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a careful surveyv of the range of the species. There is
scarcely a doubt that the North American armadillos are
all derivatives of the Peba armadilloe (Dasypus novem-
cinctus) of South America, a species of wide range,
oceurring from Panama to Paraguay. The mulita of the
Argentine and Kappler’s armadillo of Surinam were
formerly classified as species of Dasypus, but the former
18 now Cryptophractus hybridus and the latter Tatusia
kappleri. Nothing is known about the development of
the latter, but the preliminary paper of Fernandez shows
that the mulita is strikingly like our species in the details
of polyembryonic development. Such a fundamental re-
semblance would seem to indicate that the two species
are very closely related and should be classed in the same
genus.  About a dozen other species of armadillo,
assigned to several other genera, are native to South
America. About their natural history little is known.

RaxgE, DistrisuTION AXD FUTURE OF THE
Armapinro 18y TExas

In his ‘‘Biological Survey of Texas’’ Bailey (1905)
states that

The armadillos are strietly Lower Sonoran, but in the rough eountry
between Rock Springs and Kerrville they range fairly into the edge of
the Upper Sonoran Zone. As a rule they do not extend east of the
semiarid or mesquite region, nor to any extent into the extremely arid

region west of the Pecos, but oeeupy approximately the semiarid Lower
Sonoran region of Texas north to near latitude 33°.

Bailey lists many localities from which armadillos
have been taken or authentically reported. To this list
I should like to add the following localities, which I have
visited and from which I have obtained considerable
numbers of specimens: Boerne (over 100), Comfort
(nearly 200), Fredericksherg (about 40), Kerrville
(about 25), Ingram (90), Helotes (3). Many of those
reported from Boerne, Comfort and Ingram were
brought from distances of twenty miles or more. At the
towns of Boerne and Comfort we find a flourishing
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industry in which the armadillo furnishes the raw mate-
rial. Many thousands of the adult animals are slaugh-
tered annually for their armor, which is shaped into
baskets and sold all over the world as eurios. Arma-
dillo hunting has come to be a recreation and a source of
additional income for large numbers of young American
and Mexican farmers. When they come to town to sell
produce and purchase supplies they bring also many
armadillo baskets which thev have learned to make in an
expert fashion and for which there is a ready market.
One dealer with whom I am well acquainted claims to
have shipped no less than 40,000 baskets during the last
gsix vears. At least two other firms have been almost
equally active. In spite of this extensive slaughter the
animals seem to be inereasing in numbers, for I had no
difficulty in obtaining in about two weeks nearly two
hundred pregnant females. Those used in my work
would have been slaughtered for their armor alone, so I
felt no compunction about destroving so manv unborn
young. Hunters and dealers generally have the idea
that the range of the armadillo is extending rapidly

Fig. 1. Photograph of a living armadillo showing the complete armor and the
usual resting attitude. The head is usually withdrawn between the two flaps of
the shoulder shields when the animal is feeding in the thickets.
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northward and eastward. There seems to be no reason
to doubt that the species is mmultiplying and spreading,
for I have it on good authority that in the regions where
it is now most plentiful it was almost unknown 20 vears
ago. Its range is, however, strictly cirecumseribed by
definite ecological conditions as I shall proceed to show.

