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INTRODUCTION

- - -

The subject of this.Thesis, Individual Growth, re-
quires some little explenation. Aithough much work has
been done on the growth of children, and numerous ob-
servers have published their results, still, with the ex-
ception of Manouvrier's and a few by Buffon, &ll these
records were obtained by taking the averages of the
heights and weights of children at the various ages be-
tween infancy and mesturity.

The published Tables, therefore, shew very con-
clusively the changes which take place in the rate of
growth during the different years of childhood and &ad-
olescence, but as they are made up from isolated observae-
tions on large numbers of different children they have a
great want of information about the laws which regulate
the growth of the individual.

In order to investigate these laws, it was necessary
to have a separate series of observetions, taken at more
or less regular and frequent intervals, of the height and
weight of each individual. Such records were obtained

from the Anthropometric Register of Bootham School, York.
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Then to elucidate certain phenomena which appeared
in the growth of healthy boys, & number of experiments on
the growth of animels and plants were performed. There
were several points in the mode of growth of an enimel
with an exo-skeleton which required investigation, and
although several papers have been written on the growth
of the crab, these only deal with the change in sige at the
times of moulting, and no systematie weighing of the
specimens had been done, so that there was no information
as to what changes might occur during the periods between
| the moults.

Such regular and systematic weighing of fourteen
specimens of the common shore crab (carcinus meenas) has
been done, and the full results of the experiments will
be found in the First Section.

Systematic weighing of young rabbits and guineapigs
has slso been performed, snd complete deteils are given in
Section Two.

Section Three deals with the growth of 250 healthy
boys over & period of approximately four years in each in-
stence; the datea for these observations having been o0b-
tained'ffom the Amnthropometric Register of Bootham School,

York.
In Section Four the growth exhibited by children
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suffering from scute illnesses is considered, the remexrks
in this Seetion being based on observations of over 1290
patients at the City of Glasgow Fever Hospital, Belvidere.

The growth of internodes in plaents has also been in-
vestigated end the experiments are fully described in
Section Five.

It is proposed to discuss each class of experiments,
with & preliminary precis of the literature of the specisal
subject, in separate sections, and then, in & final summary,
to gather the results together and consider their meaning
in the light of general biological principles.

Appended to this will be found & note of the Biblio-

graphy on the subject of Growth.



SECTION ONE

EXPERIMENTS ON THE GROWTH

»

of

THE COMMON SHORE CRAB (CARCINUS MAENAS)

- g -  wa— e  w— — w—

A considerable series of observations on the rate of
growth of Crabs has been recorded by various authors.
Their experiments were conducted under most favourable
cireumstances, end with the object of determining the size
of Crabs in reletion to age, the increase in size, and
frequency of moults.

This gave no information regarding any phenomena
occurring during the intervals between the moults, and the
foliowing observations were carried out with that end in
view.

Fourteen young specimens of the Common Shore Crab
(Careinus meenas) were obtained from the Marine Biological
Station, Millport. To prevent injury, to insure & regular
supply of food and to facilitate the recognition of the

various specimens, each Crab was kept in a separate glass
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dish. The waterx in the dishes was renewed frequently from
& large storage tank, and as an gid to oxygenation, pieces
of the weed Cladophora were placed in each dish. Feeding
was with fresh fish, and occasionally mussel. The ex-
periments were carried out in a cool room, with a reason-
able smount of light,snd a free air supply.

The Crabs were perhaps not kept under the most favour-
able conditions, and the observations may be of little
practical value with regerd to increase in size and the
frequency of casting, but several interesting points have
emerged.

Every second day each Crab was weighed, the method
adopted being to remove all excess of water by gently dry-
ing it between two folds of a towel, and then place it on
s Sartorius Short arm Balance . After & little practice
a fair degree of accuracy was Treached by this proce%dure.

The growth of a Crab is essentially cyclic, & more Or
less regular alternmation of outbursts of repid growth, and
periods of arrest. Growth takes place during & moult,
when the whole test is thrown off, and while the new shell
is still soft, increase in size is rapid. From the results
published by Williamson and Brook}'the ratio of increase
in size is evidently very variable; it may be as high as

2/3rds or as low &s 1/15th, but in the large majority of
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cases it is sbout 1/4t§p These observers took the greatest
breadth of the carapace for measurement, and the ratios
are found in the second columm in Tables 1, 3 and 4, and
the fourth in Table 2.

In my own series the area of the carspace is recorded,
and the ratio, varying from 2/7ths to 3/4ths is found in
column two of Table 5.

For obvious reasons it is impossible to take accurate
measurements of the size of a crab after a moult, as the
shell is soft and &lso the animal is unusually active at
that period, so these measurements were taken from the
cast shells.

It seems probable., however, that increase in size,
although occurring for the most part immediately after the
0ld shell is cast, continues slowly for two or three days
during the process of hardening. In Table 2, which gives
the ratio of increase on moulting of various specimens of
the Edible Crab, (Cancer pagurus) this was commonly 1/3rd
to 1/4th of the original size, but in Crabs Nos. 3 and 4
(ratios only 1/5th.5 and 1/6th) the measurements were
taken immedistely after cesting and while the shell was
still soft, and to some extent at least these low figures
mey be expleined by their being taken before the procecs

®

of hardening was complete.



T A B L E 1.

WADDINGTON'S SERIES of CAMCER PAGURUS (Published by CHAS. H.
WILLIAMSON, M.A., D.Sc. in the XXIT ANNUAL REPORT of the

FISHERY BOARD for SCOTLAND, ‘Part JIT. p. 135.

e :
1 Sizej1 Retio of! Interval . ] Date ‘Size Ratio of! Interval
| Date . __MM. | Increase (Days) i, ]‘_T_o_% ‘ MM.  Incresse! (Days)
| ; ; | ‘ - ; |
- | e
% - % : | 1 9.25
| 4 mug 1899  3.25 - . 1.130 Apr 1900 13 1/3.4
15 " n 475 Y/2 . 2..25 Mig " 15.5 /5.2 | 117
7 Sep " - s5.75 | Y/a7m o 23 . 3.130 Oct " 18.75 Y/am . 66
6 Oct " . 8.5 1/ 29 4. 9 Feb 1901 20.75 1/6.5 102
.| 3 Nov. " . 10.75 YViar 28 L oh R
. 12 Dec " | 14.5 /o8 39 | |
|27 Jan 1900 | 19.5 1/o.9 46 g _C.
13 Apr. " | 24.5 1/3.9 66 | ;
4 June " | 30.75 /3.9 63 1. 7 Sep 189 12 N
0 Sep " 1 36.5 | /s . 118 . 2..25 Nov " 16 @ L/3
19 Mar 1901 | 45.75 /3.9 170 | 3. 20 Mar 1897 19 1/5.3 115
15 Nov "  B6.5 1/5 231 | 4. 26Vvay " 24  L/3.8 67
| | | 5.21 Aug " 30 = 1/4 87
E | 6. 4 Nov. 37 | Lfa.2 75
i | 7. 3l Dec. 46 | Yfa1 57
i | i i !



TABLE 2

From "Contributions to the life & history of the Edibh
crab (CANCER PAGURUS) Chas H. Williamson, M.A. B.Sc.
XVIII Annual Report of the Fishery Board
for Scotland. Part III p.1l10

Origina1£ : E §
creb | Size in £ Size of ' Increase| Ratio of !
No. inches . Soft Crab (Inch) | Increase’ Authority
| ;
? , 3
4 1 1 : |
1. | 5 1 5 : Yy Marine Lab.Dunbar
o |
2. i 13 | 1% 2 § 3.6 "
1 i 7 | 1l -
3. | 2718 2 15 3 55 "
1 7 1
4. P 3 I8 18 i [ "
i 1 f
8 7 9 i 1
6. | 2 10 3 10 10 i 3T "
{ % 1l :
7. 35 5 1¥ | .4  Buckland
1 1 j 1 j
8. | 4 5 I8 118 | 3.7 | Gatty Lab. St
5 ! § ' Andrews.
o | : 1 3
. B . l ;
10. 5% 6% | 12 | 3.7 Meek
j 1
11. 63 % s 9 J. Couch
! 1 ;
| :
12. 74 8% ‘ 14 Z.8 | Cunninghanm.




Shewing Ratios of increase in SIZE and WRIGHT at MOULTS bf FOURTEEN SPECIMENS df
CARCINUS MAENAS (Own Series)

| o Ratio | . Ratic Ratio |
f Ratio of of Interval of of - Interval
; . Increase Increase between Increase Tncrease  between
g Size | in Weight in - Moults Size in Weight in | Moults
Date (in Sq.MM) Size (in Grammes) Weight | (Days) Date (in Sq.MM) Size (in Grammes) Weight | (Days) _
z | \
%1908 % CRAB No.l ‘CRAB No.8 %
ECapturei 49 - .2 - - gbapture i 68.1 - .33 - % -
uly 17 el 3/5 .31 /e - CRAB No.9 '
3Ang .17§ 110.8 5/8 .54 2/3 ! iCapture 36.3 - .11 - | -
Sept 18 (died in Moult) - - 32 July 28 6.3 2/7 .14 Yo o -
| ; CRAB No.2 ‘Sept 20 (died in Moult) - - 54
éCaPture% 62.5 - ; .26 - - : §CRAB No.lG %
| Sept 2o§(d1ed in Moult) i - - - jltlsazxatur'ef 35 - A - f -
5 ' CRAB No.3 g 3 47.9 /s a0 e -
QCaptureﬁ 84.2 _ .43 - ~ loet 2 66.1 2/5 .25 1/ § 60
?July 23 141.6 5/8 .86 1 - ' CRAB No.1l % 2
%Sept 8 199.2 3 fr 1.36 5/8 47 ;Capture 62.5 . 27 - -
| | "CRAB No.4 hug 7 97.2 5/55 .48 3 /a -
Capture  39.4 - .15 - - - Oct 1 131.2 1/3} .76 4 fr 55
July 25, 77.8 /2 .25 2/3 CRAB No.l2
hug 31 (died in Moult) - - 37 Ecapture ' 77 -
2 | CRAB No.5 hug. 5 120.6 4 /7
iCapture% 54,4 | = byt .8 1l/3
mg 3 899 3 .41 1 - CRAB No.l3 |
Sept 30? 123.5 % 1/3 .59 1/2 58 dapture 54.9 - .22 - é -
| ‘ CRAB No.6 Mg, 3 90.1 5/5 .40 1 -
E;Capture: 80.4 ‘. - .38 - - | CRAB No.l4 é
. July 30 125.3 1/b1 .69 3/a - %Capturef 44.6 - .15 - 1 -
| Sept 18  161.8 /3 .93 /3 50 ‘July 31 75.3  3/a .30 ; 1 -
f CRAB No.7 Sept 27 96  1/3 .42 /3 | 58
%Captureé 47.7 - - - - 5. % J
éJuly 14§ 77 - 3/s .34 ; _ ; i %
éAugt 3] 125.4 E | 3/5{ .66 1 § 20 %' | |
i i . : ,
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Herrick also has demonstrated increase in size taking
place during the hardening of the shell, having observed
an addition of half an inch being made during the calcif-
ication in the test of a lobster twelve inches long.

On teking the weight of erabs it is found to accord
almost identically with the size: there is the same sudden
accession at the time of moulting with & subsequent period
of arrest when the increase is very small indeed.

The great rapidity of this increase is well shewn in
the case of Crab No. 11. On September 30th, its weight
was .52 gramme. On October 1st it was noticed to be cast-
ing. The weight was takeﬁ before it had escaped from the
0ld shell, .61 gramme: six hours later it had increased to
.71 gramme, and within twenty-four hours of the commence-
ment of the moult the weight was .76 gramme, and the new
test was hard. -Tha'ratio of increase in this instance was
almost 5, and thet in a matter of twenty-four hours.

In most cases there is a slight increase in weight for
a few days following the moult, then the gain becomes even
less till the cycle is complete and & new moult determines
another rapid advance.

The ratio of increase in weight varies from 1/3rd to
1, and in the same specimen at different moults the ratioé

shew considerable diversity; thus in Crab No. 3 the ratio
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at the first moult was 1 and at the next only 5/9ths; in

Crab No. 6 it was 3/4ths and then 3/7ths, while in FNo. 12
it fell from 5/6ths to 3/7ths. It will be observed that

the lower register in each case is the latter, a possible
explanation being that the crabs had been longer in cap-

tivity and the altered conditions were beginning to shew

effect before the second moult occurred.

During a moult, therefore, there is sudden and rapid
increase both in size and weight, and this continues to a
mindr degree for a short time afterwards till sufficient
quantities of lime-salts have been deposited in the shell
to at least limit, if not ceuse, total cessation of growth.

In the intervals between the moults, once the shell
has become hard, it is probable that there is no inerease
in size. Increase in weight, on the other hand, does take
place throughout the whole period of arrest. This increase
is trifling, from 1/32nd to 1/9th of the total body weight,
but it is present in every instance. With the occurrence of
this gradual gain in weight without increase in size the
question arose as to whether it was due to actual cellular
proliferation and storage of glycogen, or if it might be
accounted for by mere accretibn of lime in the shell. To
settle this point the cast shells were caleined and the
amount of lime-salt found in each was carefully estimated

and compared with the incresse in weight which had occurred
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during the respective inter-moult periods.

An analysis of these observations is found in Table 6.
The first column gives the number of the crab, the second
thp increase in weight which took place during the interval
befween the moults énd the third the weight of lime-salts
deposited in the shell during the same period. Columns
four and five_shew respectively the increase or decrease in
the actual weight of the crabd's body during the period be-
tweoen the moults.

TABLE 6

Shewing the relation of the accretion of salts in the
shell to the increase in weight of the crabd during the

period between moults.

Inerease in Weight of Increase in Decrease in
welght dur- lime- actual actual
ing inter- salts de- welght of weight of
No. val between posited body (minus body (minus
of moults in shell  shell) dur- shell) dur-
Crab ing inter- ing inter-
val between val between
moults moults
gramme | ( gramme { gramme ) ( gramnme )
.01 .04 - .03
1 .07 .06 .01 -
3 .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 03 .03 - -

- s - — - - . NS e e v = e = e - e e W s e M e e e G e Ee e e e T W R e TS e e e M e e o S
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The striking feature of this Table is the frequency with
which the increase in weight shewn by the crsb in the inter-
moult period accords with the amount of calcareous material
which has been deposited in the shell.

In six out of the ten specimens; in Crabs Nos. 3, 5, 7,
10, 11 and 14 these two weights tally precisely, so that the
actual weight of the body, irrespective of the shell, wes
constant from the termination of one moult to the commence-
ment of the next. In three specimens, Nos. 6, 9 and 12, a
sligﬁt increase in the body-weight, .01 gramme in each case,
is recorded, while in Crad No. 1 during the first period
under observation.there is a decrease of .03 gramme in the
actual weight of the body, but in the second period an in-
crease of .01 gramme is noted.

On consideration of these facts relating to the periods
between the moults it would seem to be clearly indicated
that growth takes place during a moult, and then only: that
the intervals were more a time of rearrangement and recu-
peration than of storage of material or cellular activity.

hFurther comment regarding the growth of crabs will be
made later.

Full recordis of the observations on the weights of these
fourteen specimens of Carcinus maenas are given in the

following Teble and Charts (Table 7 and Cherts Nos. 1 and 2.)



