Lens Differentiation

“What are the events, molecular and
cellular, which take place and what
are the regulating mechanisms that are
operating during the change from rel-
atively undetermined embryonic ecto-
dermal cells or from differentiated,
pigmented, epithelial cells into a grow-
ing mass of morphologically and chem-
ically differentiated lens fibers?” An-
swers to these questions were sought
at the second conference on lens dif-

ferentiation, held at West Virginia
University, Morgantown, West Vir-
ginia, 3-4 May 1966. Representa-

tives of several scientific disciplines at-
tended — experimental morphologists,
cell biologists, biochemists, immuno-
chemists, and ophthalmologists.

In a discussion of the experimental
analysis of morphogenesis during em-
bryonic lens development, Izumi Ka-
wakami (Kyushu University, Fukuoka,
Japan, and the University of Michi-
gan) described his experiments on am-
phibian embryos. He was able to dem-
onstrate the action of the cephalic
mesoderm (prechordal plate and pre-
chordal mesoderm) in the induction
of nose and lens from the surface
ectoderm, an event which precedes the
similar action of forebrain and optic
vesicle. Cephalic notochord had an
ear-inducing effect acting before that
of the hindbrain. There was a rostrali-
zation of these inductive capacities of
head mesoderm following heat treat-
ments or culture of the univaginated
mesoderm. Since this parallels similar
changes in the neural-inducing ca-
pacity of these tissues, Kawakami feels
that the action of the mesoderm may
be similar in both neural and sensory
organ induction. Jane Oppenheimer
(Bryn Mawr College) reported on her
analysis of eye development following
the grafting of fragments of the
Fundulus embryonic shield in several
hundred cases. These eyes either de-
veloped from the graft or were evoked

1682

Meetings

by the graft from the host. Optic cups
with lenses, optic cups alone, and lenses
or lentoids alone were observed. These
last-mentioned  “free” lenses were
found in both embryonic and extra-
embryonic regions and were often as-
sociated with entoderm, mesoderm and
brain, or brain only. Preliminary ex-
periments also indicated that prospec-
tive lens ectoderm can form a small
lens when transplanted into the peri-
cardial cavity alone but a larger lens
when the optic vesicle is included.
Therefore, in teleosts as well as in
amphibia, it would appear that lens
induction comprises both a preneural
phase in which entoderm and mesoderm
are the inductors and a neural phase
in which the optic vesicle is the
source of the stimulus for lens forma-
tion. So-called “free” lenses are formed
under the influence of the former in-
ductors in the absence of the eyecup.

Alfred Coulombre (National Insti-
tutes of Health) described his and John
Everly’s studies on the growth in size
of the lens of the embryonic chick
in different experimental situations.
The volume of the lens is due mainly
to the size and number of lens fibers
present. New lens fibers are continual-
ly being added at the equatorial zone,
mitoses being confined to the cells of
the lens epithelium. The number of
fibers was estimated in equatorial sec-
tions from the number of radial col-
umns and the number of fibers per
column. During development of the
chick eye, there is an exponential in-
crease in the volume of the lens. Up
to 10 days of incubation, new lens
fibers are laid down rapidly both in
new columns and as additions to the
old columns. After 10 days, no new
columns are formed, the new lens fi-
bers being added at a decreasing rate
to preexisting columns. Intubated eyes
(accumulation of vitreous humor and
increase in intraocular pressure pre-
vented by a glass tube inserted into
the vitreous chamber) stop growing

except for the neural retina, which
becomes folded, and the lens, which
is of normal size. However, removal
of neural retina causes an arrest in
lens growth. When lens epithelium and
capsule are cultured in vitro in de-
fined media, there is little mitotic ac-
tivity or change in appearance of these
cells. This epithelium can still form
a lens if returned to the host eye.
Addition of proteins from several
sources to the culture soon after ex-
plantation results in the elongation of
the epithelial cells and increases pro-
tein synthesis by these cells.

Of great interest were the macro-
molecular events associated with the
differentiation of an epithelial cell into
a fiber cell. Papers were devoted pri-
marily to DNA, RNA, and protein
synthesis in the lens epithelial cell and
fiber cell. Through the use of sucrose
density gradients, autoradiography, elec-
trophoresis, and immunofluorescence,
much information on the macromolec-
ular events associated with fiber cell
formation was obtained.

