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IN'I'ItODUCTION 

Too frequent copulation of nialcs is often given as an impor- 
ta,nt cause of iveak and infcrior offspring froin the standpoint of 
growth am1 thriftiness. This idea sca is  to be rather universal, 
though evidence of such being the case is difficult) to obtain. 
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Wrightb (p. 306) states that in his poultry-breeding operations Ire 
does not expect normal size or vigor in offspring from cocks used 
on too many hens, and further (p. 131), that cocks that are used 
on too many hens show the effect in that the eggs fertilized by 
them show signs of hatching but do not hatch because the em- 
bryos fail in many cases to reach full development. Pusch (’15, 
1). 182) expresses the almost universal belief in this inatkr, 
t,horigh hc does not consider tlic idea well grountletl whcn lie 
\vritc:s : “Braucht man die I>eckhengste, wie iiberhaupt jedes 
iiiiiriiilichc Zuchtlier, zu stark, so schiiidigt man nicht nur deren 
J-tegatt ungs- und Befruchtungsverniiigen, sondcrn auch tlio 
Qualitiit) ihrer Nachzucht ; deshalb wird die Stutenzahl fiir w r t -  
vollc Vollbluthengste auch nur auf 33-40 Stuck bemessen und 
die zu bedeckende Stute erst durch den Probierhengst auf ihrc 
ftassigkeit hin gepruft.” Day (’13, p. 219) expresses the belief 
that excessive use of the boar is likely to result in small, weak 
litters of pigs. 

Just why sperm cells that are produced by a male in heavy 
sexual service should produce inferior offspring when they take 
part in fertilization is not clear. Can it be possible that the 
genetic makeup of the spermatozoa is changed by heavy service? 
Is it not possible that any sperm cell possessing life, however 
depleted and weak it may be, will carry into the egg a potentiality 
of full vigor? Or, on the other hand, can we conceive of differ- 
ent degrees of vital force in a sperm cell? Since all of the activi- 
ties of the animal body are so beautifully coordinated, it would 
appear very rash to assume without conclusive evidence that 
males under natural breeding conditions would derange any vital 
function, such as reproduction, by continuing to copulate after 
the reproductive system was producing an abnormal product. 
As has been pointed out in our first paper (Lloyd-Jones and 
Hays, ’17), there appears to be a relation between the number of 
services performed by the male and the fertilizing power of his 
semen, but as far as we have been able to measure, we are led to 
believe that only a slight change can be brought about by this 
treatment. Pusch (’15, p. 182) states that in Oldenburg, stal- 
lions are often allowed to make from four to six or even eight 
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services daily. He also states that bulls have been used on 400 
cows in a year, and that even poorly fed bulls will make from 
four to eight cdpulations daily, and this without bad effect. 

Strictly speaking, ‘vitality’ of individuals cannot be measured, 
for the vitality of any individual really means the sum total of 
life force within every living cell of the organism; vitality, as 
used in speaking of animals, may, however, in part be measured 
by the rate of growth in weight, the skeletal development, and 
the ability of the individual to live to a good age. Such factors 
as body weight and the others mentioned above are measurable. 
The purpose of this investigation has been to study the effects of 
heavy service of males on the nature of their offspring, as far as 
we could measure the effect. 

MATERIAL AND METHODS 

1. Animals used 

The character of the animals used in this investigation has 
been discussed to some extent in the first paper of this series. 

, Stocks of the European domestic rabbit, Lepus cuniculus, secured 
from six different breeders, were used and no inbreeding was 
practiced a t  any time. The weight1 and age of the females is an 
important factor in that it affects both the number in a litter and 
the individual weights of the offspring. Likewise the weight of 
the male probably is of much importance in affecting the weight 
of the young. The maturity of the male is a factor that should 
not be lost sight of, because all three of the males used were fully 
mature and were in theit prime of life-about two years old. 
The average weights of the males are as follows: No. 1, 2850 
grams; No. 3, 2575 grams; and No. 4, 2200 grams. 

Shy breeders sometimes occur in rabbits, but most of these 
females proved to be regular breeders. No. 25, however, was 
barren and was discarded; No. 12 produced young three times, 
the last time August 5, 1916, after which time she appeared 
never to come in heat again and continually refused to copulate 

1 Prof. H. W. Vaughan has found that Large Type Poland-China Swine pro- 
duce larger litters than the Small Type. 
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and was discarded; both No. 22 and No. 29 died after having 
given birth to but one litter upon which we secured data; and 
No. 18 died after she had given three litters to ihe experinient. 

Age of the dam is an important factor as affecting the number 
in the litter and probably to some extent the weight of the in- 
dividuals of the litter. For this reason the approximate ages of 
the breeding animals is here given in order that the reader may 
understand fully how much error may have been introduced 
through immaturity in the breeding females. One female gave 
birth to young when six months old; two, when seven; four, 
when nine; one, at  ten, and one, a t  eleven months old. The 
remainder of the females was fully mature, that is, fifteen months 
old or over, at the time they gave birth to the first litter used in 
this experiment. 

The fact should be noted that the three females that died 
during the experiment were all immature a t  the time they first 
reproduced and that only one of them (No. 18) had more than 
one litter upon which we secured data. Two of the three lit- 
ters from No. 18 are 5th-service litters by male No. 3 and the 
other is a 1st-service litter by the same male. Female KO. 22 
gave a single litter from the 5th-service by male No. 1; and 
female No. 29, one litter from the 1st-service by male No. 4; 
female No. 12 has contributed but two litters to the records; 
namcly a 1st- and a 10th-service litter by male No. 1. 

It may appear to the reader that considerable error, resulting 
from the use of these immature females, was overlooked in mak- 
ing up our records of growth, but this has not been the case; 
therefore, a brief consideration of the system of matings used to 
overcome this error is not out of place here. 

The system of matings was arranged so that each female was 
mated to at  least two of the males and many to all three males, 
and where possible each female produced litters from all differ- 
ent services from each male, thus reducing parental variability 
to the males alone. By making the three breeding groups of 
females as nearly equal as possible in age and weight; by distrib- 
uting the heavy service among the females in such a way as to 
secure all types of litters from both mature and immature fe- 
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males, and by making matings at  such a time as to secure all 
types of litters at  the same season of the year, as far as pos- 
sible, we hoped to overcome many possible sources of error. 
However, as the experiment proceeded it was found impossible 
to apply these corrections absolutely and we are thus not fully 
justified in comparing litters in growth in body weight and in 
mean dimension and assuming that any consistent differences 
are due to the number of services performed by the males. We 
should not overlook the slightly better opportunities offered the 
15th- and 20th-service litters, a considerable proportion of 
which were born during the latter part of the experiment and 
mere produced when the females were all mature. 

a. Records kept 

The following records were kept: Date of breeding, pedigree, 
date of the next probable heat period-fifteen days after breed- 
ing; actual date of parturition; number in litter; number born 
dead; sex of offspring; individual weight of offspring on day of 
birth and for each five days thereafter up to ninety days; head 
length and breadth through extremes of ilium, taken at  the 
same time as the weights; date of weaning; color, and mortality 
record. 