Econogy axp Hasits

The armadillo spends its life on the defensive and its
defensive equipment consists of struetural and fune-
tional adjustments to a very special environment. Of
the structural adaptations the armor (Fig. 1) is the most
obvious, but its use is not what it is eommonly supposed
to be. While the carapace doubtless serves partially to
protect the animal when it is attacked by large ecar-
nivors, the faet that dogs often hite through the bony
plates and seriously damage the shell shows that for this
type of enemy the protection is very inadequnate. In
faet it is the experience of hunters that, when closely
pressed by dogs, the harassed animal turns on the back
and strikes most effectively with the powerful eclaws.
The armor has a much more important significance in
that it enables the animal to invade the dense, thorny
thickets of cactus and chapperal, ete., that characterize
its normal habitat. When pursued it is possible for the
armadillo to plunge headlong into a mass of thorny
vegetation that would be totally inaceessible for an un-
armed enemy. Then too they can penetrate all sorts of
underbrush in search of insect food without danger from
thorns or spines. In some regions of the country the
animals take advantage of the rough and rocky char-
acter of the hillsides and river banks, seeking shelter
from enemies by retreating into holes and crevices among
the rocks that are just large enough to admit them but
too small for their enemies. Armadillos living in these
regions have the armor much worn from rubbing and
scraping against the angles and sharp edges encountered
in the rocky passages of their retreats. If one is able to
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peccary, which has a range quite similar to that of
Dasypus. :

Armadillos are essentially nocturnal in habit, although
one may encounter them at dusk. On warm nights they
spend their time rooting about in the dry leaves and
ground vegetation after the manner of hogs. Their
grunting, snuffing noises are heard at some distances on
gquiet evenings. The strong burrowing claws are used
to a considerable extent in digging for food, but their
primary funection is that of burrowing. Burrows may
be for temporary or permanent shelter. A permanent
burrow may be dug six or seven feet deep with a chamber
at the bottom about two feet in diameter, which is
filled loosely with dried leaves and grass. This is the
winter retreat of the armadillo, where he undergoes
partial hibernation during the periodie cold spells.
Buried in the grass and leaves, the animal defies its worst
enemv, cold. In this connection it may be said that there
is probably no mammal so sensitive to cold as the arma-
dillo. In eaptivity they shiver at temperatures when
other mammals are warm, and often die during the night
if insufficiently bedded down with straw. Their further
spread northward will no doubt be blocked by tempera-
ture barriers. Temporary burrows are made as a retreat
from enemies when other shelter is unavailable. Hunters
claim that an armadillo will dig a hole in ordinary soil
in a minute or two, disappearing even after having been
sighted.

They seem to have their regular haunts and do not
ordinarily go far from their burrows or caves. From the
smoothly worn months of these retreats heaten paths lead
to thickets, pools and streams. Bailey has seen evidences
that they, after the manner of pigs, enjoy a mud bath.
The trail of the tail along the paths is a ready means of
distinguishing the haunts of the ‘*’dille,”” for it leaves a
mark like that of a dragging rope.

In eaptivity the animals display the utmost gentle-
ness and tractability so long as one does not attempt to
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From these observationts it may be estimated that the
period of gestation averages from the middle of October
to the middle of March, a period of five months or 150
davs, an extended gestation period for so small a mam-
mal. The voung are fully formed at birth, with eyes open
and with a complete though not very hard armor. They
are able to walk in a more or less uncertain fashion within
a few hours after birth.

Copulation oceurs with the female turned on the back,
this position being necessary on account of the armor
and the ventral location of the genitalia.

PoryEmeryoxic DEVELOPMENT

Our earliest observations dealing with the development
of the Texas armadillo revealed the facts that the four
embryos are enclosed in a common chorion and that these
monochorial quadruplets are always unisexual. These
early observations stimulated an investigation of the
embryvological and eyvtological eonditions that underlie
polyembryony and sex-determination. The published
accounts carry the history of development through the
period of ovogenesis up to the time of fertilization and
from the primitive streak stage to birth. The hiatus
between fertilization and the formation of the primitive
streak is almost completely filled by two sets of obser-
vations, one by Patterson, who has seeured late cleavage
stages and all of the history up to the primitive streak,
and the other by the writer, who has deseribed the early
cleavage of parthenogenetically developing ova. The
observations of Patterson were reported at a meeting of
the central branch of the American Society of Zoologists
at Urbana in 1912; the paper on parthenogenetic cleavage
1s now in press and will no doubt appear before the pres-
ent contribution. By piecing together the subject matter
of these separate investigations the writer is able to offer
the following account of the development.
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dition from so slender an evidential basis constitutes
a biological comedy of errors scarcely equaled in our
literature, '

