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INTRODUCTION

The rare and little known element, selenium, became the object of
intensive research when it was discovered as the cause of a mysterious
disease vhich affected livestock in certain areas of the Great Plains.

In the course of studying the causes and effects of this disease it was
found that soils derived from certain geological formations contained
this element which wvas available to most plants. These plants often
contained a sufficient concentration of selenium to be toxic when consumed
by livestock. As a result, its presence has caused considerable economic
loss to farmers and ranchers in the affected areas since most species of
domestic livestock are affected. n

Selenium poisoning has been divided into two classes; chronic and
sub-acute or acute. The chronic type which is the most prevalent in
South Dakota is comronly called ™Alkali Disease.” Moxon (29) has
summarized the general symptoms of the chronic type. It is characterized
by (1) dullness and lack of vitality, (2) emaciation and rough hair coat,
(3) atrophy of the heart (dish rag heart), (4) atrophy and cirrhosis of
the liver, (5) erosion of the long bones, especially in the joints which
cause stiffness, (6) loss of the long hair from the mane and tail of
horses, from the switch in cattle, and lohg bhair in swine, and (7)
soreness and sloughing of the hoofs. A

When the cause of "Alkali Disease" was discovered to be seleniunm,
considerable effort was directed towards ,finding an effective preventive

agent. The preventive agents found suc cessful with laboratory animals

and swine have not provided the desired protection in beef cattle. They



have either failed in the preliminary tests or they are impractical. The
field testing of these preventive agente for range beef cattle hag been
conducted at the Reed Ranch subgtation located in & known seleniferous
area in south-central South Dakota. When it became apparent that the use
of these agents was not completely effective, the selenium studies vere
directed toward investigating the possibility of breeding for resistance.
To complement the breeding studies at the Reed Ranch station, a -
series of pilot studies with small animals have been initiated at the
.Broxinge station. Tbe objectives of these studies are to gain experience
in working with this problem, to study the effects of selenium on repro=
duction, and to obtain information on etgectiw breeding plans. This
preliminary work can be accomplished in & relatively short time and at
low cost while application Of the results to the beef cattle studies may
save costly errors in either the breeding program or the analygis of
the data obtained.
The experiments discussed berein vere conducted with the fruit fly,

Drosophila melanogaster. This species lends itself very vell to a study

of this nature since it has a short generation interval, produces 8 large
nunber of offspring and is best knowvn genetically of the bisexual organisms.
The laws of heredity vhich have been demonstrated to be nearly identical

in all bisexual species wvere to & large extent forwulated from sgtudies

with p__. melnnvo&ur 3

The obJectives of the experiments presented herein are as follows:
(1) To study the effects of’ different concentrations of
selenium on reproductive performance. This was necessary

in order to determine what concentrations of gelenium



(2)

(3)

(&)

(5)

should be used in subsequent experimente.

To determine if natursl variation is bereditary and if
it can be utiliszed in breeding for resistance. The
rapidity in vhich insects became resistant to insecticides
and the obsarvetion of variation in swsceptibility of
lsboratory animals to selenium in controlled experiments
made it desiradle to determine the feasibility of
utilizing this variation in selecting for resigtance.
The relationship of rece differences and resistance.
There are indications of variation in resistance between
different breeds of svind and cattls. The purpose of
this experiment vas to determins {f thage differences

in susceptibility are the result of morphological differ~
ences vhich identify a particular rece or breed of live-
stock or if this variation is the result of hereditary
differsnces among members of the same breed.

The relationship of sex to resistance. Thers are
indications that a sax difference mAy exist in bLeef
cattle since in some herds bulls are affected more
sevirely than Zowvs. m_‘gvidonec from insecticide
studies reveals no sex difference, vhereas in mammals
sex difrferencess are indicated.

To obtain estimaiss of heritability of resistance. The
knowisdas of heritability is of fundamental {mportance
in utilizing the results of tha above experiments in

recommending the most effective breeding prograa.



REVIEW OF LITERATURE
The Effect of Different Levels of 8elenium

Early settlers in certain arecas of South Dakota reported the
presence of a mysterious disease affecting their livestock. It was not
definitely established until the 1930's that the element selenium was
responsible for what 1s commonly known as "Alkali Disease." Since then
it has been found that levels of selenium between S5 and 15 p.p.m. cause
the characteristic symptome of this disease.

Franke (12) fed samples of corn, wheat and barley from particular
localities to 325 white rats. These smg’hs caused the death of 299 of
these rats within 100 days. The pathological symptoms exhibited were
rapid loss of weight, restricted food intake, hunched posture, roughened
fur, staining of the fur around the genitals, paralysis of the hind legs,
necrosis of the liver, and lowered hemoglobin levels.

Franke and Potter (13) fed three levels of selenium ad libitum
to rats for a period of 359 days with the following results. At 22.3
P.p.m. there were four survivors, at 33.% p.p.m. one survivor, and at
52.1 p.p.m. all rats died 17 days after the treatment vas begun. The
symptoms exhibited were similar to those produced by the natural plaat
toxicant.

Munsell et al. (31) found the threshold dose of selenium in rats
to be between 13.0 and 18.4% P.p.m. selenium. The condition of rats
receiving 18.4 p.p.m. selenium resembluﬂsj;:hose receiving a diet containe
ing 9.8 p.p.m. eeleniun. At the 8.7 p.p.m. concentration, growth vas

stunted and very few young born. At the 6.0 p.p. m. level, no young



vere produced in the second gsneration. At 3.0 p.p.m. selenium, there

vas a slight effect on reproduction, however, growth appesred to be normal.
No detectable effect on either growth or reproduction was found at the

1.9 p.p.m. level. These vorkers found wheat containing selenium in a diet
for rats had a detrimental effect on growth and reproduction in direct
proportion to the amount of s&lenium provided.

A high correlation was found by Franke et al. (17) between toxicity
and selenium content based on the results of feeding 38 seleniferous diets
to albino rats. A restriction of food intake was found in every diet
containing more than 10 p.p.m. selenium as it occurs in cereals. Concen-
trations of less than 5 p.p.m. selenium 151 the diets restricted normal
grovth.

Poley et al. (34), studying the effects of various levels of
selenium in poultry, reported chicks receiving up to 8 p.p.m. selenium
in their diets grev as rapidly as those receiving no selenium in their
diets. But 10 p.p.m. selenium in the starting rations reduced growth
rate and 1b p.p.m. selenium was markedly toxic. HNo effect of § to 1%
p.p.m. selenium was found in pullets ranging from 3 to 24 weeks of ags.

The effect of selenium on reproduction has considerable economic
significance. It has been reported in pogltry that eelenium reduces
hatchability and results in the formation of deformed embryos. In mémmals
1t has been found that the femals is apparently more sensitive to the
effect of selenium than the male, and evidence hms been reported of
selenium passage through the fatal membréne to the deviloping young.

In the mid 1930's investigation of the effect of selenium on the

hatchability of fertile hens' eggs was begun by South Dakota workers.



Franke and Tully (1k) found 75 percent of the eggs obtalned from hens
raisaed in the affected areas which failed to hatch on the twenty-first
day contained deformed embryos. lLater, Franke and Tully (14) proved
that these deformed embryos were the result of selenium by feeding grains
containing selenium to hens of a known stock. Franke et al. (15) vere
able to produce deformed embryoe similar to those produced naturally by
injecting selenium salts into the air sac of fertile hens' eggs. The
greatest number of abnormalities was observed in concentrations of
selenium ranging from 0.6 to 0.8 p.p.m. selenium. Above this level
development was entirely prevented, and below this level a greater per=
centage of normal embryos was observed. :

The studies of the effect of selenium on reproduction in mammals
reported thus far have been concermed with rats. Rosenfeld and Beath (36)
edding selenium concentrations of 1.5, 2.5, and 7.5 p.p.m. to the drinking
water of a Wistar strain of white rats affected reproduction in proportion
to the amount added. The concentrations of 1.5 and 2.5 p.p.m. di& mot
affact reproduction for two generations; however, subsejuent reproduction
wag affected on the 2.5 p.p.m. leval. The concentration of 7.5 p.p.m.
prevented reproduction in the female but did not affect the fertility of
the male. Westfall et al. (43) found evidence of placental transmission
of selenium. The fetuses of rats fead orgamnic selenium which contributed
28 percent of the dam's body weight stored about 14 percent of her
selenium intake. There wvas no evidenc= of deformities as reported in

poultry.



