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ihtroductioh

The s u b j e c t  o f  t h i s  T h e s i s ,  I n d i v i d u a l  Growth, r e ­

q u i r e s  some l i t t l e  e x p l a n a t i o n .  A lth o u g h  much work h a s  

been  done on t h e  g row th  o f  c h i l d r e n ,  and num erous ob­

s e r v e r s  have  p u b l i s h e d  t h e i r  r e s u l t s ,  s t i l l ,  w i th  th e  ex ­

c e p t i o n  o f  m n o u v r i e r ' s  and  a  few by B uff  on , a l l  t h e s e  

r e c o r d s  w ere  o b ta in e d  by t a k i n g  t h e  a v e ra g e s  o f  th e  

h e i g h t s  and w e ig h ts  o f  c h i l d r e n  a t  t h e  v a r i o u s  a g e s  b e ­

tw een  i n f a n c y  and m a t u r i t y .

The p u b l i s h e d  T a b le s ,  t h e r e f o r e ,  shew v e ry  c o n ­

c l u s i v e l y  t h e  changes  w h ich  t a k e  p l a c e  i n  th e  r a t e  o f  

g ro w th  d u r in g  t h e  d i f f e r e n t  y e a r s  o f  c h i ld h o o d  and a d ­

o l e s c e n c e ,  b u t  a s  t h e y  a r e  made up from  i s o l a t e d  o b s e rv a ­

t i o n s  on l a r g e  num bers o f  d i f f e r e n t  c h i l d r e n  th e y  have a 

g r e a t  w an t o f  in f o r m a t io n  a b o u t  th e  law s w hich  r e g u l a t e

t h e  g row th  o f  t h e  i n d i v i d u a l .

I n  o r d e r  t o  i n v e s t i g a t e  t h e s e  la w s ,  i t  was n e c e s s a ry  

t o  have  a  s e p a r a t e  s e r i e s  o f  o b s e r v a t i o n s , t a k e n  a t  more 

o r  l e s s  r e g u l a r  and f r e q u e n t  i n t e r v a l s ,  o f  th e  h e ig h t  and 

w e ig h t  o f  each  i n d i v i d u a l .  Such r e c o r d s  were o b ta in e d  

from  th e  A n th ro p o m e tr ic  R e g i s t e r  o f  Bootham S c h o o l ,  York.
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Then t o  e l u c i d a t e  c e r t a i n  phenomena w hich  a p p ea re d  

i n  t h e  g row th  o f  h e a l t h y  h o y s ,  a  number o f  e x p e r im e n ts  on 

t h e  g ro w th  o f  a n im a l s  and p l a n t s  w ere  p e rfo rm e d .  There  

w ere  s e v e r a l  p o i n t s  i n  t h e  mode o f  g row th  o f  an  an im a l  

w i t h  a n  e x o - s k e l e t o n  w h ich  r e q u i r e d  i n v e s t i g a t i o n ,  and 

a l t h o u g h  s e v e r a l  p a p e r s  have  been  w r i t t e n  on th e  grow th 

o f  t h e  c r a b ,  t h e s e  o n ly  d e a l  w i t h  th e  change i n  s ijse  a t  th e  

t im e s  o f  m o u l t i n g ,  and no s y s te m a t i c  w e ig h in g  o f  th e  

sp e c im en s  had  been  d o n e , so t h a t  t h e r e  was no in f o r m a t io n  

a s  t o  w h a t ch an g es  m ig h t  o c c u r  d u r in g  th e  p e r i o d s  betw een 

t h e  m o u l t s .

Such r e g u l a r  and s y s te m a t i c  w e ig h in g  o f  f o u r t e e n  

sp ec im en s  o f  th e  common s h o re  c ra b  ( c a r c i n u s  maenas) has  

be en  d o n e ,  and th e  f u l l  r e s u l t s  o f  th e  e x p e r im e n ts  w i l l  

be fo un d  i n  t h e  F i r s t  S e c t i o n .

S y s te m a t i c  w e ig h in g  o f  young r a b b i t s  and g u in e a p ig s  

h a s  a l s o  b een  p e r fo rm e d ,  and com ple te  d e t a i l s  a r e  g iv en  i n  

S e c t i o n  Two.

S e c t i o n  Three d e a l s  w i th  t h e  g row th  o f  250 h e a l th y  

boys o v e r  a  p e r i o d  o f  a p p ro x im a te ly  f o u r  y e a r s  i n  each  i n ­

s t a n c e ;  t h e  d a t a  f o r  t h e s e  o b s e r v a t io n s  h a v in g  been ob­

t a i n e d  from  th e  A n th ro p o m e tr ic  R e g i s t e r  o f  Bootham S ch o o l,  

Y ork.

I n  S e c t io n  F o u r  th e  grow th  e x h i b i t e d  by c h i l d r e n
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s u f f e r i n g  from  a c u t e  i l l n e s s e s  i s  c o n s id e r e d ,  t h e  rem arks 

i n  t h i s  S e c t i o n  b e in g  b a se d  on o b s e r v a t i o n s  o f  o v e r  1390 

p a t i e n t s  a t  t h e  C i ty  o f  Glasgow F e v e r  H o s p i t a l ,  B e lv id e r e .

The g row th  o f  i n t e r n o d e s  i n  p l a n t s  h a s  a l s o  been  i n ­

v e s t i g a t e d  and t h e  e x p e r im e n ts  a r e  f u l l y  d e s c r ib e d  i n  

S e c t i o n  F i v e .

I t  i s  p ro p o s e d  t o  d i s c u s s  each  c l a s s  o f  e x p e r im e n ts ,  

w i t h  a  p r e l i m i n a r y  p r e c i s  o f  t h e  l i t e r a t u r e  o f  th e  s p e c i a l  

s u b j e c t , i n  s e p a r a t e  s e c t i o n s ,  and th e n ,  i n  a  f i n a l  summary, 

t o  g a t h e r  t h e  r e s u l t s  t o g e t h e r  and c o n s i d e r  t h e i r  m eaning 

i n  t h e  l i g h t  o f  g e n e r a l  b i o l o g i c a l  p r i n c i p l e s .

Appended t o  t h i s  w i l l  be fou nd  a  n o te  o f  t h e  B i b l i o ­

g ra p h y  on th e  s u b j e c t  o f  Grow th.



SECTIOI ORE

EZPERIMEITS OH THE GROWTH 

o f

THE COMMOH SHORE CRAB (CAROIHÜS MAEHAS)

A c o n s i d e r a b l e  s e r i e s  o f  o b s e r v a t io n s  on th e  r a t e  o f 

g ro w th  o f  C rabs  h a s  been  re c o rd e d  by v a r i o u s  a u t h o r s .

T h e i r  e x p e r im e n ts  w ere  co n d u c ted  u n d e r  m ost f a v o u ra b le  

c i r c u m s ta n c e s ,  and  w i th  t h e  o b j e c t  o f  d e te r m in in g  th e  s i z e  

o f  C rabs  i n  r e l a t i o n  to  a g e ,  th e  i n c r e a s e  i n  s i z e ,  and

f r e q u e n c y  o f  m o u l t s .

T h is  gave no in f o r m a t io n  r e g a r d i n g  any phenomena 

o c c u r r i n g  d u r in g  t h e  i n t e r v a l s  betw een th e  m o u l t s ,  and th e  

f o l lo w in g  o b s e r v a t i o n s  w ere  c a r r i e d  o u t  w i th  t h a t  end i n  

v iew .

F o u r t e e n  young sp ec im ens  o f  t h e  Common Shore  Crab 

( C a rc in u s  m aenas) w ere  o b ta in e d  from  th e  M arine B io lo g ic a l  

S t a t i o n ,  M i l l p o r t .  To p r e v e n t  i n j u r y ,  to  i n s u r e  a  r e g u l a r  

su p p ly  o f  fo o d  and to  f a c i l i t a t e  t h e  r e c o g n i t i o n  o f  th e  

v a r i o u s  s p e c im e n s , e ach  Crab was k e p t  i n  a  s e p a r a t e  g l a s s
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d i s h .  The w a t e r  i n  t h e  d i s h e s  was renewed f r e q u e n t l y  from 

a l a r g e  s t o r a g e  t a n k ,  and a s  an  a i d  t o  o x y g e n a t io n ,  p i e c e s  

o f  t h e  weed C la d o p h o ra  w ere  p la c e d  i n  each  d i s h .  F e e d in g  

was w i th  f r e s h  f i s h ,  and o c c a s i o n a l l y  m u sse l .  The ex ­

p e r im e n t s  w ere  c a r r i e d  o u t  i n  a  c o o l  room, w i th  a  r e a s o n ­

a b l e  amount o f  l i g h t , a n d  a  f r e e  a i r  s u p p ly .

The C rabs  w ere  p e rh a p s  n o t  k e p t  u n d e r  th e  m ost f a v o u r ­

a b l e  c o n d i t i o n s ,  and th e  o b s e r v a t i o n s  may be o f  l i t t l e  

p r a c t i c a l  v a lu e  w i t h  r e g a r d  t o  i n c r e a s e  i n  s i z e  and th e  

f r e q u e n c y  o f  c a s t i n g ,  b u t  s e v e r a l  i n t e r e s t i n g  p o i n t s  have

em e rg ed .

E v ery  seco nd  day each  Crab was w e ig h ed , t h e  method 

a d o p te d  b e in g  t o  remove a l l  e x c e s s  o f  w a te r  by g e n t ly  d ry ­

i n g  i t  b e tw een  two f o l d s  o f  a  to w e l ,  and th e n  p l a c e  i t  on 

a  S a r t o r i u s  S h o r t  arm B a lance  . A f t e r  a l i t t l e  p r a c t i c e  

a  f a i r  d e g re e  o f  a c c u ra c y  was re a c h e d  by t h i s  p ro c e ^ d u re .

The g ro w th  o f  a  Crab i s  e s s e n t i a l l y  c y c l i c , a  more o r  

l e s s  r e g u l a r  a l t e r n a t i o n  o f  o u t b u r s t s  o f  r a p i d  g row th , and 

p e r i o d s  o f  a r r e s t .  Growth t a k e s  p l a c e  d u r in g  a  m o u lt ,  

when t h e  w hole  t e s t  i s  th row n o f f , and w h i le  th e  new s h e l l  

i s  s t i l l  s o f t ,  i n c r e a s e  i n  s i z e  i s  r a p i d .  From th e  r e s u l t :  

p u b l i s h e d  by W il l ia m so n  and B rook}  th e  r a t i o  o f  i n c r e a s e  

i n  s i z e  i s  e v i d e n t l y  v e r y  v a r i a b l e ;  i t  may be a s  h ig h  a s  

2 / 3 r d s  o r  a s  low a s  l / 1 5 t h ,  b u t  i n  t h e  l a r g e  m a j o r i t y  o f
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c a s e s  i t  i s  a b o u t  l / 4 t ^  These o b s e r v e r s  to o k  th e  g r e a t e s t  

b r e a d t h  o f  t h e  c a r a p a c e  f o r  m easurem ent, and th e  r a t i o s  

a r e  fo u n d  i n  t h e  secon d  column i n  T a b le s  1 ,  3 and 4 ,  and 

t h e  f o u r t h  i n  T ab le  E.

I n  my own s e r i e s  th e  a r e a  o f  th e  c a ra p a c e  i s  r e c o rd e d ,  

and t h e  r a t i o ,  v a r y i n g  from 2 / 7 t h s  t o  3 / 4 t h s  i s  found  i n  

column two o f  T ab le  5.

F o r  o b v io u s  r e a s o n s  i t  i s  im p o s s ib le  to  t a k e  a c c u r a t e  

m easu rem en ts  o f  th e  s i z e  o f  a  c r a b  a f t e r  a m o u l t ,  a s  th e  

s h e l l  i s  s o f t  and a l s o  t h e  a n im a l  i s  u n u s u a l ly  a c t i v e  a t  

t h a t  p e r i o d ,  so t h e s e  m easurem ents  w ere  ta k e n  from th e  

e a s t  s h e l l s .

I t  seems p r o b a b le ,  how ever, t h a t  i n c r e a s e  i n  s i z e ,  

a l t h o u g h  o c c u r r in g  f o r  t h e  m ost p a r t  im m e d ia te ly  a f t e r  th e  

o ld  s h e l l  i s  c a s t ,  c o n t i n u e s  s lo w ly  f o r  two o r  t h r e e  days 

d u r in g  th e  p r o c e s s  o f  h a rd e n in g .  I n  T able  2 , w hich  g iv e s  

th e  r a t i o  o f  i n c r e a s e  on m o u l t in g  o f  v a r i o u s  specim ens o f  

t h e  E d ib l e  C ra b ,  (C ance r  p a g u ru s )  t h i s  was commonly l / 3 r d  

t o  l / 4 t h  o f  th e  o r i g i n a l  s i z e ,  b u t  i n  C rabs Fos . 3 and 4 

( r a t i o s  o n ly  l / 5 t h . b  and l / 6 t h )  th e  m easurem ents were 

t a k e n  im m e d ia te ly  a f t e r  c a s t i n g  and w h i le  th e  s h e l l  was 

s t i l l  s o f t ,  and t o  some e x te n t  a t  l e a s t  th e s e  low f i g u r e s  

may be e x p la in e d  by t h e i r  b e in g  ta k e n  b e fo re  th e  p ro c e s s  

o f  h a r d e n in g  was c o m p le te . '



A B L E 1.

WADDINGTON’ S SERIES o f  CANCER PAGURUS (P u b l i s h e d  by CHAS. H 

WILLIAMSON, M .A., D .S c . i n  t h e  XXII ANNUAL REPORT o f  th e  

f is h e r y  board f o r  SCOTLAND, P a r t  I I I .  p .  135 .

No. Date

1 .
2 . 15
3. I 7
4 .  I 6
5 . I  3
6 . |12
7 .  127
8. [ 3 
9 i 4

10 . 130
1 1 .  i l9
1 2 . ! 5

Aug 1899
ti w

Sep ” 
Oct ” 
Nov. ” 
Dec ” 
J a n  1900 
Apr. " 
June  " 
Sep " 
Mar 1901 
Nov ”

S iz e
MM.

A.

3 .25
4 .7 5
5 .7 5  
8 .5

1 0 .7 5
1 4 .5
1 9 .5
2 4 .5
30 .75
3 6 .5
4 5 .7 5
5 6 .5

R a t io  o f  I I n t e r v a l  
I n c r e a s e !  (D a y s ) _

I 23
29
28
39
46
66
63

118
170
231

No .
Date S iz e

MM.
9 ,

1 .1 3 0  Apr 1900 
2 . 1 25 Aug " 
3.j 30 Oct

9 .25
13

1 5 .5
1 8 .7 5

4.i 9 Feb 1901 20 .7 5

1 . 7 Sep 1896 12
2. 25 Nov w 16
3. 20 Mar 1897 19
4 . 26 May It 24
5. 21 Aug It 30
6, 4 Nov . 37
7 . 31 Dec 1 46

R a t io  o f ! I n t e r v a l  
I n c r e a s e !  (D ay s)_

i
I*

117
66

102

115
67
87
75
57
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From " C o n t r ib u t i o n s  t o  th e  l i f e  & h i s t o r y  o f  t h e  E d ib h  

Crab (CANCER PAGURUS) Chas H. W il l ia m s o n ,  M.A. B .S c .  

XVIII A nnual R e p o r t  o f  t h e  F i s h e r y  B o ard  

f o r  S c o t l a n d .  P a r t  I I I  p . 110

1

Crab ! 
r o .  i

1

O r i g i n a l  1 
S i z e  i n |  

i n c h e s
i

S i z e  o f  ; 
S o f t  C rab

I n c r e a s e  1 
( In c h )  1

R a t io  o f  ; 
I n c r e a s e  -

---------- —--------- 1

A u th o r i ty

M
-----------------r!

4
1

1 1 1
M arine  la b -D u n b a r

’ " •  ! F 1 F F
1

! i  ! I f
7 ^  I

F I F
1

It

3 . 1 2 T 5  i 2 I F  
1

i  !
7 I

FTF
1

n

4 . #  ! 3 TF I Î F
1

It

Î 2 |
8 7 1

F 7 I
1

J .  Couch

6. 1 2 I ? 3 I F VT 37T
1

It

V. I 5
1

l i
1

FTF
1

B uck land

8 . 4 5 I F 1 IS
.

F7T

1

G a t ty  Lab. S t 
Andrews.

.

9. H 5^ l i FT9
1

W ilso n

10 . Si i f FTT
1

Meek

11. 6i H F
1

J .  Couch

12. H 8 f I f FTF Cunningham.
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Shewing R a t i o s  o f  i n c r e a s e  i n  SIZE and WEIGHT a t  MOULTS o f  FOURTEEN SPECIMENS o f

CARCINUS MAENAS (Own S e r i e s )

S iz e

R a t io  o f  
I n c r e a s e  

i n We i g h t

R a t io  ! 
o f  | I n te r v a , l  

I n c r e a s e  be tw een  
i n  i M ou lts S ize

R a t io
o f

I n c r e a s e
in W eight

Date )V

i
1908 i

Ail 014 #iviivi/

CRAB No .1 CRAB No. 8

;C ap tu re  ■ 49 - .2 — -  |iC ap tu re  ; 6 8 .1 — .33

I J u ly  17 j 82 .1 3 /5 .31 1 /2 CRAB No . 9

I - :
1 Aug '17 i 1 1 0 .8 3 /8 .54 2 /3 31 :C ap tu re 3 6 .3 — .11

;
i Sept 18  ; [d ied  in  M oult) - - 32 j j u l y  28

II '
4 6 .3 2 /7 .1 4

:i i CRAB N o .2  ̂ j! Sept 20 (d ie d  i n  M oult)

i IC apture  ; 62 .5 .26 -  1 CRAB No .1C

!i ;
1 Sept 20 1(d ie d  in  M oult) C ap tu re 35 .11

J ! ;CRAB No . 3 Aug . 3 4 7 .9  : 1/ 3 , .17

j| Capture 84 .2 .4 3 - !
“  I

Oct 2 66 .1  ; 2 /5  : .25

I! J u ly  23 14 1 .6 3 /8 .86 1
;

CRAB No. 11

1 i
i Sept 8 1 9 9 .2 3/7 1 .3 6 5 /8 47 ' C a p tu re 62.5 - .27

CRAB No .4 Aug 7 97 .2 3 /5  i .4 8

11 C apture 3 9 .4 - .15 - Oct 1 131 .2 l A .76

( ; 
? J u ly  25 7 7 .8 1/2 .25 2 /3 CRAB No. 12

I Aug 31 (d ie d  in  M oult) MM 37 C a p tu re 77 ■" .36

CRAB N o.5 Aug . 5 120.6 V ? .62  .

! C ap tu re
1

54 .4 ■«■rr -i 1 ' -------^ 6 6 . 8  ' 1 /3 1 . 61 ' ^

: Aug 3 8 9 .9 3/5 .41 1 CRAB N o.13

Sept 30 123 .5 1 /3 .59 V 2 58 C a p tu re 54.9 - .22

CRAB No. 6 Aug . 3 90.1 3 /5 .40

; C ap tu re 6 0 .4
! :

.3 8 - CRAB N o.14

Ï J u l y  30 1 2 5 .3 V 2 .69 3 /4 - C a p tu re 44.6 .15
i=
i; Sept 18 1 6 1 .8 1 /3 .93 V 3 50 J u l y  31 7 5 .3 3 /4 .30

CRAB N o .7 S ep t 27 98 1 / 3 : .4 2

: C ap tu re 4 7 .7 -
'

-

J u l y  14 77 3 /5 .34 - I i

p Augt 3
;

1 2 5 .4
1

. 66 20 j
1

I R a t io
i o f  I n t e r v a l
i n c r e a s e  be tw een  
I i n  ! M o u lts
il W eight i (Days)

1 /4

1 / 2

1/2

3 /4

4 /7

/ 3

1

1 / 3

54

60

55

58
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H e r r i c k ^ a l s o  h a s  d e m o n s tra te d  i n c r e a s e  i n  s i z e  t a k i n g  

p l a c e  d u r i n g  t h e  h a r d e n in g  o f  th e  s h e l l ,  h a v in g  o b se rv ed  

an  a d d i t i o n  o f  h a l f  an  in c h  b e in g  made d u r in g  t h e  c a l c i f ­

i c a t i o n  i n  t h e  t e s t  o f  a  l o b s t e r  tw e lv e  in c h e s  lo n g .

On t a k i n g  th e  w e ig h t  o f  c r a b s  i t  i s  fou nd  t o  a c c o rd  

a lm o s t  i d e n t i c a l l y  w i th  t h e  s i z e :  t h e r e  i s  t h e  same sudden  

a c c e s s i o n  a t  t h e  t im e  o f  m o u l t in g  w i th  a  s u b s e q u e n t  p e r io d  

o f  a r r e s t  when th e  i n c r e a s e  i s  v e ry  s m a l l  in d e e d .

The g r e a t  r a p i d i t y  o f  t h i s  i n c r e a s e  i s  w e l l  shewn i n  

t h e  c a s e  o f  C rab Ho. 11 . On Sep tem ber 3 0 th ,  i t s  w e ig h t  

was .52  gramme. On O c to b e r  1 s t  i t  was n o t i c e d  to  be c a s t ­

in g .  The w e ig h t  was t a k e n  b e fo r e  i t  had e scap ed  from th e  

o ld  s h e l l ,  .61  gramme: s i x  h o u r s  l a t e r  i t  had i n c r e a s e d  to  

.71  gramme, and w i t h i n  tw e n ty - f o u r  h o u rs  o f  th e  commence­

ment o f  t h e  m o u lt  t h e  w e ig h t  was .76 gramme, and th e  new 

t e s t  was h a r d .  The r a t i o  o f  i n c r e a s e  i n  t h i s  i n s t a n c e  was 

a lm o s t  f , and t h a t  i n  a  m a t t e r  o f  tw e n ty - f o u r  h o u r s .

I n  m ost c a s e s  t h e r e  i s  a  s l i g h t  i n c r e a s e  i n  w e ig h t  f o r  

a  few d ays  f o l l o w in g  th e  m o u l t ,  t h e n  th e  g a in  becomes even 

l e s s  t i l l  t h e  c y c le  i s  co m p le te  and a new m ou lt  d e te rm in e s  

a n o th e r  r a p i d  ad v an ce .

The r a t i o  o f  i n c r e a s e  i n  w e ig h t  v a r i e s  from  l / 3 r d  to  

1 ,  and i n  th e  same specim en a t  d i f f e r e n t  m o u l ts  th e  r a t i o s  

shew c o n s i d e r a b le  d i v e r s i t y ;  th u s  i n  Crab Ho. 3 th e  r a t i o
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a t  t h e  f i r s t  m o u lt  was 1 and a t  t h e  n e x t  o n ly  5 / 9 t h s ;  i n  

Crab Ho. 6 i t  was 3 / 4 t h s  and  th e n  3 / 7 t h s ,  w h i l e  i n  Ho. IE 

i t  f e l l  f rom  5 / 6 t h s  to  3 / 7 t h s .  I t  w i l l  be o b se rv ed  t h a t  

t h e  lo w e r  r e g i s t e r  i n  each  c a s e  i s  t h e  l a t t e r ,  a  p o s s i b l e  

e x p l a n a t i o n  b e in g  t h a t  t h e  c r a b s  had  been  l o n g e r  i n  c a p ­

t i v i t y  and  th e  a l t e r e d  c o n d i t i o n s  w ere  b e g in n in g  to  shew 

e f f e c t  b e f o r e  t h e  second  m o u lt  o c c u r r e d .

D u r in g  a  m o u l t ,  t h e r e f o r e ,  t h e r e  i s  sudden  and r a p i d  

i n c r e a s e  b o th  i n  s i z e  and w e ig h t ,  and t h i s  c o n t in u e s  t o  a 

m in o r  d e g re e  f o r  a s h o r t  t im e  a f t e r w a r d s  t i l l  s u f f i c i e n t  

q u a n t i t i e s  o f  l i m e - s a l t s  have been  d e p o s i t e d  i n  t h e  s h e l l  

t o  a t  l e a s t  l i m i t ,  i f  n o t  c a u s e ,  t o t a l  c e s s a t i o n  o f  g row th .

I n  th e  i n t e r v a l s  be tw een  th e  m o u l t s ,  once t h e  s h e l l  

h a s  become h a r d ,  i t  i s  p ro b a b le  t h a t  t h e r e  i s  no i n c r e a s e  

i n  s i z e .  I n c r e a s e  i n  w e ig h t ,  on th e  o t h e r  han d , does t a k e  

p l a c e  th ro u g h o u t  t h e  w hole  p e r i o d  o f  a r r e s t .  T h is  i n c r e a s e  

i s  t r i f l i n g ,  from  l /3 2 n d  to  l / 9 t h  o f  t h e  t o t a l  body w e ig h t ,  

b u t  i t  i s  p r e s e n t  i n  e v e ry  i n s t a n c e .  W ith  th e  o c c u r re n c e  of 

t h i s  g r a d u a l  g a in  i n  w e ig h t  w i th o u t  i n c r e a s e  i n  s i z e  th e  

q u e s t io n  a ro s e  a s  to  w h e th e r  i t  was due to  a c t u a l  c e l l u l a r  

p r o l i f e r a t i o n  and s t o r a g e  o f  g ly c o g e n ,  o r  i f  i t  m igh t be 

a c c o u n te d  f o r  by mere a c c r e t i o n  o f  l im e  i n  th e  s h e l l .  To 

s e t t l e  t h i s  p o i n t  t h e  c a s t  s h e l l s  w ere  c a l c i n e d  and th e  

amount o f  l i m e - s a l t  found  i n  each  was c a r e f u l l y  e s t im a te d  

and compared w i th  th e  i n c r e a s e  i n  w e ig h t  which had o c c u rre d



d u r in g  t h e  r e s p e c t i v e  i n t e r - m o u l t  p e r i o d s .

An a n a l y s i s  o f  t h e s e  o b s e r v a t i o n s  i s  found  i n  T ab le  6, 

The f i r s t  column g iv e s  t h e  number o f  th e  c r a b ,  t h e  second  

th e  i n c r e a s e  i n  w e ig h t  w h ich  to o k  p l a c e  d u r in g  t h e  i n t e r v a l  

be tw een  t h e  m o u lts  and th e  t h i r d  th e  w e ig h t  o f  l i m e - s a l t s  

d e p o s i t e d  i n  t h e  s h e l l  d u r in g  th e  same p e r i o d .  Columns 

f o u r  and f i v e  shew r e s p e c t i v e l y  th e  i n c r e a s e  o r  d e c r e a s e  i n  

t h e  a c t u a l  w e ig h t  o f  t h e  c r a b ' s  body d u r in g  th e  p e r i o d  b e ­

tw een  th e  m o u l t s .

TABLE 6

Shewing th e  r e l a t i o n  o f  th e  a c c r e t i o n  o f  s a l t s  i n  th e  

s h e l l  t o  t h e  i n c r e a s e  i n  w e ig h t  o f  th e  c r a b  d u r in g  th e  

p e r i o d  be tw een  m o u l t s .

Ho.
Of

Crab

I n c r e a s e  i n  
w e ig h t  d u r ­
in g  i n t e r ­
v a l  be tw een  

m o u lts

( gramme)

W eight o f  
l im e -  

s a l t s  d e ­
p o s i t e d  
i n  s h e l l

( gramme)

I n c r e a s e  i n  
a c t u a l  

w e ig h t  o f  
body (m inus 
s h e l l ] d u r ­
in g  i n t e r ­
v a l  be tw een  

m o u lts  
(gramme)

D e c re a se  i n  
a c t u a l  

w e ig h t  o f  
body (minus 
s h e l l )  d u r ­
in g  i n t e r ­
v a l  be tw een  

m o u lts  
( gramme)

C.Ol . 04 — .03
1 { .07 .06 .01 -
S .06 .06 - -
5 .04 .04 - -

6 .07 .06 .01 -
7 .03 .03 - -
9 .02 .01 .01 -

10 .02 .02 - -
11 .04 .04 - -
12 .08 .07 .01 -
14 .00 .03
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The s t r i k i n g  f e a t u r e  o f  t h i s  T ab le  i s  th e  f r e q u e n c y  w i th  

w hich  t h e  i n c r e a s e  i n  w e ig h t  shewn by th e  c ra b  i n  t h e  i n t e r -  

jQOult p e r i o d  a c c o rd s  w i t h  t h e  amount o f  c a l c a r e o u s  m a t e r i a l  

w h ich  h a s  been  d e p o s i t e d  i n  th e  s h e l l .

I n  s i x  o u t  o f  th e  t e n  sp e c im e n s ;  i n  G rabs Nos. 3 , 5 , 7 , 

1 0 , 11 and 14 t h e s e  two w e ig h ts  t a l l y  p r e c i s e l y ,  so t h a t  th e  

a c t u a l  w e ig h t  o f  t h e  body , i r r e s p e c t i v e  o f  th e  s h e l l ,  was 

c o n s t a n t  from  t h e  t e r m i n a t i o n  o f  one m ou lt  to  th e  commence­

ment o f  t h e  n e x t .  I n  t h r e e  sp e c im e n s ,  Nos. 6 ,  9 and 12 , a  

s l i g h t  i n c r e a s e  i n  t h e  b o d y -w e ig h t ,  .01  gramme i n  each  c a s e ,  

i s  r e c o r d e d ,  w h i l e  i n  C rab No. 1 d u r in g  th e  f i r s t  p e r io d  

u n d e r  o b s e r v a t i o n  t h e r e  i s  a  d e c r e a s e  o f  .03  gramme i n  t h e  

a c t u a l  w e ig h t  o f  th e  body, b u t  i n  t h e  second  p e r io d  an  i n ­

c r e a s e  o f  .01  gramme i s  n o te d .

On c o n s i d e r a t i o n  o f  t h e s e  f a c t s  r e l a t i n g  to  th e  p e r io d s  

be tw een  th e  m o u lts  i t  would seem to  be c l e a r l y  i n d i c a t e d  

t h a t  g row th  t a k e s  p l a c e  d u r in g  a  m o u l t ,  and th e n  o n ly :  t h a t  

t h e  i n t e r v a l s  w ere  more a t im e  o f  r e a r r a n g e m e n t  and r e c u ­

p e r a t i o n  th a n  o f  s t o r a g e  o f  m a t e r i a l  o r  c e l l u l a r  a c t i v i t y .

F u r t h e r  comment r e g a r d i n g  th e  g row th  o f  c r a b s  w i l l  be 

made l a t e r .

F u l l  r e c o r d s  o f  t h e  o b s e r v a t i o n s  on th e  w e ig h ts  o f  th e s e  

f o u r t e e n  spec im ens  o f  C a rc in u s  maenas a r e  g iv e n  i n  th e  

f o l lo w in g  T ab le  and C h a r t s  (T ab le  7 and C h a r t s  Nos. 1 and 2 .)



TABLE 7

SIYIH8 t h e  WEIGHT ( i n  GRAMMES) o f  FO0ETEEÏÏ SPECIMEIS o f  CABCXHÜS MAEHAS

Crab
Ha 16 18 20

July- 
22 24 26 28 30 1 3 5 7 9 11 13

August 
15 17 19 21 23

1908

25 27 29

1

2 4 6 8 10 12
S eptem ber 

14 16 18 20 22 24 26 28
O c to b e r  

30 j  2 4

1 .20 .31 .31 .31 . 31 .32 .31 .31 .31 .31 .32 .32 .32 .32 .32 .3 1 .54 .56 .57 .57 .58 .58 .59 .59 .59 .59 .60 .60 .60 .61 .61

2 .26 .26 .28 .26 .26 .26 .26 .26 .26 .26 .26 .25 .26 .26 .26 .25 .26 .25 .25 .25 .26 .26 .26 .26 .26 .26 .25 .26 .26 .26 .25 .26 .25

3 .43 .44 .42 .44 .86 .88 . 86 .86 .86 .88 .86 .88 .89 .89 .89 .88 .88 .89 .90 .89 .91 .91 .91 .92 .92 .92 .91 .90 140 1 .4 2 1 .4 2 1 .4 2
I

4 .15 .14 .14 .13 .13 .25 .26 .26 .27 .27 .27 .29 .28 .28 .28 .28 .28 .28 .28 .28 .28 .28 .28 ;

6 .23 .22 .22 .21 .22 .21 .21 .21 .21 .41 .4 4 .45 .45 .45 .45 .45 .45 .45 .45 .45 .46 .46 .45 .46 .46 .46 .46 .46 .46 .46 .46 ' .46 .46 .46 .46 .46 .45 .46 .59 .62  .62

6 .39 .39 .38 .38 .39 .38 .38 .69 .70 .70 .71 .72 .72 .72 .72 .72 .72 .72 .73 .73 .75 .74 .76 .76 .76 .76 .75 .76 .76 .76 .76 .76 .93 .99 1 0 0 1.00 1 0 0 1 0 0 LO I 1 .0 2  1 .0 2

7 .34 .37 .36 . 36 .36 .36 .36 .36 .37 .66 .68 .68 .69 .70 .69 .69 .69 .71 .72 .72 .72 .72 .72 .71 .71 .71 .72 .72 .72 .73 .74 .73 .73 .73 .74 .73 .73 .73 .73  .73  .73

8 .33 .34 .34 .32 .33 .33 .34 .34 1 .33 .33 .33 .33 .33 .33 .33 .32 .33 .33 .33 .33 .33 .33 .33 1

9 .11 .11 .11 .11 .11 .10 .14 .14
!
! .15 .15 .15 .14 .15 .15 .15 .15 .15 .15 .15 .15 .15 .15 .15 .15 : .15 .15 .15 .15 .15 .15 .16 .15 .16

10 .11 .12 .12 .11 .12 .11 .11 .11 L i i .17 .17 .17 .17 .18 .17 .17 .17 .18 .18 .18 .18 .18 .18 .18 I .18 .18 .18 .18 .18 .18 .18 .18 .18 .18 .18 .18 .18 .18 .19 .25 .26

11 .28 .27 .27 .26 .26 .26 .26 .26 .86 .27 .27 .48 .49 .50 .51 .51 .51 .51 . 50 .51 .52 .52 .52 .52 .52 .52 .51 .51 .51 .52 .53 .52 .52 .52 .52 .52 .52 .52 .52 .76 .76

12 .36 .38 .37 .36 .36 .36 .36 .37 i .36 .37 .62 .65 .65 .65 .65 .65 .65 .66 .67 .67 .69 .70 .68 .68 ; .67 .67 .67 .67 .68 .68 .66 .68 .69 .70 .70 .70 .70 .70 .70 i l . 01 1 .0 1

13 .23 .24 .23 .23 .23 .22 .23 .22 I .22 .40 .42 .43 .43 .43 .43 .42 .43 .43 .43 .43 .44 .44 .45 .45 : .45 .45 .45 .45 .45 .45 .44 .45 .46 .46 .46 .46 .46

14 .16 .15 .15 .15 .15 .15 .15 .15 .30 .22 .31 .31 .31 .31 .31 .30 .31 .31 .32 .31 .32 .32 .32 .32 , .32 .32 .32 .32 .32 .32 .33 .33 .32 .33 .33 .33 .32 .45 .45 .45 .45
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SBCTIOU TWO

OBSERVATIONS 

on t h e

GROWTH OF RABBITS AND GÜIÎIEA-PIGS

The f o l l o w i n g  r e c o r d s  o f  t h e  w e ig h ts  o f  young r a b b i t s  

and  g u i n e a - p ig s  w ere  o b ta in e d  a t  B e lv id e r e  F e v e r  H o s p i t a l ,  

The a n im a ls  t h e r e  a r e  k e p t  i n  l a r g e  w i r e  c a g e s  i n  a  s p e c i a l  

h o u s e ,  and th e  f a c t  t h a t  t h e y  have  b e en  u n i f o r m ly  h e a l t h y  

o v e r  a  c o n s i d e r a b l e  p e r i o d  o f  y e a r s  i n d i c a t e s  t h a t  th e  c o n ­

d i t i o n s  a r e  e n t i r e l y  f a v o u r a b l e .  F e e d in g  and b e d d in g  w ere 

c a r r i e d  o u t  w i th  g r e a t  r e g u l a r i t y ,  and w i th  a  few e x c e p ­

t i o n s ,  a l l  t h e  a n im a ls  o b se rv e d  t h r i v e d  from  t h e  commence­

ment t o  t h e  c l o s e  o f  t h e  e x p e r im e n ts .