By means of autoradiographic tech-
niques, Calvin Hanna (University of
Arkansas) studied DNA synthesis and
the cell cycle in the epithelial cells
of the mouse lens 3 days and 12 days
after birth. In the 3-day-old mouse
lens, most of the cells throughout the
epithelial cell layer undergo DNA syn-
thesis, whereas at 12 days only the cells
of the germinative region show DNA
synthesis. Thus, the epithelial cells of
the central region have entered into the
stationary or G, phase. The time for
the cell cycle in mice has been calcu-
lated to be 56 hours, the G; phase
taking up three-quarters of this time.
Hanna was also able to calculate that
the length of time required for a cell
to migrate from the germinative re-
gion and to differentiate into an elon-
gated fiber cell is 6 months.

Hanna correlated the data described
previously with the effect of x-irradia-
tion on the rate of formation of
the lens fibers and the rate of replica-
tion of the epithelial cells, in an
attempt to further understand the proc-
ess of cataract formation. As a re-
sult of x-irradiation, the migration of
the epithelial cells from the germina-
tive region to the fiber cell region
(which normally takes 6 months at
this age) is slowed down, thus re-
sulting in a slower rate of formation
of fiber cells. In addition, exposure
to x-irradiation induces the cells in
the germinative region to undergo
more rapid mitosis followed, however,
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by increased cell death. Avian (chick)
and reptilian lenses were found not
to develop cataracts following x-irra-
diation. Hanna calculated that the
length of time required for the cells
of the chick lens annular pad to de-
velop into a cortex fiber cell is 2
years.

Experiments designed to study the
synthesis of various classes of RNA
soon after embryonic induction of the
chick lens were reported by Arthur
Katoh and Maxwell Braverman (Ar-
gonne National Laboratory and Alle-
gheny General Hospital, Pittsburgh).
The optic vesicle and head ectoderm
anlagen (including prospective lens)
were removed from 10 to 12 somite
(stage 10) chick embryos and placed
in organ culture for 4 days. These
parts showed no precipitin reaction
with antiserum to adult lens. After
4 days in culture, lenses were
formed and a positive precipitin re-
action was obtained from these organ
cultures, thus indicating that lens fiber
differentiation had occurred.

Using this culture system, Katoh and
Braverman studied the effect of actino-
mycin D on lens formation. It was
found that 1 ug/ml of the antibiotic
was extremely toxic to the lens cells
and that treatment with concentrations
of actinomycin D greater than 0.1
pg/ml  for longer than 1 Thour
would kill the explants. If early an-
lagen were incubated with actinomycin
D (0.1 ug/ml) for 1 hour, and then
placed into culture for 4 days, no
lenses were formed and no positive
precipitin reactions were obtained.
Using 0.05 pg/ml of the antibiotic for
the same length of time resulted in
some lens formation. Studies with
uridine-H3 showed a significant but not
complete inhibition of RNA synthesis
under treatments with actinomycin D
which inhibited lens formation. These
data indicate that the initiation of the
formation of lens cells requires an acti-
nomycin-sensitive reaction which may
be m-RNA synthesis.

Hanna reported on the differential
rate of protein and nucleic acid syn-
thesis in lenses of the mouse and the
chick. RNA synthesis in the mouse
lens was found to be most active at
the equatorial zone and in new fiber
cells. The cortex fiber cells showed
only a small degree of incorporation
of wuridine-H3, whereas the nucleus
fiber cells showed no turnover at all.
Similar experiments on the chick lens
(13- to 17-day-old embryo) showed that
the heaviest RNA synthesis occurred

30 DECEMBER 1966

in the outer cortex region. In addi-
tion, he calculated that the m-RNA
in the lens cell lasts for 12 hours,
which is considered to be a long-lived
or stable template. With respect to
protein synthesis in the lens cells,
Hanna showed that the degree of in-
corporation of amino acid into pro-
tein followed the same trend as was
observed for the incorporation of uri-
dine (mouse).

In addition to the detailed studies
on the differential rate of protein syn-
thesis in the various regions of the
lens, qualitative differences in specific
lens proteins and their occurrence dur-
ing the development of lens cells were
also considered. Immunofluorescence
data of Johan Zwaan and Akira Ikeda
(University of Virginia) show that there
is a unique structural protein of the
chick lens which is the first tissue spe-
cific protein to appear during lens de-
velopment. This protein, which prob-
ably corresponds to FISC of Rabaey,
has been called delta-crystallin, and is
the first specific antigen to appear in
the lens placode of a 23-somite em-
bryo (stage 14). Later, at stage 35,

this protein can no longer be detected .

