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I~TROD('CTIOX 

:Much has been written concerning cross-breeding in plants and ani
mals. Some cases haye been reported in which the gene combinations 
of the strains crossed are apparently unfavorable, and poor results 
rollO"w. This finding is most marked in crosses of different species, in 
which sterility frequently results in the F t offspring. In most ill

I\tPo stances, ho",e"'er, cross-breeding increases the fertility, growth rates, 
tt: and resistance;to disease and to ad,"erse ellyironmental conditions. 
~ Little work has been done in crossing inbred strains of Ih-estock or 
- QJ: laboratory ;:1nimals, mainly for the reason that few such strains 

. ~st. 'Vith plants, howeye1', outstanding work has been done with ~ corn and Whe[lt. According to vVallace (7),2 pl'iYate breeders and 
~ \r.o,rkers at th¢ various Stnte experiment stations and at the United 

Srates Departjnent of Agriculture haw deyeloped thousands of in
~d strains o~ corn .a~ld 1Ulye ml~de llUndreds .01' thousands of crosses. 
Q1! the thousa)lc1s oj: lI1bl'ed strul11s pl'oc1uc(>c1. only 40 to 50 are out
standing. ,Jenkins (5) summarizes corn-improvement work by hy

1 n"c<:>i\'Nl for pllbth-atloll ."\lltU"t 10, lf140. 

".'>lImh<:,'·l; ill pHI','nth(,RI'S rprpr to Lit(>l'lttul'(> CitNl. p. 15. 
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bridizing as follows: Crosses between promising inbred strains have 
gi,'en marked increases in yield varying fronl 10 to 30 percent above 
the parent vilrieties. Inbred strains haye been developed which differ 
in resistance to disease, illsect injury, cold, drought, composition of 
the plant and grain, and procluctiyity, but practically nothing has 
been accoml)lishecl in transferring these desirable qualities frol11 one 
line to another. The high increase in yield holds only for the first 
hybrid generation. The best results have been obtained throngh hvo
'way crosses, i. e., four inbred strains llllTe lleen c()mbiJlf~d by cI'Ossing 
Fl hybrids, each resulting from the ('\,ossrs of two distind inbred jil1Ps. 
At present (1936) 44 diiIen'nt hybrids haye bcm released for C0I1111)('r
cial production. . 

In experiments cnrried on with guinea pigiO~ th0 United St!ltes 
Department of Agl'icultul'r has shown that inbred strains yary con
siderably in sneh clwl'acters as fertility, gl,'o,\,th rate, and mortality 
pereentages, as reported by 'Wright (8, 9), :McPhee and Eaton (C), 
and Eaton (3). The strain that l'llnks 11iglwst in one of these respects 
does not necessarily rank high in others. Comparisons of the inbred 
strains with a nonlnbrecl control stock have ShO\\11 the inbreds to be 
inferior to the control stock in most of the factors considered. As 
111eUS111'N1 by these factors, there has been a gradual decline ill the 
inbred bt()el~S over a period of yetll'S, but this fuct cannot: be attributed 
solely to inbreeding Slllce the control ~tock has shown a similar dl'cline, 
although it has consistently maintained a higher leyel than hayc the 
inbreds. 

Crosses behY('('n tlH~ vllrious inbl'Nl strains haye sllOwn that much of 
the vigor lo~t by inbreeding ('an he l'ecovcrNl in the hybrids, accord
ing to Wright (iJ). Since his pappI' was. puh}ished additional data, 
hrn'e, been obtailwd. Till' pn'sent buJ[etHl glyeS a more complete 
analysis of the cl'os,;brep(ling {'xl)(,l'imenL pnl'ticlilarly with respect to 
the hybrids. 

MATEHIAL AXD METHODS 

The guinea pigs nSl'd ill (his study consist~d of fin~ inbred strains
f:~miJjes 2, la, 3:!.. ;3!i. and ;3U-and [L llOl1mbl'ed, control-strain B. 
Families 2 and 13 and control-strain B \Yere cleriwd from guinea 
pigs that had bl'en bred within the Bnreall of Animal Industry Tor 
a long' period of Lime preyious to the beginning of the inbreeding 
expcrjnwnt. Fmnj]jes ;~2, 3fl, and 39 "were descended from crosses of 
the original Burean stoe1\: and animals purchased from n. dealer. The 
inbred strains had been maintained 'wholly by brother-sister m[lting~ 
fronl the beginning of the, expenment in 1906'. The control stock 
was begun in 1011 and contained no matings more closely related 
than third cOllsins. Crosses between the different families "were l10t 

mafIe until HH6. The data. pl'esE'nted in this buUl'tin cover the period 
from January 1, lUlu, throngh December 3.1, U)3.'. Cr,?sses betwt't'n 
all the lines werc not ma<1E' througbont tIllS entll'e pel'locl but werc 
scattered ove1.· variollS years, with the result that the yarions crosses 
overlnp in period of lime. "This fact tends to eliminate somewhat 

.. 

... 

'1 
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influences that good or poor p.easons may have had on the growth and 
mortality of the animals. Otherwise, the crossbred animals were 
subjected to the same enviTonment as the inbred and control strains. 
Data were obtained on F 1 and F ~ hybrids fro111 various 2--way crosses 
as well as on hybrids of three 3-way crosses. 

The criteria used for evaluating heterosis include various measures 
of fertility, growth, and mortality. Under fertility a're included 
number of young per litter, age of dam nt birth of first litter, and 
intervals betweelllitters. Growth dnta include bi rth weight of young 
raisecl to wenning, weaning weight at 33 days, and 'weight every 30 
days (bElginning with the 53-day weight) of those animals that were 
mated and raised to maturity. The criteria of mortality were the 
percentages of young born alive and the pe-rcentages raised to wean
ing of those born alive. These two factors therefore measure pre
natal mortality and mortality between birth and weaning. Data arc 
also presented which show the longevity of the hybrid adult animals 
in comparison with that of their pU'rent strains. 