The w e ig h ts  w ere t a k e n  e v e ry  o t h e r  day , and t o  m in i ­

m is e ,  a s  f a r  a s  p o s s i b l e ,  any  f a l l a c i e s  from  d a i l y  v a r i a ­

t i o n  t h e  o b s e r v a t i o n s  w ere  a lw ay s  made a t  t h e  same t im e ,  

f o u r  o 'c l o c k  i n  t h e  a f t e r n o o n .

O r i g i n a l l y  i t  was i n te n d e d  to  r e c o r d  th e  i n c r e a s e  i n  

s i z e  a s  w e l l  a s  w e ig h t ,  b u t  t h i s  was v e ry  soon foun d  to  

be i m p r a c t i c a b l e .
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W ith  r e g a r d  to  t h e  r a b b i t s ,  t h o s e  o f  S e r i e s  A, Nos. 1 ,  

2 , 3 ,  and 4  w ere  t h i r t y  d ay s  o ld  when th e  w e ig h in g s  w ere  

oommonced, w h i l e  i n  S e r i e s  B, Nos. 5 , 6 , 7 ,  and 8 ,  w ere  f i f t y  

days  o ld .  I n  S e r i e s  C. Nos. 11 , 12 . 1 3 ,  14 and 15 r e c o r d s  

w ere  t a k e n  from  t h e  e a r l i e s t  t im e  a t  w hich  th e  r a b b i t s  c o u ld  

be s a f e l y  h a n d le d ,  t h a t  i s  from  th e  t e n t h  day onw ards.

I t  may be w e l l ,  t h e r e f o r e ,  t o  c o n s i d e r  S e r i e s  C f i r s t .  

The w e ig h ts  a r e  g iv e n  i n  T ab le  No. 8 and C harts  N o s .3 and 4 . 

T h is  l i t t e r  o r i g i n a l l y  c o n s i s t e d  o f  f i v e ,  b u t  th e  y o u n g e s t ,  

No. 1 5 ,  a s  i s  commonly th e  c a s e ,  was a  w eak ly  i n d i v i d u a l  

from  th e  b e g in n in g ,  an d , o n ly  s u r v i v i n g  u n t i l  i t s  f o r t i e t h  

day , can  be d i s m is s e d  i n  a  w ord . As w i l l  be s e e n  from  

C h a r t  No. 3 ,  t h e  i n c r e a s e  i n  w e ig h t  was re m a rk a b ly  s t e a d y  

u n t i l  t h e  t h i r t y - s i x t h  d a y ,  and r e l a t i v e l y  a s  g r e a t  a s  i n  

t h e  s t r o n g e r  i n d i v i d u a l s .  F o r  f o u r  days b e f o r e  d e a th  a  

l o s s  i n  w e ig h t  to o k  p l a c e .

U n f o r t u n a t e ly  i t  was im p o s s ib le  to  w e igh  t h e s e  a n im a ls  

im m e d ia te ly  a f t e r ' b i r t h  and on th e  su c c e e d in g  d a y s ,  so t h a t  

i t  c a n n o t  be s a i d  w h e th e r  a  l o s s  o f  w e ig h t  a t  t h a t  t im e  does 

o r  d o e s  n o t  o c c u r .  The f i r s t  r e c o r d s  w ere  ta k e n  on th e  

t e n t h  day , and from  t h a t  t im e  onwards i n c r e a s e  was t h e  r u l e .

In  th e  f o u r  o t h e r  a n im a l s ,  Nos 1 1 ,  12 , 13 and 14 , 

g row th  i s  on th e  w hole  r e g u l a r ,  b u t  c y c l i c  v a r i a t i o n s  i n  

th e  r a p i d i t y  a r e  shewn to  a  g r e a t e r  o r  l e s s  e x t e n t  i n  a l l .  

The m ost marked c a se  o f  t h i s  i s  seen  i n  No. 11 , w h e re ,
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a f t e r  a  p e r i o d  o f  r a p i d  i n c r e a s e  d u r in g  which, t h e  f i r s t  

o b s e r v a t i o n  was made on th e  t e n t h  day and w hich  l a s t e d  t i l l  

t h e  f o u r t e e n t h ,  t h e r e  f o l lo w s  a  l a p s e  o f  tw e lv e  d ays  when 

grow th  i s  s lo w . On t h e  t w e n t y - s i x t h  day a n o th e r  wave of 

i n c r e a s e  s t a r t s ,  and c o n t i n u e s  f o r  t e n  d a y s ,  to  be fo l lo w e d  

by a p e r i o d  o f  s i x  d ays  d u r in g  w hich  th e  w e ig h t  rem a in s  

a lm o s t  s t a t i o n a r y .  A g a in ,  from  th e  f o r t y - s e c o n d  t o  th e  

f i f t y - s i x t h  d a y s ,  g row th  i s  r a p i d ,  t h e n  f o l lo w e d ,  a s  b e f o r e ,  

by a  p r a c t i c a l l y  q u i e s c e n t  i n t e r v a l  o f  f o u r t e e n  d ay s  b e fo r e  

a  f r e s h  i n c r e a s e  o f  w e ig h t  t a k e s  p l a c e .

R a b b i t  No. 13 a l s o  shews a  te n d e n c y  to  th e  same c y c l i c  

form  o f  g ro w th ,  and a s  w i l l  be se e n  from  C h a r t  3 t h e r e  a r e  i n  

i t s  c u rv e  t h r e e  q u i t e  d e f i n i t e  s u b s i d i a r y  ones o c c u r r in g  

be tw een  th e  t w e n t i e t h  and  f o r t i e t h ,  f o r t i e t h  and s i x t i e t h ,  

and s i x t i e t h  and s e v e n t y - s i x t h  d a y s .

The g row th  o f  R a b b i t s  Nos. 12 and 14 , on th e  o t h e r  

h an d , th oug h  shew ing  sm a ll  v a r i a t i o n s  i n  th e  r a t e  o f  i n ­

c r e a s e ,  i s  more s u g g e s t i v e  of r e g u l a r i t y ,  i n  f a c t  t h i s  i s  

t h e i r  m ost s t r i k i n g  f e a t u r e .  I n  each  t h e r e  i s  an a lm o s t  

u n i n t e r r u p t e d  r i s e  d u r in g  t h e  w hole  o f  th e  t im e  th e  

a n im a ls  w ere u n d e r  o b s e r v a t i o n .  D o u b t le s s  s h o r t  p e r i o d s  

o f  r e s t  do o c c u r :  i n  No. 12 from th e  t h i r t y - s i x t h  t o  th e  

f o r t i e t h  d a y ,  and a g a in  from  t h e  f i f t y - e i g h t h  t o  th e  

s ix t y - s e c o n d  : i n  No. 14 from  th e  t w e n t y - s i x t h  t o  th e  t h i r t y -
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f o u r t h ,  b e tw een  th e  s i x t y - s e c o n d  and s i x t y - s i x t h  and imme­

d i a t e l y  f o l l o w in g  t h a t  from  th e  s i x t y - e i g h t h  t o  t h e  s e v e n ty  

f o u r t h ,  b u t  t h e s e  q u i e s c e n t  p e r i o d s  a r e  h a r d l y  s u f f i c i e n t  

to  b r e a k  t h e  g r a d u a l  l i n e  o f  a s c e n t .

I n  C h a r t  3 ,  R a b b i t s  Nos. 11 and 12 a r e  shewn, and i n  

C h a r t  4  Nos. 13 and 14 so t h a t  t h e  c o n t r a s t  be tw een  th e  

two ty p e s  o f  g ro w th ,  c y c l i c  and r e g u l a r ,  may be e v i d e n t ,  

an  exam ple o f  each  fo rm  b e in g  p r e s e n t  i n  b o th  c h a r t s .

On c o n s i d e r a t i o n  o f  S e r i e s  A and B i n  w h ich  th e  

r a b b i t s  w ere  t h i r t y  and f i f t y  days o ld  r e s p e c t i v e l y  a t  th e  

t im e  o f  t h e  f i r s t  o b s e r v a t i o n ,  i t  i s  more d i f f i c u l t  to  

draw any  c o n c l u s i o n  th a n  i n  th e  c a s e  o f  S e r i e s  C. At f i r s t  

s i g h t  t h e  r a t e  o f  g row th  w ould  a p p e a r  t o  be m ark ed ly  i r ­

r e g u l a r ,  b u t  on more c r i t i c a l  i n q u i r y  t h i s  im p r e s s io n  i s  

m o d i f ie d .

W ith  r e g a r d  to  S e r i e s  A, i t  w i l l  be s e e n  from  T able  

No. 8 ,  o r  b e t t e r  from  C h a r ts  5 and 6 ,  t h a t  a l l  t h e  r a b b i t s  

i n  t h i s  g ro u p .  Nos. 1 ,  2 ,  3 and 4 ,  g a in e d  s t e a d i l y  i n  

w e ig h t  u n t i l  t h e  e i g h t i e t h  day . I n  t h a t  p e r i o d  t h e r e  a r e  

t h r e e  i r r e g u l a r i t i e s  w here t h e  w e ig h t  su d d e n ly  s h o o ts  up 

( i n  some i n s t a n c e s  more th a n  100 grammes o r  l / 7 t h  o f  th e  

t o t a l  body w e ig h t)  and th e n  f a l l s  a s  r a p i d l y  b e f o r e  th e  

t im e  o f  th e  n e x t  o b s e r v a t i o n .  These i r r e g u l a r i t i e s  o c cu r  

a t  f a i r l y  r e g u l a r  i n t e r v a l s ,  and o r i g i n a l l y ,  i n  view  o f
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th e  f a c t  t h a t  t h e  r a b b i t s  w ere  a l l  o f  one l i t t e r , i t  seemed 

p o s s i b l e  t h a t  i t  was an  e x p r e s s io n  o f  p e r i o d i c  g ro w th ,  b u t  

t h i s  i d e a  had  t o  be abando ned .

When S e r i e s  A i s  compared w i t h  S e r i e s  B i t  i s  fou nd  

t h a t  t h e s e  f l u c t u a t i o n s  o c c u r  i n  b o th ,  and s y n c h ro n o u s ly ,  

and t h e r e f o r e  t h e  e x p l a n a t i o n  was t o  be s o u g h t  i n  some ex ­

t e r n a l  i n f l u e n c e  a f f e c t i n g  two d i f f e r e n t  l i t t e r s  o f  r a b b i t s

i n  s e p a r a t e  c a g e s .

Changes o f  t e m p e r a tu r e  and w e a th e r  a r e  th ro w n  o u t  o f  

c o u r t , a s  i n  some i n s t a n c e s  t h e  i r r e g u l a r i t y  o c c u r r e d  i n  

th e  m id d le  o f  a  week o f  s o f t  r a i n y  w e a th e r  w i t h  com par­

a t i v e l y  low r e a d i n g s  on th e  th e rm o m e te r , and i n  o t h e r s  d u r ­

in g  a  s p e l l  o f  s u n s h in e  and w arm th.

I n  s p i t e  o f  t h e  r e g u l a r  f e e d in g  o f  th e  a n im a l s ,  and 

th e  end eav o u r  t o  have  a lw ays an  e x c e s s  o f  fo o d  i n  th e  c a g e s , 

one i s  f o r c e d  to  c o n s i d e r  th e  i r r e g u l a r i t y  a s  due to  th e  

c o n d i t i o n  o f  th e  a l i m e n t a r y  t r a c t , and i t  i s  p ro b a b le  t h a t  

more g re e n  fo o d  was g iv e n  on th e  days i n  w h ich  t h e  r a p i d  

i n c r e a s e  i n  w e ig h t  to o k  p l a c e .  These sudden  and u n s u s ­

t a i n e d  f l u c t u a t i o n s  i n  w e ig h t  a r e  t h e r e f o r e  t o  be n e g le c t e d ;  

th e y  m ust be c o n s id e r e d  a s  u n a v o id a b le  i n a c c u r a c i e s , and 

t h e i r  more o r  l e s s  p e r i o d i c  r e c u r r e n c e  a s  mere c o in c id e n c e .

A f t e r  th e  e i g h t i e t h  d a y ,  t h a t  i s  i n  t h e  second  h a l f  

o f  t h e  r e c o r d s , g row th  becomes v e r y  d e f i n i t e l y  c y c l i c , and
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i n  t h e  c h a r t e d  t r a c i n g  o f  each  spec im en  t h e r e  a p p e a r s  a 

s u c c e s s io n  o f  a l t e r n a t i n g  p e r i o d s  o f  a c t i v e  g row th  fo l lo w e d  

hy t im e s  o f  r e s t  w h ic h ,  i n  many i n s t a n c e s , i s  accom panied  by 

l o s s  o f  w e ig h t .  (See C h a r t s  5 and 6) These i r r e g u l a r i t i e s  

may be r e g a r d e d  a s  g i v i n g  e v id e n c e  o f  v a r i a t i o n  i n  th e  

r a t e  o f  g row th  a s  th e y  d i f f e r  w id e ly  from  t h o s e  a l r e a d y  d e ­

s c r i b e d  o c c u r r i n g  b e f o r e  t h e  e i g h t i e t h  day . I n  th e  e a r l i e r  

ones t h e  i r r e g u l a r i t y  was e x tre m e ly  s h o r t - l i v e d ,  and  th e  

same phenomena w ere  shewn s im u l t a n e o u s ly  i n  t h e  C h a r t  o f 

e v e ry  r a b b i t , w h e re a s  i n  t h e s e  l a t e r  ones th e  r a p i d  i n ­

c r e a s e  i n  w e ig h t  i s  s u s t a i n e d  o v e r  a  p e r i o d  o f  s e v e r a l  days  

b e f o r e  a r r e s t  o r  l o s s  o c c u r s ,w hich  a g a in  occupy a  f a i r  

amount o f  t im e .  F u r t h e r , t h e  c u rv e s  a r e  n o t  s im u l ta n e o u s  

i n  t h e  t r a c i n g s  o f  t h e  d i f f e r e n t  r a b b i t s ,  and w h i l e  th e  

w e ig h t  o f  one a n im a l  i s  s t a t i o n a r y  o r  even f a l l i n g ,  t h a t

o f  a n o th e r  may be i n c r e a s i n g  r a p i d l y .

From t h e s e  f a c t s  one can  h a r d l y  d o ub t t h a t  t h e  c u rv e s  

a r e  a c t u a l l y  e x p r e s s iv e  o f  th e  p e r i o d i c  n a t u r e  o f  t h e  

g ro w th ,  an i d e a  w hich  seems t o  be bo rne  o u t  by th e  r e g u l a r  

s u c c e s s io n  o f  t im e s  o f  a c t i v i t y  and i n t e r v a l s  o f  q u ie s c e n c e  

w h ich  a r e  shown b e s t  i n  th e  t r a c i n g s  o f  R a b b i t s  E os . 1 and 

2. I n  Ko. 1 a  p e r i o d  o f  r a p i d  i n c r e a s e  s t a r t s  on t h e  

n i n e t y - f o u r t h  day , and c o n t in u e s  f o r  e i g h t  days w i th  a  

r e s u l t i n g  t o t a l  g a in  o f  o v e r  200 gram m es, th e n  f o l lo w s
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a n o t h e r  p e r i o d  o f  e i g h t  d ay s  i n  w h ich  60 grammes a r e  l o s t  

b e f o r e  th e  n e x t  c y c le  b e g in s .  I n  Uo. S t h e  c u rv e s  a r e  

even  more r e g u l a r  i n  t h e i r  a r r a n g e m e n t . o c c u r r i n g  be tw een  

t h e  n in e t y - s e c o n d  and one h u n d red  and s i x t h ,  and one 

h u n d re d  and s i x t h  and one h u n d red  and tw e n ty - s e c o n d  d a y s ,  

and f o l lo w in g  t h a t  t h e  l a r g e r  p a r t  o f  a n o th e r  c u rv e  i s

shewn.
R a b b i t  Ko. 4  a l s o  g i v e s  f a i r  e v id e n c e  o f  c y c l i c  g row th  

b u t  i n  t h i s  i n s t a n c e  th e  c y c l e s  a r e  l e s s  r e g u l a r .  Thus 

t h e r e  i s  a  l o n g  s t e a d y  i n c r e a s e  o f  a lm o s t  500 grammes b e ­

tw een  th e  s e v e n t y - e i g h t h  and one h u n d red  and seco nd  day . 

f o l lo w in g  t h a t  a  p e r i o d  o f  a r r e s t  when 100 grammes a r e  

l o s t  b e f o r e  th e  w e ig h t  b e g in s  t o  r i s e  a g a in  on th e  h u n ­

d re d  and e i g h t h  day . The r e c o r d  o f  R a b b i t  Ko. 5 i s  

d i f f i c u l t  t o  d e c i p h e r .  I t  i s  e x t r e m e ly  i r r e g u l a r  and i s  

f u r t h e r  o b sc u re d  by p re g n a n c y ,  b u t  i t  i s  p o s s i b l e  t h a t  th e  

t h r e e  s m a l l  c u rv e s  w h ich  ta k e  p l a c e  be tw een  th e  e i g h t y -  

f o u r t h  and one h undred  and f o u r t e e n t h  days a r e  due to  a 

ty p e  o f  c y c l i c  g row th  i n  w hich  th e  p e r i o d s  o f  a c t i v i t y  and

a r r e s t  a r e  o f  s h o r t  d u r a t i o n .

I t  seems h a r d l y  n e c e s s a r y  t o  d e s c r i b e  i n  d e t a i l  th e  

c h a r t s  from  th e  r a b b i t s  o f  S e r i e s  B, Kos. 5 , 6 , 7  and 8 . 

( C h a r t s  Kos. 7 and 8) What h a s  been  s a id  o f  t h o s e  i n  

S e r i e s  A a p p l i e s  t o  and c o v e rs  a l l  t h e  p o i n t s  w h ich  emerge
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i n  S e r i e s  B.
I t  i s  s u f f i c i e n t  t o  say  t h a t  g row th  i n  Bos. 5 ,  7 and 8 

was s t e a d y  d u r in g  th e  f i r s t  h a l f  o f  th e  t im e  u n d e r  o b s e r v a ­

t i o n ,  and t h a t  i n  E o . 5 i t  c o n t in u e d  so u n t i l  t h e  end , 

w h i le  i n  E os. 7 and 8 i t  became c y c l i c .  R a b b i t  Eo. 6 

t h r i v e d  w i t h  t h e  o t h e r s  f o r  a  t im e ,  b u t  be tw een  t h e  n i n e t i e t h  

and one h u n d re d th  days  i t  was n o t i c e d  t o  be l e t h a r g i c ,  tn e  

f u r  s t a r i n g ,  and t h e r e  was p r o f u s e  and p e r s i s t e n t  d i a r r h e a .

At t h i s  t im e ,  and  f o r  some d ay s  s u b s e q u e n t ly ,  g row th  was 

a r r e s t e d ,  and th o u g h  th e  symptoms o f  i l l n e s s  p a s s e d  o f f  i n  

a b o u t  t e n  d a y s ,  t h e  r a b b i t  n e v e r  th o ro u g h ly  r e g a in e d  i t s  

p r e v io u s  c o n d i t i o n .  I t  w i l l  be o b se rv e d  t h a t  g ro w th ,  when 

i t  d id  r e t u r n ,  was o f  c y c l i c  t y p e .

T ab le  Eo. 8 g i v in g  f u l l  d e t a i l s  o f  th e  w e ig h ts  o f  

th e s e  r a b b i t s  th ro u g h o u t  t h e  c o u rs e  o f  th e  e x p e r im e n t  i s  

appended .

W ith  r e f e r e n c e  t o  th e  G u i n e a - p i g s , t h e  same mode o f  

p ro c e d u re  and  p r e c a u t i o n s  w ere  t a k e n  i n  o b t a i n i n g  t h e i r  

grow th  r e c o r d s ,  a s  w ere  o b se rv ed  i n  t h e  c a s e  of t h e  

r a b b i t s .

I n  t h e  g u in e a - p ig s  t h e  o b s e r v a t i o n s  a r e  p e rh a p s  more 

v a lu a b le  th a n  th o s e  o f  th e  r a b b i t s , a s  th e y  e x te n d  from  th e  

t im e  o f  b i r t h  t o  f u l l  m a t u r i t y ,  w h e reas  w i th  r a b b i t s  such  

f r e e  h a n d l in g  i n  t h e  e a r l y  s t a g e s  i s  q u i t e  im p o s s ib le .
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R ab b it  1
June

18 '  20 22 24 26 28 30 :
J u l y  
2 4 6 8 10 12 14 16 18 20

( 1 .  ' 318 362 383 413 453 500 542 622 606 650 660 694 710 729 802 780 794

)
( 2. i 240 272 295 315 363 393 444 486 481 521 546 569 580 577 652 627 637

A.
( 3.

1
1 272 313 341 383 434 463 502 585 561 616 621 642 692 686 779 765 778

)
( 4 . 302 353 357 398 450 490 539 604 598 644 629 658 669 663 763 733 754

) 5 . 566 607 611 617 718 716 730 744 794, 774 817 618 928 901 912 942

(
) 6 . 1 485 500 505 515 581 607 634 611 693 655 6 87 673 783 745 747 796

B. (
) 7 . i 509 503 538 555 638 639 693 688 747 707 742 757 806 856 844 892

(
) 8. 560 610 611 620 695 695 749 756 806 798 828 819 872 890 889 948

11.

1 2 .

13 .

1 4 .

15 .

OB SERV AT I QMS on th e

22 24

774 857

666 755

791 853

788 882

990 1076 

844 914

939 1004 

1016 107 3 

86 110 

96 120

71 89

74 89

49 65

WEIGHTS o f  RABBITS

August S e p t .
26 28 30 1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31 i 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30

858 869 909 ' 912 965 ~ 900 947 955 1024 1070 1102 1180 1126 1124 1213 1215 1291 1336 1310 [1295 1290 1276 1327 1340 1341 Î345 1340 1351 1410 1397 1432 1440 1431 1435
748 779 818 829 894 848 872 880 965 975 987 1119 1072 1089 1110 1200 1231 1252 1250 |1209 1255 1290 1300 1329 1334 1330 1337 1346 1331 1372 1399 1440 1459 1451

842 880 922 946 1045 948 999 1020 1024 1179 1207 1265 1210 1244 1273 1366 1421 1458 1401 il354 1472 1540 1491 1424 1431 1437 1451 1594 1627 1610 1653 1684 1666 1689

683 891 951 959 1039 960 1005 1020 1106 1163 1192 1264 1213 1235 1281 1300 1385 1432 1317 ;i293 1320 1436 1453 1463 1471 1489 1473 1465 1461 1483 1497 1495 1510 1491
1037 1107 1119 1070 1190 1134 1130 1138 1178 1192 1205 1304 1316 1392 1300 1450 1437 1410 1460 1465 1520 1545 1550 1572 1567 1539 1555 1559

906 977 979 928 1029 952 937 922 950 1001 1032 1080 1114 1069 1129 1240 1240 1229 1241 1237 1270 1376 1375 1381 1390 1345 1373 1374
984 1064 1060 1035 1043 1072 1100 1140 1197 1212 1222 1296 1312 1305 1470 1488 1480 1485 1483 1484 1560 1593 1621 1646 1601 1586 1611 1640

1041 1016 1140 1084 1211 1126 1143 1174 1231 1290 1300 1311 1366 1354 1472 1525 1512 1490 1485 11487 1582 1654 1612 1652 1652 1590 1634 1640

149 158 162 178 186 202 212 247 279 297 325 339 352 355 360 460 497 521 5 5 7  ̂ 575 620 663 667 654 689 695 701 760 721 749 763 778 780 799

147 157 166 186 198 216 237 247 295 286 294 316 330 349 425 440 493 513 570 ; 578 599 650 693 691 701 757 793 868 873 852 888 912 879 934

127 136 151 167 176 191 230 228 265 280 283 310 327 337 361 422 475 498 537 ; 544 552 609 599 584 607 625 661 711 725 729 743 730 737 765

124 127 139 151 162 176 210 212 216 219 225 257 262 256 271 317 343 357 355 ; 372 385 414 430 432 457 456 460 547 512 529 513 555 572 591

90 93 101 115 121 135 140 157 174 185 186 214 204 187
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R ecords were t a k e n  o f  th e  w e ig h ts  o f  sev en  a n im a l s ,  E os . 80, 

21, 28, 83, 24 , 85 and 86, and i n  e v e ry  i n s t a n c e  th e  f i r s t  

o b s e r v a t i o n  was made w i t h i n  a  few h o u r s  o f  b i r t h .

The w e ig h ts  a r e  g iv e n  i n  T ab le  9 ,  and i n  C h a r t s  E os .

9 and 10.

S u in e a - p ig s  E os. 80 and 81 w ere  o f  th e  same l i t t e r ,  

(C h a rt  Eo. 9] a s  a l s o  E os. 83 , 84, 85 and 86 (C h a r t  Eo. 10) 

w h i le  Eo. 88 was a  s i n g l e  spec im en  (C h a r t  Eo. 1 0 ) .  I t  i s  

■unnecessary to  c o n s i d e r  th e  g row th  r e c o r d s  o f  t h e  a n im a ls  

i n  th e  d i f f e r e n t  l i t t e r s  s e p a r a t e l y ,a s  t h e  e s s e n t i a l  f e a t u r e :  

a r e  common t o  a l l ,  and when d i s c r e p a n c i e s  do o c c u r  th e y  w i l l  

be n o te d .

From t h e  T ab le  and C h a r t s  i t  w i l l  be se en  t h a t  w e ig h t  

may o r  may n o t  be l o s t  d u r in g  th e  f i r s t  few days  a f t e r  

b i r t h .  Thus a l l  t h e  spec im ens  o f  one l i t t e r ,  E os. 83, 84,

25 and 86 , l o s t  w e ig h t  t o  th e  e x t e n t  o f  l / 5 t h  to  § t h  o f  

th e  o r i g i n a l  body w e ig h t ,  w h i l e  i n  th e  o t h e r  two l i t t e r s ,  

g u in e a - p ig s  Eos. 80, 81 and 88, an  u n b rok en  l i n e  o f  i n ­

c re a s e  from  th e  t im e  o f  b i r t h  i s  shewn. D u rin g  th e  f i r s t  

week th e  w e ig h ts  o f  a l l  t h e  young g u in e a - p ig s  w ere  ta k e n  

d a i l y ,  and  n o t  one o f  t h e s e  t h r e e  a n im a ls  gave any s i g n  o f  

d e c r e a s e .  I n  E os. 83, 84, 85 and 86, t h e  l o s s  o f  w e ig h t  

c o n t in u e d  f o r  v a r i a b l e  p e r i o d s  : Eo. 84 had r e g a in e d  i t s  

o r i g i n a l ,w e ig h t  by th e  f i f t h  d a y ,  w h i le  Eo. S3 to o k  e le v e n
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days to  r e g a i n  w hat i t  had l o s t .

Once i n c r e a s e  i n  w e ig h t  commenced, i t s  c o u rs e  was r e ­

m ark ab ly  s i m i l a r  i n  a l l  t h e  a n im a ls  u n d e r  o b s e r v a t i o n ,  and 

th e  s a l i e n t  f e a t u r e  i n  th e  g row th  c u rv e s  o f  t h e s e  g u in e a -  

p ig s  i s  t h e  u n i f o r m i t y  o f  t h e  r a t e  o f  i n c r e a s e  from  th e  

tim e  o f  b i r t h  to  m a t u r i t y .

S m all  i r r e g u l a r i t i e s  do o c c u r ,  and i n  each  C h a r t  one 

can  p i c k  o u t  p e r i o d s  o f  more r a p i d  g row th  fo l lo w e d  by 

s lo w ing  o r  c o m p le te  a r r e s t :  f o r  e x am p le , i n  G u in e a -p ig  Eo. 

20, be tw een  i t s  f o r t i e t h  and s i x t i e t h  d a y s ,  o r  i n  Eo. 23 

from th e  f o r t i e t h  t o  t h e  s e v e n t i e t h  d a y ,  so  t h a t  i t  would 

a p p e a r  a s  i f  p e r i o d i c  g row th  does  o c c u r ,  tho ugh  n o t  to  

any marked e x t e n t .

As a l r e a d y  s t a t e d ,  t h e  m ain  c h a r a c t e r i s t i c  o f  t h e s e  

C h a r ts  i s  t h e i r  r e g u l a r i t y , and i t  would be d i f f i c u l t  t o  

f i n d  a  more e v e n ly  c o n t in u o u s  i n c r e a s e  i n  w e ig h t  th a n  i s  

shewn by Eo. 22 from  th e  t im e  o f  b i r t h  to  th e  t h i r t i e t h  

day.

G u in e a -p ig s  E os. 21, 22 and 26, were f e m a le s ,  and i n  

a l l  o f  them p reg n a n cy  su p e rv en e d  b e f o r e  t h e  c lo s e  o f  th e  

e x p e r im e n t ,  so  t h a t  th e  r e c o r d s  a r e  s p o i l t  a s  o b s e r v a t io n s  

on i n d i v i d u a l  g ro w th .  The sudden  l o s s  o f  w e ig h t  i n  Eo. 21 

on th e  e i g h t y - f i f t h  day  i s  e x p la in e d  by th e  o c c u r re n c e  o f  

p a r t u r i t i o n  on t h a t  d a t e .

One h e s i t a t e s ,  from  su ch  a  sm a l l  number o f  o b s e r v a t io n :



El

t o  g e n e r a l i s e  o r  draw any  i n f e r e n c e s  r e g a r d i n g  th e  phenomena 

o f  g row th  a s  shewn i n  r a b b i t s  and g u i n e a - p i g s , b u t  such  a s  

seem o b v io u s  w i l l  be  d i s c u s s e d  l a t e r .



T A B L E N O.  9

OBSERVATIONS on th e  WEIGHT

Number
o f

G u in ea -P ig

20 1 1 0  1 1 7  1 3 0  1 4 5  1 6 3  1 6 8  1 7 9  1 8 4  2 0 0  2 2 4  2 2 4  2 5 2  2 6 3  2 6 7  2 5 8  2 7 5  3 0 6  3 0 9  3 2 7  3 5 8

o f  GUINEA -  PIGS ( Grôjmçrseè)

3 5 2  3 6 2  4 0 0  4 0 2  3 8 9  4 1 7  4 2 9  4 2 3  4 2 0  4 1 5  4 3 0  4 5 4  4 5 3  4 5 9  4 8 9  5 0 4  5 0 0  4 4 7  4 8 1  4 5 2 ’ 4 7 0  4 9 0  4 7 2  4 5 9  4 7 5  4 8 5  4 6 8  4 7 2

21 9 8  1 0 6  1 1 9  1 3 3  1 4 9  1 6 2  1 6 2  1 6 9  1 9 4  2 1 3  2 1 5  2 4 4  2 4 9  2 6 2  2 5 2  2 7 7  2 9 7  3 0 0  3 1 8  3 4 9
3 5 0  3 5 1  3 9 1  3 9 5  3 7 2  3 9 2  4 0 4  4 1 2  4 4 9  4 5 3  4 7 3  4 8 8  4 9 5  4 9 2  5 1 9  5 2 8  5 3 3  5 2 0  5 2 9  5 2 8  5 3 4  5 8 6  6 0 1  3 7 3  3 9 1  3 9 7  3 9 2  4 1 7

22

2 3

5 9  7 1  8 2  - 9 7  1 0 3  1 1 7  1 1 7  1 4 0  1 5 2  1 6 4  1 6 1  1 8 5  2 0 4  2 0 7  2 1 1  2 4 0

8 6  7 5  7 3  7 5  7 6  8 8  9 9  1 1 2  1 1 6  1 3 8

2 3 6  2 4 2  2 8 0  2 8 2  2 8 2  2 9 1  3 1 5  3 0 6  3 1 5  3 4 9  3 3 1  3 4 9  3 5 2  3 4 3  3 7 1  4 1 0  4 1 5  4 0 2  4 2 0  4 3 1  4 3 7  5 1 1  5 3 2  5 6 7  5 9 1  5 8 3  5 8 1  5 7 9

1 4 0  1 4 8  1 6 3  1 7 4  1 8 3  1 9 6  2 1 3  2 1 4  2 1 9  2 3 8  2 4 5  2 4 8  2 5 0  2 5 1  2 5 3  2 9 5  3 1 0  2 9 9  3 0 0  3 1 5  3 2 9  3 4 9  3 3 1  3 7 9  3 8 1  3 7 2  3 6 9  3 8 1

2 4 5 6  4 7  5 8  6 8  7 8

2 5

2 6

5 5  4 3

7 9  6 9  8 4  9 1  9 1  9 7  1 1 0  1 2 3  1 3 3  1 5 5  p y g  1 8 9  1 9 4  2 0 2  2 1 9  2 3 7  2 4 2  2 6 9  2 7 7 1 2 8 0  2 8 4  2 8 9  2 7 9  3 1 2  3 1 3  3 2 0  3 2 2  3 1 9  3 3 4  3 2 7  3 7 4  3 3 3  3 1 9  3 7 7  4 1 2  3 9 1  4 1 7
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Weî it  ̂curves of Guinea.-|iigs



22

SECTION THREE

OBSERVATIONS ON THE GROWTH 

HEABTHY BOYS BETWEEN THE AGES OF TEN AND NINETEEN YEAR̂

The f o l lo w in g  i n q u i r y  was u n d e r ta k e n  f o r  t h e  p u rp o se  o f  
o b s e r v in g  t h e  phenomena o f  g row th  i n  young h e a l t h y  a d ­

o l e s c e n t s  d u r in g  t h e  s c h o o l  a g e .  F o r  th e  d a t a  on w hich  

th e s e  o b s e r v a t i o n s  a r e  b a sed  I  am in d e b te d  to  th e  Head­

m a s te r  o f  Bootham S c h o o l ,  Y ork.

A t t h a t  S cho o l a  r e c o r d  i s  ta k e n  a t  th e  b e g in n in g  and 

end o f  each  te rm  o f  t h e  p h y s i c a l  c o n d i t i o n  o f  e v e ry  boy. 

H e ig h t ,  w e ig h t ,  c h e s t  m easurem ents  and  c a p a c i t y , b e s i d e s  

v a r i o u s  t e s t s  f o r  t h e  f i t n e s s  o f  s e v e r a l  g ro u p s  o f  m u sc le s  

a r e  a l l  s y s t e m a t i c i l y  gone th ro u g h  and n o ted  down i n  th e

A n th ro p o m e tr ic  R e g i s t e r .

P h y s i c a l  e x e r c i s e  o f a l l  k in d s  e n t e r s  l a r g e l y  i n t o  

th e  c u r r i c u lu m ,  so  t h a t  t h e  boys a r e  c o n t in u o u s ly  i n  h a rd  

c o n d i t i o n ,  t h e  s i c k - r a t e  i s  p r a c t i c a l l y  n i l ,  and t h e r e f o r e  

one can  a c c e p t  t h e s e  r e c o r d s  a s  t h o s e  o f  n o rm al,  h e a l t h y

i n d i v i d u a l s .
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The Bohool y e a r  i s  d iv id e d  i n t o  t h r e e  te rm s  o f  a p p ro x ­

im a te ly  t h i r t e e n  weeks e a c h ,  w i th  b r e a k s  a t  C h r is tm a s ,  

E a s t e r  and l a t e  summer f o r  v a c a t i o n ,  and a s  t h e  r e c o r d s  a r e  

t a k e n  a t  t h e  t im e  o f  d i s m i s s a l  f o r  h o l i d a y s ,  and a g a in  on 

r e t u r n i n g ,  a  s e r i e s  o f  s i x  o b s e r v a t i o n s  p e r  y e a r  i s  th e  

r e s u l t .  The i n t e r v a l s  be tw een  th e  o b s e r v a t i o n s  a r e  n o t  

e q u a l  i n  l e n g t h ,  b u t  from  t h e  method w h ich  one h a s  a d o p te d  

i n  c h a r t i n g  them , i t  i s  p o s s i b l e  t o  t e l l  a t  a  g la n c e  th e  

f a t e  o f  g row th  o f  a  boy i n  any g iv e n  month o f  th e  y e a r .

F o r  t h e  o b j e c t s  o f  t h e  p r e s e n t  w ork , a  s tu d y  o f  i n ­

d i v i d u a l  g ro w th , i t  was c o n s id e r e d  s u f f i c i e n t  to  t a k e  ou t 

t h e  h e i g h t s  and w e ig h ts  and n e g l e c t  t h e  m usc le  and c h e s t  

m easu rem en ts  a s  h a v in g  no v e ry  d e f i n i t e  b e a r in g  on th e

m a t t e r  i n  hand .

