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STACKS

- Effect of Inbreeding on Body Size, Anatomy,
and Producing Capacity of Grade |
Holstein Cows'

By W. W, Bwery, senior dairg hushundnui, G A, MaTrHEWS, detivy husbandmaen,
and M, F. FormdaN, hend, Division of Deiry Cuttle Breeding, Feoding, and
Meanagewent, Bureaw of Duiry idustry, Agricutinrel Rescarch Administration *
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_3 INTRODUCTION

The study on which this report is based was undertaken in an at-
tempt to mensure the differences, in animal form and internal anatomy,
between outbred dairy cows and cows representing various intensities
ot inbreeding, and if possible to determine the significance of such
differences from the standpoint of functional ability.

REVIEW OF LITERATURE

Numerous attempts have been made by other investigators to meas-
ure the specilic effcets of inbreeding in various spectes of animals.
Much of the avrilable informution pertaining to the effects of inbreed-
ing on the size and structure of the animals has been obtained through
studies of laboratory animals, A long-time, well eontrolled study of

! Guhmitted for publication March 1049,

. E. Woadward, forimerly senior dairy husbandman, who retired July 31, 1044,
enleulated adl of the coeflicients of inbreeding used in this study. R. R, Geaves,
who retived March 30, 1048, was head of the Division of Dairy Cattle Breeding,

. Feeding, nnd Management while most of the experimental work wag in progress,
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close inbreeding in guinea pigs, conducted by the Bureau of Animal
Incustry, United States Department of Agriculture, provided an
abundance of valuable fundamental data. Vauricus analyses of these
data, which included c¢ontrol animals of a strain maintained without
inbreeding and animals of highly inbred families and their crosses,
showed “size and weight differences which constitute the principal
differentiating characteristics between them” (3}).8

In order to determine the extent to which anatomical differences
contribute to the weight differences noted, and also whether or not
anatomical differences ave inhevited, Euton (3) subjected some 600
guinea pigs to an exhaustive anatomical stody which invelved the
weighing or measuring of nearly all of the internal orguns of the
body. The 600 animals included vepresentatives of fhe various
inbred families and their hybrids as well as of the control group,
which wuas not inbred. At the beginning of the anatomical study,
three inbred families wove in the twenty-sixth to thivtieth generations
of brother-sister mutings.

From the weights reported by Eaton, it appears that the animals in
the three inbred fumilies were definitely sinaller {about 20 percent
on the avernge) than those in the conmwrol group. He concluded thag
organs such as the lungs and liver were deﬁ‘nitely proportional to live
weight that the heart, spleen, kidneys, adrenals, and testicles wera
more nearly uniform in weight regardless of body weights; that ther
adrenals were nversely proportional to 1ive weight; and that thewe waa-
a remarkable degree of uniformity in intestine length. ton found.
that the weight of pituitary body followed, in general, the five weight=
The weights of tungs, thyroid, and adrenals showed the gneatestvari-=
ability ; weights of blood, heart, liver, kidneys, spleenpitultary,T
and testicles showed medium varinbility; and the length of ntestines=
and spleen measurements were the least variable. The degtiie of yari- 2
ability in organ size was about 15 percent lower in the inbi] animals’?
than in those in the control group. In general. the organs were rela-
tively larger—in proportion 1o body weight—in the hines having the ¥
smaller live weight. <.

In a Inter report Exton () showed that, despite large differences
in live weight between the inbred fumilies, there was very liitle differ-
ence in the weights or lengths of the leg bones, However, the leg
bones were definitely longer and heavier in the control animals (non-
inbred} than in the inbred animals, Varlability wus much less for
length than for weight of bones, was low for all bone measurements,
and was not materially different in the inbred strains than in the
control stock. Correlation with live weight wus higher for weight
thurt for length of leg Lones, These results appear to indicate that
inbrecding affects body weight to o much greater extent than it does
skeletal size,

The effect of inbrecding must not be confused with that of faulty
nutritien, yet Eaton’s ﬁncﬁngs are interesting in view of the observa-
tion made by Waters (8} more than 30 yeavs ago, Waters observed
that a growing animal kept urder extremely adverse circumstances,

with reference to nutrition, would remain underweight but would be-

*Ttalic numbers in parentheses refer to Literuture Clted, p. 34.
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come tall and narrow—signifying that the impulse to nmake skeletal
growth is stronger than the impulse to increase in weight.

Many breeders of cattle and other livestock have practiced in-
breeding to a limited extent and have drawn various conclusions with
vegard to its desirability. In most cases, interprefution of the results
with cattie has been based on small numbers of animals and short
periods of time. This probably is becanse few breeders have had the
facilities for carrying on intensive inbreeding practices over the length
of time required to obtain results involving numercus successive
generations, .

A few reports giving the results of organized inbreeding experi-
ments with cattle have appeared. Woodward and Graves (9) found
that birth weight was lowered and that rate of growth and mature
size appeared to be reduced by inbreeding. Dickerson (2) reported
that birt.: weight wus lowered by inbreeding, but that the difference
in size decresse with age. Bartlett, Reece, and Lepard (1) con-
cluded that neither birth weight nor rate of prowth was depressed by
inbreeding in a family of Helsteins and that type was una flected.
The results of a more complete analysis by Woodward and Graves
{10) confirm in general those pre\'iousiy reported by the same authors,
They indicate that intensive inbreeding lowered breeding efliciency;
lowered the birth weight of calves and tended ¢ ieduce their vigor;
atdd resuled in smailer mature cows, though the effect was not as
marked, relatively, at maturity as at birth. The results showed
marked reductions in both milk and butterfat production in the fifth
sud sixth generations of highly inbred cows, although in the earlier
generations level of production had been well maintained.

EXPERIMENTAL PROCEDURE AND DATA USED

The Beltsville inbrecding experiment on which the reports of
Woodward.and Graves {3, J0) were bused was begun in 1913 and con-
tinued until 1943, During the lnst 20 years of this period it was
carried on concurrently with a study of the interrvelationships between
body form, internal anafomy, and producing ability in dairy cattle.

Tn the tatter study. which 1s still ander way at Beﬁsvi}!e, cows that
have demonstrated their producing capacity and are to be removed
from the herd arve first measured in detail in order to record body
conformation in terms of body dimensions and proportions. Then
they are slaughtered and all of their internal organs, endoerine glands,
and body parts are weighed or measured. The same plan is carried
on at a number of State experiment stations that are coopersting in
the stndy. .\ summary {6} of the breed averages for body weight
and dimensions, and for the size of the internal organs and body
parts—based on the first 593 cows studied that had records of pro-
duction—atfords a basis for comparing the body form and anntomy
of cows representing different breeds and families, and of cows kept.
under vartous environmental conditions,

As the eows in the inbreeding experiment-—both inbred and out-
bred—were removed from the herd. they were handled according
to the above-deseribed plan by which ante-mortem and post-mortem
data were obtained. Some of the cows went ou. of the herd during
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the 10-year period before the conformation-anatomy-production rela-
tionship study was begun. TIn fact, no body-form and internal-nuat-
omy data were obtained on uny of the foundation cows in the in-
breeding experiment. nor on some of the other cows in the enrlier
generations.  Subsequently, it became regular practice to include the
cows from the inbreeding experiment in the anatemieal study and o
high percentage of the individual cows were scadied.

In order to avoid, so far ag possible, varintions which might result
frem ths inclusion of animals representing too great a mixturve of
breed ancestry, the unatomical study wag limited to grade Holsteins:
and only those cows were luchuled that had ab lenst 50 percent of
Holstein ancestry and less than §0 percent of tha anvestry of any other
breed.  Ante-mortem and post-mortem data were obtained for 71
grade Holsteing, of which 22 wera outbred and 49 were inbred, The
latter had inbreeding cocflicients ranging from 12.5 {0 64.6 peccent us
ealeulated by the Wright formula (7/).

The T1 geade Holsteing were divided into 4 groups on the basis of
intensity of inbreeding.  One group contained all of the 22 outbred
cows. WFor convenience in tabulating the data, these nnimals were
given a value of #07 for inbreeding and were grouped under the head-
ing ¥ontbred,”  The secand group contained 15 inhred cows with in-
hreeding coeflivients of 10 to 24 percent ; the thivd group confained 27
cows with inbreeding cocflicients of 30 to 49 percent; and 1he fourth
cronp inchiuded 7 eows with inbreeding coeflicients of 50 to 69 pereent,

Tho lowesi- irulividual coeflicient arwnge the 49 inbred cows was 12,5
percent and only 2 had coellicients below 201 percent. Tn the 3
groups arbitrarily sel up to show degrees of inbreeding among the
imbred vows (10-29, 3019 and 50 69)  1he coeflicients of inhreeding for
the varions groups of itemns studied incrensed in nerements of approxi-
mately 15 from ane inbred gronp (o 1he next.

The gronp of outbred cows ineluded 12 by registered Haolstein sives
ani of grade Holstein dams; 6 by registered Holstein sives out of vrade
Guernsey or grle Jersey damg; 2 hy grade Flolsfein sives aut of grade
Haolstein dams, and 2 others of unknown ancestry that were judged
to be three-quarters Holstein,  Alihough the sive and dam of each
outhred cow wuere unreelated. there was rome linehreeding in the sire of
2 of fhe cows and a varied amount of linebreeding and inbreeding
in the dams of several of the cows,

Brmerers Suowne Cll-RACTER 0F INBREEDING

Bevernl sxamples of pedigrees ace ineluded bere to illustrate the
charncter of sume of the matings that produced varions degrees of in-
breeding,  These simplifiecd pedigrees show only those ancestovs
involved in caleulaiions for the coeflicient of inbreeding. Maay of
the Tnbred anhtals frace to the Holstein sives Johan Wooderest T
{1th 103987, the firsl sire uzedl o the inbreeding experiment. T the
following pedigree examples, this sive will be retferred to as Lind.
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EXAMPLE A

[94—]3__-_ .
40-B__ L. l {94— | £ J

Example A is the pedigree of 2 cows (A~8% and A-95) with 125
pereent as the coefficient of inbreeding, the lowest among the 49 inbred
cows. The mbreading was threugh cow A-13.  Although the sire
40-B was an inbred son of 94-B. this did not affect the inbreeding
cooflicients of the daughters of A-13 because there was no relutionship
between S4-8 and A-13.