3. Weighing and measuring 

Breeding records were kept for each female so that it was pos- 
sible to weigh each litter on the actual day of birth. At this 
time each litter was given a number which was the same as the 
number of the matings, and each individual was given an indi- 
vidual number and marked in such a wa,y as to be easily dis- 
tinguished from litter mates by color description or by clipping 
ears and tail. The individual weight records were kept each 
five days until the litter reached the age of ninety days. 

The desirability of continuing all records to the full maturity 
of the progeny is very apparent. As the work was handled, forty 
or fifty animals were often weighed and measured on a single day 
and, with the other routine work of the experiment, entailed a 
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very large amount of labor. Such extensive records were im- 
possible for reasons that need not be discussed here. Weights 
were secured on a sensitive torsion balance and variations of 0.5 
gram were recorded. Great errors may be introduced by a 
'fill' if the records are not made at the proper times; therefore 
the records were secured at  about the same hour each day before 
feeding, which was done once daily. However, there are cer- 
tain errors in weight records which cannot be avoided by the ex- 
perimenter. The general degree of health of the animals has 
much to do with fluctuations in weight as MacDowell ('14) 
found in growth studies of rabbits; nevertheless, as with other 
animals, weight seems to be the best available index of growth. 

Two methods for studying the growth of the progeny produced 
were chosen, namely, growth in body weight and growth in body 
measurements. The first will be discussed here. 

Body weight, according to Minot ('08, p. 87), represents the 
total mass of the living body, while body measurements are only 
partial indices of growth. That individuals show wide fluctua- 
tions in weight has been pointed out by MacDowell ('14, p. 191) 
in his studies on the rabbit. Although growing rabbits show 
marked variability in weight on different days, it was thought 
possible by the use of large numbers to secure growth curves 
that would fairly represent a race of rabbits kept under uniform 
conditions. There is a possibility that these growth curves 
would diverge more as the animals grow older, because Mac- 
Dowell has shown that though most rabbits apparently make a 
a normal growth to maturity, others fall much below the normal 
and do not reach the average weight in what is considered the 
normal period. But complete records were out of the question 
as indicated above. Even though this is the case, it is very im- 
portant to ascertain if this reputed inferiority of progeny which 
is supposed to result from the weaker sperm cells of the over- 
worked male is going to be apparent when his progeny are in the 
most active stage of growth, i.e., during the first ninety days of 
postnatal life. If progeny from the advanced services of males 
are more poorly equipped with the necessary something to en- 
able them to make normal growth, would this not be apparent 
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when the young rabbits are thrown upon their own resources, 
as was done during the sixty days following weaning time that 
the records were kept? 

Concerning the second method of studying growth, namely, 
by body measurements, it is important to discover whether body 
development follows apace with body weight and to check one 
against the other. For this reason, all litters born up to August 
9,1916 (45 in number), were measured as well as weighed, at  five- 
day intervals up to the age of ninety days. 

A measure of head length was considered valuable, as measure- 
ments of the skull have been found to be less variable than meas- 
urements of long bones. MacDowell ('14, p. 38) found this to 
be true in rabbits. Hatai ('08) observed the same thing in the 
albino rat, and Quetelet ('71) likewise found the same in man. 

The head length as here reported was measured by the use of 
calipers and represents the distance obtained by placing the sta- 
tionary arm a t  the crest of the occipital bone allowing the beam 
of the calipers to extend sagitally downward parallel with the face. 
The movable arm was then brought up until it rested snugly 
against the end of the nose and down over themouth. The lower 
arm of the instrument was then just beneath the inferior extremity 
of the premaxillae and the upper arm was just above the superior 
region of the occipital bone. There is very little Aesh or soft 
tissue covering the bones in this region, about the only structures 
obscuring the bones are the skin and the hair coat. It is ap- 
parent, that a head measurement in this particular region 
approximates rather closely the actual skull size. 

Since there is the possibility that some other body ineasure- 
ment would make an entirely different growth curve from that 
of the above-described head measurement, it was considered de- 
sirable to secure one other measurement that could be taken with 
considerable accuracy on the live animals. Moreover, we wished 
to obtain a 'mean dimension' from the average of two measure- 
ments, therefore some easy body measurement was searched for. 
There is no little difficulty in securing external measurements of 
the body with accuracy, as the writer has learned from much ex- 
perience with cattle and swine. A measure of the breadth be- 
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tween the extremesof theilia was thought to be as easily determined 
as any of the possible body measurements and would represent 
a dimension of breadth in contrast to head length, which might 
be considered a dimension of depth. The iliac expanse was 
therefore used as the second measurement. 

Both measurements were taken just after weighing on the 
five-day periods beginning a t  birth and continuing to the ag of 
ninety days. Steel calipers were used witb vernier graduated to  
hundredths of a centimeter. Three independent readings of 
each dimension were taken by removing the calipers and shifting 
the arm after each reading. Readings were put domri just as 
read, and care was taken to avoid any tendency on the part of 
the observer to  modify readings to make them check with others. 
As a rule, it was possible to obtain readings that varied less then 
0.1 centimeter from each otFer. An average of the three read- 
ings was taken as the correct reading for each measurenient. 

Little difficulty was experienced in securing what was consid- 
ered a correct reading on heed length. This was not always 
true for the other dimension. Three factors probably enter to 
modify this reading: 1, the amount of ‘fill;’ 2, the degree of 
fatncss; 3,  the position of the hind limbs. Food and water in the 
alimentary tract seem to bulge the m r . d l s  of the abdomen to such 
an extent as to often obscure the points of the ilium and make 
their exact location difficult. The variability of the feeding 
habits of the rabbit is thus a factor of no little importance in 
connection with the measurcmeiit of iliac extrcmes. Some in- 
dividuals carry much more fat over the ilium bones than others. 
In  fat individuals the points of the bones are often greatly ob- 
scured, especially in the younger rabbiis. This condition is much 
more common among the smaller and better nourished individuals 
and may prevail to some extent throughout the period of ob- 
servation. There is considerable flexibility in the pclvic girdle 
before the syrnphisis pelvis beconies bony and firm as the ani- 
mals approach maturity. The ilium, ischium, and pubis are 
also distinct and more or less flexible in early life. This greatp 
flexibility causes the position of the hind limbs to be an impor- 
tant factor in modifying the position and the breadth of the ex- 
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trernes of the ilium as determined by the calipers. In  so far as 
possible an effort was made to have the animals sit with the 
limbs in the natural position while being measured. The hair 
was also clipped from this region of the body in order that i t  
mjght not obscure the point of the bones. 

