the orientation of the masking grating
throughout the experiment. The percent-
age of masking decreases as the angle
of orientation of the target grating devi-
ates on either side from the orientation
of the masking grating. Figure 1 shows
that dichopic masking clearly parallels
monopic masking; both functions are
systematically related to the angular
separation between the gratings used
for adaptation and for testing. The bi-
nocular control condition shows a slight
hump in the region of the masking ori-
entation, but this possible anchoring ef-
fect was not statistically significant.

The effect of the experimental condi-
tions upon the extent of masking was
measured by comparing the percentage
of “blank” responses under condition (i)
and under condition (ii) with the paired
trials of the control condition (iii). The
paired comparisons for each subject
were found by Wilcoxon’s test for
paired replicates to be significant be-
yond the .01 level for both the dichopic
and the monopic observations.

The significant masking found with
dichopic viewing is evidence that inter-
ocular transfer of orientational effects
does occur. This finding indicates that
some higher-level neural adaptation of
orientationally selective analyzers takes
place in the human visual system and
may be the result of contour-detecting
mechanisms observed in lower animals
that demand cortical integration in pri-
mate vision.

The relatively greater monopic than
dichopic masking raises a question. But
the finding that the masking effect in
both conditions is a function of the
angular separation between the test and
the masking lines is of primary impor-
tance. At 10° to 20° away from the
masking grating, the masking effect dis-
appears or does not differ significantly
from the control. This finding is con-
sistent with a variety of studies (6) using
different methods that show narrow
orientationally tuned channels in the
visual system of different species. The
angular selectivity characteristic is much
narrower than would be expected on a
simple Cartesian coordinate system. This
characteristic is in remarkable agree-
ment with Hubel and Wiesel’s descrip-
tion of the orientation sensitivity of cor-
tical cells found by electrophysiological
techniques.

ALBERTA S. GILINSKY
R. S. DOHERTY
Department of Psychology,
University of Bridgeport,
Bridgeport, Connecticut 06602
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Homology and Analogy

The terms homology and analogy
(I, 2) and their derivatives have had
more than a century and a half of
intensive, and often confusing, usage
in biology (3). The term homology has
become associated with two of the
most important concepts in biology:
first, structural correspondence (1) and
second, common ancsstry (2). On the
other hand, the term analogy has been
used to refer to the most diverse kinds
of concepts from functional correspond-
ences, especially the uss of organs and
parts, to structural noncorrespondznces,
which are the opposite of homology.

Owen’s (4) definitions of the d-riva-
tive terms may be considered classical:

Homologue: The same organ in differ-
ent animals under every variety of form
and function.

Analogue: A part or organ in one ani-
mal which has the same function as an-
other part or organ in a different animal.

Now these definitions were in need
of further elaboration and extendad
discussions are to be found in Owen’s
later works. He gave a report to the
British Association for the Advance-
ment of Science in 1846, which was
published the following year in the
Report of the Meeting. The title was
“Report on the archetype and homol-
ogies of the vertebrate skeleton.” This
extznsive address was reprinted in
1848 with some additional facts and
illustrations (5). I do not wish to refer
to all the types of homology that Owen
discusses, namely, gencral, special, and
serial, but only to the “special homol-

- ogy”; that is, the essential structural

similarity of the corresponding parts of

organisms, and the criteria that were
useful in the recognition of these cor-
respondznces.

In Owen’s words, “These relation-
ships are mainly, if not wholly, deter-
mined by the relative position and con-
nection of the parts, and may exist
independently of form, proportion,
substance, function, and similarity -of
development.” In regard to the latter
criterion he stated, “There exists doubt-
less a close general resemblance in the
mode of development of homologous
parts: but this is subject to modifica-
tion.”

These quotations indicate that, for
Owen, homology meant structural cor-
respondencz; and this meaning has
been attached to this term longer than
any other. On the other hand the term
analogy always mezant to Owen a
similarity in “function” or use to the
organism and never implied the oppo-
site of homology. This is made abso-
lutely clear in the following words:
“but homologous parts may be, and
often are, also analogous parts in a
fuller sense, viz., as performing the
same functions: thus the fin or pectoral
limb of a Porpoise is homologous with
that of a Fish, inasmuch as it is com-
posed of the same or answerable parts:
and they are the analogues of each
other, inasmuch as thzsy have the same
relation of subserviency to swimming.”

So much for the classical usages that
were pre-Darwinian. But even after
Darwin’s Origin of Species was pub-
lished, Owen continued with the same
d=finition of homology. In the first
volume of his Comparative Anatomy
and Physiology of Vertebrates (6), he
accepts “an ascent from the general
or lower to the particular or higher
condition of organism.”

“The most intelligible idea of homol-
ogous parts in such series is that they
are due to inheritancz.” But the -oc-
currence of evolution did not, for
Owen, warrant a redefinition of homol-
ogy so as to include the requirement
that homologous parts must be ‘“due
to common ancestry.” Owen’s caution
was, to me, quite admirable, for, then
as now, inferences in regard to the
common ancestry of parts are based
chiefly on the kinds and amounts of
structural correspondsnce among them.
In discussing homology, Woodger (7)
commends such caution. “Nothing is
more striking in this science [biology]
than the contrast between the brilliant
skill, ingenuity, and care bestowed upon
observation ~and experiment, and the
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almost complete neglect of caution in
regard to the dafinition and use of
concepts in terms of which its results
are expressed.”