in the layer of epithelial cells. In ad-
dition, it has been shown that alpha-
crystallin synthesis is initiated in the
fiber cells of a 3- to 3}2-day-old
chick embryo, and spreads gradually
to appear after several more days in
the epithelial cells. At 8 to 10 days,
the epithelial cells and cells of the
equatorial zone show a strong fluo-
rescence with antisera to alpha-crystal-
lin whereas that of the fiber cells be-
comes progressively weaker. Beta-
crystallins did not appear until after
7 days of incubation. Thus, the im-
munofluorescence data have shown the
presence of a unique structural pro-
tein of the early embryonic lens,
delta-crystallin. Alpha and beta crys-
tallins appear much later in lens
growth. No crystallins were detected
in other ocular tissues or in the pros-
pective lens cells before the placode
stage. These data very strongly indi-
cate, therefore, that there is a con-
tinuous regulation of synthesis of spe-
cific proteins during the growth and
differentiation of cells in the lens.
Similar immunofluorescent studies
were reported by José Maria Genis-
Galvez (University of Salamanca,
Spain, and Wayne State University,
Detroit). Results of these studies were
essentially the same as those reported
by Ikeda and Zwaan. In addition,
Genis-Galvez also presented his stud-

ies on lactate dehydrogenase and es-
terase isozymes in the various regions
of the chick lens. Using the whole lens,
all 5 LDH’s had uniform activity
whereas, using the cortex fiber cells
alone, LDH’s 1, 2, and 3 were found
to have the greatest activity. Similarly
the activity of esterases was found
to vary with the growth of the lens.

Detailed comparative studies of the
LDH isozymes in chick lens and cor-
nea were discussed by Harry Maisel
(Wayne State University). In the lens,
LDH-1 was found to be most active
whereas, in the cornea, LDH-5 was
predominant. During embryonic de-
velopment, the differentiation of cor-
neal isozymes was exactly the opposite
of that observed in the lens. Within
the lens of the hatched chick, LDH-
5 was most active in the epithelial
cells and annular pad while LDH-1
was most active in the cortex fiber
cells. Studies on lenses and corneas
of cattle showed the same trend as
did the chick tissues. On the other
hand, lens cells of the rabbit were
found to have greater LDH-5 activity,
whereas the cornea had greater LDH-
1 activity. This is a complete reversal
of LDH activity from that seen in
lenses from chicks and cattle. There
is at present no explanation for the
mechanism of regulation of these
isozymes.

In general, the data strongly indi-
cate that there are many stages of
differentiation of lens cells which in-
volve the regulation of DNA, all
classes of RNA, and protein synthesis.
Knowledge of the mechanisms of these
regulations may increase our under-
standing of differential gene action and
its role in morphogenesis.

Reports were also made on the re-
generation of the lens from the iris in
adult Triturus. Randall Reyer (West
Virginia University) described the re-
sults of experiments on adult Triturus
viridescens in which radioactive thymi-
dine-H?® was used as a label to trace cell
movements during lens regeneration
and to demonstrate the time and place
of DNA synthesis. In most of the
experiments, the dose used was 1.25
uC per injection, 3 or 4 injections
(i.p.) being given 1 hour apart. The
injections were made at intervals be-
tween 1 and 20 days after bilateral
lentectomy, and the animals were sac-
rificed for autoradiography between
3 hours and 25 days after injec-
tion. Synthesis of DNA was first ob-
served in the slightly swollen cells of
the inner lamina of the iris epithelium,
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3 and 5 days after lens removal,
at regeneration stage 1. At regenera-
tion stage 3, 10 days after lens extir-
pation, DNA synthesis was taking
place throughout the inner iris epithe-
lium and was most active in the de-
pigmenting cells at the pupillary mar-
gin of the dorsal iris. The cells labeled
at this time were later found in the
epithelium of the lens and in both
primary and secondary lens fibers.
When the lens fibers began to differ-
entiate at stage 7, DNA synthesis
ceased in these cells but continued in
the entire epithelium at this time and
through stages 9 and 10. Cells labeled
at the latter stages became secondary
lens fibers after further growth of the
lens. Once the visible differentiation of
a fiber had begun, no DNA synthesis
was observed in this cell. :

Reyer pointed out that his results
confirmed those reported by Eisenberg
and Yamada at the December 1965
AAAS meetings, and discussed the sig-
nificance of Yamada’s evidence that
DNA and gamma crystallins are not
synthesized simultaneously.