(CLEAVAGE

Nothing is at present known of the early cleavage
stages of the fertilized egg and I shall offer here as a
tentative substitute facts dealing with the parthenogenetic
cleavage of eggs in atretic follicles. The first step in
the development of such eggs is the elimination of the
deutoplasmie material, which probably is thrown out of
the protoplasm by a rupture of the plasma membrane of
the egg. The formative protoplasm of the egg in this
wayv unburdens itself of a considerable volume of inert
and probably deleterions material, which, althongh ont-
side of the egg-cell proper, remains within the zona pellu-
cida and more or less completely surrounds the egg in
the form of pseudo-epithelium of cell-like masses, which
I have called eytoids. The egg now consists of a homo-
geneous, clarified protoplasm and there is every reason
to suppose that the elimination of byproducts of metab-
olism has served to rejuvenate the cell so that its normal
processes of growth and reproduction may be resumed.
The nuelens, which, previous to and during maturation,
had ceased to ecarry on metabolic exchanges with the
evtoplasm, now evinces renewed activity in that astral
ravs, entirely absent during maturation divisions, now
penetrate the entire evtoplasm and a typical cleavage
spindle appears. Two-, four- and eight-cell stages ocenr
in fairly regular fashion, but even at the eight-cell stage
unmistakable signs of degenerative changes manifest
themselves, which bring about a rapid dissolution of
embrvonic integrity and inhibit further progressive
changes. There is no evidence in this material that
parthenogenetic development proceeds to the formation
of teratoma or tissue formation; in faet, the total lack of
cleavage stages later than about the eight-cell stage
argues strongly against the possibility of the develop-
ment of any such structures. This study serves two pur-

i i i . e
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placenta or Triger arises. Up to this time there is no
sign of polvembryvony. The first step in the direction of
a division of the single embryonic vesicle into four em-
brvonic rudiments is seen in connection with mesoderm
formation. The mesoderm arises at two points, to wit
the extreme right and left sides of the laterally elongated
vesicle, and soon assumes the form of two hollow pouches
that subsequently expand and fuse together in the median
lines into a common extraembryonic body ecavity. This
mode of origin of the mesoderm shows that the embryo
is no longer developing as a unit, but that there has
arisen a bilateral duality of funetion, due probably to the
partial physiological isolation of the right and left sides
of the mesoderm. The possible cause of this isolation
will be discussed presently. The first recognizable rudi-
ments of the embryos appear as two blunt processes or

Fiz. 5. An early embryvonfc vesicle showing four embryos enclosed within a
common chorionic membrane, The small commen amnion (e am.) still retaing
itz connection with the geparate amnia of the embryos by means of the slender
amniotic connecting canals (I-IV). The four embryoes are attached to a common
diseoid primitive placenta, the Trager (tr), by belly-stalk bands.
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these villous regions expand they come into contact at
their margins and apparently fuse into a lobate zone,
which had been called a compound zonary placenta.
Finally the zone separates along the dorsal and ventral
lines to form two lateral notched discoid placents, fo
which we need secarcely apply a name. It is obvious that
there is nothing to be gained by attempting to classify
such a placental complex or by comparing it with those of
other groups of mammals, for the peculiar conditions
seen here are obviously merely very special adjustment
to the peculiar conditions arising from polyembryonie
development within a single chorion. The feetuses after
thev have once been separately outlined are distinet, com-
plete units and are associated searcely more closely than
are the embryvos of other forms of mammals where sev-
eral individuals develop simultaneously in a single uterus,
for they have their own separate amnia and separate
placentation, and there is absolutely no admixture of
feetal blood.

