Fig. 3. Random-line stereogram similar to Fig. 1 except composed of horizontal line
segments. Figure 3 yields stronger stereopsis than Fig: 1 under laboratory conditions.

ceived in a depth plane with zero dis-
parity. Moreover, 25 percent of the
picture elements (A-B) could have easily
been fused with two-dot (16 seconds
of arc) disparity as a lace-like trans-
parent plane slightly in front of the
zero-disparity plane, while 25 percent
(B-A) could have been fused with a
minus-two-dot disparity (behind the
transparent zero disparity plane). This
possible organization would have been
an easy solution to the problem of fus-
ing the two images. The fact that a
more global organization is actually
perceived (center square above the back-
ground) indicates that the central nerv-
ous system searches for a particular so-
lution even if it is more unlikely. In
this case, the ten-dot disparity of the
center square is 5 times more than the
two-dot disparity between the A-B and
B-A picture elements. We have found
that stereopsis can be obtained even
for 20-dot global disparity (fully 10
times the local disparity). Thus the fu-
sional process apparently favors a solid
(densely packed) organization with a
large disparity in preference to a trans-
parent (lace-like) organization, even if
the latter has much smaller disparity.
It seems likely that this weighting proc-
ess between various organizations oc-
curs higher than the local binocular
fusion of similar picture elements.
When the same experiments are tried
with horizontal line segments, shown in
Fig. 3, one would predict a different
outcome, because of the anisotropy of
stereopsis. When two vertical line seg-
ments are horizontally displaced by a
small amount, as in Fig. 1, local stere-
opsis occurs with great ease; however,
for horizontal line segments with a ver-
tical displacement of even a few dots,
local stereopsis would require that the
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fusional mechanism shift the entire line
segment (ten dots long in Fig. 3). There-
fore, local fusion of horizontal line seg-
ments should be more difficult and the
global organization (that is, the center
square) should be more likely. Be-
cause of the difficulty of reproducing
patterns with this detail, the actual
viewing of the stereograms illustrated
here may deviate from the reported
findings.

Stereoscopic viewing of Fig. 3 bore
out this expectation. In spite of having
the same local and global disparities
as Fig. 1, Fig. 3 yields stronger global
stereopsis. Even with 60-dot disparity
the center square was perceived in
depth, while the limit for the vertical
case was 20-dot disparity.

The perceptual difference between
global stereopsis with horizontal and
with vertical line segments has another

implication. The anisotropy of stereop-
sis (that is, vertical disparity does not
yield stereopsis, while horizontal dis-
parity does) has to be contrasted with
the isotropy of binocular fusion. Pan-
um’s fusional area is about the same
for horizontal and vertical disparities,
and disparities under 6 minutes of arc
should be easily fused in any direction.
The finding that horizontal line seg-
ments yield stronger global stereopsis
than vertical ones suggests that global
stereopsis does not depend on local fu-

- sion, but rather on local stereopsis.

In these and similar experiments the
local elements resemble the simple re-
ceptive field shapes found by Hubel
and Wiesel (6), while the global per-
cept is obtained by searching for the
binocular organization. The study of
how local features yield local stereopsis
and how local stereopsis affects global
stereopsis may be a bridge linking neu-
rophysiological findings with perceptual
psychology.

B. JULESz
G. J. SpivAack
Bell Telephone Laboratories, Inc.,
Murray Hill, New Jersey 07971
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Archosaurian Reptiles: A New Hypothesis on Their Origins

Abstract. The characteristics of the first archosaurs, the proterosuchian the-

codonts, show that neither of the supposed common ancestors of archosaurs and
lepidosaurs could actually be an ancestor of archosaurs. Instead, the evidence
seems to indicate that the archosaurian ancestors are probably in the ophiacodont-
varanopsid group of the pelycosaurian synapsids. In particular, the Varanopsidae
are Strongly indicative of proterosuchian relationships, as they have evolved
some characters which are elsewhere found only in archosaurs. Archosaurs and
lepidosaurs apparently have different origins; the former come from the pely-
cosaurs, and the latter come from the captorhinomorph cotylosaurs through the
Millerettiformes.

