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INTRODUCGTION,

Tue situation of the foetus having been observed in the dead uterus,
i.e., after removal from the ewe (Curson and Quinlan, 1934; Curson
and Maré, 1934) and the relationship between the pregnant horn and
its mur’%‘pmuhm} corpus lutewm wveruwm having been ascertained
(Curson, 1934 ; Curson and Maré, 1934), it is ]10‘--Ihh’-‘. fo continue our
invest if_rnlfon.- either by :-'.lud_\.'ing- the foetus or the uterus.

It is proposed now to devote some attention to the changing
proportions accompanying the development of the foetus, the material
being derived from that tabulated in Study No. 10 (Curson and
Quinlan, 1934), viz. : Nos. 3, 10, 19, 22, 27, 33, 36 and 40, and Study
No. 12 (Curson and Maré, 1934), viz.: Nos. G (a), H, 42, 43, 44 and
45, The ages represenied by this series extend from 25 days to 145
davs, the interval between each foetus being readily ascertained from
a perusal of Plate 1, which shows each specimen reduced two-fifths
of the original.

_ For this investigation Hammond’s (1952) survey of the problems
involved in mutton production and Arey’s (1931) texthook of
embryology have been consulted.

It is intended to deal now with the effect of age on (a) general
body form, (&) weight, (e¢) length, and {(d) the inter-relationship
between weurht and L[—‘II"‘t]l A comparison is also to be made with
the human foetus (e).®

\poc!lmm J. (1931} in ** l"lwnm al l*.mhl\ulm_,\ " states t\ ol 1, p. 379)

“as early as 18347 Gurlt made a study of the increase in length of t],m foetus

nf the -slwt-p. but (nlm is the only investigator who has ever determined the

crowth in weight ’ Their fizures are given here as an appendix. Data are
also given hy _\'q-mlll:nn for the cow but not for the goat.
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(a) FKrreer or Acv ox Gexeran Bopy Forarn

Plate T (showing fourteen foetuses at approximately intervals of
ten days) and Plate 11 (showing the same foetuses with the height at
the withers consiant) should first be studied,

Rewmarks on Plate 1.—1etails concerning the specimens have been
arranged in tabular form (see Table 1), so there is no need to amplify
their identification. As will be observed, the interval between eavh
foetus is either ten davs or approximately ten days. The unnatural
posture of the lnmbs is due to the effect of preservation in formalin,
Tnfortunately  specimen G (@) was lost, hence the absence of
information regarding weight and length. The relative particulars
for a 30 dayv old foetus H, arve, however, given.

Remarks on Plate 1T —ITere the differences in ]m[]}' 'pl'upnl'ii{:tl:a
are better seen than in Plate I, for the heighi at the withers is now
identical.  The Plate should be compared with Figuves 2 (p. 92),
A (p. 154}, and 8 (p. 194), featured by Hammond®,

In a comparison of hady form, it is siviking how the general
change becomes less marked as the age increases, e.g. the greatest
variation oceurs from 25-35 dayvs.  Between 35 and 44 days the
proportions are markedly aliered, but from the 45th day onwards they
become less emphasised.  From the 96th day there is comparatively
little change. It is the apparent decrensze in size of the head which
is most marked,

Macroscopically, the most important exiernal change hetween
96 days and 115 days, particularly between 105 and 115 days, is the
acquirement of a coat, which by the 125th day is well developed.
It 15 not intended to give more than a general idea of the changing
Lody form, but it may be mentioned that as early as the 40th dayt
hair buds may be seen with a lens on the lips and evelids,

The above and other changes, e.o. development of hoofs, will
receive more  detailed  treatment in a  subsequent study on the
establishment of the external form.

Above have been described and represented piciorially the general
changes of body proporiions. These are accompanied by a growth in
weight, an addition in length and an inerease in surface areat,

* The Suffolk embryo of twe months shown in Fig. 2 of Hammond’s book
does not agree in regard to appearance with ounr foetal material. We would
estimate this specimen at approximately 5-6 weeks.

t Duerden and Ritehie (1924 write, © Until the foeius i1s about two months
old the surface of the skin is perfectly bare, free from any trace of hair. fHy
the end of the second month, lowever, small light spots appear, easily
discernible with a hand lens 7. (p. 482

I As another series of foetuses is to be used for the observation on surface
area (see Lines, K. W. & Pierce, A, W. on ‘‘ Surface area of the Merinu
sheep in relation io the live weight of the animal *, Bull, Council for
Seientific and Indostrial Research, Commonwealth of Australia), the Sty
will be published separately, B

v
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In Table T are given the weights in grams, the C.1L, lengths in
e, and the natural logarithms of these weights and lengths (columns
3,04, 6 and T, respeciively), opposite the corresponding ages (column
2y, for the thirteen different foetuses (column 11,

