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Biological Terminology. 

T HE long-drawn-out discussion on biological 
terminology which has been a feature of the 

past year's numbers of NATURE has certainly supplied 
some food for thought. The state of Denmark may 
not be so rotten as Sir Archdall Reid believes, but no 
.one who shares his enthusiasm for lucidity will maintain 

that biological terms are as crisp and unambiguous as 
· could be wished. The reasons for vagueness are not 

far to seek. The first applies to all the sciences : that 
concepts change their content from age to age while 

the words remain the same. This applies to chemistry 
and physics, and even to mathematics ; it must a 
fortiori apply to a young science like biology. Fresh 
facts demand that some alteration be made in the 
frames in which they have to be included-terms like 
'organism/ 'development,' 'variation,' 'heredity.' 

The terms must remain, but their content requires con
tinual readjustment. Sometimes, no doubt, new terms 

are needed, but the invention of good terms is a rare 

gift. 
The second reason for biological vagueness is that 

biologists are not addicted to philosophy, using the 
word to mean a criticism of categories. Biologists are 

plain people dwelling in tents ; they are not disciplined 
in methodology and the art of formulation. To many 
of them it has not occurred that there is any particular 

difficulty in t erms like ' organism,' ' individual,' 

'development,' ' differentiation,' ' evolution.' Some 
of them use the word ' development ' in the forenoon 
and the word 'evolution' in the afternoon, meaning 
the same thing both times. Others use the term 

,' variation' in almost as many different senses as 
Herbert Spencer gave to the word ' force,' or the older 
:economists gave to the word 'value.' 

An outsider, reading Sir A.rchdall Reid's exposure 
of biology as ' morass,' ' a tumbling- ground for 
whimsies,' and so forth, may feel somewhat disturbed. 

Biologists are. accused of playing with undefined terms 
like ' characters,' 'acquired,' ' inherited,' 'innate,' 

' transmitted,' and the impression made on the 
innocent reader's mind is that biology is in a very 
unsatisfactory state. But things are not so bad as 
they seem. A term like ' acquired character ' has 

entered the scientific dictionary as a technical term ; 
it is not happy, but it is not ambiguous; every biologist 
who knows his business uses it · in the same sense ; it 

, may be dropped-the sooner the better-but it cannot 

be re-defined ; if we use it at all we must use it as 
Spencer and Weismann did, meaning a structural 
change in the body imprinted in the individual lifetime 

as the direct result of some new peculiarity in functional, 
nutritional, or environmental nurture, and taking such 
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grip that it persists after the inducing conditions have 
ceased to operate. It may be advisable to drop the 
term 'acquired character' in favour of ' somatic 
modification,' or the like, but there is not in the mind 
of the competent biologist any confusion whatsoever 
in regard to what ' acquired character ' means. He 
uses it as he might use a symbol ' A.C.' 

It may be of use to try to state in outline the meaning 
which biologists attach to the terms they use in de
scribing the facts of variation and heredity. When we 
compare a thousand descendants of two parents of 
known pedigree (we are evading the difficult question 
of' species '), we may find that they are far. from being 
all alike. They may differ from one another and from 
the norm of the stock to which they belong. These 
individual peculiarities can be measured and registered, 
and they might be called ' observed divergences,' 
' observed differences,' 'new departures,' and so 
forth , so as to avoid any question-begging term. They 
are changes, at any rate, and many biologists apply to 
them the general word 'variations. ' 

When we begin to study the observed differences 
critically, we find that some of them are directly due 
to nurtural peculiarities. They are novelties due to 
novel conditions,-of use and disuse, or of food, or of 
surroundings. This individual has been imprisoned 
and that one has been overworked ; this individual has 
been starved and that one overfed ; this one has been 
brought up in a cave and that one exposed to the sun. 
The resulting differences are somatic modifications or 
acquired characters. They are exogenous, imprinted 
from without, what Weismann called 'somatogenic,' 
what might be called dints in colloquial biology. The 
goldfish kept three years in darkness loses the rods and 
cones of the retina ; the tropical explorer becomes per
manently tanned ; the peach-trees taken to Reunion 
became evergreens, though it took some of them twenty 
years. 