Dinosaurs, crocodiles, pterodactyls,
and thecodonts are members of the rep-
tilian subclass Archosauria—the ruling
reptiles—a group of vertebrates (includ-
ing the ancestors of birds) highly diver-
sified and greatly expanded during
Mesozoic times.

From the lower Triassic to the Re-
cent, the history of the archosaurs is
fairly well represented in the fossil rec-
ord. Though many points are still con-
troversial, there is much evidence to
support the hypothesis that all the post-
Triassic archosaurian orders (Sauris-
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chia, Ornithischia, Crocodilia,  and
Pterosauria) originated from the The-
codontia, about whose origin little is
known, however.

It is generally assumed that the sub-
class Archosauria is more closely re-
lated to the subclass Lepidosauria (liz-
ards, snakes, and rhynchocephalians)
than to any other reptilian group, and
that both taxa had-a common ancestor
in Permian times. Members of these
subclasses have a two-arched type of
skull; from this comes the name Di-
apsida, which is used in current phylo-
genetic discussions. Goodrich (1) ad-
vanced the hypothesis, further devel-
oped by Watson (2), that the Archo-
sauria and the Lepidosauria are the
basis for a larger group, the Sauropsida,
in contrast to the mammal-like reptiles
and their alleged relatives (the Therop-
sida) and that this separation into two
major groups took place during an an-
thracosaurian, prereptilian level of evo-
lution. Although this view has been
criticized (3), the idea of an early differ-
entiation of the archosaur-lepidosaur
complex from the mammal-like reptiles
prevails (4) and is one of the main as-
sumptions of the generalizations of
Olson (5) on the ecological factors in
mammalian origins.

Broom (6) and others (7) proposed
that the upper Permian younginiform
reptiles of the family Younginidae
(Youngina, Youngopsis, and Youngoi-
des), which are the basis of the order
Eosuchia of the Lepidosauria, are prob-
‘ably the group from which both the
archosaurs and the later lepidosaurs
evolved. There is evidence for a young-
inid ancestry of the rhynchocephalians,
but the Squamata (lizards and snakes)
are definitely derivable from another
taxon among the Eosuchia—the pro-
lacertids (8, 9). Moreover, Romer (0,
11) seriously questioned the idea of an
eosuchian origin of the archosaurs, on
the basis of striking differences in skull
morphology.

Watson (12) proposed the milleretti-
form hypothesis as an alternative and
suggested that the upper Permian mil-
lerettids (Milleretta and Millerosaurus)
and their older relatives represented the
origin of younginids, prolacertids, and
archosaurs. The millerettids make a
good link between the captorhino-
morphs and the eosuchians (73), but
they are more highly evolved than the
first archosaurs and hence cannot be
archosaur ancestors.

Romer (/0) advocated the capto-
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rhinomorph hypothesis, which suggested
that the common ancestor of lepido-
saurs and archosaurs might be the cap-
torhinomorph cotylosaurs and that the
two-arched type of skull evolved twice
from the anapsid condition. Kuhn-
Schnyder (I4) claimed that the separa-
tion of archosaurs and lepidosaurs from
a common ancestor went back to the
labyrinthodont amphibians.