Salection mid Resistance to Selenium

The results of numerous studies of resistance of insects to
chemical poisons and to a lesser degree disease resistance in poultry have
indicated considerable variation in the resistance exhibited by an
unselected population to the poison or disease in question. These studies
have demonstrated that this variation can be utilized in producing progeny
which exhibit a greater degres of resistance than the mean of the popu=
lation from which the resistant parents were selected. Dobzhansky (11)
interprets the appearance of DDT resistant strains of houseflies as the
result of the population being a mixture of relatively resistant and
non~resistant genotypes with the latter ﬁnving a selective advantage in
the absence of DDT. Assuming i parallel situation in other bisexual
organisms, it would be possible by selection of resistant genotypes to
demonstrate a similar increass, for example, in the resistance to
selenium poisoning in beef cattle.

The source of these resistant genotypes may be similar to those
observed in the resistance of microorganisms to antibiotics and bscterio-
pbages. Luris and Delbruck (27) found resistant bacteria in a virus
susceptible strain which had arisen by mutation indapendent of the
exposure of the bacteria to the virus. Thus, it would be expected that
all bacteria would eventually become resiptant to the bacteriophage in
question. However, Anderson (1) has demonstrated thet resistant strains
of bacteria require the presence of n ce;‘j.-iin substance which is not
required by the susceptible strain. Ccusequently, selection keeps the
frequency of the resistant bacteria at a very low level when the

bacteriophage is absent.



The results of DDT resistance studies with D. melanogaster indicate
that progress in the development of resistance is depend@nt upon the
selection pressure to which the population is subjected, but the response
to this selection varies from strain to strain. This phenome&non has led
several vworkers to comclude that resistance to DPT is governed by a
complex polygenic system rather than by a single or a few genes.

Crov (6, 7) found that genes for DDT resistance are initially very rare
in the population, since a continuous but eccelerating increase in resiste
ance wvag observed. The author concluded that genes for DDT resistance
are not initially advantageous, othervise the population would have been
resistant. King (21, 22) found a differential response between two
strains of D. mslanogaster to three levels of selection intemsity for DOT
resistance. One stock exhibited no response, whereas the other stock
developed an increase in resistance which vas the greatest at the lowest
level of selection intensity. Crosses between these two lines gave F)
and !'3 progeny of intermediate resistance to the parental stocks and 1'2
progeny which exhibited less resistance and more variance. It was con=
cluded from these results that the resistant strains had been developed
by the consolidation of polygenic factors which are not idesntical in
independently developed strains and in wh_ich the constituent factors are
not simply additive.

Merrel and Underhill (28) found that the ability of D. melanogaster
to become more resistant to DDT was related to the amount of genetic

variability in the original popuhtion."”fhe development of resistancs

was directly related to the selection intensity. The higher concentrations

of DDT were more effective in increasing resistance and resistance increased



more rapidly after the first few monthe of selection. BEach stock tended
to have a somevhat different level of resistance, since some of the cone
trols differed from one another and the resistant stocks also differed
from one another as well as from the control stocks. Tbe levels of

resistance did not remain static.
Race Differences in Resistance

At the present time there are indications that a relationship may
exist betveen coat color and selenium resistance in beef cattle and swine.
Attempts to correlate certain morphological, enzymatic, physiological and
behavioral differences with DDT ruistanc:‘e or susceptibility have not
been entirely succei#sful. In some cases the correlated responses have
been found in traits other than those selected.

Color differences in selenium susceptibility in beef cattle and
svine have been reported. Dinkel et al. (10) report the frequency of
observations in both experiment station and private herds in vhich darker
colored animals exhibit fewer symptoms of selenium toxicity than lighter
colored animels. Wahlstrom gt 8l. (42), studying the sffectiveness of
ersanslic acid in preventing symptoms of selenium toxicity in Spotted
Poland China, Hampshire, and Durocc breeds Iof svine, found that Durocs
exhidbited the most severe symptoms, whereas the Spotted Poland China
breed did not exhibit any visible symptoms of toxieity.

The instances of morphological, physiological, enzymatic and
behavioral differences found betwgen DDT’resistent and susceptible lines

of insects are probebly of no significance but rather ars properties of

the differént lines tested.



Pratt and Babers (35) correlated cholinesterase activity and
oxygen consumption with mortality response in threm DDT resistant and
gusceptible strains of houseflies. Considersble variation in choline
esterase activity was presant between the susceptible lines. The differ-
ence in oxygen consumption was atatistically significant when one suscep=
tible strain was compared with ona resistant streim, but the differences
vere not significant when three susceptible strains were compared with
three resistant strains.

A study of behavioral factors made by Sokal and Bunter (40) in

which they selected for DDT resistant strains of D. melanogaster on the
basis of central or peripheral pupation c_:id not show a perfect correlation.
They found the reeponse of the correlated trait lagged one generation
behind the selected trait. They suggest modifying genes for the selected
trait tended to snhance the correlated trait but not the selected trait.

A detail morphometric analysis of 16 characters in resistent and
non~resistant houseflies made by Sokal and Hunter (k1) showed that DDT
resistance was not correlatad with any of the morphological characters
studied. They suggest the lack of morphological correlates stam from the
fact that the different systeme of DDT resistance hawe evolved betwasan
different strains.

There are indicatlons from DDT resistance studies in D. melanogmster
thaet the gens or genes which coafar resistance may be in close association
with the genes responsible for visible characteristics. Tsukamoto and
Ogaki and Ogaki and Tsukemoto cited by Metcalf (29) found from beckcrosses
of a Japanese Strain that one or several genes for resistance were linked

near the Vestigal (vg) gene. In another DDT resistant strain, they found



the gene concerned with resistance located &t about 70<80 on the second

chromosome map near the Vestigal (67.0) and Scaborous (66.7) genes.
Sex and Resistance

There sre indications of a sex difference in the susceptibility of
beef cattle to selenium poisoning. Studies of DDT resistance in insects
indicate both sexes are squally resistant and contribute an equal amount
of resistance to their progeny. 8cme authors, however, report evidences
of maternal effects but concluded that sex linkege is not involved.

Dinkel et al. (10) report one of the ways in which selenium
poisoning causes trouble for the rancher fth that of crippling the bulls
t0 the extent that they cannot cover their pastures. It appears that
the bulls are often more severely crippled than the cows. This may be
the result of a sex difference in susceptibility or the result of the cow
herd having been carried on selenized pestures for a long enough time to
give the operator a chance to select the more resistant females.

The results of reciprocal crosses between DDT resistant and suscep~
tible strains of houseflies made by Harri son(18) sbow the P, progeny
vere less resistant than the parental stocks, and the performance of the
!'2 progeny wvas still more heterogenous. !'hc-e results were interpreted
as indicating multiple factor inheritance with no evidence for sex linkage.

Forton (32) studying the inheritance of DDT resistance in the house~
fly found that after eight months of inbreeding all strsins showed a
marked decline in resistance. Kybridiza‘t’ion of the resistant and suscep-
tible strains attenuated the level of resistance. Apart from the actusal

level of r£ilial tolerance exhibited, there vwas no difference in the pattern



of reaistance transmission, whether emanating from crosses betwiéen two
rgsistant strains or betwesn a resistant and susceptible strain. When

the progeny of crosses between resistant and susceptible strains were
backcrossed to the resistant parent, the level of resistance in the offe
spring was progressivly incremsed by each backcross. A nearly symmetrical
divergent pattern of resistance #volved from similar backcrosses to suse
ceptible parsnts. There was evidence in the crosses that female parentage
had more influence than male parentage, yet this was not considered as
evidence for sex linkage.