EXAMI'LE B

Example B is a shple ilustration of a sire-to-daughter mating
which gives an inbreeding coeflicient of 25.0 pereent,

EXAMPLE C
[ | YL D
A-21 LR LN § S i Ead .-
A25 | S Lad._____
A6 R PP
A-30 [ lad___... e

A-38 ..‘_-_..-l {]..ad _______

Example C is a simplified pedigree of five cows with an inbreeding
coeficient of 32.8 percent. The dams of all five cows bad inbreeding
coeflicients of 2500 percent,

EXAMPLE D

[Lnd . _
9B ____. l ILa(I _________ fad

........... Al .
e —
NG5 [ - (oo
A-68; [mma_,__ﬁ_..-l (L — -

___________ [Pt 1 A,
Lo |

Example D is a simplified pedigree of four cows that had inbreeding
coeflicients of 43.3 percent.
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EXANPTLE E

M-HB

{Lnd....-

20 1R

2-RB15 ..
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Example & shows the pedigree of the cow A-148 that had aninbreed-
ing coeficient of 6.6 percent. This was the highest in the group, and
the inbreeding coefficient of 58.1 percent for her dam was next to the
highest for the cows included in this study. Coeflicients for other
fermule ancestors of A—148 were 50.4 percent for cow A-106, 37.9 per-
cent for cow A-S0, 32.8 percent for cow A-26, and 25.0 percent for
cow A-3. )

Ack axp Nuaner oF Cows N THE INnsreDp GROUPS

Thirty-four of the 71 cows in this study were under 5 years of age
(avernge 3 years 10 months) and 37 were over 5 years {average 8 years
¢ months) at the time of slaughter, In the outbred group there were
16 under 5 years {average 3 years 8 months} and 12 over § years
{average 9 years 4 months). In the group with the lowest inbreeding
coeflicients (below 30), there were § cows under 5 yewrs (average 4
yenrs) and 9 cows over 5 years (average § years 8 months). The
middle inbred group (coefficients between 30 wnd 49) contained 14 cows
under 5 years {average 3 years 11 months) unc 13 cows over b years
{average 8 years). The highly inbred group (coefiicients betseeen 50
and 69) contained ¢ cows under § yeurs {averuge 3 years 6 months)
and 3 cows over & vears of age (avernge 6 years 3 months). The uni-
formity of distribution in number of vows with respect to age in the
+ gronps indicates that age Jifferences were not a serious disturbing
Fuotor in interpreting the effects of inbreeding in this study.

Weicters axp MeasureMents Usep i ANALYSIS

Thirty-one diffevent weiglits or measurements for each antmal were
used in this analysis. They include 3 body measurements taken just
prior to slaughter; live weights taken at 3 different periods of life;
and 25 weights and weasurements of organs and body parts obtained
after slaughter.

Although 35 external bedy measurements were obtained prior to
slaughcer, in order to minimize detail only 3 (height at withers, width
of hips, and length from withers to pinbone} were selected to repre-
sent the 3 body dimensions, height, width, and length. The live
weights used were taken at 18 mouths of age, at approximately 3
months after first calving, and agnin when the animal was measured
prior to slaughter. Udder capncity was determined by filling the
seeretory systen: with fluid and measuring the quantity held,

Records of milk and butterfat production also were used. Since
most of the preduction records were made during the first lactation and
commenced at ages ranging from 2 to 214 yerts, those that were made
at other ages were adjusted to the basis of the nverage age of first
calving, which was 2 vears 2 months and 10 days. The various items
were divided into six groups as follows: (1) Those vepresenting body
weight or mass, (2) those which indicate skeletal size. (3) the internal
orguns, (4) the endoerine glands, (33} the udder. and {6} miik and
butterfat production records.  Average values were used us u basis for
compurison.
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PRESENTATION AND DISCUSSION OF RESULTS

The data have been tabulated in four groups (table 1), according
to the Intensity of inbreeding of the cows included in the study.
Averages for each item of weight and weasarement ure given for the
outbred group and for euch of the three inbred groups. The uaverage
coefficient of ibreeding is shown in exch case for the number of cows
represented in each item of weight or measurement. Percentages,
caleultated on the busis of 100 pereent for the outbred group, are given
to show the changes in size of ench item of weight or measurement as
inbeeeding was intensified,

Comparable data showing the velative rather than the actua) nigni-
tude of the various iteras of weight or measurement are given in
tuble 2, in which the datan are aranged in the smne manner as in
tuble L. The values given rvepresent the number of units of weight
or messurement for exch 100 pounds of empty body weight of the
awimal,  “Ewmpty body weight” is the dilference between the live
weight of the animal inunedintely Lefore stnnghier and the weight
of the contents of the digestive tract.  Severad ifems given in table 1
were omitled from table 2 as they were not affected by cmpty body
weight at slaughter.  The number of animals vepresent ing gome iteing
in table 2 waus smatler than in table 1 becnuse empty body weight was
not determined for all cows,
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Tasle L—Lfect of inbreeding on

pressed in actual units of weight or measurement

. ’

size of body and its parts, and on vecords of milk and butterfat production, es-

Outbred group

Inbred groups with inbreeding coefficients of—

10 to 29 percent

30 to 49 percent

50 to 69 percent

Relation of weight
or measurement for
each inbred group
to that of the out-
bred group

Weight or measurement T
Average Average Average Average ;,B,‘}l;:g %ﬁg‘:&i 3:{;::3
Cows weight-or | “nges weighlt or 1 et weight or |~ weightor | oo roup | roup
OWS | measure- * measure- measure- measure- 5’(1 O_P "(30_1 g(50_
ment ment ment ment 29) 49) 69)
- Num- Per- | Per- | Per-
Body weight or mass: ber Pounds Number | Pounds Number Pounds | Number | Pounds cent. | cent | cent
Live weight at 18 months. . 15/ 863.00 115 (23.5) 765.00 |27 (39.2)] 771.00 |7 (54.5)] 744.00 88.6/ 89.3 86 2
Live weight about 31 ! |
months after Ist calf___. 18!1,030.00 (14 (23.0)] 987.00 |26 (38.9)] 970.00 |7 (54.5)] 935. 00 95. 8 942/ 90.8
Live weight at slaughter.. 22i1. 238. 00 |15 (23.5)i1,167.00 {27 (39.2)[1,139.00 |7 (54.5)}1,104. 00 94. 3] 92.0[ 89.2
Empty body weight__ ... 2011, 035. 77 |15 (23.5) 949.57 |27 (39.2)] 887.03 |7 (54.5)] 884.60 91.7/ 85.6] 85 4
Weight of carcass_. - ....- 20! $19.45 - |15 (23.5)] 571.02 127 (39.2)] 538.62 |7 (54.5)] 524.72 92.21 87.0{ 84.7
Average - oiirme et e cdme e S D e e e e e o e 92, 5] 89.6/ ‘87.3
Skeletal size: Centimelers Centimeters Centimeters Centimelers ;
Height at withers___..._. 221 " 133.77 |15 (23.5)| 13148 (27 (39.2) 132.47 |7 (54.5)] 132.86 98.3| 99.0, 99.3
Width of hips___ ..o ... 221 54.95 |15 (23.5) 53.62 |27 (39.2) 54.91 {7 (54.5) 54.50 | 97.6( 99.9/ 99.2
Length, withers to pin-
bones. ... _l_-- 20| 141.85 |14 (23.3)| 138.46 |27 (39.2)| 139.53 |7 (54 5)| 141.46 97.6/ 98.4 99.7
Depth of thoracic cavity N ‘
(maximum)________.___ 22| 49.49 {15 (23.5) 47.38 |27-(39.2) 47.59 {7°(54.5) 48. 25 95.7 96.2 97.5
Width of thoracic cavity
(Fthrib) oo o o 22| . 35.37 |15 (23.5) 35.17 |27 (39.2) 34.83 {7 (54.5) 34. 50 99.41 98.5! 97.5

-See fovtnote at end of table

SM00 NITISTOH AAVUD JO‘DNI(IEIE!HHNI
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.[‘ABLL 1—~Effect of inbreeding on size of body and its parts, and on records of milk and butterfat productzon, ea:pressed
in actual units of weight or measurement—Continued

Inbred groups with inbreeding coefficients of— Relation of weight

or measur¢ment for

Qutbred group i cach inbréd group

10 to 29 percent 30 to 49 percent - i 50 to 69 percent to tgggdofg:él‘fpout-

Weight or measurement f ,
'~ Average Avc}rage ‘ A\'(Ll-age ] Avc}mgc u}n“llarrzt& ?ﬁg‘;&? ;lxggg
.. . weight or weight or e weight or ! . weight or | .