Studies on the first archosaurs, the
thecodonts of the suborder Protero-
suchia, suggested a possible close rela-
tionship between archosaurs and synap-
sids. The Proterosuchia (/5-77) are the
stem thecodonts, representing a first
step in archosaurian evolution, which
took place in uppermost Permian and
early Triassic times. They are incip-
iently archosaurian only in certain
characteristics; in others, they are plain-
ly atypical archosaurs. Archosaurs are
described as reptiles which typically and
originally had an upright stance and a
bipedal gait. The proterosuchians were
clearly quadrupedal animals with
sprawled legs. In the early proterosuchi-
ans, the triradiate pelvis of the archo-
saur is only incipient, and the femur
has the primitive intertochanteric fossa
and a trochanter minor. The pes
lacks the various archosaurian spe-
cializations; the wvertebral intercentra
are commonly retained in the neck re-
gion and occasionally also in the back
(16). The skull retains primitive reptilian
characters, lost or modified in later
archosaurs, such as acrodont or sub-
thecodont teeth, postparietal and post-
frontal bones, the presence in some gen-
era of a pineal foramen and palatal
teeth on the pterygoid flanges, the ab-
sence of a typical otic notch and of a
V-shaped contour in the posterior
border of the lower temporal opening,
the suspensorium lying well behind
the occipital level, and the presence of
a well-developed epipterygoid bone. At
the same time, it shows such well-
developed typical archosaurian skull
characteristics as the two-arched tem-
poral region, the developed antorbital
fenestra, laterosphenoid ossifications,
movable articulation between quadrate
and squamosal, mandibular fenestra,
and loss of posttemporal and tabular
bones.

This association of primitive and
advanced characteristics is expected in
such an early archosaurian group; on
the other hand, the proterosuchians do
not have any characteristic that would
preclude them as ancestors of later

archosaurian groups. Actually, the
presence of such intermediate forms
as Euparkeria (18) (linking the Pro-
terosuchia with the Pseudosuchia) and
Proterochampsa (19) (connecting them

.with the Crocodilia) suggests that they

certainly are stem archosaurs—a con-
clusion that also agrees with the time
factor. But some of the skull charac-
teristics, in which the Proterosuchia are
more primitive than the Pseudosuchia
and the remaining archosaurs, indicate
that they are also more primitive than
some of the supposed common ances-
tors of lepidosaurs and archosaurs,
namely, the Younginiformes and the
Millerettiformes. Even though they
possess a typical diapsid skull, the
Younginiformes have already developed
an otic notch and have the suspen-
sorium close to the level of the occipi-
tal condyle. The absence of an otic
notch and the posterior position of the
suspensorium in the Proterosuchia rule
out the younginiform eosuchians as
their possible ancestors, because ab-
sence of an otic notch and long-jawed
skulls are primitive reptilian charac-
teristics. This also excludes the Milleret-
tiforms which, in addition, are not
diapsid in type of skull.

Apparently, the captorhinomorph
hypothesis is not contradicted by pro-
terosuchian characteristics. However,
such a hypothesis is too general, as
the very primitive characteristics of the
captorhinomorphs make it possible to
propose them as ancestors of most of
the reptilian groups. Moreover, the gap
between the captorhinomorphs and
the proterosuchians is really very wide;
there must be a new and unknown
intermediate reptilian major group to
fill it. Furthermore, trends in the direc-
tion of some of the archosaurian spe-
cializations are not known in any of
the captorhinomorph genera.

Olson’s description (20) of the new
varanopsid pelycosaur Varanodon sug-
gested to me the concept of a pely-
cosaur origin for archosaurs. The
ancestors of the archosaurs are proba-
bly to be found among the primitive
varanopsid pelycosaurs, or in the ophi-
acodont-varanopsid group of pelyco-
saurs, rather than among any other
reptilian group.

In skull morphology, these pelyco-
saurs agree with the requirements for
proterosuchian ancestry in the absence
of the otic notch and in the presence
of a posterior suspensorium, intertem-
poral and postfrontal bones, and pineal
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foramen. They have also the synapsid
lower temporal fenestra which is very
large in the Varanopsidae, as it is in
the more primitive proterosuchians. The
development of the lower temporal
opening is first in the development of
the diapsid skull (9). This association
of characteristics is in itself strongly
indicative of proterosuchian-pelyco-
saur relationships; the probability of
this ancestry is increased by the fact
that an antorbital fenestra is present in
Varanodon and probably also in Vara-
nops (20) and the fact that the mandib-
ular fenestra is well developed in
Ophiacodon and apparently also in
Varanops (21). Antorbital and mandib-
ular fenestrae are typical of archosaur
characters, only found elsewhere in
the reported pelycosaur genera. Details
of the palate, the occiput, and the pre-
frontal bones add more points of af-
finity; the differences in skull morphol-
ogy between both groups are precisely
of the type expected in a group from
which the proterosuchians originated.