Every character is the product of hereditary 
'factors' and a. certain minimum nurture-food, 
oxygen, water, and a succession of liberating stimuli ; 
but ' modifications ' are lasting changes wrought on 
the body of the individual as the direct result of 
some peculiarity in the conditions of life. A modifica
tion is more than a response to liberating stimuli ; it 
is an imprint, a dint, a parry to a nurtural thrust. 
The development of the head will only occur within 
certain limits-the primary conditions of viability ; 
but the racial peculiarities of the skull are in a different 
category from deformations imprinted before or after 
birth. Sir Archdall Reid says this is a distinction 
without a difference. But we think he is making fun 
)f us. 

Of course none of these distinctions is absolutely 
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hard and fast, for we are dealing with the complexity 
of life. Thus it is not easy to draw a firm line between 
temporary adjustments like sunburning, and lasting 
modifications like tanning. On the other side, there 
are great differences in the degree in which the 
developmental expression of hereditary ' factors ' 
demands particular nurtural conditions. Up to a 
certain point the development of the lung of the 
embryo chick proceeds without functioning-the 
gramophone of the inheritance continuing to unwind 
after the spring has been released . But beyond a 
certain point the actualisation of the hereditary lung 
' factors ' will not go unless the chick breathes. For a 
short time an embryo rabbit will go on developing out
side the mother; which shows that the environmental 
dependence is not so narrowly limited as one might 
think. On the other hand, there are several well-known 
mutations in the fruit-fly Drosophila which never find 
expression unless there is some particular external 
condition, such as humidity. As the next generation 
shows, the primordium of the character is part of the 
inheritance, but it remains latent or unexpressed. 

Now when we add up all the peculiarities that can 
be reasonably interpreted as modifications and subtract 
them from the total of observed differences, we get a 
remainder--:--variations as opposed to modifications ; 
or, if the term variations has beerr already used more 
widely, germinal variations as opposed to Lamarck's 
"changements acquis." They occur among individuals 
living under the same nurtural conditions. They arise 
from within, endogenously, centrifugally; they are 
'blastogenic' in Weismann's phraseology; they are 
expressions of new permutations and combinations 
among the germinal ' factors,' ' genes,' or ' deter
minants'; they may be expressions of changes in the 
constitution of a ' gene ' itself. We. know very little 
as to the origin of these germinal variations sensu 
stricto, but there is no confusion in our concept. Then 
we may proceed further to distinguish quantitative 
gametogenic fluctuations from qualitative gametogenic 
mutations, meaning by the former a little more of this 
and a littl~ less of that (a longer feather, a higher crest), 
meaning by the latter a discontinuous or transilient 
variation, such as a laciniate condition in the Greater 
Celandine leaves or hornlessness of calves in a horned 
race. But in the present state of ignorance the cate
gories of variation are necessarily very debatable. 

The scheme runs thus :-

{

GAMETOGENIC J FLUCTUATIONS 

OBSERVED VARIATIONS l MUTATIONS 
DIVERGENCES SOMATIC 

MODIFICATIONS 

What terms are used does not seem urgently important; 
there has often to be a long struggle for existence among 
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terms. What is important is that biologists understand 

one another, and, in spite of Sir Archdall Reid, we 

protest that they do. One expert may say, "I prefer 
to use the term fluctuations not for slight intergrading 

variations, but for certain kinds of modifications " ; 

another may say : " What you diagnose as ' fluctuating 

variations' are really' fluctuating modifications,' though 

I confess I cannot put my finger on the peculiarity in 

nurture that induces them." Both may be right; 
both may be wrong; but there is not in either of them 

any confusion of thought. Prof. MacBride finds 

evidence of the transmission of acquired evergreenness 

in peach-trees; we think that the results may have 
been due to antenatal infection with certain metabolites, 

for the seed sojourns for a long time in intimate union 

with the parent. This is a question of interpretation ; 

there is no confusion of thought in regard to the 
meaning of ' acquired character.' 

In his year of letters Sir Archdall Reid discovered so 
many mares' nests that we cannot get rid of the 

suspicion that he has been laughing up his sleeve all 

the time. Since the scientific study of heredity began, 

with Darwin let us say, it has been clear that words 

like ' inherit ' and ' transmit ' are metaphorical, but 
has any biologist been misled ? Heredity, after all, 

is but a convenient term for the genetic relation between 
successive generations,-a relation in which the persist

ence of a specific organisation is secured through the 

continuity of the germ-plasm, and yet not so rigidly 

secured as to shut out the possibility of new germinal 

variations. Except colloquially, the antithesis is not 
between heredity and variation, but between complete 

hereditary resemblance and divergence. The inherit

ance is all that the living matter of the fertilised egg
cell includes in virtue of its strictly hereditary relation. 