Cows measure- Cows * measure- Cows ! measure- | Cows ! | measure- ;,(r{)(;l_p {’(tgoél_x_l g(r;)(;x_p

meni ment ment- |} ment 29) &9) ég)

Num- Per- | Per- | Per-

ber Pounds | Number | Pounds | Number | Pounds | Number{ Pounds cenl | cent | cent

Length of thoracic cavity . ,
(maximum) oo ae . 22 80..82 {13 (23.5) 82.13 127 (39.2) 81.62 17 (54.5) 81. 64 101..6} 101.0; 101.0
Average. ... oo ———— - e e e f v e b faa e Al ———— f 98.4i 98.8 99.1

Intérnal organs; B Pounds Pounds Pounds Pounds
Weight Of hearto. . ..._. 21 4.33 {15 (23.5) 4.16 127 (39.2) 3.74 17 (54.5) 3. 66 96. 1 86.4; 845
W ewhb of lungs_. . .._.... 21 8. 31 |15 (23.5) 9. 53 127 (39.2) 9.63 {7 (54.5) 9. 46 1147 115. 9} 113. 8
\Vel;:ht of liver.._._.._... 20 15.01 {15 (23.5) 15.44 127 (39.2) 14. 77 . 37 (54. 5) 14.31 1.102.9] 98.4f 953
Weight of stomachs..__.. 211 36.27 115 (23.3)} © :35.33 127 (389.2) 34.32 |7 (54.5) 33.03 97. 4] 946/ 9L 1
) Gframs Grams Grams . Grams
Weight of brain_.__...._. 221 4285 |15 (23.5)] 425.5 (27 (39.2)] 407.8 |7 (54.5) 385.3 -~ 80.31° 95.2) 89.9
Weight of spleen_ ____.._. 211 864. 2 15 (23.5)] 875.3 27 (39.2); 824.2 7 (54.5)f 820.2 101. 3{ '95.4f 94.9
Weight of kidneys___ .. ... 22(1,246.0 |14 (23.3)|1,213.2 126 (39.2)[1,180.4 |7 (54 51, 196. 1 97.4 94.7] 96.0
Meters Melers Melers Afeters ;
Length of intestines_. .. __. ] 21 58. 84 115 (23.5)] - 58.06 (27 (39.2) 57. 86 {7 (54.5) 60. 83 98.7] 98.3} 103.4
AVeTage oo oo | HE RN IR AR NI AN R 1010 97.4 961
¥

0t
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Endocrine glands: i . Grams Grams i~ Grams Grams | '
Weight of pituitary_..... - 22! 3.59 |15 (23.5 3.47 26 (39.3) 3. 31 7 .(54.5) 2. 88 96. 7] 92.2] 80.2
Weight of pineal. ........ 12 L 231711 (23.°7) . 247318 (38, 9) . 24944 (55.4) . 25001 98.3} 99.1] 99.3
Weight of thyroid. ... ..} 20 34.7 14 (24. 2) 38.5 26.(38.9) 35. 4 7 (54.5) 46. 3 111. 0} 102. 0} 133. 4.
Weight of parathyroids.. . .] 11 . 13181 7 (25.9) . 162918 (40, 0) 11115 (55.9) . 0760 123. 6] 84.3] 57.7
Weight of pancreas.... ... 21] 445.5 14 (23.0)} 386.4 27 (39.2)} 3641 7 (54.5)] 3855.0 86. 7 81.7| 79.7
Weight of adrenals. . ... 22 28.5 14 (23.3) 30.0 27 (39..2) 29.7 7 (54.5) 28.8 105. 31 104. 2{ 101.1

AVETUER . cam e mm e RN VI RSLSTEI FOUNUIIEE ISR RSUURDIUTUU GUPSRLS RO SR 103.6] 93.9] 919

‘Udder: '

Weight of udder (lzetat- Pounds Pounds Pounds Pounds

Ing) o ii il s 9 42. 16 7 (19.8) 31. 13 8 .(35. 8; 35.33 |3 (50.7) 22.82 73.8 - 83.8 541
Weight of udder (dryj..—_{ 13| 27.83 | 8 (26.7)| 26.48 118 (40.3)] 22.54 |3 (54.9)] 19.23 | 95.1] 810/ 69 .1

AVCIBEC . oo oo AR NI ISR I I R I 84.5 82.4] 616
Capacity of udder {lactat- ‘

INE) i e 4 54. 14 6 (18.9) 52. 67 5 (36.2) 87. 15 - |3 (40. 73 38. 15 97. 3} 105.6{ 70.5
Capacity of udder (dry)_._ 9| 38.02 |7 (26.9) 30.74 [14 (41.2)] 3243 |2 (53.3)] 47.82 | 80.9 85 3] 125 8

AVErage. e v i cncmmmdamacm e et e e e iAo e e e e 89; H 955 982
Ratio of capacity to weight Percent Percent Percent Percent

(laetatingy .. ... . . . 4f 145. 97 6 (18.9)| 167.72 5°(36.2) 180.74 |3 (50.7) 165.95 | 114: 9| 123.8] 113.7
Ratio of capacity to weight ,

@Ary) oo . 9 13214 17 (26.9)] 122.92 [14 (41.2){ 135.29 {2 (53.3) 226.72 93. 0} 102. 4| 171. 6

Average ..l ...__ R RS ISEPUVINION NSUUIURS: SR PN NSNS MRS ST 104.0] 113.1; 142. 7

Production records: Pounds Pounds Pounds Pounds ) »
1t S 21 12,306 |15 (23.5 13,202 24 (39.2 12,635 |6 (52. 8)] 11,343 107. 3] 102. 7[ 92.2

Butterfat. ... . _i.._._ 21 459 115 (23.5) 466 {24 (39. 2) 427 16 (52.8) 379 101. 5f 93.0, 82.6

Average . .o e e N L 1044 97.9 87.4

! Figures in parentheses show the average inbreeding coefficient of the cows represented.
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TasLe 2.—Efect of inbreeding on size of body and its parts, expressed in units of weight or measurement per 100
pounds of empty body weight

Weight or measurement

Qutbred group

Inbred groups with inbreeding coefficients of—

10 to 29 percent:

30 to 49 percent

50 to 69 percent

Relation of weight

. or measurement for

each inbred group
to that of the
outbred group

per 100
pounds
empty
body
weight

Average |

Average
per 100
pounds
empty
body
weight

Average

_per 100

pounds ]

empty
body

weight

Average
per 100
pounds
empty
body
weight

First
inbred
group
(10-29;

Second
inbred
group

(3049)

Third
inbred
group
(50-69)

Body weight or.mass*
Live weight at slaughter_._
Weight of carcass

Average
Skeletal size-

Height at withers
Width of hips

Length,withers to pinbones E

Depth of thoracic eavity
(maximum)

Width of thoracic cavity
(7th rib) .

Length of thoracic eavity
(maximum)

Pounds
121.09

Number

Pounds
123, 20

Pounds
128. 61

Number
7 (54. 5)
7 (54. 5)

Pounds
124. 85

Per-
cent .

101. 7
98. 5

Per-

Per-

cend

103. 1
97.5

100. 1

100. 3

meters
13..02
5. 35
13.76
479
3.45

7.85

melers
13.98
5.68
14. 81
5. 05
3.73

8.73

27 (39.2)

127 (39. 2;

27 (39,2
27 (39.2)
27 (39.2)
27 (39.2)

melers
15. 07

6. 23
15. 85

5.41
3. 96

Average

¢l
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Internal organs: Pounids Pounds | Pounds Pounds
- Weight of hearb. ... 20 J42 |15 (23.5) .44 127 (39.2) - .42 |7 (54.5) .41 1048} 100.0; 97.6
Weight of lungs..cu.~.o-- 20 081 | 15 (23.5) 101 |27 (39:2) 1.09 |7 (545) 1.08 124. 7] 134.6; 133.3
Weight of liver—oo....... 19 1.46 | 15 (23.5)] 1.63 |27 (39. 23 1.67 | 7(54.5)] 1.63 111. 6] 11441 1116
Weight of stomachs. ... ... 19 3.48 | 15 (23.5)| 3.73 {27 (39.2)| 3.89 |7 (54.5) 3. 74 107. 2| - 111.8 107.5
Grams Grams ' Grams | Grams ‘
Weight of brain...... .. 20 4174 | 15 (23.5)] 45 24 |27 (39.2)] 46.41 | 7 (54.5)| 43.81 1084} - 111.2| 105.0
Weight of spleen....... S 20l 8269 |15 (23.5)] 92.71 |27 (39.2)] 93.05 | 7 (54.5)| 93.18 112.1 112.5) 112.7
Weight of kidneys..-...:- 200 120,16 | 14 (23.3)] 127.57 |26 (39.2)}133.03 | 7 (54.5)[135. 94 1 106.2[ 110.7} 113.1
: ] Meters Meters Meters Melers |
Length of intestines. . _ ... 20 5.76 | 15 (23.5)| 6.17 |27 (39.2)] 6.59 | 7 (54.5)] 6.93 107. 11 114. 4 120.3
Average_ __ooo.ian- RTTETE: NI T TS CUSUIOUNE NUNUPUIPRIE) JPUNDANRSRI ECTFUeUrIns ITSPRSL B EEERE S 110. 3f 113.7f 112.8
Endocrine glands: Grams Grams Grams Grams ; ;
Weight of pituitary__.._.- 20 .35 | 15 (23.5) .37 126 (39.3) .37 |7 (545)] .33 105.7; 105.7; 94.3
Weight-of pineal .- . _.... 12 .0250].11 (23.7) 1026718 {38.9)] .0291] 4 (55.4){ .0289] 106.8 116.4 115.6
Weight of thyroid... ...~ 19 3.35 | 14 (24.2)] 400 |26 (38.9)] 401 {7 (545) 521 119.4} 119.7} 1585
Weight of parathyroids. .. 11 L0130, 7 {25.9) "0178]18 (40.0) .0123 5 (55.9)] .0086] 13¢. & 946 * 66.2
Weight of panereas-._... . 20l 42.80 | 14 (23.0)] 41.04 |27 (39:2)] 41.23 | 7 (54.5)! 40.05 95.7; 96.1  93.4
Weighit of adrenals_ __.... 20, 2.68 {14 (23.3)] 3.15 {27 (36.2)] 3.34 |7 (54.5) 3.24 117. 5] 124.6; 120.9
TSy S TNDEDES SO R I R PSR AN MU B 113.7] 109.5 1082
Tdder: Pounds ' Pounds Pounds Pounds '
Weight of udder (lactating) 7 4. 46 7 (19.8) 3.24 | 8(35.8) 419 | 3 (50.7) 251 72.5] 93.9 56.3
Weight of udder {(dry)--.. 13 2. 69 8 (26.7)] 2.82 |18 (40.3)] 2.46 |3 (54.9)] 212 | 1048 9L 4 78.8
AVETBEe. - —moom |2 R e O e e S 88.7 92.7| 67.6
Capacity of udder (lactat-
T B 4 5.20 6 (18.9) 556 | 5(36.2)) 6.85 |3 (50.7; 415 106.9; 13L. 7 - 79.8
Capacity of udder (dry)... 9 3.61 7 (26.9)| 3.21 [14 (41.2)| 3.52 |2 (53.3)] 5.28 88.9{ -97.5| 146.3
R T Y- SURNONIPR: MCAVTN ISENERIGICE SR MEpEERE AP AERR PR EEEEEE ERERERES 7.9 114. 6] 113.1

