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SEXUAL DIMORPHISM IN THE ACANTHO-
CEPHALA*

H. J. Vax C‘LEAVE, Universiry oF TLLINOIS

Frequently, animals di]‘.’feringt widely in appearance
belong to the same spe01es Pblymorph1sm, as this con-
. dltlon is ealled, beceurs in various groups throughout the

~ animal kingdom and is especially prominent in insect .
states and in the colonies of some of the coelenterates, es-
pecially among the Siphonophora. Under these condi-
~ tions individuals representing each of the different forms
“carry on restricted, specialized functions for the colony
or state. The causes of such diversity of form within the
members of the same species are not. understood thor-
oughly There are those who contend that polymorphism
has arisen as a result of a division of labor among the
individuals while others adhere just as strongly to the
~ wiew that because the individuals are different they are
thereby fitted for only one kind of special work and con-
sequently each does the work for which bodily structure
- fits it. The type of bodily difference accompanymg re-
stricted function most frequently encountered in the ani-
mal kingdom is that associated w1th the differentiation
of the sexes. :

Sexual dlmorphlsm as somatic deferences between
males and females is termed, is of frequent occurrence
throughout the animal series. However, most of the
published accounts dealing with this phenomenon have
been concerned with the most conspicuous instances such
as those in which male and female differ so profoundly
in superficial characters that they mlght well be taken as
representatives of entirely distinet species. Technically,
any somatic difference, however slight, which enables one
to differentiate males from females without an examina-
tion of the gonads, may be considered as sexual dimor-
phism. In many species certain restrieted orgams or
- parts of the body, not directly associated with the repro-

 ductive process; display dlstmctlve ‘differences in the two
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sexes. Such characters are termed secondary sexual
charaeters. :

Much of the literature concerned with the explanations
of dimorphism has placed strong emphasis upon the role
of sexual selection as the factor which has originated
and emphasized the secondary sexual characters. Most
of the popularly cited instances offer no fundamental
difficulty for such a possible origin. The development of
horns or other organs of offense or defense in the males
of mammals would seem to give such individuals greater
chance of perpetuating their kind than possessed by
other individuals not having such special organs. Simi-
larly, there does not seem to be any fundamental objec-
tion to the possibility that females among the birds
might show preference. for the more highly colored and
ornamented males as mates though many authorities
question any such show of preference on the part of the
female. In all of the most readily available accounts
sexual selection and natural selection have been almost
exclusively advanced as basis for the explanation of di-
morphism. In fact, P. C. Mitchell in the Enecyclopaedia
Britannica (Eleventh Edition, Vol. 24:748) definitely
contends in his diseussion of Sexual Dimorphism that
Darwin’s theory of sexual selection is the only compre-
hensive suggestion capable of explaining why some males.
and females differ and others resemble each other.

In species having no direct copulation and in all those
having no mating of the sexes, obviously sexual selection
cannot operate in the development of secondary sexual
differences. Frequently ardent advocates of a theory
have been so blinded by the implicit belief in the all
potent powers of some particular explanation of given
phenomena that they have been unable to conceive of
the possibility that various factors may act simultan-
eously to attain the same or similar end results. This
seems to have been the attitude of recent writers who
have tried to explain all secondary sexual characters on
the basis of natural and sexual selection. Charles Dar-
win, the founder of the theory of sexual selection, has
well pointed out that his theory could not be the sole
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explanation for the development of dimorphism among
the lower sexual animals. In the Descent of Man (Chap-
ter 9) he states that among the lower organisms ‘it is
almost certain that these animals have too imperfect
senses and much too low mental powers to appreciate
each other’s beauty or their attractions, or to feel ri-
valry.”” It becomes a matter of considerable interest,
then, to examine some of the lower bisexual organisms
in which mating does occur in order to see if it is possible
to offer any explanation of the factors causmg dimor-
phism under such conditions.