4. Methods of interpreting weights and measurements 

In  order to make the data for different-sized litters more nearly 
comparable, all weight and measureincnt records are reduced to 
an ‘individual mean’ for each litter for each of the nineteen periods 
of observation. The individual mean for each litter was cal- 
culated by dividing the total weight or total measurements of 
each litter by the number of individuals for each of the nineteen 
periods. From these individual litter means the series of cumu- 
lative growth graphs are constructed. 

In  attempting to compare the growth graphs of rabbits in the 
different service groups, a very perplexing problem arose as to 
how to best compare results in litters that vary so much in num- 
ber of individuals. The number of individuals born in 5t litter 
is an intensely important factor in, influencing the weight of the 
young. Our observations have shown this as did also obscrva- 
tions of Minot (’91, p. 111) on guinea-pigs. His results, based 
upon 351 observations, show that the amrage birth weight is 
85.5 grams in litters of one, the weight gradually decreased with 
the increase in number of individuals to as low as 52.2 grams 
in litters of eight. 

Anotlicr item that makes comparisons of litters in different 
service groups difficult is the fact that litters in the 1st and 5th 
service groups are likely to contain more individuals than those 
from the 15th and 20th services. For this reason the individual 
mean of these advanced service litters is greater and they grew 
faster because of a more generous supply of milk from the mother. 
In  this connection we find that King (’16, p. 51) discovered that 
in rats “body weight a t  birth indicates the probable capacity of 
the individual for subsequent growth.” This being the case, 
small litters from the advanced service should grow more rapidly 
than the larger litters from the 1st and 5th services. 
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In order to make the litters in the different service groups 
comparable with each other, whatever their number, it was 
thought first that litters of diff ereat numbers of individuals 
could be standardized to a mean litter number. Jackson (,13, 
p. 17) in comparing the standard deviation of individual rate 
with the standard deviation of the entire race, reduced all indi- 
viduals to a common basis by multiplying the body weight of 
each rat by a factor obtained by dividing the mean of the total 
population at  a given age by the mean of the given litter. Since 
the object we have in view is not the study of individuals, 
this formula cannot be used. Further attempts were made to 
obtain a factor for reducing large and small litters to a compar- 
able basis, but so far with no success. Again, it was thought 
possible that the coefficient of correlation bet'ween number of 
individuals in the litter and average weight per individual might 
be made use of to reduce the litters to a cornparable basis, 
but without any satisfactory results. Again, a comparison of 
different-sized litters in the several service groups by con- 
structing graphs upon a base line representing the different 
litter numbers and the vertical line representing the variable 
weights at  birth, a second chart to show the time required to 
make eight times the birth weight, and a third chart to show the 
time required to make twenty-four times the birth weight were 
attempted. By this means the data could be much condensed, 
but such a system proved to be impracticable and was discarded. 
Finally, it was deemed best to compare litters of the same num- 
ber of individuals. Accordingly, the growth rate in the different 
service groups must be shown by a whole series of charts, the 
graphs on each chart representing a certain litter number. In 
each case the chart shows the number of litters which are lumped 
in each graph. Thus each chart gives a direct comparison of 
the growth rate of the five service groups, namely, lst, 5th, 
loth, 15th, and 20th, the comparison being always between 
litters of the same number. 

As a further measure of divergence in rate of growth between 
the service group's, the coefficient of variability of weight for all 
litters in each of the five service groups is valuable, presented 
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at birth, at  weaning time or thirty days, and at  ninety days. 
The object here sought is to find out if there is a greater varia- 
bility in any one of the service groups, which might be expected 
if any of the service groups contain weak offspring. This study 
will also reveal if heavy service tends to produce a wide range 
of variability in birth weight or a wide range in the weights of 
individuals at  the time that they are thrown upon their own re- 
sources at weaning time, and it will show further if the individuals 
tend to deviate more from the mean as they grow older. Devia- 
tions, if they are going to occur, might be expected to occur, 
more strikingly at  these three periods than at  any other time 
during the observations. This coefficient of variability was de- 
termined by the following formula: 

(Sum of deviations of litters from mean)2 x (frequency of class) 
Number of individuals. . I  i f in  

For each 
litter i n  
seniice 
group. 

x l 0 V  Mean of respective litters. 
Number of litters in service group. 

The above formula is used for the birth weights, the thirty- 
day weights, and the ninety-day weights. 

The measurement data secured were combined into one general 
expression, the ‘mean dimension.’ The advantage of using one 
expression to stand for body measurements lies in the fact that 
we have a mathematical expression for the cross section of the 
animal. Graphs expressing cumulatively the percentage increase 
in head length and iliac extremes are found to cross between the 
thirty-fifth and fortieth day of postnatal development; but pre- 
vious to this date and later, up to the time of the conclusion of 
the observations at ninety days, the graphs bear a close relation 
to each other, therefore it was deemed correct to combine the 
two measurements to obtain the mean dimension. 

The mean dimension was obtained by the following formula: 

Mean head length + mean iliac extremes. 
2 
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Mean head length is the sum of the averages of the three read 
ings for each individual in a litter divided by the number of 
individuals in the litter. Mean iliac extremes represents the 
sum of the average of the three measurementS divided by the 
number in litter. By using the above formula for mean dimen- 
sion, the calculation was made for each litter for each of the 
nineteen periods of observation. Graphs presented on the 
measurement data are made up in exactly the same way as has 
been described for making the graphs for weight, comparing 
only litters of the same number of individuals. A grand average 
graph is likewise made up regardless of litter size. The graphs 
based upon identical litter size are considered reliable for pur- 
poses of comparing the offspring in the different service groups, 
but the grand average graph is subject to considerable error. 

DATA AND RESULTS 

1. Growth in weight oj  young as  related to frequency of copulation 
oJ’ sire 

For studying the offspring with a view of determining if there 
is any relation between the number of services made by the males 
and the rate of growth, there appears to be no better measure 
than body weight. Body weight measures the animals as  a 
whole and should thus reveal any inherent weakness that retards 
their growth. 

Below are presented charts 1 to 12 taken from the composite 
weight records of the young of all three males. Each chart rep- 
resents a single litter number at  birth, all litters of one size, in 
each of the five service groups being grouped together and the 
same grouping being followed for all litter numbers as described 
on page 580. Each service group is represented by a different 
line, as is disclosed by the legend on the charts. The number 
of litters represented by each curve is given in each case. Chart 
13 shows the weighed grand average for all five service groups. 
It was obtained by adding together the individual mean of each 
litter and dividing by the total number of litters at  each obser- 
vation period. We have already shown that such a chart com- 
paring directly the growth ratio of the different service groups 
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GROWTH CURVES IN SERV~CE GROIJPB 
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CHART N O l T a  
GROWTH CURVES i N  SERVICE GROUPS 
LITTER 6izE 7 
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I " ' " " " " ' " ' " "  CHART NO. X 
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may not be made with absolute justice because, as will be shown 
later, the litters in the advanced service groups tend to be 
smaller. A rough comparison of all progeny may be made in 
this way, however. 

