbored myvzestomids and perliaps the
cehinoderms, parasitic snuils. The ancestors of cos-
todes and acanthocepbalans have disappeared, Lo
gether with their primitive fish hoste bat, unlike the
latter; they unfortunately did not leave their im-
pression in the stone.

Primitive, mid-Tertiary mommuds hoavbored flens
that showed il 1he charmeteristios of he grooap as
it is known Loday, and porasitie taebinnd bvae de
veloped from maggots that fed apon these sme dend
animals,

I is obvious that new ceologien? niches for pore.
sites appeared as the vertehrates evolved inte their
ultimate orders and families, and that the parasites
mvaded these new territonies, some suceessolly,
others toss so. Bubsequent molation of both the bost
populniion and the parasites led 1o speciabion and
also (o segrepation of the larvad forms. In phivsiologi
cally highly specinlized parasites ke tapeworms tha
wso require metiunorphiosie of the infestive lirvae,
there s every evidence that pamdlel cvalution o
the hosts and the purasites hos ocewrred and B
been maintained i spite of different bosts orcupying
identical biotopes. This s primority due 1o the pe
cubiar nutritional requirements of the parasites. I
s possible that w similar mechanism mny have exo
inted orginally for all helminthis) bat, in the groaps
other than tapeworms, the mlestive lnrval forms oo
not need to undergo metamorphosis in the fingd
host, and also the parasites appear Lo be less spe
cindized  from o physiologieal standpoint. Conse
quently, ceologically <imilwr hosts e apt te harhior
the same species of pueasites and the distribution of
these purasites will also be ceolopend ns opposed 1o
the phylogenetic distribution of cestodes,
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ECOLOGY OF ANIMAL PARASITES: Origin of parasiiism

It has often been stated that groups of hosts or
host. species that are isolated geographically, ov for
other reasons, harbor parasites that tend to split
into a great number of subspecies, Examples of sueh
instunces arve the lice and tapeworms of hyraxes and
the tapeworms of Afvican green pigeons and also of
gumea fowls, Inbreeding of isolated popuintions
tends to proserve small genetie variabilities that
disuppear when  random  muting oceurs. This is
especindly true for hyraxes and also for the two
groups of birds mentioned previcusly, which tend
to subspeciate to a degree that iz niarming to tax-
onornists.

Lice that live upon these isolated populations
imbreed freely and, consequenily, small genetic varia-
tions are preserved and are considered by tax-
onomists ag of sufficient importance for distinguish-
ing speeies, Tapeworms are mostly  seli-fortilizing
and, consequently, the conditions are purticularly
favorable for preserving all the genetic variations
that may occur. Bince the intermediate host s,
necessarily, an arthropod that oceurs in the sume
territory as the host, the chances of these genetic
variaiions being preserved are considerable, much
more so, in fact, than if the hosts were spread over
entire continents.

This ulso shows that it is impossible to ignore the
host when studying the parasites, and that slight
ariations from a given morphological type may
tewdd Lo interesting conehusions. In the cestode genus
Hypenolepis Tor example, the combination of mor-

phological characters of the species is considerably
smaller than in other genera, owing to the fact
that there are only three testes and that the rostellum
is usually armed with a small number of hooks, the
shape of which varies slightly even within a given
specios. This genus contains & very great nember of
species, many of which occur exelusively in ducks and
these hosts, although migratory, breed in ecologi-
cally similar surroundings. Moreover, during the
breeding season  they form distinet populutions
which explains also the extraordinary variations
found in their parasites.

From the foregoing conclusions it is clear that
parasiies no longer appear as organisms thai have
escaped from the effects of selection and scaght o
secluded  existence within another orgunism, the
host. Parasites are probably as old, if not older, thun
maost of their present hosts, and s delinite physiologi -
al preadaptation has enabled them Lo invade sueh
peculiar ecological niches as the digestive system,
natural eavities, the skin, the gills, ete., of other nni
mals where they have become successfully cstab-
lished. As new hosts appeared and new niches beeame
avaiiuble, the parasites also invaded them, yet in the
process they have continually been subjectod to the
same lows as all other living organisms, except $hat
the radhier peeuline nature of their ecologiend nichies
exchiudes competition and, consequently, parasites
would be the only animals that are spured the
struggle for existence.



