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DOTS BODT SIZE EVOLYE BY OUTHlgi l  STFPS ?
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ABSTSICT. The hypothesis preseated by t {vtrup(1976} that  bocly s iza
evolves by quantun steps is exaniner l .  I t  is  conclui le<I that ,  the
stat ist ical  nethoi l  enployei l  by Lpvtrup et  gf ,  (1974) to test  th is
hypothesis is inval j -c l .  Even i f  th is aethocl  is  a l losed i t  is  shorn
that t "he resul ts obtained i lo not c l i f fer  f ron those expectei l  by
chanee.

In a reeent issue of  th j .s journal  (Decenber,  1916, Spren
L{vtrup suggestei l  that  the neo-Darvinian theory of  evolut ion is
clef ic ient  ani l  cannot explain the processes that lead to bhe
format ion of  species ani l  h igher taxononic categor ies.  In support
of  th is thesis Ldvtrup clained that bocly s ize changes in quantun
steps ancl  not  hy snal l  incrpuental  changes as iapl ied by the neo
Darr in ian theory.  The purpose of ,  th is note is to shor that ,
r thatever the meri ts of  h is other arguments,  Lovtrupfs content ion
that boi ly s ize evol  ves in i lescrete increnents is basecl  upon a
falacious stat ist ical  analysis.  Furtber,  I  shal l  shor that  even
rrs ing this nrethoi l  r : f  analysis tbe nul l  h l tpothesis that  the
observecl  f i t  is  for tu i tous cannot be reJectei l .

tpvtrupts hypott- , . l is  is  that  rvhen lhe species r i th in a given
taxon are arranged yi th respect to nean body size,  a groupinq wi l l
obtain such that the rat io of  the Bean values of  tvo successive
groups is a pouer--of  tvo,  i f  reference is nade to volune or
reight,  or  of  t f2=1.26, i f  the length is used to Beasure the bocly
sizet  ( tpvtrup g!  a l  19711).  To test  th is hypothesis Lovtrup ancl
bis col l 'eagues usecl  body length i lata on nanuals,  b i rc ls and ext inct
anr l  l iv ing eguidae. The data r€r€ separated into c lusters by neans
of a c luster analysis t levisei l  by Engelnan and Hart igan (1969) .
This nethoi l  is  c lesigned to separate tvo norsal  populat ions v j . tb
i l i f ferent neans but €qual  var iances. To use the technique to
seDarate more than tro groups is not iust i f ied unless the
robustness of  the technique to th is change in the in i t ia l
assunpt ions has been stui l ie i l .  Suppose, fotr  exanple,  that  Y€ have a
sanple consist ing of  observat ions f ron three normal populat ions
i l i f fer inq in their  means but"  not  their  var iances. fe require that
a nethoi l  such as that of  Engelnan ancl  Hart iqan that separates
clusters by div i i l inq the sanple into t ro should f i rst  separate one
nornal  i l is t r ibut inn f ron the other tuo.  f loHever,  the var iances of
these tyo c lusters y i l1 not be egual  ani l  therefore the
signi f icance of  th ls c l iv is ion cannot bei  correct ly assessed. I f  the
table of  s iqni f icance values given by Engelraan and Hart igan
indicates that the i l iv is ion is not s igni f icant th is cannot be
taken as correct  because the assunpt ion of  equal  var iances nay not
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t {axinuu ancl  n in inun var iances given by L/vtrup g!  A1 (197111.

!l AXII{ Ut'l
VAAIANCE OT GROUP

1r1161
1 84900

2704
576

3600
I 216

58564
52 900

4.4
86. 5

6146.6

be sat" isf ied.  on the other hancl ,  i f  the table indicates that '  the

div is ion is s igni f icant but the var iances are not eqrral  Ye can

assune that the sample consists of  t ro or nore poPulat ions but i t

is  not  c lear that  the i l iv is ion is the correct  one'  At  the very

reast,  i f  the method of  Enqelnan ancl  Hart iqan is used the

var iances of  each qroup nust be ! :estecl  f  or  bomoqenqity af  ter  each

div is ion.  l ,goirop g. !  a1 i to not in i l i "cate that  th is sas c lone'  The

var iances obtained in- t t re i r  groupinqs vary enornously {Table 1)

ancl  sugqest that  the assurnpt ion of  egual  var iances is incorr€ct '

FAI. I IT Y

Bovi i lae
Cervidae
Sciur ic lae
Cricet  i . i lae
l{u r i  i lae
Prinates
Carn ivora
Pinn iped ia
Pic i  formes
S tr i  g i" f  ornes
Equiclae