1 Figures in parentheses show the average inbreeding coefficient for the cows representéd.
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EFrEcT oF INBREEDING ON Sizk oF Cow anp HEr Bopy PArTs

For the items representing body mass, a definite decline in the per-
centages hased on actual units sccompanied an increase in the coefti-
cient of inbreeding (table 1). Averages of the percentages for the
five items representing body mass for the three inbred groups are 92.5,
5.6, and 87.3, respectively, showing t7,at as inbreeding beeame more
ntense the size of the animal decreased. On an average, the animals
having the highest degree of inbreeding were nea rly 13 percent below
the outbred animals in size. This is somewhat less than the 20 per-
cent decline in gninea pigs reported by Eaton (), where inbreeding
was carried on for many generations. ~In this connection it should be
stated that the data on inbreeding of dairy cows were compiled en-
tirely on the basis of coeflicient of inbreeding without regard to the
generation, despite the fact that in some cases high coefficients oceurred
in the early generations,

Empty l})'od weight is a basic value representing body weight nn-
affected by “ﬁ‘il”; ﬁms, it is significant that the downward trend in
percentages was nearly the same for empty body weight as for the
other items representing body weight. That is, the empty body
weight was 85.4 percent as great in the group of cows having the high-
est inbreeding coeflicients {50-69) as in the outbred group, whereas
the nverage of all items representing body size was 87.3 percent as
grent. It is noteworthy also that the decline in weights taken after
fivst calving is almost the same as the decline in weights taken at time
of slanghter, which shows that the effect of inbreeding was essentially
s great in early life as at the time of slanghter. The question of
whether or not the inbred animals were in refatively poorer condition
muy be raised. It is difficull to obtain an accurate measure of the
degree of flesh or fatness, but such differences did not appear to have
been a seriously disturbing factor,

In view of the m:u-ke(T downward trend in percentages for body
weight with intensified inbreeding, o tabulation was made to deter-
mine whether or not the period during which the cows in the various
groups were present in the herd had any influence on their body size
at time of slaughter. It was found that 11 of the ontbred cows were
slaughtered prior to the end of 1934 and 11 at later dates; in the first
inbred group (10-29), 7 were slanghtered before and 8 after the end
of 1934; in the second inbred group (8049}, 12 were slaughtered
before and 15 after that date; and in the most highly inbred group
(50~69), 2 were slaughtered before and 5 after the end of 1934,
Therefore, in view of the fuct that the outbred animals were so well
distributed throughout the period of time covered by the experiment,
there is no reason to believe that as a class they had any advantage
over the inbred animals with respect to any changes in environmental
conditions that may have occurred. Both the outbred and the inbred
cows were kept in the same herd, Thus, if the inbred animals were
smaller than the outbred animals, it would appear that the difference
was the result of inbreeding rather than of any differences in
envirgnment,

The trends in percentages based on units of weight or measurement
per 106 pounds of empty body weight may be expected to differ con-
siderably from those based on uctual units, as they have a somewhat
different significance.  Tu general, so long as the size of the body ov of
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any of its parts declines or increases 1 the same proportion as the
animal’s empby body weight, the percentages showing the velative size
{last 3 columns in table 2) will all be approximately 160. If an organ
or part declines regularly with inbreeding to a greater relative degree
than empty body weight, the percentages will Te below 100 and will
have a downward trend. Similarly, if the organs or bedy parts de-
cline more slowly than empty body weight, remain stationary, or
increass in size with increased intensity of inbreeding while the empty
body weight declines, they will represeut a higher proportion of the
total animal structure ; and the percentages will bs above 100, Urder
these circumstances an upward trend in pervcentages will oceur if the
organ weights remain stationary or if their increases ave progressive,

t Bins been noted that the downward trend in percentages based on
actunl units was nearly the same, on an average, for empty body weight
as for the other items representing body size. Howwever, the per-
centages based on units per 100 pounds of empty body weight were all
near 100-~the averages tor the three inbred groups being 100.1, 102.8,
and 100.8, respectively (table 2)—indicating again that live veight
and weight of careass declined in nlinost the same proportion as empty
body wetght.

Of the six itenis representing skeletal size, three are body dimensions
{height, width, and l[ength) measured befove slaughter and three are
dimensions of the thoracic cavity {depth, width, and length) obtained
by measuring the dressed carcass. In the case of every item, the per-
centages based on actuul wnits ave all close to 100 and there 1s no sig-
aificant trend with increase in inbreeding. The averages of the per-
centages for the six items ure 98.4, 98.8, and 99.1, respectively, for the
three inbred groups (table 1), which shows thai inbreeding had no
appreciable effect on skeletal size, as indicated by the measurements
selected, vegardless of whether they were external body measurements
of the 1iving animal or of the thoracic cavity obtained after slaughter.
As explained previously, when any body part remains unchanged by
inbreeding while the empty body weight declines, the percentages
based on empty body weight that show proportional size are above 100
and show an upward trend.  In this case, the averages of the percent-
ages for the six measured items are 107.7, 115.4, and 118.0, respectively
(tabla 2). The actual skeletal size of the animals was not afiected to
any appreciable extent by inbreeding, but the relution of size of body
frame to mass was definitely increased.

For the internal organs the results were less consistent. Seme of
the organs increased and some decreased in size with inbreeding, The
brain showed an actual decline of about 10 percent but became lavger
in rvelation to body mass. The heart (anricles attached) decreased
size in almost the sume proportion as the body mass items (including
empty body weight) ; consequently, the relative size of the heart re-
mained esseutially unchanged. If is not surprising that size of henrt
closely foliows the body mass in view of the fact that the heart is
related to functional demands and consequently to body mass since
it serves all of the tissues of the body.

The actual weight of tie lungs was substantially greater in the in-
bred groups than in the outbrmfgroup, but the weight did not change
apprecinbly as the coeflicient of inbreeding increased. The relafive
weight of lungs, however, was definitely greater in the inbrved groups
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and showed a tendency to increase with intensity of inbreeding. The
percentuges were 124.7, 134.6, and 133.3, respectively, in the three
tbred groups as compared with the outbred group (table 2).

The weight of liver remnined more stuble than some of the other
ergans. In the first inbred group the liver was slightly heavier than
in the outbred group, but the weight decreused slightly as inbreeding
became more intense. However, the weight of liver did not decling
as rapidly as the net weight of the animal, with the result that the liver
represented a considerably higher proportion of the total animal struc.
ture in all inbred groups than in the outbred group. Changes in the
weight of spleen followed nearly the same comse us the cﬁanges in
the weight of liver.

There was a steady decline in weight of stomachs {total for rumen,
reticulum, omasum, and ubemasum) as the coefficient of inbreeding in-
creased, but the decline did not keep puace with the decline in body mass,
The stomachs, therefore, represented a higher proportion of the total
body in the inbred groups, though there was no definite trend as in-
tensity of inbreeding increased.

Length of intestines was not significantly affectod by inbreeding.
In two inbred groups the length was almost the same as in the outbred
group, and in one inbred group it was slightly greater than in the onut-
bred group. In relation to net or empty body weight, the length of
intestines incrensed progressively with inbreeding to become 107.1,
114.4, and 120.3 percent, respectively, as compared with 100 percent for
the outbred group (tabie 2),

Weight of kidneys wus slightly lower in all of the inbred groups,
though the weight did not decliue appreciably as intensity of in-
breeding incrensed. The kidneys were velatively larger in all of the
inbred groups than in the outbred group. and the percentages based
on empty body weight showed nn upward trend (table 2.

In view of the mixed resuits for the eight items representing internal
organs, too much significance should not be attuched to nverages.
However, there was a very slight tendency for the organs to be smaller
in the cows in the two most highly inbred groups. as indicated by per-
centages of 101.0, 97.4, and 96.1, vespectively. for the three groups
(table 1), In relation to total animal structire. however, the organs
averaged about 12 pereent greater in the inbred groups than in the
outbred group, but there was no appreciable trend in pereentuges
among the three inbred groups (table 2).

Tt has been implied (7) that inheritance for any given quality or
function may depend to a very great extent on the inheritance of an
endocrine balance.  More and more attention, thevefore, is being paid
to the endocrine glands in studies of physiclogy and anatomy. The
possible effect of intense inbreeding on the endocrine glands obviously
15 of much interest. The pituitary body is considored to be, in a
sense, the control center of the endocrine systemn; and it directly affects
various physiological functions such as growth, reproduction, and
Inctation. For this reason the possible effect of inbreeding on this
gland is of particular interest. The weight of the pitnitary bedy
declined progressively as the ntensity of inbreeding increasei’

In the first two inbrod groups, which incinde coeflicients up to 49

ercent, the decline coineided closely with the decline for live welght,
Eut in the third or mest highly inbred group the pituitary body was
reduced insize to 80.2 percent of its size in the outbred group (table 1).
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This is a greater reduction than that of live weight, empty body weight,
weight of curcass, or weight of heart which, ot all items discussed up
to this point, have shown the most pronounced reduction, Pituitary
weight not only showed the most murked reduction in actual weight,
but it became smaller in velution to empty body weight in antmals that
were greatly reduced in body size. The reduction 1n size of pituitary
body was greater than the reduction in milk production and slightly
creater than the reduction in butterfat production.

Of course, it is not possible, without extensive assay work, to de-
termine whether or not the functional activity of the pituitary body
was reduced to the sume degree as its weight.  An accurate appraisal
of the significunce of the reduced size of pituitary with respect to
reductions in body size and ju milk and butterfat production is not
possible in view of the marked increnase in thyvoid size in the highly
mbred cows und the fact that the adrenuls were essentially unatfected.
The great variabiiity in size of the endocrine glands suggests tie possi-
bility of some endocrine dysfunction or unbalance,

No appreciable change ocenered in the actunl weight of the pineal
body as a result of inbreeding.  This means, of course, that the pineal
was somewhat heavier in relution to empty body weight in the inbred
groups than in the outbred group.