Postcranial morphology also supports
the same conclusion. In spite of the
more primitive, notochordal type of
centra, the vertebrae of the ophiaco-
donts suggest archosaurian ancestry in
the presence of lamellae connecting
the two facets for dichocephalous ribs,
and those of the Varanopsidae suggest
this ancestry in the elongated cervical
centra and the tendency of the dorsal
rib-facets to be closer in succession
from the front. The scapula is closely
comparable in Ophiacodon and Vara-
nops and in such primitive proterosuch-
ians as Chasmatosaurus and Cuyosu-
chus. The coracoid is single in
the archosaurs; in typical pelycosaurs,
it is double.

Here again the facts that Varanops
lacks the posterior coracoidal element
and that the sphenacodonts in general
show a lag in the ossification of that
element (see 2I) are very suggestive.
The ilia of Chasmatosaurus and Shansi-
suchus are very similar to those of
Varanops, while the pelvis of the latter
shows characteristics in the pubis and
ischium that strongly indicate a very
primitive stage in the triradiate trend
already shown in the proterosuchians.
Ophiacodonts and Varanopsids show
the archosaurian limb disparity, sug-
gesting that this trend developed from
the primitive pelycosaurs as an adap-
tation to semiaquatic locomotion. The
humerus of the proterosuchians shows
many similarities to that of Varanops,
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such as the expanded and twisted ends
and the well-developed deltopectoral
crest. A humerus of Chasmatosaurus
(I5) also shows indications of the pely-
cosaurian entepicondylar foramen. The
femur of the proterosuchians is most
like the femur of Varanops and Varano-
saurus; additional similarity is found in
the structure of the posterior and an-
terior epipodials and the morphology
of the feet.

All the evidence thus indicates that
the proterosuchians are easily derivable
from the generalized pelycosaurs of
the ophiacodont-varanopsid  group.
Within them, the Varanopsidae have
the clesest relationships and show
some trends (such as the evolution of
the antorbital fenestra, the triradiate
pelvis, the single coracoid, elongated
cervical vertebrae, and enlargement of

)

NN R AR W
AEH RN

the lower temporal opening) which
are well established in the early pro-
terosuchians. Olson (I19) pointed out
that the specializations in skull mor-
phology, when examined separately,
suggest that the Varanopsidae ‘“have
departed rather far from the main
lines of pelycosaur evolution.” This
departure could well have been the
beginning of the evolutionary shift
which started the emergence of the
archosaurs.

This hypothesis implies that archo-
saurs and lepidosaurs are far apart in
origin, the former derived from a spe-
cial lineage of pelycosaurs, and the lat-
ter stemmed with the captorhinomorph
cotylosaurs through the Millerettiformes
(Fig. 1). But at the same time, these
conclusions disagree with Olson’s con-
tention (5) that archosaurs and synap-
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sids evolved as members of separate
communities. The history of archosaurs
seems to have been closely linked with
the history of synapsids, not only be-
cause they are considered to be derived
from pelycosaurs, but also because the
fossil record indicates that the first
archosaurs were found in the same
deposits that yield various synapsids as
part of the same general faunal associ-
ations.

OsvaLpo A. REIG
Instituto de Zoologia Tropical,
Facultad de Ciencias, Universidad
Central de Venezuela, Caracas
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17.