Tuneo Yamada (Oak Ridge Nation-
al Laboratory) reported on the work
by Jurand, himself, and Reese on se-
quential changes in the pattern of
ribosomes during regeneration of the
lens. He began by pointing out that,
during regeneration, cells become acti-
vated for protein synthesis, and that
this begins before depigmentation of
the dorsal iris is completed. He em-
phasized that  immunofluorescence
studies indicated that gamma-crystal-
lin appears only during the terminal
phase of the cell cycle, after the cells
have stopped dividing.

During the depigmentation phase,
the ribosomes in the cytoplasm, as
studied by electron microscopy, are
mostly single. Later, when the -cells
are multiplying, the ribosomes are
found in clusters. A wide range of
cluster size appears. When fiber dif-
ferentiation is under way, the ma-
jority of the ribosomes are in middle-
size clusters. In older fibers the
clusters are again fewer in number.
Yamada called attention to the fact
that Papaconstantinou had shown by
other methods that ribosomal RNA
changes during the later stages of fiber
differentiation. As the fibers form, a
fine fibrous component, probably cor-
responding to lens structural proteins,
appears in the cytoplasm.

Yamada also described changes in
the nucleus that may be correlated
with the appearance of gamma-crystal-
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lin. Fibrous (chromatic) areas could be
distinguished from interchromatic space
in the nucleus. During depigmenta-
tion the nuclei enlarge and the inter-
chromatic space expands. In differenti-
ating lens fibers a fine fibrous compo-
nent appears in the interchromatic space
of the nucleus together with fine gran-
ules which are larger than ribosomes.
Yamada pointed out that these changes
are correlated in time with the appear-
ance of gamma crystallin as deter-
mined by immunofluorescence studies.
These studies revealed the possi-
bility that gamma crystallings may be
synthesized in the nucleus as well as
in the cytoplasm. As a bonus, Ya-
mada showed some photographs dem-
onstrating that, during the fiber-differ-
entiation phase, mitochondria are ex-
truded bodily into the intercellular
spaces, where they change their struc-
ture.

Finally, D. H. Reese (Oak Ridge Na-
tional Laboratory) reported on his at-
tempts, made in collaboration with
Yamada, to develop an in vitro sys-
tem that would permit the study of
lens regeneration. When iris and neu-
ral retina were isolated, with or with-
out cornea, no lens regeneration oc-
curred; the iris cells did not even
depigment. The investigators therefore
turned to cultures of the whole eye.
They studied first the ability of the
whole eye to continue regeneration al-
ready begun. Waymouth’s MB 252/1
was the medium of choice, and results
were better in cultures maintained at
22°C than in those kept at 18°C. In
eyes maintained in vivo 2 days after
lentectomy and then placed in the
medium, depigmentation occurred. It
also occurred in eyes, placed in cul-
ture immediately after lentectomy, af-
ter about 9 to 10 days in vitro, being
complete after 15 days. Beginning, in-
termediate, and terminal phases in the
formation of primary fibers were seen
after 15 to 20 days. Sato stage 7 was at-
tained after about 21 days in vitro.
Formation of secondary fibers may oc-
cur at about 25 days, the longest peri-
od of culture. The neural retina with-
in the whole ecye was in fairly. good
condition after 25 days in vitro, al-

‘though some degeneration of rods and

cones was evident in folded areas.
Both the pigmented retina and the iris
underwent some transformation by this
time. In the case of the pigmented
retina, depigmentation began in some
cells at about 21 days, the nuclei of
the depigmented cells enlarged, and
mitoses occurred. In the cultured eyes,

the space between the neural retina
and the cornea was diminished. The
resulting compression caused some dis-
tortion.

Onec of the fascinating aspects of
the differentiation of the lens is the close
correlation between cellular synthetic
activities and morphological differentia-

© tion. William Zapisek and John Papa-

constantinou (University of Connecti-
cut and Oak Ridge National Labora-
tory) followed the pattern of RNA
during the growth of the embryonic
chick lens into the adult lens, using
the methylated albumin (MAK) col-
umn and the sucrose density gradient
for fractionating phenol-extracted nu-
cleic acids. The relative amount of
ribosomal RNA decreases with aging.
A breakdown of ribosomal RNA as-
sociated with fiber differentiation was
suggested. The product of ribosomal
breakdown has MAK column proper-
ties similar to soluble RNA. After
pulse-labeling RNA in the epithelial
cells of the calf lens with uridine C1¢
and fractionating the phenol-extracted
RNA on the methylated albumin col-
umn, Papaconstantinou, Emilia Julku,
and Dorothy Schenk (University of
Connecticut and Oak Ridge National
Laboratory) demonstrated a single ra-
dioactive fraction. This fraction re-
vealed a high percentage of “hybrida-
bility” with calf thymus DNA; it was
suggested that it contained messenger
RNA’s. From the fiber cells they also
obtained a similar material located at
the same position in the MAK col-
umn fraction.