R eco rd s  o f  th e  g row th  o f  250 boys a s  e v id e n ce d  by 

h e i g h t  and w e ig h t  were t a k e n  from  th e  R e g i s t e r .  Those 

w h ich  d id  n o t  e x te n d  o ve r  a  p e r i o d  o f  a t  l e a s t  e ig h t e e n  

m onths w ere  n e g l e c t e d , b u t  i n  o r d e r  t h a t  t h e  r e s u l t s  m igh t 

be  a s  f a r  a s  p o s s i b l e  r e p r e s e n t a t i v e  o f  t h e  i n c id e n c e  o f  

th e  v a r i o u s  fo rm s o f  g ro w th ,  and th e  r e l a t i v e  f re q u e n c y  

w i t h  w hich  th e y  o c c u r^ th e  r e c o r d s  a r e  c o n s e c u t iv e ,  t a k e n  

i n  t h e  o r d e r  i n  w hich  th e y  a p p e a r  i n  t h e  R e g i s t e r ,  i . e .  

i n  t h e  o r d e r  o f  t h e  bo y s ' e n t r a n c e  t o  th e  S ch o o l.

Some o f  th e  r e c o r d s ,  t h e r e f o r e ,  o n ly  c o v e r  p e r io d s
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o f e ig h t e e n  m o n th s ,  h u t  t h e  l a r g e  m a j o r i t y  e x te n d  o v e r  a 

m a t t e r  o f  f o u r  y e a r s ,  w h i le  a  few a r e  sev en  o r  even  e i g h t  

y e a r s  i n  l e n g t h .  The a g e s  o f  th e  hoys o b se rv ed  ra n g e  b e ­

tw een t e n  and n i n e t e e n .

To make i t  p o s s i b l e  t o  s o r t  o u t  t h e  C h a r t s  i n t o  

d i f f e r e n t  g ro u p s  a  s e p a r a t e  one was made f o r  each  i n d i v i d u a l  

and t h e  s e r i e s  o f  o b s e r v a t i o n s  o f  h e i g h t  and w e ig h t  p l o t t e d  

o u t  on i t .  The r e c o r d s  i n  t h e  R e g i s t e r  a r e  g iv e n  i n  f e e t ,  

i n c h e s  and e i g h t h s  o f  an  in c h ,  and t h e  w e ig h ts  i n  pounds; 

and th e  m ethod o f  c h a r t i n g  t h e s e  was a s  f o l lo w s .

R u led  p a p e r  d i v id e d  i n t o  e i g h t h s  was u sed  so t h a t  i t  

was a  s im p le  m a t t e r  r e c o r d i n g  th e  h e i g h t .  I t  was found 

t h a t ,  on t h e  a v e r a g e ,  f o r  e v e ry  t e n  pounds g a in e d  i n  

w e ig h t  t h e r e  was an  a d d i t i o n  o f  two in c h e s  i n  s t a t u r e , and 

t o  k eep  t h e  h e i g h t  and w e ig h t  c u rv e s  w i t h i n  r e a s o n a b le

l i m i t s  t h i s  r a t i o  was m a in ta in e d .

The C h a r t s  w ere  f u r t h e r  s u b d iv id e d  by v e r t i c a l  l i n e s  

i n t o  r e g u l a r  sp a c e s  r e p r e s e n t i n g  m o n th s , t h u s .a l lo w in g  th e

r a t e  o f  g row th  to  be gauged .

As t h e  e x a c t  d a t e s  o f  a l l  t h e  r e c o r d s  a r e  g iv e n  i n  

t h e  r e g i s t e r ,  i t  was p o s s i b l e  by th e  above means to  p l o t  

o u t  t h e  c u rv e s  o f  g ro w th , b o th  i n  h e i g h t  and w e ig h t  w i th

g r e a t  a c c u ra c y .
I n  t h e  f i r s t  p l a c e  grow th  a s  r e p r e s e n te d  by i n c r e a s e
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i n  h e i g h t  w i l l  he c o n s id e r e d .

On i n s p e c t i o n  o f  t h e  250 C h a r t s ,  c o n s i d e r a b l e  d i f f i c u l t y  

was e x p e r ie n c e d  i n  r e d u c in g  them to  any  s o r t  o f  a r r a n g e ­

m en t,  a c c o r d in g  t o  t h e  ty p e  o f  g row th  d i s p l a y e d .  W hile 

h a r d l y  two o f  them w ere  a l i k e  c e r t a i n  o t h e r s  p r e s e n t e d  

su c h  d i v e r s e  and  d e f i n i t e  c h a r a c t e r i s t i c s  a s  t o  s u g g e s t  o f 

th e m s e lv e s  a  m ethod o f  c l a s s i f i c a t i o n .

C h a r t s  shew ing r e g u l a r  g row th  w i th  c o n t in u o u s  and 

s t e a d y  i n c r e a s e  s u s t a i n e d  o v e r  th e  whole p e r i o d  o f  o b s e r v a ­

t i o n  form  t h e  f i r s t  g ro u p , w h i l e  a t  th e  o t h e r  e x tre m e , 

th o s e  g iv in g  exam ples o f  t y p i c a l l y  c y c l i c  g row th  make up 

t h e  t h i r d  g ro u p .  Between t h e s e  two comes a  l a r g e  s e r i e s  

c o m p r is in g  th e  g r e a t  p r o p o r t i o n  of t h e  C h a r t s , i n  w h ich  

g row th  i s  i r r e g u l a r  i n  t y p e ,  and y e t  n o t  r e g u l a r  i n  i t s  

i r r e g u l a r i t y  a s  i n  t h e  c y c l i c  fo rm . T h is  second g roup  was 

so l a r g e  t h a t  f o r  p u rp o s e s  o f  d e s c r i p t i o n  i t  was n e c e s s a r y  

to  s u b - d i v i d e  i t  i n t o  two c l a s s e s ;  t h e  f i r s t  i n  w hich  th e  

i r r e g u l a r i t i e s  a r e  o n ly  s l i g h t ,  and th e  second  where 

m arked v a r i a t i o n  i s  th e  p ro m in e n t  f e a t u r e  o f  th e  C h a r t s .

Of c o u r s e  t h i s  c l a s s i f i c a t i o n  i s  p u r e l y  a r b i t r a r y , 

and a s  one g roup  m erges  i m p e r c e p t ib ly  i n t o  a n o t h e r , t h e r e  

a r e  n e c e s s a r i l y  o u t l y i n g  c h a r t s  w hich  come j u s t  on th e  

b o r d e r l a n d  and  w hich  r e q u i r e d  r e p e a t e d  re a r ra n g e m e n t  b e ­

f o r e  t h e i r  p o s i t io n sw e m  f i n a l l y  d e te rm in e d .  L a s t l y ,  th o s e
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c h a r t s  w ere  c l a s s e d  by th e m s e lv e s  i n  w hich  t h e  a g e s  ranged  

betw een  t h e  s e v e n t e e n t h  and n i n e t e e n t h  y e a r s , and w hich  

t h e r e f o r e  d e m o n s t r a te d  th e  s lo w in g  o f  g row th  w h ich  o c c u rs  

a t  t h a t  t im e ,  and i n  c o n s i d e r i n g  t h i s  s e r i e s  one had  to  

in c lu d e  c h a r t s  from  o t h e r  g ro u p s  w hich  c o n t in u e d  i n t o  t h a t  

p e r i o d .

I t  i s  now p ro p o se d  to  d e s c r i b e  s e v e r a l l y  th e  f e a t u r e s

of t h e s e  g ro u p s .

W ith  r e f e r e n c e  to  Group 1 ,  composed o f  c h a r t s  shew­

in g  t h e  r e g u l a r  fo rm  o f  g ro w th , l i t t l e  need  be s a i d  by 

way o f  d e s c r i p t i o n .  I t  may be w e l l ,  how ever, t o  m en tio n  

t h a t  a s  th e  a v e r a g e  l e n g t h  o f  a  c h a r t  i n  t h i s  Group r e ­

p r e s e n t s  o v e r  t h r e e  and  a  h a l f  y e a r s , and t h a t  from  com­

mencement t o  c lo s e  each  one g iv e s  e v id e n c e  o f  s t e a d y  i n ­

c r e a s e ,  t h e  c o n t in u o u s  o r  r e g u l a r  n a tu r e  o f  th e  mode o f  

g row th  i s  amply p ro v e d .  The t im e  u n d e r  o b s e r v a t io n  i n  

e v e ry  i n s t a n c e  was s u f f i c i e n t l y  lo n g  to  e x c lu d e  th e  

p o s s i b i l i t y  o f  o n ly  th e  p e r i o d  o f  a c t i v e  grow th  i n  one o f  

t h e  i r r e g u l a r  o r  c y c l i c  ty p e s  b e in g  r e c o rd e d  and th e n  

c a u s in g  in a c c u r a c y  by i t s  i n c l u s i o n  i n  t h i s  s e r i e s .

The g roup  i s  a  s m a l l  o n e , c o m p r is in g  a s  i t  does onl^y 

29 C h a r t s  o u t  o f  th e  t o t a l  250. E very  C h a r t  p r e s e n t s  th e  

same f e a t u r e ,  an  u n b ro k en  l i n e  o f  a s c e n t ,  t h e  g row th  of 

one y e a r  b e in g  a lm o s t  i d e n t i c a l l y  r e p e a te d  i n  th e  n e x t , 

and a p p a r e n t l y  q u i t e  u n in f lu e n c e d  by s e a s o n a l  change o r
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o t h e r  e x t e r n a l  a g en c y .

The m ost i n t e r e s t i n g  c h a r t  i n  th e  s e r i e s  i s  one w hich  

e x te n d s  from  t h e  e l e v e n t h  t o  t h e  n i n e t e e n t h  y e a r ,  and i n  

w h ich  g ro w th  i s  p e r f e c t l y  r e g u l a r ,  w i t h  an  i n c r e a s e  o f  

a p p ro x im a te ly  two and a  q u a r t e r  in c h e s  y e a r l y  u n t i l  th e  

age o f  s e v e n te e n ,  when g row th  su d d e n ly  s t o p s ,  and i n  t h e  

e i g h t e e n t h  and  n i n e t e e n t h  y e a r s  no f u r t h e r  a d d i t i o n  i s  

made t o  t h e  s t a t u r e . T h is  c h a r t  c o n t in u e s  i n t o  t h e  l a t e r  

s t a g e ,  when g ro w th  s t o p s ,  h u t  a l l  t h e  o t h e r s  i n  t h e  Group 

a r e  i d e n t i c a l  w i t h  i t  i n  i t s  e a r l i e r  p h a se  o f  marked 

u n i f o r m i t y  i n  t h e  r a t e  o f  g ro w th .

C h a r t s  Nos. 11 and  12 a r e  t y p i c a l  exam ples o f  t h i s  

f i r s t  G roup, and r e q u i r e  no f u r t h e r  d e s c r i p t i o n .

Appended i s  T ab le  No. 1 0 , i n d i c a t i n g  t h e  a g es  o v e r  

w h ich  th e  c h a r t s  i n  Group 1 e x te n d .

TABLE 10 

CHARTS OF GROUP 1

Y e a rs
Age from  10 11 12 13 14 15 16

t o
15 y e a r s  -  -  2 -

:  !  Î  :  6  I  :
PQ _ - 1 2  3 2 2
19 1

T o ta l  - 29 C h a r ts
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group 2

I n  g roup  2 , i r r e g u l a r i t y  i n  t h e  c u rv e  o f  g row th  i s  th e  

e s s e n t i a l  f e a t u r e  o f  t h e  c h a r t s .

The s e r i e s  i s  a  l a r g e  one , made up o f  194 c h a r t s ,  a l l  

o f  w h ich  shew v a r i a t i o n  i n  t h e  r a t e  o f  i n c r e a s e  t o  a  g r e a t e r  

o r  l e s s  e x t e n t .  A c co rd in g  t o  t h e  d e g re e  o f  i r r e g u l a r i t y  

t h e  g roup  h a s  been  d iv id e d  i n t o  two c l a s s e s ,  A and B, t h e  

fo rm e r  composed o f  174 c h a r t s , t h e  l a t t e r  20.

W ith  r e g a r d  t o  C la s s  A th e  c h a r t s  i n  t h i s  s e r i e s  have 

b e en  s e l e c t e d  a s  shew ing a  s m a l l  d e g re e  o f  i r r e g u l a r i t y  i n  

t h e  r a t e  o f  g ro w th . I n  t h e  174 c h a r t s  i n  t h e  c l a s s  t h e r e  

n a t u r a l l y  i s  c o n s i d e r a b l e  d i f f e r e n c e  i n  th e  amount o f  

v a r i a t i o n  d i s p l a y e d :  a t  one e x tre m e  a r e  t h o s e  i n  w hich  

g row th  i s  a lm o s t  u n ifo rm  enough f o r  t h e i r  i n c l u s i o n  i n  

g roup  1 ,  b u t  w h ic h ,  on more d e t a i l e d  e x a m in a t io n ,  shew a  

t r i f l i n g  b u t  u n e q u iv o c a l  i r r e g u l a r i t y ,  w h i l e  a t  th e  o t h e r  

ex trem e  i r r e g u l a r i t y  i s  q u i t e  a  p ro m in e n t  f e a t u r e  o f  th e  

c h a r t s .

C o n s id e r in g  t h e  s e r i e s ,  t h e r e f o r e ,  a s  s t a r t i n g  w i th  

c h a r t s  o f  a lm o s t  r e g u l a r  g ro w th ,  and th e n  fo l lo w e d  by o th e r s  

becom ing g r a d u a l l y  more and  more i r r e g u l a r , p u r p o s e s  o f  

d e s c r i p t i o n  o f  t h e  c l a s s  a s  a  whole w i l l  be m ost e a s i l y  

met by p i c k i n g  o u t  a  t y p i c a l  specim en  from  e i t h e r  ex trem e 

o f  t h e  c l a s s  and  commenting upon i t  i n d i v i d u a l l y . Such ,
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C h a r ts  a r e  foun d  i n  E o s. 13 and 14 .

I n  C h a r t  E o . 1 3 ,  w h ich  p e rh a p s  shews t h e  m ost r e g u l a r  

g row th  o f  any i n  t h e  G la s s ,  i t  w i l l  he o b se rv e d  t h a t  a l ­

th o u g h  t a k e n  a s  a  w h o le ,  i n c r e a s e  i s  f a i r l y  u n i f o r m ,  i r ­

r e g u l a r i t i e s  i n  th e  r a t e  o f  g ro w th  a r e  a l s o  e v id e n t .  T h u s , 

from  O c to b e r  1 899 , t i l l  J u l y  1900 , t h e r e  i s  slow  s t e a d y  

i n c r e a s e ,  t h e n  more r a p i d  d u r in g  A ugust and S ep tem ber, and 

s lo w e r  a g a i n  i n  O c to b e r  and Eovem ber. At t h e  b e g in n in g  o f  

1901 t h e r e  i s  a  s h o r t  p e r io d  o f  r a p i d  g ro w th , fo l lo w e d  by 

a  l a p s e  o f  f u l l y  t h r e e  m o n th s , t i l l  t h e  m id d le  o f  ÎJay, 

when i n c r e a s e  i s  s lo w , b u t  a t  t h e  end o f  w hich  t h e r e  a p ­

p e a r s  a n o th e r  t im e  o f  more a c t i v e  g row th  f a i r l y  u n i f o r m ly  

s u s t a i n e d  f o r  e i g h t  m o n th s ,  t h a t  i s  t i l l  F e b ru a ry  1902.

I n  th e  s p r i n g  o f  1902, and a g a in  i n  th e  autum n^grow th 

i s  s lo w , w h i l e  from  Ju ne  to  S ep tem ber i t  i s  more r a p i d .

1903 b e g in s  w i t h  a  s h o r t  p e r io d  o f  r a p i d  g ro w th ,  b u t  t h i s  

i s  o n ly  o f  s h o r t  d u r a t i o n ,  and from  F e b ru a ry  to  J u l y  t h e  

i n c r e a s e  i s  u n i f o r m ly  slow .

T h is  c h a r t  i s  r e p r e s e n t a t i v e  o f  a  f a i r l y  l a r g e  number 

i n  t h e  C l a s s ,  c h a r t s  w h ich  shew a  s l i g h t  b u t  q u i t e  d e f i n ­

i t e  amount o f  v a r i a t i o n  i n  th e  r a t e  o f  g ro w th .

C h a r t  Eo. 14 m arks th e  l i m i t  o f  th e  g r e a t e s t  i r r e g u ­

l a r i t y  d i s p l a y e d  by t h e  c h a r t s  i n  C la s s  A o f  th e  second 

g ro u p . As w i l l  be s e e n  th e  r a t e  o f  g row th  i s  m arked ly  

v a r i a b l e .  The c u rv e  i s  composed o f  s u c c e s s iv e  p e r i o d s ,
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o f  tm eq u a l  d u r a t i o n ,  when i n c r e a s e  i s  e i t h e r  r a p i d ,  s low , o r  

even  i n  e n t i r e  a b e y a n c e .

There  a r e  t h u s  d e f i n i t e  p e r i o d s  o f  a c c e l e r a t e d  and r e ­

t a r d e d  g ro w th ,  b u t  t h e s e  p e r i o d s  a r e  i r r e g u l a r  i n  t h e  t im e  

and f r e q u e n c y  o f  t h e i r  r e c u r r e n c e ,  and do n o t  comform to  

any  c y c l i c  a r r a n g e m e n t ,  a s  w i l l  be fo u n d  to  be th e  c a se  

w i t h  th e  i r r e g u l a r i t i e s  i n  Group 3 .

C h a r t  E o . 14 commences w i t h  an  a b s o l u t e l y  q u i e s c e n t  

p e r i o d  o f  f u l l y  t h r e e  m o n th s ,  from  J a n u a ry  t o  A p r i l  1902 , 

when no i n c r e a s e  i n  h e i g h t  i s  r e c o r d e d ,  th e n  f o l lo w s  f a i r l y  

r a p i d  g row th  i n  May and J u n e ,  w i th  a n o th e r  p e r io d  o f  a r r e s t  

d u r in g  J u l y ,  A u g u s t ,  and S ep tem ber. F o r  th e  re m a in d e r  o f  

t h a t  y e a r  g ro w th  i s  r a p i d , b u t  i n  t h e  f i r s t  t h r e e  m onths 

o f  1903 i t  i s  o n ly  s lo w , becom ing more r a p i d  a g a in  i n  

A p r i l ,  May and  J u n e ,  w h i le  i n  J u l y ,  A ugust and Septem ber 

c o m p le te  a r r e s t  i s  shewn. I n  O c to b e r ,  November and Decem­

b e r ,  r a p i d  i n c r e a s e  a g a in  t a k e s  p l a c e ,  fo l lo w e d  by a s h o r t  

q u i e s c e n t  p e r i o d  a f t e r  w h ich  g row th  i s  a g a in  r a p i d  and s u s ­

t a i n e d ,  on t h i s  o c c a s io n ,  o v e r  a  m a t t e r  o f  sev en  m onths , 

t h a t  i s  u n t i l  S ep tem b er  1904. A r e s t i n g  s t a g e  o f  t h r e e  

months e n s u e s ,  from  e a r l y  i n  Sep tem ber t i l l  t h e  m idd le  o f  

Decem ber, b u t  a f t e r  t h i s , r a p i d  g row th  recommences and i s  

c o n t in u e d  t o  t h e  end o f  t h e  p e r i o d  o f  o b s e r v a t io n  - J u l y  

1905.
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The d e s c r i p t i o n  o f  t h e s e  two C h a r t s ,  E os . 13 and 14 , 

coming a s  t h e y  do from  th e  e x tre m e s  o f  th e  s e r i e s ,  c o v e r s  

a l l  t h a t  m ig h t  he  s a i d  i n  d i s c u s s i o n  o f  t h e  c l a s s  a s  a  

w h o le .

E s s e n t i a l l y  a l l  t h e  c h a r t s  p r e s e n t  t h e  same f e a t u r e  - 

i r r e g u l a r i t y  - t h e  o n ly  p o i n t  i n  w h ich  th e y  d i f f e r  from  

one a n o th e r  b e in g  i n  th e  d e g re e  o f  v a r i a t i o n  d i s p l a y e d ,a n d  

a s  C la s s  A i s  l i m i t e d  t o  t h o s e  w h ich  shew o n ly  a  s l i g h t  

amount o f  i r r e g u l a r i t y ,  t h e  d i f f e r e n c e s  be tw een  t h e  i n d i ­

v i d u a l  c h a r t s  a r e  s m a l l .

C la s s  B o f  Group 2 c o m p r ise s  o n ly  EO c h a r t s , b u t  each  

one shews g r e a t  i r r e g u l a r i t y  i n  th e  c u rv e  o f  g ro w th . The 

C la s s  i s  a  s m a l l  o n e , b u t  i n  e v e ry  c a se  t h e  f e a t u r e s  o f  

t h e  c h a r t s  a r e  s u f f i c i e n t l y  d i s t i n c t i v e  t o  w a r r a n t  t h e i r  

b e in g  c l a s s e d  by th e m s e lv e s .

I n  th e  e a r l i e r  c h a r t s  i n  C la s s  B th e  i r r e g u l a r i t i e s  

i n  t h e  r a t e  o f  g row th  a r e  o n ly  s l i g h t l y  g r e a t e r  th a n  th o s e  

shewn i n  C h a r t  Eo. 14 b e lo n g in g  to  t h e  l a t t e r  s e r i e s  i n  

C la s s  A, b u t  to w a rd s  t h e  end o f  C la s s  B an  ex trem e amount 

o f  v a r i a t i o n  i s  d i s p l a y e d .

C h a r t s  E o s . 15 and 16 a r e  exam ples o f  th e  m ost p r o ­

nounced form  o f  t h i s  i r r e g u l a r  ty p e  o f  g row th .

C h a r t  Eo. 1 5 ,  a t  t h e  o u t s e t ,  shews a  r e s t i n g  s t a g e  o f  

f u l l y  two m o n th 's  d u r a t i o n ,  from  O c to b er  t o  December 1901,
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when th e  h e i g h t  rem a in s  s t a t i o n a r y .  I n  th e  m id d le  o f  Decem­

b e r  t h e r e  i s  a  sudden  a c c e s s i o n  o f  g row th  w h ich  c o n t in u e s  

a t  a  u n i fo rm  r a t e  th r o u g h o u t  t h e  y e a r  1902 , and r e s u l t s  i n  

an  a d d i t i o n  o f  o v e r  f o u r  i n c h e s  i n  t h e  tw e lv e  m onths . D ur­

in g  J a n u a r y ,  F e b r u a r y  and M arch, 1903, t h e  r a t e  o f  grow th  

g r a d u a l l y  becomes s lo w e r ,  th e n  c e a s e s  a l t o g e t h e r ,  w h i le  i n  

A p r i l  and May t h e r e  i s  a  l o s s  o f  a  q u a r t e r  o f  an  in c h  b e ­

f o r e  a  f r e s h  o u t b u r s t  o f  r a p i d  i n c r e a s e  t a k e s  p l a c e  i n  th e  

summer m on ths . T h is  p e r i o d  o f  a c t i v e  g row th  i s  o n ly  s h o r t ,  

and from  Sep tem ber u n t i l  t h e  f o l lo w in g  J u l y ,  t h e r e  i s  a  

lo n g  q u i e s c e n t  s t a g e , i n  th e  e a r l y  p a r t  o f  w hich  t h e r e  i s  

a n o th e r  d e c r e a s e  i n  h e i g h t  t o  t h e  e x t e n t  o f  a  q u a r t e r  o f  an 

in c h  a s  t h e r e  had  been  p r e v i o u s l y  i n  s p r i n g .

I t  may be w e l l  t o  n o te  h e r e ,  i n  r e f e r e n c e  to  t h e s e  

p e r i o d s  i n  w hich  t h e r e  i s  d e c r e a s e  i n  h e i g h t ,  t h a t  p r o b ­

a b ly  t h i s  p h a se  o f  r e t r o g r e s s i o n  does  a c t u a l l y  o c c u r .  I t  

c an  h a r d l y  be a c c o u n te d  f o r  by in a c c u r a c y  i n  o b s e r v a t i o n  a s  

i n  some o f  t h e  c h a r t s  a  g r a d u a l  d e s c e n t  i n  s t a t u r e  can  be 

t r a c e d  th ro u g h  s e v e r a l  o b s e r v a t i o n s ;  and a l s o  on i n q u i r y  

one l e a r n s  t h a t  i t  h a s  lo n g  been  r e c o g n i s e d  and rem arked  

by th e  Bootham S ch o o l a u t h o r i t i e s .

The l o s s  i n  h e i g h t  i s  shewn i n  s e v e r a l  c h a r t s  i n  t h i s  

c l a s s ,  and a l s o  i n  some i n  Groups 3 and 4 ,  so t h a t  i t  would 

a p p e a r  to  be o f  f a i r l y  common o c c u r r e n c e .  I t s  s i g n i f i c a n c e
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w i l l  be d i s c u s s e d  l a t e r .

C h a r t  l o .  1 6 ,  d u r in g  th e  f i r s t  e ig h t e e n  m on th s ,  from  

O c to b er  1897 to  A p r i l  1899 p r e s e n t s  an  even l i n e  o f  u n i ­

fo rm ly  r e g u l a r  g ro w th . F o l lo w in g  t h i s ,  h ow ever, t h e r e  i s  

a  p e r i o d  o f  a r r e s t  l a s t i n g  f o r  s i x  m o n th s ,  t i l l  th e  end o f  

S ep tem b er ,  and  i n  w hich  a  d e c r e a s e  o f  t h r e e  e i g h t h s  o f  an 

in c h  i s  shewn. On t h e  r e t u r n  o f  a c t i v e  g row th  i n  O c to b e r  

i n c r e a s e  i s  e x tre m e ly  r a p i d ,  and i n  t h e  s u c c e e d in g  seven  

m onths an  a d d i t i o n  o f  f o u r  and t h r e e  e ig h t h s  in c h e s  i s  

made. From lûaj 1900 u n t i l  t h e  c lo s e  o f  t h e  o b s e r v a t io n s  

i n  December th e  i n c r e a s e  i s  s lo w e r  and c o m p a r a t iv e ly  u n i ­

fo rm  i n  r a t e .

T h is  C h a r t ,  Ho. 1 6 , r e a c h e s  th e  ex trem e  l i m i t  o f  th e  

i r r e g u l a r i t i e s  i n  r a t e  o f  g row th  a s  shewn i n  Group £.

The m ost n o te w o r th y  f e a t u r e  o f  t h e s e  i r r e g u l a r  c h a r t s  

i s  t h e  o c c u r r e n c e  o f  p e r i o d s  o f  r e s t  i n  t h e  c u rv e s  o f  

g ro w th ,  p e r i o d s  i n  w h ich  i n c r e a s e  may be o n ly  r e t a r d e d  o r  

may c e a s e  a l t o g e t h e r ,  w h i le  o c c a s i o n a l l y  an  a c t u a l  l o s s  i n  

h e i g h t  i s  r e c o r d e d .

T a b le  Ho. 11 shews a g e s  t o  w hich  th e  c h a r t s  i n  Group 

E r e f e r .
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TABLE E o. 11

C h a r t s  o f  Group 2 ( C la s s e s  A and  B)

■Nt
Age from 11 12

Y e a rs  
13 14 15 16

t o
13 y e a r s 1 - - - - -
14 - 2 - - - -

15 - - 4 - - -

16 1 5 11 12 - -

17 1 8 20 S3 43 -

18 - 2 5 18 11 15
19 - - - - - 1

T o ta l  number o f  C h a r t s  194

Group 3

On i n s p e c t i o n  o f  t h e  e le v e n  c h a r t s  w hich  form  Group 3 

t h e r e  i s  am ple e v id e n c e  o f  t h e  e x i s t e n c e  o f  a  c y c l i c  ty p e  

o f  g ro w th  i n  h e a l t h y  a d o l e s c e n t s .

The te rm  " c y c l i c "  im p l i e s  a  s u c c e s s io n  o f  v a r i a t i o n s  

i n  t h e  r a t e  o f  g row th  w h ich  o c c u r  i n  a  d e f i n i t e  o r d e r  and 

w i th  p e r f e c t  r e g u l a r i t y ,  so t h a t  when one c y c le  i s  com­

p l e t e d  i t  i s  fo l lo w e d  by a  second  p r e s e n t i n g  p r e c i s e l y  th e  

same f e a t u r e s  a s  t h e  f i r s t ,  and w h ich , i n  i t s  t u r n ,  i s  

su c ce ed e d  by a  t h i r d  and so on.
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The c u rv e  o f  g ro w th , t h e r e f o r e ,  i s  i n  t h e  c y c l i c  t y p e ,  

made up o f  a  s e r i e s  o f  s u b s i d i a r y  c u rv e s  form ed by th e  

changes  i n  t h e  r a t e  o f  g ro w th ,  and m ark in g  o f f  th e  s e p a r a t e  

c y c l e s ,  any  one o f  w h ich  would a lm o s t  e x a c t l y  c o in c id e  w i th  

e i t h e r  o f  i t s  n e ig h b o u r s ,  so  r e g u l a r  a r e  th e y  i n  t im e  and 

d e g re e  o f  v a r i a t i o n  d i s p l a y e d .

As Group 3 i s  a  s m a l l  o n e ,  c o n t a i n i n g  o n ly  11 C h a r t s ,  

i t  i s  e v id e n t  t h a t  t h e  c y c l i c  v a r i e t y  i s  a  c o m p a r a t iv e ly  

r a r e  fo rm  o f  g row th  i n  Man.

The p e r i o d  o f  t im e  o c c u p ie d  by a  s i n g l e  c y c l e  v a r i e s  

i n  t h e  d i f f e r e n t  c h a r t s .  I n  two o f  them , from  f o u r  t o  

s i x  m onths p a s s  be tw een  t h e  commencement o f  one c y c le  and 

t h a t  o f  t h e  n e x t , two shew an  e i g h t  m onths s w in g , t h r e e  

t e n  m o n th s , i n  o t h e r  t h r e e  t h e  c y c l e s  occupy tw e lv e  m o n th s , 

w h i le  i n  one t h e  sw ing i s  even  l o n g e r ,  e x te n d in g  o v e r  f i f ­

t e e n  m on ths .

W ith  r e g a r d  t o  t h e  f i r s t  two c h a r t s  w hich  p r e s e n t  th e  

r a p i d l y  c h a n g in g  p h a s e s ,  t h e  c y c l e s  th o u g h  p e r f e c t l y  d e f i n ­

i t e ,  a r e  n o t  q u i t e  r e g u l a r  i n  p o i n t  o f  t im e .  I n  one of 

t h e s e  c h a r t s  w h ich  e x te n d s  o v e r  n e a r l y  t h r e e  y e a r s ,  sev en  

c y c l e s  a r e  shewn, b u t  one i s  com ple ted  i n  f o u r  m onths , w h i le  

a n o th e r  o c c u p ie s  s i x ,  t h e  r e m a in d e r  b e in g  f a i r l y  r e g u l a r .

The p e r i o d  o f  a c t i v e  g row th  i n  t h e s e  c y c l e s  i s  o f  r e ­

l a t i v e l y  s h o r t  d u r a t i o n  a s  compared w i th  th e  t im e  o f  r e s t ,
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i n  m ost c a s e s  t h e  i n c r e a s e  t a k e s  p l a c e  i n  one m onth , h u t  

o c c a s i o n a l l y  i t  l a s t s  f o r  two o r  two and a  h a l f  m onths .

The p e r i o d  o f  r e s t  i s  t h e r e f o r e  o f  v a r i a b l e  d u r a t i o n  a l s o  

and a l th o u g h  i n  i t  t h e  h e i g h t  u s u a l l y  re m a in s  s t a t i o n a r y  

a  d e c r e a s e  i s  o c c a s i o n a l l y  se e n .

Of t h e  two c h a r t s  shew ing  th e  e i g h t  month c y c l e s  i t  

n eed  o n ly  be s a i d  t h a t  i n  each  c a s e  th e  t im e s  a r e  more 

r e g u l a r  t h a n  i n  e i t h e r  two c h a r t s  a l r e a d y  d e s c r i b e d .  The 

c h a r a c t e r s  o f  th e  c y c l e s  a r e  s i m i l a r ,  t h e  p e r io d  o f  a c t i v e  

g row th  b e in g  s h o r t  i n  co m p ar iso n  w i t h  t h e  i n t e r v a l s  o f 

slow  i n c r e a s e  and r e s t .

I n  each  o f  t h e  t h r e e  c h a r t s  w h ich  p r e s e n t  a  c y c l i c  

change o c c u r r i n g  e v e ry  t e n  m onths th e  t im e  and d e g re e  o f  

v a r i a t i o n  d i s p l a y e d  i n  s u c c e s s iv e  c y c l e s  a r e  re m a rk a b ly  

r e g u l a r .

One o f  t h e s e  c h a r t s  i s  g iv e n  i n  l o .  17 , and  i n  s p i t e  

o f  e x te n d in g  o v e r  o n ly  two y e a r s ,  h a s  b e en  s e l e c t e d  a s  an  

example o f  th e  c y c l i c  c h a r t s  o f  Group 3 , a s  i t  p r e s e n t s  

such  g r e a t  v a r i a t i o n  i n  th e  r a t e  o f  g row th .

Commencing w i th  two m onths of r a p i d  i n c r e a s e  i n  May 

and June  1900 , t h i s  g r a d u a l l y  s low s d u r in g  J u l y ,  A ugust and 

Sep tem b er ,  and  from  Sep tem ber t i l l  t h e  m id d le  o f  December 

t h e r e  i s  a  s t a t i o n a r y  p e r i o d  o f  r e s t .  I n  th e  second  h a l f  

o f  Decem ber, g row th  b e g in s  a g a in  and c o n t in u e s  f o r  f i v e
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m onths t i l l  t h e  m id d le  o f  Itoy 1901 , b e in g  e x t r e m e ly  r a p i d  

d u r in g  F e b r u a r y  and M arch, w h i le  i n  t h e  i n i t i a l  s t a g e  i n  

December and J a n u a r y ,  and a g a i n  a t  th e  c l o s e  i n  A p r i l  and 

May t h e  r a t e  i n c r e a s e s  and d im in i s h e s  r e s p e c t i v e l y .  From 

th e  m id d le  o f May t i l l  w e l l  on i n t o  Sep tem ber t h e r e  i s  a  

p e r i o d  o f  r e s t ,  i n  th e  e a r l y  p a r t  o f  w hich  a  c o n s i d e r a b le  

d e c r e a s e  i n  h e i g h t  o c c u r s :  a  m a t t e r  o f  f i v e  e ig h t h s  o f  an  

in c h  b e in g  l o s t  in  two m o n ths .

At th e  end of t h i s  q u i e s c e n t  p e r i o d ,  a c t i v e  grow th  

recom m ences, and c o n t i n u e s  t o  shew r a p i d  i n c r e a s e  f o r  f u l l y  

f o u r  m o n th s ,  from  Sep tem ber t o  th e  end of J a n u a ry  1902, 

a f t e r  w h ich  a n o t h e r  p e r i o d  of r e s t  b e g in s .

The o t h e r  two c h a r t s  shew ing  a  t e n  m onths sw ing a r e  

s i m i l a r  t o . t h i s  on e , e x c e p t  t h a t  i n  them t h e r e  i s  n o t  such  

a  w ide  ra n g e  i n  th e  r a t e  o f  g ro w th ,  and t h e r e f o r e  th e  

c u r v e s  r e p r e s e n t i n g  t h e  c y c l e s  a r e  l e s s  p ro m in e n t .

W ith  r e f e r e n c e  to  t h e  t h r e e  c h a r t s  i n  w h ich  p e r i o d s  of 

tw e lv e  m onths a r e  o c c u p ie d  by th e  c y c l e s ,  l i t t l e  d e s c r i p t i o n  

i s  n e c e s s a r y .  These c h a r t s ,  how ever, shew ing  th e  same 

phenomena o c c u r r i n g  y e a r  a f t e r  y e a r ,  r a i s e  th e  q u e s t io n  o f  

s e a s o n a l  i n f l u e n c e  on g row th : a  p o i n t  w hich  w i l l  be c o n ­

s i d e r e d  l a t e r .