The weight of thyroid was considerably greater in the inbred groups
than in the outbred group. The thyroid was by far the largest in the
most highly nbred group, but the increase in size wus not entirely
consistent with the increase in intensity of inbreeding. The thyveid
wus actually one-third larger in the most highly inbred group (50-69)
thun i the outbred greup (fable 1). In relation to empty body
weight the thyreid increased greatly. althaugh not entirely regularly
with inbreeding, as the percentuges of 119.4, 119.7, and 158,5 indicate
{table 2),

The purathyroids were larger in the first inbred group than in the
outbred group. but as inbreeding increased in intensity the weight
of the parathyroids decreased with extreme rapidity te reach a min-
imum of 57.7 percent of the weight of parathyroids recorded for the
outhred group (table 1}. This decline was so much more vapid than
the decline in empty body weight that the relative size also reached
a minimum of 66.2 percent. of the size in the outbred group {table 2),

The panereas might with logic be included either with the internal
organs ov with the endocerine glands, It i3 included with the e..do-
crine glands because it has been included in this g:-ou]l) in previous
studies, The pancreas appears to have undergone a marked reduction
in size with inbreeding, The punereas was smuil in all the inbred
groups; und the reduction in weight was progressive, although the dif-
ference between ths outbeed rroup and the first inbred group was
particularly st .ng. The faet that the pancreas was relatively
smaller in all of the inbred groups than in the ontbred group is
ndicated by percentages of 95,7, 96,1, and 934 (table 2). This is the
ounly item so far discussed. except weight of carcass, for which the
relative size was consistently lower in all inbred groups than in the
outhred wroup.

The size of the adrenals apparently was not affected materially by
inbreeding.  There was a very slight decline in actual weight as in-
brecding became more intense, but the weizht was higher in every
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inbred group than in the outbred group. The adrenals vepresented n
substuntiaily greater proporfion of the total uninmal structure in all
of the inbred groups than in the outbred group.

Taken as u whole, the endocrine glands show a wide variety of
changes. 1o actual weight the pineal body and adrenals underwent
ounly shight changes, the thyroid showed a substantial inevease, and
the pituitary body, parathyroids, and panerens were reduced in size
to such un extent that they became not only actually smalier, but also
smatber i refation to totul anhmal strueture, as the coeflicient of in-
breeding becmne greater.  Here again group averages lose some of
their meaning in view of the wide individual varfations. However,
averages of {he pereentoges indieate that the endeervine shouls became
actually snmller in the higher Wnbred groups, althongh they wore from
8 to 13 percent hiigher in velution to total anial structure in the inbred
granps thay in the outbred group.

One organ for which information was desived purticularly was the
udder.  Unfortunately. this was the one for which it was most difficult
to obtain comparable dats beeause of the great changes it ovcur
in the musnmary shinds as 2 resnlt of changes in lactating activity.
Not only was 1t necessary €0 obtain the data when cows were in
various stages of lactation, but many were slavghtoved when the
udders were entirely tnactive. The ninnber of cows was not large
enough to justify u classifiention on the basis of stage of Tactation, but
the cows were divided tnto twa groups—rthose that werve lactating and
those that woere dry af the time of stauchier.  Data ave available for
27 Tactating and lor 42 nonlactal g udders,

The vesulfs tndieate that the ceffecr of nbveeding on the size of
the wdder was peeater than on any of the other infernal organs,
endesrine ghands, or other body parts—with the possible exception
of the parathyroids, The Inetating udders reached a weight in the
most highly inbred group that was Tidlle more than hadf the udder
weight i the outhred group. The rveduction of weight in the dey
udders was more regulinr and somewhat less extreme.  On an avernge,
the size of the ndder veached a level in the most highly inbred group
that was less than two-thinds the aetual weight and approximately
two-thirds the relative weight of the wdder in the outbre! group.

Capacity of the witder eisterns, dners. and seerefing elements) was
dotermined by mensuring the amount of fluid it wonld hald, The
possilile pilect of inhroedinge on udder eapaeli v is not evaluaed easily,
tn the Jaetating udders the eapueity seems to have hoen peduced in
rhe hichly inbred cows, wherens ju the nonlaersting wbders it way
low in the fiest Lwo Inhred groups, bt inereased to 125 perceat in the
third inbred group.  On an average, the capacity seems to have been
aflocted 1o only o limited extent by inbreeding and the resulis ure
inconsistent.

The relation of enpacity fo weight, that s, the number of pounds of
fhuid held for cach pound of udder. s expressed in pereentage. The
percentnge gives an Ll of the porosity of the udder tissue.  Porvesity
s afleeted {0 a considerable degree by the seereling aetivity of the
gland. Inetating udders usaadly having a higher enpaeity in velation
to weight—other things heing equal—than dry il(&tit'l'ﬂ. The indi-
vidual pereenrages for the cows i this shady range from 61 1o 252,
which wenns that rome wdders held ondy ltte wore than hadf their
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own weight of injected fluid, while others held 214 times their weight,
The percentage of capacity to weight was generally higher in the
inbred than in the outhred cows, and the value tended fo be progres-
sively greater with the more intense inbreeding—especially in the
ey cows.

The milk production records were very slightly higher in the frst
two inbred groups than in the outbred group but were lower in the
most highly inbred group. whicl praduced $2.2 percent as much milk
as the outbred group.  Rutterfar production was almost the snme in
the first inbred group as in the outhred group but decreased regularly
and markedly to 52.6 pereent with increased inbreeding. The per-
contase of butterfat in the milk showed a decline with incrensm} in-
breeding whieh was more nurked than the decline in milk yroduction
But less pronounced than the decline in total butterfat production.

Attention is ealled to the fact that. while this study 1s based on the
animals used in the inbreeding experiments on which Woodward
and Graves (40) have reporfed, the make-up of the various groups
was different. This eame about as u result of the fact that this study
included only the animals for which detailed post mortens and
anatomica! data were available, and also the faet that only those
cows were included which had at leazt 50 pereent Huolstein ancestry
andd less than 50 pereent of the wucestey of any other breed. “Uhe re-
sults here reported. therelore. are bused on a considerably smaller
wnaber of animals,  They are for that veason particnlarly significant,
a~ (hey so closely contivin the general tindings of the other study
with regard te milk and buiterfat produetion.

The difference between the results of the two analyses is almost
entirely one of degree.  The total decline from the ontbred cows to
those having inbreeding coefiicients of 50 or above is 7.8 percent for
milke el 174 Tor butterfat in this sudy as compared with 12.2
and 20,6 pereent, respectively, for the study bused on the lerger number
ot cowa.

There wre a number of obzervations about the resilts obtained that
secny worthy of discussion sl ~peealation. although conclusions ave
not warranted.  Comment already has been wade on the possible
siemitiennce of (he fact that the pitwitary body—which supposediy is
a Lighly inportant factor in controlling bdy growth and the develop-
meent aned Tunetioning of the maunmary ghusds—was only 0.2 pereent
as laree in the highiy jnbred as b the outbred cows, while body nuss
anel wdder developinenur were among the itens showing marked decline
ns inbrveding was intensified,  Milk production was nor proportion-
atelv reduewd with iubreeding, but butierfar prodoction declined to
alnaest the same extent as weight of pinwitary,

T'he higher eapacities of udders in the highly inbred cows may in-
dicste differenves in the steaetuee of the mummary tissues and may
have offset to some extent the marked reduction in udder weight.
Thers i sioething of a suggestion here that the wove porous type of
tisstie Ty be conducive to greater production per unit of udder size.
On the other hand. there is a possibility that capacity may have been
atfeetod somewhat by changes in the technigue of measuring udder
capasity, whivh ovcurred in rhe course of the study. ke i likely. al=o,
that the irvecularity of resubi= can be attreibufed in parr to the small
nunber of animals represented. both in the laetating and in the non-
lacrating groaps.
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ANaTOMY OF THE Grape HousTetn Cows 1x THIs ExpPERIMENT AS COMPARED
Wit Tuar o Recisteren Horsterx Cows

The foregoing tabulations und discussions have shown the most
noteworthy differences in body size and anatomy between outbred cows
and those representing varidus intensities of inbreeding. All cows
in this study were grade Holsteins—that is, cows with 50 perceni or
mote ot Holstein ancestry and with less than 50 percent of the ancestry
of any other breed. Such a discussion would be lncking in complete-
ness if it did not show the extent to which these grade animals ditfered
in size and anatorny from a population of registered Holstein cows,

In a previcus study of body form. anatomy. and producing capucity
of 593 cows (6), duta were included for 75 registeved Folsteing from
the Beltsville herd. The averagmes for these reristered Holsteing were
used ns a basis for comparison with the grade Holsteins in the present
study. Averages for items showing size of body und bady parts, and
percentages showing the relation of size in the outbred and the inbred
grade Holsteins to that in registered Holsteins, nre given in table 3.

The chiet point of interest in this comparison is the degree of dif-
ference between the outbred grade Holsteing and the registered Hol-
steins. since the changes in size of bodv and body parts that occurred
with inbreeding already have been discussed.

In boidy mass the outbred grade Holsteins were about 6 percent
smaller than the registered Holsteins. They differed even less, on an
average, in measurements of skeletal size,

The differences were much less consistent for the items listed under
“internal organs” and the average difference was greater than for
either body mass or skeletal size.  The brain was of almost the sime
size in the outbred grade HMolsteins as in the registered Holsteins,
but «ll of the other items were smaller. The areatest. differences oc-
curred in ¢onnection with weights of kidneys, heart, and lungs.

The endocrine glands also showed some marked jndividual dif-
terences and avernged 12,2 pervent smaller in the outbred aradde Hol-
steins, ANl of the endnerine glands were smaller in the ontbred arade
Holsteins; the greatest difference being in weight of adrenals which
averared about 27 pereent smaller,

The trends in average percentages for the varions groups of items
are similar to those shown in table 1. In table 3, however., the per-
ventages For the three inbred groups are all smaller because they were
enleulnted on the basis of the lurger registered Holsteing rather than
on the smaller outhred ginde Holstoing,

Approximately one-thivd of the cows in the outhred group were
sived by registered Holstein bulls and were out of mracle Jersey or
arade Guernsey cows. It would seem logical to assume that if they
had had a higher percentage of Holstein instead of Jersey or Guernsey
ancestry the cows in the outbred group would have been Iavger, on
an average. and the cffects of inbreeding would have been more
proncunced.