Without further burdening the reader with an elabora-
tion of embryvonie details and relations we may briefly sum-
marize the situation in-so-far as the question of specific
polvembryvony is involved. The ovogenesis is normal;
a single egg is fertilized by a single spermatozoon; the
cleavage 1s apparently normal and gives rise to a blasto-
dermic vesicle similar to that of other mammals, espe-
cially the rodents; germ-layer-inversion affords an easy
mechanism for producing several embryos in a single
chorion, for the quadruplets arise by means of dichot-
omous budding of the inner ectodermic vesicle without
affecting the enveloping membranes of the vesicle, which
form the common chorion; the subsequent embryonie
development of the several embryos is as independent as
it can be under monochorial conditions, since each indi-
vidunal has its own separate amnion, allantois, umbilicus
and placenta. This in brief is the polyvembryonie situa-
tion, a consideration of which offers for solution several
problems peculiar to the material. What are the physio-
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the vesicle becomes elongated laterally so that its right
and left sides come to be separated a maximum distance
from each other. In such a depressed and weakened
vesicle unity of functioning ceases to exist and two new
centers of growth arise at points where the pressure is
less severe, viz., the opposite ends of the elongated vesicle.
We have seen that mesoderm forms at two lateral points
and that the embryonic buds of the ectodermal vesicle
follow suit. The rebudding of the primary buds must
he due in like manner to the establishment of two grow-
img points in each primary bud. Such an explanation of
polvembryvony involves the whole problem of the physiol-
ogv of budding, about which there is great diversity of
opinion.  According to Professor Child’s theories of
development and reproduection, any part of a system
whieh, through a lowering of the rate of metabolism of

Fis, 6. Photograph. about one half natural size, of an embrvonie vesicle just
before birth, showing the two lateral placental areas, attached to the right and
left =ides of the maternal uterus, sepacated from each other by an area prac-
tically free of villi, The outlines of the four fetuses may be seen through the
transparent, non-villous areas of the common chorionie vesiele,
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this should prove to be the case the hyvpothesis here
offered would receive a striking support. A detailed
deseription of the life history of the parasite here dis-
cussed is in preparation and will no doubt soon appear
in print.

THE ProprEM oF THE OrIENTATION oF THE CoMPOUND
VesicLE 18y THE UTERUS a¥D THE ORIGIN oF PAIRS

One of the most striking faects that came to light in
the early stages of the present studies is that the vesicle
1= distinetly a bilateral object and that this bilaterality is
strictly in accord with the bilaterality of the uterus. It
was noted that one pair of fetuses was attached to the
right and the other to the left placental dise. It was
furthermore discovered that this pairing is not merely
a mechanical adjustment of the fetuses to the shape of
the uterus, but involves resemblances in stage of develop-
ment, size and the minutie of inherited peculiarities. To
explain this condition we offered the conjecture that each

Fig. 7. Photogeaph of a vesicle a little younger than that shown in Flg 6,
aplit open along the mid-ventral line, showing the umbilical attachments of the
(uadruplets.
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set or litter, whether the number of individuals in a set
be 2, 3, 4 or 5, are of the same sex. Of these 182 sets 88
were female and 94 male, which would seem to indicate
that the two sexes are about equal in numbers. A total
of 210 sets have come under the writer’s observation, and
of these four showed 5 fetuses, four showed 3 normal and
1 degenerate individuals, and in one case twins were
born, due probably to the degeneration of a pair of
fetuses, There are no anthentic cases of less than four
embrvos being produced, but there are four cases, or less
than 3 per cent. of the total number, in which there is
exhibited a tendeney toward an inerease in the normal or
typical quadruplet condition. This may be a progressive
tendeney and might conceivably result in numbers of
fetuses resembling those produced by the mulita. The
fact that the individuals of a polyvembryonie litter are
invariably of the same sex supports certain eurrent views
regarding the problem of sex determination. In partie-
ular it shows clearly that sex must be determined prior to
the separation of the embrvonic materials from which
the four fetuses arise. Since, from the standpoint of
cell lineage, this separation must take place at least as
early as the cleavage stages, it would appear practically
certain that sex is predetermined in the undivided
oosperm, It has been elaimed that the data with refer-
ence to sex in the armadillo might as readily be nsed as
evidence of the control of sex by environment; for it is
claimed that the environment of the four fetuses in a
common chorion is as nearly identieal as it could be made
under controlled conditions. I elaim, however, that thera
is no greater environmental uniformity here than exists
in cases where several fetuses develop simultaneously in
a single nterns. In both ecases the individual fetnses have
separateamnia, separate placentieand unmixed fetal blood.
The enclosure within a common chorion is a matter of sec-
ondary importance since each fetus is isolated completely
in the really important ways just mentioned. Moreover it
i= certain that pronounced differences in nutrition and
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AxaLysis oF PREDETERMINATIVE VERSUS KPIGENETIC
Facrors 18 DEVELOPMENT