Charts 1 to 12, inclusive, present the results in a form that 
may be easily grasped by the reader, but there are a few points 
revealed by a study of these graphs that require some discussion. 
With but few exceptions, the 20th-service graph lies above all 
other graphs. This is a striking and surprising result and the 
question a t  once arises as to the cause of the almost uniform 
heavier birth weight and more rapid growth of the 15th- and 
20th-service litters compared with litters of the same size from 
less advanced services. The results are in direct contrast to 
what, according to the traditions of breeders, would be expected. 
On their face they actually show that the heavier the service of 
the male, the more thrifty the offspring. It seems best to here 
consider the possible factors that may play a part in causing the 
superiority of these advanced service litters over litters from the 
lst, 5th, and 10th service. 

THE JOURNAL OF EXPERIMENTAL ZO6LOCY, VOL. 26, NO. 2 
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During the production of the majority of the 1st- and 5th- 
service litters the breeding animsls were housed in somewhat 
cramped quarters. Conditions there were not conducive to the 
most rapid growth of the young and were not as favorable for the 
breeding females because of small space and rather poor ventila- 
tion and poor light. Furthermore, the progeny were cro\yded 
into rather limited exercising pens, and probably for this reason 
they did not develop at so rapid a rate as would have been the 
case under the more favorable quarters used later. The ma- 
jority of the 10th-service litters, on the other hand, and about 
half of the 15th-service litters were produced while the stock was 
housed in more ample quarters where the space was large, the 
ventilation good, and everything was conducive to health and 
thriftiness. In  fact, the quarters used at that time were prac- 
tically as good as the present permanent and excellent quarters 
where the 20th-service litters were produced. The superior en- 
vironment of the advanced service litters is no doubt partly re- 
sponsible for the greater growth of the advanced service litters 
compared with the moderate service litters; but environment 
cannot be entirely the cause of the superiority of the 20th-service 
litters over the 15th, and the 15th-service litters over the 10th- 
service litters. 

Parentage may be an important factor affecting the weight. 
As has been previously noted, the variability of the female breed- 
ing stock is considerable, the range of weight was from 2500 to 
3250 grams, averaging 3050 grams, but the females have been 
so.distributed among the three breeding males as to make three 
groups of practically uniform weight and variability in size. 
Nevertheless, lack of uniform weights in the progeny may still 
be partly due to variability of the female breeding stock. 

The size of the sire may also be a factor in controlling individual 
mean weight. The three sires used were quite different in weight; 
their weights are as follows: No. 1,2850 grams; No. 3,2575 grams, 
and No. 4, 2225 grams in ordinary breeding condition. lVTale 
No. 1 sired eleven of the seventeen litters included in the 20th- 
service group. He, beiag the largest of the three males, would be 
expected to sire the heaviest offspring at birth, and such offspring 

Let us therefore seek a further explanation. 
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TA4BLE 1 

Average birth weight qf litters sired by the three diferent males used, by  service 
groups 

MALE 
MEMfiER 

1 
3 
4 

1 5 ~ ~  20TH 

Ncz- Weight N&y- Weight N{$- Weight 

IST 

12 50.9 8 2 45.0 2 42.7 00 00 
8 42.4 6 4 58.8 4 49.6 6 53.3 

Weight at  ninety days 

1 5 1209.5 3 1236.6 7 1238.1 7 1262.0 6 11299.3 
3 11 1170.0 6 1217.8 7 1095.3 2 1270.7 00 
4 1 7 11054./ 6 ~ 1 0 9 6 . ~  5 11424.d 2 ill99./ 3 11009.0 

could be expected to keep ahead of the other classes of offspring 
a t  least for ninety days. This way of explaining the position 
of the 20th-service graph above the others is called in questions 
by chart 3 and also by table 1. The graph of the 20th-service 
litter lies below the others. This graph represents the growth 
of a single 20th-service litter (after the first weight) also by 
Male No. 1 and out of the heaviest female in the breeding stock 
(No. 15). Therefore, the fact that this litter lies below 5th- 
and 10th-service litters on this chart, cannot be explained as the 
result of small ancestry. 

Table 1 shows that the size of the male ancestor is not a 
very important factor in relation to the size of the young a t  birth. 
At the age of ninety days, however, the effect of the heavier sire 
becomes more important, but nevertheless is probably not as 
important as some other factors concerned as will be pointed 
out later. 

When we consider the 15th-service group, we find that seven 
litters were sired by Male No. 1, two by No. 3, and four by 
No. 4. Again we should expect a more uniformly heavy progeny 
than if all males had contributed an equal number of litters to 
the data. Chart 8 shows the superiority of the 10th-service 
group over the 15th-service group up to the fifty-fifth day, 
after which time the graph rises above all others. 
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Thus far we have attempted to  account for the heavier weights 
and the greater rate of growth of the advanced service litters as 
due entirely to factors other than the nature of the sperinatozoa 
and not to any inherited superiority. The effect of such factors 
does not seem adequate to explain the apparent superiority of 
the advanced service litters, therefore there is good evidence that 
a real superiority exists among the advanced service litters as 
compared with the light service litters. The female ancestors in 
both service groups were practically equal in weight. One of the 
15th-service litters represented in chart 9 was sired by Male 
No. 1, the other by No. 3. Two of the four litters combined in 
the 10th-service graph were sired by No. 1 and two by No. 3. 
The smaller weights of the 15th-service litters during the early 
part of the observations cannot for the above reasons be explained 
by male ancestry of different weights. 

One other hypothesis may be proposed to account for the prob- 
able superiority of the advanced service progeny over those from 
very moderate service. Pearl ('17, p. 296) treated both cocks and 
hens with ethyl alcohol, methyl alcohol, and ether at different 
times during the breeding season in order to study the effects 
on their progeny. He found the offspring from treated parents 
in every way superior to those from untreated parents. Pearl 
assumes that alcohol and other poisons act as selective agents 
upon the germ cells of treated animals. It is possible that se- 
lective action might be brought about by heavy sexual service 
of the male. We have previously shown that heavy sexual 
service induces the liberation of sperm which often show no pro- 
gressive motion and are short-lived. Some few oi the sperm 
from these advanced services do exhibit the physical properties 
that indicate high vital force. The possibility exists then that 
what few spermatozoa do take part in fertilization are superior 
to the average in the light service groups because the bulk of the 
spermatozoa in the advanced service groups are not equipped to 
take part in fertilization, while this is probably not true in the 
light service groups. Such a hypothesis as the above will thus 
account for the superiority of the advanced service progeny. 
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MEMBER 

- 
1 6 7 

8 7 
6 6 

3 
4 

TABLE 2 

Kumber of litters included in graphs of charts 1 to 18, inclusive, and the male 
ancestry 

7 11 
2 0 
4 6 

__ 

Concerning the graphs for the loth-, 5th-, and 1st-service 
litters, we note that as a rule the 1st-service litters are inferior 
in weight to either the 5th- or 10th-service litters and that the 
10th-service litters are for the most part superior to the 5th- 
service litters. As previously noted, less favorable environment 
and greater immaturity of some of the female animals are thought 
to be the chief factors entering here. The male ancestryis 
almost uniformly distributed among the three males. Below 
we note from the table just how the ancestry is distributed. 