Columns 2 and 3 give a comparative age-weight growih rate,
\\‘Il{l‘il [_‘i il]ll\'l I':Iipll #_:']'Hllllil'illll\' ]';\.' |11|'F.":l" Illli"‘,\ f'll]ll'lt'l'li'll 1._'\' il Sl']'il’!"\-
of continuous straight Lines on Chart A, On the other hand, just as
the difference between any two consecutive values of weight in column
3, divided by the time interval between the corresponding awes in
column 2, eives the average inerease in weight duving that period,
0 the average relative increase in \\'l'f;rhi is obtained from the
[tl(]u;:_. w) 1w

dt wodt
in the natural logarithm of the weieht with age i< equal 1o the change
in weight with age divided by the actual weight at that age.
w—weicht amd £ time, ]

logarithmie values in column 6. . 1.e. the change

At the early stages, during the firsi 1) monihs, growth in weight
takes place at a very low rate, which increases rapidly, however,
owing o a considerable aceeleration during the first 3 months, At
about the age of 100 days an average daily inerease in welght of
almost 62 gm. was reached as compared with an inerease of only
about | gm. per day at the end of 30 dayvs.  Bevond the age of
100 davs strong irrecnlarities will be observed, such as a drop in
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weight as regards foetuses 42, 44 and 45, These fluctuations can be
well understood, for the series of lambs was taken at random and
there is considerable variation in the weight of individuals of the
same age. Yet the data seems to indicate a decline in the gaius in
weight towards the end of the prenatal period. As regards the

: 5 i ; 1 dw
relative increases in ‘.\'t‘]{.{']ll(:{_ 'dt';l » there appears to be a gradual
decline as the weight increases. This relative inerease falls from well

over 200 per cent. for the early observations to a very small value
towards the end.

(¢) Tur Erreer or A ox Crows-Rusme Lexcti,

The particulars tabulated in eolumns 2 and 4 of Table I have been
transposed to Chart B which accordingly shows the inereasing length
diagramatically. The shape of the curve resembles the integration
sign § or an elongated 8 7.

At the end of the first month the rate at which the C.R. length
increases is approximately 0-16 em. per day, slowly accelerating to o
rate of just less than 0-5 em. per dav at the agze of about 85 davs.
After this stage (about 85 days of age), a gradual decline in the
growth rate again sets in till birth. Obviously the changes in length
are much less marked than those in weight as may be expected.  Also,
inspite of the decreased weights represented by foetuses 42, 44 and 45,
there has been no decrease in C.R. length. The relative increase in
[,d (tog. l) _ 1dl

dt bt
shows the same gradual decline with increasing age as was observed
in the case of weight, though over a much smaller range. Here, in
the case of the C.R. length, the relative growth rate falls from only
almlu_t -'.Llll] per cent. at the end of the first month to a very small value
at barth.

length , where /- C.R. length, and ¢ -time or age],

(d) RELATION BETWEEN THE INCREASES 18 WElGnT axp (. R. LExGTiL.

The most ohvious feature in the comparison between growths in
weight and C.R. length, as shown by the discussions under (#) and ()
and illustrated by the accompanying Charts A and B, is the much
smaller change in the case of length. Thus the average growth
rates over the 145 days for foetus 45 were about 9 gm, per day and a
little less than | em. per day for weight and length respectively.
Moreover the maximum inerease in weight (about 62 gm. per day)
was not reached before the age of 100 days, which is well after the
age, about 85 days, where the maximum gain in length (nearly
05 em, per day) has been reached. '

For a direct comparison of relative increases in weight and (.1,
length the natural logarithmic values for these two items have heen
entered in Table 1, columus (6) and (7) and also plotted on Chart (.
The points are connected by a series of continuous straight linges in
order to illustrate more clearly the strong linear relationship which
exisis.  The dotted line, Chart C, represents the * ideal " straight
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Cranr C,
Comparison of relative imcreases in weight and C.R. length,

(Dotted line represents y=10-G7G+4+0-3613..)
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line for the observed points, obtained by the method of leasi squares.
The equation for this straight line in terms of the logarithmic values
is:—

y=06764+0-3613w..................{1)
where ¥ log (length), and & log {(weight).

In order io represent the above “* ideal ™" relationship in terms of
the absolute values for length and weight the transformed equation
becomes : —

I=1-0Te0 38l e nrran s (2}

where [ - C.IR. length in em., and ¢ —weight in gm.

