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XIII. - O N T H E N A T U R E O F S Y S T E M A T I C S A N D BIOGEO-
G R A P H Y , - I. T H E W I L L I S - C U R V E 
B Y H . G. W I T T E N R O O D A N D H . C. B L O T E . 

Since the appearance of „Age and A r e a " by Dr . J . C .Wi l l i s in 1922 
the progress in this matter has not been so great as before. From the 
contribution of a few chapters by some well-known biologists, and from 
many approving remarks by others quoted throughout the book one might 
derive that the theory of origin and evolution of species, etc., presented 
in it, had already a remarkable success. But there is also a whole chapter 
in the book, containing the diversified objections, to which Dr . Will is 
makes head. The „very strong evidence based upon definite facts, not 
upon a priori reasoning", however, required by Willis (p. 233), has turned 
out to be more of a repetition of the same statements with more or less 
different materials than of the discovery of conclusive facts. The situation 
seems to us best characterized by quoting Dr . P h . P . Calvert's (1923) 
statement: „ . . . , I fail to find the key to the origin and evolution of 
species with the ease which Dr . Willis's commendation of Age and Area 
would lead me to expect, and which I would welcome if the key but 
turned in the lock" . 

It is of no use trying to entangle all the controverses to which the 
theory gives cause: they are almost without exception of the nature of 
putting one probable explanation against the other. Dr . Willis could easily 
refute them, because the objections were so fragmentary. Therefore the 
only way promising results in finding the real meaning of Willis's state
ments must consist in the analytical examination of them. 

The most striking result and attribute of Willis's considerations, of 
course, is the „ hollow curve", which we propose to term the „ Willis-
curve". It is a representation of the frequency-distribution of systematic 
units (of species, genera, or families) when arranged to their geographic 
range of dispersal or to their size (number of species per genus, or genera 
per family), which always has the same shape, called the J-shaped 
frequency-distribution by Yule (1927). The lowest class appears invariably 
with the highest frequency, the curve firstly very steeply sloping down 
but gradually slackening, thus tapering away. „The hollow curve is ap
parently a universal principle of distribution, whether it be distribution 
in space — geographical distribution — or distribution in time — evolution" 
(Willis, 1922, p. 199). In the last quotation the size of a genus or a 
family is already mentioned in the terms of the explanation given by the 
theory of „age and area", in which the number of species of a genus, 
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etc., should be proport ional to its age. T h i s is based upon the i m p l i c a t i o n 
that species should g ive r ise to new species, and also genera to new genera 
at a considerably constant rate, the monotypic genera thus be ing the 
youngest. W e must add , of course, that th is can only be true i n the 
m a i n , as i n the theory is most s trongly l a i d stress on. F u r t h e r m o r e i t 
is he ld that th is pr inc ip le should be accounted for i n genera l , so that i t 
is wrong to app ly the theory to i n d i v i d u a l cases. 

T h e f requency-d is tr ibut ion according to size of genera or famil ies 
forms the special subject of the present paper. Its exp lanat ion , j u s t m e n 
t ioned above, has been chief ly based upon two m a i n factors: 1. the c o in 
cidence of s m a l l sizes of genera or famil ies w i t h s m a l l areas occupied, 
and of large sizes w i t h large areas, on the assumption that the younger a 
species is the less t ime i t w i l l have had to spread and 2. the pecul iar 
r egu lar i ty of the curve , so as to suggest a cont inua l accumulat ion of 
new species and genera according to a compound-interest l a w . T h u s t ime 
be ing the master-factor, a l though i t can do n o t h i n g i n itself . 

I t is obvious that such a statement involves l a rge ly hypothet ic as
sumptions on the nature and occurrence of mutat ions , on the influence 
of ecological factors, and on the responses to them b y the orgamisms. 
H e r e we only want to ment ion that i n genetics i t has been the general 
experience that the most regu lar f requency-d istr ibut ions have a lways 
proven to be the result of the cooperation of j u s t a number of factors 
(cf. Johannsen , 1926). T h i s , however , is a statement concerning the 
probable t r u t h of the theory w i t h w h i c h no th ing decisive can be reached. 
I t w o u l d be a c r i t i c i s m of a s i m i l a r insuff ic iency as those a lready e x i s t i n g . 
T h e only w a y out is to trace the l imi ta t i ons of the pr inc ip les i m p l i e d , 
because i n these pr inc ip les are contained the characterist ics of the theory 
w h i c h cannot be found elsewhere. 