TABLE 7

GIVING the WEBIGHT (in GRAMMES) of FOURTEEN SPECIMEKS of CARCINUS MAENAS

7

o 16 18 20 =22 24 2 2 % 1 3% 5 7 9 11 13 15 ‘17 19 21 25 26 27 29 3l

1 .20 .3 .31 .3 .% .32 .3l .3l |.3 .31 .32 .32 .32 .32 .32 .B®L .54 .56 .57 .57 .58 .58 .59 59?]459
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
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
4 .15 .14 .14 .13 .13 .25 .26 .26 | .27 .27 .27 .29 .28 .28 .28 .28 .28 .28 .28 .28 .28 .28 .28 |

5 .25 .2z .22 .2l .22 .2l .21 .21 | .2l .41 .44 .45 .45 .45 .45 .45 .45 .45 .45 .45 .46 .46 .45 .46 2.46
6 .39 .39 .38 .59 .59 .38 .38 .69 | .70 .70 .71 .72 .72 .72 .12 .72 .72 .72 .13 .13 .75 .74 .76 .76 .76
7 .34 .37 .3 .36 .36 .36 .36 .36 .37 .66 .68 .68 .69 .70 .69 .69 .69 .71 .72 .72 .72 .72 .72 .71 n
8 .33 .34 .34 .32 .33 .33 .34 .34 3.55 .33 .33 .33 .%% .33 .33 .32 .33 .33 .33 .33 .33 .33 .33 |

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 2.15
10 .11 .12 .12 .11 .12 .11 .11 .11 %.11 .7 .17 .17 .17 .18 .17 .17 .17 .lg .18 .18 .18 .18 .18 .18 2.18
11 .28 .27 .27 .26 .26 .26 .26 .26 .26 .27 .27 .48 .49 .50 .51 .51 .51 .51 .50 .51 .52 .52 .52 .52 .52
12 .3 .38 .37 .36 .36 .36 .36 .37 .36 .37 .62 .65 .65 .65 .65 .65 .65 .66 .67 .67 .69 .70 .68 .68 .67
13 .23 .24 .23 .23 .25 .22 .23 .22 .22 .40 .42 .43 .43 .43 .43 .42 .43 .43 .43 .43 .44 .44 .45 .45 .45
14 .16 .15 .15 .15 .15 .15 .15 .15 .20 .22 .3l .%1 .31 .31 .31 .30 .31 .31 .32 .3l .32 .32 .32 .32 ..32

.46
.76
.71

.46
.75
.78

.46
.76
72

140

.46
.76
72

1.42

.46
.76
73

September
14 16
.61 .61
26 .26
.42 1.42
.46 - .46
.76 .76
74 73
.16 .15
.18 .18
53 .52
66 .68
.44 .45
.33 .33

.25

.46
.93
73

.46
.99
73

.46
100
.74

.46
1.00
73

.45
L00

13

.46
100
73

.18
.52
.70

October
30, =2 4

.59 .62 .62
.01 '1.02 1.02
73 .13 .73

.19 .25 .26
.52 .76 .76
.70:1.01 1.01

—————-———___-___-__-_-_____-___-________w__—__-_..__.__...._..-_.—_.__.__._.__.___.,.__.-——_--——-..-..._.____..__._.__-_.__._..._.-.__...___..__..__-—.-_._...-_..‘-__—_.___________..._._-______n—_———-__—____________—______-__-_____— -



I fill

k't



NN e
B e o o

111
nSiSt
sill

g
LI

T-I'0 tP O'

I en AO -
S X =

ft

7

=)

-r-«

X



r-itkM

~Kells from Three successive moults of Crsihs LI'1,V, V],



cr 7>
v fwpiii t
7# T

Shells frotn three successive moults of Crahs YilINX, X1, X7,



11
SECTION IWO

OBSERVATIONS

on the

GROWTH OF RABBITS AND GUINEA-PIGS

- - -

The foliowing records of the weights of young rabbits
and guinea-pigs were obtained 2t Belvidere Fever Hospital.
The animals there are kept in large wire cages in a specisl
house, and the fact that they have been uniformly heelthy
over & considerable period of years indicates that the con-
ditions are entirely favourasble. Feeding and bedding were
carried out with great regularity, end with a few excep-
tions, 8ll the animals observed thrived from the commencé-
ment to the close of the experiments.

The weights were taken every other day, and to mini-
mise, as far as possible, any fallacies from daily varia-
tion the observations were always made at the same time,
four o'eclock in the afternoon.

Originally it was intended to record the increese in
size as well as weight, but this was very soon found to

be impracticable.
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With regerd to the rabbits, those of Series A, Nos. 1,
2, 3, and 4 were thirty days 0ld when the weighings were
commenced, while in Series B, Nos. 5,6,7, and 8, were fifty
days old. In Series C. Nos. 11, 12, 13, 14 and 15 records
were taken from the earliest time at which the rabbits could
be safely handled, that is from the tenth day onwards.

It may be well, therefore, to consider Series C first.
The weights are given in Table No. 8 and ChartsNos. 3 and 4.
Thig litter originally comsisted of five, but the youngest,
No. 15, ag is commonly the case, was & weakly individual
from the beginning, end, only surviving until its fortieth
day, can be dismissed in & word. As will be seen from
Chart No. 3, the increase in weight was remarkedly steady
until the thirty-sixﬁh day, and reletively as great as in
the stronger individuals. TFor four days before death &
loss in weight took place.

Unfortunately it was impossible to welgh these animals
immediately afterxbirth and on the succeeding days, so that
it cannot be said whether a loss of weight at that time does
or does not oceur. The first records were taken on the
tenth day, and from that time onwards inerease was the rule.

In the four other animels, Nos 11, 12, 13 and 14,
growth is on the whole regular, but cyclic variations in
the rspidity are shewn to a2 greater or less extent in all.

The most marked cace of this is seen in No. 11, where,
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after a period of rapid increase during which the first
observation was made on the tenth day and which lasted till
the fourteenth, there follows a lapse of twelve days when
growth is slow. On the twenty-sixth day another wave of
inecrease starts, and continues for ten days, to be followed
by & period of six days during which the weight remsins
almost stetionaery. Again, from the forty-second to the
fifty-sixth days, growth is repid, then followed, as before,
by a practically quiescent interval of fourteen days before
a fresh increase of weight takes place.

Rabbit No. 13 also shews a tendency to the same cyclic
form of growth, and as will be seen from Chart 3 there are in
its curve three quite definite subsidiary ones occurring
between the twentieth and fortieth, fortieth and sixtieth,
and sixtieth and seventy-sixth deys.

The growth of Rabbits Fos. 12 and 14, on the other
hend, though shewing small variations in the rate of in-
crease, is more suggestive of regularity, in fact this is
their most striking feature. In each there is an almost
uninterrupted rise during the whole of the time the
enimels were under observation. Doubtless short periods
of rest do oceur: in No. 12 from the thirty-sixth to the
fortieth day, and again from the fifty-eighth to the
sixty-second: in No. 14 from the twenty-sixth to the thirty-
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fourth, between the sixty-second and sixty-sixth and imme-
diately following that from the sixty-eighth to the seventy
fourth, but these quiescent periods are hardly sufficient
to break the gradual line of ascent.

In Chart 3, Rabbits Hos. 11 and 12 are shewn. and in
Chart 4 Nos. 13 and 14 so that the contrast between the
two types of growth, cyclic and regular, may be evident,
an example of each form being present in both charts.

On consideration of Series A and B in which the
rabbits were thirty and fifty days old respectively at the
time of the first observation, it is more difficult to
draw any conclusion than in the case of Series C. At first
sight the rate of growth would appear to be markedly ir-
regular, but on more critical inquiry this impression is
modified. ‘

With regard to SerieskA, it will be seen from Teable
No. 8, or better from Charts 5 and 6, that all the rabbits
in this group, Nos. 1, 2, 3 agnd 4, gained steadily in
weight until the eightieth day. In that period there are
three irregularities where the weight suddenly shoots up
(in some instances more than 100 grammes or 1/7th of the
total body weight) and then falls as rapidly before the
time of the next observation. These irregularities occur

at fairly regular intervals, and originally, in view of
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the‘fact that the rabbits were all of one litter, it seemed
possible that it was an expression of periodic growth, but
this idea had to be abandoned.

When Series A is compared with Series B it is found
that these fluctuations occur in both, and synchronously;
end therefore the explsnation was to be sought in some ex-
ternal influence affecting two different litters of rabbits
in separate cages.

Changes of temperature and weather are thrown out of
court; as in some instances the irregularity occurred in
the middle of a week of soft rainy weather with compar-
atively low readings on the thermometer, and in others dur-
ing a spell of sunshine and warmth.

In spite of the regular feeding of the animels, and
the endeavour to have always an excess of food in the cages,
one is forced to consider the irregularity as due to the
condition of the alimentary tract, and it is probable that
more green food was given on the days in which the rapid
inerease in weight took place. These sudden and unsus-
tained fluctuations in weight are therefore to be neglected;
they must be considered as unavoidable inaccuracies, and
their more or less periodiec recurrence as mere coincidence.

After the eightieth day, that is in the second half

of the records, growth becomes very definitely cyclic, and
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in the charted tracing of each specimen there appears a
suceession of alternating periods of active growth followed
by times of rest which, in many instances,is gccompanied by
1oss of weight. (See Cherts 5 end 6) These irregularities
mey be regarded as giving evidence of variation in the
rate of growth as they differ widely from those already de-
geribed occurring before the eightieth day. In the earlier
ones the irregularity was extremely short-1lived, and the
same phenomens were shewn gimultaneously in the Chart of
every rabbit, whereas in these later ones the rapid in-
crease in weight is sustained over a period of several days
before arrest or loss occurs,which again occupy & fair
gmount of time. Further, the curves are not simultaneous
in the tracings of the different rabbits, and while the
weight of one animel is stationary or even falling, that
of another may be increasing rapidly.

From these facts one cen hardly doubt that the curves
are actually expressive of the periodic nature of the
growth, an idea which seems to be borne out by the regulsar
| succession of times of activity and intervals of quiescence
which are shown best in the tracings of Rabbits Nos. 1 and
2. In No. 1 a period of rapid increase starts on the
ninety-fourth day, and continues for eight days with a

resulting total gain of over 200 grammes, then follows
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another period of eight days in which 60 grammes are lost
before the next cycle begins. In No. 2 the curves are
even more regular in theilr arrangement, occurring between
the ninety-second and one hundred and sixth, and one
hundred and sixth and one hundred and twenty-second days,
and following that the larger part of amother curve is
shewn.

Rebbit No. 4 also gives fair evidence of ecyelic growth
but in this instance the cycles are less regular. Thus
there is & long steady increase of almost 500 grammes be-
tween the seventy-eighth and one hundred and second d&y.
following that & period of arrest when 100 grammes &are
Jost before the weight begins to rise again on the hun-
dred and eighth day. The record of Rabbit No. 3 is
difficult to decivher. It is extremely irregular snd 1is
further obscured by pregnency, but it is possible that the
three small curves which teke place between the eighty-
fourth and one hundred and fourteenth days are due to a
type of cyclie growth in which the periods of activity and
arrqst are of short durestion.

It seems hardly necessary to describe in detail the
charts from the rabbits of Series B, Nos. 5, 6, 7 and 8.
(Charts Nos. 7 and 8) What has been said of those in

Series A applies to and covers all the points which emerge
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in Series B.

It is sufficient to say that growth in Nos. 5, 7 and 8
was steady during the firét half of the time under observa-
tion, and thet in No. § it continued so until the end,
while in Nos. 7 and 8 it became cyclic. Rebbit No. 6
thrived with the others for a time, but between the ninetieth
and one‘hundredth days it was noticed to be lethargic, the
fur staring, and there was profuse and persistent diarrhea.
At this time, and for some days subsequently, growth was
arrested, and though the symptoms of illness passed off in
about ten days, the rabbit never thoroughly regained its
previous condition. It will be observed that growth, when
it did return, was of cyeclic type.

Table No. 8 giving full details of the weights of
these rabbits throughout the course of the experiment is
appended.

With reference to the Guinea-pigs, the same mode of
procedure  and precautions were teken in obtaeining their
growth records, as were observed in the case of the
rabbits.

In the guinea-pigs the observations are perhaps more
valusble than those of the rabbits,as they extend from the
time of birth to full maturity, whereas with rabbits such

free handling in the early stages is quite impossible.



SERIES

Eumher|
o
Raggitl

SN N SN SN N —~— A~ —_—

l.
2.

N

11.
12.
13.
14.
15.

| June

18
318
| 240
1

1272

302

20
362
272
313
353
566
485
509

560

22
383
295
341
357
607
500
503
610

24

413
315
383
398
611
505
538
611

26
453
363
434
450
617
515
555

620

28

500
393
463
490
718
581
638
695

30 :

542
444
502
539
716
607
639
695

July

2 4
622 606
486 481
585 561
604 598
730 744
634 611
693 688
749 756

650
521
616
644
794,
693
747
806

8 10
660 694
546 569
621 642
629 658
774 817
655 687
707 742
798 828

12
710
580
692
669
618
673
757
819

14
729
577
686
663
928
783
806
872

T A B L E

OBSERV ATI QMS
16 18 20
802 780 794
652 627 637
779 765 778
763 733 754
901 912 942
745 747 796
856 844 892
890 889 948

22
774
666
791
788
990
844
939

1016

86
96
71
74
49

the

24
857
755
853
882

1076
914

1004

107 3
110
120

89
89
65

MO. 8

WEIGHTS
26 28
858 869
748 779
842 880
683 891
1037 1107
906 977
984 1064
1041 1016
149 158
147 157
127 136
124 127
90 93

of

30
909
818
922
951

1119
979
1060
1140
162
166
151
139

101

RABBITS

August

1
' 912

829
946
959
1070
928
1035
1084
178
186
167
151

115

3
965
894

1045
1039
1190
1029
1043
1211
186
198
176
162

121

~900
848
948
960
1134
952
1072
1126
202
216
191
176
135

947

872
999

1005
1130
937
1100
1143
212
237
230
210
140

955
880
1020
1020
1138
922
1140
1174
247
247
228
212
157

11
1024
965
1024
1106
1178
950
1197
1231
279
295
265
216
174

13
1070
975
1179
1163
1192
1001
1212
1290
297
286
280
219

185

15
1102
987
1207
1192
1205
1032
1222
1300
325
294
283
225
186

17
1180
1119
1265
1264
1304
1080
1296
1311

339
316
310
257
214

19
1126
1072
1210
1213
1316
1114
1312
1366

352
330
327
262
204

21
1124
1089
1244
1235
1392
1069
1305
1354
355
349
337
256
187

23
1213
1110
1273
1281
1300
1129
1470
1472

360
425
361
271

25
1215
1200
1366
1300
1450
1240
1488
1525

460
440
422
317

27
1291
1231
1421
1385
1437
1240
1480
1512

497
493
475
343

29
1336
1252
1458
1432
1410
1229
1485
1490

521
513
498
357

Sept.

31 i 2
1310 [1295
1250 1209
1401 il354
1317 ;i293
1460 1465
1241 1237
1483 1484
1485 11487

5574 575
570 ; 578
537 ; 544

355 ; 372

4
1290
1255
1472
1320
1520
1270
1560
1582
620
599
552
385

6
1276
1290
1540
1436
1545
1376
1593
1654

663
650
609

414

8
1327
1300
1491
1453
1550
1375
1621
1612

667
693
599
430

1340
1329
1424
1463
1572
1381
1646
1652
654
691
584

432

12
1341
1334
1431
1471
1567
1390
1601
1652

689

701

607
457

14
1345
1330
1437
1489
1539
1345
1586
1590
695
757
625

456

16
1340
1337
1451
1473
1555
1373
1611
1634

701

793

661
460

18
1351
1346
1594
1465
1559
1374
1640
1640
760
868
711
547

20
1410
1331
1627

1461

721

873

725
512

22
1397
1372
1610
1483

749

852

729
529

24
1432
1399
1653
1497

763

888

743
513

26
1440
1440
1684

1495

778
912

730
555

28
1431
1459
1666

1510

780

879

737
572

30
1435
1451
1689

1491

799

934

765
501
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Records were.taken of the weights of seven animals, Nos. 20,
21, 22, 23, 24, 25 and 26, and in every instance the first
observation was made within a few hours of birth.

The weights are given in Table 9, and in Charts Nos.

9 and 10.

Guinea-pigs Nos. 20 and 21 were of the same litter,
(Chart No. 9) as also Nos. 23, 24, 25 snd 26 (Chart No. 10)
while No. 22 was & single specimen (Chart No. 10). It is
unnecessary to consider the growth records of the animals
in the different litters separately,as the essential features
are common to all, and when discrepancies do occur they will
be noted.