Tanre 3.—Anatomy of outbred and inbred grade Hole

tein cows compared with that of registered Holstein cows

st o ol 4 i —

Weight or measurement

Average weight or measurement

Relation of weight or measure-
ment for the outhred group
and the inbred groups to that
of the registered group

Registered
Holsiein
group !

Inbred groups having inbreeding
coeflicients of-—
OQutbred
group

10 to 29 1 30 to 49 | 50 to 69
percent pereent, percent

First |Second] Third
QOutbred| inbred | inbred | inbred
group | group | group | group
(10-29) |(30-49) |(50-69)

[ -

Body weight or mass:

Live weight at slaughter. .. coaonn .

Emply body weight...
Weight of carcass.

Averuge

Skeletal size:

Height at withers. Lo aaircame s

Width of hips..... : B

Length, withers to pinbones. . ...

Depth of thoracie eavity (maximum).

Width of thoracic cavity (7ih rib)....
Length of thoracie eavity (maximum) .,

AVErage. . .-

See footnote at.¢nd of table

-

Pounds

1, 339

1,090. 30
655.-90

Pounds Pounds Pounds Pounds
1,238 1,167 1, 139 1,104
1,085, 77 949, 57 887. 03 884. 60

619. 45 571,02 538, 62 524.72

Percent |Percent {Percent {Percent
92, 5 87.2 85.1
95.0, 87.1 81.4
94. 4 87.1 82. 1

ks

94.0| 87 82.9

Centimelers
137. 58

o 87,05
144,31

50. 48
38..33
82,07

Centimeters; Centimeters) Centimeters] Centinelers
133.77 131, 48 132.-47 132. 86
54. 95 53. 62 54. 91 4,50
141. 85 138. 46 139. 53 141. 46
49, 49 47. 38 47.59 48, 25
35, 37 35. 17 34. 83 34. 50
80. 82 81. 62 81. 64
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TAvLE 3-—Anatomy of outbred and inbred grade Holstein cows com pared with that of registered Holstein cows—Continued

Weight or measutement

Average weight or measurement

Relation of weight or measure-
ment for the outbred group
and the inbred groups to that

of the registered group

Inbred groups having inbreeding

coeflicients of —

Qutbred

101029 | 301049 = 50 to 69

pereent

percent

percent

group

Second

inbred
group
(30-49)

Third
inbred
group

(50-69)

Internal organs:
Weight of heart:

Weighti-of lungs.... . IO SR S

Weight of liver
Weight of stomachs

Weight of brain
Weight of spleen

Weight of kidneys__ .2 _ oo oae ..

Length of intestines. . .._........_.

Average

Pounds
4. 16
9. 53

15, 44
35. 33

Grams

Meters
58. 06

Pounds
3. 74

9, 63
14. 77
34. 32

Grams

Melers
57. 86

Pounds

3. 66
9. 46
14. 31
33.03

Grams
385. 3
820, 2
1,196. 1

Meters

60. 83

Percent |Percent

88. 4
88.-0
96. 1
94. 0

Percent
76.3
102. 0
94. 6
89. 0

94. 5

Percent

74. 7
100. 2
91. 6
85. 6

89.3
86.7
83.7
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Endotrine glands:

Weight of pituitary e o vavnn e
Weight of pineal. Joiovivaioin
Weight of thyroid_ .. ccvoccionn
Weight of parathyroids. .« ovoeuwnaa-nn _—
Weight of panereas. uy e cmocw- .
Weight of adrenals. o necnommcmnoranl

AVCIREC . o el cecenim e i ——

Grams Grams Grams Grams
3. 84 3. 59 3.47 2.88 1§ 90. 4 86. 2 75.0
. 28| . 2517, . 2473 « 2500 88. 3| 89.1 88. 3
39.6 34,7 38.5 46.3 97. 2 89.4 117.0
.14 . 1318 . 1629 . Q760 16. 4 79. 4 54.3
503, 7 445. 5 386, 4 355. 0 76.7 72.3 70. 5
39.9 28.5 30.-0 28. 8 76.9]  76.2f V3.8
91. 0 82.1 ‘80.0

e e o

P

PR N

1 Averages for the re
See¢ Literature Cited (6).

gistered Holstein group were based on daia obtained from 75 cows slaughtered at Beltsville prior to June 30, 1936.
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StaTisTICAL ANALYSIS OF CORRELATION BETWEEN COEFFICIENTS OF
InBREEDING AND FoRM, ANATOMY, AND PrODUCTION

Correlation coefficients were caletluted between the stegree of in-
breeding and measures of body size, organ and gland size, and pro-
ducing ubilit}y in the datn from 49 cows with vurious degrees of
inbreeding. The results of this nnalysis, as shown in table 4, indicate
definite relationships in relatively few of the items studied.

Taver 4. —Correlation between intensity of inbreeding and form,
anatomy, and production?

Nuni-
Weight or measurement ber of
Cows

Cocflicient of
carrelution

Body weight or mass;
Live weight at 18 months. . __._.. . __._... . —0, (44940, 0962
Live weight ubout 3 months after 1t ealf. .. —. 11744 . 0970
Live weight ai slaughter .- . . 00004 . D000
Empty body weight | : —. 10454+ | 0927
Weight of carcass. . .. . o 18434 . 093]

Skeletal size:
Height at withers 0393 + . 0062
1278+ | (948

Widih of hi{.)s“ mmmmmmaa—

Length, withers to pinbones_. .. _ 1464+ . 0053

Depth of thoracic eavity (maxboum) ... . 0464 | 0962

Width of thoracie eavity (Tthrily). ... . . 1039+ . 0953

Length of thoracie eavity {maxitwm). 0924 4+ . 0955
28861 . 0883

Internal orguns:
0420% | 0962

Woeight of heart

Weight of lungs
3217% . 0864
16254 | 0038

Weight of liver. ... ..
Weight of stomachs. |
Weight of brain 27404 | 0891
Weight of spleen—_.. .. . 0642+ . G960
Weight of kidneys_ . 0261 L . 0083
Tength of intestines. . 0961+ . 0055
Endoeerine glands:
Weight of pituitary. .. 1461+ . 0953
Weight of pineal __... .. 0488+ , 1171
Weight of thyroid . 088% L . 09706
Weight of parathyroids.. . 21654 . 1136
Weight of pancreas . 1635+ . 0948
Weight of adrenals________.. 0256+ . 0973
Udder:
Weight of udder (laetating) ... .. .. ______ L1217+ . 1566
Weight of udder (dry)._._ .. __ . _._..__. 2006 L |, 1199
Capacity of udder é]actnting) 32494 | 1612
Capacity of udder (dry) 24094 |, 1326
Ratic of capacity to weight (laciating)_ .. . .. 0000 L . Q000
Ratio of capacity to weight (dry). ... .. 41131+ . 1168
. 2610% | 0937
33044 . 0890
44 —. 3141 % . 0906

IV kbt

ol 0 I I I B

rrrrt

+ +11]

Production;
Milk.__

I

UThe onibred eows are nol included in these correlation studies,
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The correlutions showed that measures of producing ability were
more definitely anffected by intensive inbreeding than measures of body
size or organ and gland size. The negative correlation coeflicient
showing decrenses in milk production with increases in degree of in-
breeding was slightly below the level of significanve. However, the
negative correlation coefficients with butterfut percentage in the mitk
and with total butterfet production were signil!icnnt. Probubly these
coeflicients underestimate the adverse effects of inbreeding. For
exumple, the cow with the highest coefficient of nbreeding {A—~148)
had sueh a small udder und 5o Hitle miilk seeretion that no attempt was
made to wilk her during the 30 days between the time of frst ealving
and the time of slaughter.

Most of the carrelation coeflivients between the degree of inbreeding
and measures of body or skeletal size and the size of internal organs
and glands were negative but not significantly so. The correlations
with some of the measures of skeletal size, udder capacity, and the
ratio of capueity to weight were positive. The only significant or
nearly signticant negative relutionships were between degree of in-
breeding nnd the weights of the brain, heart, and liver. No significant
relationships were found between intensity of inbreeding nnd the size
of nny of the endoerine wlinds,

VARIABILITY Iy SizE oF Bony axp Irs Parrs 1x Oureren axn ixsrep Cows

Aevording to Wright {74} “the principad elfect of inbreeding . . .
s in automatiealiy making homozygous some combinations of the
fiuclors which were heterozyrous in the originul mndom-bred stock.”
His statement implies a resulting increase in uniformity in the in-
ired stock, This was borne out by the analytical studies of Eaton (3).
which showed for gninen pigs that the degree of varinbility in organ
size was about 15 percent lower in the fnbred animals than in the
control grroup.

Coellicients of variation were determined for the various items repre-
senting size of the body and its parts. for the outbred cows aud for
rhose representing dilferent intenzities (cocflicients) of inbreeding.
T'he resulis are given in tnble 5.
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TasLe 5.~Variability in size of body and its parts in outbred and inbred cows, expressed as coefficients of variation

Qutbred group

Inbred groups with inbreeding coeflicients -of—

10 to 29 percent | 30 to 49 percent | 50 to 69 percent

Coefli-

cient of
varia-
tion

Coeffi-
cient of

1 varia-
tion

Cocfhi-
cient of
varia-
tion

Cocfhi-
cient of
varia-
tion

Body weight or mass:
Live weight at 18 months .. ......

Live weight about 3 months after 1st ealf ool

Live weight at slaughtér_____.._.
Empty body weight ] IS
Weight of eareass. ... oo ommon i cinciainn Junn an

Average B

Skeletal size:

Height.at withers_ .. 0.0 oomao i

Width of hips

Length, withers to pinbones_______ ... .. ... ...
Depth of thoracic cavity (maximum)__. .. -
Width of thoracie cavity (7Tthrib).___<... .
Length of thoracic cavity (maximum)....

Averape

Number

15
18
22
)
22

Number
15

Nuniber
27 6. 70
8. 57
9. 49
9..83
13.