N o w we must bear i n m i n d that i n s t u d y i n g systematic units of 
organisms, we are dea l ing w i t h units of things capable of mutat i on , l i v i n g 
i n a certain environment , etc . ; a l l sorts of pecul iar i t ies o c curr ing nowhere 
else. T h e systematics of organisms is quite another t h i n g than that of 
crystals , but we m a y app ly a method s i m i l a r to the systematics of orga
nisms to a n y t h i n g else. A n excel lent descript ion of th is method is g i v e n 
by Tschu lok (1922) i n his „Deszendenzlehre" i n w h i c h he describes the 
nature of n a t u r a l systematics. I n contrast w i t h any art i f i c ia l systemati -
zation of objects v a r y i n g at some rate or other and i n any d irect ion , b y 
g r o u p i n g them according to a certain set of pr inc ip les determined before
hand, the na tura l systematizat ion is carr ied out w i t h no other a i m than 
of t a k i n g together those objects w h i c h i n regard of the v a r i a b i l i t y of 
the whole group are more s i m i l a r to each other t h a n to the rest. S u p -
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posing that a l l objects are i n a w a y different but a l l must be regarded 
i n a sense as be longing together, we may have w i t h i n this group a v a r y i n g 
s i m i l a r i t y and d i s s i m i l a r i t y , w h i c h after systematizat ion w i l l become ap 
parent i n the different groups obtained. I f then these groups are arranged 
i n regard to the i r size, a frequency-curve must be the result . I f now the 
W i l l i s - c u r v e is an expression of the a b i l i t y of organisms to mutate at a 
certain rate, to spread i n the course of t ime , etc., we m a y expect a 
different curve to result f rom a group of different objects systematized 
i n a s i m i l a r way as is now general ly done w i t h organisms. 

I n our op in ion grave l is a k i n d of mater ia l exce l l ent ly suitable for 
our purpose ; a l l the pebbles are of the same o r i g i n ( i f taken f rom the 
same l o ca l i ty , e. g. , f rom a n e w l y graveled pathway , w h i c h d id not con
ta in i t before, as we took i t from). I n this case a l l the objects m a y be 
considered as be long ing to the same f a m i l y and las t ly a l l pebbles are 
v a r y i n g suff iciently that they may be sampled into different groups of 
v a r y i n g size, and not a s ingle pebble can be considered as be ing as s i m i l a r 
to another that the two must be j u d g e d as be ing ident i ca l . T h u s we m a y 
consider each pebble as a species, each group of pebbles as a genus, and 
the whole group as of the rank of a f a m i l y . 

So we took some handfuls (1944 g) of g r a v e l , and both of us started 
to w o r k s imultaneously at the same table, pu t t ing together s i m i l a r pebbles 
into groups, consult ing w i t h each other i n dubious cases. I n this w a y we 
could e l iminate our personal op in ion as far as possible, and thus we 
obtained a f a i r l y objective result . 

A f t e r a considerable t ime we became convinced that we could put 
an end to our w o r k . T h e n we counted the groups and l i s ted . T h e result 
is the f o l l o w i n g : 110/1 ( i . e., 110 groups of one pebble ) ; 3 3 / 2 ; 2 1 / 3 ; 
1 3 / 4 ; 9 / 5 ; 5 / 6 ; 6 / 7 ; 2 / 8 ; 0 / 9 ; 0 / 1 0 ; 1 / 1 1 ; 1 /12; 2 / 1 3 ; 0 / 1 4 ; 1 /15 ; 
2 / 1 6 ; 0 / 1 7 ; 1 / 1 8 ; . . . 1 / 2 3 ; . . . . 1/37. 

C o m p a r i n g this result w i t h those obtained b y W i l l i s and others on 
the g roup ing of species i n genera, this represents a regular W i l l i s - c u r v e 
w i t h a s imi lar degree of i r r e g u l a r i t y at the t a i l . T h i s , of course, can have 
no other meaning, than that the phenomenon indicated by the W i l l i s -
curve exists very m u c h more genera l ly than may be expected by W i l l i s ' s 
theory of „age and a r e a " . T h i s phenomenon indeed may be more l i k e l y 
the result of measur ing a group of objects w i t h cont inual var ia t i on from 
near ly s i m i l a r i t y to extreme d i s s i m i l a r i t y by degrees of s i m i l a r i t y . H e r e 
we had two degrees : 1. from the i n d i v i d u a l pebbles to the groups and 
2. from these groups to the entire m a t e r i a l . I n b io log ica l systematics we 
use about a dozen degrees (genus, f a m i l y , etc.). T s c h u l o k has pointed 
out that f rom the lowest to the highest degree the same method of 
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classification is used, therefore we m a y conclude that the check ing of 
groups i n regard to every second h igher degree must produce such a 
W i l l i s - c u r v e . 