Crow (7), studying the resistance of hybrids between resistant
and susceptible strains of D. melanogaster, found some dominance in genes
for resistance. These tests indicated that the majority of the variation
is contributed by the autosomes. Sex linked and cytoplasmic factors
appeared to play no part.

However, Johnson et sl. (20) concluded that DDT resistance in the
housefly is apparently under genetic and cytoplasmic control, with the
cytoplasmic contribution under genetic control. The resistanca of the
housefly to DDT is dependent to a large extent on the resistance of its
dam because of her relatively large cytoplasmic contribution compared to
that of the male. This was not consi&ereg as ovidence for sex linkagm.

Pimental et al. (33), studying the genetic basis of DDT resistance
in the housefly by inbreeiing and rigid d:laction, did not obtain &
homogenous population. The progeny prnduced from matings between resist-
ant and susceptible parents were 1nterm£51&tc in their resistance to the
parental stocks. These authors 8180 reported that the female parent
influenced the resistance# of the progeny to a greater extent than the

m8l® but concluded resistance was not sex linked.
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Busvine and Khan (4) testing for BHC resistance in the housefly
by reciprocal matings between two inbred lines, one highly resistant and
the other highly susceptible, found that the resistance of the ’l progeny
vas intermediate to their parents and the !2 progeny were more variable.

lerner (24) discussing the importance of maternal effects in
poultry concluded that they may play a significant role. Maternal effectis
may not be as great in egg laying organisms as in mammals, but they do
contribute significantly to various traits since the nutrients supplied
by & given dam to a successive series of eggs may show qualitative or
quantitative differences from those produced by another dam. Where
maternal effects are important, progreuv.(nade by selection may be reduced

in that its net effect 1is to reduce heritability.
Heritability of Resistance

The criterion used to measure resistance in this study wvas the
number of offspring produced per female parent. Consequently, the’
estimates obtained herein may reflect egg production rather than selenium
resistance. The literature reporting heritability of agg production
indicates this trait is highly heritable. The possibility may exist
that the mechanism of disease resistance :_ls similar in scme respects to
the resistance of a chemical poison. The literature on studies of diseasa
resistance in poultry indicates low heritébilities.

Lerner (24), sunmarizing the available data obtained from studies
of the heritability of egg production in"}‘:’oultry reports the majority of
the estimates range from 0.30 to 0.35. Shoffner (38) reported an estimate

of 0.34 based on data obtained from TS5l dam-daughter comparisons using

134153
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the method of intra-sire regression. Later, Shoffner and Sloan (39)
reported a similar gstimate using a method of intra-class correlations.
lerner and Cruden (23), using & method of intra-class correlationa between
full and half sibs in the Uniwersity of California flock, found the
monthly estimate of heritability ranged from 0.29 to 0.36. These results,
taking into consideration species difference, indicate that similar
heritsebilitias may be expected for other egg producing organisma.

The data available on the heritability of disease res#istance basad
on evidence obtained from poultry studies indicate heritabilities of less
than 10 percent. Lush et al. (26) studying the records of mortality
anong more than 20,000 leghorn hens founa":’ the following estimates of
individual fates by using the directly observed percenteges; for total
mortality 0.083, for mortality from the leucosis complex 0.053, and
0.034 for other causes than leucosis. A genetic correlation of £ 0.54
wvas obtained between resistance to the leucosis complex and resistance
to death from other causes. The suthors interpreted these results to
indicate general constitution may play an important part in both kinds of
mortality.

Hutt and Cole (19) studying the control of the leucosis complex
in poultry found by selection in & genetit_:alhr reaistant lina that
résistance and ability to lay can b improved concurrently, with the

résultant strain having higher viability and greater produciivity.
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MATERIALS AND METHODS

The experiments discussed herein were conducted in a laboratory
established for the purpose of conducting pilot studies with small
animals to complement the work with beef cattle at the Reed Ranch station.
The methods of culturing the flies vere in accordance with procedures
which have been found succeseful in other laboratories. The stock popu=
lations were maintained in pint milk bottles. The experimental cultures
vere maintained in half pint milk bottles capped with either cotton balls
or wax caps in vhich emall holes had been punched. The stock cultures
vere reneved approximately every 8ix weeks or immediately prior to the
beginning of a new experiment to ensure Vigorous parental stocks. Both
the stock and experimental cultures were maintained in an open rack.

The temperature was maintained as close to TO degrees Fahrenheit as
possible.

A banana-agar media wag ueed as the basic culture media for the
entire study. The selenized media differed only in that liquid sodium
selenite was added to the banana-agar media in the desired concentration.
The basic formula for the media is as follows:

575 ce. water

20 grams agar-agar
35 grams brewars yeast

125 cc. white corn syzup
225 cc. crushed ri banana
4 gram wold inhiBitor
The first step was to bring the water to a boil at which time the remain-
der of the ingredients were added along With the selenium. This mixture
was alloved to boil for 10 minutes and then poured into sterilized culture

bottles to a depth of one-half inch. Strips of paper toweling soaked in



& mold inhibitor solution were then placed into #ach bottle to allow a
dry place for the parents t0 rest and for pupation of the larvae. The
mgdia was allowed to set for st least 24 hours before the cultures were
stocked.

The statistical analyses of the results were based upon the mean
nunber of offspring produced per female parent and the ratio of male to
female offspring produced in each experimental unit. In the experiments
presented in Sections A and B, the mean number of offspring produced per
female parent was calculated by dividing thé number of famale parente
removed from sach experimental unit at the end of the 10 day laying
period into the number of female pﬂrentsl?tockcd. For the remaining
experiments, this figure was obtained by examining the axperimental units
daily and recording the number of female parents surviving. At the
completion of the laying period, the number of female parents surviving
were totaled for each experimental unit and divided by 10 to obtain this
figure. The ratio of mile to female offspring vas calculated by dividing
the number of female offapring into the numbar of male offspring produced
in each e=xperimental culture.

The factorial design was used since the experiments were conducted
for the purpose of studying the effects lqd interactions of more than
one treatment in each experiment. Cochran and Cox (5) summarize some of
the instances where a factorial experiment may be suitable as follows:
(1) In exploratory work where the object is to determine quickly the
effects of each of a number of factors ofar a specified range. (2) In
investigations of the interactions among the affects of several factors.
(3) In experiments designed to lead to recommendations that must apply

over a vwide range of conditions.
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The procedurel methods used in stocking a new experiment were
utilized to minimize all possible variation in parental stocké. The first
step in beginning an experiment was to prepare fresh laboratory cultures.
Tvelve to 24 hours prior to the stocking of the new experiment, the labe
oratory cultures were emptied to obtain virgin female parents ana remove
any bias ag the result of parental age difference. The parental stocks
vere examined for physical defects such as broken wings or legs. Three
femples and tvwo males were placed into each culture bottle which served
as the experimental unit. This was done in order to insure against ths
failure of the experimentel unit due to death or sterility of either
parent. Immediately after stocking the oultures were placed on their
sides for 24 hours to prevent the etherized parents from becoming stuck
in the soft media. Parents failing to survive were replaced the next day.

The offspring from the experimental cultures were removed daily
in order to obtain an accurate count of the number of offspring producad.
The offspring were etherized, examined under a low pover microscope,
classified according to @#x, and countad. The counting period continued
until offspring ceased to appear or when it became apparent the second
generation offspring were hatching.

