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TREND OF ZOOLOGICAL RESEARCH IN THE U. K. AND THE U.S.A.

K. N. BAHL
(The University, Lucknow)

DURENG the last twenty-five to thirty years

there has been a complete transfer of in-
terest in Biology, both in the UK. and in the
U.S.A., from the earlier predominantly morpho-
logical standpoints to the more analytical ex-
perimental methods. During the last century
when the fauna of most countries was not ade-
quately surveyed, faxonomy and comparative
anatomy attracted a large number of workers
but now-a-days taxonomic work is confined
only to workers in museums, and the discovery
of a new species or a genus is considered a very
minor event in Biology. Till the earlier years
of this century comparative anatomy, embryo-
graphy and phylogeny occupled the siage, so
to speak, and the triumph of the doctrine of
Evolution has owed much to the study of the
structure and development of animals. Sub-
jects like metamerism, segmentation of the
vertebrate head, the morphological interpreta-
tion of the cranial nerves, Limulus and the an-
cestry of the vertebrates, origin of land verte-
brates, adaptive radiation in the Reptiles, cell-
lineage and the determinative type of cleavage
were some of the hghlights of morphological
research. In spite of these notable advances
Zoology remained almost wholly a descriptive
science little concerned with the active pro-
cesses of life. Although zoologists still have a
high regard for the basic discipline of compa-
rative anatomy, they have now realized that
the method of comparative anatomy must In-
ereasingly embrace considerations of funciion:
it is not enough to examine diverse animal
forms, the significance of their diversity must
also be properly appraised. In rqndern biologi-~
cal research, therefore, there 1s a growing
reliance on the more exact techniques of phy-
sics, chemistry and even mathematics, so that
experimental biology in its various aspects has
now developed into many newer disciplines ];ke
general physiology, biochemistry, biophysics,
genetics, experimental embryology and ecology.
The purely vitalistic conceptions of earlier days
as working hypotheses have largely given place
to mechanistic conceptions of the processes of
life—in fact for the proper un@lerstandmg of
the working of the animal machine, the work-
ing hypothesis of a modern biological research
worker can only be the mechanistic view of
life, however inadequale it may be In the pre-
sent state of our knowledge,

This change of interest from morphology to
physiclogy began on the European continent,
=nd thence spread both to the U.S.A, and the
UK. In the US.A. the Woods Hole Marine
Biological Laboratory has c}e'{eluped into a {in¢
and important institution @ it is not ondy a mcet-
ing and working place In summeoer for biclogists
from all over the couniry but serves as an
important clearing house both of hiological re-
<earch and biologists—it combincs the advanta-
ges of a large scientific society in residence and
5 truly democratic social club, There are about
400 workers and thceir families in residence In
summer taking advantage of the execellently

equipped laboratory and a very well stocked
scientific library. Here, as early as 1891, Whit-
man advocated the development of “biological
physiology” as distinguished from mammalian
physiology of the medical schools. He empha-
sised that: “the association of morphological and
ph}{rsmloglcal research enlarges the field of
vision on boih sides—converts half-views into
whole views.” Whitman’s own work was large-
ly morphological--his classical monograph on
thﬁ “metamerism of Clepsine” is still a master-
plece—but he invited Jacques Loeb to lead the
Depar.tment of General Physioclogy bhoth for in-
struction and research. This laboratory conti-
nues to offer a very efficiently run course in
general physiology—probably the best in the
world. Jacques Loeb and his co-workers made
Woac‘{s Hole the centre of general physiology
and 1§§ influence spread throughout the coun-
try. Embryoloegy has always been a favourite
subject at Woods Hole, as in summer it is a
veritable paradise for students of development
because of the wealth of material available for
study. Jacques Loeb and his collaborators made
full use of these opportunities and gave an
experimental turn to embryology as well,
Loeb’s experiments on the production of multi-
ple embryos and his famous discovery of arti-
ficial parthenogenesis, Wilson’s experimental
analysis of cell-lineage in the eggs of Denta-
Iz.:ua:n and Patella, Conklin’s work on the as-
cidian egg and the “organ-forming substances”,
Lynn’g, suggestion of the use of centrifuge in
experimental embryology, and Mergan and
Lillie’s demonstration of polarity and bilate-
rality of the egg are some of the well-known
resulls of experimental embryology of the
earlier days at Woods Hole, Jacques Loeb also
gave an impetus to the study of regeneration
and regulation and wrote a book Regeneration
jrom a Physico-Chemical View-point, just be-
fore his death. T. H. Morghan of Drosophila
fame worked for several years on the experi-
mental analysis of regeneration, and C, M.
Child furnished the ideas of axial gradients and
bhysiological isolation. The mystery of fertil-
jzatlon was explained by the analytical and
experimental work of Wilson, Mathews, Conk-
lin and Lillie. Mead and Morgan carried {he
analysis a stage further till Loeb put the cop-
g stone, so to speak, by his work on artificial
parthenogenesis. In cylological studies {he work
of Wilson, Montgomery, Morgan and DMuller is
too well known to be repeated here.  Wilson
was the first to present the theory of sex-
chromaosomes ! Morgan by his cepoch-moking
work on Drosophila established a c¢lear relation
between eylology and genetics, while Muller of
Indiana used X-rays on the genes to produce
mutations,

During recent years DParker’s work on the
clonentary nervous  eystem, e micro-dissecs
Lion apparatus of Robert Chamberg and its use
in the study of cellular phyeioloey, Paul Weiss's
work in experimental  embryolosy  and  his

Jemonstration of the distinction between qutg=
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romous versus reflerogenous activity of the
central nervous system, Hellbrunn's work on
the colloid chemistry of protoplasm, Harvey’s
work on animal light, Brooks's work on the
permeability of the cell-membrane, Willier's
work on transplantiation in chick embryos, and
Uachmansohn, Welsh, Prosser and Bullock’s
work on the physiology of the nervous system
are worth mentioning.