Sufficient numbers of young for satisfactory analysis of data were, 
not obtained from all the crosses. Only those crosses producing 100 
or more youn~ were inclndecl in the results reported in this bulletin. 
In order to Obtain numbers large enough for an analysis of the 3
way crosses, the data presented include litters fronl inbred and cross
bred dams. This procedure undoubtedly affects the rl:'sults some
what, Sl11ce Wright (£1) has sho'wn that hybrid dams produced more 
young per litter, the weights of thei'r young at birth and at weaning 
were greater, and t11e percentage of their young born alive was greater 
than in litters from inbred dams. In the crosses of families 
2 X 13 X 35, 8 of the 14 dams "were crossbred, and in the crosses of 
families 2 X 13 X 39 and fami1ies 2 X 32 X -35, 8 of 22 dams were cross
bred. HO\vever, in -dew of the simiitlrity of the results, as reported 
later, it was considl:'red valid to present the results of the 3-way 
crosses in comparison with the other data. "Teights at birth and at 
'weaning were corrected to a, standal'd litter size of 2.5, thus eliminat
ing differences due to number of young pCI' litter. 

RESCLTS 

LITTER SIZE, AND GnOWTH AND VIABILITY TO 'VEANING AGE 

Table 1 shows littel' size and gwwth and viability to weaning age 
of the various crosses indicated. together Witll comparisons 'with the 
inbred parent strains and wHh the noninbl'ed control stock in the 
various cha:racters studied. Table 2 shows the ratings, for the various 
characters, of the inbred families and their hybrids, on the basis of 
100 for the control-stock B. 

Litter size (table 1) differed significantly in the inbred strains 
except between families 2 and 35 and between families 35 and 39, 
and all differed significantly from strain B. Since the dams of the 
1"1 animals were mbred, such a character as litter size, which is 
largely dependent on the clam, would not be expected to show the 
effect of crossing until the F2 litters. However, about half of the 



4 TECH:xrCAL B"LLLETIX 765, "L. S. DEPT. Ot' AGRICULTCRE 

F1 and F2 hybrids differed significantly in litter sizt:I from one or 
the other of the parent strains. The size of the F2 Etters was about 
6 percent greater than that of the F1 litters and in b,'o cases, family 
35 X family 13 and family 39 X fam]]y 2, the F 2 litters were larger 
than those of either inbred parent family. The greatest increase in 
fertility (32 X 13) resu1ted from crossing two strains, one high, the 
other low, for this eharactel'. In all three of the three-1-my crosses, 
litter size exceeded that of the parent strains and also that of the F 1 

hybt'ids from any two of these stl'llins. Diffel'enees were not signifi
cant in aU cases, howcyer. The control-stock B exceec1l'd most of the 
Fl and F2 hybrids in litter size. Litter sizes in Fl of family 32 X 
family 13 and in the three-,,'ay cross of families 2 X13 X 35 exeeeded 
that of control-stoek B by 11.5 percent, and littel' sizes in F~ of families 
35X13 and in the three-way cross of families 2X32x35 excelled that 
of control-stock B by about '9 pel'eellt (table 2). 

TABLE I.-Comparison of illurrcl fllld II}flil'i<l .~/I'(/ill.~ of !lllinea [Jigs in '1.'(I./'iOIl8 
1Il(,(UW/'f'S of 'L'i{!{)/' 1 

YOlllH~ 
A \'crnge AVl'rag-l' _\v('rngl.' rnised to 

Strain or crO~s litter birth w(loaningLit· ..\ni· 	 t Young horn : weanin~ nf 
ters nUlls $ize weight weight I alive 	 ' those. born 

I nlive 

~-um· ).-11 m· 

! bcr , ber XI/mha Grams Gram,It Pacmi Percent 


B stock (controlL .. ' 2.2-11" 0,023 ~.6U±1.1'1 93.·1:±;21.·! 2110.1:±;6S.9 lo3.U:±; .48 ~l. 2:'=0. 55 
Inbred [llmilr: , 

2 .. ' 2. 3~O' 5, 6&1 2. ·13:±; .9:1! .2. o:±;13.9 77.7±.55 79.2±~fil 
13... 2.2113 5,{179 2. fi I:±; I. 11 b'.3:±;IS.2 i-I.'= .. ~ 72. n± . r,7 
32 ! 1~ 091 2, 2S~ 2. 1O± • h9 70. fi±12. S ~2. I:±; •. "0 71.0:::1. 05 
35 .: 1.657 ... .115 :.!A~:±:l. 0·1 ~t·I±16. 7 ':l.Il:±; • (ill 76.3::::•• 78 
39.. ... • 4621,177 2.&1±l.05 7fi.O±13.2 74.2:::1. 27 ti3 ;',,:1.63 