In brief, during “Darwin’s Century”
there has bzen a steady erosion of the
classical definition of homology such
as to tend to reduce the structural, and
to exaggerate the genetic, implications
of the term. Finally we have Bock’s
(8) statements:

Contrary to common opinion, the twin
concepts of homology and analogy have
nothing to do with similarity of features;
they are only associated with common ori-
gin versus non-common origin.

Bock further claims that “the use

of analogy for the opposite of ho--

mology is close to the original idza of
Owen.” This is simply not true. Now
if Bock’s definition of homology is to
replace Owen’s, there is then lzft no
respectable term to refer to the rela-
tion of essential structural correspond-
ence—which still is “morphology’s cen-
tral conception” [J. Huxley in De Beer
(9)]. My own proposals were, and
still are, to use homology and analogy
in Owen’s senses and thus to distinguish
clearly betwean structural correspond-
ence and similaritizs in use. For the
concept of common genetic origin,
many terms are available and have
been since the early post-Darwinian
days. Lankester (10) suggested that
organs or parts which could be traczd
to a single representative in a common
ancestor should be referred to as
“homogenetic.” And from the same
period we have Haeckels’ terms homo-
or monophyletic to convey the idea of
the common ancestry of organisms.
These terms make it possible to dis-
tinguish clearly in our discussions be-
tween levels of structural correspond-
ence of importance to comparative
anatomists and systematists, indeed to
all biologists, and infsrences in regard
to the implied amounts of genetic re-
lationship among the organism con-
cerned.

The acceptance of this line of think-
ing and use of terms could have sevaral
important consequences. First, it could
resolve the confusion resulting from
using homology to mean both corre-
spondence and ancestry, in that each
concept is important in its own right
and fully entitled to a term of dis-
tinction. Second, it could help to focus
attention upon the amounts and kinds
of structural correspondences that occur
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among’ existing and preexisting orga-
nisms and leave the drawing of con-
clusions in regard to phylogzsny to
those who prefer the backward look at
presumed origins. And indeed it is time
we had another look at the often re-
ferred to “homology” of the mammal-
ian ear ossicles and parts of the man-
dibular and hyomandibular arches of
sharks. This is referred to by Bock (8),
and led him to say that “many homol-
ogous structures are not at all similar.”
My own suggestion would be that if
indzed these parts are “not at all sim-
ilar” they should not be called homol-
ogous!

Evolutionary biologists seem to be
in great danger of confusing the deri-
vation of an organ or part with the
nature of the derived part. In embryol-
ogy, a host of differentiated organs or
parts are not homologous with the parts
from which they arise. In vertebrates,
pouches from the primitive gut may
give rise to parts of the notachord,
lungs, and liver. But these parts are
never considered to be homologous
with the archenteron—nor are they
homologous with each other. In evo-
lution, on the other hand, it is the pre-
sumed ancestral derivation which is
held to be decisive in defining the
relationship of homology. Simpson (717)
states

There is now extremely little disagree-

ment in usage: “homology” is practically
always understood to be defined by com-
mon ancestry and ‘homogeny’ has become
an unused synonym of “homology.” When
usage is as nearly unambiguous as this is,
there is no sensible argument with it, and
the fact that Owen or others before him
did not thus define “homology” has only
historical interest with no real bearing at
all on present definitions.
I have a greater respect for our herit-
age of words and meanings than Simp-
son shows in the above quotation. It is
a striking fact that “phylogenists” have
such high regard for the presumed
ancestry of structures and little regard
for the known ancestry of the mean-
ings of the terms they use. It is still
“common opinion” (Bock, 8) that
homologous parts have structural cor-
respondence, but it is also unfortunately
truz that the term homology has come
to imply common origin to many and
the letters of Winter, Walsh, and Neu-
rath (I) on the side of structural cor-
respondence, and Margoliash (2) on the
side of common ancestry along with
structural correspondence in proteins
show that the debate is still with us.

One need not be so much concerned
here with the validity of the evidences
for common ancestry, whzther on the
gross anatomical or the molecular level.
But what biologists mean when they
use the terms which Owen introduced
is of concern.

There are two great concepts or
relations involved in these discus-
sions: (i) structural correspondences

~ of many kinds and amounts, and (ii)

genetic relationships from low to
high degree. Each of these rela-
tionships is worthy of study in its
own right, and ther:fore we nezd ap-
propriate and distinctive and respectable
terms for each. For structural corre-
spondences of high degree, we have the
term homology in its ancestral and still
common meaning. For the relationship
of common ancestry, we have Lan-
kester’s term homogeny which carries
a built-in sign of its proper meaning.
For the common ancestry of individual
organisms, we have Haeckels’ terms
homophyly or monophyly. Whatever
the arguments may be in regard to the
nature and validity of the evidence
used to justify the use of each of these
terms, their essential meanings would
be clear. This is a consummation much
to be desired. The fact that there has
been a century of confusion in mean-
ings should not cause us to give up in
despair. The great concepts involved
will last as long as biology does and
present and future workers will benefit
for a long time to come from the use
of the terms as their history should
dictate.

ALAN BOYDEN
Zoology Department, Rutgers, State
University, New Brunswick, New Jersey
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