Table 2 shows us that the three males are about equally dis- 
tributed in the progeny groups from the 5th and 10th services. 
In the 1st-service group, however, No. 3 has sired twice as many 
litters as No. 1 and 50 per cent more than No. 4. Since Male 
KO. 3 is a smaller animal than No. 1, we have here a partial 
explanation for the apparent inferiority of the 1st-service litters 
over all others. In the 15th- and 20th-service groups the prog- 
eny of Male No. 1 predominate, and Male No. 3 sired no litters 
in the 20th-service group. 

A word of explanation in regard to a few remarkable features 
of some of the charts may be of value at  this point. On chart 3 
the depression in the 5th-service graph at sixty days is due to a 
failure to obtain data on the heavier of the two litters making 
this graph. This particular litter was unintentionally over- 
looked for four weighings. On chart 5, the drop in the 10th- 
service graph at  sixty-five days is due to  the incomplete record on 
one litter at  the time the graphs were constructed and this litter 
was made up of very heavy individuals. 
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Chart 13 represents the grand average growth of all litters in 
the five service groups as explained on page 582. Each graph 
thus represents the individual mean for the combined litters in 
each service group. These composite service group graphs bear 
out the general deductions that we have madefrom a study of the 
graphs taken one by one comparing litters of a given number 
with each other in the five service groups. There is one out- 
standing objection to the use of such graphs as are shown on 
chart 13. There is a perceptible negative correlation between 
number of sewices of the sire and the number of offspring in 
litters resulting (Lloyd-Jones and Hays, p. 492). In  other words, 
heavy service does reduce the size of litters, especially in the two 
most advanced service groups used here. Consequently the 
greater supply of nutrients furnished by the mother in utero as 
well as the greater supply of milk available after birth will 
enable the advanced service litters to outstrip the other litters 
during the periods of observation in this experiment. This con- 
dition would hold if all litters were equally fit genetically; and 
we have no evidence that any class of offspring is rendered less 
fit by heavy service of their sire. 

To recapitulate, cedain errors have been introduced into the 
growth studies in body weight, chief among which are environ- 
mental factors, the age and weight of the dam and the weight of 
the sire. These errors have been partially corrected, and the 
conclusion seems justified that there is no evidence in this data 
to show that the amount of sexual service that the male has been 
required to perform in any way affects the rate of growth of his 
offspring in body weight for the first ninety days of postnatal 
life. 

9. Litter coefjicient of variability 

The coefficients of variability in table 3 presented below were 
obtained in the following manner : The coefficient of variability 
for each litter in each of the five service groups was determined 
at  birth, at  thirty days, and at  ninety day6 by the formula: 

Standard deviation of each litter. 
Mean of $he litter. 
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1st 5th 10th 

u.. r E 

3:: Percent 

.: 2 

* m  3 Percent 5,j Percent g E  
5 2  53 $= 

TABLE 3 

2. Coegicient of variability of individuals within the litters at three diferent periods 

SERVICE 

15th 1 20th 

w r 

8 . .  

z 
$4 
F 

Percent 2,j Percent 
1" 

AGE 

c - .  

2610.81.tl.01 2010.73=+1.14 

23 10.10+1.02~ 14 6.77A0.86 
$!3i10.72*1.07! 17 8.27*0.96 

- ~- -. __________ 
i10.55 ' 1 ' ,8.82 

days 

Birth 
30 
90 

__ 

11.43*1.64 168.80*1.05 
9.56*1.29 11 7.89.121.11 

17 7.55.tO.87 810.70*1.80 98.9411.42 
- 

10.13 -~IO. 55 -~8 .  56 Average. 

The coefficients of variability for all 1st-service litters at  birth 
were then added together asd this sum was divided by the 
number of litters concerned to secure the coefficient as given in 
table 3.  Likewise the coefficients of variability for all lst-serv- 
ice litters at  thir'ty days were added together and this sum 
divided by the number of litters concerned to obtain the co- 
efficient as given in table 3. This method was used on the weights 
at  ninety days to get the coefficient, and a similar procedure 
used on the weights in the other four service groups to obtain 
their respective coefficients. For the information of the reader 
the number of litters concerned in each case is presented in the 
table. MacDowell ('14, p. 44) shows in studies on weight of 
adult rabbits that there is less variability within the litters than 
between individuals of different litters. For this reason and be- 
cause we wish to compare progeny of different ancestry, the 
method of expressing the coefficient of variation of the popula- 
tions as the average of the individual litter coefficients of that 
population is conaidered accurate. 

Table 3 shows that the coefficient of variation in rabbits is 
greater at  birth than at  any other time dur'ing our observations. 
This fact holds good in all service groups. While the coefficient 
on the average is small, it serves to indicate that prenatal nutri- 
tion must be subject to wide variations, otherwise greater uni- 
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formity in weight at  birth should be expected. The thirty-day 
period is the weaning time for all of the litters studied in this 
experiment. We note from the table that the coeEcient of 
variation falls below what it was at  birth in all service groups. 
Here again there is no evidence of an increased percentage of 
‘weak’ offspring in advanced service groups, for if such were the 
case we should expect the coefficient to increase when the ani- 
mals were thrown into competition for qutrition during the first 
thirty days of postnatal life, and even one inferior individual 
would alter the coefficient for the litter. At the nintty-day 
period there is again a decrease in the coefficient of variatioa in 
all service groups, except the 15th- and 20th-service groups. 
The large size of the probable error here indicates that the 
15th-and 20th-service groups cannot safely be assumed to be 
exceptions. 

Taking up a comparison of the coefficients for the different 
service groups, there appears to be slightly less variability in 
the offspring as the number of services increases, but this de- 
crease is not universal. Since the probable error is rather large, 
this difference is no way significant. As has been previously 
stated, there is also a slight reduction in the number in the 
litters in the same direction. Our data show us further that 
there is less variability in the smaller than in the larger litters. 
This fact affords us an explanation for the slight reduction in the 
coefficient of variation as the number of services increases. 