F, hyhridsirom [ami, : 	 I' 

lies:' I! I , 
2XI~ 1);0, 'Iftl' '2,·1·1:±;1.0'1 "'9.6±1'.0 'U215.5:±;il.l.O " ',i.•±1.6·1 '1-1.S±l.!l6 
13X2 236, &19 '2,3:1:±; ..'5 "70.9:±;I.i.I'''18-1.~±lS.l '9,O:±;I.'2, '80.3:::1.00 
2X32 _.. __ ~_~.~_ 1i9 Ifj~ 32.43= .~r; 34S3.i±16.:l'34216.S±49.' t""i.3±~.05' ~i5.'2±3.59 
32X2 iti 201 ~ 2.f»i± • 99 :1 4 bO. 6:± 15. 6, 3 ~ 22fi.0±4"i. '2 3SS.6±2. 24 lt592. 1±2.02 
2X35 ~ 233 ~$2,7l±1.1fll~5~V.O±1H.134\2t)(1.:l:±fH,1 3~.1±2.393H9a..t±1.77 
35X2 :"'.1 197 ~ 2.:17± . ~j:3 4 3 j,LO±13. 5l'~20:t 7±+1. 7~ is. 7±2. 02 .\~L3±3. 13 
13X35 123 :110 2,52:±; . Un: 3 ,., 6:±;2L 1 i3 j 2.;5. 1:t;,'iS. • , .2. 6:±;2. 53 3, 00. 2:±; I. gq 
35XI3 201 505 ~. 51±1. 15' .. 'i. 6±2L 5, 14 252. 1±59. s 34 ~ ~\. H±1. fl.1 3 4 ~7. 0::::1. 64 
a~X13 :37 ]11 34 3 OO=1.lH: 349~.O±lg.7:3t2·';.2±5U.5 3'\"9.2±2,U,i l4US.O±2.19 
39X2 75 195 2. fill:±:: .98 :I 76. 0±13, l' 34215 I±M.3 4 ~.4. 6±2. 5~ 4 ~fi. 1±-2. 69 
39X13 _ 84' 2lC ~.5i:±;1.01 34,'t2±Hi.l t245.7±,ss.fi 7-t.l±2.tlS 3-4 h5.fi±2. 77 
39X32 . $ 13. 3 2, ~5:±;L 0, ...9. 3:±;15. b 3, 216.6±$. r. , S5. ~:±;3. 02 j 82. o:±;,. 55 

}', hybrids from fami'l !I 
lies: ' 

2X13 214 [,,1)0 42.;);;:±: .9,' lf79,S±15.5ltot194.f):±:·19.5 348·LO:±:1..1fi 7t1.6=1.97 
J:IX2 ........... , 2:!O 55V f 2 . .>t:::].1I5 3-t'~ j,,",. h±lH.O II f.1U2. 3±fiO. n 3 t 6 ....9.:~±1, 31 ".O±I.&S 
13X35 '.. """1 47 ll~ 2. M± • Q::!' ~ I) 'i0. ~'d:15.6 3{ "21 L 6±nO. 2 i-" S:±:::l. 7f1 • 66. '±~.89 
35XI3... "i 44 129 ~ ~ 2. H:1±;1. 22 3 '693. S±21. 6 ~ 25.1. 5±75. 9 -4 S:t 7 ±3. 25 11 73. 2:±:4. 26 
30X2 .... I 39 ! . JOI 2.!l':±;I.OS".Sl.l:±;I'.2 3210,6:±;61.1 ol.fi:±;3.&1 , S.1.0:±;~.OO 

3'li~~rrosses of fami· i . ! 
135' ·a.lkl:±; .9. '9!.9:±;1'l.7, 2·t'i.O±fil.fi 7, ~7,-t±2_~i: • ~9L9±2.02~~g~~3 .... :·1 1f 135 :!f•.i±1.2:i ~L-l±1S.2, 221.3±57.0 : "tll.h±2.Wi ~~Ul,9:±:2.-t,'j 

2X32X35....... 3~, 100' '2. 94±I.O() '(JO.3±1'. 6 2,10.8:::52.5 i\ h~. O±3. 24 :' ~ 0:1.0±2.~9 

1 ~t8ndnnl errors, nnd not proh.lblc error~. arf' :;hown nft('[ tho ± sign. 

'Throughout the text nnd tlll>l,-"" the family first named is the male. 

3 Dillers si~nifi('''ntl;' fro III fernnle·pllrent linc. 

, Dillers signifir''"tly from male·parent line. 

, Differs significantly from its reriprf)('nl cross. 

,', DtlTcrs signifiNlntlr [rom hybrids from same parem !'trains. 

, >lignificnmlr higber than best purent straIn in a 3·wo,· ('ro,;s, 

• Significantly higher than contrOl·stOCk B. 

http:tll.h�2.Wi
http:9L9�2.02
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EFFECT ·OF CJWSSING INBRED LINES O'F GUINEA PIGS 

TABLE 2.-RatiIlU of the inbred. and. hybria strains of guinea j?igs, on the basis 
of 100 for tlle control·stock B, tal' tlle 1:arious lIlca.sures of 'Vigor 

. h ( I IPercentage
.l?'.rt J I of young Average 

Litter ~CIght I""enning Percentnge i rnised to fOr nllStrain or cross size ~f'[~~d~~ weight t~tr~~o~lr\~e I weaning of characters 
measuredweun'ng I t thos~ born 

• I I ahve 
-----------.i---- ,.____ -----1----:---- ,_____ 
Inbred family: 

~................-..-- .....-
13__...•___...... __"_.' ... __ 
32____ ._.......____ .....____ . 
35.. ____.................... ,
39 __ .. __ ...._____ .... ___..... 

FI hybrids from fllomllies: 
2XI3.... ______ •_'_" _...._.. 
J3X2._ ••• _'''''''' ____...... 
2X32,., .................. 
32X2...................... :: 
2X35.............__..... ••• , 
35X2............__._...... •. 
13X35.......__ ....__...... • ' 
35XI3•••__ 
32XI3......=:=========: :::': 
39X2........................ 

39XI3....................... 

39X32........... , , -0. 
__ ..... 