Molecular Size of Hagfish Muscle Lactate Dehydrogenase

Abstract. In contrast to an earlier report, we find that the primitive vertebrate
Eptatretus possesses a muscle lactate dehydrogenase whose molecular size is
like that of lactate dehydrogenases from higher vertebrates. The molecular size
of lactate dehydrogenase appears to have remained constant during evolution.

Hagfishes belong to the most primi-
tive class of vertebrates, the Cyclosto-
mata (/). The lactate dehydrogenases
(2) of the hagfish Eptatretus have been
studied with respect to their elec-
trophoretic mobility, thermostability,
immunological reactivity, and subunit
hybridization (3-5).

It was recently reported that hagfish
lactate dehydrogenases are unusually
small molecules, possibly monomers (6),
and it was suggested (6) that the com-
mon ancestor of vertebrates may have
had a monomeric lactate dehydro-
genase that was the evolutionary pre-
cursor of the tetrameric form found
in all contemporary vertebrates ex-
amined, with the exception of the hag-
fish (3, 7). We, however, present evi-
dence that the muscle lactate dehydro-
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genase of the hagfish is not a small
molecule; it appears to have a molecu-
lar size like that of lactate dehydro-
genase from other species. The molecu-
lar weight of lactate dehydrogenase has
been previously determined to be ap-
proximately 140,000 in several species
3, 7).

Hagfishes (Eptatreius stouti) were
caught off the coast of Southern Cali-
fornia in April 1963, by Dr. David
Jensen (8) and stored at —10°C. Owing
to their large size, tongue muscles were
used as a major source of lactate de-
bydrogenase. Portions (1 g) of tissue
were ground in 3 ml of 0.25M sucrose
at 4°C, The homogenates were clarified
by centrifugation at 30,000g for 15
minutes, and the extracts were stored
at —10°C.

Lactate dehydrogenase activity was
estimated spectrophotometrically (9).
The muscle extracts contained 150 en-
zyme units/ml (/0), a value which is
close to that which we have observed
for muscle extracts from other verte-
brates. In apparent contrast to certain
earlier findings (6), hagfish muscle lac-
tate dehydrogenase is rather stable,
surviving for 4 years at —10°C with
little loss of activity either in tissues
or in sucrose extracts. The enzyme is
also relatively resistant to denaturation
by heat; 50 percent of its activity per-
sists for 20 minutes at 64°C (5). No
change in heat stability was observed
after the enzyme’s storage for 4 years
at —10°C,

In order to estimate the molecular
size of lactate dehydrogenase from hag-
fish muscle, we carried out gel-filtra-
tion studies with a Sephadex G-100
column (53 by 1.5 c¢m). The degree to
which the column separated compounds
differing in molecular size was deter-
mined by preliminary experiments with
proteins of known molecular weight
(11, 12). Table 1 presents the pub-
lished molecular weights of the pro-
teins that were used and the elution
volumes that were observed in our ex-
periments. Details concerning the ex-
perimental conditions are also given
in Table 1.

Lactate dehydrogenase from extracts
of hagfish muscle was eluted from the
Sephadex column as a single symmetri-
cal peak. More than 90 percent of the
enzyme activity that was applied to
the column was recovered. The elution
volume for hagfish lactate dehydro-
genase was 38 ml (/3). The same elu-
tion volume was observed in another
experiment with crystalline lactate de-
hydrogenase from chicken H,; the mo-
lecular weight of this enzyme is ap-
proximately 140,000 (7). No evidence
for the existence of a smaller form
of lactate dehydrogenase was obtained
in either case.

To check whether the elution pro-
files of these two enzymes were identi-
cal, we applied a mixture containing
65 enzyme units of hagfish lactate de-
hydrogenase from a muscle extract and
4.0 enzyme units of crystalline H,
lactate dehydrogenase from chicken to
the column. Samples of the material
eluted from the column were assayed
for enzyme activity before and after
heating for 20 minutes at 72°C in
the presence of 0.05 percent bovine
serum albumin. The activity of chicken
H, lactate dehydrogenase is unaffected
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