Ronald Reeder (Massachusetts In-
stitute of Technology) reported on pro-
tein synthesis in the lens of the chick
embryo at from 12 to 21 days of incu-
bation. After in vitro pulse-labeling
with radioactive C'* amino acids, the
lenses were dissected into anterior
epithelium, annulus, and body of lens
fibers. Soluble proteins were extracted
from homogenates of each of these
parts and electrophoresed on urea-
acrylamide gels. The radioactive pro-
teins were located by autoradiography.
Reeder found that a number of dif-
ferent proteins are synthesized in the
anterior epithelium while synthesis in
the body of the lens fibers is re-
stricted to two major proteins. Treat-
ment of an organ culture of the whole
lens with a large dose of actinomycin
D resulted in a fall in the synthesis
of the protein specific for the epitheli-
um but did not affect protein synthesis
in the lens fibers for at least 6
hours. In their second paper, Zwaan
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and Ikeda investigated the proteins in
the lens of several species representing
fish, amphibians, reptiles, birds, and
mammals by the techniques of immuno-
electrophoresis, immunodiffusion, and a
two-dimensional polyacrylamide gel
electrophoresis. They found that the
crystallins are specific for the lens.
Alpha, beta, and gamma crystallins
are present in fish, amphibians, and
mammals while alpha, beta and delta
crystallins are characteristic of reptile
and bird lenses. The most complex of
these are the beta crystallins which, in
the chick, comprise eight or nine pro-
teins of similar size and antigenic prop-
erties but with different electropho-
retic mobilities.

Alexander Kenny and G. Noel Cur-
rie (West Virginia University) reported
on calcium and phosphorous metabo-
lism in the rat lens. It had previously
been established that calcium concen-
tration increases in lenses with either
spontaneously occurring or experi-
mentally produced cataracts. This shift
in calcium is counterbalanced by a
drop in phosphorous, and is accom-
panied by a decrease in dry weight
and an increase in water content in
the lens. Earlier workers had suggested
that the parathyroid glands were in-
volved in the regulation of lens calcium
in the dog, chronic thyroparathyroidec-
tomy resulting in an increase in lens
calcium. Kenny and Currie failed to
confirm this finding in the rat. How-
ever, they were able to show that a
chronic respiratory infection in rats
caused fluctuations in the normal levels
of calcium and phosphorous in the
lens. When rats were treated with a
long-acting penicillin preparation, it
was possible to stabilize the levels of
these elements in the lens at normal
values. Under these conditions, neither
parathyroidectomy nor thyroparathy-
roidectomy resulted in any change in
calcium or phosphorous levels in the
lens.

Edward Cotlier and Jean Fox (Wash-
ington University) described the isola-
tion of rubella virus from the lens
of human congenital rubella syn-
dromes. Congenital cataracts were
among the many anomalies noted in
infants born to mothers who had been
infected with rubella virus during the
first trimester of pregnancy. Tissue cul-
ture and Echo-11 interference tech-
niques were used to demonstrate that
the rubella virus was recoverable from
the lens and aqueous humor of chil-
dren as old as 9 to 10 months of

age. From the times at which the
mothers of affected children were
known to have contracted the virus,
it is possible to conclude that the virus
particle must have traversed the lens
capsule in order to infect the lens.
Experimental infection of pregnant
rats and hamsters with human rubella
virus resulted in a wide range of con-
genital anomalies, including cataracts,
among the offspring.

One of the most important consid-
erations in the analysis of the cell
population dynamics of the vertebrate
lens is the factor, or complex of fac-
tors, which controls mitotic activity
in the epithelium of this structure.
Two of the papers in the last session
of the conference directed attention
to this aspect of lens development.
Nancy Rafferty (Johns Hopkins Uni-
versity) reported on injury-associated
changes in the epithelium of the
frog lens. This investigator confirmed her
earlier findings that injury to the epithe-
lium results in a marked increase in its
proliferative rate. Studies of cell density
were coupled with autoradiography of
three regions at different distances
from the center of the epithelium. By
studying changes in these three re-
gions as a function of time following
injury to the center of the lens epi-
thelium, it was possible to show that
injury to the epithelium shortens the
G, from 6 hours to 2% or 3
hours. DNA synthesis and the ensuing
cell divisions begin~in the cells of the
proliferative zone near the equator fol-
lowing injury to the center of the
epithelium. DNA synthetic activity
and mitosis sweep centrally toward the
wound as time elapses. This observa-
tion indicates either that the stimu-
lated cells of the proliferative zone
actually migrate toward the wound as
they continue to proliferate, or else
that the injury stimulus proceeds from
the proliferative zone toward the
wound, stimulating new cells along the
way to divide.