F, hybrids from families: 
2XI3........ .......
,.-~.~~ -~~~ 

13X2....................... , 
13X35...... __ ...... __ •• .... ' 
35XI3................. 
39X2...__ ...... , , ......:::: 

3-way crosses of fllmilles: 
2XI3X35.. ................ ,.

2XI3X39.... ___ .•.• _.' .._•.. 
2X32X35... _............... ' 


90.3 
97.0 
78.1 
92.2 
94.4 

90. i 
80.0 

'90.3 
198.1 

'100.7 
88.1 
9:!.7 
93.3 

I:! 111.:; 
!16.6 
95.5 

, 91.1 

95.5 
94.4 
93.3 

108.9 
90.2 

3" 111. 5 
98.5 

, , 100.3 

77.1 
93.5 
75.6 
89.3 
SO. 9 

185.2 
n.9 

" 89. 6 
"86.3 
12 95. 3 

, SO. 2 
'93.8 
10:1.8 

I" 104.9 
, 81.4 
189.1 

"84.9 

85.4 
8,1. 4 
85.4 

lOOA 
80.8 

, 98.4 
8i.2 

'96. i 

67.4 
93.7 
69.5 
88.0 
76.2 

182.8 
' 71. 0 

12 83..1 
"86.9 
" 96.:!

, 78.3 
12 98.1 
"96.9 

"3110. ,I 
12 82.7 

19,1. 5 
"83.3 

74.8 
is. 9 
81.4 
9•. ,[ 
81.0 

95.3 
85.8 
92.6 

93.6 
90.1 
98.9 
8i.9 
89.4 

"103.2 
95.9 

'104.0 
' 106.7 
'101. 3 

94. S 
5i.5 

"100.7 
, lOi .•5 
1101.9 

89.3 
1102.9 

101.2 
'107.6 

94.9 
lOO.8 
101.9 

3' 105.3 
3' 110.6 

, 106.0 

9i.5 
88.7 
87.4 
9,1.0 
i8.2 

"100.7 
198.9 

92.0 
I " 113.4 
I" 115.0 

100.1 
"'1Il.1 
: " 10i.1 
"'117.0 

1100,0 
"105.4 

1101.0 

114.3 
94.8 
82.1 
90.1 

10?.2 

" 116.9 
3' U3.2 
" 113.3 

85.2 
92." 
81.9 
90.4 
83.8 

92.5 
8,';.7 
92.0 
98.3 

101.7 
88.3 
90.8 
98.4 

1I0.3 
£3.7 
94.8 
92.6 

90.2 
91.0 
8i.4 
99.5 
94.2 

105.5 
99.1 

103.6 

I Significantly higher thnn male-parent strain. 
, SignifiCllontly hlgber than fomlllo·parent strain. 
aSignifiCllontly higher than control·strain B. 
I Signl1lCllontly higher than best parent strain in a 3·way cross. 

W·eights at birth and at weaning (table 1) differed significantly 
in the inbred strains and between each of these ltnd control-strain 
B. Characters such as growth and mortality, which are less depend
ent on the dam than fertility, should sho'\Y heterosis in the F 1 

animals. This result was mlUlifested in the present crosses, espe
cially when byo families low in 'weight, such as families 2, 32, and 
39, were crossed. Under such condition,:;, ayerage O'ains of 8 percent 
in birth weight and of 13 percent in weaning weig11t resulted (table 
2). ","'hen heavy families, such as 13 tmd 35, "'ere crossed with the 
lightweight families, the weights of the hybrids were in general 
greater than those of the lighter parents, the ayerage gains being 
11 percent for birth weight and 20 percent fol' weight at weaning. 
Except for two Fl crosses (32X13 and 2X35) such hybrids weighed 
less at birth than the heavier parents, the ayemge difference being 
about 10 percent for birth weight and 14: percent fot' ,,-eaning weight. 
A third exception (3D X 13) exists for weaning weight. In the 
hybrids from family 32 X family 13 and family 2 X family 35, 
weights of young nt. birth and at weaning avc.>mged greater than 
t.hose of either 'Pllrent family. A consistent difference in growth was 
observed in the F, reciprocal crosses. The weights of the young at 
birth and at weaning tended to follow the average of the dam's 
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family for these characters. Average birth and ·weaning "weights of 
Fl young from family 32 X family 13 were significantly greater than 
those of the B stock. The three-way crosses of families 2 X 13 X 35 
and families 2 X 32 X 35 exceeded their parent families ill weig-hts at 
birth and at weaning, and practically eqnah>d or were slightly 
better than the Fl hybrids of the parent families for these char
acters, Families 13 and 35 ranked highest among the inbreds in 
gr.owth ch,amch>ri::;tics, aJ!d hybrids of these two families also main
tumed a Ingh rank for tlus character. 

Differf:'J1ces in the inbred strains and betm:8J1 each of these and 
strain B "-ere significant for percentage of young born nlh-e, except 
l)('tW(>f:'ll fnmilies 13 11llc1 39 and bct,,'eCll fnmil\' 32 nnd strain B. 
For percentag-e raised to weaning of young bOI']1 alive, differences 
,,;ere significant f:'xc(>pt between 'families 13 and 32 and between 
family 2 and strain B. In nearly all crosses thf:' yiabiEty of the 
Fl hybrids jl1creasecl approximately 8 percent for young born alj,-e 
anel 17 percent for young raised to ,ypaning of those born alive. 
The percenbge bol'1l alive was about the same in Fl and F~ litters 
excrpt for 13 X 2 cross, but. percentage raised to weRning was greater 
hl the F, litters. The greater nnmber of the hybrids exceeded the 
B stock in percentage of young born aliYe, the average gain being 
about 3.5 percrnt. Nearly all the F, hybrids excelled the B stock in 
percentage of young that ,,'ere raised to weanhlg, the exceptions 
being hybrids of fttmilies 13 X 2 and fami lies 2 X 32. The average 
increase of the F 1 hybrids over the B stock in percentage raised to 
,Yenning was about 6 percrnt. Percentages of young born aliYe and 
raised to weaning ,yere higher in the 3-,my crosses than in the 
parent strains and in most cases than in the hybrids from 2-,,'ay 
crosses. The percentage of young born alive averaged about 7 
percent higher ill the three-way crosses than in control-stock B, and 
the percentage of young raised llvcl'llged about 14 percent hig-hel'. In 
the hybrids the only factors which consistently showed improvement 
over the parent lInes were percentages boril alive and raised to 
weaning. 