There were two sources of bias in the results obtained in these
experimenta. One @ource was the media becoming soft and sticky shortly
after the parents were stocked. This luu.»l;cd to be more prevalent in the
selenized media. Under these conditions it was difricult for the famale
to lay her eggs without becoming stuck add drowning. In certain inatances

this condition contributed to the failure of the experimental unit. Thus,

the statistical analyses were conducted using & method outlined by



Snedecor (37) for unequal subclass numbers. The total degrees of freedom
for each experiment reflect the actual number of experimental units pro=-
ducing offspring rather than the number making up the experiment. In
addition, the soft media made it difficult to obtain accurate counts sinca
the nevly emerged offspring became stuck requiring the use of a teasing
needle to remove them from the cultures. The other major source of bias
resulted from sampling errors since only an extremely small portion of the
possible parents were tested in any one experiment. Thus, individuals
may have been included who were either more resistant or susceptible than
the mean of the population. The number of replications which would have
balped in circumventing this problem was IJ.imited by the facilities availe
able. Hovever, each experiment was made up of at least four replications.
Twelve of the 15 races maintained in the laboratory were utilized
in the various phases of this study. The wild races tested were the
Ames-II, Oregon-H, and Canton-S obtained from Iowa State College, Ames,
Iowa. A wild race designated as the Turtox in these experiments was
obtained from the General Biological Supply House, Chicago, Illinois.
The race designated as the Brookings was captured locally Jjust prior to
the beginning of these e&xperiments. The mutant races represented three
of the four D. melanogaster chromosomes. The first chromosome was repre-
sented by the Bar eye (B), Apricot eye (W®), Blood eye (wbl), and the
Yellow body (y); the second chromosome by the Vestigal wing (vg), and
the Black body (b); and the third chromosome by the Ebony (&) mutant.

Bridges and Brehme (3) present a complet.z-’description of these mutaats.
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EXPERIMENTAL RESULTS
A. The Bffect of Different Levels of Selenium

The initial experiment of this study was conducted for the purpose

of determining the toxicity of selenium on two races of D. melanogsater.

The results of studies with laboratory animals and poultry by Franke

et al. (15) and Poley et al. (34) indicate selenium concentratioms of 10
p-p-m. are toxic. Munsell et al. (31) observed symptoms of selenium
toxicity in rats in almost direct proportion to the amount of selenium
provided in their diets. The experiment consisted of determining the
toxicity of four concentrations: O, 5, ]:O, and 15 p.p.m. selenium on
the Turtox (/) and the Black body (b) races. The experiment, consisting
of six replications, was designed to test the Race and Treatment main

effects and the Race X Treatment interaction.

1. Mean Number of Offspring Per Female Parent

The results of this experiment presented in Table I indicate a
threshold effect in toxiecity between the 10 and 15 p.p.m. treatments,
and the presence of a race difference in resistance. The mean square
for the Race differences (Table II) indicates there may be real differ=
enceés in the performance of the two races despite the fact that this
source of variation vas not significant a‘E. either the one or the five
percent levels. The mean difference in the performance of these two
races vas slightly greater than twice the’stan,dard error of Race differe

L

ences. The Treatment effects were highly significant (P< 0.01). The 5

and 10 p.p.m. treatments were not toxic, whersas the 15 p.p.m. treatment



TABLE I. THE MEAN NUMBER OF OFFSFRING PRODUCED BY TWO RACES ON
FOUR TREBATMENTS

Races Treatments in Parts Per Million Selenium
(o} 9 10 15 Means
(£) 67.0 76.1 57 23.2 57.5
(v) 53.8 61.5 5L .6 34.7 51.1
Means 60.4 68.8 59.2 28.9 54.3

Standard Error of Race Differences 42
Standard Error of Treatment Differences £ 3.6

s—
m— - — ——— —-

TABLE II. THE ANALYSIS OF VARIANCE OF THE EFFECT OF FOUR TREATMENTS

ON TWO RACES
Source Degrees
of of Mean

Variation Freedom Squares
Total b7
Replications 5 248.66
Racas 1 487.05
Treatments 3 3,655.97%%
Races X Treatments I L42,.98%
Pooled Error 35 153.82

#% Highly Significant (P< 0.01)
*# Significant (P <0.05)
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was highly toxic. These results indicate the presence of a threshold
effect betwegen 10 and 15 p.p.m. selenium.

The significant (P <0.05) Race X Treatment interaction indicates
a differential effect of sslenium on the two races. The effects of the
S and 10 p.p.n. treatments vhen compared to the O treatment were not
significant for either race, but the (/) race consistently produced more
offspring on these two treatments than the (b) race. The performance of
the two races on the 15 p.p.m. treatment was reversed. As a rasult the
magnitude of the difference in performance for the (f) race was greater

between the O and 15 p.p.m. treatment than for the (b) race.

2, 7The Ratio of Male to Female Offspring

As the concentration of selenium was increased thsre was a tendency
for more male than female offspring to be produced as indicated by the
ratios of male to female offepring presented in Table III. The Analysis
of Variance of these ratios (Table IV) shovw the Race differences to be
highly significant (P <0.01). The (b) race consistently produced a
greater proportion of male offspring, whereas the (£) race produced a
greater proportion of female offspring. The Mean Square value for the
Rece differences while not significant indicates there may be some effact

of reces on the sex ratio of offspring produced.



PABLE III. THE RATIO GF MALE TO FEMALS OFFSPRING PRODUCED BY TWO
RACBS 0N FOUR TRERATRENTS

e ey e Rl W T B T N T e T Rl TRy 3 S

Races Treatments in Parts Per Million Selenium
o 5 10 15 Means
(£) 0.78 0.87 0.87 0.97 0.88
{v) 1.0 0.58 1.05 1.19 1.06
Means 0.91 0.9% 0.96 1.08 0.97
Gtandard Brior of Race Diffarencaes 0.04
Standard Brror of Treatment Differences 0.06

TABLE IV. THE ANALYEIS OF VARIANCE OF THE RFFECT OF FOUR TREATMINTS
CN THE RATIO OF MALE TO FEMALE OFFSFRING PRODUCED BY TWO RACES

N —————————————

—
e gt — ——

Source Degreesa
of of Mean

Variation Freedom Squares
Total by
Replications 5 149.67
Races 1 b,294 ,08%e
Treatments 3 708.50
Races X Treatuants 3 118.02
Pooled Error 35« 393.63

e A R e e e T T T N, -l e

#¢ Highly Significant (P< 0.01)
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B. The Effectiveéness of Selection For Reaistance

Since selection is the most powerful tool the breed&r has to alter
the frequency of the desired genotypes, a series of experiments were cone
ducted to study the subsequent psrformance of fligs subjscted to varying
selection intensities. Laboratory studies of insecticide resistance
indicate the presence of considerable variation in the resistance of
insects to chemical poiscns. The results of these studies indicate the
chemical acts as a selective agent favoring the resistant genotypes. In
addition these studies have further indicated the resistance exhibited
by the progeny to this selective agent is related to the selection
intensity to which their parents were subjected. Assuming that selenium
acts as a selective agent in a manner similar to the chemical poisons,
the resistance of the progeny to selenium should be proportional to the
intensity of sela@action to which their parents have been subjected.

These experiments were designed to compare the subsequent pere
formance of parents subjected to varying selection intensities on differ-
ent concéntrations of selenium for several generatiocns. The outline of
these experiments are as follows: The first step was to obtain G
progeny raised on O, 5, 10 and 1S p.p.m. selenium treatments. The letter
“G" with th® appropriate subscript denotes generation number. The parents
for these offspring were to be obtained fyom the random mating laboratory
stocks. A random sample of the G; progeny from each treatment was then
mated to produce the Gp progeny on four sjmilar treatments. The 03 and
Eubsequent progeny vwere to be produced on the same treatment as their

parents. The number of G, progeny produced would be an indication of the



natural variation preseant in the resistance of the unsélécted parents.