In UK. this change of interest iz markedly
reflected in the universities and other research
institutes. At Cambridge almost all the zoo-
logists are experimental zoologists, and the
older people with a morphological bias com-
plain that there is no morphologist left, al-
though morphology is the bed-rock of zoology.
Even at other British universities the bulk of
zoological work carried on now 1s experimental.

The Society for Experimental Biology, founded-

in the early twenties is a very active body; 1t
holds conferences three times a year and pub-
lishes the Journal of Experimental Biology
every quarter. The famous Oxford morpho-
logical journal, the Quarterly Journal of Micro-
scopical Science, edited by Lankester and Good-
rich, both leading morphologists of their times,
for over 75 years, has recently changed its
original morphological character and is now
publishing memoirs on Functional Morphology,
Cellular Biology and Histo-Chemistry.. On
looking through the pages of Proceedings ‘Df
the Rovyal Society (B), one cannot fail to dis-
cern that most biologists in U.K. are now
physiologically minded. How much of 1mpﬂrt—
ance is given to experimental zoology will be
gauged from the fact that recently John Z.
Young of Oxford, whose brilllant work on
nerves is well known, has been appointed Pro-
fessor of Anatomy at the University College
T.ondon, even though he has had no formal
medical education and had possibly never dis-
sected the human body. It has been realized
that classical anatomy has long since exhausted
itself, and we need a new generation of anato-
mists like Young in whose hands morphology
correlated with parallel biochemical and bio-
physical analyses with considerations of func-
tion will result in profitable advances in ana-
tomy. _

Great advances have been made in several
directions during the last quarter of a century,
and it is difficult even to catalogue them ; but
perhaps the best example of recent experimen-
tal trend in Zoology in U.K. and U.S.A. 1s the
important advance in our knowledge and under-
standing of the nature of the nerve-substance
and its conduction activities. Not many years
ago {(1934) John Z. Young dlscwered.gmnt
nerve-fibres, about 1 mm. in diameter, in the
squid Loligo: these giant nerve-fibres have
proved excellent material for a study of the
structure and conduction activities of the nerve-
fibres, about which we now have perhaps more
information than about any other bodily func-
tion., They have not only allowed direct con-
firmation of previous deductions but have also
made possible the investigation of many new
aspects of the process. These nerve fibres have
been studied with the help of various optical
and other physical and chemical techniques as
well as by histochemical methods and by the
use of the Electron microscope.
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Current
Science

It has long been known that when a nerve-
message travels along a nerve fibre, the active
region becomes electrically negative to all the
neighbouring regions. In the resting condition
there 1s a potential difference—the resting
potential-—between the inside and outside of the
ngrvejﬁbre : 1t has now been shown that potas-
Slum 1s present in much greater quantities (26-
29 times) inside than outside, while sodium and
chlorine are present in smaller amounts within
the fibres than around them. During the pas-
sage of the nerve-impulse, the nerve membrane
becomes freely permeable to all ions and an
electrlc_wave—-the action current—flows between
the active and neighbouring regions, and during
this process, potassium leaks out of the nerve-
fibres. The effect is compared to that of a
membrane with selective permeability separat-
ing two electrolytes. Optical investigations of
the nerve-fibre in ordinary and polarised light
I_Javg shown the presence of longitudinal organ-
Ezgtmn In the molecules composing the nerve-

re.

- The conduction velocity of the nerve-
impulse is increased by (1) increasing the dia-
meter of the nerve-fibres and thus reducing
internal resistance and (2) by changing the
characteristics of the membrane. The second
method has been adopted in the vertebrates
where each nerve fibre has a “myelin sheath”,
while the squid has adopted the first method
of Increasing the diameter of its nerve fibres.
The conduction rate in the large fibres of the
squid 1s about 25 metres per second—the same
1s the rate in the giant fibres of the earthworm
which have a fatty sheath around them. In
birds and mammals with a constant high tem-
perature the speed may come to more than 100
metres per second. In mammals each nerve
contains a spectrum of fibres of different gdia-
meters (in rabbit they vary from 1:8 to 18 )
and conduction rates: the fastest fibres with
a diameter of 18u (including a sheath of 5u)
are those that go to muscles, the messages con-
cerned with touch are carried at 25 metres per
second, while fibres concerned with pain con-
duct only at 1 metre per second.

If has been found that when a nerve is
severed, the nerve fibres of thc peripheral part
disappear leaving only the framework of the
nerve composed of connective tissues and other
eiements, while the nerve fibres of the central
stump remain in tact and put out new growths.
Since each large nerve contains thousands of
nerve fibres with different diameters as well as
conduction rates and functional connexions, it
is necessary for proper regeneration that ap-
propriate connexions must take place between
the central and peripheral stumps. Motor nerve
fibres must Join up with muscles and not with
skin and so on. It has been found, however,
that connexions are unfortunately made at
random. Many wrong and some right con-
nexions are made, and it is not surprising,
therefore, that after severance of a nerve, the
return of function is never completely satis-
factory. There is poor co-ordination of mus-
cle-movements and there are abnormal pains
and unpleasant sensations. It is possible that
there is some mechanism by which the incor-
rectly connected fibres are later removed, but
this mechanism has not yet been demonstrated,