In table 2, the aYerage rank of the five characters considered as a 
whole, in which each character was given equal weight, shows that 
the FJ hybrids from families 32 X13 ranked hig-hest, two three-way 
hybrids second and third, and the F 1 hybrids from families 2 X 35 
fourth. These excellf:'c1 strain B from 1 to 10 percent in the charac~ 
tel'S measured. The remaining crosses were approximately 1 to 14 
percent lower than the control strain. 

GROWTH AFTER 'VEANING 

Weights of the animals that were saved for mating were taken 
at 53 dnys of aO'e and eyery 30 clays theren.iter. Males only were 
used in this stncly, since weights of females are highly varit:ble on 
account of recurring pregnancies. Conlpal:i?on was. made wlth the 
growth curves for rnnles of the parent fmmhes as glyen by McPhee 
and Eaton (6). Growth of the hybrids and their parent families is 
shown in figures 1 to 5, inclusive. 

• 
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The growth of the hybrids from weaning (33 days of age) to about 
2 years of age illustrates strikingly the phenomenon of heterosis as 
exhibited by growth. In aU the crosses studied, the growth of the 
hybrid was significantly higher than that of the smaller ptu'pnt and 
in two crosses exceeded significantly that of the hea,vier parent. In 
most cases the weight of the hybrid followed closely that of the 
heavier parent strain. Although small ]111mbers of animals were 
used in deriving the upper ends of the curves, only :t small amount 
of smoothing out was required for the last 200-day period, indi
cating that the growth curves as presented represent those of the 
entire group of animals studied. Growth of the animals after wean
ing is not necessarily dptermined by growth prior to weaning, since 
some of the hybrid young were lower in weight previous to weaning 
than either parent family, but equaled or exceeded their parents in • 
final weight. In the case of a. cross between two fl11ni11es low in 
weight at all ages-for instance, familil's 2 and 39-there must have 
been a combinatioll of growth genes which gave practically the same 
result as that obtained by. combining a famj}y low in hody weight 
with one aJready possessmg gencs for heavy body weight. The 
progeny resulting from family 39 X family 13 were the only ones that 
reached the weight of the control-stock B at about 2 years of age. 

The fact that the fnll effect of heterosis was not manifested at the 
youno-er age would tend to decrease the benefit. from cross-breeding 
of inbred strains in livestock production if the same relations were 
to hold for the larger animals. :Most cattle are marketed at about 
60 percent of their mature weight and most hogs at about 40 percent. 
In guinea pigs these percentages correspond to weights at about 120 
and 60 days, respectively, before the effect of heterosis us regards 
growth has become manifested significantly. 

AGE OF DAM AT BIRTH OF FmST LITTER, LE~GTH OF GESTATION, AND 

REGCLAHITY OF BHmmING 

The female guinea pig is considered to be sexnally mature at about 
30 days of age~ the malc about 1 month luter. The normal gestation 
period averages 69 days. Thereforc, the dam should be approxi
mately 130 days of ngl' at thl' birth of her first- Jitter if the male and 
female are pltlcecl in the breeding cage at weani~lg time. As a mat
tl'r of fact, ~Yright (8) has shown that the dam IS actually about 11,'2 
months ohler than this at thl' birth of her first litter. ' 

Comparison of the hybrids as to age of dam 'when first litters a l'l' 
born 'was made with ~Yright's (,9) c1aUt fo,1' the inured strains. Hc 
used agC:' of males at birth of first litter, hut SillCC males :111(1 females 
nre llsn:dly p1aeed in the hl'ce(linp: cage when .they are ,I'paned at 33 
days of age, the age of clam at- bn·t11 of first hUel' would be equal to 
that of the 111alc in most cases. The greatest departure fro111 this 
would be in control-stock ]3, in which there may 'be a few clays of 
variation between age of males llncl females at time of placing the 
young animals in the bn'edillg cages. 

In the pres<'l1t comparison only hybrl(lmatings in 'I'hich the ani
mals were 45 days of age or less whcn put ill tlw breNling cagl'S were 
consider·ed. The data' are given in table;3, Among the' inbrecls, 



--------

13 EFFECT ,OF CROSSING INBRED LINES OF Gt:INEA PIGS 

families 35 and 39 pl'obably differ significantly from the others in 
age at which first litters were produced, and all probably differ sig
nificantly from the B stock. Significance of differences between the 
inbreds and their hybrids cannot be determined definitely since only 
means were given for Wdght's data, Reciprocal crosses between 
families 2 and 13 differ significantly in age of dam at birth of first 
litter, and the cross of family 2 X family 13 probably differs sig
nificant1:y from hoth parent strains in this respect. Reciprocal crosses 
of familIes 2 and 35 and of 13 and 35 show similar difftll'ences in age 
of dam at first litter. In these three cases the younger age at which 
the first litters were produced occurred when 'the clams were from 
one of the heavy strains (13 and 35). This fact seems to indicate that 
sexual maturity of the female is related to general body size. The 
great variability in age at which first litters were boni. among the 
hybrids and the small numbers of fiJ'st litters in many instances make 
the results of little significance. 