The number of G, progeny producéd on each of the treatments will indicate
the effgctiveness of selection in the previous generation. The performance
of the 03 and subsequent generations will indicate the effectiveness of
the original selection after one or more generations. However, due to

the lack of suitable facilities, the experiment was coacluded &t the
completion of the third generation.

The experiment in which the Gl progeny vere produced was designed
similar to the experiment prasented in Section A. The experimenis in
vhich the G, and subsequent generations were produced consisted of four
replications and vere designed to test t-}l_ll Parental Source and Treatment
main effects and the Parental Source treatment interaction. To gather
additional information of the relationship of body color and resistance,
the Turtox (£) and the Black body (b) races were included. Thus, the
Race main effects and Race X Parental S8ource andi Race X Treatment inter-

actions were also tested.

1. Mean Number of Offspring Per Female Parent

&. G; Generation

The resiits of this generation presentad in Table V indicate a
threshold effect similar to that found in“the experiment presented in
Ssction A. The variation in the perfomu:ce of the two races was not
significant, as indicated by the Analysis of Variance presented in
Table VI. In this experiment hovever, the (b) race produced more offspring
than the (£) race. The Treatment aifferzmces ware again highly significant

(P<0.01). As in Section A, there were no toxic effects of the 5 and 10



TABLE V. THE MEAN NUMBER OF G; PROGENY PRODUCED PER FEMALE PARENT
BY TWO RACES ON FOUR TREATMENTS

Races Treatment in Parts Per Million Selenium
0 $ 10 15 Means
(£) 90.8 91.7 82.0 55.8 80.1
(v) 83.6 85.7 101.0 72.1 86.5
Means 87.2 88.7 91.5 4.0 83.3
Standard Error of Race Differences 3.7

Standard Error of Treatment Differences 5.3

L — — = T - — —_— . e =

TABLE VI. THE ANALYSIS OF VARIANCE OF THE EFFBCT OF POUR TREASMENTS
ON THE G; PROGENY PRODUCED BY TWO RACES

I

Source Degrees
of of Mean

Variation Freedom Squares
Total k7
Replications 5 450.92
Races il 365.21
Treatments 3 1,925 . Ol
Races X Treatments 3 587 .94
Pooled Error 35 334.32

#» Highly Significant (P<0.01)
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P.p.m. treatments, whereas the 15 p.p.m. treatmeat was highly toxic. The
performance of the two reces on each treatment was similar to that found
in gsction A. However, the differences were not as greit with the result
that the Race X Treatment interaction wvas not significent.

b. Qo Generation

The effect of the four treatments on the performance of parents
from each of the four parental sources indicated selection in the G,
generation had deen effective cnly at the 15 p.p.m. concentration. The
results of this experiment (Table VII) show that the performance of
parents from the 15 p.p.m. source was superior to perents from the other
sources. The performance of parents fm the O source was above that of
those from either the 5 or 10 p.p.m. sources, with parents from the 10
P.p.m. source producing the least number of offspring per female parent.
The Analysis of Variance of these results presented in Table VIII show
the Parental Source differences vere significant (P<0.05). The Treatment
effrots were not significant. The most offspring were produced on the $
pPep.li. treatment followsd by the O, 10 and 15 p.p.m. treatments.

The Parental Source X Treatment interaction was not significant.
With one exception, the parents from the 15 p.p.m. treatment produced the
most offspring per female parent on all treatments. Within the O p.p.m.
treatasnt, parents from tha eelenized sowrces produced more offspring
than parents from the O p.py.m. source on hll treatments indicating
selection for both general fitness and resistance. On the 5 and 10 p.p.m.
treatasnts, parents from the O and 1Y p/p.m. sources produced more off-
spring than pareats from the 5 and 10 p.p.m. scurces. At the 15 p.p.m.

treat@int, the number of progeny produced increased roughly to the



TABLE VII. THE MEAN NUMBEN OF G, PROGENY PRODUCED EY PARENTS FROM
FOUR SOURCEE ON FOUR TREATMENTS

= e —————————————— L . LAl S el e,

Treat«
ments Races Parental Sources
O pepem. S5 popem. 10 popom. 15 p.p.m. Means
O pepem. é/) ko4 by .4 4.1 58.2 48.8
b) 47.1 .5 53.8 64 .8 60.0
Means “‘607 59.5 ]‘909 6105 5]‘.5
5 p.p.m. 2/) 58.2 34.9 49.9 61.5 Sb. b
b) 7.2 ST.T 49.0 78.9 53.2
Means 64.7 46.4 49.5 T4.0 57.9
10 p.p.m. 2/) 43.1 31.9 21.0 2.2 3.5
b) 7.8 61.2 k0.4 60.7 60.0
Means 60.5 46.5 30.7 S1l.4 47.3
15 p.p.m. 2}) 26.6 25.9 b4 .0 40.9 34.3
b) 48.8 57.3 52.5 63.4 55.5
Means 37.7 41.6 48.2 52.2 k.9
Source Means 52.4 48.5 43.9 59.8 51.1
Standard Brror of Rece Differences 2.8
Standard Brror of Treatment Differences 3.9
Standard Brror of Parental Source Differences 3.9

intensity of selection by selenium to which the parents had been aubjected.
The results of this experiment indicate selection for selenium may be
feasible.

The Race mean squares were again highly significant (P<0.01).
The (b) race consistently produced more offspring per female parent on
all source-treatment combinations. The Race X Parental Source and the

Race X Treatment interactions were not significant.



TABLE VIII. THE ANALYSIS OF VARIANCE OF THE EFFECT OF FOUR TREAT-
MENTS ON G PROGENY PRUCUCED BY PARENTS FROM FOUR SOURCE3

|

Source Degrees
of of Meean
Variation Freedom Squares

Total i27
Replications 3 713.93
Parental Sources 3 1,698.69¢
Treatnents 3 1,047.16
Parental Sources

X Treatments 9 67T4.31
Races 2 1 9,261.60%4
Races X Parental Sources 3 S4l.39
Races X Treatments 3 304.25
Parental Scurces

X Treatments

X Races 9 90.56
Pooled Error 93 495.70

— —_
 — | —

#% Highly Significant (P<0.01
* Significant P<Q.05
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The results of this experimsnt presented in Table IX indicate

Generation

that the progress made by seleciion in the previous generation vas overe
come by the treatment effecte. The parents originating from the 0, 5 and
10 p.pe.m. sources were not affected by 15 p.p.m. seleniun to the extent
that parents from the 15 p.p.m. sources were. Parents from the 5 and 10
Pepem. SOuUrces produced more offapring than parents from the O and 15
Pep.m. sources. Theee Jifferences as shown by the Analysis of Variance
presented in Table X were not significant. The Treatment main effects,
however, were highly significant (P<0.01). There were significantly
motr-pringprodn«donmsmumg?p.n. treatments than on the O
and 15 p.pem. treatments. The O and 15 p.p.m. treatments produced
esgentially the same number of offspring per female parent.

The Parental Source X Treatment interaction was highly significant
(P<0.01). The performance of stocks from the O and 15 p.p.m. sources
cn the 0 and 15 p.p.m. treatments exhibited little variation, vhereas
on the 5 and 10 p.p.n, treatments they exhibited considerable variation.
Parents from the 10 p.p.m. sowrce produced the most offspring on the 5
Pepom. treatment and produced fewer offspring on the 10 p.p.m. treatment
then parents from the O amd 5 p.p.m. sources. The parents from the 15
Pepem. source exhibited the most severe treatment effects. On the O
Pep.m. treatment they produced more offspfing than parents from the other
sources. However, as the concentration of selenium vas incremssd their
performance was reduced until st the LS p.p.m. treatment they produced
fever offspring than parents frow the O p.p.m. source.



TABLE IX.