From the Table and Charts it will be seen that weight
mey or may not be lost during the first few days efter
birth. Thus all the specimens of one litter, Nos. 23, 24,
‘25 and 26, lost weight to the extent of 1/5th to §th of
the original body weight, while in the other two litters,
guinea-pigs Nos. 20, 21 and 22, an unbroken line of in-
erease from the time of birth is shewn. During the first
week the weights of all the young guinea-pigs were taken
daily. and not one of these three enimals gave any sign of
decrease. In Nos. 23, 24, 25 and 26, the loss of weight
continued for variaﬁle periods: No. 24 had regained its

original weight by the fifth day, while No. 23 took eleven
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days to regain what it had lost.

Once increase in weight commenced, its course was re-
markably similar in all the animals under observation, and
the salient feature in the growth curves of theée guinea-
pigs is the uniformity of the rate of increase from the
time of birth to maturity.

Small irregularities do ocecur, and in each Chart one
can pick out periods of more rapid growth followed by
slowing or complete arrest: for example, in Guinea-pig No.
20, between its fortieth and sixtieth days, or in No. 23
from the fortieth to the seventieth day, so that it would
appear aslif periodice groﬁth does occur, though not to
any marked extent.

As already stated, the main characteristic of these
Charts is their regularity, and it would be difficult to
find a more evenly continuous increase in weight than is
shewn by No. 22 from the time of birth to the thirtieth
day.

Guinea-pigs Nos. 21, 22 and 26,.were females, and in
all of them pregnancy supervened before the close of the
experiment, so that the records are spoilt as observations
on individual growth. The sudden loss of weight in No. 21
on the eighty-fifth day is explained by the occurrence of
parturition on that date.

One hegitates, from such a small number of observationc
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to generalise or draw any inferences regarding the phenomena
of growth as shewn in rabbits and guinea-pigs, but such as

geom obvious will be discussed later.

e R R




Number

of

Guinea-Pigiv

20
21
22
23
24
25

26

|
|

110 117 130 145 163 168 179

98 106 119 133 149 162 162

59

71

82

184 200 224 224

169 194 213 ' 215

.97 103 117 117

%

86
56
55

79

252

244

140

75

47

43

69

263

249

152

73

58

84

267

262

164

75

68

91

258

252

161

76

78

91

275

277

185

88

97

306

297

204

99

110

309

300

207

112

123

327

318

211

116

133

358

349

240

138

155

of GUINEA - PIgS  { Grammes)

352

350

236

. 140

169

362

351

242

148

176

400

391

280

163

189

402

395

282

174

194

389

372

282

183

202

417

392

291

196

219

429

404

315

213

237

423

412

306

214

242

420

449

315

219

269

415

453

349

238

277"

430
473
331

245

280

454 453 452 489 504 500 447 481 452 470
488 495 492 519 528 533 520 529 5284554

349 352 343 371 410 415 402 420 431 437

248 250 251 253 295 310 299 300 315 329

284 289 279 312 313 320 322 319 334 327

490 472 459 475 485 468 472
586 601 373 391 397 392 417
511 532 567 591 583 581 579

349 331 379 381 372 369 381

374 333 319 377 412 391 417
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SECTION THREE
OBSERVATIONS ON THE GROWTH
of

HEALTHY BOYS BETWEEN THE AGES OF TEN AND NINETEEN YEARS

- e S -

The following inquiry was undertaken for the purpose of
observing the phenomena of growth in young healthy ad-

' olescents during the school age. For the date on which
these observations are based I am indebted to the Head-
master of Bootham School, York.

At thet School & record is taken at the beginning end
end of each term of the physical condition of every boy.
Height, weight, chest measurements and capacity,besides
various tests for the fitness of several groups of muscles
are all systematiclly gone through and noted down in the
Anthropometric Register.

Physical exercise of sall kinds enters largely into
the curriculum, so that the boys are continuously in hard
condition, the sick-rate is pfactically nil, and therefore
one can accept these records as those of normal, healthy

individuals.
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The school year is divided into three ferms of 2pprox-
imately thirteen weeks each, with breaks at Christmas,
Baster and late summer for vacation, and as the records are
taken at the time of dismissal for holidays, and again on
returning, a series of six observations per year is the
result. The intervels between the observations are not
equal in length, but from the method which one has adopted
in charting them, it is possible to tell at & glance the
tete of growth of a boy in any given month of the yeer.

For the objects of the present work, & study of im-
dividual growth, it was considered sufficient to take out
the heights and weights and neglect the muscle and chest
meassurements as having no very definite beering on the
matter in hend.

Records of the growth of 250 boys as evidenced by
height and weight were taken from‘the Register. Those
which did not extend over a period of at least eighteen
months were neglected, but in order that the results might
be as far as possible representative of the incidence of
the various forms of growth, and the relative frequency
with which they occur.the records are consecutive, taken
in the order in which they appear in the Register, i.e.
in the order of the boys' entrance to the School.

Some of the records, therefore, only cover periods
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of eighteen months, but the large majority extend over &
matter of four years, while a few are seven or even eight
years in length. The ages of the boys observed range be-
tween ten and nineteen.

To make it pqssible to sort out the Charts into
different groups s separate one was made for each individual
and the series of observations of height and weight plotted
out on it. The records in the Register are given in feet,
inehes end eighths of an inch, and the weights in pounds;
end the method of charting these was as follows.

Ruled paper divided into eighths was used so that it
wes a simple matter recording the height. It was found
that, bn the average, for every ten pounds gained in
weight there.was en sddition of two inches in stature, and
to keep the height and weight curves within reasonable
limits this ratio was mainteained.

The Charts were further subdivided by vertical lines
into regular spaces representing months ,thus.allowing the
rate of growth to be gauged.

As the exsct dates of all the records are given inv
the register, it was possible by the above means to plot
out thé curves of growth, both in height and weight with
great accuracy.

In the first rlace growth as represented by increuse
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in height will be considered.

On inspection of the 250 Charts, considerable difficulty
was experienced in reducing them to ény sort of arrange-
ment, according to the type of growth displayed. While
hardly two of them were alike certain others presented
sueh diverse and definite characteristics as to suggest of
themselves & method of clessification.

Charts shewing regular growth with continuous and
steady increase sustained over the whole period of observe-
tion form the first group, while at the other extreme,
those glving examples of typicelly eyclic growth mske up
the third group. Between these two comes a large series
comprising the great proportion of the Charts, in which
growth is irregularvin type, and yet not regular in its
irregulerity es in'the cyelic form. This second group was
so large that for purposes of descfiption it wae necessary
to sub-divide it into two clesses; the first in which the
irregularities are only slight, and the second where
marked veristion is the prominent feature of the Charts.

0f course this classification is purely arbitrery,
and as one group merges imperceptibly into another,{here
are necessarily outlying charts which come just on the
borderland and which required repeated rearrengement be-

fore their positionswere finally determined. Lastly, those
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charts were classed by themselves in which the ages ranged
between the seventeenth and nineteenth years, and which
therefore demonstrated the slowing of growth which occurs
at thet time, and in considering this series one had to
inelude charts from other groups which continued into that
period.

It is now proposed to describe severally the features
of these groups.

With reference to Group 1, composed of cherts shew-
ing the regular form of growth, 1little need be said by
way of description. It may be well, however, to mention
that as the average length of & chart in this Group re-
presents over threc end & half years, and that from com-
mencement to close each one gives evidence of steady in-
ecrease, the continuous or regular nature of the mode of
growth is amply proved. The time under observation in
every instance was sufficiently long to exclude the
possibility of only the period of active growth in one of
the irregular or cyclic types being recorded and then
causing inaccuracy by its inclusion in this series.

The group is a smell one, comprising as it does only
29 Charts out of the total £50. Every Chart presents the
same featﬁre, an unbroken line of ascent, the growth of
one year being almos? identically repeated in the next,

and apparently quite uninfluenced by seasonal change oT
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other external agency.

The most interesting chart in the series is one which
extends from the eleventh to the nineteenth year, and in
which growth is perfectly regular, with an increase of
approximately two snd a quarter inches yearly until the
age of seventeen, when growth suddenly stops, and in the
eighteenth and nineteenth years no further addition is
made to the stature. This chart continues into the later
stage, when growth stops, but all the others in the Group
are identical with it in its earlier phase of marked
uniformity in the rate of growth.

Charts Nos. 11 and 12 are typicel exemples of this
first Gfoup, and require no further deseription.

Appended is Table No. 10, indicating the ages over

which the charts in Group 1 extend.

TABLE 10

CHARTS OF GROUP 1

—.-—.——————————_—_——--—-——_-—_—_—.—_-_—

- _-——-_——..-———_——_—-———-_—_-_-—-_

to
15 years - - 2 - - - -
16 - 4 1 - - -
17 - - 1 2 6 -1 -
18 - - 1 2 3 2 2
19 1 - - - - -

Total - 29 Charts
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@Group 2

In Group 2, irregularity in the curve of growth is the
essential feature of the charts.

The series is a large one, made up of 194 charts, all
of which shew variation in the rate of increase to a greater
or less extent. According to the degree of irregularity
the Group has been divided into two classes, A and B, thse
former composed of 174 charts, the latter 20.

With regard to Class A the charts in this series have
been selected as shewing a small degree of irregularity in
the rate of growth. In the 174 charts in the class there
naturally is considerable difference in the amount of
variation displayed: at one sxtreme are those in which
growth is almost uniform enough for their inclusion in
Group 1, but which, on more detailed exsmination, shew &
trifling but unequivocal irregularity, while at the other
extreme irregularity is quite & prominent feature of the
charts.

Considering the series, therefore, as starting with
charts of almost regular growth, and then followed by others
becoming grsedually more and more irregular,purposes of
description of the class as & whole will be most eesily
met by picking out a typical specimen from either extreme

of the class and commenting upon it individually. Such.
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Charts are found in Nos. 13 and 14.

In Chart No. 13, which perhaps shews the most regular
growth of any in the Class, it will be observed that al-
though taken as a whole, increase is fairly uniform, ir-
regularities in the rate of growth are also evident. Thus,
from October 1899, till July 1900, there is slow steady
increase, then more rapid during August and September, and
slower again in October and November. At the beginning of
1901 there is a short period of rapid growth, followed by
a lapse of fully three months, till the middle of MNay,
when increase is slow, but at the end of which there ap-
pears another time of more active growth fairly uniformly
sustained for eight months, that is till Februaery 1902.

In the spring of 1902, and again in the autumn,growth
is slow, while from June to September it is more rapid.
1903 beginé with a short period of rapid growth, but this
is only of short duration, and from February to July the
increase is uniformly slow.

This chart is representative of a fairly large number
in the Class, charts which shew a slight but quite defin-
ite amount of variation in the rate of growth.

Chart No. 14 marks the limit of the greatest irregu-
larity displayed by the charts in Cless A of the second
group. As will be seen the rate of growth is markedly

varisble. The curve is composed of successive periods,
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of unequal duration, when increase is either rapid, slow, or
even in entire gbeyance.

There are thus definite periods of saccelerated and re-
tarded growth, but these periods are irregular in the time
and frequency of their recurrence, and do not comform to
" any eyelie arrengement, as will be found to be the case
with the irregularities in Group 3.

Chart No. 14 commences with én absolutely quiescent
period of fully three months, from January to April 1902,
when no increase in height is recorded, then follows fairly
rapid growth in May and June, with another period of arrest
during July, August, and September. For the remsinder of
that year growth is rapid, but in the first three months
of 1903 it is only slow, becoming more rapid again in
April, May and June, while in July, August and September
complete arrest is shewn. In October, November and Decem-
ber, rapid increase again takes place, followed by a short
quiescent period after which growth is again rapid and sus-
tained, on this occasion, over a matter of seven months,
that is until September 1904. A resting stage of three
months ensues, from early in September till the middle of
December, but after this,rapid growth recommences and is
continued to the end of the period of observation - July

19086.
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The description of these two Charts, Nos. 13 and 14,
coming as they do from the extremes of the series, covers
all that might be said in discussion of the class as a
whole.

Essentially all the charts present the same feature -
irregularity - the only point in which they differ from
one another being in the degree of variation displayed,and
- as Class A is limited to those which shew only a slight
amount of irregularity, the differences between the indi-
vidual charts are small.

Class B of Group 2 comprises only 20 charts. but each
one shews great irreguiarity in the curve of growth. The
Class is a small one, but in every case the features of
the charts are sufficiently distinctive to warrant their
being classed by themselves.

In the earlier charts in Class B the irregularities
in the rate of growth are only slightly greater than those
gshewn in Chart No. 14 belonging to the latter series in
Class A, but towards the end of Class B an extreme amount
of variation is displayed.

Cherts Nos. 15 and 16 are examples of the most pro-

nounced form of this irregular type of growth.
Chart No. 15, at the outset, shews a resting stage of
fully two month's duration, from October to December 1901,
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when the height remains stationary. In the middle of Decem-
ber there is a sudden accession of growth which continues
at a uniform rate throughout the year 1902, and results in
an addition of over four inches in the twelve months. Dur-
ing January, February and larch, 1903, the rate of growth
gradually becomes slower, then ceases altogether, while in
April and May there is a loss of a quarter of an inch be-
- fore a fresh outburst of rapid increase takes place in the
summer months. This period of active growth is only short,
and from September until the following July, there is a
long quiescent stage, in the early part of which there is
another decrease in height to the extent of a quarter of an‘
inch as there had been previously in spring.

It may be well to note here, in reference to these
periods in which there is decrease in height, that prob-
ably this phase of retrogression does actually occur. It
can hardly be accounted for by inaccuracy in observation as
in some of the charts a gradual descgnt in stature can be
traced through several observations; and also on inquiry
one learns that it has long been recognised and remarked
by the Bootham School authorities.

The loss in height is shewn in several charts in this
class, and also in some in Groups & and 4, so that it would

appear to be o% fairly common occurrence. Its significance
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will be discussed later.

Chart No. 16, during the first eighteen months, from
October 1897 to April 1899 presents an even line of uni-
formly regular growth. Following this, however, there is
a period of arrest lasting for six months, till the end of
September, and in which a decrease of three eighths of an
- ineh is shewn. On the return of active growth in October
increase is extremely rapid, and in the succeeding seven
months an addition of four and three eighths inches is
made. From May 1900 until the close of the observations
in December the increase is slower and comparatively uni-
form in rate.

This Chart, No. 16, reaches the extreme 1imit of the
irregularities in rate of growth as shewn in Group 2.

The most noteworthy feature of these irregular charts
is the occurrence of periods of rest in the curves of
growth, periods in which increase may be only retarded or
may cease altogether, while occasionally an actual loss in
height is recorded.

Table No. 11 shews ages to which the charts in Group

2 refer.
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TABLE No. 11

Charts of Group 2 (Classes A and B)

e m = = - = M e R M MR ER e e e Ee e AR e M e WS e S e G = e

Years

Age from 11 12 13 14 15 16
to

13 years 1 - - - - -
14 - 2 - - -
15 - - 4 -
16 1 5 11 12 -
17 1 8 20 33 43 -
18 - 2 5 18 11 18
19 - - - - - 1

- A - - Wm e e e A s S e e e W S e e e e e

Total number of Charts 194

‘;Gioup 3

- On inspection of the eleven charts which form Group 3
there is ample evidence of the existence of a eyelic type
of growth in healthy adolescents.

The term "eyclic" implies a succession of variations
in the rate of growth which occur in a definite order and
with perfect regularity, so that when one cycle is com-
pleted it is followed by & second presenting precisely the
same features as the first, and which, in its turn, is

succeeded by & third and so on.
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The curve of growth, therefore, is in the cyclic type,
mede up of a series of subsidiary curves formed by the
changes in the rate of growth, and marking off the separate
cycles, any one of which would almost exactly coincide with
either of its neighbours, so regular are they in time and
degree of variation displayed.

As Group 3 is a small one, containing only 11 Charts,
it is evident that the eyclic variety is a comparatively
rare form of growth in Man.

The period of time occupied by a single cycle varies
in the different charts. In two of them, from four to
six months pass between the commencement of one cycle and
that of the next, two shew an eight months swing, three
ten months, in other three the c¢ycles occupy twelve months,
while in one the swing is even longer, extending over fif-
teen months.

With regard to the first two charts which present the
repidly changing phases, the cycles though ferfectly defin-
ite, are not quite regular in point of time. In one of
these charts which extends over nearly three years, seven
cycles are shewn, but one is completed in four months, while
another occupies six, the remainder being fairly regular.