T.oI.BLEl 3,-Oomparison of ·inbred and hybrid 8train8 of guinea. tHg8 in ago of dam 
(It birth of fil'8t litter, length of ge8lat iOIl, (l1/(Z mea8ure8 of regularity of breedil1!1 
following fir8t litter8 ' 

Conccp· Concep· Average tlons tionsage of "\ verage IPrema· first afterFirst dam at 'fatalStrain or cross length of . ture estrus skippingUtters birth or litter,gestation :! littcrs after 1 or more first purtur!· estrousIittcr' tion periods 

Number Day. Day. Nnmber Percent Percrnt Percent 
Control B stock ...................... 20 151 09.0 1,025 1.1 47.9 51.0 

Inbred family: 


2................................. 62 175 68.7 1,106 1.5 60.6 37.9 

13.••••.•••_...................... 55 174 69.0 996 2.5 46.2 51. 3 

32......_......................... 'to 17:1 70.9 IjlO .6 43.0 55.5 

35...................._........... 76 102 70.3 743 .8 33.8 65,4 

30............._............__.... 25 188 6S.7 316 1.6 38.6 59.S 


FI hybrids from families: 

2X1L........._........_......... 34 3157:1:24 69.4:1:2.5 151 3l.7 3l 55.6 3l 43. 7 

lax:!.............................. 30 3170:1:51 68.6:1:3.0 1811 31 3.7 '''15.2 ;n 5t.1 

2X32..._ .•.•••.••_................ 8 J.l9:1:3:J 70.0:1:2.:J (iO 1.7 58.3 40.0 

32X2.............................. 10 210:1:04 69.0:1:1.8 64 .0 505.0 , 34.4 

2X35.............................. 19 3149:1:21 69.0:1:1.6 62 04.8 " 46.8 ''48.4 

35X2.................._........... 10 3211:H>8 60.2:1:2.0 60 ':1.:1 '61.7 , 35.0 

13X35.................._•••.•.•••• 21 3102:1:(itl 70.0:1:3.4 80 32.3 "24.7 "73.0 

35XI3........_...._..••••.•..•_•.• 34 3150:1:41 70.0:1:2.6 152 3' 3. 3 "46.0 :1.5 50. i 

32X13............................. 5 152:1:18 00.7:1:2.1 30 .0 43.3 56.7 

30X2............._................ 10 102:1:50 68.1:1:2.0 65 ".0 055.4 ., 44.6 

30XI3 ........................_... II 194:1:68 69.0:1:2.3 69 2.9 34.8 02.3 

30X 32.. _..._......_....._........ 8 161:1:36 69.4:1:1.8 45 2.2 48.9 4S.U 


F, hybrids from famIlies: 
2X13............................. 20 166:1:55 68.9:1:2.3 101 1.6 50.0 42.4 
13X2_._.............._............ 33 li2±35 69.8:1:2.6 181 1.1 1i-l.7 44.2 
13X35...........__......._...._•._ 8 172:1:33 70.2:1:2.3 39 II 5. 1 046.2 048.7 

35XI3........................._•.• 20 163:1:57 60.6:1:2.7 30 .0 40.0
flO. 0 I
39X 2......···-·........- ....-- ..•• 18 186:1:56 69.2:1:2.2 31 .0 58.1 41.9 


1 

I In the data includod for the inbred families and the control stock, ages of dam at hlrth of first Ilttrr are 
those reported by Wright (9); lengths of gestation period, by Eaton (2); and total numb~r of litters and 
perccntages born prematurely or conccll'cd aftcr onc or mow estrus periods, by EntaD (8). 

'Standard errors, and not probablo errors, are shown after the ± sign. 

3 Dltrcrs significantly from its reciprocal cross. 

I Dltrers significantly from fema1c-parcnt line. 

'Ditrers significantly from male·parent Hne. 

• Dltrers significantly from hybrids from same parent strains. 

Length of gestation period (table 3) is apparently a rather con
stant character, varying but little between the families, Families 
32 and 35 carry theh- litters 1 to 2 days longer than the other inbred 
strains. Among the F 1. hybrids, length of gestation appeared to 
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average practicaUy the same DS for the inbred family to which the 
dam belonged. Length of gestation for the F 2 hybrids did not vary 
appreciably from that of F 1 • 

Normally the guinea pig brseds immediately following the birth 
of a littler. If mating does not take place at this time a period of 
15 to 17 days elapses btfore estrus occurs again. The percentage of 
litters conceived immediately following the birth of a litter should 
give a partial measure, at least, of the regularity of breeding in the 
different strains. Comparison of the hybrids was made with Eaton's 
(3) data for the inbred strains and cont'l'ol-stock B, using as cl'iterh 
the percentage of premature births, percentage of conceptions hnmc
diately following a normal gestation. and percentage of conceptions 
after skipping one or more estrus l)eriocls, and then determining 
the significance of the dHferences by meallS of the x2 test (chi square) 
as given by Fisher (-4) for a 2 X n table. 

Most of the inbred families and control-stock B differed signifi
cantly from one another in the percentage of conceptions OCCUlTing 
in the first estrus after parturition. In f'unily 2 more than 60 per
cent of the litters were conceived at this tjme, whereas ill family 35 
only about. one-third of the.litters were cClnceiYecl as regularly (table 
3). F ~ litters ·were conceIved somewhat more regularly than the 
Fl litters. 