Tn the course of work upon the Acanthocephala, T have
come across a number of instances of sexual dimorphism
which, because of the conditions under which they occur,
seem to offer some interesting obstacles to the operation
- of sexual selection or of natural selection in their de-
velopment. Before discussing the specific instances, a
few facts regarding these organisms should be enumer-

ated. The Acanthocephala are worms of uncertain phylo-

genetic relationships which, through complete adaption
to the parasitic habit, have arrived at a state where they
no longer possess a free living stage at any point in
their life cycle. In the reduction of organs character-
istic of free life the Acanthocephala represent the ex-

treme condition of complete absence of any structures .
for locomotion in any stage of their development, and

total elimination of all special organs dealing with the
processes of metabolism. Similarly there has been an
entire loss of all organs of special sense. The whole
central nervous system consists of a small mass of gang-
lion cells from which a few fibers are distributed to the
body wall and to the musecles which control the opera-
tions of the proboscis and of the anterior region of the
body. In spite of the fact that these organisms are re-
duced to essentially little more than a sac for containing
the developing reproductive elements and a special
organ, the proboscis, for attachment to the host, yet they
display rather marked differences between the sexes in
many species. Many of these differences are apparently
of no advantage to the individuals possessing them and
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in some instances appear after the single necessary copu-
lation so they can have no very essential relation to the
perpetuation of the species. All evidence seems to point
- to the fact that the Acanthocephala are, as a group, too
far removed from any free living ancestors to make it
possible that dimorphism could have been carried over as
- an inheritance from free living ancestral forms. It then
becomes a matter of- some inteérest to examine these
instances of sexual dimorphism in the hopes of finding
some of the factors responsible for their development.
The somatic differences between the sexes encountered
in these paramtes constitute two fairly natural classes
(a) differences in form and size, and (b) presence in one
sex of structures entirely wanting in the other. Under
the first of these are included all the differences in body
form, in body size, and in proportions of the body or of
any of its individual structures while the second, of much
rarer occurrence, is possibly based upon incomplete and
faulty observations. Frequently structures such as body
spines, apparently wanting in one sex, have, upon closer
examination, been found greatly reduced in gize or ob-
scured by other structures. "

Almost 1nvar1ably the mature female acanthocephalan
is larger than the male of the same species. In some in-
stances, however, the difference is so slight that among
fully mature specimens some males are as large as the
smaller females and in a few instances there is practi-
cally no external means of differentiating the sexes. This
last mentioned condition is best exemplified in Plag-
torhynchus formosus VanC. as shown in ﬁgures 1 and 2.

Extreme differences in size are to be noted in Giganto-
rhynchus hirudinaceus (Pall.) from the hog. The.female
of this species may reach a length of 65 em. while the
male rarely attains a length of more than 10 em. In
average, mature, individuals the male is about 4 mm. in
diameter while the female measures about 6 mm. Thus
in this species the difference in length is much more con-
spicuous than the difference in diameter. Simple sexual
difference in length appears rather late in the develop-
ment of the individuals of most species that have been
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observed. Inimmature specimens it is impossible to dis-
tinguish the sexes without observation of the essential
organs of reproduction. ’

Plagiorhynchus fo'rmosus‘ VanC.

) Fig. 1. Male. Fig. 2. Female. Both figures drawn to same
scale. :

Another extreme example of difference in length is
found in Heteroplus grandis (VanC.), the female of
which is approximately five times as long as the male
(see figures 3 and 4) but only about one-third greater
in diameter of the body.

Heteroplus grandis (VanC.)

. Fig.,3. Male. Fig. 4. Female. Both figures drawn to same
scale. ) . :

No one has ever demonstrated the presence of cell di-
vigion in other than germ cells in the body of an acantho-
- cephalan after it has entered its definitive host.  In addi-
tion to this the writer has shown that in members of the
family Neoechinorlrynehidae the number of cellular ele-
ments is fixed and in struetures common to both sexes is
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constant in all individuals. Consequently any difference
in body size, in members of this family at least, could re-
sult only from  differences in physiological processes
which would permit simple increase in bulk without any
corresponding increase in mumber of cells. Since the
start of this differentiation in bulk of the members of the
opposite sexes occurs at about the same time that the.
germ cells start to form it seems possible that gimple
~ difference in size of the two sexes may be directly corre-
~ lated with differences in physiological conditions aceom-
panying the development of the sex cells.