In table 3 a further fact seems apparent that occasional 
genetically weak offspring do not occur in any one of the service 
group more frequently than in any other service group. The 
table also shows us that for the first ninety days of postnatal 
growth there is a tendency for individuals of the same litter to 
approach nearer to a mean weight than was the case either at  
birth or at  thirty days of age. Fetal nutrition is thus more vari- 
able than either the nutrition furnished by the mother during the 
first thirty days after birth or the ordinary food supply fur- 
nished from thirty days to ninety days. 
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AQE 

~- 
days 

Birth 
30 
90 
~- 

TABLE 4 

Service-group coeficients of variability at three different periods 

. SERYICE 

1st 1 5th 10th 15th 20th 

% *_I u .+. I 0 0 

k3m !-m 8 Percent $5 Per cent 5 E 58 Ez Percent a z  Per cent 33  Per cent 

i?= a z 1 L-: !P z ,E .2 1 2  

- 

26 17.621 1.65 20 28.10*3.10 20 23.03 1 2 . 4 6  13 15.5913.39 16 21.9412.62 
2319.70.tl.96 1842.65.i.4.80 2135.5313.69 1352.13*6.91 1146.37+=6.66 
2324.2512.41 1723,8912.76 21 19.6312.04 11 24.9713.53 9.30.91*4.92 

- ___ - 
Weighted ' 

average.. 24.40 31.56 

3. Service group coeficients of variability 

In  table 4 are presented the service-group coefficients of vari- 
ability for all of the progeny studied in the experiment;. These 
coefficients are obtained in the following manner: The sum of 
the mean individual weights of each litter in the 1st-service 
group was divided by the number of litters, to get an average 
at  birth, at  thirty days, and at  ninety days. The standard 
deviation of this average was then calculated and the coefficient 
of variability (e)  obtained by the formula: 

Standard deviation of the average 
Average = c  

The same method was used for all five service groups. 
The service-group coefficient of variability differs from the 

litter coefficient of variability given in table 3 in that the former 
measures the range in weight between the individual litter means 
of the different service groups, while the latter is a measure of 
the range in weight between individuals of the same litter. 

The service-group coefficient of variability is valuable in study- 
ing the effects of heavy service of males upon the growth in body 

-I 31.65 26.11 134.73 
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weight of their offspring because it will bring to light occasional 
litters in which every individual is inferior. For example, table 
3 shows that there is not an occasional inferior individual in the 
advanced service progeny. This fact does not remove the pos- 
sibility of some entire litters being inferior because it is possible 
to conceive that at  one time a male rabbit might sire an excep- 
tionally good litter on the 15th or the 20th service because of 
extra high reserve, but the majority of his progeny might be 
inferior in growth as entire litters. By table 4 we shall attempt 
to discover if litters as a whole are inclined to be more variable 
in any particular service group. 

Table 4 shows that at birth there is less variability in the 1st- 
service progeny than in any other progeny. This implies that 
the individual mean weight of the 1st-service litters more nearly 
represents the mean of every litter in the service group than is 
the case in any of the other four service groups. There appears 
to be little tendency for variability to increase as the amount of 
service increases as shown in the other four service groups at 
birth. 

Concerning the variability between litters at  thirty days of 
age, practically the same relationship exists between the progeny 
of the different service .groups as has been already noted in con- 
sidering the progeny at  birth. The table shows us one additional 
fact at  the thirty-day age; namely, that the greatest variability 
in weight during the ninety days of the observation exists at 
weaning time or thirty days. This fact is additional evidence 
that the nutrition furnished by the mother while suckling the 
young may vary in absdlute amount or may be distributed in 
limited quantities because of the large number of individuals that 
she may suckle. 

At the age of ninety days there is a striking uniformity in the 
coefficients for all five service groups. Only in the case of the 
20th-service group is there any noticeable digression, and this is 
probably due to the small number of litters concerned. 

Table 4 as a whole does not in any way indicate that inferior 
litters exist more frequently in any one service group than in any 
other, and the fact has already been pointed out in connection 
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with the study of the weight graphs than in average body weight 
the advanced service litters are equal and in some cases superior 
to that of the litters in the light service groups. The fact that 
variability within litters is small compared with the variability in 
service groups is well illustrated by a comparison of the coeffi- 
cients in tables 3 and 4. 

4. Growth by measurements as related to frequency of copulation 

Charts 14 to 21 are presented to show the growth in the mean 
dimension as obtained on forty-five litters. The method of mak- 
ing measurement and the determination of the mean dimension 
have been already explained, pp. 581-582. Each graph repre- 
sents averages of the mean dimension for all litters of the same 
size in the respective service groups. The mean dimension for a 
litter is obtained by adding all head measurements to all meas- 
urements of ilia1 extremes and dividing the sum by the total 
number of readings included in the sum. The expression thus 
obtained is the average individual mean dimension for the re- 
spective litters and may be compared with the average individual 
weights used in the previous charts. 

These charts of body development show that there is a maxi- 
mum increase in the mean dimension up to about the twentieth 
day, after which there is a very noticeable flattening of the 
graphs. From about the twentieth day on to the end of the 
observations at  ninety days the progressive increase in the mean 
dimension is about constant. The increase in the mean dimen- 
sion is thus in marked contrast to the increase in body weight 
previously illustrated by charts 1 to 13. Body weight has been 
shown to make a, rather constant increase up to the end of ninety 
days, and this is well illustrated by the fac? that the weight 
graphs show little if any tendency to flatten out. 

Though the number of litters making up a mean dimension 
graph is in most cases small, they serve t o  illustrate the same 
principle as the weight graphs, namely, that the advanced serv- 
ice progeny are fully equal to the 1st- or 5th-service progeny 
at all times during the ninety days of the observation. On 

. 
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C H A R T  NoXmT. 



CHART NQXYE 
MEASUREMENT CURVES iN SERViCE GROUPS 
LITTER Size 8 

1'. 4 _.. 
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CHART NoXX 
MEASUREMENT CURVES iN SERVICE GROUPS 
L i i T E R  S I Z E  / 0 
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ALL SERVICC GROUPS 

charts where but a single litter makes up a graph a rather sudden 
break may sometimes be noted in the graph. This, in our 
opinion, is the result of error in measurement, and for this reason 
the graphs made up of several litters will be less influenced by 
minor errors and hence should be more representative of actual 
dimensions. 

In  chart 22 are presented grand average graphs made up as 
the average of twenty-one 1st-service litters, fifteen 5th-service 
litters, eight 10th-service litters, and one 15th-service litter. 
Here the coincidence of the 1st-, 5th-, and 10th-service graphs 
is very striking. This fact bears out our previous conclusions 
from body weight studies that heavy sexual service of the male 
has no effect upon the growth of his offspring. Our evidence in 
studying the increase in the mean dimension does not show any 
effect on the progeny, from the heavy service of the male. The 
15th-service graph is made up of but one litter of two individuals 
sired by Male No. 1 and out of an average sized female. The 
fact that this litter is few in numbers and has as a sire the larg- 
est of the males will probably account for their larger mean 
dimension. 
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Number of animals born ...................... 
Number dying first five days . . . . . . . . . . . . . . . . . .  
Per cent dying first five days.. . . . . . . . . . . . . . . .  
Number dying between 5 and 90 days.. . . . . . . .  
Per cent dying between 5 and 90 days.. ....... 