The dam apparently accounts largely for the regularity with ·which 
litters a:re produced. Females from family 2, except when mated 
with males of families 13 and 39, produced Btters in succession much 
more regularly than females of other families. Females of family 35 
were the most irregular in producing. There may be a preference 
of certain males or females for one another, since females of family 
13 bred much less regularly with family 39 males than with males 
from the other inbred families. This statement also applies to 
females of families 2 and 35 when mated with family 13 males. 

There was also a considerable difference in the percentage of litters 
born prematurely in the different families. Furthermore, the per
centage of premature litters from females mated to males not of their 
own family was much higher than from females mated in the family 
to which they belong. This fact may be due to severa.! causes, such 
as increased size of the young in certain crosses, more young per 
litter, or some physiological reaction due to differences of the parent 
strains that might be manifested in the developing fetuses. 

LONGEVlTY OF THE HYBRIDS 

Eno}lgh hybrids from which data could be cbtained for the con
struction of reliable longevity curves were available only from 
crosses between families 2 and 13 and 13 and 35. A comparison of 
these curves with those for the parent families, as given by Eaton 
(3), are shown in figures 6 to 9, inclusive. From the gmphs pre
sented it appears that longevity of the sire's or dam's family had 
little influence on the longevity of the hybrid. 
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FIGt:l!E G.-Longevity, at various ages, of males of inbred families 2 allli I:} 
and their redprocul hybrids. 
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FlGUIIE 7.-Longevity, at val'ious ages, of females of the same inbred families 
and hybrids as in figure 6. 
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FIGURE 9.--Lungl'\·ity, at variolls Ilg('s, of ft'malt's of tllP salllc inbL'l~d families 
and bY!)I'ids as ill iigllre 8. 

To get a better idea of the influence of family on longeyity, all 
hybrids that were descended froITl the same inbred fnmi ly--either 
sire or dam-were combined into one group to give greater numbers, 
and pe'l'Centagl's alive at (i-month intervals "'ere determined. The 
results are presented in table '.1:. 

TABLE 4.--1'el'(·(,lItU[I('8 Of II/(/le.~ (w(l rClllal('.~ of the ·inbred families Of [luillea pigs 
alld their hybrids alipe at ·variou8 (1!1('.~ 

Genetic !!roup 

Family 2 (inhr{'(I) .. 


FI hyhrids or (llmily 2 


F, hybrids or tllmily 2. 


Famil~' 13 (inbred). _... _ .'.'. 


FI hybrids orrnmily 13 •••. ___ . 


F, hybrids or rllmil)' 13_ ••. _ 


Fnmily 32 (inbred) .. _." _.. ~. ~ 

FI hybrids or (llmlly 32.•• _•.. 

Family 35 (inbred) •••. _.••••.. 

PI hybrids or (llmily 35.•• _.••.. 

F, hybrids orramily 35••..•.•. _ 

Family 39 (inbred) .. _________... 

FI hybrids ot rnmily 39........ _ 

-~--

Guinen pigs alive at age or-
Sex or - ---- .. - --.

animals 4218 2·1 30 366 I 12 I
months months months months months months months 

Percent Percent 
l\fnles. 95.8 91.0 
Fcmlllcs~.. 94.1 86.1 
l\fllles.... !lG.O 89.5 
Femnles. 92.U 7':;.8 
l\[nles .. 92.9 85.4 
Females.. 87.1 81. 1 
Males .... 94.9 S9.3 
Females.. 93.2 77.2 
Mules•.. 95.2 91.9 
Females.. 96.4 75.6 
MlIles 92.6 86.5 
Femnl~s·.· 90.8 n5.4 
Mnles . 94.8 91.0 
Females. 92.9 78.3 
Mules 96.3 112.3 
Femnles 89.6 7:1.1 
MlIles .,. 90.5 82.6 
Jo'enl3les. 82.7 t\3.7 
MlIles. 94.0 91. 6 
Females· .. 90.9 69.8 
Mnles ... 95. -I 8.1.9 
FemaleS SS.9 flO. 7 
Mnles __ " 88.1 83.7 
Femnles... 87.2 64.3 
MlIles • ___ 00.1 !In. t 
}'cmllics. 91.0 7:!.3 

--- ------ -~. ----
Percent Percent Percent 

86.9 81.0 7ii.4 
78.6 U9.7 6.1.0 
85.4 81. 5 79.4 
6.1.4 57.3 51. 9 
itt u 69.3 61.1 
G9.:! 57.2 41.1 
84.8 80.3 71.9 
6:l. 9 52. i 42.9 
86.1 84.7 83.1 
62.3 53.1 47.4 
79. 1 n.n no. 6 
52.8 43.5 31. 9 
8:1.5 79.4 72.0 
61.6 48.5 35.4 
81.8 SI.8 81.8 
65.4 54.5 41. 5 
i5.9 66.7 55.2 
50. i 42.1 33.2 
85.0 SO. 7 SO. i 
54.6 a7.6 33.9 
7S.6 78.6 78.6 
36.7 15.3 15.3 
7S.U 71. 1 65.7 
46.3 37.2 30.8 
91.8 91.8 91.8 
59.5 li5.5 37.S 

Percent Percent 
tiS. U US. 7 
55.4 44.8 
75.0 66.3 
47.3 39. 9 
50.9 46.7 
33.3 30.9 
66.9 54.8 
34.2 21.6 
SO. 9 68.9 
43.4 36.3 
55.5 5O.S 
27.2 25.3 
5S. I 40.8 
28.5 20.2 
SI.S 81.S 
35.5 30.4 
43.5 35.4 
27.0 22.3 
so. 7 64.6 
31.1 24.2 

-._---- .... _----
62.5 47.1 
20.6 li.2 

28.4 ----:is:.i 
-

Fl hybrid males of families 13, 32, 35, and 39 were longer lived 
than males of the parent inbred families. The F:! male hybrids were 
generally shorter lived than the F I hybrids and males of the inbred 
parent strains. F 1 females from families 13, 32, and 39 had greater 
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longevity than inbred females from the same families. :rvfost F z 
females were shorter lived than the F 1 and inbred females from the 
corresponding inbred strains. Inbred family 2 had a tendency to 
live longer than its F 1 or F 2 male or female hybrids. 