T o demonstrate this we constructed a d i a g r a m of ramif ications, based 
upon the systematic representation of the g r o u p i n g i n zoology as i t is 
used b y C l a u s - G r o b b e n (1917) i n the „Lehrbuch der Zoo log ie " . O f course 
this system is somewhat s impl i f ied for pedagogical reasons, but th is does 
not throw over the system. I n this textbook the fami l i es are the lowest 
degree represented. 

O u r d iagram was made i n co lumns, each co lumn representing a degree 
of systematic subd iv i s i on , from left to r i g h t b e i n g : d iv i s ions ; p h y l a ; sub-
p h y l a ; c l a d u s ; classes; subclasses; orders ; l eg i ons ; suborders ; t r i b u s ; 
fami l ies (see the figure). 
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* Extinct groups, counted as one family each. 

Part of the diagram of ramifications of systematic units in zoology. 

I n this w a y a l l systematic d iv is ions of the same degree are found 
below each other, and those be longing to the same next h igher group 
are connected hor i zonta l ly . So a f a m i l y may or ig inate f rom a tr ibe but 
also from a h igher degree, even f rom a class. N o w we can count as a 
corresponding t r ibe , subclass, l eg ion , etc., each passing of a ver t i ca l c o lumn 
b y such a hor i zonta l , and the points connected ver t i ca l ly we m a y regard 
as a group. A t the ends of the horizontals were put the figures ind i ca t 
i n g the number of famil ies . O f 16 ends i n the Protozoans and 10 ends 
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representing ext inc t groups the number of fami l ies was not s tated ; they 
were counted as one f a m i l y each. T h e f o l l owing results were o b t a i n e d : 

F a m i l i e s per next f o l l owing h igher s u b d i v i s i o n : 1 5 2 / 1 ; 9 6 / 2 ; 5 5 / 3 ; 
3 8 / 4 ; 1 7 / 5 ; 1 3 / 6 ; 1 3 / 7 ; 4 / 8 ; 0 / 9 ; 3 / 1 0 ; 1 / 1 1 ; 2 / 1 2 ; 1 / 1 3 ; . . . 2 / 1 7 ; 
2 / 1 8 ; . . . 1 /20 ; 1/21. 

T r i b u s per next f o l l owing h i g h e r s u b d i v i s i o n : 2 9 9 / 1 ; 1 1 / 2 ; 9 / 3 ; 3 /4 ; 
3 / 5 ; 1 /6 ; 1/7. 

Sections per next f o l l owing h igher s u b d i v i s i o n : 2 6 5 / 1 ; 1 8 / 2 ; 2 / 3 ; 
2 / 4 ; 1 /5 ; 1/6. 

Suborders per nex t f o l l o w i n g h igher s u b d i v i s i o n : 1 2 0 / 1 ; 3 6 / 2 ; 1 0 / 3 ; 
7 / 4 ; 4 / 5 ; 1 / 6 ; . . . 1/13. 

Orders per next f o l l ow ing h igher s u b d i v i s i o n : 2 2 / 1 ; 1 3 / 2 ; 7 / 3 ; 6 / 4 ; 
1 /5 ; 3 / 6 ; . . . 1 / 9 ; 1 / 1 0 ; . . . . 1 / 1 7 ; . . . . 1/24. 

Subclasses per next f o l l owing h i g h e r s u b d i v i s i o n : 3 8 / 1 ; 4 / 2 ; 2 / 3 ; 1/4. 
Classes per nex t f o l l ow ing h igher s u b d i v i s i o n : 6 / 1 ; 3 / 2 ; 4 / 3 : 1 /4 ; 

1 /5 ; 2 /6 . 
A glance at these numbers shows that there is a lways the same r e g u 

l a r i t y ! E v e n i n the case of classes w i t h such a s m a l l number of instances 
(17) the t h i n g comes o u t : a l l appear to be of the type of regular W i l l i s -
curves. T h e steepness, however , is of a different degree ; the fami l ies , 
orders and classes present the least degree of steepness, w h i l e the tr ibes , 
sections, suborders and subclasses present the highest . A c c o r d i n g to the 
explanat ion g i v e n by W i l l i s this is due to a different degree of age and 
rate of evo lut ion . T h e latter is t rue , but on ly w h e n we consider i t as 
the evolut ion of science, because tribes, sections, suborders and subclasses 
are made use of i n a much later state of development of systematics 
(cf. Tschu lok , 1922) . 