9.
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Internal organs: -
Weight of heart ... . ... e e 21 { 11.18 151 12.12 271 11.50 7 11. 54
Weight of lungs_._.. e ————— I 211 15.42 15§ 21L17 27 | 17.61 7 12. 33
Weight of liver. ... icomiorme e dcm o m o 20 15. 10 15 19. 38 27 12.76 7 8.70
Weight of stomachs. .- oiicme e e 21 13.90 | 15 19.16 27 16. 77 - 1Z. 48
Weight of brain. .. e i v e 22 7.94 15 9. 07 27 10. 35 7 7.01
Weight of spleén.. . e e b2 e ot e 21 17.11 15 11.97. 27 18. 75 7 22. 08
Weight of kidneys_ . . vace oo imrmmmeme e 22 15. 37 14 15. 90 26 15. 43 7 14. 23
Length of intestines... .-~ e e e 21 8.35 15 10. 84 27 5. 58 7 8. 97
PR I PR E SRS PSR 13.08 joccoo. 14.95 1o ie - 13. 59 | oam 12:17
Endocrine glands: . . : . . :
Weight of pituitary o e 22 19. 98 15 19. 57 26 20. 14 7 18. 54
Weight of pineal o 12 29. 87 11 31..90 18. 1 29.45 4 14. 97
Weight of thyroid_ _ . oo im e 20 23. 52 14 30. 24 26 2). 32 7 25. 04
Weight of parathyrolds.. .ol e mme - 11 38. 21 7 61. 57 18 37. 67 5 23.91
Weight of panereas_ _ .. .. v cmc ol me i 21 14. 24 14 19. 08 27 15..11 7 15. 48
Weight of adrenals o ivowimcimmm oot 221 29.36 14 1 24.21 27 26.23 7 22.23
AVOTAEE . oo e mmmm e m o e | S = 25. 86 fo e 311G j.csci e 24,99 oo 20.03
Tdder: :

" Weight of udder (lactating). oo ¢ 58 83 71 30.27 81 44 62 3 7.07
Weight of udder (dry)_ o coceommom oo mim e 13| 31.26. 81 2877 18 | 40.85 3 17. 26
Capacity of udder (lactating) ..~ Zco e 41 3379 6] 241 51 27.98 3 37.21
Capacity of udder (Ary) - .. cicmee e 91 53.55 7 | 40 31 14 | 53.29 2 5.38
Ratio of capacity to weight (lactating). .- 41 30.89 6 28. 73 5 28. 47 3 34. 52
Ratio of capacity to weight (dry) - e eoioman—- 9 51. 77 7 32.43 14§ 33.52 2 9.04

Average i il SO AP, 43.35 |icoee 30.78 {ociemee 38.12 f o 18. 41
Production:
MK, o o e e L e A S 21 20.15 15 16. 44 24 19. 33 6 18. 08
Butterfat. . . v e e e 21 20. 96 15 15.89 24 19.97 6 17. 40
Percentage of butterfat in milk 21 7. 97 15 6.72 24 5. 15 6 9.03
AVEIBEE. - it e e e m S S| — e e 16.36 |oconnnn- 13.02 oo 1482 | .o-—]  14.84
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Individual itemss differ greatly with regard to variability in size,
For example, the coeflicients of variation for height at withers for the
outbred group snd the three inbred groups were 2.50, 2.59, 1.84, and
1.97, respeetively, while the covresponding coeflicients for weight of
parathyroids were 88.21, 61.57, 37.67, and 23.91. Probably there are
ab least two reasons for the high variability in the latter case: (1)
The extreme sinaliness of the glunds makes accurate dissection difli-
cult, and (2) a smaller number of animals is represented. In addi-
tion, differences in the amount of aceessory pavathyroid tissue might
also affect variability. On the other hand, weight of adrenals, which
is obtained with compuratively great uniformity and accuracy, is rep-
resented by essentially the same nunber of animals us height at withers
and has the comparvatively high coefficients of 29.36, 24.21, 26,23, and
992,92, respectively. for the same four groups.

It is regretiable that some of the items—particularly those per-
taining to weight and capacity of udder—arve represented by so few
anitals,  In such instances the coefficients of variation between vari-
ous small groups may be largely a matter of chance. Furthermore,
there is & tendency for coefficients calculated for very small groups
to be somewhat lower than those ealeunlated for larger groups. The
reasons Tor dividing the datw on udders into those that were lactating
and those that were dvy should regnive no further explanation.

Variability nmong the items representing body mass was relatively
aniform. Theve was little difference among the items. There was 2
very shight tendency for vartability to be greafer in the inbred groups
thar in the outbred group, but no significant {rend can be detected—
vither in individual items or in group averages of variation coeffi-
cients—as the degree of inbreeding increased.

Among the items selected to represent skeletal size, the variation

ras very low in every case-——much lower than in any other group of
items. There was a slight tendency. also, for variability to be greater
in the inbred groups than in the outbred gronp. The variation is
slightly greater in the measuwrements of theracie cavity than in the
measurements of height. width, and length in the living animal,

Among the eight items representing internal organs, the variation
was much less uniform. On an average, weights of spleen and of
tungs showed the greatest variation; length of intestines the least.
Variation was high also for weights of stomuachs and kidneys. On
the whole, variation was substuntinlly greater for the internal organs
than for the items of body size. and much greater than for the items
representing skeletal size.  There was a tendeuey for the varviation fo
be lower in the most highly inbred group than in the ontbred evoup
and the less intensely inbred groups, but the variation was shghtly
higher—on an average and in some of the individual items—ifor the
groups with inbreeding coefticients of 10 to 29 percent and 30 to 49
pereent thyn in the cutbred group. Weight of henrt and weight of
kidneys showed Tittle change with inbreeding. Weight of liver
Huetuated but declined markedly. The veason for the lower coefficient
of variation Tor weight of spleen in the group of cows with inbreeding
coeflicients oi 10 to 20 percent is not known.

The coeflicients of variation were almost bwice as great on an average
tor the endocrine glands us for “internad organz™  For the endecrine
glands as a whoele, the group of cows with inbreeding cocflicients of
10 to 29 percent showed greater variation than the outbred group, bug
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as inbreeding increused the coefficient of variation declined pro-
gressively to & peint considerably below the average for the ountbred
group, Inm this respect the averages follow mueh the same pattern
as those for the “internal organ” items, aithough the trend is mngnified
considerabiy by the high ceeficients for parathyroids. The items
represented by the sinaller number of cows tend to show the highest
coeflicients of variation, yet even those items with close to maximmum
numbers showed greater variability in most cases than items in any of
the groups previously discussed.

Although the weight of pituitary was definitely reduced by inbreed-
ing it did not become markedly less varinble. The thyrvoid, on the
other hand, was much larger in the highly inbred group than in the
outbred group, und its variability was not greatly changed. 'The
weights of pineal and of adrenals, which showed little change in weight
as a vesult of inbreeding, were cunsiderably less variable in the highly
inbred group than in the outbred group or in the less highly in-
bred groups,

In view of the small number of cows represented and the great varia-
tion in stage of lactation—even among lactating cows—a very high
degree of variation for items pertaining to weight and capacity of
wckler is Lo be expected and little significance can be atfuehed to any but
the most marked differences in vesuléis. Weight was more variable in
the lactating wdders except in the most highly inbred group, Capac-
ity of udder was wmuch more variable in the dry cows, except in the
most highly inbred group. Trends in variability with increase in
intensity of inbreeding ave not definite for weight or capacity of udder,
However, both were less vaviable In the low inbred (10-29) group
than in the outbred ov in the middie inbred (30-49) group, and lower
on an average in the highly inbred (50-69) group than in any of the
other groups.

Milk and butterfat production varied to essentially the sume extent
in each group of cows, that is, inbreeding affected variability in these
items to only a slight extent. Percentage of butterfat varied much
less than milk and butterfat preduction, and there was no clear-cut
trend with inbreeding., In fact, the highest varintion was in the most
highly inbred group.

A comparison of the averages for the various groulps of items shows
that there is a tendency—particularly for internal organs and en-
decrine glands—for the low inbred group to be more variable than
the outbred group but for vaviability to decline us inbreeding was
further intensified. Combined averages for all of the 34 items in
table 5 show that the coeflicient of variation was only 86.95 percent as
high for ail inbred groups_and only 70.82 percent as high for the most
highly inbred group as for the outbred group. Corresponding aver-
ages for the 31 items pertaining to the animals’ anatomy—omitting
the 8 items relating to producing capacity-—uare 86.96 and 60.16 percent.

These results are in close accord with those reported by Eaton (3),
which show that the degree of variability was about 15 percent lower
in the inbred animals than in the controls,

GENERAL Discussion

Tt is not to be expected that the vesulis of this study will be identieal
for body size and production with those reported by Woodward and




30 TECENICAL BULLETIN 080, U. S. DEPT, OF AGRICULTURE

Graves (10} beeanse this study includes only eows having at least 50
percent of Holstein ancestry and less than 50 percent of the ancestry
of any other breed, and also becanse this study includes only the cows
for which post-mortem data were available, In view of the smaller
numbers ot cows represented in this study, it is surprising that the
results agree so weil.

This study shows that inbreeding affected live weight at 18 months
#lmost ns much as it affected live weight at time ot staughter, and
empty body welght and cavcass weight.  Live weight ut 18 months was
about 14 percent lower for the highly inbred group than for the out-
bred group. The study by Woodward und Graves {10) indicated that
the tnghly ivbred animals were ubout 25 percent below the weight of
the outbred animals at birth and ap to $ months, about 17 pereent
below from 12 to 24 months, and that they tended to catch ap with
advance in age.

In discussing the etfect of inbreeding on body size and preduction
recovds, the possible influence of o breed Tactor must not be overlooked.
About one-third of the cows in the outbred group were sired by
registered Holstein bulls and were out of grade Jersey or grade Guern-
sey cows. The use of Holstein sires undoubtedly tended to increase
the size of the offspring. purticularly in the early generations, and to
coumeruet the effects that inbreeding may have had in reducing body
size. Stmilurly. the Holstein eharascteristics for higher milk produc-
tion and lower butterfat tests muy have minimized the tendency for
inbreeding to reduce the milk production but accelerated the decline
in butterfat test, Any improvements that may have ccenrved in feed-
ing practices probably had no sipmificant effect on the results, in view
of the fact that the cows in all except the most highly inbred groups
were Taivly well distributed. with respect to time, thronghout the long
period covered by the experiment.