DISCUSSION 

It appears from the results presented that different sets of genes 
govern the physiological processes which make up fertility, gro\yth, 
and viability. None of the inbred families apparelHly contain 
gene combinations fllVorable. to superiority in all the three. £actors 
mentioned. The sets of gelLes governing a single character may 
even be different in the several strains. By crossing the various 
strains new gene combinations ltl'e thus formed, in some cases 
favorable to increased vigor in one of the several characteristics 
measured, in other cases perhaps unfavorable to one another, re
sulting in the production of individuals inferior to the parent races. 

The history and results of the guinea-pig families concerned in 
this study lend themselves well to the foregoing postulations. As 
already stated, families 2 and 13 were derived from guinea pigs 
that had been bred within the Bureau of Animal Industry for a 
long period previous to the beginning of the inbreeding experi
ment, whereas families 32, 35~ and 39 were descended from crosses 
of the original Bureau stock and animals purchased from a dealer, 
The results obtained from these two groups of families have been 
different through the period of the inbreeding experiments. 

It is possible that the purchased stock introduced gene combina
tions not present in the original Burealt stock. "Thell the stocks 
from the two different SOurces of origin were. crossed, new gene 
combinations that could well account for the different results ob
tained may have resulted. In the case of differences in reciprocal 
crosses, it is possible that some of the growth and fertility char
acteristics may be due to sex-linked genes. Howe\'er, the correlation 
of weight of dam at the birth of a litter to the gro\yth characteris
tics of the young, even to a year of age, as shown by Eaton (2), 
indicates a strong maternal inheritance relationship, probably physi
ological in nature. Greater improvement. oYer the parent strains 
resulted when three families entered into the hybrid than \yhel1 only 
two wem used. This is probably due to a larger number of £tW01:
able genes being brought together. ThE-se assumptions are in har
mony with the theo,!'y of. heterosis as explained by East (1) and 
other students of tlus subJect. 

Heterosis in livestock breeding has llot been manifested to the 
same extent as in the breeding of corn and other plants. Greater 
difficulties doubtless will be encountered in estabHshing inbrf>d 
strains of animals from which to make the crosses. Most experi
ments with livestock have shown that they will not. stand so inten
sive inbreeding as plants and laboratory animals. The length of 
time between genE-rations makes it impossible for the indiyidual 
breeder to accomplish much. The expense of maintaining a lllrge 
number of individuals from w11ich to choose and build up lines is 
prohibitive except for cooperatiYe efforts on the part of individual 
breeders and institutions, UJlfortunately, the outcome of u cross 
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cannot be predicted from the performance of the strains compos
ing it. Until there is more knowledge concerning the genetic fac
tors that control Ule various life. functions, it appears that the 
improvement of livestock by hybridizing will necessarily continue 
to depend on the method of trial and error. Once inbreds that pro
duce favorable hybrids are located, the practice from that point on 
should not be so difficult. 

SUMMAHY AND CONCLUSIONS 

. Comparisons .im'o]ying .five i~bred s~raills of guinea pigs, a non
mbre<l control stock, and recIprocal crosses bebveen the inbred 
strains were made on the basis of various measures of fertility. 
growth, and mortality. The dn.ta presented cover the period from 
.January 1, 1916, through De~elllber 31, lfJ37. 

The inbred families and the control stock differed in the measures 
of compadson. No one strain was superior ill all characteristics. 
Crosses between the strains also differed in the characters compared. 

In crosses between strains of high and low fertility, the hybrid was 
usually higher hl fertility than the poorer parent but lower than the 
better parent. The greatest improvement in fertility was obtained 
when two strains medium in this respect "were crossed. The same rela
tionship held for grmyth as for fertility. It ,vas shown that mature
grO\vthchal"ltl"teristics cannot he c1etel"lnined from weights at birth and 
'Yeaning. In most cases crossillg the strains increased the viability. 

Reciprocal crosses varied in tlH'ir performanc:e. The dam appeared 
to affect the fertility and growth or the young more than did the 
sire. 

:Mating took place some,,·hat more l'C'glll:trly when the sires and dams 
were 'unrelated, bnt thC'l'e was little differC'Tlce 'in the age at which first 
litters were born. 

Greater fertility and yiability resll1t('cl from combining thn'e inbred 
families in a cross than from combining two. 

The performance of the h~'bl'ic1s cannot be predicted from the 
performance of their inbred parents. 
" The results in general seem consistent with the manifestations of 
heterosis as fOllnd ,in hybrid corn and :in other plants and animals. 

The fact that the full effect of heterosis, especia lly as regards growth, 
was not manifested at an ('ady age tends to offset the benefits of 
crossing in liYestock raised for n1arli:et. The crossbred animals would 
still be in a period of rapid gro,yth, and therefore less likely to attain 
a good finish, at the age when more rapidly maturing stock wonld 
ordinarily be .finished for market. The feeder, therefore, would have 
to kpep his stock for a, longer perind to attain the proper finish, or he 
would haw to market at the 11s11al age and weight at a sacrifice of 
price per pound for the animals. 
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