The period of active growth in these cycles is of re-

latively short duration as compared with the time of rest,
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in most cases the increase takes place in one month, but
occasionally it lasts for two or two and a half months.
The period of rest is therefore of variable duration also
and although in it the height usually remains stationary
g decrease is occasionally seen.

of the two charts shewing the eight month cycles it
need only be said that in each case the times are more
regular than in either two charts already described. The
characters of the cycles are similar, the period of active
growth being short in comparison with the intervals of
slow increase and rest.

In each of the three charts which present & cyclic
change occurring every ten months the time and degree of
variation displayed in successive cycles are remarkably
regular.

One of these charts is given in No. 17, and in spite
of extending over only two years, has been selected as an
example of the cyclic charts of Group 3, as it presents
such great variation in the rate of growth.

Commencing with two months of rapid increase in May
and June 1900, this gradually slows during July, August and
September, and from September till the middle of December
there is & stationary period of rest. In the second half

of December, growth begins again and continues for five
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months till the middle of May 1901, being extremely rapid
during Febiuary and March, while in the initial stage in
December and Jeanuary, and again at the close in April and
May the rate increases and diminishes respectively. From
the middle of lMay till well on into September there is a
period of rest, in the early part of which a considerable
decrease in height occurs: & matter of five eighths of an
‘inch being lost in two months.

At the end of this quiescent period, active growth
recommences, and continues to shew rapid increase for fully
four months, from September to the end of January 1902,
after which another period of rest beginms.

The other two charts shewing a ten months swing are
similar to.this one, except that in them there is not such
s wide range in the rate of growth, 'and therefore the
curves representing the cycles are less prominent.

With réference to the three charts in which periods of
twelve months are occupied by the cycles, little description
is necessary. These charts, however, shewing the same
phenomena occurring year after year, raise the question of
seasonal influence on growth: a point which will be con-
sidered later.

In one of these charts the twelve month cycles are
divided into two periods of four and eight months esch, in

the former, from June to September growth is rapid, while
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the latter is a time of comparative guiescence.

The other two charts present only slight changes in the
rate of growth, and of these Chart No. 18 is an example.

The cyele begins with & period of complete arrest,
lasting for fully two months: February and March, and fre-
quently, as in the years 1899, 1900 and 1901, there is de-
crease in height at this time. In April asctive growth re-
turns, and increase is uniform and well sustained over the
spring and summer months with gradual slowing towards Octo-
ber, November and December, which again, is invariably
followed by & short burst of rapid growth in January.

In the chart in which fifteen months elapse between
the commencement of one cycle and that of the next, the
curves present & short initial stage of rest lasting from
three to four months, followed by & period of increase dur-
ing which the rate of growth becomes more and more rapid
until, suddenly, it stops, and with it the close of the
cycle.

One has described the charts of Group 3 in some deteil,
but although they are so few in numbexr they appear to prove
unquestionably that examples of the cyeclic type of growth

‘are to be met with in Men.
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TABLE 12

- - ———— W A e S e e -

Years
Age from 12 13 14 15
to
14 years - - -
186 - 1 - -
16 - 2 2 -
17 2 1 2 1l

o ——— o = . o - - e e

Total - 11 Charts

Group 4
'All the charts reaching to the age of eighteén or over,

and which therefore shew the slqw?ng of growth which com-
monly occurs during the seventeenth and eighteenth years,
have been placed in Group 4. There are in all 54 Charts
in this Group.

0f the originel 250 charts, 16 were put straight into
Group 4, as, representing 6nly the sixteenth, seventeenth
and eighteenth years, the number of observations mede dur-
ing the period of active growth before the commencement of
slowing was too small to allow of fhe type of growth being
determined, and therefore the charts could not be ineluded

in Groups 1, 2 or 3.
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The remaining 38 charts extend over several years, and
in their earlier stages the curves of growth have slready
~ been considered and grouped according to the reguler, ir-
regular or cyclic nature of the increase shewn, but as
their later records extend into the period now under-noted
they must 2lso be included in Group 4.

It has been found necessary to divide the Group into
four classes: firstly those charts which shew only & slight
change in the rate of growth: secondly, charés in which
growth is definitely retarded: thirdly, where it stops en-
tirely, end fourthly, a set of charts in which, immediately
efter the cessation of growth, & sudden decrease in height
occurs before the stature btecomes stationary.

Before describing these classes in detail, it may be
well to say of the Group as a whole, that the age at which
. the change in the rate of growth takes place is remarkably
constant; the average of the 44 charts falling at the end
of the seventeenth year, while & period of six months on
either side of that includes every chart except four. 1In
two of these four charts growth had stopped at the age of
fifteen, and in the other two at sixteen, but it is note-
worthy that in each case considerable stature had been
attained before growth ceased, the height registered being

five Pfoet ten inches in every instance: a matter of fully .
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gix and four inches above the average heights at those &ages
as taken over the whole series of 250 charts.

With regard to the 10 charts forming Class A, and which
gshew little or no change in the rate of growth during the
geventeenth and eighteenth years, one need only say that in
these pharts the heights are in most instances fer below
the average. They therefore present the converse to the
four charts slready mentioned in which growth ceased early,
and it would seem as if wide extremes of stature were avoided
to some extent at'least, by the eerly or late occurrence of
the period at which the growth of the individual slows and
ceases.

Chart No. 19 is given as sn exemple of those in Class A.
It is from a chart beginning st the age of fourteen, but the
curve of growth during the seventeenth and eighteenth years
only is given, and needs no explenation. It will Dbe seen
that the rate of growth during the eighteenth year does not
differ much from that during the seventeenth, and that
stature at the age of eighteen is only five feet five inches.

From Class B, composed of 18 charts shewing a definite
gslowing in the rate of growth at the period under considera-
tion, e typical example will be found in Chart ﬁo. 20. Here
the ineresse is fairly reguler end sustained throughout the

seventeenth year, but at the commencement of the eighteenth
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there is obvious slowing, as an increase of only one half
inch takes place during that year as compared with one inch
and & half in the previous one.

In Class C are 20 chaerts, all shewing complete arrest
of growth; Chart No. 21 is a specimen of this Class. In
each of these charts growth becomes slower and slower, until
et some point, usually about the age of seventeen, it ceases
altogether. This is seen in Chart No. 21; steady increase
in the seventeenth year, and continuing into the first half
of the eighteenth, efter which it stops, the height_remain;
ing stetionary during the remainder of the time of observa-
tion.

Class D, though it contains only 6 Charts, is the most
interesting one in the Group.

They are all long charts, previously included in Group
1 or Cless A of Group 2. In esch the curve of growth shews
s more or less reguler rete of increase, until the end of
the seventeenth or the beginning of the eighteenth year,
when it suddenly stops, and is immediately followed by &
period of decrease with loss in height before the stature
becomes stetionaery. The amount of height lost., though
always quite appreciable. is variable, as in one chart it is
only & quarter of an inch, in another three eighths, in two

it is & half, while in other two it reaches to three
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quarters of an inch. One of the latter charts, No. 22, is
given as an example of Class D.

In this chart increase is seen during the first eight-
een months, and then, without any werning, in the middle
of the eighteenth yesr growth stops, and in the following
five months a loss in height to the extent of three quarters
of an inch takes pléce, after which the records become
-practically stationary.

This chart is a typical example of Class D: the loss
in height is greater than in most of the others, but apart

from this the main features are precisely similar.

TABLE No. 13

Ages covered by the Charts of Group 4

-

— o ——— A D v B A E— W e e e e A e e e e W em A e e e e

Years

o o oy - ————— e e m M e em S L R es e e ew en e e e

to
19 1 - - 1 - 1 1

- - e e e A T e o e e e e e

Total - 54 Charts
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Weight-curves

It is unnecessary to do more than mention the evidences
of growth as furnished by the curves of weight. The measure-
ment of height is the more accurate test of growth, the
different types as shewn by the height records have been de-
scribed in some detail, and apparently no new points emerge
on studying the progress of growth from the point of view
of the weight curves.

As a rule there is & fairly close accordance between
the rates of increase in height and weight, but this is not
always so, for occasionally rapid increase in weight'is ob-
served while the height remains stationary, or, more rarely,
the converse, the weight records shewing no increase while
rapid sdditions to the height are in progress.

Although these discrepancies are by no means of rare
ocecurrence, and several instances will be found in the
Specimen charts, still the main features of the curves of
weight and height are remsrkably similar in the individual
charts.

One need hardly point out the comparatively steady in-
crease in weight in the charts of Group 1l: the irregular
weight-curves in Group 2, the degree of irregularity bear-
ing some proportion to the smount of variation in the height

curves: or the cyclic swings in the weight as well as in
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height shewn by the Charts belonging to Group 3.

There is naturally & certain amount of irregularity in
8ll the tracings of the weight records, even in the most
regular ones, but in spite of thie, hed the division into
Groups been made according to the features of the weight
curves instead of the simpler snd probably more accurate
plen of classificetion by the height curves, the result
would have been precticelly the same: three main types of
growth, regular, irreguler and cyclic, and in the pro-
portions of 3, 20, 1 respectively.

Having outlined the several Groups into which the
growth-charts of healthy adolescents were divided, only
two points remain for consideration in this section.

The first of these is with reference to the rate of
growth during the periods of active increase in the ir-
regular and cyclic types. On looking over the 221 charts
belonging to Groups 2, 3 and 4, one finds that in the
phases of activity the rate of increase is extremely
variable.

The most rapid growth observed is one inch per month
which occurs in three instences, while seven-eighths and
three quarters of an inch per month are comparatively fre-
quent. An increase of three eighths to five eighths of

an inch is common, and rates below these were not considered
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as rapid.

The duration of the periods of activity also varies;
most commonly it is between three and six months, but
occasionally lasts only one month, while examples shewing
active growth over a period of nine months or even a year
are not infrequent.

The second point has regard to the relative incidence
of periods of active growth; and periods of arrest in the
different months of the year, or in other words, the possi-
bility of seasonal influence on growth. In connection with
this an analysis hes been made of the 221 charts from Groups
2, 3 gand 4, that is all charts which shew variations in the
rate of growth.

The number of times that rapid increase took place
during the several months of the year was noted, and the
same procedure followed out with the periods of arrest.

The totasls are somewhat significaent, and eare given

in Table Wo. 14.
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TABLE TNo. 14

- e e W e A Y - e e A e e M- e e M T B e e e e W e e e Y T e = e e T e e e e e e o e e e = em —

RNumber of Times Number of Times
Honth Rapid Growth . | Month Periods of Arrest
(Total of 221 Charts) (Totel of 221 Charts)

Jan 48 Jan 73
Febd 40 Feb. 65
Mar 38 Mar 62
Apl 60 Apl 62
Hay 76 May 45
June 69 June 33
July 68 July 33
Aug 53 Aug. 37
Sept 50 Sept 48
Oct 47 Oct 50
Nov. 45 Nov. 53
Dec. 60 Dec. 73

From this Table it will be seen that, though either
rapid inerease or arrest of growth may occur in any month
of the year, the incidence of active growth is mainly in
the spring and summer months, while with the periods of
arrest the converse obtains, the highest registers being in
winter.

The figures are more striking when presented graph-
ically in Charts Noe. 23 and 24.

Chart No. 23 refers to the sctive growth, and shews
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well how, in the majority of cases it is in the months of
April, May, June and July thst rapid increase takes place.
Also it is not uncommon for active growth to appear in
December and January though the excess observed in these two
months is much less then that seen in the earlier ones. The
ectual number of instances in whieh it has occurred is
sufficiently great, however, to make it probable that rapid
growth is more common in the months of December and January
than in those immediately preceding oxr following them.

Chart No. 24 depicts the incidence of periods of rest
in the various months of the year, and gives undoubted
evidence of the relative frequency of retardation of growth
in the winter months as compared with the low registers
during summer.

It is proposed only to note these facts in this section,
and they will be further considered in their relation to the
seasons in a later sub-section, where the influence of

tempersture on growth will be discussed.

-~ - - - —
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SECTION FOUR

INQUIRY INTO THE GROWTH

of

CHILDREN ©SUFFERING FROM ACUTE FEVERS

Growth during convalescence from prolonged illnesses,
and more especially the acute fevers, has et different
times received & considerable amount of attention from
various authors.

Unfortunately one has not been able to see some of the
fullest and most interesting publications on this subject,
such as the These de Paris, 1881, in which Auboyef:%ollected
from medical literature a number of facts regarding ex-
aggerated growth following acute illnesses, or MN. Bouchard'éé)
paper in the Soc. Clinique de Paris, Jan. 1879, in which
he discusses the rapid increase in stature which occasionslly
takes place during typhoid fever, giving details of the con-
dition of the bony epiphysis and, in addition, describing
éertain strial which appéar in the skih: "%ergetures de
croissance".

The above informetion is taken from a chapter on
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"Croissance” by . Comby in the first volume of "Traite des
Meladies de 1l'Bnfance™.

That suthor also gives details of his personsl observe-
tions, and states that he has seen growth of 10, 15 or 20
centimeters after illnesses which have necessitated con-
finement to bed for a few weeks or months, and remerks
thet he has observed "vergetures de croissance".

Going on to discuss the etiology and appearance of
these striae he says that they usually occur over the
epiphyseal lines of the long bones, but are sometimes to
be found in the lumbar region, on the back. or on the sides
of the chest.

He speaks of them as being precisely similar in ap-
pearance to the strise gravidarum, and expleins their
~occurrence as due to the skin, unable to follow the rapid
elongation of the bones, becoming over-stretched.

As this point is subsidiery to the present purpose,
and as the above explenation seems to misinterpret certain
facts, implying, as it does, a rapid and very considerable
increase in stature, the following case of & patient of
my own in the practice of Belvidere Fever Hospital may be
cited.

The patient, A. M. aet. 19 years, & labourer, was

admitted to Hospital on Feb. 23rd, 1908, with a history of -
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having been ill for three weeks. He was suffering from &
sharp attack of enteric fever, and it was not until the
end of the sixth week of the disease that lysis was con-
rlete. The tempersture remained normal for ten days and
then, at the beginning of April, became hectic, and four
abscesses appeared, one in either arm. one in the left leg
and one under the pectorsl muscles on the left side. This
was the commencement of a general ryaemic condition of
staphylococcel origin, and for five and & half months, un-
til the middle of September, the hectic charscter of the
temperature was maintained. During that time twenty-eight
large intra-musculer abscesses were opened in the limbs,
trunk and neck. Though convalescence was slow there was
ultimately & complete recovery and the patient was dis-
missed well on December 19th 1908.

During the whole course of this illness in which con-
finement to bed lasted for nine end a half months the in-
crease in stature amounted to only one half inch; from
five feet seven and a half inches to five feet eight inches.

In spite of this smell addition to the height “"vergetures
de croissance™ were present, the first one being observed
on the left arm during the fourteenth week of illness. 4is
will be seen from Chart No.-25 there were,in all, nine

striase in this case: one on the left arm immedistely above
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the insertion of the triceps muscle, one in either groin at
the level of the great trochanter and three on the dorsun
of each foot. The striae were spindle shaped patches, pink
or violet in ecolour, with the skin surface of a shiny
glistening appearance. The long axes of the spindles
measured from one to two and & half inches, and lay parsllel
to the "plenes of cleavage" of the skin described by Lange§§>

The "vergetures de croissance™ therefore look more like
a pathological condition due to impaired nutrition rether
than to mechanicel stretching of the skin.

The main part of the observations recorded in this
Section refers to the amounf of increase in stature whicl
accompenies an attack of acute disease.

On looking over the literature it would seem as if only
those cases had been recorded in which exceptional growth
followed an illness. There is no mention of any systematic
measuring of children having been done before and after an
illness: and as only the instences of extremely rapid
growth are cited,an exaggerated idea of the frequency of
its occurrence is conveyed.
| At Belvidere Fever Hospital, for a period of eighteen
months almost every child under the age of ten years was
weighed and measured at the time of admission, and agein on

dismissal.
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Unfortunately the records of Enteric Fever; which accord-
ing to the French authors, is one of the diseases most fre-
quently followed by rapid growth, are too few to be of any
value so0 they have not been included.