General body form frequently shows marked contrast ‘
in the two sexes other than the relative size discussed
above. In Arhythmorhynchus pumilirostris Van C. the

writer has shown that the male has the posterior region
~ of the body distinetly attenuated while the gravid female
displays no distinetive difference in diameter of anterior
and posterior regions of the body. In this species the
musculature of the hody wall is also apparently more
~ highly developed in female than in male. In preserved
specimens the females present a distinetly wrinkled ap-
pearance due to the contraction of the muscles in the
body wall, while the males present a perfectly smooth
surface on the exterior of the body.

Frequently a portion of the body of a gravid female
becomes  distorted from the form characteristic of the
young female and of the male. Localized distended
areas have frequently been attributed to the mechanical
effect of the myriads of developing embryos which fill
the entire body cavity of the gravid female. Thus in
Neoechinorhynchus cylindratus (VanC.) and in N. agilis
(Rud.) the middle third of the body of the female us-
ually shows a distinet enlargement. In some instances
the entire body becomes greatly distended, forming a
capacious sac for the retention of the embryos as the
writer has described in the females of Filicollis botulus
VanC. ‘

Difference in size and form are not restricted to the
body proper. A radical difference in form of the pro-
boscis has been described for the female of Filicollis
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anatis (Schr.). In this species the proboscis of the male

- and of very young females is of an ordinary type with

rows of hooks extending from the extremity to near the
base (fig. 5). In contrast with this the proboscis of the
female is an inflated spherical organ which bears a star-
- like crown of hooks (fig. 6), limited in distribution to
the anterior face of the structure.

/
Filicollis anatis (Schrank)

Tig. 5. Proboscis of male magnified about 120 diameters. From

Liihe 1911, fig. 44.
Fig. 6. Proboscis of female magnified about 30 diameters. Modi-
fied from Liihe 1911, fig. 39.

Cuticular spines appear on the body proper of species
beloncrmg to certain genera of Acanthocephala. These
spines dlsplay d1morp111sm in some ingtances through dis-
similarity in size and in others through difference in dis-
tribution. In one species of Rhadinorhynchus the body
spines of the female range from 60 to 70x in length
while those from the same region of the male are only
about 28x long. In this instance the female shows
greater size of spines in just the same manner as greater
body size is associated with the females in the Acantho-
cephala. On the other hand the writer has described two
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North American species belonging to the genus Filicollis
in which the males bear conspicuous body spines while
those of the females are very inconspicuous. |

Tn the genus Corynosoma the cuticular spines cover the
antemor region of the body in both sexes. According to
Lithe (1911:37) the males of C. strumosum (Rud.) and
: of C. semerme (Fors.) possess numerous strong cuticular
~ spines surroundmg the genital, orifice at the posterior
extremity in addition to these on the anterior extremity
of the body, but the genital spines are entirely wanting
~ in the females of the same species. This stands as the
only instance in literature of the presence of structures
“in the body of one sex among acanthocephalans entirely
absent in the other sex. But since in C. semerme the
- spines around the genital opening of the male are directly
continuous with those distributed on the remainder of
the body even this instance become an example of rela- -
tive distribution of body spines rather than separation
of genital spines and body spines. In the original de-
seription of Corynosoma constrictum VanC., the writer
failed to discover any cuticular spines around the genital
orifice of the females. An abundance of specimens be-
longing to this species, recently received from Mr. L. B.
Dickey, has made it possible to re-examine this question
and has thrown considerable light upon the nature of
the dimorphic condition of the spines in at least the
North American species, C. constrictum.

In the new collection mentioned above, I have discov-
ered that young females (Fig. 10) possess genital spines
closely resembling those of the male, (Figs. 7 to 9) ex-
cept slightly smaller in size. In later development, and
especially after copulatlon has taken place these Spmes
become less conspicuous in the female. In some in-
stances I have been able to observe that spines have been
apparently forcibly removed from the body as evidenced
by the frayed nature of the cuticula in the region of the
genital aperture. In this species, as in many other
acanthocephalans, a cap-like structure (Fig. 11) covers
the posterior extremity of the female following the act of -
copulation. This structure, for which I propose the name
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copulatory cap, is formed by the hardened secretions of
the cement gland of the male during the aet of copulation.
Not all fertilized females carry this copulatory cap for
after a time it is apparently rather readily discarded. It
seems evident that the spines surrounding the genital
orifice of the female aid in holding this copulatory cap in
position since they become embedded in the substance