It would not in the strict sense include either a symbiotic 
alga or an antagonistic microbe. 

The vehicles of the specific organisation are 

'factors,' 'genes,' ' determinants,' many of which 

are certainly located in the chromosomes of the nuclei, 

but there are also extra-nuclear vehicles, e.g. organ

forming substances in the cytoplasm. What the genes 
precisely are remains uncertain ; they are the germinal 

representatives or initiatives of subsequent differentia

tions ; in a few cases already it seems possible to say 

that a particular gene, e.g. one affecting eye-colour in 

so-and-so, lies about the middle of the third chromo
some ! A character in the fully-formed organism is 

usually the expression of several genes, and the same 

gene may affect several characters. Every biologist 

agrees with Sir Archdall Reid that the inheritance is 

made up of factors for characters, not of the characters 

themselves, for a character is the product of nature and 

nurture. But just as Darwin sometimes spoke, for 
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short, of an adaptation as the result of selection, when 

he meant, of course, selection acting on successive 
crops of heritable variations, so it seems unnecessarily 

rurist to insist always on speaking of hereditary 

factors rather than of hereditary characters. Gerould 

has shown that conspicuous blue-green caterpillars (of 

Colias philodice) may arise as mutations in a pure race 

of inconspicuous grass-green caterpillars, and the 

offspring of the adults into which two blue-greens 

develop will breed true. But what is inherited is not 

the coloration of the blood, for that is due to the 

xanthophyll and chlorophyll of the food-plant. What 

is inherited is some subtle gene (a nuclear enzyme 

perhaps) which acts as a decoloriser or inhibitor of the 

xanthophyll. Yet would it not be a trifle pedantic 

to insist that the blue-green character is non-heritable. 

Whether the specific organisation which persists in 

the germ-cell lineage can be added to in a definite way 

by nurtural changes or modifications wrought in the 
body of the parent, remains a question for legitimate 

discussion (see, for instance, Mr. Cunningham's in

teresting " Hormones and Heredity "), but it is not 

playing the game to say that " there is absolutely no 

meaning in the neo-Darwinian statement that acqui:-ed 

characters are not transmissible." Some biologists 

find convincing evidence that a novel somatic modifica

tion can affect the germinal organisation in a manner 

so specific that the offspring show some representation 

of the acquired character. Others remain unconvinced 

by any of the evidence that has been as yet adduced. 

What is wanted is not a rumpus about terminology, 

but more facts, and more critical interpretation. 
Sir Archdall Reid complains that biologists are 

thirled to a particular classification of characters into 

'innate' and 'acquired,' whereas they ought to take 

a leaf from the physiologist's book. But this is si1J1ply 

another of the windmills at which the Quixotic knight 

tilts. When thinking along a particular line biologists 

must distinguish characters as expressions of an in

tactly persistent germinal organisation, or as expres

sions of germinal rearrangements-shuffiings of the 

factorial cards, or as dints directly due to peculiarities 

in nurture, and this does not exhaust the classification 

sub specie hereditatis. But at another time, the biolo

gist is just as open as any physiologist to classifications 

of characters from other points of view. Are they 

generic, specific, or varietal; are they adaptive or non

adaptive ; are they the outcome of natural selection, 

or of sexual selection, or of neither ; are they exhibited 

at birth or do they appear in the course of later develop

ment (like the curlew's bill) ; are they activated by 

hormones or by more general constitutional changes ; 

are they progressive or involutionary, do they illustrate 
differentiation or de-differentiation ? There is no 
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restricted outlook in the biologist's classification of 
characters. 