Records have been obtained, however, of 1395 cases of
Scarlet Fever, lleasles. Whooping-Cough and Diphtheria. For
the objects of the present work only the heighté have been
considered, as unquestionably & child’'s nutrition suffers
during the stage of incubation, and therefore a large in-
crease in the weight between the times of admission and dis-
missal could not be taken as an index of the activity of
growth during the course of the disease and subseguent con-
valescence.

The complete results of these observations on the growth
of children as evidenced by increase in height during the
course of the above named Fevers are given in Tables 18, A
and B, 16 A and B, 17 A end B, and 18 A and B.

These Tables have been arranged to give full details of
the results of this inguiry, and separate Tables are given
for the two sexes.

The first column shews the age in years. Following this,
in a series of columns for the various amounts of increase
which took pléce between sdmission and dismissal are the

total numbers of children at the different ages shewing such
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increase

In a corresponding series of columns the duration of
residence of each child is given, the figures indicating the
number of weeks the child was a patient in Hospital.

From the observations on the growth of children pub-
lished. by various authors it would seem unnecessary to in-
clude either the age or the sex in Tables of this kind.
There is very 1little variation in the mean annusal incresss
in height between the ages of two and ten years, the curve
of average growth being prectically a straight line during
that period. With regard to sex, so far as stature ic con-
cerned the curves of growth in the male and female run =
parallel course during the first decade, and therefore one
feels justified in neglecting age and sex and reducing the
records to cross-tables as in Nos. 19, 20, 21, and 22.

In working out the average snnual rate of growth of
children suffering from the four acute fevers under notice,
it has been thought advisable to neglect all records re-
ferring to infants under two years of age.

Normally the increase in stature during the first two
years of extra-uterine 1life is twice as rapid as that be-
‘tween the ages of two and ten. The number of children
under two years included in these observations is too small

in comparison with the relatively large numbers of higher
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age to allow of the average rate of growth being taken over
the whole series. For this reason the records of children
below the age of two years have been neglected.

Considering, then, only children between the ages of
two and ten years, from the Tables of Scarlet Fever one
finds the avérage duration of & child's residence in Hospital
8.04 weeks, an average growth of .349 inch, giving an in-
crease of 2.25 inches in the year. In the same way with
Measles the average residence works out at 3.74 weeks with
an increase of .15 inch, or a mean annual growth of 2.08
inches. The Diphtheria averages work out to a growth of .37
inch in 9.42 weeks, & yearly increase of 2.04 inches: while
in Whooping-Cough an average increase of .52 inch in 8.38
weeks gives a yearly addition to the stature of 3.22 inches.

Comparing these average annual growths during fevers;
2.25 inches in Scarlet, 2.08 inches in leasles, 3.22 inches
in Whooping-Cough, and 2.04 inches in Diphtheria with the
normel mean yearly increacse between the ages of two and ten
the result is striking.

The average annual increase in normal, healthy children
between the ages of two and ten years, from the statistics
published by Cruchet is 2.5 inches; from Roberts‘agigures
2.57 inches, and from those of Comé? 2.66 inches.

It will be observed that instead of being more rapid the



26
average rate of growth during Scarlet Fever, Measles and
Diphtheria is slower than in health, and that Whooping-Cough
with its 3.22 inches is the only one of the diseases ob-
served in which the rate of increase is accelerated.

The reason for the average rate of growth in Whooping-
Cough being so much higher than in the three other fevers
is not evident. As a class the children admitted to Hospital
suffering from Whooping Cough are drawn from a lower social
grade than is the rule in‘the other infectious diseases,
and it is possible that they shew a greater reaction to the
improved hygienic conditions of hospital life.

Another possible explanation may be that the bony
epiphysis are stimulated by a raised blood tension due to
beck pressure from the increased resistance in the pulmonary
circulation. This idea has,to some extent, been borne out
by estimation of the blood pressure by the Riva-Roceil
sphygmomanometer.

It is found that in Whooping Cough the average pressure
is higher throughout then the normal average, and that dur-
ing snd for a short time after a paroxysm of coughing the
pressure is considerably in advance of this. (Unpublished
results by MacDonald)

Considering the growth of the individual rather than

the average growth, one finds that 65 children out of the
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total 1395 observed, or 4.6%, shewed extremely rapid increcse
in stature during their time in hospital.

In the 462 cases of Scarlet Fever rapid growth occurred
in 23, the most marked instance being that of & girl of six
growing four and & half inches in eight weeks, in fact this
is the most rapid increase recorded in the whole series of
observaetions. Following this come & boy and a girl each
putting on three inches in seven weeks; another boy with
two inches in five weeks: next four girls shewing an addi-
tion of three inches in eight weeks; another girl increasing
two and 2 helf inches in six weeks, while two more shew the
same amount of increase for & period of eight weeks.

These children, & boy and two girls, added two inches
in six weeks; another boy, growing at the same rate, three
inches in nine weeks; a girl with two inches in seven weeks;
and lestly two boys and two girls with an increase of two
inches in eight weeks; & boy growing three inches in twelve
weeks, and two girls each shewing an incresse of one inch
and & half in six weeks.

The total number of Measles ceses measured was 465 and
in this disease slso there are 23 instences of rapid growth.
The quickest increase occurred in a boy four years old, one
ineh in two weeks, and & girl of three, one inch and a half

in three weeks; next three girls growing one inch and & half
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in four weeks, and then eleven children, nine boys and two
girls who in three weeks added one inch; next two girls
adding one inch and a half in five weeks, and lastly three
.boyé and two girls each of whom grew one inech in four weeks.

Out of the 88 cases of Diphtheria.there are only three
instances of rspid growth, two of them boys three years old,
one adding two inches in six weeks, the other two and &
half inches in eight weeks, while in the third, a boy of
four, one inch is added in four weeks.

Though the average increase is so much higher in
Whooping Cough than in Scarlet, Messles or Diphtheria, only
16 of the 380 children observed during that disease shewed
any very active growth. The most rapid instance is seen in
a boy one year o0ld, four inches in nine weeks; next a girl
of five growing three and & half inches in eight weeks;
then two more girls with two inches in six weeks, and a boy
one ineh in three weeks. Another girl in eight weeks shews
an increase of two and & half inches, and then four children,
a girl and three boys in whom there is a&n addition of two
inches in eight weeks; and at the same rate, & boy and a
girl, one inch and a half in six weeks, and another boy and
three girls, one inch in four weeks.

It is difficult to compare the incidence of sudden

spurts of rapid growth in health and in disease. One has
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shewn in Section Three that outbursts of rapid increase do
occur in normal health without any apperent cause, but it
would seem as if one of these sudden spurts might be pre-
cipitated by an attack of illness.

If one may compare the growth during the second decade
with that of the first, and setting the standard of "repid
growth” at & minimum of one half inch per month, in the
observations of healthy boys already detailed it is found
that in the total of almost one thousand years of growth
investigated there are five hundred and fourteen instences
of rapid increase, whereas, in the inquiry into growth
during an acute illness it occurs two hundred and thirty-
five times in a matter of one hundred and fifty eight years,
in other words, rapid increase occurs almost three times
more frequently during the course of an illness than it
does in heslth.

The figures for these observations are somewhat limited
however, and comparison of the growth of children between
the ages of two and ten with that of boys between ten and
twenty is perhaps hardly Justifiable.

The above ratio of 3 to 1 is further modified by the
fact that the children measured before and after the fevers
were, during their residence in hospital, living under im-

mensely improved hygienic conditions. The salutary effect
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of healthful surroundings and an adequate and wholesome di-
etary upon the growth of children has been amply proved.
(Uhpublished results by Macgregor!.

It is thus almost impossible to estimate the influence
of an attack of fever, per se, in bringing about & spurt of
rapid growth, and probatly the ratio of & to 1 is consider-
ably higher than is really the case. Whether this is 80 or
not it is a significant fect that the average rate of growth
during the three fevers, Scarlet, Measles and Diphtheria is

slower than in health.
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- SECTION FIVE
'OBSERVATIONS
oen
THE GROWTH OF INTERNODES IN PLANTS

During the months of July, August and September, 1908,
some observations were made on the growth of plants.

The object of the experiments was to record the growth

of the internode rather than that of the plant as & whole,
and thus one was enabled to follow out the development of

a iarge number of practically separate individuals, all of
% _which were influenced by precisely the same external con-

by, ditions.

In the choice of & plant it was necessary to consider
two points, firstly, one which would shew an appreciable
increase in & comparatively short time, and secondly, one
in which the internodes would be very definitely marked
so that there might be only the minimum chance of inaccuracy

in measurement.

These combined characters were present in the specimenc

finally selected, viz. Peas, Beans, Qats, Maize, Musk and
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Eucalyptus.

Observations were made on all the internodes of thirty
plants, six each of the Peas, Beans, Oats and Maize and three
of Musk and Eucalyptus.

The Peas, Beans, Oats and Maize were grown from seed,
and the records extend from the fourteenth day until the
time of cessation of growth in the two former, while in tne
Oats and Maeize increase continued longer.

The records of the Musk and Eucalyptus were obtained
from growing plants after all the off-shoots had been re-
moved except those directly under observation.

With regard to the technique of the experiment it need
only be said that the plants were kept under most favourable
conditions, being placed in a large room with abundance of
air and light, with a reguler water supply, and in a prac-
tically constant tempersture, night and day, of £54°F. or
thereby.

Measurements of the internodes were taken with com-
passes end & m.m. scale every second day and at the same
hour on each occasion.

The complete resulfs are given in Tables Nos. 23, 24,
25, 26, 27, 28, 29 and 30, and specimen charts from each
set of plents are found in Charts Nos. 26, 27, 28, 29, 30
and 2Z1.
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The records of Pea "F'", Bean "E", and Musk "A" heve not
been included,as those plants died before the series of ob-
servations on their internodes were sufficiently long to be
of any vsalue.

On looking over the Tables,'or perhaps better, the Charts.
the most obvious feature is the great similarity in the curves
of increase, not only of different internodes of the same
plant but even of different plants.

The typicael curve of internodal growth might be described
a8 having & primery phase of extreme but short-lived energy
during which increase is continuous and very rapid. When
this first outburst of growth is spent, there is, as a rule,
no further addition to the length of the internode, and the
futﬁre observations shew neither increase nor decrease.

This generel description covers the large majority of
the records, but more detailed remark is necessary in a few
cases.

While it is the rule that an internode shews uninter-
rupted increase at a fairly uniform rate from the time of its
first sppearance until growth is complete,a few examples are
found of temporary errest, or at least retardetion, of in-
crease during the stage of rapid growth. Out of the total
number of internodes observed, 254, there are 8 instances of

this period of rest occurring in the middle of the time when
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increase, in the majority of cases, is rapid and continuous.

In the fifth internode of Pea "A", after growing at the
rate of & m.ms. per day between July 18th and 20th there
follows a couple of days in which en increase of only lm.m.
is régisfered, after which growth again becomes rapid and in
the next two days additions of 5% m.ms. are recorded.

In the same way the éixth internode of Pea "C", after
growing et 2% m.m. per day, shews & period of retardation
lasting for two days when the rate of increase is only % m.m.
each day followed by a return of the active growth with deily
additions of 3 m.m.

The seventh and twelfth internodes of Pea "E" presents
& similar slowing of growth during the third, fourth and fifth
days, after which rapid growth reappears.

With regard to the Musk the ninth internode of plant "B"
shews & period of definitely retarded growth between the
eighth and twelfth days. and the same thing occurs in the
tenth internode of plant "C".

In the whole series of observetions there are only ﬁwo
examples of growth being, for & time, completely arrested.
These sre found in the Oats, plants "A" and "C" in the first
internode in both cases and for a period of four days in each
instance, from July zofh to 24th, no increase was recorded.

As there was no similar variation at the same time ip
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the other internodes these periocds of retardation and arrest
can hardly be explained by the interference of some external
agency.

" It would seem that, though the curve of growth of an
internode usually presents & regular course of continuous
increase, one may on occasion find that the rate of growth
hes been irregular, that periods have occurred when it was
quite definitely retarded, or more rarely, that it has been
in entire abeyance for & time.

Another interesting point which emerged during these
observations on the growth of internodes in plants, is the
comparative frequence of decrease in the length §f an inter-
node after growth has ceased. Shrinksge took place in 5&
of the internodes examined, or over 21%, so that it would
appear to be of fairly common occurrence, and several ex-
amples will be found in the appended Charts.

The instances are scattered fairly evenly throughout
the Peas, Beans, Oats and Eucalyptus, but in the Maize plante
it occurs only once and in the Musk there is not a single
example present. As a.rule the decrease commences elmost
immediately after the growth of the internode is complete,
as for example, in the fourth internode of Pea "D" (see
Chart No. 26) but in some cases the shrinkage is a slow pro-

cess, and is not apparent until several days, or it may



66 -
even be weeks after growth has stopped, as in the first
internode of Oat "E" (see Chart No. 28).

Naturelly there is & considerable amount of variation
in the degree to which this decrease takes place in differ-
ent internodes. 1In many instances it amounts to only one
or two m.ms., but in a few cases the decrease is greater
than this; e.g., the first internode of Oat "D" losing 10
m.ms.; from 49 m.m. to 39 m.m. or 1/5th of its original
length. Further, there does not appear to be any definite
relation between the amount of decrease and the original
length of the internode. The above mentioned instance,
that of the first internode of Oat "D" falling fiom 49 m.ms.
to 39 m.ms. is the greatest amount of decrease in the whole
series, and there are all stages between that and the loss
of 1 m.m. in 132 m.ms. shewn by the fourth internode of
Bean "C".

It is difficult to suggest any explanation for the
occurrence of shrinkage in some internodes, while it does
not take place in others. An internode which later de-
creases in size does not grow more rapidly then its neigh-
bour in which no such shrinkage is observed, and as they
‘are both sections of the same plant they are presumably
subjected to precisely the same external influences.

One can only account for the loss in length of an

internode by its cells becoming smaller. It is not clear
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whether this is a normal phenomenon, .- the: mature cell
being smaller thah the embryonal, or whether the cells in
getting rid of an undue amount of moisture absorbed during
their rapid growth become less bulky later with the dimin-
ishing succulence.

As shrinkage was only observed in some of the internodes
and not in others, the latter explanation sounds the more
probable, and therefore one must regard a decrease in length
as due to an inherent peculiarity of the individual internode.

It is possible of course, that in placing these plents
in what seemed idegl conditions they were to some extent
"forced", and perhaps the irregularities in their growth
owe their origin, at least partially, to the influence of
environment, but on the other hend the external conditions
were the same for each internode and yet only & few presented
individual peculiarities.

For the objects of the present work it seems unneces-
sery to go into details of the different rates of growth
shewn by the various kinds of plants under observation. A
Specimen Chart is given of each, and from these the slow
but prolonged growth of an internode of Eucalyptus stands
out in marked contrast to the extrémely rapid gnd short-
lived phase of growth in that of the Pea or Bean.

Evidently the usual type of growth of an internode is
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one of regularity. The cells stert with a certaein amount of
reproductive energy and until this is exhausted tﬁe growth
of the internode is steady and uninterrupted. Internodal
growth might therefore be taken as representative of the
regular form of increase, although a few examples are met
with in which short periods of retardation or arrest pro-
duce irregularities in the curves.

The decrease in size of an internode which is some-
times seen after the cessation of growth will be further
dealt with later. | ,

The Tebles and Charts giving the full results of these
observations on the growth of internodes in plants are

appended.



TABLE XNO. 23.

GROWTH of INTERNODES in PEAS MEASUREMENTS in M.Ms.