Another point that cannot be evalunted but shounld not be overlooked
is the fact that essentially all of the inbreeding traces to the one sire,
Johan Woodcerest Lad 11th 103987,

It has been noted that skeletul size wus not appreciably affected by
inbreeding and that variability for all of the various skeletal dimen-
sions was very minch lower than for any other group of items. As
previously stated, Wuters (8) concluded some 30 years ago that the
impuise was stronger for skeletnl growth than for increase in weight.
On the other hand, a difference between weight and skeletal growth
probably should be expected in view of the fact that from birth to
maturity cattle seldom, if ever, double their height at withers, whereas
body weight increases some 15 to 20 times during the sume period.
This basis of rensoning, however, does not explain why width of hips,
which normally inereases to nearly 315 times the measurement at birth
(&), was not reduced {o a greater extent,

The marked decline in body weight with inbreeding, while skeleta}
dimensions remained practically unchanged, ruises a number of ques-
tions. There is renson to helleve that the inbred animals were as well
fed as the outbred ones. That being the case; what was the cause of the
decline in body size? Appareutly it was not the result of deficiency in
size of the digestive organs as the size of stomachs declined less than
bady size, the length of intestines remained virtually unchanged, and
both became larger in relation to empty body weight as inbreeding
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increased. Perbaps it was due to some inherited characteristic that
resulted in less efficient utilizaiion of feed. A look ar the changes in
size of endocrine glands shows that the thyroid was markedly heavier
and the pancreas was much lighter in the highly inbred cows than in
the outbred ones. In view of the thyroid’s control over rate of oxida-
tion and the digestive functions of the pancreatic fluid, the changes
noted in these glands possibly may be of sume significance.

"The question might also be vaised as to whether the increased size
of the thyroid might indicate u golirous condition. The marked
decrense in size of pituitary is, of course, suggestive of n decrease in
elaboration of the growth-stimulafing hormone, though it is not clear
why this would set affect skeletal growth as well as increase in body
weirht.  Again there comes to mind the question: Why was there nota
reduction in the adeennls and thyroids it the pituitaries had been
deficient. There is much in the date to suggest the ocenrrence of a
dysfunction in the endocrine system resulting from inbreeding which
tauy have been at least partly responsible for the smaller body size in
inbred cows. Definite proof. however, is lacking as ussnys of the
endocrine glands were not macte.

The results obtained with cows were in fairly close ngreement with
those reported by Eaton for guinea pigs in a number of wspects. For
exumple, there was a substantial decline in body weight with inbreed-
ing, t[he organs in the smaller animals were lnrger in proportion to
botly weight, and skeletal size was affected to a smuller degree than
body weight. Alse, the weighis of pituitary and heart deeiined in
much the same manner as live weight, und the length of intestines and
weight of spleen were not affected materially. Trends for other
organs weve not in such close ngreement, Iu both species the vari-
ability in organ size was high in the case of weight of lungs, thyroid,
and adrenals and low for intestine length, Eaton showed that vari-
ability, on an average, was sbout 15 percent lower in the inbred antmals
than ti controls.  Averages of the coefficients of variation for all of the
items listed in table 5 uve about 13 percent lower for all three inbred
groups than for the outbred group and about 29 percent lower for
the most highly inbred group (50-69) than for the outbred group.

SUMMARY AND CONCLUSIONS

Seventy-one grade Holstein cows, for which measurements of body
size, anntomy, and producing capacity were available, were divided
into 4 groups on the busis of the intensities {coefficients) of inbreed-
ing. An outbred uronp confained 22 cows. The 49 inbred cows in-
chuded 27 with inbreeding coeflicienls of 29 percent or less, 15 with
coeflicients between 30 und 49 percent inelusive, and 7 with coefficients
of 30 pereent or wbove. Analyses of uvailuble data were mude to deter-
mine the effect of inbreeding on (1) the magnitude, and {2) the vari-
ability of more than 30 iteis representing measurements of body
weight and skeletal size, size of organs and endoerine glands, and milk
and butterfut production,

Inbreeding resuited in a decline of approxinmtely 15 percent in body
weight or mass, but did wot affect skeletal size to any significant extent.

Sonie of the internal orrans—aotably the weight of hewit—were
reduced in the most intensely iubred cows, almost to the same extent
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as budy mass. Weight of beain and weight of emply stomachs were
reduced abous 10 percent. Weight of hungs wax definitely greater in
the inbred cows and length of intestines was only slightly affected.

The endocrine glands, on wi avernge, were veduced in size. Greufest
reductions were in weights of parathyroids, pituitury, and pancress;
no significant ehange ocenrved in weights of pinenl or adrenals: and
the heaviest thyroids were found in the most intensely inbred group.,

Weight of udder was greatly reduced in the more intensely inbred
cows, but changes in udder capacity were not congistent.  However,
the relntion of capucity to weight {porosity} of ndder increased with
inbreeding. MiIL’ production was substantialiy lowered (7.8 percont)
int the highly inbred cows, and butteefut production showed an even
greater decrense (174 percent).

it is of intevest that the pituitary body, which supposedly is closely
Lied up with the physiology of growth and tactation declined in weight
0 80,2 pereent in the most highly inbred group @ that mitk nnd butterfat
production declined to 92.2 and %2.6 percent. respectively; and that
the itemg representing body mass declined to 87.3 percent of the vaines
represenied by the oulbred group,  Weight of wdder decreased to an
even greater extent (to nearly 60 percent}, but this nay bhave been
compensaled for {o some extent in the matter of producing ability, by
a grenter degree of porosity in the munsnary tissue which is indicated
by the high relation of capuacity to wetght of vdder in fhe more highiy
inbred groups.  The different effects of inbreeding on size of various
endocrine glands { pituitary, thyvoid, and adrenals) suggest the possi-
bility thai a lack of endocrine balance might have existed.

it would seem logienl to assume that, if the outbred cows had had a
higher percentage of Holstein instend of Jersey and Guernsey
ancestry, some of (hese effects of inbreeding woeuld have been more
proncusaced.

As mbreeding increased and the size of the cowy became smaller,
the organs and body parts, on an average, came to vepresent a larger
proportion of the total animal structure. They did not decline as
much as did empty body weight, Fo just what extent this tendency
can be attributed to inbreeding cannot be deterniined aceurately as it
aveurs to some degree in most cases when cows are grouped on the basis
of live weight.  Most notable exceptions were weighis of parathyroids,
pancreas, and the weight and eapacity of the ndder. These glands
were reduced in size relatively more than empty body weight.

The ontbred grnde Holstein cows included in this study were only
slightly smaller in weight and skeletal size than 75 registered Holstein
cows slunghtered at Beltsville in studies of conformation and anatomy
in relation (0 producing capacity, but their internal organs and
especially their endocrine glands differed o o greater extent,  Per-
centages showing the relation of eutbred grade cows to registered
rows average 4.0 for body weight or mass, 96.5 for skeletal size, 92.6
for internat organs, and 878 for endoerine glands,  Size wassmaller in
the outbred arade cows than in the registeved cows for every item
vompared. _ _

Correlation coeficients showed that preducing ability was more
adversely affected by intenstve inbreeding than ineasures of body or
skelotal size und internul organs or gland size, although most of the




INBREEDING OF GuiADE HOLSTEIN COWS 33

iterns uncler these headings indicated some decrense i size with
intensity of inbreeding.

Variability, expressed as coefficients of varintion, differed greatly
for the various items. For example, the coeflicients of variation for
weight of adrenals were approximately 10 times as great as those for
height at withers, both in tﬁze outbred group and in the three inbred
groups. Coeflicients for some of the other endocrine glunds and for
weight and capacity of udder were even higher than those for weight
of udrenals.

fubreeding appareatly did not decvense varinbility in body niss
or skeletal dimensions; in Fsct, there is some indication that varia-
bility incrensed slightly for some of these items as inbreeding becwme
more intense.  Libreeding did not substantially reduce vaviability in
the internal ovgans except that the average was lower in the most
highly inbred group thay in the eutbred or the other twao inbred
groups. The spleen was most varinble in the highly inbred group.
In the endocrine ghand itews varinbility was newrly twice as high as
i the internal organ items, and the average for the most highly in-
bred group was less than for any other group. Individua! items
differed groatly in varvisbitity.

The Ingh variability o items pertaining to weight and capacity
of udder ts probably due iu large measnre to differences in stage of
lactation at staughter and to the small numbers of cows represeated
it each group.  Weight of udder was least variable in the most highly
inbred gronp. The wmme was tene Tor capacily of dry idders bui
wot for eapacity of lactaring ndders,

Variubility 1n mitk wad bulterfat production or in percentage of
burterfat did not devrease significantly with inbrevding.

Changes in varisbility with infensity of lubreeding aiso ditfered
greatly for tnddividual items,  The body mass and sikeletal size items
werp not greatly uffected.  Among the internal organs, weight of
heart, weiiht of kidueys, and length of intestines showed little change
while weight of liver declined markedly.

Among the endocrine glands, varisbility in weights of pituitary.
thyroid, and pancreas was not significantly affected by inbreeding de-
spite the faet that the pituitnry was reduced wnd the thyroid wus in-
erewsed in weight. Weights of pineal, adrenats, and parathyroids
were definitely less vuriable in the highly inhred group despite the
faet that the actund weights of pineal and rdrenals were not appre-
cinbly uflected.

Weight of udder showed u very winrh lowered variability in the
most highty inbred groap.

In & number of cases there was i deeline in variability within the
three inbred groups, bur Lttt if auy when the inbred groups were
compared with the outbred gronp.  This resulied from the tendency
for variability to Le high n the greup of cows having inbreeding
cacflicients rmnghing from 10 Lo 29 pereent.

Ceombined averages for all of the 31 items stodied show that the
cootficient of variation was approximubely 13 percent less for all
jnbred groups. and approximateiy 29 pereent fess for the most highly
inbred group than for the outbred group.
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