I n  one o f  t h e s e  c h a r t s  t h e  tw e lv e  month c y c l e s  a r e

d iv id e d  i n t o  two p e r i o d s  o f  f o u r  and  e i # i t  m onths e a c h ,  i n  

th e  fo rm e r ,  from  June  t o  Sep tem ber g row th  i s  r a p i d ,  w h i le
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t h e  l a t t e r  i s  a  t im e  o f  c o m p a ra t iv e  q u ie s c e n c e .

The o t h e r  two c h a r t s  p r e s e n t  o n ly  s l i g h t  changes  i n  th e  

r a t e  o f  g ro w th ,  and o f  t h e s e  C h a r t  Uo. 18 i s  an  exam ple .

The c y c l e  b e g in s  w i t h  a  p e r i o d  o f  co m p le te  a r r e s t ,  

l a s t i n g  f o r  f u l l y  two m on ths ; F e b ru a r y  and  ÎÆarch, and f r e ­

q u e n t l y ,  a s  i n  t h e  y e a r s  1899 , 1900 and 1901 , t h e r e  i s  d e ­

c r e a s e  i n  h e i g h t  a t  t h i s  t im e .  I n  A p r i l  a c t i v e  grow th  r e ­

t u r n s ,  and  i n c r e a s e  i s  u n ifo rm  and w e l l  s u s t a i n e d  o v e r  t h e  

s p r i n g  and sunm er m onths w i t h  g r a d u a l  s lo w in g  to w a rd s  O c to ­

b e r ,  November and December, w h ich  a g a i n ,  i s  i n v a r i a b l y  

f o l lo w e d  by a  s h o r t  b u r s t  o f  r a p i d  grow th i n  J a n u a r y .

I n  th e  c h a r t  i n  w h ich  f i f t e e n  months e l a p s e  be tw een  

th e  commencement o f  one c y c l e  and t h a t  o f  t h e  n e x t ,  th e  

c u rv e s  p r e s e n t  a  s h o r t  i n i t i a l  s t a g e  o f  r e s t  l a s t i n g  from  

t h r e e  to  f o u r  m on th s ,  fo l lo w e d  by  a  p e r io d  o f  i n c r e a s e  d u r ­

i n g  w hich  th e  r a t e  o f  g row th  becomes more and more r a p i d  

u n t i l ,  s u d d e n l y , i t  s t o p s ,  and w i t h  i t  th e  c lo s e  o f  th e  

c y c l e .

One h a s  d e s c r i b e d  th e  c h a r t s  o f  Group 3 i n  some d e t a i l ,  

b u t  a l t h o u g h  t h e y  a r e  so  few i n  number th e y  a p p e a r  t o  p rove  

u n q u e s t io n a b ly  t h a t  exam ples o f  th e  c y c l i c  ty p e  o f  grow th  

a r e  t o  be m et w i t h  i n  Man.
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TABLE IE

Shewing t h e  a g e s  c o v e re d  hy t h e  C h a r t s  i n  Group 3

Age from IE
Y ears  
13 14 15

t o
14 y e a r s
15 - 1 -

16 - S £ -

17 S 1 2 1

T o ta l -  11 C h a r ts

Group 4

A l l  t h e  c h a r t s  r e a c h in g  t o  t h e  age  o f  e ig h t e e n  o r  o v e r ,  

and w h ic h  t h e r e f o r e  shew th e  s lo w in g  o f  grow th  w hich  com­

monly o c c u r s  d u r i n g  th e  s e v e n t e e n t h  and e i g h t e e n t h  y e a r s , 

have  h een  p l a c e d  i n  Group 4 .  There  a r e  i n  a l l  54 C h a r t s  

i n  t h i s  Group.

Of t h e  o r i g i n a l  250 c h a r t s ,  16 w ere  p u t  s t r a i g h t  i n t o  

Group 4 ,  a s ,  r e p r e s e n t i n g  o n ly  th e  s i x t e e n t h ,  s e v e n te e n th  

and e i g h t e e n t h  y e a r s ,  t h e  number o f  o b s e r v a t io n s  made d u r ­

in g  t h e  p e r i o d  o f  a c t i v e  grow th  b e fo r e  t h e  commencement o f  

s lo w in g  was to o  s m a l l  t o  a l lo w  of th e  ty p e  o f  grow th  b e in g  

d e te rm in e d ,  and  t h e r e f o r e  th e  c h a r t s  c o u ld  n o t  be in c lu d e d  

in  Groups 1 ,  E o r  3 .
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The re m a in in g  38 c h a r t s  e x te n d  o v e r  s e v e r a l  y e a r s ,  and 

i n  t h e i r  e a r l i e r  s t a g e s  th e  c u r v e s  of g row th  have  a l r e a d y  

t e e n  c o n s id e r e d  and g ro uped  a c c o r d in g  to  th e  r e g u l a r ,  i r ­

r e g u l a r  o r  c y c l i c  n a t u r e  o f  t h e  i n c r e a s e  shewn, h u t  a s  

t h e i r  l a t e r  r e c o r d s  e x te n d  i n t o  th e  p e r i o d  now u n d e r - n o te d  

th e y  m ust a l s o  he i n c lu d e d  i n  Group 4 .

I t  h a s  t e e n  found  n e c e s s a r y  t o  d i v i d e  th e  Group i n t o  

f o u r  c l a s s e s :  f i r s t l y  th o s e  c h a r t s  w hich  shew o n ly  a  s l i g h t  

change i n  th e  r a t e  o f  g row th : s e c o n d ly ,  c h a r t s  i n  w hich  

g row th  i s  d e f i n i t e l y  r e t a r d e d :  t h i r d l y ,  w here  i t  s to p s  en ­

t i r e l y ,  and f o u r t h l y ,  a  s e t  o f  c h a r t s  i n  w h ich , im m e d ia te ly  

a f t e r  th e  c e s s a t i o n  o f  g ro w th ,  a  Sudden d e c r e a s e  i n  h e ig h t  

o c c u r s  b e f o r e  t h e  s t a t u r e  becomes s t a t i o n a r y .

B e fo re  d e s c r i b i n g  t h e s e  c l a s s e s  i n  d e t a i l ,  i t  may be 

w e l l  t o  s a y  o f  th e  Group a s  a  w h o le , t h a t  th e  age a t  w hich  

th e  change  i n  t h e  r a t e  o f  g row th  t a k e s  p l a c e  i s  rem a rk ab ly  

c o n s t a n t ;  t h e  a v e ra g e  o f  th e  44 c h a r t s  f a l l i n g  a t  th e  end 

o f  th e  s e v e n t e e n t h  y e a r ,  w h i le  a  p e r io d  o f  s i x  months on 

e i t h e r  s i d e  o f  t h a t  i n c l u d e s  e v e ry  c h a r t  e x c e p t  f o u r .  I n  

two o f  t h e s e  f o u r  c h a r t s  g row th  had s to p p e d  a t  th e  age o f  

f i f t e e n ,  and  i n  t h e  o t h e r  two a t  s i x t e e n ,  b u t  i t  i s  n o t e ­

w orthy  t h a t  i n  each  e a s e  c o n s i d e r a b le  s t a t u r e  had been  

a t t a i n e d  b e f o r e  g row th  c e a s e d ,  th e  h e ig h t  r e g i s t e r e d  b e in g  

f i v e  f e e t  t e n  i n c h e s  i n  e v e ry  i n s t a n c e :  a  m a t t e r  o f  f u l l y  .
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s i x  and f o u r  in c h e s  above t h e  a v e ra g e  h e i g h t s  a t  th o s e  a g es  

a s  t a k e n  o v e r  the  w hole  s e r i e s  o f  250 c h a r t s .

W ith  r e g a r d  t o  t h e  10 c h a r t s  fo rm in g  C la s s  A, and w hich  

shew l i t t l e  o r  no change  i n  th e  r a t e  o f  grow th  d u r in g  th e  

s e v e n te e n th  and  e i g h t e e n t h  y e a r s , one need  o n ly  sa y  t h a t  i n  

t h e s e  c h a r t s  th e  h e i g h t s  a r e  i n  m ost i n s t a n c e s  fa x  below 

th e  a v e r a g e .  They t h e r e f o r e  p r e s e n t  t h e  c o n v e rse  to  t h e  

f o u r  c h a r t s  a l r e a d y  m en tio n ed  i n  w h ic h  g row th  c e a se d  e a r l y ,  

and i t  w ould  seem a s  i f  w ide  e x tre m e s  o f  s t a t u r e  w ere a v o id e d  

to  some e x t e n t  a t  l e a s t ,  by t h e  e a r l y  o r  l a t e  o c c u r re n c e  o f  

th e  p e r i o d  a t  w h ich  t h e  g row th  o f  t h e  i n d i v i d u a l  s low s and 

c e a s e s .

C h a r t  Wo. 19 i s  g iv e n  a s  an example o f  t h o s e  i n  C la s s  A. 

I t  i s  from  a  c h a r t  b e g in n in g  a t  t h e  age o f  f o u r t e e n ,  b u t  th e  

cu rv e  o f  g row th  d u r in g  t h e  s e v e n te e n th  and e i g h t e e n t h  y e a r s  

o n ly  i s  g iv e n ,  and n e e d s  no e x p la n a t i o n .  I t  w i l l  be se e n  

t h a t  t h e  r a t e  o f  grow th  d u r in g  t h e  e ig h t e e n t h  y e a r  does n o t  

d i f f e r  much from  t h a t  d u r in g  th e  s e v e n t e e n t h ,  and t h a t  

s t a t u r e  a t  t h e  age o f  e ig h t e e n  i s  o n ly  f i v e  f e e t  f i v e  in c h e s

From G la s s  B, composed o f  18 c h a r t s  shew ing a  d e f i n i t e  

s lo w in g  i n  t h e  r a t e  o f g row th  a t  th e  p e r i o d  u n d e r  c o n s i d e r a ­

t i o n .  a  t y p i c a l  exam ple w i l l  be found  i n  C h a r t  Ho. 20. Here 

th e  i n c r e a s e  i s  f a i r l y  r e g u l a r  and s u s t a i n e d  th ro u g h o u t  th e  

s e v e n te e n th  y e a r ,  b u t  a t  t h e  commencement o f  th e  e ig h t e e n t h
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t h e r e  i s  o b v io u s  s lo w in g ,  a s  an  i n c r e a s e  o f  o n ly  one h a l f  

in c h  t a k e s  p l a c e  d u r in g  t h a t  y e a r  a s  compared w i th  one in c h  

and a  h a l f  i n  t h e  p r e v io u s  one.

I n  C la s s  C a r e  20 c h a r t s ,  a l l  shew ing  co m p le te  a r r e s t  

o f  g row th ; C h a r t  Ho. 21 i s  a  specim en  o f  t h i s  C la s s .  I n  

each  o f  t h e s e  c h a r t s  g row th  becomes s lo w e r  and s l o w e r , u n t i l  

a t  some p o i n t ,  u s u a l l y  a b o u t  t h e  age  o f  s e v e n te e n ,  i t  c e a s e s  

a l t o g e t h e r .  T h is  i s  s e e n  i n  C h a r t  Ho. 21; s t e a d y  i n c r e a s e  

i n  t h e  s e v e n te e n th  y e a r ,  and c o n t i n u i n g  i n t o  t h e  f i r s t  h a l f  

o f  t h e  e i g h t e e n t h ,  a f t e r  w hich  i t  s t o p s ,  t h e  h e i g h t  rem a in ­

in g  s t a t i o n a r y  d u r in g  th e  re m a in d e r  o f  t h e  t im e  o f  o b s e r v a ­

t i o n .

C la s s  D, th o u g h  i t  c o n t a i n s  o n ly  6 C h a r t s ,  i s  t h e  m ost

i n t e r e s t i n g  one i n  th e  Group.

They a r e  a l l  lo n g  c h a r t s ,  p r e v i o u s l y  in c lu d e d  i n  Group 

1 o r  C la s s  A o f  Group 2. I n  e ac h  th e  c u rv e  o f  g row th  shews 

a  more o r  l e s s  r e g u l a r  r a t e  o f  i n c r e a s e ,  u n t i l  t h e  end of 

t h e  s e v e n t e e n t h  o r  t h e  b e g in n in g  o f  t h e  e i g h t e e n t h  y e a r ,  

when i t  su d d e n ly  s t o p s , and i s  im m e d ia te ly  fo l lo w e a  by a 

p e r i o d  o f  d e c r e a s e  w i th  l o s s  i n  h e ig h t  b e f o r e  th e  s t a t u r e  

becomes s t a t i o n a r y .  The amount o f  h e i g h t  l o s t , though  

a lw ays q u i t e  a p p r e c i a b l e , i s  v a r i a b l e , a s  i n  one c h a r t  i t  i s  

o n ly  a  q u a r t e r  o f  an  i n c h ,  i n  a n o th e r  t h r e e  e i g h t h s ,  i n  two 

i t  i s  a  h a l f ,  w h i le  i n  o t h e r  two i t  r e a c h e s  t o  t h r e e
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q u a r t e r s  o f  a n  i n c h .  One o f  th e  l a t t e r  c h a r t s ,  Ho. 22, i s

g iv e n  a s  an  exam ple o f  C la s s  3).

I n  t h i s  c h a r t  i n c r e a s e  i s  s e e n  d u r in g  th e  f i r s t  e i g h t ­

een m o n th s ,  and t h e n ,  w i t h o u t  any  w a rn in g ,  i n  t h e  m id d le  

o f  t h e  e i g h t e e n t h  y e a r  g row th  s t o p s ,  and i n  t h e  fo l lo w in g  

f i v e  m onths a  l o s s  i n  h e i g h t  to  th e  e x t e n t  o f  t h r e e  q u a r t e r s  

o f  an  in c h  t a k e s  p l a c e ,  a f t e r  w h ich  th e  r e c o r d s  become 

p r a c t i c a l l y  s t a t i o n a r y .

T h is  c h a r t  i s  a  t y p i c a l  example o f  G la s s  D: th e  l o s s

i n  h e i g h t  i s  g r e a t e r  t h a n  i n  m ost o f  t h e  o t h e r s ,  b u t  a p a r t

from t h i s  t h e  m ain  f e a t u r e s  a r e  p r e c i s e l y  s i m i l a r .

TABLE Ho. 13 

Ages c o v e red  by t h e  C h a r t s  o f  Group 4

Ages from 10 11
Y ears  

12 13 14 15 16

t o
18 y e a r s
19 1

7
1

13 14
1

16
1

T o ta l  - 54 C h a r ts
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W eigh t-curves

I t  i s  u n n e c e s s a r y  t o  do more th a n  m en t io n  th e  e v id e n c e s  

o f  grow th  a s  f u r n i s h e d  t y  t h e  c u rv e s  o f  w e ig h t .  The m ea su re ­

ment o f  h e i g h t  i s  t h e  more a c c u r a t e  t e s t  o f  g ro w th , th e  

d i f f e r e n t  ty p e s  a s  shewn by t h e  h e i g h t  r e c o r d s  have heen  d e ­

s c r i b e d  i n  some d e t a i l ,  and a p p a r e n t l y  no new p o i n t s  emerge 

on s tu d y in g  th e  p r o g r e s s  o f  g row th  from  t h e  p o i n t  o f  v iew  

of th e  w e ig h t  c u rv e s .

As a  r u l e  t h e r e  i s  a  f a i r l y  c l o s e  a c c o rd a n c e  be tw een  

th e  r a t e s  o f  i n c r e a s e  i n  h e i g h t  and w e ig h t ,  b u t  t h i s  i s  n o t  

a lw ays s o ,  f o r  o c c a s i o n a l l y  r a p i d  i n c r e a s e  i n  w e ig h t  i s  ob­

s e rv e d  w h i le  th e  h e i g h t  re m a in s  s t a t i o n a r y ,  o r ,  more r a r e l y ,  

th e  c o n v e r s e ,  t h e  w e ig h t  r e c o r d s  shew ing  no i n c r e a s e  w h i le  

r a p i d  a d d i t i o n s  t o  t h e  h e i g h t  a r e  i n  p r o g r e s s .

A lth o u g h  t h e s e  d i s c r e p a n c i e s  a r e  by no means o f  r a r e  

o c c u r r e n c e ,  and s e v e r a l  i n s t a n c e s  w i l l  be found  i n  th e  

Specimen c h a r t s , s t i l l  t h e  m ain  f e a t u r e s  o f  th e  c u rv e s  o f  

w e ig h t  and h e i g h t  a r e  re m a rk a b ly  s i m i l a r  i n  th e  i n d i v i d u a l  

c h a r t s .

One need  h a r d l y  p o i n t  o u t  th e  c o m p a r a t iv e ly  s t e a d y  i n ­

c r e a s e  i n  w e ig h t  i n  th e  c h a r t s  o f  Group 1: th e  i r r e g u l a r  

w e ig h t - c u r v e 8 i n  Group 2 , t h e  d e g re e  o f  i r r e g u l a r i t y  b e a r ­

in g  some p r o p o r t i o n  to  th e  amount o f  v a r i a t i o n  i n  th e  h e ig h t  

c u rv e s  : o r  th e  c y c l i c  sw ings  i n  t h e  w e ig h t  a s  w e l l  a s  i n
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h e ig h t  shewn by t h e  C h a r ts  b e lo n g in g  to  Group S.

T here  i s  n a t u r a l l y  a  c e r t a i n  amount o f  i r r e g u l a r i t y  i n  

a l l  t h e  t r a c i n g s  o f  t h e  w e ig h t  r e c o r d s , even  i n  th e  m ost 

r e g u l a r  o n e s ,  b u t  i n  s p i t e  o f  t h i s ,  had t h e  d i v i s i o n  i n t o  

Groups b een  made a c c o r d in g  to  t h e  f e a t u r e s  o f  th e  w e ig h t  

c u rv e s  i n s t e a d  o f  th e  s im p le r  and p ro b a b ly  more a c c u r a t e  

p l a n  o f  c l a s s i f i c a t i o n  by t h e  h e ig h t  c u r v e s ,  th e  r e s u l t  

would have  been  p r a c t i c a l l y  t h e  same: t h r e e  m ain ty p e s  o f  

g ro w th ,  r e g u l a r ,  i r r e g u l a r  and c y c l i c ,  and i n  th e  p r o ­

p o r t i o n s  o f  3 , 20 , 1 r e s p e c t i v e l y .

H av ing  o u t l i n e d  t h e  s e v e r a l  Groups i n t o  w hich  th e  

g r o w t h - c h a r t 8 o f  h e a l t h y  a d o l e s c e n t s  w ere  d i v i d e d ,  o n ly  

two p o i n t s  rem a in  f o r  c o n s i d e r a t i o n  i n  t h i s  s e c t i o n .

The f i r s t  o f  t h e s e  i s  w i t h  r e f e r e n c e  t o  th e  r a t e  o f  

g row th  d u r in g  th e  p e r i o d s  o f  a c t i v e  i n c r e a s e  i n  t h e  i r ­

r e g u l a r  and c y c l i c  t y p e s .  On l o o k in g  o v e r  t h e  221 c h a r t s  

b e lo n g in g  to  Groups 2 , 3 and 4 ,  one f i n d s  t h a t  i n  t h e  

p h a se s  o f  a c t i v i t y  th e  r a t e  o f  i n c r e a s e  i s  e x tre m e ly  

v a r i a b l e .

The m ost r a p i d  g row th  o b se rv ed  i s  one in c h  p e r  month 

w hich  o c c u rs  i n  t h r e e  i n s t a n c e s ,  w h i le  s e v e n - e i g h th s  and 

t h r e e  q u a r t e r s  o f  an  in c h  p e r  month a r e  c o m p a ra t iv e ly  f r e ­

q u e n t .  An i n c r e a s e  o f  t h r e e  e ig h th s  to  f i v e  e ig h th s  o f  

an in c h  i s  common, and r a t e s  below th e s e  were n o t  c o n s id e re d
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a s  r a p i d .

The d u r a t i o n  o f  t h e  p e r i o d s  o f  a c t i v i t y  a l s o  v a r i e s ;  

most commonly i t  i s  b e tw een  t h r e e  and s i x  m o n th s , b u t  

o c c a s i o n a l l y  l a s t s  o n ly  one m onth , w h i l e  exam ples shew ing 

a c t i v e  g row th  o v e r  a  p e r i o d  o f  n in e  m onths o r  even a y e a r  

a r e  n o t  i n f r e q u e n t .

The second  p o i n t  h a s  r e g a rd  to  th e  r e l a t i v e  in c id e n c e  

o f  p e r i o d s  of a c t i v e  g ro w th ,  and p e r i o d s  o f  a r r e s t  i n  th e  

d i f f e r e n t  m onths o f  th e  y e a r ,  o r  i n  o t h e r  w o rd s ,  th e  p o s s i ­

b i l i t y  o f  s e a s o n a l  i n f l u e n c e  on g ro w th . I n  c o n n e c t io n  w i th  

t h i s  an  a n a l y s i s  h a s  been  made o f  th e  221 c h a r t s  from  Groups 

2, 3 and 4 ,  t h a t  i s  a l l  c h a r t s  w hich  shew v a r i a t i o n s  i n  th e  

r a t e  o f  g row th .

The number o f t im e s  t h a t  r a p i d  i n c r e a s e  to o k  p l a c e  

d u r in g  t h e  s e v e r a l  m onths o f  t h e  y e a r  was n o te d ,  and th e  

same p ro c e d u r e  fo l lo w e d  ou t w i th  t h e  p e r i o d s  o f  a r r e s t .

The t o t a l s  a r e  somewhat s i g n i f i c a n t ,  and a r e  g iv e n  

i n  T ab le  Eo. 14 .
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TABLE 3STo. 14

Month
Bumber o f  Times 

R ap id  Growth 
( T o ta l  o f  221 C h a r t s )

Month
Bumber o f  Times 

P e r io d s  o f  A r r e s t  
( T o ta l  o f  221 C h a r ts )

J a n . 48 J a n . 73
Feb . 40 F eb . 65
Mar. 38 Mar. 62
Apl 60 Apl 62
May 76 May 45
June 69 June 33
J u l y 68 J u l y 33
Aug. 53 Aug. 37
S e p t . 50 S e p t . 48
O ct. 47 O ct. 50
Bov. 45 Bov. • 53
D ec . 60 Dec. 73

From t h i s  T ah le  i t  w i l l  he se e n  t h a t ,  tho ugh  e i t h e r  

r a p i d  i n c r e a s e  o r  a r r e s t  o f  g row th  may o c c u r  i n  any month 

o f  t h e  y e a r ,  t h e  i n c id e n c e  o f  a c t i v e  grow th  i s  m a in ly  i n  

th e  s p r i n g  and summer m o n th s ,  w h i le  w i t h  th e  p e r io d s  o f  

a r r e s t  th e  c o n v e rse  o b t a i n s ,  t h e  h i g h e s t  r e g i s t e r s  b e in g  i n  

w i n t e r .

The f i g u r e s  a r e  more s t r i k i n g  when p r e s e n te d  g ra p h ­

i c a l l y  i n  C h a r t s  B os. 23 and 24.

C h a r t  Bo. 23 r e f e r s  t o  t h e  a c t i v e  g row th , and shews
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w e l l  how, i n  t h e  m a j o r i t y  o f  c a s e s  i t  i s  i n  t h e  m onths o f  

A p r i l ,  May, June  and J u l y  t h a t  r a p i d  i n c r e a s e  t a k e s  p l a c e .  

A lso  i t  i s  n o t  uncommon f o r  a c t i v e  g row th  t o  a p p e a r  i n  

December and J a n u a r y  th o u g h  th e  e x c e s s  o b se rv e d  i n  t h e s e  two 

months i s  much l e s s  t h a n  t h a t  s e e n  i n  th e  e a r l i e r  ones . The 

a c t u a l  number o f  i n s t a n c e s  i n  w h ich  i t  h a s  o c c u r r e d  i s  

s u f f i c i e n t l y  g r e a t ,  ho w ever, t o  make i t  p ro b a b le  t h a t  r a p i d  

grow th  i s  more common i n  t h e  m onths o f  December and Ja n u a ry  

th a n  i n  th o s e  im m e d ia te ly  p r e c e d in g  o r  f o l lo w in g  them.

C h a r t  Bo. 24 d e p i c t s  th e  in c id e n c e  o f  p e r i o d s  o f  r e s t  

i n  t h e  v a r i o u s  m onths o f  t h e  y e a r ,  and g iv e s  u n d o u b ted  

e v id e n c e  o f  th e  r e l a t i v e  f r e q u e n c y  o f  r e t a r d a t i o n  o f  grow th  

i n  th e  w i n t e r  m onths a s  compared w i t h  th e  low r e g i s t e r s  

d u r in g  summer.

I t  i s  p ro p o se d  o n ly  t o  n o t e  t h e s e  f a c t s  i n  t h i s  s e c t i o n ,  

and th e y  w i l l  be f u r t h e r  c o n s id e r e d  i n  t h e i r  r e l a t i o n  to  th e  

s e a s o n s  i n  a  l a t e r  s u b - s e c t i o n ,  where t h e  i n f l u e n c e  of 

te m p e r a tu re  on grow th  w i l l  be d i s c u s s e d .
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SECTIOB FOUR

IBQUIRY IBTO THE GROWTH 

o f

CHILDREÎÎ SUFFERING FROM ACUTE FEVERS

Growth d u r i n g  c o n v a l e s c e n c e  f r o #  p r o lo n g e d  i l l n e s s e s ,  

and more e s p e c i a l l y  t h e  a c u t e  f e v e r s ,  h a s  a t  d i f f e r e n t  

t im e s  r e c e i v e d  a  c o n s i d e r a b l e  amount o f  a t t e n t i o n  from 

v a r i o u s  a u t h o r s .

U n f o r t u n a t e l y  one h a s  n o t  been  a b l e  t o  se e  some o f  t h e  

f u l l e s t  and m ost  i n t e r e s t i n g  p u b l i c a t i o n s  on t h i s  s u b j e c t ,  

such a s  t h e  These de P a r i s ,  1881, i n  w hich  A u b o y e o A o l l e c t e d  

from m e d i c a l  l i t e r a t u r e  a  number of  f a c t s  r e g a r d i n g  ex ­

a g g e r a t e d  g row th  f o l l o w i n g  a c u t e  i l l n e s s e s ,  o r  M. B o u c h a r d ' ^  

p a p e r  i n  t h e  Soc. C l i n i q u e  de P a r i s ,  J a n .  1879,  i n  which 

he d i s c u s s e s  t h e  r a p i d  i n c r e a s e  i n  s t a t u r e  which o c c a s i o n a l l y  

t a k e s  p l a c e  d u r i n g  ty p h o id  f e v e r ,  g i v i n g  d e t a i l s  o f  t h e  con ­

d i t i o n  o f  t h e  bony e p i p h y s i s  and ,  i n  a d d i t i o n ,  d e s c r i b i n g  

c e r t a i n  s t r i a i  wh ich  a p p e a r  i n  t h e  s k i n :  " v e r g e t u r e s  de 

c r o i s s a n c e " .

The above i n f o r m a t i o n  i s  t a k e n  from a  c h a p t e r  on
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" C r o i s s a n c e "  by M. Comby i n  t h e  f i r s t  volume o f  " T r a i t e  des  

M alad ies  de l ’B n f a n c e " .

That  a u t h o r  a l s o  g i v e s  d e t a i l s  o f  h i s  p e r s o n a l  o b s e r v a ­

t i o n s ,  and s t a t e s  t h a t  he  h a s  s e e n  g row th  o f  1 0 ,  15 o r  20 

c e n t i m e t e r s  a f t e r  i l l n e s s e s  w h ich  have  n e c e s s i t a t e d  con­

f in e m e n t  t o  bed f o r  a few weeks o r  m onths ,  and rem arks  

t h a t  he  h a s  o b s e rv e d  " v e r g e t u r e s  de c r o i s s a n c e " .

Going on t o  d i s c u s s  t h e  e t i o l o g y  and a p p e a ra n c e  o f  

t h e s e  s t r i a e  he s a y s  t h a t  t h e y  u s u a l l y  o c c u r  o v e r  t h e  

e p i p h y s e a l  l i n e s  o f  t h e  l o n g  b o n e s ,  b u t  a r e  sometimes t o  

be found  i n  t h e  lum bar  r e g i o n ,  on t h e  b a c k ,  o r  on t h e  s i d e s  

o f  t h e  c h e s t .

He s p e a k s  o f  them a s  b e i n g  p r e c i s e l y  s i m i l a r  i n  a p ­

p e a r a n c e  t o  t h e  s t r i a e  g r a v id a r u m ,  and e x p l a i n s  t h e i r  

o c c u r r e n c e  a s  due t o  t h e  s k i n ,  u n a b le  t o  f o l l o w  t h e  r a p i d  

e l o n g a t i o n  o f  t h e  b o n e s ,  becoming o v e r - s t r e t c h e d .

As t h i s  p o i n t  i s  s u b s i d i a r y  t o  t h e  p r e s e n t  p u r p o s e ,  

and a s  t h e  above e x p l a n a t i o n  seems t o  m i s i n t e r p r e t  c e r t a i n  

f a c t s ,  i m p l y i n g ,  a s  i t  d o e s ,  a  r a p i d  and v e r y  c o n s i d e r a b l e  

i n c r e a s e  i n  s t a t u r e ,  t h e  f o l l o w i n g  c a s e  o f  a  p a t i e n t  o f  

my own i n  t h e  p r a c t i c e  o f  B e l v i d e r e  F e v e r  H o s p i t a l  may be 

c i t e d .

The p a t i e n t ,  A. M. a e t .  19 y e a r s ,  a  l a b o u r e r ,  was 

a d m i t t e d  t o  H o s p i t a l  on F e b .  2 3 rd ,  1908, w i t h  a h i s t o r y  o f  -
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h a v in g  been  i l l  f o r  t h r e e  weeks .  He was s u f f e r i n g  from a  
s h a r p  a t t a c k  o f  e n t e r i c  f e v e r ,  and  i t  was n o t  u n t i l  t h e  

end o f  t h e  s i x t h  week o f  t h e  d i s e a s e  t h a t  l y s i s  was com­

p l e t e .  The t e m p e r a t u r e  rem ained  norm al  f o r  t e n  days  and 

t h e n ,  a t  t h e  b e g in n i n g  o f  A p r i l ,  became h e c t i c ,  and f o u r  

a b s c e s s e s  a p p e a r e d ,  one i n  e i t h e r  arm, one i n  t h e  l e f t  l e g  

and one u n d e r  t h e  p e c t o r a l  m u sc le s  on t h e  l e f t  s i d e .  This  

was t h e  commencement o f  a  g e n e r a l  pyaemic c o n d i t i o n  of  

s t a p h y l o c o c c a l  o r i g i n ,  and f o r  f i v e  and a h a l f  m onths ,  u n ­

t i l  t h e  m id d le  o f  S ep tem b er ,  t h e  h e c t i c  c h a r a c t e r  of t h e  

t e m p e r a t u r e  was m a i n t a i n e d .  D ur ing  t h a t  t im e  t w e n t y - e i g h t  

l a r g e  i n t r a - m u s c u l a r  a b s c e s s e s  were  opened i n  t h e  l im b s ,  

t r u n k  and n e c k .  Though c o n v a le s c e n c e  was slow t h e r e  was 

u l t i m a t e l y  a  co m p le te  r e c o v e r y  and t h e  p a t i e n t  was d i s ­

m is se d  w e l l  on December 1 9 th  1908.

D u r ing  t h e  whole  c o u r s e  o f  t h i s  i l l n e s s  i n  which con­

f in e m e n t  t o  bed l a s t e d  f o r  n in e  and a  h a l f  months t h e  i n ­

c r e a s e  i n  s t a t u r e  amounted t o  on ly  one h a l f  i n c h ;  from 

f i v e  f e e t  seven  and a h a l f  i n c h e s  t o  f i v e  f e e t  e i g h t  i n c h e s .

I n  s p i t e  o f  t h i s  s m a l l  a d d i t i o n  t o  t h e  h e i g h t  " v e r g e t u r e s  

de c r o i s s a n c e "  were  p r e s e n t ,  t h e  f i r s t  one b e in g  ob se rved  

on t h e  l e f t  arm d u r i n g  t h e  f o u r t e e n t h  week o f  i l l n e s s .  As 

w i l l  be s e e n  from C h a r t  Bo. 25 t h e r e  w e r e , i n  a l l ,  n in e  

s t r i a e  i n  t h i s  c a s e :  one on th e  l e f t  arm im m e d ia te ly  above
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t h e  i n s e r t i o n  o f  t h e  t r i c e p s  m u sc le ,  one i n  e i t h e r  g r o i n  a t  

t h e  l e v e l  o f  t h e  g r e a t  t r o c h a n t e r  and t h r e e  on t h e  dorsum 

o f  each  f o o t .  The s t r i a e  were  s p i n d l e  shaped p a t c h e s ,  p in k  

o r  v i o l e t  i n  c o l o u r ,  w i t h  th e  s k i n  s u r f a c e  o f  a  sh in y  

g l i s t e n i n g  a p p e a r a n c e .  The l o n g  a x e s  o f  t h e  s p i n d l e s  

m easured  from one t o  two and a  h a l f  i n c h e s ,  and l a y  p a r a l l e l  

t o  t h e  " p l a n e s  of c l e a v a g e "  o f  t h e  s k i n  d e s c r i b e d  by Lange 

The " v e r g e t u r e s  de c r o i s s a n c e "  t h e r e f o r e  l o o k  more l i k e  

a  p a t h o l o g i c a l  c o n d i t i o n  due t o  i m p a i r e d  n u t r i t i o n  r a t h e r  

t h a n  t o  m e c h a n ic a l  s t r e t c h i n g  of  t h e  s k i n .

The main  p a r t  o f  t h e  o b s e r v a t i o n s  r e c o r d e d  i n  t h i s  

S e c t i o n  r e f e r s  t o  th e  amount o f  i n c r e a s e  i n  s t a t u r e  which  

accom panies  an  a t t a c k  o f  a c u t e  d i s e a s e .

On l o o k i n g  o v e r  t h e  l i t e r a t u r e  i t  would seem a s  i f  on ly  

t h o s e  c a s e s  had  been  r e c o r d e d  i n  which  e x c e p t i o n a l  growth 

f o l lo w e d  an  i l l n e s s .  There  i s  no m en t io n  o f  any s y s t e m a t i c  

m e a su r in g  of c h i l d r e n  h a v in g  been  done b e f o r e  and a f t e r  an 

i l l n e s s :  and a s  o n ly  t h e  i n s t a n c e s  o f  e x t r e m e ly  r a p i d  

growth a r e  c i t e d , a n  e x a g g e r a t e d  i d e a  o f  th e  f r e q u e n c y  of  

i t s  o c c u r r e n c e  i s  conveyed .

At B e l v i d e r e  F e v e r  H o s p i t a l ,  f o r  a  p e r i o d  o f  e i g h t e e n  

months a lm o s t  e v e r y  c h i l d  u n d e r  t h e  age o f  t e n  y e a r s  was 

weighed and m easu red  a t  th e  t im e  o f  a d m is s io n ,  and a g a i n  on 

d i s m i s s a l .



CtlÆX Ti. 25 Shewing sî e and
hositton of 'vergetures de croissance’ in 
the case of A  M.
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U n f o r t u n a t e l y  t h e  r e c o r d s  o f  E n t e r i c  F e v e r ,  which a c c o r d ­

in g  t o  t h e  F r e n c h  a u t h o r s ,  i s  one of  th e  d i s e a s e s  most f r e ­

q u e n t l y  f o l l o w e d  hy  r a p i d  g ro w th ,  a r e  to o  few t o  he of  any 

v a l u e  so t h e y  h ave  n o t  been  i n c l u d e d .

R e c o rd s  have  b een  o b t a i n e d ,  h o w e v e r , o f  1095 c a s e s  of  

S c a r l e t  F e v e r ,  M e as le s .  Whooping-Cough and D i p h t h e r i a .  F o r  

th e  o b j e c t s  o f  t h e  p r e s e n t  work  on ly  t h e  h e i g h t s  have been  

c o n s i d e r e d ,  a s  u n q u e s t i o n a b l y  a c h i l d ’ s n u t r i t i o n  s u f f e r s  

d u r i n g  t h e  s t a g e  o f  i n c u b a t i o n ,  and t h e r e f o r e  a  l a r g e  i n ­

c r e a s e  i n  t h e  w e ig h t  be tw een  t h e  t im e s  of  a d m is s io n  and d i s ­

m i s s a l  c o u ld  n o t  be t a k e n  a s  an  i n d e x  o f  t h e  a c t i v i t y  o f  

growth  d u r i n g  t h e  c o u r s e  o f  t h e  d i s e a s e  and s u b s e q u e n t  c o n ­

v a l e s c e n c e .