TABLE 5 

Percentage mortality in ofspring during the $rst $ve days of life and between the 
jifth and the ninetieth day of life 

SERVICE 

180 119 139 S4 77 
16 15 16 11 7 
8.89 12.61 11.51 13.09 9.09 

21 36 17 9 19 
11.67 30.25 12.23 10.71 24.68 

1 1st 1 5th 1 10th 1 15th I 20th  

Summarizing the results of the measurement studies, we note 
that there is very close proximity of the graphs for the different 
service groups. This points very strikingly to the probable fact 
that heavy service of males has no effect upon the growth of their 
offspring in the length of head and in the breadth of ilia1 expanse. 

In  table 5 the progeny are grouped by services and the nwn- 
ber and the percentage mortality is given for each service group. 
Under the row marked “Number dying first five days” are in- 
cluded all animals dead at  birth as well as those that died dur- 
ing the first five days of life. The other row of the table in- 
cludes only animals actually dying between the fifth and the 
ninetieth day of postnatal life. 

The percentage of mortality during the first five days shows 
a slight increase as the number of services increases up to the 
15th-service group. Comparing the 1st-service group with the 
20th-service group, we note that the percentage mortality in the 
first five days is practically the same in both groups. Since the 
environment has been more favorable for the 20th-service litters 
than for the 1st-service litters, as previously pointed out, there 
is no indication that twenty copulations by a male do in any way 
tend to reduce the percentage of his progeny that will survive the 
first five days of postnatal life. The table shows practically the 
same percentage of mortality during the first five days in both the 
5th- and the 15th-service groups. The explanation for the 
rather high percentage of mortality in the 5th-service group is 
that two litters were destroyed outright by the mother and a 
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number of the other 5th-service litters were born during ex- 
tremely hot weather when the mortality was very high even 
among the older animals. The 10th-service group shows a 
higher death rate than the 1st-service group. In all these cases 
the percentage of mortality during the first five days does not 
seem to depend upon the number of services that the male is 
required to make. 

Table 5 shows that there is very little consistency between the 
mortality percentages as revealed in the first part of the table 
and between the percentages of deaths that occurred between 
five and ninety days. The first five days is a very critical 
time in the life of the young rabbit and very slight exposure may 
bring disaster. When this period is over the deaths usually re- 
sult from bowel disorders or from septicaemia. Bowel disorders 
are mostJ common during the very hot weather of summer in the 
stock, and it is very unfortunate that a large number of the ani- 
mals in the 5th-service groups should have been so attacked. 
The 10th-service progeny also show a higher death rate than the 
1st-service progeny, even though these 10th-service litter's were 
housed under moR favorable conditions than were the majority 
of the 1st-service litters. The mortality percentage of the 15th- 
service offspring is the highest of any of the service groups dur- 
ing the first five days of life, but it falls below that of all other 
service groups between the age of five and ninety days. Practi- 
cally one-fourth of the 20th-service rabbits died between the 
fifth and the ninetieth day of postnatal life. An outbreak of 
septicaemia happened to occur among a-number of these litters. 
This being the case, we are inclined to believe that this sudden 
outbreak of disease rather than any inherent weakniess of the 
progeny resulting from heavy sexual service of the sire is here 
operating to cause the high percentage of mortalities. 

6. Relation of number of services made to sex of o$spriny 

A study of the relation of sex of the offspring to the amount 
of sexual service the male is required to perform is important 
because such data will shoJr- if either male or female producing 
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1 1st  5th 10th 
__ - ~ . ~ _ _ _ - _ _ _ _  

Number of individuals concerned.. . . . . . . . . . . .  78 76 117 
Rat io . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  129 77 80 

GOT 

15th 20th 

84 77 
53 28 

TABLE 6 

S e x  ratios in seruice groups. X a l e s  to 100 females 

sperm (Bachhuber, '16) is weakened by excessive functioning of 
the male reproductive organs. Table 6 presented below shows 
the sex ratio of the offspring in the different service groups. 

Table 6 shows that in the 1st-service group there are 129 
males to every 100 females. After the 1st-service group there is 
a regular decline in the number of males produced, with the ex- 
ception of the 10th-service gFoup. There is apparently some 
underlying cause to bring about the high percentage of females 
to males in all the advanced service groups, and there is a direct 
relation between the amount of service previously performed by 
the male and the proportion of female offspring that he will sire. 

The properties of the spermatozoa are perceptibly modified by 
heavy sexual service of males (Lloyd-Jones and Hays, '17), there 
being a larger percentage of weak sperm in the advanced service 
sperm. 

Two possibilities exist : either female-producing spermatozoa 
are formed more largely than male-producing spermatozoa as 
the amount of service of the male increases or the male-producing 
sperm are in themselves weaker than the female-producing 
sperm and consequently fewer of them survive to take part in 
fertilization. On the first point there is no evidence available. 
Concerning the second point, Stockard ('13) offers the hypothesis 
that in the case of guinea-pigs the larger female-producing sperm 
are more affected by alcoholization of the male than the smaller 
male-sperm producing. In  the case of excessive sexual service, 
however, the large female sperm may be more vigorous because 
of their size or their greater chromatin content and thus out- 
distance the male-producing sperm in the struggle of fertiliza- 
tion, thus giving a higher percentage of female progeny in the 
heavy service groups as compared with the light service groups. 
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7.14 
11.90 

8.93 
15.47 

TABLE 7 

Sex  as related to mortality. Percentage mortality oj  the sexes 

0 
17.74 

9.09 
11.29 

.- 

PERIOD 

First five days.. . .. . . . . . . . . . . . . . . . . . . . . . 

Between five and ninety days.. .. . ,. . . .. . 

SERVICE 

5th 

8.69 
6.85 

6.52 
12.33 

10th 1 15th 20th 

9.09 
9.09 

27.27 
24.24 

In  table 6 we considered the relation of sexual service to the sex 
of the offspring a d  found that a predominance of females to 
males is the rule in the heavy service groups. In  table 7 we 
shall consider sex of the offspring dying before the close of the 
observation period at ninety days. 

Table 7 shows that up to the 15th-service group there is a 
higher death rate among the female offspring than among the 
male offspring. In the 20th-service group, however, the fact 
d l  be noted that females are just as likely to survive as males 
for the first five days of postnatal life. Between the fifth and 
the ninetieth day there is a slightly lower death rate of females 
than males in the 20th-service group. These facts seem to 
indicate that in comparison with males of the same class, female 
offspring from the 20th-service are in respect of their ability rto  
survive superior to ordinary offspring from the less advanced 
service groups. The fact still seems evident that these female 
offspring in the 20th-service group are slightly more likely to 
die than ordinary offspring. 