Tuly : 0 August ">'+Sepf‘“W‘wm
Internode 18 20 22 24 26 28 30 1 3 5 7 91113151719 21 232527 2931 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30

(No.l 7 7 7 7 7 8 89 9 9 9 9 9 9 9 9 9 g

) 2 27 28 29 29 28 28 28128 28 28 28 28 27 27 27 27 27 o

PLANT ( 3 36 37 38 39 39 39 3938 39 39 39 39 39 39 39 39 39 a9
A ) 4 17 31 36 38 38 38 38 38 38 38 38 38 38 38 38 3& 38 3g

( 5 814 16 27 34 36 36 37 39 39 39 39 39 39 39 3y 39 39

) 6 2 5 8 9 91010101010 39

!
i

i
I

25 25 256 25 24 25 25 524 20 25 2D 25 25 25 25 25 25 24 24 24 24 24 24

No.l

2 59 59 60 59 59 59 59 59 59 59 59 59 59 59 59 59 59 5g 59 59 59 59 59
S5 69 70 70 70 70 70 70,70 70 70 70 70 70 70 70 70 70 w0 70 70 70 "0 , "0
4 6574 76 77 7T 7 17|78 78 78 & M8 V& 78 18 &€ V8 9 vg 78 U8 18 | "8
5 28 38 62 66 66 66 66 66 66 66 66 66 66 66 66 66 66 66 66 66 66 66 { 66 i
6 4 14 35 50 55 55565 55 55 55 55 55 55 55 55 55 55 55 55 55 55 | 55
Vi 43 49 58 (66 66 66 66 66 66 66 66 66 66 66 66 66 66 66 ! 66
8 26 47 51 59 65 66 66 66 66 66 66 66 66 66 66 66 66 66 66
9 9 34 48 53 57 57 58 58 58 58 58 58 5& HE 58 58

10 ‘ 20 42 50 54 54 54 54 5454 54 54

11 : 11 29 37 40 41 42 41 41

12 ? & 8 8 8

No.1l 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

3 29 44 45 45 46 45 45 (45 45 45 45 45 45 45 45 45 45 45 45 45 45

4 3 46 49 49 49 49 (49 49 49 49 49 49 49 49 49 49 49 49 49 49

8 21 24 30 37 |38 40 40 40 40 40 40 40 40 40 40 40 40 40

5
6 4 14 19 20 26 30 30 30 31 31 37 2 31 31 | | - |
‘ e o e i e i 5 4+ e e e e e e e e e e , ‘ - . %




TABLE XO. 24.
GROWTH of INTERNODES in PEAS MEASUREMENTS in M.Ms.

July August o v | Sept.
Internode 18 20 22 24 26 28 30 1 3 5 7 911 131517 39 21232527 29 31, 2 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 B1 50 50 49 49 48 48 48 48 4& 48 48 48 48 48 48 48 48 48 48 | 48 48 48 48 |
( 3161 62 62 61 62 62 61 61 62 62 62 62 62 62 62 62 82 62 62 62 62 62 62 62 62 62
) 4 42 78 79 78 76 M6 75 75 74 T4 T4 T4 T4 14 T4 1Y 73 13 73 U3 N3 U3 03 "3 "3 "3
(" 5 25 25 50 56 56 57 57 57 57 57 57 57 57 57 5% 57 57 B% 57 57 57 57 57 57 5% 57 |
) 6 | 7 9 30 B2 54 55 56 56 H6 H6 56 HB 56 H6 H6 56 56 56 56 56 56 56 56 56 56
( 7 15 34 56 68 70 70 70 70 70 69 69 69 89 69 69 69 69 69 69 69 69 69
PLANT ) 8 f 12 33 72 74 %4 75 76 15 74 713 "3 N3 3 w3 w3 N3 3 "3 n3 "3
D 9 14 48 80 82 84 84 85 85' g5 86 86 86 86 86 86 86 86 86
) 10 | | 12 46 79 82 84 86 g7 87 87 87 87 &7 87 87 86 87 87 87 87 87 87 87 8"
( 11 | 11 48 69 77 81 81 81 8181 &1 81 &1 81 81 8 81 81 €1 81 81 81
) 12 2 10 39 g0 85 87 87 87 &7 87 87 87 87 87 87 87 87 81 87 87
( 13 | 23 64 757879 79 79 79 79 79 &0 80 80 79 79 "9 "9
) 14 | : 17 41 79 97 97 97 103 110 106 109 110 110 110 110
( 15 | 2040 65 7 85 94 95 95 95 95 95
) 16 ‘ " 62 81 94 97 101 101 101 101
_ ( 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
) 2 |59 59 59 59 59 58 58 57 58 58 58 58 58 58 58 58 g 58 58 58 58 58 ' 58 58 58 58
( 3 .39 57 57 57 58 58 58 58 57 57 57 5% 5% 57 57 57  gn sy 57 57 57 57 57 5% 57 597
| ) 4 '20 36 56 61 61 61 61 62 62 62 62 62 62 62 62 62 5o g2 62 62 62 62 62 62 62 62
. ( 5 | 2 13 44 64 64 64 64 65 64 64 64 64 64 64 64 54 g4 64 64 64 64 64 64 64 64
%ﬁ ) 6 | 18 52 70 71 72 73 73 73 73 13 13 73 nx nz oz 3 U3 73 73 73 73 "3
Y PLANT ( 7 18 20 21 51 77 77 78 78 78 78 g ng wg ws 78 78 ne "8 "8 "8
E ) 8 | 19 65 79 83 86 88 g5 gg gg g8 88 88 88 88 88 88 88 88
( 9 f 19 69 84 86 gn op g8 88 88 88 88 88 88 88 88 88 88 88 88
) 10 | 18 62 o991 929292 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 | .13 45 62 85 89 91 91 91
) 14 \ i 7" 49 81 87 89 89 89
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TABLE N 0. 25.
GROWTH of INTERNODES in BEANS VEASURFMENTS in M.Ms.

Inter- July August | sept |
node 18 20 22 24 26 28 3 1 3 5 7 9 1113 156 17 19 21 23 25 272031 2 4 6 8101214 16 18
(No.1 26 26 26 26 26 26 26. 26 26 26 26 26 26 206 26 26 26 26 26 26 26 26 26 26
) 249 49 49 50 48 49 49 49 49 49 49 49 49 49 49 49 49 49 49 49 49 49 49 49
( 3589597 97 97 98 98/ 98 98 98 98 98 98 98 98 98 98 98 98 98 98 . 98 98 98 |
) 4 45 87 130 136 137 138138 138 138 138 138 138 138 138 138 138 138 138 138 138 138 138 138 |

PLANT ( 5 14 46 96 128 131131 131 131 131 131 128 128 128 128 128 128 128 128 128 128 128 128
A ) 6 6 16 40 71! 96 108 109 109 109 108 10& 108 108 10& 108 10& 10& 108 108 108 108 |
( 7 9 20 46 64 77 78 79 78 78 978 78 T8 78 "8 "B U8 VB "6 78 78 78 78 V8 e T8 U8 |
) 8 f 7 12 24 40 62 77 B3 86 84 &4 84 84 82 84 84 &4 84 84 84 84 84 84 84 84
( 9 6 19 28 47 60 63 64 65 65 65 65 65 65 65 65 65 65 65 65 65 |
) 10 4 7 19 48 56 63 66 67 67 67 67 67 67 67 67 67 67 67
( 11 2 4 5/ 6 7 8 9 9 9 9 9 9
(No.1 35 36 36 36 35 36 36 36 36 36 36 36 36 36 36 36 36 36 36 36 36 36 36 36
) 247 5151 52 52 52 52 52 52 52 52 52 52 52 52 52 52 52 52 52 52 52 52 52
( 337088 87 88 88 88| 88 88 88 88 &8 88 &8 88 88 B8 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 10& 10& 108 10& 108 108 108 108
PLANT) 6 15 37 61 82 89 89 89 89 89 89 89 89 89 89 89 89 89 &9 . 89 89 89
B ( 7 16 29 35 58 72 81 81 81 81 81 81 81 81 81 81 81 &1 81 81 81
) 8 16 29 53 60 61 61 61 61 1 61 61 61 61 61 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 %4 74 75. 75 75 75 U5 75 75 75 75 U5
( 13 { 37 59 62 64 65 65 65 66 66 66 66 66
) 14 13 17 20 24 26 27 29 31 32 33
No.l 36 36 36 36 36 36 36 36 36 36 36 36 36 36 36 35 35 %6 36 36 36 36 36 36
§ 26571171 72 69 69 69 70 70 70 70 70 70 70 70 99 wo 970 70 70 "0 "0 70 70
( 34584 95 98 98 97 97 97 97 97 97 97 97 97 97 gy gn ov 97 97 9V  gn 9 97
) 4 33 72 117 132 130 131 130 130 131 131 131 131 131 131 33y 331 121 131 131 131 131 131 131 |
( 5 11 33 69 103 107 108 109 109 109 109 109 109 109 1099 109 109 109 109 109 109 109 109
PLANT) 6 4 14 35 63 84 93 93 94 94 94 94 % 94 94 93 93 93 93 93 9% 93 |
c ( 7 14 28 56 62 68 69 69 69 69 g9 g5 69 68 68 68 68 68 68 |
( 8 . 6 15 25 3B 46 48 48 48 45 48 48 48 48 48 48 48 48
) 9 | 3 12 22 34 49 62 g3 63 63 63 63 63 63 63 63 |
( 10 1 | 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 "2 72 727272 7217272 72721727272 72
( 12| 4 14 45 54 56 58 59 59 59 59 59 59 59 59 59 59 659
) 13 | 15 36 42 46 49 49 49 49 49 49 49 49 49 49
( 14 | 71317, 22 26 29 30 30 32 32 32 32

i
i
!
—
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TABLE N 0. 27.

GROWTH of INTERNODES in OATS MEASUREMENTS in M.Ms.

“July - August ’ Sept
Internode 18 20 22 24 26 28 30 1 3 5 7 911131517 19 21 25 2527 290 31 2 4 6 81012 14 16 18 20 22 24 26 28 30
7 e s - - . - - e e e e e o - . S e e < e
( No. 1 25 30 30 30 31 31 33 34 34 41 41 41 41 39 37 37 37 37 37 37 37 37 37 37 37 37 37 37 37 37 37 3
) 2 24 35 39 39 39 39 35 39 39 39 39 39 39 39 39 39 39 39 39 39 39 39 39 39 39 39 39 39
’ ( 3 4 2021 29 40 39 36 36 36 36 36 36 36 36 36 36 36 36 36 36 36 36 36 36
PLANT ) 4 : 17 21 21 21 21 21 21 21 21'21 21 21 21 21 21 21 21 21
A ( 5 : 16 18 18 18 18 18 18 18'18 18 18 18 &1 81 18 18 18
) 6 | 19 28 38 38 38 38 3& 38 38 38 38 38 38 38 38 38
( 7 g 31 45 48 48 48 48 48 48 48 48 48 48
) 8 . g 47 47 47 47 47 47 47
( 9 ; . 11 31
( No. 1 1519 20 21 23 23 23:23 24 25 25 25 25 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23
) 2 13 29 35,35 35 35 35 35 35 33 32 32 32 32 32 32 32 32 32 32 32 32 32 32 32 32 32 32
PLANT ( 3 g 7 13 14 1515 1515 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15
B ) 4 | 10 13 14 14 14 14 15 15 1515 15 15 15 15 15 15 15 15
( 5 ' 3 17 30 33 35 37 38 38 38 38 38 38 38 38 38 38
) 6 g 17 40 41 41 41 41 41 41 41
( " ; 319 32
( No. 1 23 32 32 32 33 35 35,35 40 44 42 42 40 40 39 39 39 39 39 39 39 39 39 39 39 39 39 39 39 39 39 39
) 2 16 25 27 28 28 28 28 28 28 28 28 28 28 28 28 28 28 28 28,28 28 28 28 28 28 28 28 28
§ PLANT ( 5 315 30 34 35 35 35 34 34 34 34 33 33 33 33 33 33 33 33 33 33 33 33 33 33
c ) 4 | 10 24 25 25 25 25 24 25 25 25'25 25 25 25 25 25 25 25 25
( 5 30 36 38 38 38 38 38 38 38 38 38 38 38 38 38 38
) 6 33 41 48 50 50 50 50 50 50 50 50 50 50 |
@ ( 7 , 30 39 42 51 51 51 52 51 |
( No. 1 30 33 37 41 42 44 46 48 49 49 49 45 42 42 42 42 42 42 41 41 41 39 39 39 39 39 39 39 39 39 39 39
( 2 2 25 33 33 34 34 34 34 33 32 32 32 32 32 32 32 32 32 32 32 32 32 32 32 32 32 32 32 32
: PLANT ) 3 24 38 39 40 40 39 40 40 40 40 40 40 40 40 40 4040 40 40 40 40 40 40 40 40
E D 4 40 40 40 40 40 40 40 40 40 40 40140 40 40 40 40 40 40 40 40
; ) 5 12 32 45 45 45 45 45 45 45 45 45 45 45 45 45 45 45 45 45
% ( 6 18 27 31 49 69;84 85 85 85 85 85 85 85 85
i < | |
; ( No. 1 31 34 35 34 35 35 35 35 35 35 35 35 35 35 35 35 34 35 34 35 34 34 33 33 33 33 33 33 33 33 33 33
) 2 21 32 32 32 32 32 33 32 31 31 31 31 31 31 31 31 31 31 31 31 31 31 31 31 31 31 31 31
( 3 - ? 30 30 30 30 30 30 30 30 30 30 30
PLANT ) 4
E O 5
) 6
( 7
) 8
& XNo. 13 18 20 22 23 25 28 33 33 33 33 32 30 30 30 30 30 3(‘)'30' 30 30 30 30 30 30 30 20 30 3%

19 28 28 28 28 28 28 27 25 25 25 25 3030 20 30 2 e 25
31 39 39 39 39 39 37 36 20 25 25 2520 25

%6 36 36 36 36 36 36 36 36 36 36 36 36
| 2121316 16 J. 1: 16 16 16 16 16|16 16 16 16 16 16
| R4 %5 35 32 32 33 33 3333 33 33 35 33 33 3
l' D1 48 49 4949 49 49 49 49 49 %

OB

40 49 55 58 59




TABLE XNO. R28.

GROWTH of INTERNODES in MAIZE MEASUREMENTS in M.Ms.

t July | August '  sept B B o
Internode 18 20 22 24 26 28 30,1 3 5 7 91113151719 212325272931 2 4 6 81012 14 16 18 20 22 24 26 28 30
. § No.l | 3 11 14 16 20 32 32 32 32 32 33 33 33 33 33 33 33 33 33 33 33 33 33 33 33 33 33 33 33 33 33
LﬁNT ( g ; 6/{10 16 17 18 18 18 19 19 19 19 19 19 19 19 19 1929 19 19 19 19 19 19 19 19
{5 | 4111519 24 25 25 25 25 25 25 25 25 25 25 25 25 25 25 25 25
{5 ; 1 5 19 23 25 27 28 28 28 28 28 28 28 28 28
| | | 3 10 16 18 19 20
( No.l 26 35 52 62 63 64 64 64 65 65 65 65 65 65 65 65 65
65 65 65 65 65 65 65 65 65 65 65 65 65 65 65
- z g 15 22 25 26|27 27 27 27 27 27 28 28 26 28 28 28 28 26 28 28 28 28 26 28 28 26 20 28 28
kvr (3 | 47 8 9 9 9 99 9 9 9 9 9 9 9 9 9 999 9 9 9
( 5 | | 71316 17 19 20 21 21 21 21 21 21 21 21 21 21 21 21
) e ‘ 9 17 2227 29 29 29 29 30 31 31 31
| | 11 26 31 33
( No.l (25 41 44 46 47 47 48 48 48 48 48 48 48 48 48 48 48 , - |
i i 48 ,
) 2 17 30 34 36 37/37 39 30 39 39 38 38 38 56 35 86 37 36 35 35 8o de % 8 fe 89 Bo 39 3o Aa
PLENT § 2 8117 25 27 28 28 29 29 29 29 29 29 29 29 2¢ 30 20'29 29 29 20 29 29 29 29 29
( 5 | 14 23 28 30 30 30 3 32 32 32 32 32 32 32 32 32 32 32 32 32 32
) 5 11 19 23 29 32 35 36 36 36 36 36 36 36 37 36 36
{7 . 8 15 20 26 28 30 31 31 31 31
| ( | 6 17 26 30
( No.l |25 40 49 64 66 66 66 66 67 67 67 67 67 67 67 67 67 g g -
| 7 87 67 7 87 67 67
) 2 4 24 20 33 33 34 34 34 34 34 34 84 B4 34 34 5, 54 34 54 54 34 94 94 84 54 54 54 84 34 34
PLgNT § 2 12117 22 23 fg 52 25 25 25 23 23 53 23 23 23 23 23 23 23 23 23 23 23 23 23 23
(5 | 26 28 29 29 29 59 29 29 29 29 29 29 29 29 29 29 29 29 29 29
R 10 16 15 19 23 24 24 25 25 25 25 25 25 25 25 25 25
(9 6 13 19 21 22 22 22 22 22 22 23 22
5 14 22 26 29 34 36 37 37
( No.1 26 54 71 73 76 77 78?78 "6 78 78 78 78 78 78 V8 18 "E MR e TE M8 T8 Y8 UE M8 & 18 U8 Vs 78 78
) 2 14 21 2628 29 30 31 31 31 31 31 31 81 31 3) 30 31 31 31 51 31 31 31 31 31 31 31 31
PLANT ( 3 418 25 27 28 28 28 55 59 29 29 29 29.29 29 29 29 29 29 28 29 29
E ) 4 915 17 18 22 24 25 25'25 25 25 25 25 25 25 25 25
¢ 5 \ g 12 15 17 18 19 20 20 21 21
( No.l 27 36 37 50 55 57 6161 61 61 61 61 61 61 61 61 61 36 61 61 61 61 61 61 61 61
) 2 10 36 45 51 52 52 53 53 53 53 55 53 53 53 53 g1 o5 o3 o3 53 53 55 55 53 53 53 63 53 53 63
FLAWT (3 121720 22 22 22 25 25 25 ;3 23 25 23 23 23 23 23 25 25 23 23 23 23 23
1 ) 4 | 16 31 36 38 35 42 42 42 42 42 42 42 42 42 42 42 42 42 42
& ; : | 9 13 16 17 17 17 17 17 17 17

| 4 10 25 33 41 47

|
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GROWTH of INTFRNODES in EUCALYPTUS VEASUREMENTS in  IM.1fs