THE MEAN NUMBER OF G

PROGENY PRODUCED BY PARENTS FROM
FOUR SOURCES ON FPOUR TREATMENTS

Treat-
ments Races Parental Sources
O0p.pem. 5 p.p.m. 10 p.p.m. 15 p.p.m. Means
0 p.p.m. é/; 32.7 12.4 7.9 29.4 20.6
b 27.8 52.4 46.6 5T7.9 k6.2
Means 30.3 32.4 27.3 43.7 33.4
5 P.pem. zf) 34.6 41.2 43.1 30.9 37.5
b) 27.9 36.0 88.9 51.6 51.1
Means 31.3 38.6 66.0 41.3 Ly.3
10 p.p.m. i/) 5.4 43.4 12.1 15.5 k.1
b) 55.2 69.3 6.5 52.7 55.9
Means 40.3 56.3 29.3 34.1 40.0
15 p.p.m. 5{) 17.1 10.5 22.5 16.0 16.6
b) 39.4 44 .8 33.8 25.4 35.9
Means 28.3 27.7 28.2 20.7 26.2
Source Means 32.5 38.8 37.7 34.9 35.9
Standard Error of Race Differences 8.7
Standard Error of Treatment Differences 3.5
Standard Error of Parental Source Differences 3.5

=

e

However, neither the Race X Parental Source nor the Race X Treatment

interactions were significant.

With the exceptions of parents from the O

and 5 p.p.m. sources, the (b) race again consistently produced more off-

spring per female parent than the (f) rac#.



31

TABLE X. THE ANALYSIS OF VARIANCE OF THE EFFECT OF FOUR TREAT-
MBC'GB‘WPBODWIYPAMSFRMMSOW

Source Degrees
of of Mean
Variation Freedon Squares

Total 122
Replications 3 252.20
Parental Sources 3 3WT.45
Treatments 3 1,762.51 %+
Parental Sources

X Treatments 9 1,171 .14es
Races 1 16’3“0037“
Races X Parental Sources 3 682.9%
Races X Treoataents 3 628.07
Parental Sources

X Treatments

X Rages 9 533.81
Pooled Error 88 388.08

—— —

## Highly Significant (P< 0.01)

I
!
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2. 1’13 Ratio of Male to Famale Offspring

The ratio of male to femala offspring produced per femal® parent
in this three generation study was not affected by either parental source
or treatment differences. However, in the G2 generation the interaction
between these two factors did cause significant differences in this ratio.
The Race main effectis were significant in all three generations.

a. G Generation

The mean ratio of male to femals offspring produced per female
parent (Table XI) show the (£) rece produced a greater proportion of
female offspring, whereas the (b) race produced a greater proportion of
nale offapring. The difference as shown in Table XII was highly signifie
cant (P<0.01). Neither the Treatment main effects nor the Races X
Treatment interaction were significant. The treatment means do not
exhibit a consistent pattern. The ratiog for the O and 10 p.p.m.
treatments indicate a greater proportion of female offspring, whereas
for the 5 and 15 p.p.m. treatments a greater proportion of male offspring
vwere preduceid. The ratios produced by the two races were consistent for
all treatments. The (£) race produced a greater proportion of female
offspring and the (b) race produced a greater proportion of male offspring.

b. 92 Generation

The ratios of male to female offspring produced in the 02 generation
reveal no significantly different Punntai Source or Tresatment effects
as shovn in Table XIII. The parental source means show that the parents
from O, 5 and 10 p.p.m. sources produced a greater proportion of female

offspring, wherea® parents from the 15 p.p.m. sourcs produced a greater

proportion of male offspring. The mean sqQuare for Parental Sources was
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TABLE XI. TEE RATIO OF MALE TO FEMALE G, PROGENY PRODUCED BY
TWO RACES ON FOUR TREATMENTS

e ——— —— —— - -
Races Treatments in Parts Per Million Salenium
0 S 10 15 Means
(£) 0.8k 0.94 0.9% 0.82 0.88
(v) 1.16 1.04 1.7 1.02 1.10
Means 1.01 0.99 1.0 0.92 0.99
Standard Brror of Race Differences 0.0k
Standard Error of Treatment Differences Q.05

TABIE XII. THE ANALYSIS OF VARIANCE OF THE EFFECT OF FOUR TREATMENTS
THE

ON RATIO OF MALE TO FEMALE G, PROGENY PRUDUCED BY TWO RACES
Source Degrees
of of Mean

Variation Freedom Squares
Total 47
Replications 5 L71.32
flaces 1l 5,482.69%%
Treatments 3 239.96
Reces X Treatmantas 3 325.02
Poolsd Error 35 328.18

** Highly Significant (P<0.01)




TABLE XIII. THE RATIO OF MALE TO FEMALE G, PROGENY PRODUCED BY
PARENTS FROM FOUR SOURCES ON FOUR TRERATMENTS

Treat«
ments Races Parental Sources
0 p.D.n. 5 P.p.me. 10 PePorie 15 P.-p.nl. Means
O p.p.m. (A) 0.89 0.91 0.86 0.99 0.93
(v) 1.04 1.06 0.91 1.27 1.07
Means 0097 1.01 0088 1013 1.00
5 p.p.m. (#A) 0.80 0.66 0.85 0.87 0.79
(v) 0.94 1.1k 1.14 0.97 1.05
Means 0.87 0.90 1.00 0.92 0.92
10 p.p.m. s/) 0.85 0.76 1.00 0.83 0.86
b) 1.19 0.94 1.39 0.92 1.1
Means 1.02 0.85% 1.20 0.88 0.98
15 p.p.m. 2}) 0.83 0.78 0.79 1.05 0.86
b) 1.07 1.14 0.97 1.34 1.13
Means 0.95 0.96 0.88 1.20 1.00
8ource Means 0.95 0.93 0.99 1.03 0.98
Standard Error of Race Differences 0.03
Standard BError of Treatment Differences 0.04
Standard Error of Parental Source Differences 0.0k

_———— e e e e e

not significant as shown in Table XIV. There were no significant differ-
ences between the four treatments. The treatment means show an equal
number of male and female offspring produced on the 0 and 15 p.p.m. treate
ments and a slightly greater proportion of female offspring on the S5 and
10 p.p.m. treatments. The mean square for the Parental Source X Treatment
interaction was highly significant (P <(.%1). The means for each parental

source-treatment combination show that parents from the O and § p.p.m.

sources produced a greater proportion of female offspring on all treatments.



35

TABLE XIV. THE ANALYSIS OF VARIANCE OF THE EFFECT OF FOUR TREAT-
MENTS ON THE RATIO OF MAIE TO FEMALE G, FROGENY PRODUCED
BY PARENTS FROM FOUR CES

Source Degrees
of of Mzan
Variation Preedom Squares

Total 127
Replications 3 926.22
Parental Sources 3 635.05
Treatments 3 435.39
Parental Sources

X Treatments g 1,332. 7%=
Races 1 16,721.23%*
Races X Parental Sources 3 126.93
Races X Treatments 3 279.50
Parental Sources

X Treatnents

X Races 9 395.65
Pooled Error 93 484 .48

—_——— e e e e e e e e e

#% Highly Significant (P< 0.01)

The parents from the 10 p.p.m. source produced a greater proportion of
female offspring on the O and 15 p.p.m. ireatments, an equal proportion
on the $5 p.p.m. treatment, and a greater groportion of male offspring on
the 10 p.p.m. treatment. The perents from the 15 p.p.m. source producsd
a greater proportion of male offspring om the O and 15 p.p.m. treatments,

vhereas on the 5 and 10 p.p.m. treatments this ratio was reversed.
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The differences in this ratio between the two races wer®z again
highly significant (P< 0.01). The Race X Parental Source and the Race
X Treatment interactions were not significant. The (#) race, with one
exception, produced a grester proportion of female offspring on all com=
binations, whereas the (b) race again produced a greater proportion of
male offspring.

c. 9_3 Generation

There vere no significant differences resulting from either Parental
Source or Treatment main effects. The ratios for tha 03 generation
(Table XV) show that parents from all parental sources produced a greater
proportion of male offspring. This was particularly true for parents
originally from the 15 p.p.m. source. The treatment differences, while
not significant, were slightly larger than the Parental Source mean
squares as shown in Table XVI. With the exception of the O p.p.m. treats
ment, there was a slightly greater proportion of male offspring produced
on the treatments. This ratio showed the greatest difference on the 5
P.p-m. treatment, whereas the variation in this ratio for the remainder
of the treatments was rather small. Despite the greater individual
differences in this ratio betwesen the parental source-treatment combinae-
tion tban in the previous generation, the Parental Source X Treatment
interaction was not significant. The tendency for all parents to pro-
duce a greater proportion of male offsprileg on the 5 p.p.m. treatment
is reflected in the treatment means.