The c o m p le te  r e s u l t s  o f  t h e s e  o b s e r v a t i o n s  on t h e  growth 

o f  c h i l d r e n  a s  e v id e n c e d  by i n c r e a s e  i n  h e i g h t  d u r i n g  th é  

c o u r s e  of  t h e  above named F e v e r s  a r e  g iv e n  i n  T ab les  15, A 

and B, 16 A and B, 17 A and B, and 18 A and B.

These T a b le s  have  been  a r r a n g e d  t o  g iv e  f u l l  d e t a i l s  of  

th e  r e s u l t s  o f  t h i s  i n q u i r y , and s e p a r a t e  T ab le s  a r e  g iv e n  

f o r  t h e  two s e x e s .

The f i r s t  column shews t h e  age i n  y e a r s .  F o l lo w in g  t h i s ,  

i n  a  s e r i e s  o f  columns f o r  t h e  v a r i o u s  amounts o f  i n c r e a s e  

which t o o k  p l a c e  be tw een  a d m is s io n  and d i s m i s s a l  a r e  th e  

t o t a l  numbers o f  c h i l d r e n  a t  t h e  d i f f e r e n t  a ges  shewing such
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i n c r e a s e

I n  a  c o r r e s p o n d i n g  s e r i e s  of columns t h e  d u r a t i o n  of 

r e s i d e n c e  of  each  c h i l d  i s  g iv e n ,  t h e  f i g u r e s  i n d i c a t i n g  t h e  

number o f  weeks t h e  c h i l d  was a  p a t i e n t  i n  H o s p i t a l .

From t h e  o b s e r v a t i o n s  on t h e  g row th  o f  c h i l d r e n  p u b ­

l i s h e d .  by v a r i o u s  a u t h o r s  i t  would seem u n n e c e s s a r y  t o  i n ­

c lu d e  e i t h e r  t h e  age o r  t h e  se x  i n  T a b le s  o f  t h i s  k in d .

There  i s  v e r y  l i t t l e  v a r i a t i o n  i n  t h e  mean a n n u a l  i n c r e a s e  

i n  h e i g h t  be tw een  t h e  a g es  o f  two and t e n  y e a r s ,  t h e  cu rve  

o f  a v e r a g e  growth b e i n g  p r a c t i c a l l y  a  s t r a i g h t  l i n e  d u r i n g  

t h a t  p e r i o d .  With r e g a r d  t o  s e x ,  so f a r  a s  s t a t u r e  i s  c o n ­

c e rn e d  t h e  c u r v e s  o f  g row th  i n  t h e  male and fem ale  run  a 

p a r a l l e l  c o u r s e  d u r i n g  th e  f i r s t  d ecad e ,  and t h e r e f o r e  one 

f e e l s  j u s t i f i e d  i n  n e g l e c t i n g  age and se x  and r e d u c i n g  th e  

r e c o r d s  t o  c r o s s - t a b l e s  a s  i n  Hos. 19 ,  20, 21, and 22.

I n  w o rk in g  ou t  t h e  a v e r a g e  a n n u a l  r a t e  o f  growth  of  

c h i l d r e n  s u f f e r i n g  from th e  f o u r  a c u t e  f e v e r s  u n d e r  n o t i c e ,  

i t  ha s  been  t h o u g h t  a d v i s a b l e  t o  n e g l e c t  a l l  r e c o r d s  r e ­

f e r r i n g  t o  i n f a n t s  u n d e r  two y e a r s  o f  ag e .

F o r m a l l y  t h e  i n c r e a s e  i n  s t a t u r e  d u r i n g  th e  f i r s t  two 

y e a r s  o f  e x t r a - u t e r i n e  l i f e  i s  tw ic e  a s  r a p i d  a s  t h a t  b e ­

tween t h e  a g e s  o f  two and t e n .  The number o f  c h i l d r e n  

u n d e r  two y e a r s  i n c l u d e d  i n  t h e s e  o b s e r v a t i o n s  i s  too  sm a l l  

i n  c o m p ar iso n  w i t h  t h e  r e l a t i v e l y  l a r g e  numbers o f  h i g h e r
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age t o  a l l o w  o f  t h e  a v e r a g e  r a t e  o f  g rowth  b e in g  t a k e n  ove r  

t h e  whole  s e r i e s .  F o r  t h i s  r e a s o n  th e  r e c o r d s  o f  c h i l d r e n  

below t h e  age o f  two y e a r s  have  been  n e g l e c t e d .

C o n s i d e r i n g ,  t h e n ,  o n ly  c h i l d r e n  be tween t h e  a g es  of 

two and t e n  y e a r s , from t h e  T ab le s  o f  S c a r l e t  F e v e r  one 

f i n d s  t h e  a v e r a g e  d u r a t i o n  o f  a  c h i ld ' s  r e s i d e n c e  i n  H o s p i t a l  

8 .0 4  w eek s ,  an  a v e r a g e  g row th  o f  .349 i n c h ,  g i v i n g  an  i n ­

c r e a s e  o f  2 .2 5  i n c h e s  i n  t h e  y e a r .  I n  t h e  same way w i t h  

M eas les  t h e  a v e r a g e  r e s i d e n c e  works ou t  a t  3 .7 4  weeks w i t h  

an i n c r e a s e  o f  .15 i n c h ,  o r  a  mean a n n u a l  growth  o f  2 .08 

i n c h e s .  The D i p h t h e r i a  a v e r a g e s  work o u t  t o  a  g row th  o f  .37 

i n c h  i n  9 .4 2  w eeks ,  a  y e a r l y  i n c r e a s e  o f  2 .0 4  i n c h e s :  w h i l e  

i n  Whooping-Cough an  a v e r a g e  i n c r e a s e  o f  .52 i n c h  i n  8 .3 8  

weeks g i v e s  a  y e a r l y  a d d i t i o n  t o  t h e  s t a t u r e  o f  3 .2 2  i n c h e s .

Comparing t h e s e  a v e r a g e  a n n u a l  g rowths  d u r i n g  f e v e r s ;  

2 .25  i n c h e s  i n  S c a r l e t ,  2 .08  i n c h e s  i n  M e a s le s ,  3 .2 2  i n c h e s  

i n  Whooping-Cough,  and 2 .0 4  i n c h e s  i n  D i p h t h e r i a  w i t h  t h e  

no rm al  mean y e a r l y  i n c r e a s e  between t h e  a ges  o f  two and t e n  

t h e  r e s u l t  i s  s t r i k i n g .

The a v e r a g e  a n n u a l  i n c r e a s e  i n  n o rm a l ,  h e a l t h y  c h i l d r e n  

be tw een  t h e  ages  o f  two and t e n  y e a r s ,  f rom t h e  s t a t i s t i c s
(t) (E)

p u b l i s h e d  by C ru c h e t  i s  2 .5  i n c h e s ;  from R o b e r t s ’ f i g u r e s
(2)2 .57 i n c h e s ,  and from t h o s e  of  Comby 2 .66  i n c h e s .

I t  w i l l  be o b s e r v e d  t h a t  i n s t e a d  o f  b e in g  more r a p i d  th e
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a v e ra g e  r a t e  o f  g row th  d u r i n g  S c a r l e t  F e v e r ,  M eas les  and 

D i p h t h e r i a  i s  s lo w e r  t h a n  i n  h e a l t h ,  and t h a t  Whooping-Cough 

w i t h  i t s  0 . 2 2  i n c h e s  i s  t h e  o n ly  one o f  t h e  d i s e a s e s  ob­

s e r v e d  i n  w h ic h  t h e  r a t e  o f  i n c r e a s e  i s  a c c e l e r a t e d .

The r e a s o n  f o r  t h e  a v e r a g e  r a t e  o f  growth i n  Whooping- 

Cough b e in g  so much h i g h e r  t h a n  i n  t h e  t h r e e  o t h e r  f e v e r s  

i s  n o t  e v i d e n t .  As a  c l a s s  t h e  c h i l d r e n  a d m i t t e d  t o  H o s p i t a l  

s u f f e r i n g  from Whooping Cough a r e  drawn from a lo w e r  s o c i a l  

g ra d e  t h a n  i s  t h e  r u l e  i n  t h e  o t h e r  i n f e c t i o u s  d i s e a s e s ,  

and i t  i s  p o s s i b l e  t h a t  t h e y  shew a g r e a t e r  r e a c t i o n  t o  t h e  

improved h y g i e n i c  c o n d i t i o n s  o f  h o s p i t a l  l i f e .

A n o th e r  p o s s i b l e  e x p l a n a t i o n  may be t h a t  t h e  bony 

e p i p h y s i s  a r e  s t i m u l a t e d  by a  r a i s e d  b lo o d  t e n s i o n  due to  

b ack  p r e s s u r e  f rom  t h e  i n c r e a s e d  r e s i s t a n c e  i n  t h e  pulmonary 

c i r c u l a t i o n .  T h is  i d e a  h a s , t o  some e x t e n t ,  been  bo rn e  out  

by e s t i m a t i o n  o f  t h e  b lo o d  p r e s s u r e  by t h e  H iv a -E o c c i  

sphygmomanometer.

I t  i s  found t h a t  i n  Whooping Cough t h e  a v e ra g e  p r e s s u r e  

i s  h i g h e r  t h r o u g h o u t  t h a n  t h e  normal  a v e r a g e , and t h a t  d u r ­

i n g  and f o r  a  s h o r t  t im e  a f t e r  a  paroxysm of  cough ing  th e  

p r e s s u r e  i s  c o n s i d e r a b l y  i n  advance o f  t h i s .  (U npubl ished

r e s u l t s  by MacDonald)

C o n s i d e r i n g  t h e  g row th  o f  t h e  i n d i v i d u a l  r a t h e r  t h a n  

t h e  a v e r a g e  g ro w th ,  one f i n d s  t h a t  65 c h i l d r e n  o u t  o f  th e
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t o t a l  1295 o b s e r v e d ,  o r  4.6%, shewed e x t r e m e ly  r a p i d  i n c r e a s e  

i n  s t a t u r e  d u r i n g  t h e i r  t im e  i n  h o s p i t a l .

I n  t h e  462 c a s e s  o f  S c a r l e t  F e v e r  r a p i d  g rowth  o c c u r r e d  

i n  22,  t h e  most  marked i n s t a n c e  b e in g  t h a t  o f  a  g i r l  o f  s i x  

g row ing  f o u r  an d  a  h a l f  i n c h e s  i n  e i g h t  weeks ,  i n  f a c t  t h i s  

i s  t h e  m ost  r a p i d  i n c r e a s e  r e c o r d e d  i n  t h e  whole s e r i e s  of 

o b s e r v a t i o n s .  F o l l o w i n g  t h i s  come a  boy and a  g i r l  each 

p u t t i n g  on t h r e e  i n c h e s  i n  seven  weeks ;  a n o t h e r  boy w i t h  

two i n c h e s  i n  f i v e  weeks;  n e x t  f o u r  g i r l s  shewing an a d d i ­

t i o n  o f  t h r e e  i n c h e s  i n  e i g h t  weeks;  a n o t h e r  g i r l  i n c r e a s i n g  

two and a  h a l f  i n c h e s  i n  s i x  w e e k s , w h i l e  two more shew th e  

same amount o f  i n c r e a s e  f o r  a  p e r i o d  of  e i g h t  weeks.

These c h i l d r e n ,  a  boy and two g i r l s ,  added two i n c h e s  

i n  s i x  w eeks ;  a n o t h e r  boy ,  g rowing  a t  t h e  same r a t e ,  t h r e e  

i n c h e s  i n  n i n e  w eeks ;  a  g i r l  w i t h  two i n c h e s  i n  sev en  weeks; 

and l a s t l y  two boys and two g i r l s  w i t h  an  i n c r e a s e  o f  tv/o 

i n c h e s  i n  e i g h t  weeks ;  a  boy growing t h r e e  i n c h e s  i n  tw e lve  

w e e k s , and two g i r l s  each  shewing  an i n c r e a s e  o f  one in c h  

and a  h a l f  i n  s i x  weeks .

The t o t a l  number o f  M eas les  c a s e s  measured  was 465 and 

i n  t h i s  d i s e a s e  a l s o  t h e r e  a r e  22 i n s t a n c e s  o f  r a p i d  growth .  

The q u i c k e s t  i n c r e a s e  o c c u r r e d  i n  a  boy f o u r  y e a r s  o l d ,  one 

i n c h  i n  two w eeks ,  and a  g i r l  of t h r e e ,  one i n c h  and a h a l f  

i n  t h r e e  weeks ;  n e x t  t h r e e  g i r l s  g rowing  one i n c h  and a h a l f



58

i n  f o u r  w eek s ,  and t h e n  e l e v e n  c h i l d r e n ,  n i n e  hoys and two 

g i r l s  who i n  t h r e e  weeks added one i n c h ;  n e x t  two g i r l s  

a d d in g  one i n c h  and a  h a l f  i n  f i v e  w eeks ,  and l a s t l y  t h r e e  

hoys and two g i r l s  each  o f  whom grew one i n c h  i n  f o u r  weeks .

Out o f  t h e  88 c a s e s  o f  D i p h t h e r i a . t h e r e  a r e  o n ly  t h r e e  

i n s t a n c e s  o f  r a p i d  g ro w th ,  two o f  them hoys t h r e e  y e a r s  o ld ,  

one a d d in g  two i n c h e s  i n  s i x  weeks ,  t h e  o t h e r  two and a 

h a l f  i n c h e s  i n  e i g h t  w eeks ,  w h i l e  i n  t h e  t h i r d ,  a  hoy o f  

f o u r ,  one i n c h  i s  added i n  f o u r  w eeks .

Though t h e  a v e r a g e  i n c r e a s e  i s  so  much h i g h e r  i n  

Whooping Cough t h a n  i n  S c a r l e t ,  M eas les  o r  D i p h t h e r i a ,  o n ly  

16 o f  t h e  380 c h i l d r e n  o b se rv e d  d u r i n g  t h a t  d i s e a s e  shewed 

any v e r y  a c t i v e  g row th .  The most  r a p i d  i n s t a n c e  i s  se en  i n  

a  boy one y e a r  o l d ,  f o u r  i n c h e s  i n  n i n e  weeks ;  n e x t  a  g i r l  

o f  f i v e  g row ing  t h r e e  and a h a l f  i n c h e s  i n  e i g h t  weeks;  

t h e n  two more g i r l s  w i t h  two i n c h e s  i n  s i x  weeks ,  and a boy 

one i n c h  i n  t h r e e  weeks .  A n o the r  g i r l  i n  e i g h t  weeks shews 

an i n c r e a s e  o f  two and a  h a l f  i n c h e s ,  and t h e n  f o u r  c h i l d r e n ,  

a g i r l  and t h r e e  boys i n  whom t h e r e  i s  a n  a d d i t i o n  o f  two 

i n c h e s  i n  e i g h t  weeks ; and a t  t h e  same r a t e ,  a boy and a 

g i r l ,  one i n c h  and  a  h a l f  i n  s i x  weeks ,  and a n o t h e r  boy and 

t h r e e  g i r l s ,  one i n c h  i n  f o u r  weeks .

I t  i s  d i f f i c u l t  t o  compare t h e  i n c i d e n c e  o f  sudden 

s p u r t s  o f  r a p i d  g row th  i n  h e a l t h  and i n  d i s e a s e .  One h a s
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shewn i n  S e c t i o n  Three  t h a t  o u t b u r s t s  o f  r a p i d  i n c r e a s e  do 

occu r  i n  norm al  h e a l t h  w i t h o u t  any  a p p a r e n t  c a u s e ,  b u t  i t  

would seem a s  i f  one o f  t h e s e  sudden s p u r t s  m igh t  be p r e ­

c i p i t a t e d  by  an  a t t a c k  o f  i l l n e s s .

I f  one may compare  t h e  g row th  d u r i n g  t h e  second  decade 

w i t h  t h a t  o f  t h e  f i r s t ,  and s e t t i n g  t h e  s t a n d a r d  o f  " r a p i d  

growth"  a t  a  minimum of  one h a l f  i n c h  p e r  month,  i n  t h e  

o b s e r v a t i o n s  o f  h e a l t h y  boys a l r e a d y  d e t a i l e d  i t  i s  found 

t h a t  i n  t h e  t o t a l  o f  a lm o s t  one th o usand  y e a r s  o f  growth 

i n v e s t i g a t e d  t h e r e  a r e  f i v e  h u n d red  and f o u r t e e n  i n s t a n c e s  

o f  r a p i d  i n c r e a s e ,  w h e r e a s ,  i n  t h e  i n q u i r y  i n t o  growth  

d u r i n g  a n  a c u t e  i l l n e s s  i t  o c c u r s  two hundred  and t h i r t y -  

f i v e  t im e s  i n  a  m a t t e r  o f  one hundred  and f i f t y  e i g h t  y e a r s ,  

i n  o t h e r  w ords ,  r a p i d  i n c r e a s e  o c c u r s  a lm o s t  t h r e e  t im e s  

more f r e q u e n t l y  d u r i n g  t h e  c o u r s e  o f  an  i l l n e s s  t h a n  i t  

does i n  h e a l t h .

The f i g u r e s  f o r  t h e s e  o b s e r v a t i o n s  a r e  somewhat l i m i t e d  

h o w e v e r , and co m p a r iso n  o f  t h e  g row th  o f  c h i l d r e n  between 

t h e  a g e s  o f  two and t e n  w i t h  t h a t  of  boys be tween t e n  and 

tw en ty  i s  p e r h a p s  h a r d l y  j u s t i f i a b l e .

The above r a t i o  o f  3 t o  1 i s  f u r t h e r  m o d i f i e d  by th e  

f a c t  t h a t  t h e  c h i l d r e n  measured  b e f o r e  and a f t e r  t h e  f e v e r s  

w e re ,  d u r i n g  t h e i r  r e s i d e n c e  i n  h o s p i t a l ,  l i v i n g  u n d e r  im­

m ense ly  improved h y g i e n i c  c o n d i t i o n s .  The s a l u t a r y  e f f e c t
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o f  h e a l t h f u l  s u r r o u n d i n g s  and  an a d e q u a t e  and  wholesome d i ­

e t a r y  upo n  t h e  g ro w th  o f  c h i l d r e n  h a s  b e en  amply p r o v e d .  

(U n p u b l i s h e d  r e s u l t s  by M acg reg o r} .

I t  i s  t h u s  a l m o s t  i m p o s s i b l e  t o  e s t i m a t e  t h e  i n f l u e n c e  

o f  an  a t t a c k  o f  f e v e r ,  p e r  s e , i n  b r i n g i n g  a b o u t  a  s p u r t  o f  

r a p i d  g ro w th ,  and p r o b a b l y  t h e  r a t i o  o f  2 t o  1 i s  c o n s i d e r ­

a b l y  h i g h e r  t h a n  i s  r e a l l y  t h e  c a s e .  W he the r  t h i s  i s  so  o r  

n o t  i t  i s  a  s i g n i f i c a n t  f a c t  t h a t  t h e  a v e r a g e  r a t e  o f  g ro w th  

d u r i n g  t h e  t h r e e  f e v e r s ,  S c a r l e t ,  M e as le s  and  D i p h t h e r i a  i s  

s l o w e r  t h a n  i n  h e a l t h .



T A B L E NO. 15 A.

SCARLET FEVER (Male s)

Shewing t h e  numbers o f  Cases  a t  each a g e - p e r i o d  w i th  the  c o r r e s p o n d i n g  
-in <=;+■«tilr#» o b s e r v e d  d u r in g  r e s i d e n o s  i n  H o s n i t a l  .

A l t e r a t i o n  in  S t a t u r e Numbe r  o f  weeks in

Age [ I j Same
i  «  ü  W j Vi ft 1 crVi t 4" l " i 1&"! 2" 2^" 3" 1 ^ "  Î4"l 4 i " i " Same h e i g h t

n vcctx oi. p ! 4- -
r  i

0 - 1  I ! * 1

---- ri1
1 1j 1 I 8 . 9 . 8 . 7

1 -  2 3 1
I 1 1 3 . 1 1 . 7  i

2-  3 2 : 4 3 5 ij 2 M  1 '  : 1
8.7i 6 . 8 . 1 1 . 8

3- 4 19 7 3 i
1 0 . 4 . 9 . 8 . 5 . 8 . 1 0 . 8 . 1 1 . 8 . 7  
7 . 6 . 8 . 8 . 8 . 8 . 8 . 7 .

4 -  5 23 3 2 1 1
j
1

8 . 8 . 9 . 6 . 1 7 . 5 . 7 . 8 . 8 . 7 . 6 . 8
8 . 9 . 8 . 1 4 . 8 . 1 2 . 1 4 . 7 . 8 . 1 2 . 7

5 -  6 1 19 5 2
I

1 { i
i : i

1 I ; ; j 10 7 . 8 . 8 . 2 . 5 . 7 . 7 . 1 0 . 8 . 7 . 8 . 7 .
7 . 8 . 6 . 5 . 7 . 6 . 7 .

6-  7 29 5 3
'  :!

1 1
!

1

1 2 . 8 . 4 . 8 . 1 1 . 7 . 7 . 7 . 8 . 7 . 7 .
5 . 9 . 5 . 8 . 9 . 7 . 8 . 8 . 7 . 8 . 8 . 7 .
7 . 2 . 7 . 1 3 . 8 . 7 .

7 -  6 20 3 3
! 1

j 1 } ! ! I
1

7 . 8 . 6 . 7 . 6 . 7 . 7 . 8 . 8 . 7 . 7 . 8 .  
7 . 7 . 8 . 7 . 7 . 8 . 7 . 7 .

H o s p i t a l

i "  _ ! 1" l i "
i j

2« 1 2 i*  I .  i _ 4*» L

12 7

7

-

i
I

8 1 !

1

1
1
I
!

8 .1 5 . 7 7 . 8 . 7 . 8 . 1 0
i-

1 8 .5
" 1 . I 1

8 . 6 . 1 9 . 1 7 . 8 . 8 . 8  ■ 8 . 9 . 9 I
j-

1
1
i I

8 .8 . 1 0 9 . 9 . 1 0 . 8 .
- - J

8 . 9  1
■' !

' 1 - i
1
I

9 . 9 . 5 . 1 1 . 8 8 .7  1 8 !
I

J
7 :j

-

6 . 8 . 6 . 6 . 4 . 8 . 6 . 8 8 . 8 .  1

4 . 7 . 8 . 8. 8.11.

8- 9 16 1 1
9 . 1 1 . 8 . 8 . 8 . 7 . 8 . 8 . 8 . 8 . 8 . 8 .
6 . 7 . 8 . 8 .

7.

8 .4 .

6.

1 8. i

9-10 11 1 ^ 1 , 1 1 i I
1 8 . 7 . 8 . 6 . 7 . 7 . 1 1 . 8 . 5 . 7 . 1 0 .  | I  ̂ ■ i I



A l t e r a t i o n  i n  S t a t u r e

T A B L E N 0 .  15 B .

SCARLET FEVER (pem ales)

Shewing th e  numbers o f  c a s e s  a t  each a g e - p e r i o d  w i th  the  c o r r e s p o n d i n g
A l t e r a t i o n  in  S t a t u r e  o b s e r v e d  d u r i n g  r e s i d e n c e  in  H o s p i t a l .

Number o f  weeks i n  H o s p i t a l
Age 

( i n  y e a r s )

0 — 1

1 Same i
1 h e ig h t !  T** ! i" l i " 2 ” 3"; 3 i" 4 " j 4^" I i" ; Same h e ig h t 1" 1" : l i ” 2" I ..1 3" 4" ! i

----------«nYw-------4
i i 

3 1 1

—

2 1 1

-------------

! !
6 . 1 1 . 8 . 7 . 7 . 1 3 : 6;

9 ! ! I
1

i
1

1 -  2 3 1 2 1 1 6 . 1 1 . 8 . 7 7 .1 3 : ^ 9 1
1

2-  3 7 2 2 8 . 8 . 6 . 8 . 7 . 8 . 6 . 1 4 .7 9 .8 i 1 1
1
1 I

3- 4 14 7 6 1 7 . 6 . 8 . 1 2 . 8 . 8 . 1 3 . 7 . 1 6 . 5 . 8 .
9 . 1 0 . 8 .

7 . 9 . 9 . 8 . 5 . 8 . 8 . 8 . 8 . 7 . 1 0 . 8 . 6 . 8 !  ̂ i 
: - ,1

!

. : 1 !
■■ 1

4 -  5 27
1

4 2 1 1
j

2 1
;

8 . 5 . 6 . 6 . 7 . 9 . 9 . 1 1 . 9 . 7 . 8 . 8 .  
9 , 8 . 1 3 . 1 2 . 1 0 . 7 . 8 . 7 . 8 . 8 . 7 .
8 . 6 . 4 . 8 .

9 . 8 . 8 . 6 . 8 . 8 .
: ' j

/ I
■

7 . 1 0 .

' ! ' "  I
' I 

1

5-  6 21 1 7 1 2 1 2
N

8 . 6 . 9 . 8 . 9 . 1 1 . 9 . 6 . 8 . 7 . 1 3 .
8 . 9 . 6 . 5 . 8 . 1 0 . 9 . 6 . 9 . 8 . 6 . 9 . 8 . 8 . 8 . 8 . 6 .  i 8

- 1 

8.20  : 6 . 8 . r  ! 8 . 8 .  j i

6- 7 1 30 1 5 2 1  j 1 ( ! 1 8  : 1 1 . 8 . 8 . 1 0 . 8 . 8 . 8 . 8 , 1 0 . 8 . 8 .  
6 . 8 . 8 . 8 . 1 3 . 8 . 8 . 7 . 1 0 . 9 . 9 .  
8 . 6 . 9 . 1 0 . 7 , 8 . 9 . 6 .

1 4 . 1 5 . 8 . 9 . 6 . 8 . 9 . 8 . 12 j f 8 1

7 -  8 15 i 5 j 3 1 1 1 ! 2 1 8 . 8 . 7 . 1 0 . 7 . 7 . 9 . 7 . 8 . 8 . 8 . 7 . 7 . 9 . 8 . 8 . 8 . 8 . 8 . 8 . 9 . 8 . 1 . 6  j 8 . 8 . 1

8- 9
j

19 6 i 6
1

1  ; 1 1  ^ 5 . 8 . 8 . 8 . 9 . 9 . 8 . 8 . 7 . 8 . 8 . 4 . 8 .
1 2 . 8 . 9 . 9 . 8 . 9 . 8 . 8 . 9 . 8 . 5 . 8 . 9 . 8 . 1 1 . 5 . 8 . 1 0 . 1 0 . Q 7.  I

9-10 i 14
i

i
2

' I )
2 ;

i

8 . 7 . 8 . 5 . 8 . 9 . 5 . 8 . 7 . 1 0 . 8 . 9 .
, 1 0 . 1 0 .

6 . 8 . 8 .  I i
6 . 8 .

t t

!
i



A l t e r a t i o n  i n  S t a t u r e

Age : Same i . ,
( i n  y e a r s )  j-" rt** h e ig h t !  j l ” | ij^" I 2" 2j-" 3"

0 -  1 

1 -  2

2-  3

3-  4

4 -  5

5- 6

6-  7

7- 8

8- 9

9-10

6

12

31

35

31

32 7 I 1

29 7 3

20 ! si 1
I :

11 I :

2 i

I  .  !  

1 1

1 1

5

1 8

5 4 !  1

T A B L E N 0.  16 A.

ItEASLES (Males)

Shewing th e  numbers o f  c a s e s  a t  each 
A l t e r a t i o n  i n  S t a t u r e  o b s e r v e d  d u r in g

a g e - p e r i o d  w i th  the  c o r r e s p o n d i n g  
r e s i d e n c e  in H o s p i t a l

Number o f  weeks i n  H o s p i t a l 1
Y" ~4 *’l Same h e i g h t i "  1»» I f " ! '2"  . 2 i " 3**

i :
1 5 . 1 0 . 5 . 2 . 4 . 5 .

.. r- -  •
3. 5.

4 . 2 . 3 . 4 . 3 . 3 . 6 . 8 . 4 . 7 . 3 . 2 .
.

1 3. 10.
2 . 3 . 2 . 2 . 3 . 2 . 3 . 3 . 4 . 3 . 3 . 4 . 3 . 3 . 8 . 4 .  
5 . 9 . 4 . 3 . 7 . 3 . 5 . 4 . 3 . 3 . 3 . 3 . 2 . 3 . 2 . I  2 . 4 . 4 . 3 . 3 .

1 ■■ !
3 . 2 . 4 . 2 . 4 . 4 . 6 . 7 . 2 . 5 . 4 . 7 . 3 . 4 . 2 . 3 .
4 . 5 . 4 . 4 . 3 . 2 . 3 . 1 1 . 5 . 3 . 6 . 4 . 4 . 6 . 3 .
4 . 7 . 3 . 3 .

2. 7 , 3 . 3 . 4 . 3 . 3 . 7 . 1 3 . 1
; . ■ . , -

j

2 . 5 .  '3 .4 .  3 . 4 . 5 . 3 . 4 . 4 . 4 . 5 .  3. 3 . 4 .  2. 3.
5 . 3 . 7 . 4 . 5 . 9 . 2 . 2 . 4 . 4 . 3 . 3 . 3 . 6 . 4 .
5

4 . 3 . 4 . 3 . 4 .  2 . 3 . 4 . 3 .! 1 4
i - '  •  !

13

5 .2 .

3 . 5 . 9 . 3 . 3 . 3 . 4 . 3 . 3 . 3 . 4 . 9 . 3 . 3 . 3 .
3 . 3 . 5 . 4 . 3 .

3 . 3 . 3 . 3 . 3 . 5 . 3 . 2 . 3 . 4 . 3 .

3 . 3 .

5 . 3 . 4 . 4 . 3 . 4 . 2 .

4 . 3 . 9 . 3 . 3 . 3 . 4 .  

4 . 5 . 3 ,

4 .

3 . 3 . 9 .

10.

3.



T A B L E  % 0 .  16 B .

MEASLES (E em ales)

Age 
( i n  y e a r s )

0 -  1

1 -  2

2-  3

3- 4

4 -  5

5 -  6

6 - 7

7 -  8

8-  9

9-10

i f

A l t e r a t i o n  i n  "Stature"

1 Same 
1 h e i g h t 1" 1^" i2"l2&" 3"

1 ^ 2 1
1 I

1 16 ll

27 2 1

! 31 15 2 1

l l  18 1 4 2 2 j

2 23 5 1

i 16 1 3
■

1 1

1 10 1 2 1
'  1 !

6 1 1 1 1

4 1
i j 1 1

i n  I —i n Same h e i g h t

2

3 .3

3 . 4 . 3 . 3 . 2 . 3 . 2 .

4 . 8 . 4 . 6 . 6 . 4 . 5 . 6 . 4 . 2 . 5 . 5 . 1 3 . 6 .
2 . 5 .

8 . 3 . 5 . 2 . 6 . 3 . 7 . 7 . 3 . 4 . 5 . 4 . 3 . 2 .
4 . 3 . 3 . 3 . 2 . 3 . 3 . 3 . 4 . 2 . 6 . 3 . 5.

i ± l ± n ± î : ‘̂ ± t : l ± ‘ ± ^ -
2 . 4 . 5 . 2 . 2 . 3 . 3 . 3 . 5 . 2 . 2 . 3 . 3 . 3 . 7 .
4 . 5 . 3 .
2 . 5 . 2 . 4 . 3 . 2 . 3 . 4 . 2 . 3 . 4 . 5 . 4 . 4 . 2 .
3 . 3 . 2 . 4 . 2 . 3 . 2 . 3 .
4 . 1 7 . 3 . 4 . 2 . 3 . 5 . 3 . 3 . 4 . 4 . 2 . 4 . 4 .
3 . 3 .
2 . 3 . 3 . 3 . 3 . 3 . 3 . 3 . 3 . 2.

2 . 3 . 3 . 4 . 2 . 5 .

4 . 2 . 2 . 3 .

8 . 2 . 2 . 6 .  

8 . 3 . 3 . 4 . 3 .  

3 . 3 . 3 .  

9 . 3 .

3.

6 . 5 .

6.

3

3

4 . 4 .

5

10

4

5

r e s i d e n c e  in H o s p i t a l . .........

i n  H o s p i t a l  1 1

i "  I T  l i T 2"

I
1

:: 3"

5 . 3 .

5.

7 . 4 .  6 .

3 . 3 . 4 . 5 . 3 .  4 . 4 .  3. '  • ' i



T A B L E  

WHOOPING COUGH

N O .  17 A. 

(Males)

Shewing th e  numbers o f  c a s e s  a t  each  a g e - p e r i o d  w i th  the  c o r r e s p o n d i n g
A n  ̂ __  ̂' __  J rij_.4____ _i______ J J__J-__   ̂̂   ̂ 4 V/s esr\4 f O 1

A l t e r a t i o n  i n  S t a t u r e

( i n  years)!

. - 1  I
1 -  2
2 -  3

3- 4

4 -  6

5 -  6

6- 7

7 -  8

8-  9

9-10

I Same 
jh e ig h t i n  I i n  | l i " l 2 " | 2 i " ! 3 M  i3&" 4" 4jw I 1"

1

4

4 4 I 3 2

6 4 4 1 1

8 11 8 | l 1

12 2 2 1 3

19 4 5 3 | l
!

12 1 4
!
1 2 |2

12 3 3 1

6 1 i 2

1

1 1

Number o f  weeks i n  H o s p i t a l 1
1

I
! 4 f " ___________1" I I f "  . 2" 1 3 " 5f" 4"

4  Dame n e i g n t  i 

9 . 1 6 . 9 . 4 .  

1 1 . 7 . 2 3 . 1 9 . 9 . 1 2

■ -̂---------- —

7 . 1 0 . 4 . 4 .

1 1 . 9 . 9 . 1 0 .

1 1 . 9 .2 0  ■ 

1 5 . 9 . 1 3 . 6 . 21

8 .2 0 .

9

!

; 15 9

; 8 . 1 0 . 8 . 1 2 . 6 . 5 . 8 . 6 . 4 . 3 . 1 1 . 1 0 . 5 . 8 .
1 2 . 1 5 . 1 2 . 7 . 8 .

7 . 4 . 1 2 . 7 . 8 . 1 1 .
7 . 3 .

13 16

7 . 7 . 6 . 9 . 7 . 6 . 7 . 1 3 . 4 .
6 . 7 . 6 . 7 . 5 . 8 .2 0 . 15. 9 . 1 1 . 1 2 .

3 . 6 . 6 . 4 . 8 . 4 . 8 . 6 . 6 . 8 . i
6 . 7 . 9 . 4 . 1 5 . 5 . 9 . 4 . 7 .  i

1 0 . 1 1 . 5 . 1 3 5 , 7 . 1 1 . 8 . 1 2 1 2 . 1 2 . 1 0 . 9 22 I
I

2 3 . 1 4 . 6 . 9 . 7 . 3 . 1 2 . 1 2 .  
4 . 8 . 6 . 3 .

6 . 7 . 9 . 4 . 1 1 .1 4 1 6 . 8 . 16 1

3 . 3 . 1 7 . 3 . 6 . 1 5 . 7 . 1 2 .  ! 
4 . 4 . 8 . 6 .

6 . 6 . 5 . 1 2 . 1 1 . 9 . 8 . 6 .
•

i

1 3 . 8 . 4 . 6 . 6 . 7 . 7 . 1 4 . 5 . .

3. 6.
■

.

9 . 7 . 1 2 . 4 . 18 . 13 .  i
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Age 
( i n  y e a r s )

0 .  1

1 -  2

2- 3

3- 4

4- 6

5 -  6

6 -  7

7 -  8 

8" 9 

9-10

WHOOPING COUGH (Females)

Shewing the  Numbers o f  Cases  a t  each  
A l t e r a t i o n  i n  S t a t u r e  o b se rv e d  d u r in g

A l t e r a t i o n  1n S t a t u r e

a g e - p e r i o d  w i th  the  c o r r e s p o n d i n g  
r e s i d e n c e  i n  H o s p i t a l

, Same 
l"r&" [height

5

9

19

15

14

14

8

7.

3

1

Number of  weeks i n  H o s p i t a l

l l "  l l j "  |2" |2?"| 3" !3i"L4" | 4 i " |  i h  i f  Same h e i g h t

1 3 2

8 2 2

8 10  2

? 6 I

3 2 2 1 1

3 3 2 2

3. 4 2 1 !

i l 1" l i

34

8 . 1 0 . 9 . 7 . 4 .