'Fhus far I  hav
is incorrect .  Hor I

I , !r Rrl lult
vIaIAHCE Or GR0{tp

102 4
940 9

144
9

31
1296
1681

1 5876
1.7
0.2

32.5

The second point  I  take issue r i th is lhe method Lovtrup ancl

his col leaques adopt to deci i le rhen to stop subdiv id inq groups:

I  Hhen the progt*t i  of  the operat ion is analysed, i t '  is  found that

the s igni f icance of ,  the grouping increases vi th each subdiv is ion

up to a certain naxinun, subsequent ly i t  fa l ls  of f  again.  f lxcept

f  or  sone np*" i i i  
"u="" 

to be cl iscussei l  present l -y,  th*3 values shorn

in the fo l lor ing tables are those represent ing the naximum group

siqni f icance r  (Lpvtrup g!  g1 1??41. I f  . the subcl iv is ion resul ts in

; ; ;  groop" that 'a ie not s iat ist ical ly i l i f ferent there is no reason

t-o suppose that the subdiv is iou is val i i t  aad hence further

subdiv is ion is not yarrantei l .  Each subcl iv is ion is indepenclent o!

; ; ; ; i . ; ,  subdiv is ions and subi l iv is ion shoul i l  be cont inued unt i l

t "he s igni f  ieance of  t .he groupiaq drops.belov a previ-ously assigaei l

s igni f icance 1eveL, rhich in qeneral  r i l l  be the 95f,  level '  In

tbis regard fe shoul i l  note that  28 of  the 48 qroups qiven by

iOuirop na el  l ie belor the 95t 1evel  of  s igni f icance; four of  the

eieven tables contain onlY groups rhose siqni f icance is belor

0.95! Therefoie,  the cat id i ty of  the qroups nust be ser iously

quest ioned.

e arguei l  that  the nethoi l  of  senarat inq c l  usters
sUouta l ike to cousider rhether the nul l
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or pract ic€,  be fa ls i f ie i l  by th is
body size r i l l  vary according to the

n
.. . . . . . . . . .  1.26 x

grGgEE .1

The relat ionship betyeen the rat io Expected,/Observecl  ani l  the
constant d; ,  the amount by chich the t rean size of  the f i rst  group
nust be nul t ip l ie i l  to obtain the value .of  the i th group:
pret t ic ted value of  the i th qroup = '1,26'r
observed value of  the i th qroup = ai  I  t
Therefore,  Expectecl , /Observei l  = 1.26 /ai
The shaclecl  regions indi-cate values of  a i  uhich give an
unacceptable f i t  betreen observed ancl  expectecl  s izes.  I f  t ro
groups l ie ui th in the sane region {A'B'C'D etcf  one nust be
assigner l  to another region ancl  hence i ts e/o rat io v i l l  l ie
outsir le the range 0.9-1.1.

+

hypothesis can, in pr iaciple
nethoi l .  Lovtrup prei l ic ts that
Sef l -es I  ,  +

x. t  1.26x, 1.26- x,  1.26 r t  1.26'x,  . . . . .
rb ich equals

x,  1.26x, 1.59x, 2.00r,  3.1Bxr . . . . . . . . . . . ro. . . . . . r . . .
f lhere x is the oean body lenqth of  the f i rst  group. In natching up
the expectecl  ani l  observed bocly s izes Lfvtrup g!  a l  absune that
sone qro{rps nay be nissing ant l  nake the best natch possible.  The
i l i f ference betreen aclJacent nenbers of  the predictet l  ser ies is so
snal l  that  a good f i t  is  to be expected. lo ass€ss the accuracy of
the f i t  Lp"trup g!  g!  suqgest using the rat io Expectet l , /Observei l .
They i lo not give a value of  Em yhich they consi i ler  acceptable but
thei-r  resul ts suggest a value betreen 0.9 and 1.1 {  several  of
their  values f  a l l  outs ic le th is rangel  .  l lor  consi i ler  the ser ies

Xt OtI ,  &Lft  dtXr i l t l ,  . . . . . . . . . . . . . . . . . . . . . .117
yhere a,  r 'a.r . ; . .  a* are 'arbi tary constants.  Can this ser ies be
dist ingir istr6d f ron that proposet l  by r , fvtrup g!  a l  ? I f  the
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Conparison betEeen the resul ts obtaiaei l  by Llvtrup e!  g l  {  1974t
for the Bovidae { l }  and those obtained by randout qenerat ion of
groups {8-f) .