The Race differences were agnin highly significant (P<0.0l).
Howvever, neither the Race X Parental Source nor the Race X Treatment

interactions were significant. As in the two previous generations the
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TABLE XV. TKRMIOOPMTOWGRPRWERYPBWUCEDBY

PARENTS FROM FOUR SOURCES ON TREATMENTS
Treat-
ments Races Parentel Sources
(4] p.p.u- 5 p.p.m. ].0 PsPom, 15 P-p.m. *w‘
O p.p.m. 2}; 0.78 0.94 0.85 0.91 0.87
b 1.38 0.93 l.14 1.22 1.17
Means 1.08 0.94 1.00 0.95 0.99
5 p.p.m. (/; 0.97 1.00 0.86 1.20 1.02
(v 1.19 1.64 1.57 1.16 1.39
Means 1.08 1.32 1.10 1.18 1.21
10 p.p.nm. 2/) 1.18 0.90 0.99 0.83 0.97
b) 1.17 1.10 1.07 0.88 1.08
Means 1017 1.00 1.03 0085 1.02
15 p.p.m. é,t) 0.80 0.51 0.96 1.4 1.03
b) 1.02 1.08 1.02 1.1h 1.06
Meang 0.91 1.01 0.99 1.29 1.0%
Source Mecans 1.06 1.07 1.06 1.12 1.08
Standard Error of Race Differences 0.05%
Standard Error of Treatment Differences 0.06
Standard Error of Parental Source Differences 0.06

(#) rece produced a greater proportion of female offepring and the (v)
race produced a greater proportion of male offspring, but the differences

in this ratio were not as great.



TABLE XVI. THE ANALYSIS OF VARIANCE OF THE EFFECT OF FOUR TREAT-
MENTS ON THE RATIO OF MALE TO FEMALE G; PROGENY PRODUCED

BY PARENTS FROM FOUR S
8ource Degrees
of of Mean
Variation Freedom Squares

Total 122
Replications 3 2,325.50
Parental Sources 3 247.59
Treatments 3 2,500.72
Parental Sources

X Treatments 9 1,417.07
Races 1l 12,996.27++
Races X Parental Sources 3 1,097.91
Races X Treatments 3 1,925.27
Parental Sources

X Treatments

X Races 9 1,26Q0.55
Pooled Brror 92 1,22k.61

= - — . —— — _— — — e = = . . - — ]

#* Highly 8ignificant (P<0.01)
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C. Racie Differences in Resistance

There is some evidence that variations in selenium resistance may
be due to breed differences or to the characteristics which distinguish
one breed of livestock from another. Dinkel et al. (10), discussing the
selenium research at the Reed Ranch station, suggest the possibility of a
relationship existing between selenium resistance and coat color. They
discuss the fraquencies of reports from both experiment station and private
herds of darker colored animals exhibiting fewer and less severe symptoms
of selenium toxicity than lighter colored animals. There are also
indications of breed differences in swine to selenium susceptibility.
Wahlstrom et al. (42) studying the effectiveness of arsanilic acid in
preventing symptoms of selenium toxicity in swine found Duroc pigs
exhibited more severe symptoms of selenium poisoning than either the
Hampshire or the Spotted Poland China breeds. This is of interest since
the two breeds characterized by a predominance of black body color
exhibited more resistance than the breed characterized by a red body
color. However, attempts to correlate insecticide resistance with cer-
tain morphological characteristics have not been entirely succassful.
This suggests that resistance may be the result of either individual
differences or that certain breeds may exlribit a greater resistance
irrespective of their distinguishing chaﬁpctoristicn.

The experiment presented in this section was conducted for the
purpose of determining if selenium resiastance is the result of individual

differences between morphologically similar races of D. melanogaster or

if resistance is related to morphological differences expressed by the



mutants used in this study. This experiment consisted of studying the
effects of 15 p.p.m. selenium on 12 races for two generations. Five of
the 12 races were vild or normal and seven were mutant exhibiting a
variety of morphological differences. The wild races were included to
determine if variation in seleniun resistance exists among races similar
in appearance but obtsined from different sources. The mutants were
included to determine if a relationship existed between morphological
difference and resistance. The wild races tested were the Turtox,
Anes«IX, Oregon«H, Canton<3, and the Brookings. The body color mutants
tested vwere the first chromosome Yellow body (y), the second chromosome
Black body (b), and the third chromosome Ebcny body (e). A comparison
of the performence of these races with the wild races should provide
some indication as to the importance of body color in resistance. The
other mutants tested were the Blood eye (WPl), Apricot eye (W%), Bar
eye (B), and the Vestigal wing (vg).

The experiment was designed to study the effect of 15 p.p.m.
selenium on the reproductive performance for two generations and to
obtain a measure of the relative resistance of theses 12 races. It con-
sisted of testing 12 racss on two treatments, O and 1% p.p.m. sslenium,
for two genErations replicated four times in each generation. A comparison
of the mean number of offspring produced by these 12 races on the 15 p.p.m.
treatment with that of the O p.p.m. treatilent was used as a measure of
reproductive fitness. The differences in number of offspring produced
by each race between the O and 15 p.p.m. Lreatments was used to measure
resisStance. A correlation between thess two criteria was calculated to

determine if a relationship Gatween these measurements existed, and if so,

to what degree.
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l. The Mean Number of Offspring Per Female Parent

There was considerable variation in the performance of 12 races
resulting from treatment and temperature differences between the first
and second generations. The reproductive performance of the 12 races by
generation and treatments (Table XVII) are ranked in descending order of
their mean reproductive performance for the two generations. The wide
variation ranging from 92.4 to 26.9 offspring per female parent for the
Brookings (£) and Canton=8 (£) races is reflected in the highly signifi-
cant (P<0.01) Race mean square presented in Table XVIII. The highly
significant (P<0.01) mean sQuare for Treatments is primarily due to
15 p.p.m. selenium reducing the reproductive performance by approximately
one-half. Since the mean sqguare for the Race X Treatment interaction
was highly significant (P<0.01), a genetic and environmental interaction
is indicated at least as far as reproductive performance 18 concerned.