S -

. July August ) Sept .
Internode | 18 20 22 24 26 28 80, 1 3 5 7 5 1l 13 15 17 19 21 23 25 27 20 31 2 4 6 8 10 12 14 15 18 20 22 24 26 28 30
( No.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 51 561 51 51 51 51 .51 51 51 51 51 51 51 51 51 51 51 . 51 64 64 64
) 3. 53 53 5% 54 54 54 54 53 53 53 53 53 53 53 53 53 53 53 53 53 53 53 53 o2 51 51
PLANT/ 4. 34 36 B6 36 35 35 36 B6 36 36 36 36 36 36 36 36 36 36 36 36 36 36 . 36 32 53 53
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 oo 36 | 36
( 6. 23 23 24 24 24 24 24 24 24 24 24 24 24 24 24 24 24 24 24 24 24 24 24 22 | 22 | 22
) 7. 9 9 11 12 13 15 15 16 17 17 17 17 17 17 17 17 17 17 17 17 17 17 17 = 2¢ 24
( 8. 3 3 3 % 3 3 4 5 5 5 5 5 5 6 6 6 6 6 6 6 6 7T 8 8 8 s 8 8 17 17
) 9. 2 2 2 2 2 2 2 2 2 2 & 8 9 9 9 9 9 9 9 9
| 2 2 2 2 3 3 3 3 3 3 3 3 3
( Wo.l. 104 104 104 104 104 104 104 104 104 104 104 104 104 104 104 104 104 104 104 104 104 104 104 loa los ;
) 2. ! 32 32 32 32 32 33 33 %3 33 33 33 33 33 33 33 33 33 33 33 33 33 33 . 33 a3 gz 104
( 3. 32 32 32 32 32 32 32 32 32 32 32 32 32 32 32 32 32 32 32 32 32 32 - 32 an 5 : 33
) 4. 22 23 23 23 23 23 23 23 23 25 2% 23 23 22 22 22 22 22 22 22 22 22 22 oo g 32
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 o 22 22
B ) 6. 3 4 6 8 8 10 12 14 18 21 24 25 26 26 26 26 26 26 26 26 26 26 | gg s o6 2 g;
7. 3 3 3 3 6 6 9 9 12 12 14 16 17 20 22 23 23 24 25 25 25 6
; 8. 4 6 7 8 8 9 10 10 11 11 13 14 16 17 17 17 f? f? f? 25 25 256 25 25 25 2 25 25 25
- ) 9 3 3 3° 3 4 4 4 4 4 4 4 18 18 18 19 19 20 20 20 20 20
. 44 5 5 5 5 6 7 8 8 8 8 8
10. 2 2 2 2 2 2 2.
|
a ((Wo.l. 74 T4 T4 T4 T4 T4 T4 T4 T4 T4 T4 T4 T4 T4 T4 T4 T4 T4 T4 T4 T4 T4 74 : 7 ”
é ) 2. 28 28 28 28 28 29 29 20 29 20 20 20 29 28 28 28 28 26 27 27 27 27 27 o7 27 s
g ( 3. 26 26 26 26 26 26 26 26 26 26 26 26 26 26 25 25 25 25 25 25 25 25 25 . 55 27
) 4. 17 19 19 21 22 23 24 24 24 24 24 24 24 24 24 24 24 24 24 24 24 24 24 5 9 25
PLANT ( 5. 5 5 6 8 9 10 12 12 14 14 17 17 17 1& 18 19 19 19 19 19 19 19 19 25 2¢ ,fg
j i : ) :
c.) 8 | 6 & 5 10 11 11 12 14 15 18 28 15 1610 1818 18 18 19 19 19 19 19 19 19 19 19
) 7 ST A 1010 10 10 11 14 14 16 16 16 16 17 17
( 8. v 4 4 8§ 8 8 9 11 13 14 16 18 20 21 21 21
) 10, " 4 4.4 4.4 5 9 11 11 11 11 11 11
) 10. % ; 3 3 5 5 6 7 7
—_ ,[ SR e , | 3 3 3
. RTINS S - Ce - . - - } e . . ce e ~ e s - - S e e e e el o e e et e et e e e




TABLE NO. 30

GROWTH of INTERNODES in MUSK MEASUREMENTS in X.Ms

, July . August | Sept. |
Internode ]; 18 20 22 24 26 28 30, 1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 81/ 2 4 6 8101214 16 18 20 22 24 26 28 30 |
i ! |

) No.l | 10 10 10 10 10 10 1010 10 10 10 10 10 10 10 10 10 10 10 10 10 10 1010 10 10 10 10 10 10 10 10 10 10 10 10 10 10

( 2 | 10 10 10 11 11 11 1111 11 11 11 11 11 11 11 11 11 11 11 11 11 11 11,11 11 11 11 11 11 11 11 11 11 11 11 11 11 11
) 3 11 14 14 15 15 16 15,16 16 16 15 16 16 16 15 15 16 16 16 16 16 16 16/16 16 16 16 16 16 16 16 16 16 16 16 16 16 16 |
( 4, 3 4 710141516116 17 17 17 17 17 17 17 17 17 17 17 17 17 17 1717 17 17 17 17 17 17 17 17 17 17 17 17 17 17 i
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SECTION SIX . B

Having now given in detail all the observations made,
and outlined their chief points in the various Sections
under which they are gfouped it is proposed to discuss
briefly their mesning. As the main object of this inquiry
was to study the growth of the individual in Man, and the
experiments on Animels and Plants were entirely subsidiary,
and to see if any light could be thrown on certain Phenom-
ena which appeared in the growth of the human being, theso
few comments will deel chiefly with the observations re-
corded in Section 5, and the points made in the other
Sections on the growth of animals and plants will only be
used as examples and for reference.
| This Section will deal with (A) the different types
of growth, (B) the avoidance of wide extremes of stature,
and some remarks will be made on the relationship of (C)
temperature and (D) environment to the growth of the in-

dividual and their possible influence in determining the

type of growth.
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A. DIFFERENT TYPES OF GROWTH

With regerd to the various forms of growth there are

apparently three main types, Regular, Irregular and Cyelic.
Regular Growth

Growth of the Regular type is not commonly found in
lien, and was observed in only 12.3% of the charts detailed
in Section 3. A uniform and continuous increase in height
and ‘weight is thus occasionslly seen in the humen subject,
and in the series of 250 charts such examples of this type
as were present were very perfect, an even line of ascent
géiﬁg maintained throughout the whole period the boys were
under observation.

In the records of the growth of rabbits the regular
type was rare, while in the guinea-pigs uniformity in the
rate of increase was the marked feature of the charts, and
in the internodes of plants, regularity of growth was ob-
served as the rule and not the exception.

From these observations the existence of a type of
growth in which increase progresses at a uniform and reg-
ular rate would seem to be fully proved, and although only

& few examples were seen in Man there were several instances
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in the records of guinea-pigs, and in plants it appeared to

be the usual mode of growth.

Irregular Growth

Irregularity in the rate of growth, on the other hend,
is the form most frequently met with in Man, and in the
series of records of the growth of boys taken from the
Bootham School Register it was found to the extent of 83%.
As 8 rule the variation in the rate of increase was slight,
and merely amounted to alternating periods, of indefinite
1ength, when growth was either slower or more rapid as the
case might be, There were however, examples of all grades
of irregularity, from the faintest undulation in the ascend-
ing line of increase to Charts shewing periods of exceed-
ingly rapid growth followed by a term of some weeks or
months duration in which no increase whatever took place and
in which there might be actual decrease in stature. Marked
irregularity in the rate of growth was shewn by many of the
rabbits, and in some of the guinea-pigs a slight degree was
found. The growth of the chickens recorded by Professor
Miné;:%as probably of this irregular type also. Of the ten
chickens under observation two were males, eight femalgs,
and although he only gives in his Tables the average daily
increase of a male chick and a female, the average incre-

ments are so irregular that the rate of growth of the in-



72
dividuel chicks must have been very variable.

With reference to the periods which have been noted as
occasionally seen in growing boys in which temporary de-
crease in stature occurs.

In most instances the diminution takes plece immedi-
ately after an outburst of very rapid growth, but this is
not invariably the case, and occasionally the phase of
retrogression precedes the period of active inecrease.

The explanation of decrease in stature is not clear.
Presumably it is due to loss in bulk of the fibrous inter-
vertebral discs.. As the measurements were always taken at
the same period, the forenoon, it cannot be explained by
daily variation. Whether it is to be accounted for by
Qithdrawal of moisture, or whether there is absorption of
fat, both from the tissues under the heel and from the
nucleus pulposus of each intervertebral dise, but as quite
commonly the weight is rising while the decrease in height
is teking place, the latter explanation seems hardly
probeble. A third suggestion is that perhaps, during active
growth, the proliferating cells in the discs are of the
large embryonal form, and, contracting on becoming mature,
produce a minuté shrinkage of the disc as & whole. This
idea is strengthened to some extent by the comparatively

frequent occurrence in this series of observations of_
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gradual and prolonged decrease in stature of boys between the
ages of sixteen and eighteen and in whom the stage of active
growth is almost spent.

An analogous decrease was often observed following the
cessation of growth in the internodes of Plants, and in the
records of the growth of rabbits periods of arrest asccom-
panied by loss in weight were common. Diminution in the
length and weight of fish has also been noted by Dr. Fulton
as occurring when growth is completely arrested during the
winter months.

Cyelic Growth

The cyclic type of growth was present in only 4.7% of
the records of the growth of boys. The line of inerease in
tﬂis type is composed of a succession of distinct curves
which follow each other with perfect regularity and precision.
Phases of active growth lasting over a definite period of
time alternate with phases of retardation or arrest which
8lso have a constant duration, and thus the curve of growth
is made up of & series of waves, each one identical with
its neighbours in every respect.

In the investigation of the growth of boys those cases
which presented the cyclic form were very typical, and it

would be difficult to find & more evident example of cyclic

growth than that shewn in Chart No. 17.
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The observations on the growth of crabs furnish ex-
amples of eyclic growth in its purest form, and it has been
shewn how, in these exoskeletsal animels, active growth is
confined to a short period of a few hours, or at most three
or four days, and after that there is a lapse of some weeks
of complete arrest before the commencement of & new cycle
determines another spurt of rapid increase in size and
weight.

Cyclic variations were of fairly common 6ccurrence in
the records of the growth of rabbits and, although to a
much less extent, those of the guinea-pigs, but in the ob-
servations of the growth of plant internodes there was no

suggestion of the cyclic type being present.

B. AVOIDANCE OF EXTREMES OF STATURE

An interesting point which emerged in the investigation
of the growth of boys was the apparent tendency to avoid wide
extremes of size before maturity was reached.

As has been noted in Section 3, Group 4, in those boys
who, at the age of seventeen or thereby were considerably
below the average height, active growth continued when in

the majority of cases it was either slowing or had ceased
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altogether, and conversely, how soon growth ceased in those
individuals who had attained large size comparatively early
on in adolescence.

Thus the differences were to some extent eliminated,
growth persisting till a later period than usual in back-
ward individuals, or stopping at an early age if consider-
able stature had been reached, so that the various individuals
were, in a way, brought on to a level with each other and
a fairly constant standard meintained in the adult.

Williamsol has noted and pointed out this fact in his
investigations of the growth of the e¢rad. In Table No. 3
an example is furnished by Crabs Nos. 5 and 11. Crab No. 5
at the end of its first year, (April, 1901) measured 8 m.m.
while No. 11 at the same age (Feb. 1902) measured 22 m.m.
During their second years, however, No. 5 moulted eight
times to No. 11l's four, so that, at the end of the year
their respective measurements were 53 m.m. and 52 m.m.

This presents a very marked case of the avoidence of ex-
tremes of size.

In the observations of the growth of rabbits and
guinea-pigs there was no instance of an animal which had
increased more rapidly ceasing to grow earlier than its
neéighbours, nor of the stage of growth being prolonged in

one in which increase had been unusually slow, but it is
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remarkable how little difference there was in the weights of
the various specimens at the end of the period of observa-
tion.
The number of examples of this tendency towards the
maintenance of a common standard of size are too few for any
stress to be laid upon the point; but there is certainly a

suggestion of its existencs.

C. TEMPERATURE AND GROWTH

Before discussing the relation of temperature to growth
in Men the results of some experiments on lower animals should
be noted. A large amount of work has been done on the in-
fluence of temperature on the growth of tadpoles and fishes,
and the unanimous opinion is that a close connection exists
between the rate of growth and‘the temperature of the sur-
roundings. It is proposed to consider first the case for
and then against such a view, and include a few remarks on
the relationship of temperature to the growth of boys as it
appeared from the observations detailed in Section 3.

That the temperature of the water plays an important
part in determining the rate of growth of young tadpoles

has been shewn by Oskar Hertwig A young tadpole kept at
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a temperature of 11.5°C. was no further advanced at the end
of three days than the egg stage, while another individusl
from the same bateh of spawn had, in the same period but
at a temperature of 24°¢c. developed into a tadpole,in length
more than four times the dismeter of its brother in the
colder water. |

Fishes have been largely chosen as the subjects for
experiment, and during the last few vyears several papers
dealing with this subject have appeared in the Annusl Re-
ports of the Fishery Board for Scotland.

Dr. Fultonm states that "The growth of fishes is closely
related to the temperature of the water in which they live,
the meximum increment teking place when the water is warm
and the minimum when iy'is.cold: and the greatest varia-
tions occur where the range of temperature is greatest.".
"The influence of the temperature of the water is two-fold,
directly affecting it by accelerating and retarding metab-
olism and indirectly by increasing and diminishing the
abundance of the lower orgenisms which form a lerge part of
the food of fishes. The direct effect is probably much the
more important of the two."

It appears that temperature modifies the rate of growth
by acting directly upon the metabolism and also by affect-

ing the rapidity of digegtion. "In very cold water fishes
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give up feeding altogether, because the ferments upon which
digestion depends do not act, or act very slowly, at low
temperatures, therefore appetite is lost," and Knenthé ena
Zuné;:gave shewn that metabolism is more active in higher
temperatures by the increased excretion of CO0y and other
products.

Dr. Fulté;:%as reported a series of experiments on the
growth of fishes kept in tanks at various temperstures dur-
ing the winter months, and his results seem to prove fairly
conclusively that temperature does influence the rate of
growth to a certain extent.