7 . 4 . 8 , 8 . 7 . 9 . 1 0 . 9 . 8 .

14 i 8 . 7 . 1 2

1 4 . 2 3 . 9 . 9 . 6 . 9 . 1 9 . 5 .  I 4 . 1 2 .

10 2 . 5 . 1 0 . 1 0 . 8 . 6 . 9 . 6 .
7 . 9 . 8 . 6 . 7 . 8 .

11 7 . 8 . 8 . 6 . 4 . 6 . 5 . 6 .

3 . 7 . 4 . 4 . 7 . 4 . 7 .  

6 . 7 . 3 .

3 7 .

8 . 8 . 6 .

7 . 9 . 7 .

8 . 5 . 8 .  

8.

6 . 7 .

5 . 7 . 5
;

1 6 . 9 . 8 . 7

8.10

9 .1 2 .

12 . 12 .

l l  2 ! ! " 1 1 0 . 6 . 7 . 9 . 1 0 . 1 0 . 1 4 ,
1 1 7 . 1 3 . 5 . 8 . 3 . 7 . 6 . 1 2 .  

9 . 1 6 . 2 4 . 1 6 .

5 . 9 . 8 .
:

9 . 4 . 9 . 1 2 . 9 .
19 .

8

i 1 ! j ! 9 . 3 . 9 . 2 . 8 . 9 . 9 . 4 . 1 3 . 6 . 6 . 3 0 . 8 . 6 . 8 . 1 2 . 1 2 . 6 . 7 . 8 . 8 . 8 . 8 . 9 . 7 .
8 . 4 . 1 4 . 4 . 8 . 9 . 8 . 8 . 1 0 . 1 0 .

i l  : 8 . 5 . 6 . 1 3 . 6 . 7 . 1 0 0 5 . 9 .
6 . 6 . 4 . 7 . 9 .

9 . 7 . 7 . 8 . 1 1 . 6 . 9 . 8 . 1 2 . 8 . 9 . 4 . 1 1  1 i
9 .12

9 . 6 .

7 . 7 .

2" 3"

2 0 .1 6 .1 4  

1 2 .1 0 .2 5  I

16 17 .2 0

- i.

8

8

6 . 1 0

11

11

16

8

4» I 4iM

20

-J-
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Age 
( in  y e a r s )

A l t e r a t i o n  i n  S t a t u r e

1 - 2 5 1

2 -  3 2 3 1 1

3 —4 3 1 1 :

4 -  5 2 4 ! 1

5 -  6 5 i ' 2
j

6 -  7 3 3  ̂ 1

7 - 8 1

8— 9 2 2

9 -1 0  i 3 i 1 1

DIPHTHERIA (Males)

Shewing th e  numbers o f  c a s e s  a t  each  a g e - p e r i o d  w i th  the  
c o r r e s p o n d i n g  a l t e r a t i o n  in  S t a t u r e  o b se rv e d  d u r i n g  r e ­
s id e n c e  i n  H o s p i t a l .

Number o f  weeks i n  H o s p i t a l  

i n  i-iw i game h e i g h t  t " 1 ”

3 0 . 7 . 1 6 . 5 . 6

6 . 8

1 1 .9 .1 1

7 . 8

1 9 . 1 2 . 6 . 6 . 9

9 .1 9 .1 2

8 . 6

9 .1 3 .6

8

7 . 1 2 . 7

6 . 2 2 . 1 2 . 1 1

1 3 . 6 . 7

6

6 . 7

2" : 2 j "

8

17

4

8.11

11

8

15 | 14

6 8
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DIPHTHERIA (Females)

r A l t e r a t i o n  i n

Shewing the  numbers o f  c a s e s  a t  each a g e - p e r i o d  w i t h  the  
c o r r e s p o n d i n g  a l t e r a t i o n  i n  s t a t u r e  o b s e r v e d  d u r i n g  r e ­
s id e n c e  i n  H o s p i t a l .

Number o f  weeks in  H o s p i t a l
Age 

( i n  y e a r s )

1 -  2

—
Same 

i-  4 "  I h e i g h t  i i " 1 " ! l-i*" 2" 2&" - i n  -.in
2 4 1 Same h e i g h t  I 1" I*!'” 2" 2^"

1 : ^ ■ 1
4

i
1

2 j
1 1 1 i  : i

5 .6  1 6 . 6 . 9 . 9  ; 6 .1 0  ;

2 -  3 10 1 1 i 5 . 6 . 1 6 . 7 . 1 0 . 6 . 7 . 7 . 6 . 7 !  6 ! 7 i
* ! i

3 -  4  ̂  ̂ 4 j 3 1 6 . 6 . 9 . 6  1 6 .1 2 . 6  : 9

4 -  5 2 2 ; 6 .1 4  26 .11  !

5 -  6 1 6

6 -  7 1 1 ■ ■ 12 \ 9

7 -  8

8-  9 2
'  i

4 . 5  28

1 9-10 i
j .... .... i. . .... I ..........
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SCARLET EEVER

A lt e r a t io n  in  S ta tu r e

Number 
o f  w eeks

in
H o sp ita l

-

k -
Same -i" height 1" H ” 2" 2 i"

) 2 2
1 1

1

) 3 1

) 4 4I 3 !

) 5 ; 13 3 1 1 !

) 6 24 9 3 2 3 1

) 7 1 66 7 8 1 2

) 8 2 118 30 23 9 4 1 2 4

) 9 30 9 8 1 2 j 1

)1 0 1 15 1 4 1 '
i

1 :

)1 1 11 1 2 1
)1 2 6 1 1

i1
1

)1 3 6 2 1i

)14 2 2 ■
)1 5 2

)1 6 1 !
)17 1 1 1

;

1
)19  ̂ ! ■, j ;
)20 1

i ___ ....„.J.. __ i_
J



T A B L E  20

MEASLES

A lt e r a t io n  in  S ta tu r e

Number 
o f  w eeks  

in
H o s p it a l

1 Same 
! h e ig h t

1
! i ” 1"

1
i H ”

2 2
1
I 5 i  1

1

1
3 3 144 25 11 I 1
4 1 1 84 i  141

1
1 3i

5 ! 1 32 4 3
I'

2
6 i 12 1! 3 Î

I
7 j 14 1 ' 11 2

1
I

!
8 j

'

i
j

9 4 1

10
■

1 2 1

11 I 1
■

13  1 1 1 1

17 1
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VEOOPING COUGH

A l t e r a t i o n  i n  S t a t u r e

Same
z l "  r i ” h i ” jh e ip h t i  j " !  1"  I j "  I  2 ” ! 2 i" i  3" ! 3 i" !  4" 4 j"

Number 
o f  w e ek s  

i n
H o s p i t a l

2 1 

:i
5 I
6 !
7 I
8 i

11 i
12
13
14
15
1 6  i
17 r
18 ;
19
20 i
21
22 i
23
24
25 I 
30 ! 
34 I

2
11
21

7
30
27
23
22

9
1
7
5
3
2
3
2

2
1

7
9

1
4
4
4
1
2 
1

1
1

I 1 
4

i  4 
i  4 
: 9 
14 

8 
3 
6 
7 
2 
2 
1 
1

2
3 
2
4 
1

6
1

4
3
2
2
2

4
1
1



T A B L E 22

DIPHTHERIA

A lt  er  a t  i  0 n in  S t  a t  ur e

Number 
o f  w eeks  

i n  
H o s p ita l

‘' i " l - i "
Same 

! h e i g h t i i "  1 1" i l i "  : 2 " ! 2 i "

4 1 U  :! 1 1

5 1  j 4
M  i M

15 I 9 ( 1 I "  1 1 1

7 ! .. I . 6 \ A \ 1 \ i

3 1 1 1  2 i 1 1 1

9 1 1- 5
' M i   ̂ :

10 j 1 1 j 1 1 i : ;

11 1 2 ! ■ 2 i 2 j !

12 3
= ! ' ' ' ' ' ' •

13 1 ^ :  1 r
14 I : 1 ! ^ : ;

"  1 i  1 ;
16 i 1 2

17 1 " I  :  1 1 ■ :
19 2

22
■ ■ M  ‘  M  Î

26 M  1  '
28 ! "  1  1 :

30 1
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SECTION FITE

OBSERVATIONS

on

THE GROWTH OP INTERNODES IN PLANTS

D u r in g  t h e  months o f  J u l y ,  A ugus t  and Septem ber ,  1908, 

some o b s e r v a t i o n s  were  made on t h e  g rowth  o f  p l a n t s .

The o b j e c t  o f  t h e  e x p e r im e n t s  v/as t o  r e c o r d  t h e  growth 

o f  t h e  i n t e r n o d e  r a t h e r  t h a n  t h a t  o f  t h e  p l a n t  a s  a  w ho le ,  

and t h u s  one was e n a b l e d  t o  f o l l o w  ou t  t h e  development  of  

a  l a r g e  number o f  p r a c t i c a l l y  s e p a r a t e  i n d i v i d u a l s ,  a l l  of  

which  w ere  i n f l u e n c e d  by p r e c i s e l y  t h e  same e x t e r n a l  con­

d i t i o n s .

I n  t h e  c h o i c e  o f  a  p l a n t  i t  was n e c e s s a r y  t o  c o n s i d e r  

two p o i n t s ,  f i r s t l y ,  one which  would shew an a p p r e c i a b l e  

i n c r e a s e  i n  a  c o m p a r a t i v e l y  s h o r t  t im e ,  and s e c o n d ly ,  one 

i n  which  t h e  i n t e r n o d e s  would be v e r y  d e f i n i t e l y  marked 

so t h a t  t h e r e  m ig h t  be o n ly  t h e  minimum chance  o f  inac cu ra cy

i n  m easu rem en t .

These combined c h a r a c t e r s  were  p r e s e n t  i n  t h e  specimens 

f i n a l l y  s e l e c t e d ,  v i z .  P e a s ,  Beans ,  O a ts ,  Maize ,  Musk and



62

E u c a ly p tu s .

O b s e rv a tio n s  w ere  made on a l l  th e  in te r n o d e s  o f  t h i r t y  

p l a n t s ,  s i x  each  o f  th e  P e a s , B eans, O ats and M aize and th r e e  

o f  Musk and E u c a ly p tu s .

The P e a s ,  B ean s , O a ts  and M aize w ere  grown from  se e d , 

and th e  r e c o r d s  e x te n d  from  th e  f o u r t e e n th  day  u n t i l  th e  

tim e  o f  c e s s a t i o n  o f  g ro w th  in  th e  two fo rm e r , w h ile  in  th e  

O ats and  M aize in c r e a s e  c o n tin u e d  lo n g e r .

The r e c o r d s  o f th e  Musk and E u c a ly p tu s  w ere o b ta in e d  

from  g row ing  p l a n t s  a f t e r  a l l  th e  o f f - s h o o t s  had been  r e ­

moved e x c e p t th o s e  d i r e c t l y  u n d e r  o b s e rv a t io n .

W ith  re g a rd  to  th e  te c h n iq u e  o f th e  e x p e rim e n t i t  need 

o n ly  be s a id  t h a t  th e  p l a n t s  w ere k e p t u n d e r m ost fa v o u ra b le  

c o n d i t i o n s ,  b e in g  p la c e d  in  a l a r g e  room w ith  abundance o f 

a i r  and l i g h t ,  w ith  a  r e g u l a r  w a te r  s u p p ly , and in  a p r a c ­

t i c a l l y  c o n s ta n t  te m p e r a tu re ,  n ig h t  and d ay , o f 5 4 °F . o r 

th e re b y .

M easurem ents o f th e  in te r n o d e s  w ere ta k e n  w ith  com­

p a s s e s  and a  m.m. s c a le  e v e ry  second  day and a t  th e  same 

hou r on e ac h  o c c a s io n .

The c o m p le te  r e s u l t s  a r e  g iv e n  in  T ab le s  Nos. 23, 24,

25, 26 , 27 , 28 , 29 and  30 , and  specim en  c h a r t s  from  each 

s e t  o f p l a n t s  a r e  fo u n d  i n  C h a r ts  Nos. 26 , 27, 28, 29, 30 

and 31.
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The r e c o r d s  o f  Pea ”F ” , Bean ”E " , and Musk "A" have  n o t  

been  i n c lu d e d ,a s  th o s e  p l a n t s  d ie d  b e fo re  th e  s e r i e s  o f  ob­

s e r v a t i o n s  on t h e i r  in te r n o d e s  w ere  s u f f i c i e n t l y  lo n g  to  be 

o f  any  v a lu e .

On lo o k in g  o v e r  th e  T a b le s ,  o r  p e rh a p s  b e t t e r ,  th e  C h a rts  

th e  m ost o b v io u s  f e a t u r e  i s  th e  g r e a t  s i m i l a r i t y  i n  th e  c u rv e s  

o f  i n c r e a s e ,  n o t  o n ly  o f  d i f f e r e n t  in te r n o d e s  o f  th e  same 

p l a n t  b u t  even  o f d i f f e r e n t  p l a n t s .

The t y p i c a l  c u rv e  o f  i n te r n o d a l  g row th  m igh t be d e s c r ib e d  

a s  h a v in g  a  p r im a ry  p h a se  o f  ex trem e  b u t  s h o r t - l i v e d  en erg y  

d u r in g  w h ich  in c r e a s e  i s  c o n tin u o u s  and v e ry  r a p id .  When 

t h i s  f i r s t  o u tb u r s t  o f grow th  i s  s p e n t ,  th e r e  i s ,  a s  a  r u l e ,  

no f u r t h e r  a d d i t i o n  to  th e  le n g th  o f th e  in te r n o d e ,  and th e  

f u t u r e  o b s e r v a t io n s  shew n e i t h e r  in c r e a s e  n o r  d e c re a s e .

T h is  g e n e r a l  d e s c r i p t i o n  c o v e rs  th e  l a r g e  m a jo r i ty  o f 

th e  r e c o r d s ,  b u t  more d e t a i l e d  rem ark  i s  n e c e s s a ry  i n  a  fev/ 

c a s e s .

W hile  i t  i s  th e  r u l e  t h a t  an in te rn o d e  shews u n i n t e r ­

ru p te d  in c r e a s e  a t  a  f a i r l y  u n ifo rm  r a t e  from  th e  tim e  o f i t s  

f i r s t  a p p e a ra n c e  u n t i l  g ro w th  i s  c o m p le te ,a  few exam ples a re  

found o f  te m p o ra ry  a r r e s t ,  o r  a t  l e a s t  r e t a r d a t i o n ,  o f  i n ­

c re a s e  d u r in g  th e  s ta g e  o f r a p id  g ro w th . Out o f  th e  t o t a l  

number o f  in te r n o d e s  o b se rv e d , E54, t h e r e  a r e  8 in s ta n c e s  of 

th i s  p e r io d  o f  r e s t  o c c u r r in g  i n  th e  m idd le  o f  th e  tim e when
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i n c r e a s e ,  i n  th e  m a jo r i ty  o f  c a s e s ,  i s  r a p id  and c o n tin u o u s .

I n  th e  f i f t h  in te r n o d e  o f P ea  , a f t e r  g row ing  a t  th e  

r a t e  o f  6 m .m s . p e r  day  betw een  J u ly  1 8 th  and 2 0 th  th e r e  

fo l lo w s  a  c o u p le  o f  d ay s i n  w h ich  an  in c r e a s e  o f o n ly  Im.m. 

i s  r e g i s t e r e d ,  a f t e r  w hich  g row th  a g a in  becom es ra p id  and in  

th e  n e x t  two d ay s  a d d i t i o n s  o f  5^ m.ms. a re  r e c o rd e d .

In  th e  same way th e  s i x t h  in te rn o d e  o f  Pea "C", a f t e r  

g row ing  a t  2^ m.m. p e r  d a y , shews a  p e r io d  o f  r e t a r d a t i o n  

l a s t i n g  f o r  two d ays when th e  r a t e  o f in c r e a s e  i s  o n ly  J  m.m. 

each  day fo l lo w e d  by a r e t u r n  o f th e  a c t i v e  g row th  w ith  d a i l y  

a d d i t io n s  o f  3 m.m.

The s e v e n th  and t w e l f t h  in te r n o d e s  o f  Pea "E" p r e s e n ts  

a s i m i l a r  s lo w in g  o f  g row th  d u r in g  th e  t h i r d , f o u r th  and f i f t h  

day s, a f t e r  w h ich  r a p id  g ro w th  r e a p p e a r s .

W ith  re g a rd  t o  th e  Musk th e  n in th  in te rn o d e  o f  p l a n t  ”B’' 

shews a  p e r io d  o f  d e f i n i t e l y  r e t a r d e d  grow th  betw een th e  

e ig h th  and t w e l f t h  days , and th e  same th in g  o c c u rs  in  th e  

te n th  in te r n o d e  o f  p l a n t  "C ".

In  th e  w hole  s e r i e s  o f o b s e rv a t io n s  th e r e  a re  on ly  two 

exam ples o f  g row th  b e in g ,  f o r  a  t im e , c o m p le te ly  a r r e s t e d .

These a r e  fo u n d  i n  th e  O a ts , p l a n t s  "A" and "C" in  th e  f i r s t  

in te rn o d e  i n  b o th  c a s e s  and f o r  a  p e r io d  of f o u r  days in  each  

in s ta n c e , from  J u ly  2 0 th  to  2 4 th , no in c r e a s e  was re c o rd e d .

As th e r e  was no s i m i l a r  v a r i a t i o n  a t  th e  same tim e  in
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th e  o th e r  i n t e r c e d e s  th e s e  p e r io d s  o f r e t a r d a t i o n  and a r r e s t  

c an  h a r d ly  he e x p la in e d  hy th e  i n t e r f e r e n c e  o f some e x te r n a l  

a g en cy .

I t  w ould seem t h a t ,  though  th e  c u rv e  o f  g row th  o f  an  

in te r n o d e  u s u a l l y  p r e s e n t s  a  r e g u l a r  c o u rs e  o f  c o n tin u o u s  

i n c r e a s e ,  one may on o c c a s io n  f i n d  t h a t  th e  r a t e  o f grow th  

h a s  b een  i r r e g u l a r ,  t h a t  p e r io d s  have o c c u rre d  when i t  was 

q u i te  d e f i n i t e l y  r e t a r d e d ,  o r  more r a r e l y ,  t h a t  i t  h as  been  

i n  e n t i r e  ab ey an ce  f o r  a  t im e .

A n o th e r  i n t e r e s t i n g  p o in t  w h ich  emerged d u r in g  th e s e  

o b s e r v a t io n s  on th e  g ro w th  o f  in te r n o d e s  in  p l a n t s ,  i s  th e  

c o m p a ra tiv e  f re q u e n c e  o f  d e c re a s e  in  th e  l e n g th  o f an  i n t e r ­

node a f t e r  g ro w th  h a s  c e a s e d . S h rin k a g e  to o k  p la c e  in  55 

o f  th e  i n te r n o d e s  exam ined , o r  o v e r  21%, so t h a t  i t  would 

a p p e a r  to  be o f  f a i r l y  common o c c u r re n c e , and s e v e r a l  ex ­

am ples w i l l  be found  i n  th e  appended  C h a r ts .

The in s t a n c e s  a r e  s c a t t e r e d  f a i r l y  e v en ly  th ro u g h o u t 

th e  P e a s ,  B ean s , O a ts and  E u c a ly p tu s , b u t  in  th e  Maize p la n ts  

i t  o c c u rs  o n ly  once and  i n  th e  Musk th e r e  i s  n o t a  s in g le  

exam ple p r e s e n t .  As a  r u l e  th e  d e c re a s e  commences a lm o st 

im m ed ia te ly  a f t e r  th e  g row th  o f  th e  in te rn o d e  i s  c o m p le te , 

a s f o r  ex am p le , i n  th e  f o u r t h  in te r n o d e  o f  Pea "D" (se e  

C hart No. 26) b u t  i n  some c a s e s  th e  s h r in k a g e  i s  a  slow  p ro ­

c e s s , and i s  n o t  a p p a re n t  u n t i l  s e v e r a l  d a y s , o r i t  may
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even  be w eeks a f t e r  g row th  h a s  s to p p e d , a s  i n  th e  f i r s t  

in te r n o d e  o f  O at "E” ( s e e  C h a r t No. 2 8 ).

N a tu r a l ly  t h e r e  i s  a  c o n s id e r a b le  amount o f  v a r i a t i o n  

i n  th e  d e g re e  to  w h ich  t h i s  d e c re a s e  t a k e s  p la c e  in  d i f f e r ­

e n t  i n t e r n o d e s .  I n  many in s t a n c e s  i t  am ounts to  o n ly  one 

o r  two m .m s ., b u t  in  a  few c a s e s  th e  d e c re a s e  i s  g r e a t e r  

th a n  t h i s ;  e . g . ,  th e  f i r s t  in te r n o d e  o f  Oat lo s in g  10 

m .m s .; from  49 m.m. to  39 m.m. o r  l / 5 t h  o f  i t s  o r i g in a l  

l e n g t h .  F u r t h e r ,  t h e r e  does n o t a p p e a r  to  be any d e f i n i t e  

r e l a t i o n  b e tw een  th e  amount o f d e c re a s e  and th e  o r i g in a l  

l e n g th  o f  th e  in te r n o d e .  The above m en tioned  i n s t a n c e ,  

t h a t  o f  th e  f i r s t  in te r n o d e  o f Oat "I)" f a l l i n g  from  49 m.ms. 

to  39 m.ms. i s  th e  g r e a t e s t  am ount o f  d e c re a s e  in  th e  w hole 

s e r i e s ,  and t h e r e  a r e  a l l  s ta g e s  betw een  t h a t  and th e  lo s s  

o f 1 m.m. i n  132 m.ms. shewn by th e  f o u r th  in te rn o d e  o f 

Bean ”C ".

I t  i s  d i f f i c u l t  to  s u g g e s t  any  e x p la n a t io n  f o r  th e  

o c c u rre n c e  o f s h r in k a g e  i n  some in te r n o d e s ,  w h ile  i t  does 

n o t ta k e  p la c e  i n  o t h e r s .  An in te m o d e  w hich  l a t e r  d e ­

c re a s e s  i n  s i z e  does n o t  grow more r a p id ly  th a n  i t s  n e ig h ­

bour i n  w h ich  no su ch  sh r in k a g e  i s  o b se rv e d , and a s  th e y  

a re  b o th  s e c t i o n s  o f  th e  same p l a n t  th e y  a re  p resum ab ly  

s u b je c te d  t o  p r e c i s e l y  th e  same e x te r n a l  in f lu e n c e s .

One can  o n ly  a c c o u n t f o r  th e  l o s s  i n  le n g th  o f an 

in te m o d e  by i t s  c e l l s  becom ing s m a l le r .  I t  i s  n o t  c l e a r
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w h e th e r  t h i s  i s  a  no rm al phenom enon, - th e  m a tu re  c e l l  

b e in g  s m a l le r  th a n  th e  em b ry o n a l, o r  w h e th e r  th e  c e l l s  in  

g e t t i n g  r i d  o f an  undue amount o f  m o is tu re  ab so rb ed  d u r in g  

t h e i r  r a p id  g row th  become l e s s  b u lk y  l a t e r  w i th  th e  d im in ­

i s h i n g  s u c c u le n c e .

As s h r in k a g e  was o n ly  o b se rv e d  in  some o f th e  in te r n o d e s  

and n o t  i n  o t h e r s ,  th e  l a t t e r  e x p la n a t io n  sounds th e  more 

p r o b a b le ,  and  th e r e f o r e  one m ust r e g a rd  a  d e c re a s e  i n  l e n g th  

a s  due to  an  in h e r e n t  p e c u l i a r i t y  o f  th e  i n d iv id u a l  in te rn o d e  

I t  i s  p o s s ib l e  o f c o u r s e ,  t h a t  in  p la c in g  th e s e  p l a n t s  

in  w h a t seemed i d e a l  c o n d i t io n s  th e y  w ere to  some e x te n t  

^ f o r c e d " , and p e rh a p s  th e  i r r e g u l a r i t i e s  i n  t h e i r  grow th  

owe t h e i r  o r i g i n , a t  l e a s t  p a r t i a l l y ,  to  th e  in f lu e n c e  of 

e n v iro n m e n t, b u t  on t h e  o th e r  hand th e  e x te r n a l  c o n d it io n s  

w ere th e  same f o r  each  in te r n o d e  and y e t  on ly  a  few p re s e n te d  

in d iv i d u a l  p e c u l i a r i t i e s .

F o r  th e  o b je c ts  o f th e  p r e s e n t  w ork i t  seems u n n e c e s ­

s a ry  to  go i n t o  d e t a i l s  o f th e  d i f f e r e n t  r a t e s  o f  grow th  

shewn by th e  v a r io u s  k in d s  o f p l a n t s  u n d e r  o b s e rv a t io n .  A

Specim en C h a r t  i s  g iv e n  o f e a c h , and from  th e s e  th e  slow

b u t p ro lo n g e d  g row th  o f  a n  in te r n o d e  o f E u c a ly p tu s  s ta n d s  

out i n  m arked c o n t r a s t  to  th e  e x tre m e ly  r a p id  and s h o r t ­

l iv e d  p h a se  o f  g row th  i n  t h a t  o f  th e  Pea o r  Bean.

E v id e n t ly  th e  u s u a l  ty p e  o f  grow th o f an  in te rn o d e  i s
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one o f r e g u l a r i t y .  The c e l l s  s t a r t  w ith  a  c e r t a i n  amount o f 

r e p r o d u c t iv e  e n e rg y  and u n t i l  t h i s  i s  e x h a u s te d  th e  grow th 

o f  th e  in te m o d e  i s  s te a d y  and u n i n te r r u p te d .  I n te r n o d a l  

g row th  m ig h t t h e r e f o r e  he ta k e n  a s  r e p r e s e n ta t i v e  o f th e  

r e g u l a r  form  o f  i n c r e a s e ,  a lth o u g h  a few exam ples a r e  met 

w i th  i n  w h ich  s h o r t  p e r io d s  o f  r e t a r d a t i o n  o r  a r r e s t  p r o ­

duce i r r e g u l a r i t i e s  in  th e  c u rv e s .

The d e c re a s e  i n  s i z e  o f  an  in te r n o d e  w hich i s  some­

tim e s  se e n  a f t e r  th e  c e s s a t i o n  o f  grow th  w i l l  he f u r t h e r  

d e a l t  w i th  l a t e r .

The T a b le s  and C h a r ts  g iv in g  th e  f u l l  r e s u l t s  o f  th e s e  

o b s e r v a t io n s  on th e  g row th  o f  in te r n o d e s  in  p l a n t s  a re  

a p p en d e d .



T A B L E  NO .  23.

GROWTH o f IHTERNODES i n  PEAS MEASHREI/ÎEHTS in  M.Ms.

J u ly  ! A ugust
I n te r n o d e  18 20 22 24 26 28 30 ; 1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31

PLANT
A

I PLANT 
B

N o .l
2
3
4
5
6

N o .l
2
3
4
5
6
7
8 
9

10
11
12

7 7 7 7 7 8 8 1 9 9 9 9 9 9 9 9 9 9  
27 28 29 29 28 28 28 |28 28 28 28 28 27 27 27 27 27
36 37 38 39 39 39 39 138 39 39 39 39 39 39 39 39 39
17 31 36 38 38 38 38138 38 38 38 38 38 38 38 38 38

8 14 16 27 34 36 36 137 39 39 39 39 39 39 39 39 39
! 2 5 8 9 9 10 10 10 10 10

25 25 25 25 24 25 25
59 59 60 59 59 59 59
69 70 70 70 70 70 70
65 74 76 77 77 77 77

9
27
39
38
39 
10

S ep t 
2 4

25 25 25 25 25 25 25 24 24 24 24 24 2459 59 59 59 59 59 59 59 59 59 59 59 5970 70 70 70 70 70 70 70 70 70 70 70 70
78 78 78 78 78 78 78 78 78 78 78 78 78
66 66 66 66 66 66 66 66 66 66 66 66 X 66
55 55 55 55 55 55 55 55 55 55 55 55 55
66 66 66 66 66 66 66 66 66 66 66 66 66
59 65 66 66 66 66 66 66 66 66 66 66 66 66 66 66

9 34 48 53 57 57 58 58 58 58 58 56 58 58 58 58
25 42 50 54

11
54
29

54
37

54
40

54'
41

6|

54
42

8

54
41

8

54
41

8

N o .l 22 23 23 24 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 ,
2 47 48 48 48 49 48 48 48 48 48 48 48 48 48 48 48 48 48 48 48 48

PLANT 3 29 44 45 45 46 45 45 45 45 45 45 45 45 45 45 45 45 45 45 45 45
C 4 3 46 49 49 49 49 49 49 49 49 49 49 49 49 49 49 49 49 49 49

5 8 21 24 30 37 38 40 40 40 40 40 40 40 40 40 40 40 40 40 1
' 6 4 14 19 20 26 30 30 30 31 31 31 31 31 31 1

_____^

6 8 10 12 14 16 18 20 22 24 26 28 30



t a b l e  N 0.  24.

J u ly

GROWTH o f INTERNODES i n  PEAS MEAgUKHÜIENTS in  M.Ms 

A ugust
I n te r n o d e 18 20 22 24 26 28 30 1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31

j "
4 6 8 10 12 14 16 18 20

( No . 1 20 20 20 20 21 21 21 21 21 21 21 21 21 21 21 21 21 21 21 21 21 21 ; 20 20 20 20
) 2 50 51 51 50 50 49 49 48 48 48 48 48 48 48 48 48 48 48 48 48 48 48 : 48 48 48 48 1
( 3 61 62 62 61 62 62 61 61 62 62 62 62 62 62 62 62 62 62 62 62 62 62 i 62 62 62 62 I
) _ 4 42 78 79 78 76 76 75 75 74 74 74 74 74 74 74 73 73 73 73 73 73 73 : 73 73 73 73 :

5 25 25 50 56 56 57 57 57 57 57 57 57 57 57 57 57 57 57 57 57 57 57 57 57 57 57
) 6 7 9 30 52 54 55 56 56 56 56 56 56 56 56 56 56 56 56 56 56 56 56 56 56 56
( 7 15 34 56 66 70 70 70 70 70 69 69 69 69 69 69 69 69 69 69 69 69 69

PLANT ) 8 12 33 72 74 74 75 76 75 74 73 73 73 73 73 73 73 73 73 73 73
D ( 9 14 48 80 82 84 84 85 85 85 86 86 86 86 86 86 86 86 86

) 10 12 46 79 82 84 86 87 87 87 87 87 87 87 87 86 87 87 87 87 87 87 87 87
( 11 11 48 69 77 81 81 81 81 81 61 81 81 81 81 81 81 81 81 81 81 81 I
) 12 2 10 39 60 85 87 87 87 87 87 87 87 87 87 87 87 87 87 87 87 I
( 13 23 64 75 78 79 79 79 79 79 79 80 80 80 79 79 79 79 1
) 14 17 41 79 97 97 97 103 110 106 109 110 110 110 110 I
( 15 20 ; 40 65 77 85 94 95 95 95 95 95 1
) 16 7 62 81 94 97 101 101 101 101 I

i

( No . 1 35 35 35 35 35 35 35 35 35 35 35 35 35 35 35 35 35 35 35 35 35 35 35 35 35 35
" 1

I
) 2 59 59 59 59 59 58 58 57 58 58 58 58 58 58 58 58 58 58 58 58 58 58 58 58 58 58
( 3 39 57 57 57 58 58 58 58 57 57 57 57 57 57 57 57 57 57 57 57 57 57 57 57 57 57
) 4 20 36 56 61 61 61 61 62 62 62 62 62 62 62 62 62 62 62 62 62 62 62 62 62 62 62
( 5 2 13 44 64 64 64 64 65 64 64 64 64 64 64 64 64 64 64 64 64 64 64 64 64 64 1
) 6 18 52 70 71 72 73 73 73 73 73 73 73 73 73 73 73 73 73 73 73 73 73

PLANT ( 7 18 20 21 51 77 77 78 78 78 78 78 78 78 78 78 78 78 78 78 78 :
E ) 8 19 65 79 83 86 88 88 88 88 88 88 88 88 i 88 88 88 88 88

( 9 19 69 84 86 87 88 88 88 88 88 88 1 88 88 88 88 88 88 88 88
) 10 18 62 89 91 92 92 92 95 96 ' 96 96 96 96 96 96 96 96
( 11 ' 18 73 90 96 98 107 111 111 111 111 111 111 111 111 111
) 12 32 49 49 58 70 83 99 109 111 111 111 111
( 13 I  13 45 62 85 89 91 91 91
) 14 7 49 81 87 89 89 89



T A B L E N 0.  25.

I n t e r -  J u ly

GROWTH of IITTERITODES i n  BEANS 

August

MEASUREMENTS i n  M. Ms.

node 18 20 22 24 26 28 30 1 3 5 7 9 11 13 15 17 19 21 23 25 27

(N o .l 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26
) 2 49 49 49 50 48 49 49 i 49 49 49 49 49 49 49 49 49 49 49 49 49 49
( 3 158 95 97 97 97 98 98 1 98 98 98 98 98 98 98 98 98 98 98 98 98 98

41 45 87 130 136 137 138 1138 138 138 138 138 138 138 138 138 138 138 138 138 136
PLANT ( 5: 14 46 96 128 131 jl3 1 131 131 131 131 128 128 128 128 128 128 128 128 128

A ) 6 6 16 40 71 i 96 108 109 109 109 108 108 108 108 108 108 106 108 108
( 7 9 20 46 64 77 78 79 78 78 78 78 78 78 78 78
) 8 ■ 7 12 24 40 62 77 È3 86 84 84 84 84 82
( 9 6 19 28 47 60 63 64 65 65
) 10 4 7 19 48 56 63 66

PLANT
B

PLANT
C

11 2 4

65
67

5

S e p t 
2 4 6

26 
49 
98 

138 
128 
108 

78 78 
84 84 
65 65 
67 67 

6 7

78
84
65
67

8

N o .l 35 36 36 36 35 36 36 36 36 36 36 36 36 36 36 36 36 36 36 36 36 36 36 36
2 147 51 51 52 52 52 52 52 52 52 52 52 52 52 52 52 52 52 52 52 52 52 52 52
3 34 70 88 87 88 88 88 88 88 88 88 88 88 88 88 88 88 88 88 88 88 88 88 88
4 22 54 106 153 160 161 163 163 161 161 161 161 161 161 161 161 161 161 161 161 161 161 161
5 7 23 59 96 108 110 110 110 110 109 108 108 108 108 108 108 108 108 106 108 108 108 108
6 15 37 61 82 89 89 89 89 89 89 89 89 89 89 89 89 89 89 89 89 89
7 16 29 35 58 72 81 81 81 81 81 81 81 81 81 81 81 81 81 81 81
8 16 29 53 60 61 61 61 61 61 61 61 61 61 61 1 61 61 61
9 5 18 22 41 50 58 59 59 59 59 59 59 59 59 59 ! 59 60 60 60 59 60 60 60 60

 ̂ 10 10 16 23 33 52 65 65 65 65 65 65 66 66 66 66 66 66 66 66 66 66 66
11 5 18 41 67 85 85 85 85 85 85 85 86 86 86 86 86 86 86 86
12 2 6 24 36 51 74 74 75 75 75 75 75 75 75 75 75 75
13 37 59 62 64 65 65 65 66 66 66 66 66
14 13 17 20 24 26 27 29 31 32 33

N o .l  36 36 36 36 36 36 36 36 36 36 36 36 36 36 36 36 36 36 36 36 36 36 36 36
2 65 71 71 72 69 69 69 70 70 70 70 70 70 70 70 70 70 70 70 70 70 70 70 70
3 45 84 95 98 98 97 97 97 97 97 97 97 97 97 97 97 97 97 97 97 97 97 97 97
4 33 72 117 132 130 131 130 130 131 131 131 131 131 131 131 131 131 131 131 131 131 131 131
5 11 33 69 103 107 108 109 109 109 109 109 109 109 109 109 109 109 109 109 109 109 109
6 4 14 35 63 84 93 93 94 94 94 94 % 94 94 93 93 93 93 93 93 93
7 14 28 56 62 68 69 69 69 69 69 69 69 68 68 68 68 68 68
8 6 15 25 38 46 48 48 48 48 48 48 48 48 48 48 48 48
9 3 12 22 34 49 62 63 63 63 63 63 63 63 63 63

10 7 24 35 56 64 64 64 64 64 64 64 64 64 64 64 64 64 64 64 64
11 ' 7 21 43 70 72 72 72 72 72 72 72 72 72 72 72 72 72 72
12 4 14 45 54 56 58 59 59 59 59 59 59 59 59 59 59 59
13 15 36 42 46 49 49 49 49 49 49 49 49 49 49
14 7 13 17 22 26 29 30 30 32 32 32 32

8 10 12 14 16 18 !