According to the proponents of the pure line hypoth-
eses the genotypie constitution of an individual is fixed
at the time of fertilization of the ovum. On this assump-
tion the fertilized egg of the armadillo has a fixed and
definite hereditary potentiality and, unless inequalities of
some sort are introduced during development, i. e., epi-
geneticallv, the four fetuses should be identical. The
degree of difference then that actually exists among the
individuals of a given set of quadruplets should be a
measure of the potency of the epigenetic factors of all
kinds, while the degree of correlation among the indi-
viduals of a set should serve as a eriterion of the relative
strength of the predetermining factors. It has been ens-
tomary to employ the data derived from comparisons of
human duplieate or identical twins as a measure of the
extent of predetermination, but such data are unreliable
for two reasons. It is impossible, on the one hand, to be
sure whether or not such twins are the produet of one
egg, and in praetically all cases the measurements and
comparisons are made comparatively late, so that the two
individuals may have had a divergent environmental
experience. In both of these respects the armadillo quad-
ruplets offer superior advantages and should in the
future take the place of human twins as material illus-
trating the potency of predeterminative factors in devel-
opment, for not only do we know for certain that each set
of quadruplets is the produet of a single egg, but the
amount of material is thoroughly adequate for statistical
treatment, and the individuals are compared before birth,
so that their pairing and placental relations are known.
Coefficients of polyvembryonic correlation have been deter-
mined for a very large number of characters, such as the
numbers of plates or seutes in the various regions of the
armor, and these have ranged from 0.92 to 0.98. These
coefficients are strictly of the order of those determined
for antimerically paired structures of the same indi-
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in nutriment, position, etc., are impotent to influence any
but dimensional characters, such as length, weight and
relative position of units. Inherited characters are
affected only by changes in the germinal materials, and
such changes might readily be due, as indicated, to
inequalities in the distribution of material particles
during cleavage.

Mobpes or IxnuHERITANCE 1IN PoLvEMBRYOoNIC (OFFSPRING

The material for the study of inheritance consists of
nearly two hundred sets of quadruplets and the armor of
the mothers. Without breeding in confinement, which is
not at present practicable, no data concerning paternal
inheritance are available. Sinee, however, there is no sex
dimorphism with regard to the characters studied, and
since males and females inherit alike from the mothers,
one can discover all the essential laws of inheritance
governing the polyembryonie relationship from a com-
parison of individuals in sets and of quadruplets with
their mothers. After an exhaustive study of this large
mass of material the chief general laws discovered are
to the effect that single meristic variates, sueh as partie-
ular seuntes, and also aggregates of these elements, as
for example the total numbers of these units in a given
region of the armor, are inherited in the alternative
fashion and show only a minor degree of blending. This
is an unexpected result in view of the fact that it has been
the general impression that meristic variations usually
exhibit blended inheritance and substantive variations
obey the laws of Mendelian inheritance. In this material
it has been found that single scutes, recognizable through
some marked peenliarity, such as a tendeney to split or
to fuse with a neighboring element, is inherited as a
Mendelian dominant character. If the mother has the
character unilaterally or in one band of the armor, one
or more of the offspring invariably exhibit the character
either unilaterally or hilaterally, either in one band or
reduplicated in two or more bands. Again a single scute