Tables Nos. 31 and 32 are adapted from some in his
paper; the former shews the rate of growth of five codling
.kept in Teank "No. 1" in which the water was at the ordinary
temperature of the season, (winter) Table No. 32 the growth
of three codling in artificially warmed water in Tank "No.
4", The experiment lasted over é reriod of one hundred angd
fifty-five days, and in the 1last column but one of both
Tables is given in M.Ms. the total increese in length of
the fishes during that period. It will be seen that the
codling in the warmer tank grew more rapidly than those in

the unheated one, the respective rates of growth being

approximately as 5 to 4.



TABLE ©No. 31 - TAFK "FNo. 17
""'"7," ---- T"""""“"""’""‘"’"'T ---------------- b bt e
; g Mean Temp. : Mean Temp. . Mean Temp.
@ . 4.59C. (40.1°F.) | 9.39C. (48.7°F.) 56 50C. (43.7°F. |
; --------------------- s Qg

Increase in

Fish \ 100 days later 55 days later ' the 155 days
COA- LONGER - === - mmmmmmm e e mm e L ool
ling . . Increase Increase é
é Length -----ceoeooo Length --------—_- : Mean
; Mean Mean  Total per
{ ‘Total per | Total per 1C days
; : 10 days | 1C days
A A S T JrrTmeaT T T
Fo.l 147 185 | 38 3.8 . 226 . 41 7.45 ¢ 79 5.1
2. 143 184 & 41 4.1 200 16 2.9 Y 2.7
3 132 169 @ 27 8.7 208 39 7.09 | 79 4.9
4 129 leg | & 3.4 | 200 37 6.73 | 71 4.58
5 123 | 160 | 37 3.7 i 194 | 24 6.18 j 71 4.58
i i S JES o L Sy ooyt [
TABLE TNo. 32 - TANK "No. 4"
: Mean Temp. § Mean Temp. ' Me&n Temp.
12.3%. (54.19F.) | 12.9°C. (55.29F.) [12.5°C. (54.50R.)
: ; - Incresse in
Fish ! . 100 days later | 55 days lseter , 165 days
~ Cod- Length ------- e —————— fomme oo e e i
ling : Increase g Increase
Length -----nvoomon-l Length i-----cvmemnn } Mean
Mean Mean = Total  per
Total per Total per 10 days
; 10 days 10 days
Fo1' 178 225 52 5.2 | 278 53  9.64 105 6.77
"2 126 167 . 41 4.1 221 54 9.82 = 95 6.13
EJ 120 166 46 4.6 220 54 9.82 100 6.45
: i U R
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Chart No. 32 is copied from & Plate:in the same &article.
and gives the curves of growth of fishes in watersof verying
ranges of temperature at the different seasons of the year.

The blue line represents the growth of Whiting in the
Firth of Forth, where there is a marked change in the tem-
perature of the water in summer end winter, the black line
the growth of Haddock in Aberdeen Bay where the range of
temperature is not so great, and the brown line the growth
of Haddock in deep water off the Shetlasnds where the altera-
tion between swmmer snd winter temperature is comparatively
slight.

The degree of veriation in the rate of growth of the
fish is very striking as it decreases pari passu with the
diminution of the renge between the summer and winter tem-
peratures of the water..

From these observations it is evident that fishes do
not grow continuously throughout the year, but shew a def-
inite periodicity bearing some relation to the changes in
the temperzture of the water during the different seasons,
growth as & rule being rapid in spring and retarded through-
out the colder months.

Another Plate is given by Dr. Fulton in the same
peper shewing the relation of the temperature of the water

to the rate of growth of young Plaice, but as it appears to



WIrKi Tiinilir TTivirvwiiir TT'if Y wwAnexxi Tr Tnriynw
| I nr 3

Thuttls.
#6

koo

300

. loo

loo

CHART NQ 32.
&LUt UME— WHITINQ QirTb” Tbrfb)
HLACK UNE—HADDOCKI"bfyyeeo
SPOWSIUKE—haddock



81
contain certain points contra-indicating this close connec-
tion between temperature and growth it will be discussed
later.

With regard to the effect of temperature on the rate
of growth of Crabs, a glance at Table 3 is sufficient to
shew the relastive frequency of rnoults in the summer months
&s compared with the Winter,:but although moulting takes
place more commonly in the summer it is by no means con-
fined to the warmer months. There are plentiful examples
of moults occurring at all seassons of the year, but the
large mejority are found between April and September.

It is quite unnééessary to remsrk on the influence of
season on plant life, and the common practice of "forecing™
furnishes unguestionable proof of the salutaery effect of
warmth on vegetable growth.

The relation of tempersture to growth in Man is more
difficult of investigation than in the lower orders, as the
types of growth in the human subject are various and com-
plex. An attempt has been made, however, by charting the
incidence of periods of rapid growth and periods of arrest
in the several months of the year and comparing these with
the lMeen Temperature Curve. Such Charts are found in Tos.

3% and %4.

The red line represents the averages of the mean tem-
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perature for each month taken at York over a period of forty
yearsﬂi:&n Chart No. 33 it will be observed that the in-
cidence of spurts of rapid growth, apart from being highest
in the months between April and July accords but little with
the temperature curve. The maximum temperature is reached
in July, while May is the month in which rspid growth was
most frequently observed, and again, in December, one of
the coldest months, Witp a mean temperature of 39°%F. active
growth was more common than in August, with its mean tem-
perature of 59°F.

The short period comprising the months of December and
Januaery in which there is & sudden rise in the incidence of
active growth, coming &s it does right in the middle of
winter when the thexrmometer is at its lowest is & point in
disfavour of the direct influence of temperature on growth.

Chart Ko. 34 combines the incidence of periods of
arrest with the temperature curve and is more suggestive of
some connection between temperature and growth. In it the
number of instances of arrested growth in the seversl months
varies inversely with the mean temperature curve for the
different periods of the year. As a general rule the colder
the month the more commonly did periods of arrest occur; but
it must also be noted that the incidence of these periods

of arrest is only roughly in inverse proportion to the



83
temperature. For example, the thermometer stands at prac-
tically the same point in March and November, and yet in
the former month retarded growth is considerably more com-
mon than in the latter. |

It is evicent from Charts 3% and 34 that either great
activity or complete arrest of growth may occur in any
month of the year, and therefore low and high temperatures
by no means prohibit rapidity or retardation of increase,
although perhaps the higher temperatures predispose to
activity of growth and vice versa.

With reference to the arguments ageinst the influence
of tempersture on growth.

As has already been pointed out there is considerable
discrepancy between the times of greatest frequency of
active growth and the times of high readings on the ther-
mometer, that May is the month in which rapid increase is
most commonly found, while it is not until July that the
maximum temperature of the year is reached. Further, that
in December and Januery sctive growth is more frequent then
in the months immedistely preceeding and succeeding them
although the tempereture curve is then at it lowest.

It must also be borne in mind that in the series of
growth-charts of boys, there was a ceritein percentage shew-

ing the regular form of incresse end which therefore
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presented a type of growth ebsolutely uninfluenced by
gseasonal changes, and the same might be said of all the
cyelic charts except those shewing twelve-month swings,
where there is sone question of the influence of temper-
ature in determining the rate of growth. The types of
growth, therefore, are unaffected by changes of temperature.

Chart No. 25 is copied from a Plate given by Dr.
Fultagz%o illustrete the influence of temperature on the
growth of young Plaice. ’

It was intentionally left over when the direct rela-
tion of tempersture to the growth of fish was being con-
sidered as it seems to contain some points against rather
than in support of the idea that there is a e¢lose connec-
tion between these two.

The black line represents the growth of the fish, the
dotted brown one the tempersture of the water. Growth is
seen to be extremely active dgring the months of May, June
end July; andTAugust, when the maximum tempereture is re-
corded, the rate of increase is comparatively slow. 1In
August, with the temperature of the water over 56°F. the
rate of growth is less than one half what it had been in
May when the thermometer registered only 48°F.

Also, that the temperature is the same during the

months of May and November (where the letters "X" and"y"
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have been placed) but it is only in the former that active
growth is shewn, there being literally no increase in
November.

On the strength of these facts, when the curves of
temperature and growth are studied together, it is suggested
that the growth of the fish is essentially eyeclic, and that
the temperature of the water is not such & potent factor in
producing acceleration or retardation of growth as it would
appear to te in, for example, Chart Fo. 32.

From the above arguments the variations in the rate of
growth of fishes seem to be practically independent of
changes of temperature, but Dr Fulton's Tank experiments
leave no question but that warmth and cold stimulate or
impede growth to a certain extent.

In Man, however, the points in favour of and against
the influence of temperature on growth are not so equally
divided, the mass of evidence indicating that the rate of
increace is independent of the témperature. This is prob-
ably explained by the fact that Man is & warm-blooded
animal, and therefore externsal temperature does not suf-
ficiently interfere with the various metabolic processes

to accelerate or retard growth.
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D. ENVIRONMENT AND GROWTH

‘In the following remerks it is not proposed to discuss
the effect of physical surroundings on growth in general,
but merely to consider whether they have eny bearing on the
various types of growth which are displayed by children.

The influence of nutrition on growth hes been provead,
the rate of increacse varying directly with the sufficiency
or insufficiency of the food supplé@gglso that the condi-
tions of housing, snother factor almost inseparable from
nutrition, play a very important part in the growth of the
child.

In en inquiry made at Belvidere Fever Hospital into the
physique of children in relation to their social conditions
it was found that the child from the one-roomed house was
of lower stature and weight than that from the two-roomed.
end the two-roomed than the three-roomed snd so on; in-
dependent of the presence or absence of rickets. Further,
that the one-roomed child shewed the greatest capacity for
improvement under the hygienic conditions of hospital 1life,

next the two-roomed, then the three-roomed etc. (Unpublished
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results by Macgregor)’r

This close connection between the growth and develop-
ment of children and their position in the soeial scale
wes strikingly demonstrated in the extensive investigaetions
made among the children attending the Primary and Higher )
Grade Schools of the School Board for Glasgow

The superior physique of the children belonging to the
non-labouring classes as compared with those of the lzbour-
ing eclasses was recorded by Bowdite and is well shewn in
his Tables of the average heights and weights of Boston
school-boys.

Although it has thus been proved beyond question that
the different conditions of the socisl gredes favour or
impede growth, it is no argument that they have any in-
fluence on the type of growth which the child will present.

Unfortunately the serieé of records of the growth of
boys obtained from Bootham School gives 1little scope for
observing the possible effects of altered surroundings.

The only opportunities offered are at the times of
hdlidays, and although these brought about & multitude of
small changes in locality, habdit, etec., the hygienic con-
ditions of school and home life were equally favourable,
so that any very apparent interference with the types of

growth could hardly be expected to result from them.
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April, August and September, December and Januery were
the months in which holidays took Place.

In the Regular and Cyelie charts of Groups 1 and 3,
the types are apparently quite independent of external con-
ditions, so that it is only in the Irregular charts of
Group 2 that evidences of the influence of gurroundings on
the fype of growth may be looked for.

Charts Nos. 33 and 34 shew that the incidence of
rapidity or arrest of growth during the easter holidays in
vApril, or the summer ones in August and September, is not
out of proportion to that for the months immediately pre-
ceeding and following them.

In December and January there is & rise in the fre-
quency of rapid growth in comparison with November and
February, but as it is &lso in December and January that
arrested growth is most commonly recorded,the occurrence of
the Christmas holidays cannot be said to have had any more
effect than the Easter and Summer ones on the growth shewn
by these charts of the Irregular Type.

In describing some experiments on the migration and
rate of growth of fishes Dr. Fulté%ﬁgtates that Plaice
which were kept in a tank (as a control) did not grow so
rapidly as those which, after being measured and lebelled,

had been returned to the sea, recaptured some months later,
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and remeasured.

This may be taken as an instance of growth being im-
Peded by comparatively unfavourable surroundings, but the
type of growth was unaffected; there was the usual period
of rapid increase in the spring months and the period of
arrest throughout the autumn and winter, so that the curve
of growth presented its normel features.

Such evidence, therefore, as is aveilaeble, points to
the types of growth being independent of and unaffected by
the conditions of the surroundings, in spite of the fact
that environment plays such an important part in increasing
or diminishing the rate of increace and possibly the ultimate
limit of growth.

It would seem as if all growth might be clessified under
the three headings, Reguler, Irregulsr and Cyclic, and whilst,
in various organisms growth is confined to one type, as, for
example, the cyclic form in animsels with an exoskeleton such
as the crab, or the regular form in the growth of a plant-
internode, in others, as for instance Man, examples represent-
ing 811 three types are found.

It is suggested that the mode of growth pursued is due
to some inherent property of the individgal, and that en-

vironment and all other external influences pley little, if

any, pert in determining the type of growth.
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It is significant that in the series of 250 charts of
the growth of healthy boys, and in which the three different
types were represented, there were nineteen instances of
two or more members of the same family having been under ol-
servation. 1In this totel of forty-three charts, four in
Group 1, thirty-nine in Group 2, the growth of brothers wes
remerkably similer, pointing to the child being born with
& tendency, posgibly hereditary, towards ome form of growth
or another, and against the casusl influence of extrinsiec
agencies producing Regularity, Irregularity or Cyelic varia-

tions in the rate of growth.
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"Accroissement”



Ref. No.

10

11

12

II

Lenger, quoted in Text-book of Operative Surgery
P. 43, Prof. Theodor Kocher.

La Pratique des Maladies des Enfants, Vol. I

14

Chapter "Croisssnce", Cruchet.

Paper by Nr. Rbberts, F.R.C.S. quoted in Cyclo-
peedia of the Diseases of Children, Vol. IV, pt.
I p. 283, Keating.

Traité des lMaladies de L'Enfence, Vol. I, Comby,

Chap. Physiologie et Hygiéne de 1'enfance.

The 11th Annual Report of the Fishery Board for
Scotland, pt. iii p. 192, Fulton, and quoted in
XX do. p. 326 "Rate of Growth of Sea Fishes".
by Dr. T. Wemyss Fulton, F.R.S.E.

The 21st Annual Report of the Fishery Board for
Scotlsnd, pt. iii "On the Larval and Early Young
Stages and Rate of Growth of the Shore Crab

(Carcinus mesenas)" by Chas. H. Williamson, M.A.

D.Se.

The 20th Annusl Report of the Fishery Board for
Scotlend, pt. iii "Rate of Growth of Sea Fishes"



I1I
Ref. No.

by Dr. T. Wemyss Fulton, F.R.S.E.

13 The 22nd Report of the Fishery Boasrd for Scotland,

pt. iii "The Rate of Growth of Fishes, Sect. IV.
The influence of temperature on the Growth of

Fishes", by Dr. 7. Wemyss Fulton, F.R.S.E.

14 Journ. of the Scot. Meteorolog. Soc. 1898 "The Mean

Atmospheric Pressure and Temperature of the

British Islands", by Dr. Buchan.

15 Medical Inspection of School Children, p. 206,

quoted in'The Health of the School Child’ by W.

Leslie Mackenzie, M.A., M.D., D.P.H.,M.R.C.P.E4.,
F.R.S.E.

16 Report by Dr. W. Leslie Mackenzie and Capt. A.

Foster on a collection of statistics as to the
Physical Condition of Children attending the

Public Schools of the School Board for Glasgow,

with Relative Tables.and Diagrams.

17 The Problem of Age, Growth, and Death, by Charles
S. Minot, LL.D., D.Se. Append. II p. 258.

18 The Problem of Age, Growth, and Death, linot, p. 88.



Iv

The 22nd Annual Report of the Fishery Board for
Scotland, pt. iii p. 135. "Contributions to the
Life Histories of the Edible Crab (Cancer pagurus
and of other Decapod Crustacea. Impregnation,
Spawning, Casting, Distribution, Rate of Growth"

by Chas. H. Williamson, M.A., D.Se.

The 19th Annual Report of the Fishery Board for
Seotland, pt. iii p. 154, "On the Rate of Growth
of the Cod, Haddock, Whiting and Norway Pont,"
by T. Wemyss Fulton, M.D., F.R.S5.E.

The 13th Annusl Report of the Fishery Board for
Scotland, pt.iii p. 125, "Zones of Growth in
the Skeletal Structures of Gadidae and
Pleuronectidase,” by J. T. Cunningham, M.A., F.Z.S.

The 17th Annuasl Report of the Fishery Board for
Seotland, pt. iii p. 247, "On the Rate of Growth

of Plaice" by Harold C. Dannevig.
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