Clifford Harding, W. L. Wilson, and
Jean Wilson (Oakland University) also
considered the control of mitosis in the
lens epithelium. They have demon-
strated a large and rapid increase in
mitotic activity in explanted lenses of
the rabbit which are exposed to serum.
This increase in mitotic activity is pre-
ceded by a latent period. Dialysis of the
serum yielded two fractions, neither
of which was capable of stimulating
mitotic activity in the epithelium of
the rabbit lens. Recombining these
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fractions reconstituted the mitogenic
activity of the serum. ‘

The last item in the conference was
in marked contrast to the preceding
biochemical discussions. This was a
demonstration by T. W. Williams
(West Virginia University) of stereo-
photomicrographs of the major struc-
tures of the primate eye and its adnexa.
Many of these were of specially in-
jected preparations which showed the
major vessels of the eye. Others dem-
onstrated the iris, the ciliary body, and
the relations of the fibers of the ciliary
zonule to ciliary body and lens.

The several themes represented by
the different papers presented in this
conference are examples of the di-
verse approaches used in the study of
the developing vertebrate lens. It is
an indication of the speed with which
this field is moving that, even after
the passage of only 2 years be-
tween the first and the second confer-
ence, very little in the second confer-
ence was a repetition of anything pre-
sented in the first. This conference was
supported by grant (No. GB-4845)

from the National Science Foundation. !

The participants would like to acknowl-
edge this support with thanks.
RANDALL W. REYER
Department of Anatomy,
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ALFRED J. COULOMBRE
National Institutes of Health,
Bethesda, Maryland
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Forthcoming Events
January

20-21. Blood, 15th symp., Wayne State
Univ., Detroit, Mich. (W. H. Seegers,

Dept. of Physiology, Wayne State Univ.:

School of Medicine, Detroit 48207)

20-2. International College of Surgeons, '

3rd Caribbean surgical congr. and cruise.

(S. E. Henwood, 1516 Lake Shore Dr., :

Chicago, Ill. 60610)

22-3. Electron Microscopy, workshop, :

Northeastern Univ., Boston, Mass. (M.
D. Maser, Millard Fillmore Hospital, 3
Gates Circle, Buffalo, N.Y. 14209)

23-24. Avionics, symp., Montreal, Can-
ada. (Secretary, Canadian Aeronautics and
Space Inst., 77 Metcalfe St., Ottawa, Ont.)

23-24. Coupled Reactor Kinetics, natl.
mtg., Texas A&M Univ., College Station.
(C. G. Chezem, Dept. of Nuclear Engi-
neering, Texas A&M Univ., College Sta-
tion 77843)
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cannot live
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same hill.”’

: —Old Chinese
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THE DEER AND THE TIGER
A Study of Wildlife in India
by George B. Schaller

This thorough scientific work covered a period of
nineteen months and provides a complete picture
of a large segment of Indian wildlife. Included are
the tiger, chital, barashingha, sambar, blackbuck,
gaur, leopard, jungle cat, sloth bear, striped hyena,
wild dog, bengal fox, jackal, and python. Data on
their geographical and ecological distribution,
population dynamics, general and social behavior,
reproductive seasons, communication, food habits,
and the response to man are included for the vari-
ous animals. Schaller is the author of The Moun-
tain Gorilla and The Year of the Gorilla. Thirty
photographs illustrate this study. $10.00

GENETICS AND THE SOCIAL

BEHAVIOR OF THE DOG

by John Paul Scott and John L. Fuller

Authoritative information on dog behavior, based on

nearly twenty years of research at the Jackson Labora-

tory. This is a classic in animal behavior literature.
$12.50

EVOLUTION AND MODIFICATION

OF BEHAVIOR

by Konrad Lorenz

Third Printing

The eminent zoologist and psychologist defends his
position regarding the concepts of “learned” and “in-
nate” elements of behavior — maintaining that a con-
trast of the two elements is misleading because they
are not mutually exclusive, as phylogenetically
acquired information is a basic prerequisite of any
learning process. $3.50
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