T o consider this point i n some more deta i l we made an enumeration of the 
genera found i n F a b r i c i u s ' s „Systema R h y n g o t o r u m " to detect the frequency-
d i s t r ibut ion of the species in the genera proposed i n this w o r k . T h e result 
was the f o l l o w i n g : 1 / 1 ; 3 / 2 ; 1 /3; 1 /4 ; 0 / 5 ; 2 / 6 ; 0 / 7 ; 3 / 8 ; 2 / 9 ; 2 / 1 0 ; 
1 /11; 0 / 1 2 ; 0 / 1 3 ; 0 / 1 4 ; 1/15; 1 /16 ; 3 / 1 7 ; 1 /18 ; 1 / 1 9 ; 0 / 2 0 ; 1 / 2 1 ; . . . 
1 / 2 3 ; . . . 1 / 2 9 ; . . . 1 /34 ; 1 / 3 5 ; . . . 1 /38 ; 1 / 3 9 ; . . . 1 / 4 3 ; . . . 2 / 5 0 ; . . . 
1 / 5 6 ; . . . 1 / 5 8 ; . . . 1 / 6 3 ; . . . 1 / 7 0 ; . . 1 / 7 7 ; . . . 1 / 9 0 ; . . . 1 / 1 1 2 ; . . . 1/122. 

A s we see the aspect is quite different from that found i n publ icat ions 
of recent years. W h e n a d iagram is made f rom these data i t is i n a 
sense no curve at a l l . S u c h an effect may be produced jus t as w e l l w h e n 
the c r i t e r ia of classif ication are taken too s m a l l i n comparison to the 
size of v a r i a b i l i t y and the frequency to be measured. B e a r i n g i n m i n d 
that F a b r i c i u s ' s genera are almost of the order of a present-t ime f a m i l y , 
and his next -h igher d i v i s i o n almost of that of a superorder, we p r o -
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duced from our system-graph (see page 300) the enumerat ion o f : 1. famil ies 
per suborder, 2. fami l ies per order and 3. fami l ies per subclass. W e 
obtained the f o l l o w i n g l i s t s : 

1. F a m i l i e s per suborder : 1 1 4 / 1 ; 5 5 / 2 ; 2 8 / 3 ; 2 8 / 4 ; 7 / 5 ; 1 2 / 6 ; 8 / 7 ; 
6 / 8 ; 3 / 9 ; 5 / 1 0 ; 4 / 1 1 ; 3 / 1 2 ; 3 / 1 3 ; 2 / 1 4 ; 0 / 1 5 ; 1 /16 ; 3 / 1 7 ; 2 / 1 8 ; . . . . 
1 /21 ; 1 / 2 2 ; . . . 1 /24 ; 1 / 2 5 ; . . . 1 / 2 8 ; . . . 1/32. 

2. F a m i l i e s per o r d e r : 5 6 / 1 ; 3 0 / 2 ; 1 1 / 3 ; 1 1 / 4 ; 9 / 5 ; 7 / 6 ; 3 / 7 ; 2 / 8 ; 
4 / 9 ; 5 / 1 0 ; 3 / 1 1 ; 4 / 1 2 ; 2 / 1 3 ; 3 / 1 4 ; 3 / 1 5 ; 3 / 1 6 ; 3 / 1 7 ; 0 / 1 8 ; 1 /19 ; 2 / 2 0 ; 
1 / 2 1 ; . . . 1 / 2 4 ; . . . 1 / 2 6 ; . . . 2 / 2 8 ; 1 / 2 9 ; . . . 1 / 3 1 ; . . . 1/53 ; . . 1 / 6 5 ; . . . 1/76. 

3. F a m i l i e s per subclass : 9 / 1 ; 7 / 2 ; 3 / 3 ; 3 / 4 ; 1 /5 ; 2 / 6 ; 1/7; 1 /8 ; 
2 / 9 ; 1 /10 ; 1 /11 ; 2 / 1 2 ; 2 / 1 3 ; 1 /14 ; 8 / 1 5 ; . . . 2 / 2 2 ; . . . 1 / 2 7 ; . . 1 / 8 1 ; . . . 
1 /36 ; 1 / 3 7 ; . . . . 1 /42 ; 1 / 4 3 ; . . . . 1 / 5 0 ; . . . . 1 / 6 0 ; . . . . 1 /85 ; 1 / 8 6 ; . . . . 
1 / 1 0 6 ; . . . 1 / 1 2 2 : . . . 1/148. 