Corynosoma constrictum VanC, ;
Fig. 7. Posterior region of male with copulatory apparatus fully
retracted within body. .
Fig. 8. Posterior region of male showing position of genital
spines when posterior extremity is slightly protruded.
Fig. 9. Posterior region of male with copulatory bursa fully ex-
truded. ' ’

of the cap. With the final loss of the cap, probably due
to the movements of the parasite, it is readily believable -
that the spines might adhere more firmly to the cap in
which they are embedded than to the cuticula where they
had their origin and thereby become lost. If copulation
occurs more than a single time each successive deposi-
tion and removal of a copulatory cap would reduce the
number of genital spines until in the older females no
spines would remain. In such an instance sexual di-
morphism would result from mutilation of the body of
one sex to render it unlike that of the other sex.
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There has been a general acceptance of the view that
the spines surrounding the orifice of the male function
during copulation, probably as a means of attaching the
male to the female. Advocates of this view have failed
to recall the fact that the topulatory apparatus of the

C.c.

COorynosoma constrictum Vand.

Fig. 10. Young female showing spines around genital orifice.
Fig. 11. Gravid female showing copulatory cap which is attached
at time of copulation. ‘ : . i

male acanthocephalan must be everted from a position
far within the body before it can be brought into position
for use. When the copulatory bursa ‘containing the ecir-
rus is extruded during copulation the genital spines
could not serve for attachment to the female (Fig. 9)
‘because they lie behind the bursa and are completely
covered by it. ‘

CONCLUSIONS

Many theories have been advanced to explain the ori-
gin and development of sexmal dimorphism. Of these
natural selection and sexual selection have probably
been most prominently advocated. J. T. Cunningham
(1900) has advanced a modified form of inheritance of
acquired characteristics as explanation. According to
his view organs or structures used directly or indi-
rectly in the reproductive process become modified’
through function. Thus a tendency toward modification:

in such structures is passed from generation to gener--
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ation. As with most hypotheses regarding secondary
sexual characters his ev1dence is taken largely from
~ higher animals.

Numerous investigations have shown that the develop-
ment of secondary sexual characters is directly asso-
ciated with the development of the gonads. In many
instances males deprived of the testes have failed to de-
~velop characters peculiar to the male sex. Similarly,
it has been shown that old individuals after the close
of reproductive activity tend to acquire characters inter-
mediate between those characteristic of the two sexes.
Unfortunately, because of their endoparasitic habit, the
Acanthocephala do not lend themselves to experimental
investigations such as those of castration mentioned
above. However, in as much as all of the instances of
dimorphism cited among the Acanthocephala are re- -
stricted to differences in development or relative size of
similar structures in the opposite sexes, it seems prob-
able that the physiological conditions accompanying the
development of the gonads are directly correlated with
the differences in general metabolic processes which con-
trol general body growth.

Child (1915:350) has shown that fully formed eggs
have a relatively low rate of metabolism. Among the
Acanthocephala egg production is not a continuous pro-
cess. In the individual female the period of development
of the eggs is restricted to a single cycle for the gonad
becomes entirely used up in the production of the eggs.
"Consequently the mature female grows considerably in
_size after the period of egg formation has ceased. This
is probably due to the fact that food material during the
period of egg formation is largely utilized in that pro-
cess and at the close of that cycle becomes more generally
available for body growth.

In contrast with this the male acanthocephalan con-
tinues to produce spermatozoa through an indefinite per- -
iod of functional activity of the persistant gonads. It
seems probable that the continued development of
gametes utilizes available elaborated food at the ex-
pense of the farther growth of the body. Upon this
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basis may be explained why the females continue to in-
crease in size long after maturity is attained while fully
mature males of any given species differ but little in size.

‘While the foregoing attempts to explain the physiologi-
cal basis for differences in relative development of the
body or of restricted regions of the body in the two
sexes, no hypothesis can be advanced to explain why
the modification of physiological processes regulating
growth becomes expressed in such widely varying man-
ners. It is not clear why stimulation to farther growth
should in one instance involve the entire hody uniformly,
in another be confined chieflly to length, and at still other
times cause excessive enlargement of restricted areas
or of individual structures.
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