26 26
49 49
98 98

138 138
128 128
108 108

78 78 78 78 78 78
84 84 84 84 84 84
65 65 65 65 65 65
67 67 67 67 67 67

9 9 9 9 9 9



T A B L E N 0.  26.

GROWTH of INTERNODES in  BEAITS

I n t e r ­ J u ly August
node 18 20 22 24 26 28 1 3 5 7 9 11 13

(N o .l 36 36 37 35 35 35 35 35 35 35 35 35 35 36
) 2 1 76 76 76 76 77 77 78 77 76 76 76 76 76 76
( 3 1 59 107 121 123 123 123 123 124 124 124 124 124 124 124
) 4 3 63 93 119 123 123 123 123 123 123 123 123 123
( 5 I 6 17 42 80 94 100 100 100 100 100 100 100
) 6 3 10 23 40 61 68 71 71 71 71

PLANT ( 7 1 6 21 40 63 72 73 73
D ) 8 6 10 22 40 54 58

( 9 11 23 47
) 10 4 18

MEASURiamTTS in  M.Ms.

11
12
13
14
15

PLANT
E

N o .l  I 15 15 15 14 13 13 141 14 14 14 14 14 14 14
50 51 50 50 50 50 • 50 50 50 50 50 50 50
49 55 55 55 55 55 ■ 55 55 55 55 55 55 55
40 87 129 138 139 139 139 140 140 140 139 139 139

8 15 46 87 99 114 114 114 114 114 115 115 115
6 15 47 68 ; 90 102 102 102 102 102 102

6 17 45 68 82 83 83 83
6 18 39 59 66 66

6 16 33 51
7 27

.1 j 15
2 ! 28
3 1 48
4 1 28
5
6
7
8
9

10 11
11 j
12 i
13 i

17
: S ep t

15 19 21 23 25 27 29 31 i 2
I.............

4 6 8 10 12 14 16 18

35 35 35 35 35 35 35 35 35 35
76 76 76 76 76 76 76 76 76 76

124 124 124 124 124 124 124 124 124 124
123 123 123 123 123 123 123 123 122 122
100 100 100 100 100 100 100 100 100 100

71 71 71 71 71 71 71 71 71 71
73 73 73 73 73 73 73 73 73 73
62 62 62 62 62 62 62 62 62 62
69 75 76 76 76 76 76 76 76 76
29 48 63 67 69 69 69 69 69 69 69 69 69 69 69 69 69 69

5 13 34 59 76 77 77 77 77 77 77 77 77 77 77 77 77 77
5 27 33 51 66 67 67 67 67 67 67 67 67 67 67 67

4 17 28 40 47 49 50 50 50 50 50 50 50 50
3 13 19 19 19 19 19 19 19 19 19 19

2 6 8 9 9 9 9
i

14 14 14 14 14 14 14 14 14 14
50 50 50 50 50 50 50 50 50 50
55 55 55 55 55 55 55 55 55 55

139 139 139 139 139 139 139 139 139 139
115 115 115 115 115 115 115 115 115 115
102 102 102 1Q2 102 102 102 102 102 102

83 83 83 83 83 83 83 83 83 83
66 66 66 ^6 66 66 66 66 66 66
59 60 60 60 60 60 60 60 60 60 60 60 60 60 60 60 60 60
39 57 63 64 64 64 64 64 64 64 64 64 64 64 64 64 64 64

5 17 37 59 69 70 70 70 70 70 70 70 70 70 70 70 70 70 i
l6 15 29 37 43 46 46 46 46 46 46 46 46 46 46

6 10 13 14 15 15 15 15 15 15



T A B L E  NO .  27.

GROWTH of tittHRNODES in  OATS JÜEASUREJ.OINTS i n  M.Ms.

J u ly  A ugust
I n te rn o d e  18 20 22 24 26 28 30 1 3 5 7 9 11 13 15 17

PLANT
A

PLANT
B

PLANT
C

PLANT
D

PLANT
E

No. 1 i
2 I
3
4
5
6
7 ;
8 1
9 I

No. 1 !
2 !
3 i
4 i
5 !
6 !
7

No. 1
2 1
3 !
4 !
5 j
6 1
7 i

No. 1
2
3
4
5
6

No. 1
2
3
4
5
6
7
8

No. 1
2
3
4
5 1
6 !
7

25 30 30 30 31 31 33 ; 34 34 41 41 41 41 39 37 37
24 35 3 9 3 9 39 39 39 39 39 39 39 39

4 20 21 29 40 39 36 36
17 21 

16

15 19 20 21 23 23 2 3 123 24 25 25 25 25 23 23 23
13 29 3 5 |3 5  35 35 35 35 35 33 32 32

; 7 13 14 15 15 15 15
10 13

23 32 32 32 33 35 3 5 1 35 40 44 42 42 40 40 39 39
16 25 27 ; 28 28 28 28 28 28 28 28 28

! 3 15 30 34 35 35 35 34 34
10 24 25

30 33 37 41 42 44 46 48 49 49 49 45 42 42 42 42
2 25 33 33 34 34 34 34 33 32 32 32 32

24 38 39 40 40 39 40 40 40
40 40 40 40

12 32 45

31 34 35 34 35 35 35 35 35 35 35 35 35 35 35 35 
21 32 32 32 32 32 33 32 31 31 31 31 

{17 25 32 33 31 31 30 30 30 
7 16 16 16 16 

11 27

13 18 20 22 23 25 28 33 33 33 33 32 30 30 30 30
19 28 28 28 28 28 28 27 25 25 25 25

31 39 39 39 39 39 37 36
2 12 13 16 16

24

S ep t
19 21 23 25 27 29 31 2 4 6 8 10 12 14 16 18 20 22 24 26 ^ 8  30

37 37 37 37 37 37 37 37 37 37 37 37 37 37 37 37
39 39 39 39 39 39 39 39 39 39 39 39 39 39 39 39
36 36 36 36 36 36 36 36 36 36 36 36 36 36 36 36
21 21 21 21 21 21 21 21 21 21 21 21 21 21 21 21
18 18 18 18 18 18 18 18 18 18 18 81 81 18 18 18
19 28 38 38 38 38 38 38 38 38 38 38 38 38 38 38

31 45 48 48 48 48 48 48 48 48 48 48 
47 47 47 47 47 47 47 

11 31

23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23
32 32 32 32 32 32 32 32 32 32 32 32 32 32 32 32
15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15
14 14 14 14 15 15 15 15 15 15 15 1 5 .1 5  15 15 15

3 17 30 33 35 37 38 38 38 38 38 38 38 38 38 38
17 40 41 41 41 41 41 41 41

3 19 32

39 39 39 39 39 39 39 39 39 39 39 39 39 39 39 39
28 28 28 28 28 28 28 28 28 28 28 28 28 28 28 28
34 34 33 33 33 33 33 33 33 33 33 33 33 33 33 33
25 25 25 24 25 25 25 25 25 25 25 25 25 25 25 25
30 36 38 38 38 38 38 38 38 38 38 38 38 38 38 38

33 41 48 50 50 50 50 50 50 50 50 50 50 
30 39 42 51 51 51 52 51

42 42 41 41 41 39 39 39 39 39 39 39 39 39 39 39
32 32 32 32 32 32 3 2 j32 32 32 32 32 32 32 32 32
40 40 40 40 40 40 40 40 40 40 40 40 40 40 40 40
40 40 40 40 40 40 4 0 140 40 40 40 40 40 40 40 40
45 45 45 45 45 45 45 45 45 45 45 45 45 45 45 45

18 27 31 49 69 84 85 85 85 85 85 85 85 85

34 35 34 35 34 34 33 j 33 33 33 33 33 33 33
31 31 31 31 31 31 3 1 131 31 31 31 31 31 31
30 30 30 30 30 30 30 :30  30 30 30 30 30 30
16 16 16 16 16 16 16 16 16 16 16 16 16 16
?7 27 27 27 27 27 27 27 27 27 27 27 27 27

11 43 49 54 154 54 54 54 54 54 54
29 39 41 43 43 43

2 34 34 34

33 33 
31 31 
30 30 
16 16 
27 27 
54 54 
43 43
34 34

- - - s p i l i i i i l i i i
16 16 16 16 16 16 16 16 16 
33 33 33 33 33 33 33 33 33 
49 49 49 49 49 49 49 49 49 

40 49 55 58 59 59 59 59

~
36 36 36 36 36 36 36
16 16 16 16 16 16 16
32 32 32 32 33 33 33

21 48 49 49



T A B L E  N O .  28.

GROWTH of INTERNODES in  MAIZE MEASUREMENTS i n  M.Ms.
I  J u ly

I n t e r n o d e i 18 20 22 24 26 28 30

PLANT
A

PLANT
B

PLANT
C

PLANT
D

PLANT
E

PLANT
P

N o .l
2
3
4
5
6 
7

N o .l
2
3
4
5
6 
7

N o .l
2
3
4
5

N o .l
2
3
4
5
6

N o .l
2

5 !

3 11  14 16 20 32
6

A ugust 
1 3  5 7 9 11 13 15 17 19 21 23 25 27 29 31

S e p t 
2 4 6 8 10 12 14 16 18 20 22 24 26 28 30

32 32 32 32 33 33 33 33 33 33
10 16 17 18 18 18 19 19 19 19

4 11 15 19 24 25

N o .l  26 35 52 62 63 64 64 j 64 65 65 65 65 65 65 65 65 65
2 I 15 22 25 2 6 127 27 27 27 27 27 28 28 28 28

j 4 7 8 9 9 9 9 9
t  I  I  7 13 16
5 I I
6 I  I

25 41 44 46 47 47 4 8 148 48 48 48 48 48 48 48 48 48
17 30 34 36 37 ,37 39 39 39 39 38 38 38 38 36

8 117 25 27 28 28 29 29 29 29 29
14 23 28 30 30 30

11

25 40 49 64 66 66 6 6 i 66 67 67 67 67 67 67 67 67 67
4 24 29 33 33 i  34 34 34 34 34 34 34 34 34 34

1 2 117 22 22 23 23 23 23 23 23 23
7 15 24 26 28 29 29 29

10 16

26 54 71 73 76 77 78178 78 78 78 78 78 78 78 78 78
14 21 26128 29 30 31 31 31 31 31 31 31

4 18 25 27 28 28 28
9 15

27 36 37 50 55 57 61 ,61  61 61 61 61 61 61 61 61 61
10 38 45 51 52 52 53 53 53 53 53 53 53 53 53

12 17 20 22 22 22 23 23 23
16 31 36 38

33 33 33 33 33 33 33 33 33 33 33 33 33 33 33
19 19 19 19 19 19 19 19 19 19 19 19 19 19 19
25 25 25 25 25 25 25 25 25 25 25 25 25 25 25

1 5 19 23 25 27 28 28 28 28 28 28 28 28 28
I  3 10 16 18 19 20

65 65 65 65 65 65 65 65 65 65 65 65 65 65 65
28 28 28 28 28 28 28 28 28 28 28 28 28 28 28

9 9 9 9 9 9  9 9 9 9 9 9 9 9 9
17 19 20 21 21 21 21 21 21 21 21 21 21 21 21

9 17 22 27 29 29 29 29 30 31 31 31
11 26 31 33

48 46 48 48 48 48 48 48 48 48 48 48 48 48 48
38 37 38 38 38 38 38 38 38 38 38 38 38 38 38
29 29 29 29 30 29 29 29 29 29 29 29 29 29 29
31 32 32 32 32 32 32 32 32 32 32 32 32 32 32
19 23 29 32 35 36 136 36 36 36 36 36 37 36 36

8 15 20 26 28 30 31 31 31 31
6 17 26 30

67 67 
34 34 
23 23 
29 29 
18 19

78 78 
31 31 
28 29 
17 18

61 61
53 53 
23 23 
38 42

67 67 67 
34 34 34 
23 23 23 
29 29 29 
23 24 24 

6 13

78 78 78 
3o 31 31 
29 29 29 
22 24 25

61 61 61 
53 53 53 
23 23 23 
42 42 42

67 67 
34 34 
23 23 
29 29 
25 25 
19 21

78 78 
31 31 
29 :29  
25 25 

8 12

61 61 
53 53 
23 23 
42! 42 

9 13

67 67 67 
34 34 34 
23 23 23 
29 29 29 
25 25 25 
22 22 22
14 22 26

78 78 78 
31 31 31 
29 29 29 
25 25 25
15 17 18

61 61 61 
53 53 53 
23 23 23 
42 42 42
16 17 17

4

67 67 
34 34 
23 23 
29 29 
25 25 
22 22 
29 34

67 67 67 
34 34 34 
23 23 23 
29 29 29 
25 25 25 
22 23 22 
36 37 37

78 78 78 78 78 
31 31 31 31 31 
29 29 29 29 29 
25 25 25 25 25 
19 20 20 21 21

61 61 61 61 61 
53 53 53 53 53 
23 23 23 23 23 
42 42 42 42 42 
17 17 17 17 17 
10 25 33 41 47



A B L E N n . 29

J u ly A ugust

CrROlTTH o f  INTERNODES in  EUCALYPTUS

Sept
MEASUREMENTS in  M.Ms

I n t e r n e de 18 20 22 24 26 28 30 1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31 2 4

N o .l . 66 67 68 66 66 66 65 64 64 64 64 64 64 64 64 64 64 64 64 64 64 64 64
2 . 52 52 52 51 51 51 51 51 51 51 51 51 51 51 51 51 51 51 51 51 51 51 51
3. 53 53 53 54 54 54 54 53 53 53 53 53 53 53 53 53 53 53 53 53 53 53 53

PLANT 4. 34 36 36 36 35 35 36 36 36 36 36 36 36 36 36 36 36 36 36 36 36 36 36
A 5. 22 22 22 22 22 22 22 22 22 22 22 22 22 22 22 22 22 22 22 22 22 22 22

6. 23 23 24 24 24 24 24 24 24 24 24 24 24 24 24 24 24 24 24 24 24 24 24
7 . 9 9 11 12 13 15 15 16 17 17 17 17 17 17 17 17 17 17 17 17 17 17 17
8. 3 3 3 3 3 3 4 5 5 5 5 5 5 6 6 6 6 6 6 6 6 7 8 8 8
9. 2 2 2 2 2 2 2 2 2 2

N o .l . 104 104 104 104 104 104 104 104 104 104 104 104 104 104 104 104 104 104 104 104 104 104 104
2 . 32 32 32 32 32 33 33 33 33 33 33 33 33 33 33 33 33 33 33 33 33 33 33
3. 32 32 32 32 32 32 32 32 32 32 32 32 32 32 32 32 32 32 32 32 32 32 32
4 . 22 23 23 23 23 23 23 23 23 23 23 23 23 22 22 22 22 22 22 22 22 22 22

PLANT 5. 17 19 20 22 22 23 24 25 25 25 25 25 25 24 24 24 24 24 24 24 24 24 24
B 6. 3 4 6 8 8 10 12 14 18 21 24 25 26 26 26 26 26 26 26 26 26 26 26

7 . 3 3 3 3 6 6 9 9 12 12 14 16 17 20 22 23 23 24 25 25 25 25 25
8 . 4 6 7 8 8 9 10 10 11 11 13 14 16 17 17 17
9.

1 0 .
3 3 3 3 4 4 4 4 4 4 4

N o .l . 74 74 74 74 74 74 74 : 74 74 74 74 74 74 74 74 74 74 74 74 74 74 74 74
2. 28 28 28 28 28 29 29 ! 29 29 29 29 29 29 28 28 28 28 28 27 27 27 27 27
3. 26 26 26 26 26 26 26 ! 26 26 26 26 26 26 26 25 25 25 25 25 25 25 25 25
4 . 17 19 19 21 22 23 24 i 24 24 24 24 24 24 24 24 24 24 24 24 24 24 24 24

PLANT 5 . 5 5 6 8 9 10 12 i 12 14 14 17 17 17 18 18 19 19 19 19 19 19 19 19
C. 6 . 6 8 9 10 11 11 12 14 15 15. 16 18 18 18

7 .
8.

1 3 3 . 4 
2

5
4

6
5

8
5

9
5

10
5

10
7

10
8

10
8

9
10
11

8 10 12 14 16 18 20 22 24 26 28 30

8
2

25 25 
17 17 

4 4

18 18 
10 10 

8 8 
4 4

64
51
53
36
22
24
17

8
2

104
33
32
22
24 
26
25 
17

5

74
27
25
24
19
18
10

8
.4

8
2

18
10

9
4

25 25
18 18

19
11
11

4

64
51
53
36
22
24
17

9
3

25
18

5

19
14
13

5

74
27
25
24
19
19
14
14

9
3

104
33
32
22
24 
26
25 25
19 19

19
16
16
11

3

25
20

8
2

19
16
18
11

5

25
20

8
2

19
16
20
11

5

25
20

8
2

19
16
21
11

6
3

25
20

8
2

19
17
21
11

7
3

64 
51 
53 
36 
22 
24 
17 

9 
3

104
33
32
22
24 
26
25 
20

8
2

74
27
25
24
19
19
17
21
11

7
3



T A B L E  NO.  50 

GROV/TH o f  INTERNOdes jn  m S E  MEASUREMENTS in  M.Hs

I n te rn o d e

PLANT
B

) N o .l  
2
3
4
5
6
7
8 
9

10 
11

; August
18 20 22 24 26 28 3 0 | 1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31

S e p t.
2 4 6 A i  16 18 20 22 24 26 28 30

10 10 10 10 10 10 10 110 10 10 10 10 10 10 10 10 10
n? 11 11 H i l l  11 11 11 11 11 11 11 11 11
11 14 14 15 15 16 16 116 16 16 15 16 16 16 16 15 16

3 4 7 10 14 15 16 16 17 17 17 17 17 17 17 17 17
2 3 5 8 i l l  14 19 22 24 25 25 25 25 25

3 3 9 15 20 26 33 37 39
I  2 4 8 14 21

10 10 
11 11 
16 16 
17 17 
25 25 
39 40 
30 34 

6

10 10 
11 11 
16 16 
17 17 
25 25 
41 41 
37 38 
14 17

10 10 
11 11 
16 16 
17 17 
25 25 
41 41 
39 39 
21 23 I  

4

10 10 
11 11 
16 16 
17 17 
25 25 
41 41 
39 39 
27 30 

7 10

10 10 
11 11 
16 16 
17 17 
25 25 
41 41 
39 39 
32 32 
13 14

10 10 
11 11 
16 16 
17 17 
25 25 
41 41 
39 39 
32 32 
15 21

10 10 
11 11 
16 16 
17 17 
25 25 
41 41 
39 39 
32 32 
27 34 

3 10

10 10 
11 11 
16 16 
17 17 
25 25 
41 41 
39 39 
32 32 
36 38 
16 22

10 10 10 
11 11 11 
16 16 16 
17 17 17 
25 25 25 
41 41 41 
39 39 39 
32 32 32 
38 38 38 
27 33 37 

2 11 19

10 10 
11 11 
16 16 
17 17 
25 25 
41 41
39 39 
32 32 
38 38
40 41 
23 27

PLANT
C

N o .l 5 5 5 6 6 6 6 j 6 6 6
2 15 15 15 15 15 15 17 17 17 17
3 14 14 16 17 18 18 19 19 19 19
4 2 5 6 10 16 22 26 28 30 30
5 4 7 12 18 25 32
6 2 4 9
7
8
9

10
11
12

6 6 6 6 6 6 6 6 6 6 6 6 6 i 6 6 6 6 6 617 17 17 17 17 17 17 17 17 17 17 17 17 117 17 17 17 17 17
19 19 19 19 19 19 19 19 19 19 19 19 19 119 19 19 19 19 19
30 30 30 30 30 30 30 30 30 30 30 30 30 |30 30 30 30 30 30
40 40 40 40 40 40 40 40 40 40 40 40 40 40 40 40 40 40 40
17 26 33 39 43 44 46 47 47 47 47 47 47 47 47 47 47 47 47

2 6 9 18 25 33 39 42 43 43 43 43 43 43 43 42 43 43
2 4 7 13 16 27 31 35 37 38 38 38 38 38 38

7 9 15 23 28 30 31 31 32
2 3 3 6 8 9 19

6 6 
17 17 
19 19
30 30 
40 40 
47 47 
42 43 
38 38 
35 36 
26 33 

3 7

6 6 
17 17 
19 19 
30 30 
40 40 
47 47 
43 43 
38 38 
36 36 
36 38 
10 16

6 6 
17 17 
19 19 
30 30 
40 40 
47 47 
43 43
38 38 
36 36
39 39 
19 24

3

6 6 
17 17 
19 19 
30 30 
40 40 
47 47 
43 43
38 38 
36 36
39 39 
28 31
9 13

6
17
19
30
40
47
43
38 
36
39 
33 
17
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SECTION SIX . ‘

H av ing  now g iv e n  i n  d e t a i l  a l l  th e  o b s e rv a t io n s  made, 

and o u t l in e d  t h e i r  c h ie f  p o in t s  in  th e  v a r io u s  S e c tio n s  

u n d e r  w h ich  th e y  a re  g rouped  i t  i s  p ro p o se d  to  d is c u s s  

b r i e f l y  t h e i r  m ean ing . As th e  m ain o b je c t  o f  t h i s  inq[u iry  

was to  s tu d y  th e  g row th  o f th e  in d iv id u a l  in  Man, and th e  

e x p e r im e n ts  on A nim als and P la n ts  w ere e n t i r e l y  s u b s id ia r y ,  

and to  se e  i f  any  l i g h t  c o u ld  be th row n on c e r t a i n  phenom­

ena w h ich  a p p e a re d  i n  th e  grow th  o f th e  human b e in g , th e s e  

few comments w i l l  d e a l  c h i e f l y  w ith  th e  o b s e rv a t io n s  r e ­

c o rd e d  i n  S e c t io n  3 , and th e  p o in ts  made in  th e  o th e r  

S e c t io n s  on th e  grow th  o f a n im a ls  and p l a n t s  w i l l  o n ly  be 

u se d  a s  exam ples and f o r  r e f e r e n c e .

T h is  S e c t io n  w i l l  d e a l  w ith  (A) th e  d i f f e r e n t  ty p e s  

o f g ro w th , (B) th e  a v o id a n c e  o f w ide ex trem es o f s t a t u r e ,  

and  some rem ark s  w i l l  be made on th e  r e l a t i o n s h i p  o f  fC) 

te m p e ra tu re  and  (J>) env ironm en t to  th e  grow th  o f th e  i n ­

d iv id u a l  and  t h e i r  p o s s ib le  in f lu e n c e  in  d e te rm in in g  th e  

ty p e  o f  g ro w th .
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A. BIFEBRMT TYPES OF GROWTH

W ith  r e g a r d  to  th e  v a r io u s  fo rm s o f g row th  th e r e  a re  

a p p a r e n t ly  t h r e e  m ain  ty p e s .  R e g u la r , I r r e g u l a r  and C y c lic .  

R e g u la r  Growth

G rowth o f  th e  R e g u la r  ty p e  i s  n o t  commonly found  in  

Man, and was o b se rv e d  in  o n ly  1 2 . of  th e  c h a r t s  d e t a i l e d  

i n  S e c t io n  3 . A u n ifo rm  and c o n tin u o u s  in c r e a s e  in  h e ig h t  

and w e ig h t i s  th u s  o c c a s io n a l ly  se en  in  th e  human s u b j e c t ,  

and i n  th e  s e r i e s  o f  250 c h a r t s  such  exam ples o f t h i s  ty p e  

a s  w ere  p r e s e n t  w ere v e ry  p e r f e c t ,  an even l i n e  o f a s c e n t  

b e in g  m a in ta in e d  th ro u g h o u t th e  w hole p e r io d  th e  boys w ere 

u n d e r  o b s e r v a t io n .

In  th e  r e c o r d s  o f  th e  grow th  o f r a b b i t s  th e  r e g u la r  

ty p e  was r a r e ,  w h ile  i n  th e  g u in e a -p ig s  u n ifo rm ity  in  th e  

r a t e  o f i n c r e a s e  was th e  m arked f e a tu r e  o f th e  c h a r t s ,  and 

in  th e  i n te r n o d e s  o f p l a n t s ,  r e g u l a r i t y  o f grow th was ob­

se rv ed  a s  th e  r u l e  and n o t th e  e x c e p tio n .

From th e s e  o b s e rv a t io n s  th e  e x is te n c e  o f a  ty p e  of 

grow th i n  w h ich  in c r e a s e  p ro g re s s e s  a t  a  u n ifo rm  and r e g ­

u l a r  r a t e  w ould  seem to  be f u l l y  p ro v e d , and a lth o u g h  on ly  

a few exam ples w ere se e n  in  Man th e r e  w ere s e v e ra l  in s ta n c e s
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i n  th e  r e c o r d s  o f  g u in e a - p ig s ,  and in  p l a n t s  i t  ap p ea re d  to  

he th e  u s u a l  mode o f  g ro w th .

I r r e g u l a r  Grow th

I r r e g u l a r i t y  i n  th e  r a t e  o f  g ro w th , on th e  o th e r  h an d , 

i s  th e  form  m ost f r e q u e n t ly  m et w i th  in  Man, and in  th e  

s e r i e s  o f  r e c o r d s  o f  th e  g row th  o f hoys ta k e n  from  th e  

Bootham S choo l R e g is te r  i t  was found  to  th e  e x te n t  o f  83#. 

As a  r u l e  th e  v a r i a t i o n  i n  th e  r a t e  o f in c r e a s e  was s l i g h t ,  

and  m e re ly  am ounted to  a l t e r n a t i n g  p e r io d s ,  o f i n d e f i n i t e  

l e n g t h ,  when g row th  was e i t h e r  s lo w e r o r more r a p id  a s  th e  

c a se  m ig h t h e . T here w ere how ever, exam ples o f a l l  g ra d e s  

o f  i r r e g u l a r i t y ,  from  th e  f a i n t e s t  u n d u la t io n  in  th e  a sc e n d ­

in g  l i n e  o f in c r e a s e  to  C h a r ts  shew ing p e r io d s  o f ex ceed ­

in g ly  r a p id  g row th  fo llo w e d  hy a  term  o f some weeks o r  

m onths d u r a t io n  i n  w hich  no in c r e a s e  w h a tev e r to o k  p la c e  and 

in  w h ich  t h e r e  m igh t he a c tu a l  d e c re a se  i n  s t a t u r e ,  Marked 

i r r e g u l a r i t y  i n  th e  r a t e  o f  grow th  was shewn hy many o f th e  

r a b b i t s ,  and  i n  some o f th e  g u in e a -p ig s  a  s l i g h t  d e g re e  was 

fo u n d . The g row th  o f  th e  c h ic k e n s  re c o rd e d  by P r o f e s s o r

M ino^w as p ro b a b ly  o f  t h i s  i r r e g u l a r  ty p e  a l s o .  Of th e  te n  

c h ic k e n s  u n d e r  o b s e rv a t io n  two w ere m a le s , e ig h t  fe m a le s , 

and a l th o u g h  he o n ly  g iv e s  i n  h i s  T ab les  th e  a v e ra g e  d a i ly  

in c r e a s e  o f  a  m ale c h ic k  and a fe m a le , th e  av e rag e  i n c r e ­

m ents a r e  so i r r e g u l a r  t h a t  th e  r a t e  o f grow th  o f th e  in -
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d i v id u a l  c h ic k s  m ust have been  v e ry  v a r i a b l e .

W ith  r e f e r e n c e  to  th e  p e r io d s  w hich  have been  n o te d  a s  

o c c a s io n a l ly  se e n  i n  grow ing boys i n  w hich  tem p o ra ry  d e ­

c r e a s e  i n  s t a t u r e  o c c u rs .

I n  m ost i n s t a n c e s  th e  d im in u tio n  ta k e s  p la c e  imm edi­

a t e l y  a f t e r  an  o u tb u r s t  o f v e ry  r a p id  g ro w th , b u t  t h i s  i s  

n o t  i n v a r i a b l y  th e  c a s e ,  and o c c a s io n a l ly  th e  p h ase  o f 

^Q’t r o g r e s s i o n  p re c e d e s  th e  p e r io d  o f a c t iv e  in c r e a s e .

The e x p la n a t io n  o f d e c re a s e  in  s t a t u r e  i s  n o t  c l e a r .  

P resu m ab ly  i t  i s  due to  l o s s  i n  b u lk  o f  th e  f ib r o u s  i n t e r -  

v e r t e b r a l  d i s c s .  As th e  m easurem ents w ere a lw ays ta k e n  a t  

th e  same p e r io d ,  th e  fo re n o o n , i t  c an n o t be e x p la in e d  by 

d a i l y  v a r i a t i o n .  W hether i t  i s  to  be acco u n ted  f o r  by 

w ith d ra w a l o f  m o is tu r e ,  o r  w h e th e r  th e r e  i s  a b s o r p t io n  o f 

f a t ,  b o th  from  th e  t i s s u e s  u n d e r th e  h e e l  and from  th e  

n u c le u s  p u lp o su s  o f each  i n t e r v e r t é b r a l  d i s c , b u t a s  q u i te  

commonly th e  w e ig h t i s  r i s i n g  w h ile  th e  d e c re a se  i n  h e ig h t  

i s  t a k in g  p l a c e ,  th e  l a t t e r  e x p la n a t io n  seems h a rd ly  

p ro b a b le . A t h i r d  s u g g e s t io n  i s  t h a t  p e rh a p s , d u r in g  a c t iv e  

g row th , th e  p r o l i f e r a t i n g  c e l l s  in  th e  d i s c s  a re  o f th e  

la r g e  em bryonal fo rm , and , c o n t r a c t in g  on becom ing m a tu re , 

p roduce  a  m in u te  s h r in k a g e  o f  th e  d is c  a s  a  w h o le . T h is 

id e a  i s  s t r e n g th e n e d  to  some e x te n t  by th e  c o m p a ra tiv e ly  

f r e q u e n t  o c c u r re n c e  i n  t h i s  s e r i e s  o f  o b s e rv a t io n s  o f
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g ra d u a l  an d  p ro lo n g e d  d e c re a s e  i n  s t a t u r e  o f to y s  betw een th e

a g e s  o f  s i x t e e n  and  e ig h te e n  and in  whom th e  s ta g e  o f  a c t iv e  
g ro w th  i s  a lm o s t s p e n t .

An a n a lo g o u s  d e c re a s e  was o f te n  o b se rv ed  fo l lo w in g  th e  

c e s s a t i o n  o f  g ro w th  i n  th e  in te r n o d e s  o f p l a n t s ,  and in  th e  

r e c o r d s  o f  th e  g row th  o f r a b b i t s  p e r io d s  o f  a r r e s t  accom­

p a n ie d  by l o s s  i n  w e ig h t w ere common. D im in u tio n  in  th e  

l e n g th  and w e ig h t o f  f i s h  h a s  a l s o  been  n o te d  by D r. F u lto i^ ^ ^  

a s  o c c u r r in g  when g row th  i s  c o m p le te ly  a r r e s t e d  d u r in g  th e  

w in te r  m o n th s .

C y c lic  Growth

The c y c l i c  ty p e  o f  g row th  was p r e s e n t  in  on ly  4 .7 #  o f 

th e  r e c o rd s  o f  th e  g row th  o f  b o y s. The l i n e  o f in c r e a s e  in  

t h i s  ty p e  i s  composed o f a  s u c c e s s io n  o f d i s t i n c t  c u rv e s  

w hich fo l lo w  each  o th e r  w ith  p e r f e c t  r e g u l a r i t y  and p r e c i s io n .  

P h ases  o f  a c t i v e  g ro w th  l a s t i n g  o v e r a d e f i n i t e  p e r io d  o f 

tim e a l t e r n a t e  w i th  p h a se s  o f r e t a r d a t io n  o r  a r r e s t  w hich 

a ls o  have  a  c o n s t a n t  d u r a t io n ,  and th u s  th e  cu rv e  o f  grow th 

i s  made up o f  a  s e r i e s  o f w aves, each  one i d e n t i c a l  w ith  

i t s  n e ig h b o u rs  i n  e v e ry  r e s p e c t .

In  th e  i n v e s t i g a t i o n  o f th e  grow th o f  boys th o se  c a se s  

w hich p r e s e n te d  th e  c y c l i c  form  w ere v e ry  t y p i c a l ,  and i t  

would be d i f f i c u l t  to  f in d  a  more e v id e n t  exam ple o f c y c l ic  

grow th th a n  t h a t  shewn in  C h a rt No. 17 .
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The o b s e r v a t i o n s  on th e  g row th  o f  c r a b s  f u r n i s h  ex ­

am ples  o f  c y c l i c  grow th  i n  i t s  p u r e s t  fo rm , and i t  h a s  been 

shewn how, i n  t h e s e  e x o s k e l e t a l  a n im a ls ,  a c t i v e  grow th  i s  

c o n f in e d  to  a  s h o r t  p e r i o d  o f  a  few h o u r s ,  o r  a t  most t h r e e

o r  f o u r  d ay s  , and a f t e r  t h a t  t h e r e  i s  a  l a p s e  o f  some weeks

o f  c o m p le te  a r r e s t  b e fo r e  th e  commencement o f  a  new c y c le  

d e te r m in e s  a n o th e r  s p u r t  o f  r a p id  i n c r e a s e  i n  s i z e  and 

w e ig h t .

C y c l ic  v a r i a t i o n s  were of f a i r l y  common o c c u r re n c e  in  

t h e  r e c o r d s  o f  th e  g row th  of r a b b i t s  an d , a l th o u g h  to  a 

much l e s s  e x t e n t ,  th o s e  o f  th e  g u i n e a - p i g s , b u t  i n  th e  ob­

s e r v a t i o n s  o f  t h e  g row th  o f  p l a n t  i n t e r n o d e s  t h e r e  was no

s u g g e s t io n  o f  th e  c y c l i c  ty p e  b e in g  p r e s e n t .

B. AVOIDAHCB OF EXTREMES OF STATURE

An i n t e r e s t i n g  p o i n t  which emerged i n  th e  i n v e s t i g a t i o n  

o f th e  g ro w th  o f  boys was th e  a p p a re n t  ten d en cy  to  av o id  wide 

ex trem es o f  s i z e  b e f o r e  m a tu r i t y  was re a c h e d .

As h a s  b een  n o te d  i n  S e c t io n  3 , Group 4 ,  i n  th o s e  boys 

who, a t  t h e  age  o f  s e v e n te e n  o r  th e re b y  were c o n s id e r a b ly  

below th e  a v e ra g e  h e i g h t ,  a c t i v e  growth c o n t in u e d  when in  

th e  m a j o r i t y  o f  c a s e s  i t  was e i t h e r  s lo w in g  o r  had cea sed
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a l t o g e t h e r ,  and c o n v e r s e ly ,  how soon g row th  c e a se d  i n  th o s e  

i n d i v i d u a l s  who had a t t a i n e d  l a r g e  s i z e  c o m p a r a t iv e ly  e a r l y  

on i n  a d o le s c e n c e .

Thus th e  d i f f e r e n c e s  were t o  some e x te n t  e l i m in a t e d ,  

g row th  p e r s i s t i n g  t i l l  a  l a t e r  p e r io d  th a n  u s u a l  i n  b a c k ­

w ard  i n d i v i d u a l s ,  o r  s to p p in g  a t  an  e a r l y  age i f  c o n s i d e r ­

a b l e  s t a t u r e  had been  r e a c h e d ,  so  t h a t  th e  v a r i o u s  i n d i v i d u a l s  

w e re ,  i n  a  way, b ro u g h t  on to  a l e v e l  w i th  each  o t h e r  and 

a f a i r l y  c o n s t a n t  s t a n d a r d  m a in ta in e d  i n  th e  a d u l t .

W llliam soh% .a8  n o te d  and p o in te d  o u t  t h i s  f a c t  i n  h i s  

i n v e s t i g a t i o n s  o f  th e  grow th o f  th e  c r a b .  I n  T ab le  Ho. 3 

an  example i s  f u r n i s h e d  by C rabs Hos. 5 and 11. Crab Ho. 5 

a t  th e  end of i t s  f i r s t  y e a r ,  ( A p r i l ,  1901) m easured  8 m.m. 

w h i le  Ho. 11 a t  th e  same age (Feb . 1902) m easured  22 m.m. 