A
cR OU p r{ EAtl
1-  3 56s
r l -8 774

9-28 1 146
29-36 1463
3?-40 1728
41-45 2030
46-49 2725

c
GR OUP I IEAN
1- 4 58l l

5-  t0 102$

rl- 4o lrie

41-52 2156
53-60 2872

D
GROIJ P II EAU
1- 40 1225

41-60 2519

ETP ECT ED
565
712
89?

1 130
1 424
179' t
2261
2 848

EXPECTED
58 rr
736
927

| 168
14?l
1 854
2336
2943

EXP BCT ED
1226
1 545
1947
2 453

E/O

t 1.0)
0.  93

0.99
0.97
1.011
1. 12
1. 05

E/a
(1.00)

0.90

0.99

r  los
7 "42

n/CI
(  |  .00)

o.9I

GROUP
1 -16

17-24
25-32
33-38
3 9-50

tr
I !EAN
u:n

14 39
1 868
23 41
2't 93

EXPECTED E/A
699 (1.0)
881

1110
1 398 0" 97
1761 0.94
222A 0.95
2797 1.00

D
GROOP [EAN
1-30 1285

31-60 2305

EXPECTED
12 85
1619
2044
2571

E/O
(1.00)

1 .72

F
G NO{'P NE AN
1-2A 

' :U

21-26 1403
27- ' t4 17711

45-60 2617

EXPEC?ED
716
902

I 137
1 433
1 805
2274
2 865

E/O
(1.00)

1.  02
1 .02

1. 09

predictecl  s ige is 1.261 x.  ani l  the observed size is aix the E/a
iat io is 1.26t-  /a i .  fn f  ig 1 I  have plot tecl  the relat ionship
betceen 1.26i  / i t  and a for  values of  i  f  ron ' l  to 4. '  I t  can be
seen that,  providing no tro values fal l  u i th in the saae range
i lesiqnatei l  A,  BrC or D ,  there are very fes values of  tat  that
procluce an unacceptable f i t .  I f  tvo c lusters both fa11 si th in t .he
sane range cf  t  aJ- (4,  B,  C, D etc)  the E,/O rat io of  one vi l l  be
outside the range 0:9-1.1.  HoveYer,  to i letect  c lusters th is c lose
youlc l  require ei ther a large sanple s ise or sma11 var iances. The
clata of  Lfvtrup et  a l  sat isf ies nei ther of  these requirements.
Thus, in '  pr inciple,  i t  yould be Yery di f f icul t  ,q iven their  data
and cr i ter ign for  an acceptable f i t  to f in i l  a ser ies shich i l i t l  not
f i t  the prei l ic te i l  ser ies very rel l .  This can be denonstratei l  by a



DOES BoDY SIZE EVOLVE BY QUAI{TLM STEPS ? 153

sinulat ioo exper inent.  I  qenerater l  60 i lata points by taking 15
sets of  4 otrservat, ions f ron 15 norual  d i -str ibut ions.  Al l
c l  is t r ibut ions hacl  the sane var iance, 60, but their  Eeans rere
chosen at  randon frol  a raag€ 500 to 2500. These values f lere
selectecl  to rouqhly natch the values for the Bovidae giveo in
Table 1 of ,  Lfvtrup e!  gf .  I  analysei l  the s inulated resul ts
according to their  nethor l .  ?his procedure ras repeated 5 t ines,
the resul ts of  vhich are given in Table 2.  The average E/a rat io
of  the s inulated i lata is c loser to uni ty than that for  the Bovidae
(1,005 conparei l  to 1.01?).  The nean E/O rat io of  a l l  the groups
given by L/ytrup et  a!  is  1.002 coupared to 1.005 for the randon
assenbly ani l  the i l i f  fereace is not s iqni f icant.  ?hus the f  i t
obstaiaecl  by Lpvtrup gt  a l  (19?4) betceen observei l  aad erpected
bocty s izes ib no greater tban aight be expect f ron a randon
assenbly of  nornal  populat ions.  Therefoce, the content ion that
ragainst  a l l  oclc ls,  the recor i led f incls happen to f i t  c losely a
geometr ical  scale of  tuor ,  ancl  that  t the Daryinian not ion of
snal l -step evolut ion is fa ls i f  iecl  r i th respect to boi ly s iee I
( l fvt rup 1976, is r i thout foundat ion.
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