I n compar ing these results w i t h that obtained f rom F a b r i c i u s ' s system, 
we notice that the last enumerat ion (3) shows the closest resemblance 
to the scattered f requency-d is tr ibut ion der ived f rom the „Systema R h y n -
g o t o r u m " . O f course the system of F a b r i c i u s does not show the highest 
frequency-class at the monotypes. T h e r e does exist , however , a remarkable 
skewness i n this d i s t r ibut i on , both i n the case of F a b r i c i u s ' s „Systema 
R h y n g o t o r u m " and i n that of famil ies per subclass i n Claus -Grobben ' s 
treatise. I t becomes more apparent w h e n we take the frequency-classes 
i n a l l ies of t e n : 

Fabricius 
Syst.Rhyng. 

families per 
subclass 

Fabricius 
Syst. Rhyng. 

families per 
subclass 

1—10 15 30 81— 90 1 2 
11-20 8 9 91-100 0 0 
21-30 3 3 101—110 0 1 
31—40 4 3 111—120 1 0 
41-50 1 3 121-130 1 1 
51—60 4 1 131—140 — 0 
61—70 1 0 141—150 — 1 
71—80 2 0 

T h e comparison of the two columns may be l iab le to c r i t i s i sm, 
because species per genus are compared w i t h fami l ies per subclass. 
O u r rep ly to th is is contained i n the consideration of the W i l l i s - c u r v e s 
of the fami l ies , tr ibes , suborders, orders, subclasses and classes. N o doubt 
a modern and f u l l y developed system produces curves of a more equal 
slope, i f compared among each other, but a l l these curves are the result 
of p r i n c i p a l l y the same method of compar ing a cont inua l ly v a r y i n g 
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m a t e r i a l , v a r y i n g i n a way that i t does not show a hiatus i n its 
gradat ion from the very large t i l l the v e r y m i n u t e differences such as 
subspecies may present. T h i s cont inual g r a d i n g is dealt w i t h i n steps of 
approx imate ly equal degree. B y reason of th is , resemblances exceeding 
a certain m a x i m u m produce a t h r o w i n g together of types, w h i l e l i t t l e 
resemblance produces a sett ing apart of types. T h u s the regular f o rm of 
the W i l l i s - c u r v e must be considered as a stat ist ica l expression of the 
graded resemblance of the l i v i n g w o r l d , a gradat ion w h i c h is also found 
i n the curve of our pebbles. 

O f these pebbles we may be able to imag ine the o r i g i n f rom the 
rock, and the ir v a r i e d but i n general the same dest iny, w h i c h is the 
cause of the ir resemblances of different degree. T h e organisms present 
us m a n y diff iculties i n this regard . W e owe to T s c h u l o k (1922) the under
standing of the rea l problem to be solved w i t h the theory of evo lut ion 
by means of s l ight variat ions of the descendents. J u s t the graded resem
blance as i t is expressed i n the na tura l system, together w i t h the absence 
of spontaneous generat ion, the „ l ike produces l i k e " but also the s l i ght 
variat ions formed the enigma w h i c h was to be solved by the idea of 
evo lut ion . 

T s c h u l o k showed that also the idea of h i s t o r y (that of a cont inual 
change of the wor ld ' s aspect i n f o rm of a process) w h i c h idea cer ta in ly 
is a l i ve at the t imes of L e s s i n g , is a necessary at tr ibute , w h i c h l a c k e d 
L i n n a e u s . E v e n L i n n a e u s tr ied to e x p l a i n this e n i g m a by a theory of 
crossings certa in ly i n contradict ion w i t h h is more genera l ly k n o w n p r i n 
c ip l e s ; so strong was the i m p r e s s i o n ! (cf. T s c h u l o k ) . W i l l i s ' s attempt 
cer ta in ly bears a strong resemblance to that of L i n n a e u s . I f i t were true 
we had also to expect, that i n the same w a y as species are produced 
b y other species, genera may be t h r o w n off b y other genera, fami l ies 
b y other fami l ies , etc. B u t what is the exact m e a n i n g of, e. g. , C h o r -
dates to be t h r o w n off by , say Protozoans ? T h a t is the same as t h r o w i n g 
over the whole idea of e v o l u t i o n ! 
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