Nore.—Giving the weight in terms of length the above equation
(2) becomes: w -0-1564 277

This equation (2) represents a member of the parabolic family
of curves and is shown by the points on the dotted curve of Chart 1.
These poinis  are observed weighis against  the corresponding
“ expected 7 length as derived from equation (2), and given in Table
I, column 5. A comparison between columns 4 and 5 of Table T shows
the close agreement between  the observed lengths and  those
“expected 7 for the corresponding weights in column 3. The
discrepancies between the observed and * expecied ™ values in length
ig also very well illustrated by the curves oan Chart 1), and eguation
(2} is, obviously a fair approximation to the actual observed relation-
ship between weight and C.R. lengih,

() Coumrantsox wrrrw 1TaE Ilvvax Foeres,
Table 1. The Human. (Advey, 1931, p. 106.)

1. 2. 3. A4,

| Crown-RBuomp length (LY.
Aue (months). Weight (w) mns,

Observed {em.). I Expeeted (e,
- — -
Loicicid 56 5 &b 5 i b -1nng 3-3 10
- 2 25 R
O ' 24 f 8 it
| S 120 121 121
Harmvatand o u = m ) AT | 0 167 167
Beoais aaaas s o s mren iy 210 202
T raetird ¢35 £ 5 & 5 (R 245 2R7

Binpraas #4255 5 phue 105000 254 275
T 2,400 36 A0
oo 3,200 BRI 342

Table 11 represents the average weight and C.R. length for the
human embryo at monthly intervals as given in the above reference.
The general trend in growth for the human embryo agrees well with
that of the sheep. Graphieally the age-weight growth curve for the
human also closely resembles the shape of a hockey stick, as is the
case with the sheep data for the main pari, Chart Ao So the age-C. 1L,
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length curve for the human embryvo may also be compared with an
integral sign § or elongated ** 8 77, with a slight downward bend in
the middle. The maximum inereases are about 50 em. in C.R. length
at about the age of 5 months, and 800 gm. in weight afier the age of
& months, There is also a decline in the growth rate of C.R. length
towards the end of the prenatal period, but no such decline is shown
by the weight.

It has been found possible to represent the relation between
weight growth and linear growth in sheep during the prenatal period
by the equation:—

{=Cw"

where { =length, and w —weight.

The fitting of this equation was accomplished by plotting the
logarithms of weight against those of length and finding the besi
fitting straight line by the method of least squarves. When the
logarithmic values are then transformed to the units of actual
observation the above parabolic curve is found. Similarly the
corresponding equation for the human was obtained and is represented
by:—

1— 96 G5 0316

This equation is represented graphically by the points on the
dotted curve of Chart K, where also the observed points for length
and weight are shown on the continuous eurve. 'The discrepancies
between the observed and expected lengths for the given weight as
shown in Table I, columns 3 and 4 and illustrated by Chart E are
also fairly small.

SUMMARY.

This Study, the fourth of a series on merino foetuses, is concerned
with the effeet of age on (a) general body form, (&) body weight,
() C.R. length, and (d) the relationship between the increases in
weights and C.R. length. A comparison (e) is also made with the
himan foetus.

The changes observed are well illustrated in the two Plates and
five Charts.

Previous Studies should be consulted for particulars regarding
material,

In conclusion, we wish to record our indebtedness to Messrs, T,
Mever and . . Walker for their excellent work in regard to the
Plates and Charts,
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APPENDIX,

{Taken from Needham's Chemical Embryology, Yol T, p. 1675.)

Table 10.—Embryonic growth (length) of the sheep. (Gurlt.)

|
Week. | Day. | Length (cm.). Week, Day. Length (em.).

3 21 | 2-0 13 [ 91 355
4 [ 28 [ 31 14 08 376
3 | 35 [ 55 15 105 41-0
(1 42 [ 77 16 112 44 -0
| 40 ! 10-0 17 : 1149 | 460

8 | 56 13-4 18 : 126 | 48-0
9 33 | 160 19 ! 133 50-0
10 70 | 210 20 140 | al-1
77 | 25-0 21 147 al-l

12 84 30-0 22 154 _ 2.0

Table 11.—Embryonic growth (weight) of the sheep. {Colin.)

T

Day. | Weight of embryo (gm.). Day. I Weight of embryo (gm.).
2 | 8-5 a7 48-5

43 09-5 120 1910

47 [ 14 120 2,970

49 | 16 130 2,515

Sy 19 134 1310

51 i 26 137 3,710
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