D u r in g  t h e i r  second  y e a r s ,  how ever. Ho. 5 m ou lted  e ig h t  

t im e s  to  Ho. 1 1 ' s f o u r ,  so t h a t ,  a t  th e  end o f  th e  y e a r  

t h e i r  r e s p e c t i v e  m easurem ents w ere  53 m.m. and 52 m.m.

T h is  p r e s e n t s  a  v e ry  marked c a se  o f  th e  a v o id a n c e  o f  ex ­

t r e m e s  o f  s i z e .

I n  t h e  o b s e r v a t io n s  o f  th e  grow th  o f  r a b b i t s  and 

g u i n e a - p ig s  t h e r e  was no in s t a n c e  o f  an an im al w hich  had 

i n c r e a s e d  more r a p i d l y  c e a s in g  to  grow e a r l i e r  t h a n  i t s  

n e ig h b o u r s ,  n o r  o f  th e  s t a g e  o f  grow th b e in g  p ro lo n g e d  i n  

one i n  w hich  i n c r e a s e  had been u n u s u a l ly  s low , b u t  i t  i s
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r e m a rk a b le  how l i t t l e  d i f f e r e n c e  t h e r e  was i n  th e  w e ig h ts  o f  

t h e  v a r i o u s  specim ens a t  th e  end o f  t h e  p e r i o d  o f  o b s e r v a ­

t i o n .

The number o f  exam ples o f  t h i s  te n d e n c y  to w ards  t h e  

m a in te n a n c e  o f  a  common s t a n d a r d  o f  s i z e  a r e  to o  few f o r  any  

s t r e s s  t o  be l a i d  upon t h e  p o i n t ;  b u t  t h e r e  i s  c e r t a i n l y  a  

s u g g e s t io n  o f  i t s  e x i s t e n c e .

C. TEMPERATURE AMD GROWTH

B e fo re  d i s c u s s i n g  th e  r e l a t i o n  o f  t e m p e r a tu re  to  g ro w th  

i n  Man th e  r e s u l t s  o f some e x p e r im e n ts  on lo w e r  a n im a ls  sh o u ld  

be n o te d .  A l a r g e  amount o f  work h a s  been  done on th e  i n ­

f l u e n c e  o f  te m p e ra tu re  on th e  grow th o f  t a d p o le s  and f i s h e s ,  

and th e  unanim ous o p in io n  i s  t h a t  a c lo s e  c o n n e c t io n  e x i s t s  

be tw een  th e  r a t e  of grow th and th e  t e m p e ra tu re  o f  t h e  s u r ­

r o u n d in g s .  I t  i s  p rop osed  t o  c o n s i d e r  f i r s t  th e  c a se  f o r  

and th e n  a g a i n s t  such  a v iew , and in c lu d e  a  few rem ark s  on 

t h e  r e l a t i o n s h i p  o f  te m p e ra tu re  t o  th e  g row th  o f  boys a s  i t  

a p p e a re d  from t h e  o b s e r v a t io n s  d e t a i l e d  i n  S e c t io n  3.

T hat th e  te m p e ra tu re  of th e  w a te r  p l a y s  an  im p o r ta n t  

p a r t  i n  d e te rm in in g  t h e  r a t e  o f grow th o f  young t a d p o l e s  

h a s  b e en  shewn by O skar HertwigP^^ A young ta d p o le  k e p t  a t
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a  t e m p e ra tu re  o f  11 .5°C . was no f u r t h e r  advanced  a t  t h e  end 

o f  t h r e e  days th a n  th e  egg s t a g e ,  w h i le  a n o th e r  i n d i v i d u a l  

from  t h e  same h a tc h  o f  spawn h a d , i n  th e  same p e r io d  b u t  

a t  a t e m p e ra tu re  o f  24°0 . d e v e lo p ed  i n t o  a  t a d p o l e , i n  l e n g t h  

more th a n  f o u r  t im e s  th e  d ia m e te r  o f  i t s  b r o t h e r  i n  th e  

c o l d e r  w a te r .

F i s h e s  have been l a r g e l y  chosen  a s  th e  s u b j e c t s  f o r  

e x p e r im e n t ,  and d u r in g  th e  l a s t  few y e a r s  s e v e r a l  p a p e r s  

d e a l i n g  w i th  t h i s  s u b j e c t  have a p p ea re d  i n  th e  Annual Re­

p o r t s  o f  th e  F i s h e r y  Board f o r  S c o t la n d .

D r. F u l t o ^ s t a t e s  t h a t  "The grow th  o f  f i s h e s  i s  c l o s e l y  

r e l a t e d  to  th e  te m p e ra tu re  o f  th e  w a te r  i n  which th e y  l i v e , 

th e  maximum in c re m e n t  t a k i n g  p la c e  when t h e  w a te r  i s  warm 

and t h e  minimum when i t  i s  c o ld :  and th e  g r e a t e s t  v a r i a ­

t i o n s  o c cu r  where th e  range  o f  te m p e ra tu re  i s  g r e a t e s t . " .  . . 

"The i n f lu e n c e  o f  th e  te m p e ra tu re  o f  th e  w a te r  i s  tw o - f o ld ,  

d i r e c t l y  a f f e c t i n g  i t  by a c c e l e r a t i n g  and r e t a r d i n g  m etab ­

o l is m  and i n d i r e c t l y  by i n c r e a s in g  and d im in is h in g  th e  

abundance  o f  th e  lo w er  o rgan ism s w hich  form a  l a r g e  p a r t  o f 

t h e  fo o d  of f i s h e s .  The d i r e c t  e f f e c t  i s  p ro b a b ly  much th e  

more im p o r ta n t  o f  th e  tw o ."

I t  a p p e a rs  t h a t  te m p e ra tu re  m o d if ie s  th e  r a t e  o f  grow th  

by a c t i n g  d i r e c t l y  upon th e  m etabo lism  and a l s o  by a f f e c t ­

in g  t h e  r a p i d i t y  o f  d i g e s t i o n .  " In  v e ry  c o ld  w a te r  f i s h e s
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g iv e  up f e e d in g  a l t o g e t h e r ,  b e ca u se  th e  f e rm e n ts  upon w hich  

d i g e s t i o n  depends do n o t  a c t ,  o r  a c t  v e ry  s lo w ly ,  a t  low 

t e m p e r a t u r e s ,  t h e r e f o r e  a p p e t i t e  i s  l o s t , "  and K nanthé  and 

Z u n t ^ n a v e  shewn t h a t  m etabo lism  i s  more a c t i v e  i n  h i g h e r  

t e m p e r a tu r e s  by th e  i n c r e a s e d  e x c r e t i o n  o f  COg and o t h e r  

p r o d u c t s .
( g )

D r. P u l t o n n a s  r e p o r t e d  a s e r i e s  o f  e x p e r im e n ts  on th e  

g row th  o f  f i s h e s  k e p t  i n  t a n k s  a t  v a r i o u s  t e m p e r a tu re s  d u r ­

in g  th e  w i n t e r  m o n th s , and h i s  r e s u l t s  seem to  p ro v e  f a i r l y  

c o n c l u s i v e l y  t h a t  t e m p e ra tu re  does i n f l u e n c e  th e  r a t e  o f  

g row th  to  a  c e r t a i n  e x t e n t .

T a b le s  E os. 31 and 32 a r e  a d a p te d  from  some i n  h i s  

p a p e r ;  th e  fo rm er  shews th e  r a t e  o f  g row th  o f  f i v e  c o d l in g  

k e p t  i n  Tank "Ho. 1" i n  which th e  w a te r  was a t  th e  o r d in a r y  

t e m p e ra tu re  o f  th e  se a s o n ,  (w in te r )  T ab le  Ho. 32 th e  g row th  

o f  t h r e e  c o d l in g  i n  a r t i f i c i a l l y  warmed w a te r  i n  Tank "Ho. 

4 " .  The ex p erim en t l a s t e d  o v e r  a  p e r io d  o f  one hun d red  and 

f i f t y - f i v e  d a y s ,  and i n  th e  l a s t  column b u t  one o f  b o th  

T a b le s  i s  g iv en  i n  M.Ms. th e  t o t a l  i n c r e a s e  i n  l e n g t h  o f  

t h e  f i s h e s  d u r in g  t h a t  p e r io d .  I t  w i l l  be se en  t h a t  th e  

c o d l i n g  i n  th e  warmer t a n k  grew more r a p i d l y  th a n  th o s e  i n  

t h e  u n h e a te d  one, th e  r e s p e c t i v e  r a t e s  o f  g row th  b e in g  

a p p ro x im a te ly  a s  5 to  4 .
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TABLE Ho. 31 TAHK "Ho. 1"

Mean Temp. 
4 .5 ° C .  (4 0 .1 ° F .

Mean Temp. 
9 . 3OC. ( 4 8 . 7 0 F .

Mean Temp.
6 . 50c .  (4 3 . 70F.

F i s h ;
C o d - iL e n g th  
l i n g  !

100 days l a t e r  

I I n c r e a s e

55 days  l a t e r  

I n c r e a s e

I n c r e a s e  i n  
t h e  155 days

L eng th
Mean 

: T o ta l  p e r
10 days

length
Mean 

T o ta l  p e r
10 days

Mean 
T o ta l  p e r

10 days

H o . l
2
3
4
5

147
143
132
129
123

185
184
169
163
160

38
41
37
34
37

3 .8
4 .1
3 .7  
3 .4
3 .7

226
200
208
200
194

41
16
39
37
34

7 .4 5
2.9
7 .09  
6 .7 3  
6 .18

79
57
79
71
71

5 .1
3 .7
4 .9
4 .5 8
4 .5 8

TABLE Ho. 32 TAHH "Ho. 4"

Mean Temp. Mean Temp. i Mean Temp.
1 2 .3 °C . ( 5 4 .1 ° F . )  ! 1E .9°C . ( 5 5 .2 ° F . )  112.5°C. ( 5 4 . 5°F.)

F is h
Cod­
l i n g

L en g th
100 days l a t e r I 55

^  -----------------------------------------

I n c r e a s e  i n
days l a t e r  i 155 days

L eng th
I n c re a s e

1 L ength
, I n c r e a s e

Mean 
p e r  

10 daysT o ta l
Mean 

p e r  
10 days

Mean 
; T o ta l  p e r

10 days

T o ta l

îfa 1
 ̂ 2 !

-

173
126
120

225
167
166

 ̂ 52 
41 
46

5 .2
4 .1  
4 .6  ,

278
221
220

53 9 .6 4
54 9 .8 2
54 9 .8 2  

__

105
95

100

6 .7 7
6 .1 3
6 .45
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C h a r t  Ho. 32 i s  co p ied  from  a  P l a t e  i n  t h e  same a r t i c l e  

and g iv e s  th e  c u rv e s  o f  g row th  o f  f i s h e s  i n  w a te r s  o f  v a ry in g  

r a n g e s  o f  t e m p e r a tu re  a t  th e  d i f f e r e n t  s e a s o n s  o f  t h e  y e a r .

The b lu e  l i n e  r e p r e s e n t s  th e  g row th  o f  W h it in g  i n  th e  

F i r t h  o f  F o r t h ,  where t h e r e  i s  a  marked change i n  th e  tem ­

p e r a t u r e  o f  th e  w a te r  i n  summer and w i n t e r ,  th e  b l a c k  l i n e  

t h e  g row th  o f  Haddock i n  A berdeen Bay w here  th e  ran g e  o f  

te m p e ra tu re  i s  n o t  so g r e a t ,  and th e  brown l i n e  th e  grow th  

o f  Haddock i n  deep w a te r  o f f  th e  S h e t la n d s  where th e  a l t e r a ­

t i o n  betw een summer and w i n t e r  t e m p e ra tu re  i s  c o m p a r a t iv e ly  

s l i g h t .

The d e g re e  o f  v a r i a t i o n  i n  th e  r a t e  o f  grow th  o f  th e  

f i s h  i s  v e ry  s t r i k i n g  a s  i t  d e c r e a s e s  p a r i  p a s su  w i th  t h e  

d im in u t io n  o f  th e  range  betw een th e  summer and w i n t e r  tem ­

p e r a t u r e s  o f  th e  w a te r .

From t h e s e  o b s e r v a t io n s  i t  i s  e v id e n t  t h a t  f i s h e s  do 

n o t  grow c o n t in u o u s ly  th ro u g h o u t  th e  y e a r ,  b u t  shew a  d e f ­

i n i t e  p e r i o d i c i t y  b e a r in g  some r e l a t i o n  to  th e  changes  i n  

t h e  te m p e ra tu re  o f th e  w a te r  d u r in g  th e  d i f f e r e n t  s e a s o n s ,  

g row th  a s  a r u l e  b e in g  r a p id  i n  s p r in g  and r e t a r d e d  th r o u g h ­

o u t  t h e  c o ld e r  m onths.

A n o th e r  P l a t e  i s  g iv en  by Dr. F u l t o n  in  th e  same 

p a p e r  shew ing th e  r e l a t i o n  o f  t h e  t e m p e ra tu re  o f  th e  w a te r  

t o  t h e  r a t e  of growth o f  young P l a i c e ,  b u t  as. i t  a p p e a r s  to
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c o n ta in  c e r t a i n  p o i n t s  c o n t r a - i n d i c a t i n g  t h i s  c l o s e  co n n ec ­

t i o n  betw een te m p e r a tu re  and g row th  i t  w i l l  be d i s c u s s e d  

l a t e r .

W ith  r e g a rd  to  th e  e f f e c t  o f  t e m p e r a tu re  on th e  r a t e  

o f  grow th  o f  C ra b s ,  a  g la n c e  a t  Table  2 i s  s u f f i c i e n t  to  

shew th e  r e l a t i v e  f re q u e n c y  o f  m o u lts  i n  th e  summer months 

a s  compared w i th  th e  w i n t e r , ,  b u t  a l th o u g h  m o u l t in g  t a k e s  

p l a c e  more commonly i n  th e  summer i t  i s  by no means con ­

f i n e d  to  th e  warmer m onths . There a r e  p l e n t i f u l  exam ples 

o f  m o u lts  o c c u r r in g  a t  a l l  s e a s o n s  o f  th e  y e a r ,  b u t  t h e  

l a r g e  m a j o r i t y  a r e  found betw een A p r i l  and Septem ber.

I t  i s  q u i te  u n n e c e s sa ry  to  rem ark  on th e  i n f l u e n c e  o f  

s e a s o n  on p l a n t  l i f e ,  and th e  common p r a c t i c e  o f  " fo rc in g " ' 

f u r n i s h e s  u n q u e s t io n a b le  p ro o f  o f  th e  s a l u t a r y  e f f e c t  o f  

warmth on v e g e ta b le  grow th .

The r e l a t i o n  o f  te m p e ra tu re  to  grow th i n  Man i s  more 

d i f f i c u l t  o f  i n v e s t i g a t i o n  th a n  i n  th e  lo w er  o r d e r s ,  a s  th e  

ty p e s  o f  grow th i n  th e  human s u b j e c t  a r e  v a r i o u s  and com­

p l e x .  An a t te m p t  has been made, how ever, by c h a r t i n g  th e  

i n c i d e n c e  o f  p e r io d s  o f  r a p id  growth and p e r io d s  o f  a r r e s t  

i n  t h e  s e v e r a l  months o f th e  y e a r  and com paring  th e s e  w i th  

t h e  Mean Tem perature  Curve. Such C h a r ts  a r e  found  i n  Uos.

32 and 34.

The re d  l i n e  r e p r e s e n t s  th e  a v e ra g e s  o f  th e  mean tern-
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p e r a t u r e  f o r  each  month ta k e n  a t  York o v e r  a  p e r io d  o f  f o r t y
(X̂y e a r s - " ^ I n  C h a r t  Ho. 33 i t  w i l l  he o b se rv ed  t h a t  th e  i n ­

c id e n c e  o f  s p u r t s  o f  r a p id  g ro w th ,  a p a r t  from  b e in g  h i g h e s t  

i n  th e  months betw een  A p r i l  and J u l y  a c c o rd s  b u t  l i t t l e  w i th  

th e  t e m p e ra tu re  c u rv e .  The maximum te m p e r a tu re  i s  re a c h e d  

i n  J u l y ,  w h i le  May i s  th e  month i n  w hich  r a p id  g row th  was 

m ost f r e q u e n t l y  o b se rv e d ,  and a g a in ,  i n  December, one o f  

th e  c o l d e s t  m onths , w i th  a mean te m p e ra tu re  o f  3 9 a c t i v e  

grow th  was more common th a n  i n  A u g u s t,  w i th  i t s  mean tem ­

p e r a t u r e  o f  59^F.

The s h o r t  p e r io d  c o m p r is in g  th e  months o f  December and 

J a n u a ry  i n  w hich  t h e r e  i s  a  sudden r i s e  i n  th e  in c id e n c e  o f  

a c t i v e  g ro w th , coming a s  i t  does r i g h t  i n  th e  m idd le  o f  

w i n t e r  when th e  therm om eter i s  a t  i t s  lo w e s t  i s  a  p o i n t  i n  

d i s f a v o u r  o f  th e  d i r e c t  in f lu e n c e  o f  te m p e ra tu re  on g row th .

C h a r t  Ho. 34 combines th e  in c id e n c e  o f  p e r io d s  o f  

a r r e s t  w i th  th e  te m p e ra tu re  cu rve  and i s  more s u g g e s t i v e  o f  

some c o n n e c t io n  betw een te m p e ra tu re  and g ro w th . I n  i t  th e  

number o f  i n s t a n c e s  o f a r r e s t e d  grow th  i n  th e  s e v e r a l  m onths 

v a r i e s  i n v e r s e l y  w i th  th e  mean te m p e ra tu re  c u rv e  f o r  th e  

d i f f e r e n t  p e r io d s  o f  th e  y e a r .  As a  g e n e r a l  r u l e  t h e  c o ld e r  

t h e  month th e  more commonly d id  p e r io d s  o f  a r r e s t  o c c u r ;  b u t  

i t  m ust a l s o  be no ted  t h a t  th e  in c id e n c e  o f  th e s e  p e r io d s  

o f  a r r e s t  i s  on ly  ro u g h ly  in  in v e r s e  p r o p o r t io n  to  th e
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t e m p e r a tu re .  F o r  exam ple, t h e  th e rm o m ete r  s t a n d s  a t  p r a c ­

t i c a l l y  t h e  same p o i n t  i n  &%arch and Hovemher, and y e t  i n  

th e  fo rm e r  month r e t a r d e d  g row th  i s  c o n s i d e r a b ly  more com­

mon th a n  i n  th e  l a t t e r .

I t  i s  e v id e n t  from C h a r ts  33 and 34 t h a t  e i t h e r  g r e a t  

a c t i v i t y  o r  com ple te  a r r e s t  o f  g row th  may o c c u r  i n  any 

month o f  th e  y e a r ,  and t h e r e f o r e  low and h ig h  te m p e r a tu re s  

by no means p r o h i b i t  r a p i d i t y  o r  r e t a r d a t i o n  o f  i n c r e a s e ,  

a l th o u g h  p e rh a p s  th e  h ig h e r  t e m p e r a tu re s  p r e d i s p o s e  to  

a c t i v i t y  o f  grow th and v i c e  v e r s a .

W ith  r e f e r e n c e  to  t h e  a rgum ents  a g a i n s t  t h e  i n f l u e n c e  

o f  te m p e ra tu re  on grow th .

As h a s  a l r e a d y  been p o in te d  ou t t h e r e  i s  c o n s i d e r a b le  

d i s c r e p a n c y  betw een th e  t im e s  o f  g r e a t e s t  f r e q u e n c y  o f  

a c t i v e  grow th and th e  t im e s  o f  h ig h  r e a d in g s  on th e  t h e r ­

m om eter, t h a t  May i s  the  month i n  which r a p id  i n c r e a s e  i s  

m ost commonly fo u n d , w h i le  i t  i s  n o t  u n t i l  J u ly  t h a t  th e  

maximum te m p e ra tu re  of th e  y e a r  i s  r e a c h e d .  F u r t h e r ,  t h a t  

i n  December and Jan u ary  a c t i v e  growth i s  more f r e q u e n t  th a n  

i n  t h e  months im m edia te ly  p ro c e e d in g  and su c c e e d in g  them 

a l th o u g h  th e  te m p e ra tu re  cu rve  i s  th e n  a t  i t  lo w e s t .

I t  must a l s o  be borne in  mind t h a t  i n  th e  s e r i e s  o f 

g r o w th - c h a r t s  of boys , t h e r e  was a c e r t a i n  p e rc e n ta g e  shew­

i n g  th e  r e g u l a r  form of in c r e a s e  and w hich  t h e r e f o r e
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p r e s e n t e d  a  ty p e  o f  g row th  a b s o l u t e l y  u n in f lu e n c e d  by 

s e a s o n a l  c h a n g e s ,  and th e  same m ig h t be s a i d  o f  a l l  th e  

c y c l i c  c h a r t s  e x c e p t  th o s e  shew ing tw e lv e -m o n th  sw in g s ,  

w here  t h e r e  i s  so$e q u e s t io n  o f  th e  i n f lu e n c e  o f  te m p e r ­

a t u r e  i n  d e te rm in in g  th e  r a t e  o f  g row th . The ty p e s  o f  

g ro w th ,  t h e r e f o r e , a r e  u n a f f e c t e d  by changes  o f  t e m p e ra tu re

C h a r t  Ho, 35 i s  cop ied  from a  P l a t e  g iv e n  by Dr. 

F u l to ^ ^ ^ o  i l l u s t r a t e  th e  in f lu e n c e  o f  t e m p e ra tu re  on th e  

g row th  o f  young P l a i c e .

I t  was i n t e n t i o n a l l y  l e f t  o v e r  when th e  d i r e c t  r e l a ­

t i o n  o f  te m p e ra tu re  to  th e  grow th  o f  f i s h  was b e in g  con­

s id e r e d  a s  i t  seems to  c o n ta in  some p o i n t s  a g a i n s t  r a t h e r  

th a n  i n  su p p o r t  o f  th e  id e a  t h a t  t h e r e  i s  a  c lo s e  c o n n e c ­

t i o n  betw een th e s e  two.

The b la c k  l i n e  r e p r e s e n t s  th e  g row th  o f  th e  f i s h ,  th e  

d o t t e d  brown one th e  te m p e ra tu re  o f  th e  w a te r .  Growth i s  

s e e n  to  be e x tre m e ly  a c t i v e  d u r in g  th e  months o f  Hîay, June

and J u l y ;  and^A ugust, when th e  maximum te m p e ra tu re  i s  r e ­

c o r d e d , t h e  r a t e  o f i n c r e a s e  i s  c o m p a ra t iv e ly  slow . I n  

A u g u s t ,  w i th  th e  te m p e ra tu re  o f th e  w a te r  over  56°F. th e  

r a t e  o f  grow th i s  l e s s  th an  one h a l f  what i t  had been i n  

May when th e  therm om eter r e g i s t e r e d  o n ly  4 8 °F.

A lso ,  t h a t  th e  te m p e ra tu re  i s  th e  same d u r in g  th e  

^  m onths o f  May and Hovember (where th e  l e t t e r s  "Z" and"y"
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have been p la c e d )  b u t  i t  i s  o n ly  i n  th e  fo rm e r  t h a t  a c t i v e  

g row th  i s  shewn, t h e r e  b e in g  l i t e r a l l y  no i n c r e a s e  i n  

Hovember.

On th e  s t r e n g t h  o f  t h e s e  f a c t s ,  when th e  c u rv e s  o f  

t e m p e ra tu re  and grow th  a re  s t u d i e d  t o g e t h e r ,  i t  i s  s u g g e s te d  

t h a t  t h e  grow th  of t h e  f i s h  i s  e s s e n t i a l l y  c y c l i c ,  and t h a t  

t h e  t e m p e ra tu re  o f  th e  w a te r  i s  n o t  su c h  a p o t e n t  f a c t o r  i n  

p ro d u c in g  a c c e l e r a t i o n  o r  r e t a r d a t i o n  o f  grow th  a s  i t  would 

a p p e a r  to  be i n ,  f o r  exam ple. C h a r t  Ho. 52.

From th e  above a rgum ents  t h e  v a r i a t i o n s  i n  th e  r a t e  o f  

grow th  o f  f i s h e s  seem t o  be p r a c t i c a l l y  in d e p e n d e n t  o f  

changes  of t e m p e r a tu re ,  b u t  Dr F u l t o n ' s  Tank e x p e r im e n ts  

l e a v e  no q u e s t io n  b u t  t h a t  warmth and c o ld  s t i m u l a t e  o r  

impede grow th to  a  c e r t a i n  e x t e n t .

I n  Man, however, th e  p o i n t s  i n  f a v o u r  o f  and a g a i n s t  

th e  i n f lu e n c e  o f  te m p e ra tu re  on grow th  a r e  n o t  so e q u a l ly  

d iv id e d ,  th e  mass of e v id en ce  i n d i c a t i n g  t h a t  t h e  r a t e  o f  

i n c r e a s e  i s  in d ep e n d en t  o f  t h e  t e m p e r a tu re .  T h is  i s  p r o b ­

a b ly  e x p la in e d  by th e  f a c t  t h a t  laan i s  a  warm-blooded 

a n im a l ,  and t h e r e f o r e  e x t e r n a l  te m p e ra tu re  does n o t  s u f ­

f i c i e n t l y  i n t e r f e r e  w ith  th e  v a r io u s  m e ta b o l ic  p r o c e s s e s  

t o  a c c e l e r a t e  o r  r e t a r d  grow th.
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D. EIVIROITMEIT AND GROWTH

I n  th e  f o l lo w in g  rem arks i t  i s  n o t  p ro p o sed  to  d i s c u s s  

t h e  e f f e c t  o f  p h y s i c a l  su r ro u n d in g s  on g row th  i n  g e n e r a l , 

h u t  m ere ly  to  c o n s id e r  w h e th e r  th e y  have any h e a r i n g  on t h e  

v a r i o u s  ty p e s  o f  grow th which a r e  d i s p l a y e d  hy c h i l d r e n .

The i n f lu e n c e  o f  n u t r i t i o n  on grow th h as  heen  p ro v e d ,  

t h e  r a t e  o f  i n c r e a s e  v a ry in g  d i r e c t l y  w i th  th e  s u f f i c i e n c y  

o r  i n s u f f i c i e n c y  o f  th e  food su pp lyV ^a lso  t h a t  th e  c o n d i ­

t i o n s  o f  h o u s in g ,  a n o th e r  f a c t o r  a lm o s t  i n s e p a r a b le  from  

n u t r i t i o n ,  p l a y  a v e ry  im p o r ta n t  p a r t  i n  th e  grow th  o f  th e  

c h i l d .

In  an  i n q u i r y  made a t  B e lv id e re  F e v e r  H o s p i t a l  i n t o  th e  

p h y s iq u e  o f  c h i l d r e n  in  r e l a t i o n  to  t h e i r  s o c i a l  c o n d i t i o n s  

i t  was found t h a t  th e  c h i ld  from th e  one-roomed house  was 

o f  lo w e r  s t a t u r e  and w e ig h t th a n  t h a t  from  th e  two-room ed, 

and th e  two-roomed th an  th e  th ree -ro om ed  and so on; i n ­

d ep en d en t  o f  th e  p re sen c e  o r  absence  o f  r i c k e t s .  F u r t h e r ,  

t h a t  t h e  one-roomed c h i ld  shewed th e  g r e a t e s t  c a p a c i t y  f o r  

im provem ent u n d e r  th e  h y g ie n ic  c o n d i t io n s  o f  h o s p i t a l  l i f e ,  

n e x t  th e  two-room ed, th en  th e  th ree -ro o m ed  e t c .  (U npu b lish ed
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r e s u l t s  by M acgregor)

T h is  c lo s e  c o n n e c t io n  be tw een  th e  g row th  and d e v e lo p ­

ment o f  c h i l d r e n  and t h e i r  p o s i t i o n  i n  t h e  s o c i a l  s c a l e  

was s t r i k i n g l y  d e m o n s tra te d  i n  th e  e x te n s iv e  i n v e s t i g a t i o n s  

made among th e  c h i l d r e n  a t t e n d i n g  th e  P r im ary  and H ig h e r  

Grade S ch o o ls  o f  th e  Schoo l Board f o r  G la s g o w ^

The s u p e r i o r  p h y s iq u e  o f  th e  c h i l d r e n  b e lo n g in g  to  t h e  

n o n - la b o u r in g  c l a s s e s  a s  compared w i th  th o s e  o f  th e  l a b o u r ­

in g  c l a s s e s  was r e c o rd e d  by B o w d i tc l^  and i s  w e l l  shewn i n  

h i s  T ab le s  o f  th e  a v e rag e  h e i g h t s  and w e ig h ts  o f  B oston  

sc h o o l -b o y s .

A lthou gh  i t  h a s  th u s  been p ro v ed  beyond q u e s t io n  t h a t  

th e  d i f f e r e n t  c o n d i t i o n s  of th e  s o c i a l  g ra d e s  f a v o u r  o r  

impede grow th , i t  i s  no argum ent t h a t  t h e y  have any i n ­

f lu e n c e  on th e  ty p e  o f  growth which th e  c h i l d  w i l l  p r e s e n t .

U n f o r tu n a te ly  th e  s e r i e s  of r e c o r d s  o f th e  g row th  o f  

boys o b ta in e d  from Bootham School g iv e s  l i t t l e  scope f o r  

o b s e rv in g  th e  p o s s ib l e  e f f e c t s  o f  a l t e r e d  s u r ro u n d in g s .

The on ly  o p p o r t u n i t i e s  o f f e r e d  a re  a t  th e  t im e s  o f  

h o l i d a y s ,  and a l th o u g h  th e s e  b ro u g h t  a b o u t  a  m u l t i t u d e  o f  

sm a l l  changes i n  l o c a l i t y ,  h a b i t ,  e t c . ,  th e  h y g ie n ic  con ­

d i t i o n s  of sch o o l and home l i f e  were e q u a l ly  f a v o u r a b l e ,  

so t h a t  any ve ry  a p p a re n t  i n t e r f e r e n c e  w i th  th e  ty p e s  o f  

g row th  co u ld  h a rd ly  be expec ted  to  r e s u l t  from them.
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A p r i l ,  A ugust and S ep tem b er ,  December and J a n u a ry  were 

th e  m onths i n  w hich h o l id a y s  to o k  p l a c e .

I n  th e  R e g u la r  and C y c l ic  c h a r t s  o f  Groups 1 and 0 , 

t h e  ty p e s  a re  a p p a r e n t l y  q u i t e  in d e p e n d e n t  o f  e x t e r n a l  con ­

d i t i o n s ,  so t h a t  i t  i s  o n ly  i n  th e  I r r e g u l a r  c h a r t s  o f  

Group 2 t h a t  e v id e n c e s  o f  th e  i n f lu e n c e  o f  s u r r o u n d in g s  on 

t h e  "type o f  growth may be lo o k ed  f o r .

C h a r ts  Nos. 02 and 34 shew t h a t  t h e  i n c id e n c e  o f  

r a p i d i t y  o r  a r r e s t  o f  grow th  d u r in g  th e  e a s t e r  h o l id a y s  i n  

A p r i l ,  o r  th e  summer ones i n  A ugust and Sep tem b er ,  i s  n o t  

o u t  o f  p r o p o r t io n  to  t h a t  f o r  th e  m onths im m e d ia te ly  p r o ­

c e e d in g  and f o l lo w in g  them.

In  December and Ja n u a ry  t h e r e  i s  a  r i s e  i n  th e  f r e ­

quency o f  r a p id  growth i n  com parison  w i th  November and 

F e b ru a ry ,  b u t  a s  i t  i s  a l s o  i n  December and J a n u a ry  t h a t  

a r r e s t e d  growth i s  m ost commonly r e c o r d e d , t h e  o c c u r re n c e  o f  

t h e  C hris tm as  h o l id a y s  can no t be s a i d  to  have had any more 

e f f e c t  th a n  th e  E a s t e r  and Summer ones on th e  grow th  shewn 

by th e s e  c h a r t s  of th e  I r r e g u l a r  Type.

I n  d e s c r ib in g  some ex p erim en ts  on th e  m ig r a t io n  and 

r a t e  o f  growth o f  f i s h e s  Dr. F u l t o î ^ s t a t e s  t h a t  P l a i c e  

w h ich  w ere k e p t  i n  a tan k  fa s  a c o n t r o l )  d id  n o t  grow so 

r a p i d l y  a s  th o se  w hich , a f t e r  b e in g  m easured  and l a b e l l e d ,  

had been  r e tu rn e d  to  th e  s e a ,  r e c a p tu re d  some months l a t e r ,
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and rem easu red .

T h is  may he ta k e n  a s  an  i n s t a n c e  o f  g row th  b e in g  im­

peded by c o m p a ra t iv e ly  u n fa v o u ra b le  s u r r o u n d in g s ,  b u t  t h e  

ty p e  o f  grov/th was u n a f f e c t e d ;  t h e r e  was th e  u s u a l  p e r io d  

o f  r a p id  i n c r e a s e  i n  th e  s p r in g  months and th e  p e r i o d  o f  

a r r e s t  th ro u g h o u t  th e  autumn and w i n t e r ,  so t h a t  th e  c u rv e  

o f  grow th  p r e s e n te d  i t s  norm al f e a t u r e s .

Such e v id e n c e , t h e r e f o r e , a s  i s  a v a i l a b l e , p o i n t s  to  

th e  ty p e s  o f  growth b e in g  in d e p e n d e n t  o f  and u n a f f e c t e d  by 

th e  c o n d i t i o n s  o f  th e  s u r ro u n d in g s ,  i n  s p i t e  o f  th e  f a c t  

t h a t  env ironm en t p la y s  such an im p o r ta n t  p a r t  i n  i n c r e a s i n g  

o r  d im in is h in g  th e  r a t e  of i n c r e a s e  and p o s s ib l y  th e  u l t i m a t e  

l i m i t  o f  grov/th.

I t  would seem as  i f  a l l  g row th m igh t be c l a s s i f i e d  u n d e r  

th e  t h r e e  h e a d in g s ,  R e g u la r , I r r e g u l a r  and C y c l i c ,  and w h i l s t ,  

i n  v a r i o u s  organism s growth i s  c o n f in e d  to  one t y p e , a s ,  f o r  

e x am p le , th e  c y c l i c  form in  a n im a ls  w i th  an  e x o s k e le to n  such  

a s  th e  c r a b ,  o r  th e  r e g u la r  form in  th e  grov/th o f  a p l a n t -  

i n t e r n o d e ,  in  o t h e r s ,  a s  f o r  i n s t a n c e  Man, exam ples r e p r e s e n t ­

in g  a l l  t h r e e  ty p es  a re  found.

I t  i s  su g g e s te d  t h a t  th e  mode o f  grow th p u rsu e d  i s  due 

t o  some in h e r e n t  p r o p e r ty  o f th e  i n d i v i d u a l ,  and t h a t  e n ­

v i ro n m e n t  and a l l  o th e r  e x te r n a l  in f lu e n c e s  p la y  l i t t l e ,  i f  

a n y ,  p a r t  in  d e te rm in in g  th e  type  o f  grow th .
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I t  i s  s i g n i f i c a n t  t h a t  i n  th e  s e r i e s  o f  £50 c h a r t s  o f  

th e  grow th  o f  h e a l t h y  h o y s ,  and i n  w hich  th e  t h r e e  d i f f e r e n t  

ty p e s  were r e p r e s e n t e d ,  t h e r e  were n i n e t e e n  i n s t a n c e s  o f  

two o r  more members o f  th e  same f a m i ly  h a v in g  been  u n d e r  ob­

s e r v a t i o n .  In  t h i s  t o t a l  o f  f o r t y - t h r e e  c h a r t s ,  f o u r  i n  

Group 1 , t h i r t y - n i n e  i n  Group £, th e  grow th  o f  b r o t h e r s  was 

rem ark ab ly  s i m i l a r ,  p o i n t i n g  to  th e  c h i l d  b e in g  b o rn  w i th  

a  te n d e n c y ,  p o s s ib l y  h e r e d i t a r y ,  to w ard s  one form  o f  grov/th 

o r  a n o th e r ,  and a g a i n s t  t h e  c a s u a l  i n f lu e n c e  o f  e x t r i n s i c  

a g e n c ie s  p ro d u c in g  R e g u la r i t y ,  I r r e g u l a r i t y  o r  C y c l ic  v a r i a ­

t i o n s  i n  th e  r a t e  o f  g row th .
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