Sir Archdall Reid expostulates with biologists for 
writing down to the ' nature ' account what should 
be put to . the 'nurture ' account, but the biologists 
agree with him in not keeping two accounts. The 
mistake of making an antithesis between ' nature ' 
and 'nurture '-two components of one resultant
is not one to which a biologist can plead guilty. 
But the biologist understands the difference between 
hereditary nature realising itself in its normal nurture, 
and hereditary nature being indented by novel 
peculiarities. It need not be a 'glaring ' nurtural 
peculiarity, as Sir Archdall Reid says,-a minimal 
change, e.g. in salinity, may serve. It must not be 
supposed, however, that it is easy to distinguish, 
especially in mammals and seed-plants, between what 
are antenatal modifications and what are normal 
expressions of the inheritance. Much is congenital 
that is not hereditary. If we only knew the wan 
newt Proteus in the dark waters of the Dalmatian 
caves, we should surely conclude that the power 
of producing pigment was not in its inheritance. 
Yet we should be wrong. The power of producing 
pigment has not been lost ; it expresses itself whenever 
the Proteus is exposed to the liberating stimulus of 
light. Similarly, as to various ' specific characters ' 
of animals, e.g. parasites, which we know only from one 
environment, it may be that some of them are purely 
modificational, like the green of the Colias caterpillars, 
and imprinted on each successive generation. Further 
knowledge may show that many characters which we 
now regard as ' innate ' are only ' imprints ' on an 
innate susceptibility or receptivity. But our inability 
to say ' yea ' or ' nay' in regard to such questions is 
due to our ignorance, not to any confusion of thought. 

No doubt Sir Archdall Reid has made many true 
statements, e.g. that, to begin with, the organism and 
the inheritance are one and the same ; that the in
heritance consists of potentialities or factors, not of 
characters; that a specific character is always the 
product of 'nature' and 'nurture,' which are com
plementary, not antithetic; that it is not always easy 
in practice to distinguish the hereditarily inborn from 
an antenatal modification ; that functioning often 
counts .for much in development. But with these 
statements all competent biologists are in agreement. 
To a large extent Sir Archdall . Reid has indulged in 
bogey-hunting and in the pastime of re-editing the 
scientific dictionary and then importing fallacies into 
biological argument. To accuse biologists of not 
dealing with realities is as absurd as indicating that 
Lamarck's first law is not sense. When a man pulls 
his bow so tightly as all that, he hits nothing. 
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Elements and Isotopes. 
Isotopes. By Dr. F. W. Aston. Pp. viii+ 152. 

(London : E. Arnold and Co., 1922.) 9s. net. 

DR. ASTON'S book on " Isotopes " is very far from 
being a mere reprint of his published papers; 

it constitutes a masterly review of all the aspects 
of the subject with which he deals. As a result, those 
who are already familiar with the principal papers 
which have appeared in the Philosophical Magazine 
will find in the book much that is both interesting and 
instructive. Thus, the author's account of Dempster's 
alternative form of the mass-spectograph is particularly, 
interesting; and Dr. Aston has rendered a real service 
to readers who are not specialists by bringing together 
in one volume all the methods and results of work on 
isotopes. His summary of the investigations which 
have been carried out on radioactive isotopes is 
particularly concise and readable. 

The discovery of isotopes, and particularly of isotopes 
which are not radioactive, has brought into prominence 
the necessity for considering afresh the definition of 
an element. In practice two methods have been 
adopted. In the radioactive series each isotope has 
been regarded as a separate element, and has been 
given a separate name and a separate symbol; this 
practice has arisen naturally in view of the fact that 
the isotopes, although having the same atomic number, 
differ not only in their atomic weight, but also in the 
source from which they are prepared, . and in their 
stability as measured for instance by the half-life 
period. On the other hand, it is equally in accordance 
with traditional methods that chlorine, which has 
been described as an element ever since the appearance 
of Davy's celebrated Memoir in 1810, should still be 
treated as an element in spite of the fact that it is 
now known to contain two isotopes, the atoms of 
which differ from one another by two units of atomic 
weight. This alternative view is supported by Dr. 
Aston, who recommends that all atoms having the same 
atomic number sho1.1id be regarded as isotopes of one 
element, the number of elements being thus limited 
to 92 . Having regard to the fact that inactive isotopes 
(with the exception of lead) occur in nature in constant 
proportions, and that the alteration of these propor
tions is a matter of very great difficulty, it is unlikely 
that any complications would arise amongst practical 
chemists if chlorine and bromine were still to be 
described as elements instead of as mixtures of elements. 
It is, however, clear that the two alternative usages 
which have been described above cannot both persist, 
and that we must either adopt some common symbol 
and name for each group of radioactive isotopes, e.g. 
for the three radioactive emanations, or adopt some 
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