SUMMARY OF FACTS 

1. Body weight of the rabbit is a measure of growth that is 
subject to conisiderable variations largely brought about by slight 
changes in the environment. 

2. The rate of increase in body weight continues at a uniformly 
rapid rate for tlie first ninety days of the rabbit’s life. 

3.  The factors that appear to govern the weight of the young 
at birth are age of mother, state of health of mother, weight of 
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mother, weight of sire, character of food of mother, and iiuiti- 
ber of individuals born in the litter. 

4. The factors that govern the rate of postnatal growth of the 
young for the first ninety days are weight a t  birth, number in 
litter, milk supply furnished by the mother, and, after weaning, 
the character of the food supplied to the young and general 
character of the quarters. 

5.  No inferiority in the offspring from the heavy service groups 
is revealed by comparing the body weights with those of the 
light service groups. 

6. The average litter coefficient of variability in body weight 
at  birth at  thirty days and at  ninety days is no greater in the 
progeny in the heavy service groups than in the light service 
groups. Greater variability might be expected if a part of the 
offspring are made genetically inferior by inferiority of the inale 
element in the advanced service groups. 

7 .  The service group coefficients of variability indicate greater 
variability in the weight of the general population than within 
the litters, but do not indicate that heavy service produces ‘weak’ 
litters . 

8. Body development seems to progress a t  the maximum rate 
during the first twenty days of postnatal life, after which time 
there is a rather marked decline in the rate of increase in head 
length and breadth of ilia1 expanse. 

9. No inferiority in the offspring from the advanced services 
is revealed from a study of body growth by measurement. 

10. Offspring in the more advanced service groups do not 
show a significantly higher percentage of mortality during the 
first five days of life than do the Offspring in the light service 
groups. 

11. A higher mortality does not seem to exist in offspring from 
the advanced service groups as compared with the light service 
groups between the ages of five and ninety days. 

12. Eeavy sexual service of males gives a decrease in the 
proportion of male to female offspring that is very perceptible. 

13. Female offspring are to some degree more likely to suc- 
cumb than male offspring in all service groups except, the  
tw en t i e t 11 . 



610 FRAKK A. HAYS 

14. The high percentage of deaths of female progeny is largely 
due to the predominance of females to males in the litters. 

15. By no means thus far used has any inferiorit,y of progeny 
from heavy sexual service been discovered. They are fully 
equal if not superior to progeny from very light service of male. 

DISCUSSION 

The amount of sexual service that the male performs has a 
marked effect upon the physical properties of his spermatozoa 
(Lloyd-Jones and Hays, '17); the whole basis of this work is to 
discover if these effects are in any way made manifest in the 
off spring. 

Growth in body weight must be assumed to be due to a com- 
plex of stimuli acting upon every living cell of the organism. If 
it were possible to niodify the contribution of growth stimuli 
from the male germ cell by extreme sexual use of the male, an 
effect) should be produced upon every cell of the body in his 
offspring and a reduction of these stimuli would thus result in a 
decreased body growth. The sum total of the body increase in 
the offspring from the heavy service series is fully equal and 
even superior to the increase in the offspring in the light service 
groups. This apparent superiority has been attributed to vari- 
ous factors, largely environmental and possibly to superior male 
reproductive cell. After these factors are corrected for, which 
we have found impossible to do, we believe that the rate of gron-th 
in body weight would be identical in all five service groups. A 
study of body weight as reported here wilionly reveal the char- 
acter of the total population and will not reveal the occurrence 
of an occasional inferior individual. 

The coefficient of variability of litters, on the other hand, is 
valuable in that it will reveal the occasional inferior individual 
in the litter. If only a part of the offspring in the heavy serv- 
ice groups are inferior as far as rate of growth is concerned, 
there should be a greater coefficient of variability in the litters 
from heavy service than among the light service litters. No 
such evidence appears in our data, and this fact we feel warrants 
the assumption that not even a psrt of the offspring in the 
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heavy service group are more inferior as far as ability to in- 
crease in body weight is concerned than the offspring in the light 
service groups. 

The service group coefKcient of variability does not reveal 
that any inferiority of entire litters is brought about by heavy 
sexual service of males. This coefficient does show that the 
largest coefficient of the first ninety days of postnatal life is 
found just at  thJe close of the suckling period a t  thirty days. 
The coefficient further shows that the variability in weight of 
the general population is much greater than within the litters. 

Body measurements furnish us with further material for the 
study of the offsprling in the different service groups. These data 
do not reveal any new facts to indicate any greater inferiority of 
offspring in any one of the five service groups. Here again the 
same modifying factors have been in operation that have af- 
fected the body-weight data, and a correction, if possible, for 
these we think would show that the offspring in all five of the 
service groups are identical in body dimensions. 

Concerning the question of rate of mortality in progeny from 
light and heavy service, we have no evidence that there is a 
higher deatth rate in the advanced service groups over that ob- 
served in the light service groups. 

A direct relation apparently exists between the amount of 
sexual service of males and the percentage of females that they 
will sire. The ratio of males to females is highest in the 1st- 
service group and progressively decreases up to the 20th-service 
group. There is a possibility that heavy service exerts a selec- 
tive action upon the sperm cells and may eliminate from fertili- 
zation the majority of the male-producing spermatozoa. The 
large female-producing sperm cells may show a greater rate of 
motility, greater endurance, or for some other cause out-distance 
the male-producing spermatozoa, thus resulting in a prepon- 
derance of female offspring in advanced service groups. 

A possible explanation for the high percentage of deaths 
among females lies in evidence showing that the percentage of 
female offspring is increased by heavy service of the male as 
shown on page 607. The weight (,llinot, Jackson, King) of 
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female offspring in multiparous animals at birth is slightly less 
than that of the males. If this is true for the rabbit, it may 
render the females less able to compete with the male offspring 
for nourishment during their early life when food supply is of 
such vital importance in determining the survival of the young. 
The fact that the great majority of the offspring dying in early 
life have been females seems to warrant the assumption that 
females are actually less able to compete with the males during 
the early part of life. The data do not justify the conclusion 
that there is any higher rate of mortality in the advanced service 
groups than in the lighter service groups after the first five days 
of postnatal life. If inferiority of offspring exists in the advinced 
service groups because of the predominance of females, which we 
may assume under all ordinary conditions are less able to survive 
than males, it is apparent that no real inferiority exists, but 
that the mortality is greater because the percentage of females 
is greater in the heavy service groups. 

In conclusion, it may be noted 1) that the methods used for 
measuring the character of offspring from different degrees of 
sexual service of sires fail to show that any inferiority of the 
offspring can be induced by using a male excessively; 2) that the 
male in heavy sexual service furnishes germ cells that are fully 
the equal in their contribution to his offspring of those elaborated 
by a male in very moderate sexual service. 
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