A comparison of the two generation treatment means in Table XVII shows
that races which produced the greatest number of offspring on the O p.p.m.
treatment did not necessarily produce the most offspring on the 15 p.p.m.
treatment. This indicates that reproductive performance of one particular
race in one particular environment is not an indication of its performe
ance in the second environment.

l'tlw temperature variations between the first and second generations
as vell as trestment effects resulted in a differential reproductive per-
formance of the 12 races. During the first genexration, the laboratory
temperature vas below that for optimum réproductive performance, whereas
in the second generation this condition was corrected. The first and

second generation means of 27.0 and 67.3 offspring per female parent are



TABLE XVII. THE EFFECT OF 15 P.P.M. SELENIUM ON THE REPRODUCTIVE
PERPORMARCE OF 12 RACES FOR TWO GENERATIONS

e ——— L — e —— e —— = — — V0 —— — ]

Pirst Second Two Generation
Races Genaration Generation Msan
Race
Q 15 0 15 0 15 Means
Brookings (/) 71.7 58.9 145.8 93.4 1088 T6.2 92.4
(w®) 28.2 16.6 177.0 83.4 102.6 50.0 T76.6
Ames (£) sh6 23.7 91.3 82.7 T3.0 93.2 63.1
(v) 4.5  33.5 102.5 67.0 $8.5 50.2  Sk.k
Purtox (£) 28.4 8.7 90.1 56.5 $9.2 32.6 149.2
{e) 55.2 16.8 108.4 11.5 81.8 4.2 48.0
(») k.2 .1 68.9 6.5 b1.6 10.3 k5.9
(ve) 38.5 214 61.8 17.9 S0.2 19.6 34.9
(y) 13.8 9.2 83.6 15.2 48.7 12.2 30.4
Oregon-H (f£) 41.8 21.2 36.4 23.1 39.1 22.2 30.3
(wbl) .2 119 T79.8 W7 k7.0 124  30.1
Canton~8 (#) k3.4 0.9 60.7 3.3 52.0 2.1 26.9
Means 3.0 211 9. ho.h  63.5 29.6 k8.9
Standard Brror of Race Differences é 6.2
Standard Error of Treatment Differences 2.5
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TABLE XVIII. THE ANALYSIS OF VARIANCE OF THE EFFECT OF 15 P.P.M.
SELENIUM O THE REFRODUCTIVE PERPQRMASCE
OF 12 RACES FOR TWO GENERATICNS

_———m—e—— e — e ———— = e TS

Source Degrees
of of Mean

Variation Freedom Squares
Total 184
Replications 3 2,889 .hon+
Races 11 2,509.27#*
Treatnents 1 52,340.18%+
Races X Treatments 11 5,595 .02%#
Generations 1 70,265 .19%#
Generations X Races 1 8,340.15%*
Generations X Treatments )} 20,006 .27**
Pooled Error 145 622.47

»* Highly Significant (P<0.01)

reflected in the highly significant (P< 0.01) Generation mean squares.

The differential reproductive performance of the 12 races between the
first and second is reflected in the highly significant (P< 0.01) Race

X Generation mean square. All races exhibited some improvement in the
second generation, but there was considerable variation in the magnitudg
of this increase. There was only one race, the OregoneH (/), vhose
performance wis essentially the same in both generations. The differsntial
treatment effects are reflected in the fLighly significant (P<0.01)

Generation X Treatment mean sgquare. The treatment means of 35.0 and 21.1

offspring per female parent for the first genmeration, and 94.1 and 40.h



offspring per female parent in the second generation show that the relative
toxicity of selenium in the second generation was much more severe than

in the first generation.

2. Differences Between the O and 15 p.p.m. Treatments

The differences in number of offspring per female parent between
the 0 and 15 p.p.m. treatmentis presented in Table XIX show that these
races differed to a considerable extent in their resistance. There were
no indications, however, that a relationship is present between morpho-
logical differences and resistance since there was as much variation
betveen the wild races as the mutants. The Race mean square (Table XX),
vhile not significant, indicates that refl differences may be present
betveen the races. The differences ranged from 8.3 for the (b) race to
62.7 for the (e) race vith a mean difference of 33.8 offspring per female
parent for the 12 races. The two dark body mutantas, the (b) and (e),
vere respectively the most resistant and susceptible of the 12 races
tested.

The temperature variation between the two generations also
resulted in considerable differences in the resistance sxhibited by the
12 races. The first and second generation means of 15.0 and 52.6 off=
spring per female parent is reflected in the highly significant (P<0.01)
Generation mean square. However, the absence of a significant Generation
X Rac2 interaction indicates that an increase in the toxicity of selenium
in the second generation was nearly propurtional for all races over the

first generation. This was true for &ll races except one, the Orggon-H

(#) wila, which exhibited slightly more resistance in the first generation.



TABLE XIX.
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THE DIFFERESCE BETWEEN THE O ARD 15 P.P.M. TRRATMEBTS

FOR THR 12 RACES IN BACH GENERATION

Races Generation

I II Means
(v) «18.9 35.5 8.3
Oregon=H (#£) 20.5 13.3 16.9
Ames-II (f£) 30.9 34.1 19.7
Turtox (£) 17.3 33.6 25.5
(ve) 17.2 k3.9 30.5
() (W1 62.4 31.2
Brookings (£) 12.8 52.4 32.6
(wbl) 2.4 65.0 33.7
(¥) 4.6 68.3 36.5
Canton=8 (£) 43.2 58.2 50.7
(w®) 11.6 93.6 52.6
(e) 38.5 96.8 62.7
Means 15.0 52.6 33.8

Standard Error of Race Differences

Standard Brror of Genaration Differences

=

11.9
¢h3




TABLE XX. THE ANALYSIS OF VARIANCE OF THE DIFFERENCES BETWEEN
THE O AND 15 P.P.M. TREATMENTS

el e e S

Source Degrees
of of Mean
Variation Freedom Squares

Total 95
Replications 3 2,271.07
Races 5 ] 2,193.94
Replications X Races 33 1,838.64
Generations 1 34,028.07*+
Generations X Races il 1,793.63
Generations X Replications 3 4,636.12e#
Replications

X Races

X Generations 33 1,139.23

- - —
— e

#% Highly Significant (P <0.0l1)

One race, the (b), produced more selenized offspring in the first genera-
tion than non~selenised offapring, but in the second gensration this
pattern vas reversed.

A comparison of Tables XVII and XIX in which the races are ranked
in descending order of their reproductive fitness or resistance indicates
that these two characteristics may not be closely related. The races
which ranked high when measured by one characteristic did not necessarily
have the same ranking when measured by the second characteristic. A low

positive correlation of 0.32 was calculated between reproductive fitnesse

and reeistance indicating that reproductive fitness cannot be considered
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as an accurate measure of resistance. The relative positions of these
12 races based on their reproductive fitness and resistance indicate
that these two criteria may be a matter of individual differences rather

than due to distinguishing morphological characteristics.

3. The Ratio of Male to Female Offspring

The ratios of male to female offspring presented in Table XXI for
this experiment show a slightly greater proportion of female offspring
produced. The significant (P <0.01) Race mean square (Table XXII) reflects
the variation in this ratio resulting from race differences. The ratios
ranged from 1.25 for the (y) race to 0.78 for the (e) race with an experi-
mental mean of 0.96. There was a tendency. for a slightly greater pro-
portion of male offspring to be produced on the 15 p.p.m. treatment, but
the Treatment mean sqQuare was not significant. The significant (P<0.0l1)
Generation X Race interaction mean square indicates that generation
differences affected the ratio of offspring produced by the 12 races.
There vas as & general rule a greater proportion of male offspring pro-
duced in the first generation, whereas in the second generation a greater

proportion of female offspring were produced.



TABLE XXI. THE RATIO OF MALE TO FEMALE OFFSPRING PRODUCED BY 12
RACES ON TWO TREATMENTS FOR TWO GENERATIONS

First Second Two Generation
Racesn Generation Generation Mean
Race
o 15 0 15 0 15 Means
Brookings (#) 0.93 0.85 0.94 1.02 0.93 0.93 0.93
(w®) 1.0 0.5 0.88 0.85 0.98 0.71  0.84
Anes-IX (/) 101 0.85 1.01 1.20 1..01 1.02 1.02
(v) 0.9 0.96 0.98 0.92 0.76 1.08 0.85
Purtox (£) 0.6 0.83 0.96 0.90 0.83 0.88 0.8%
(e) 0.8 0.8 0.89 0.8 0.85 0.72 0.78
(») 0.9% 1.15 1.13 © 0.79 1.03  0.99 1.02
(vg) 0.98 1.43 1.13 0.78 1.04 1.10 1.08
(y) 0.86 1.7 0.98 1.42 0.92 1.9 1.25
Oregon=H (/) 0.T4 0.69 0.81 0.91 0.77 0.83 0.80
(wbl) 0.97 1.50 1.06 0.4 1.00 1.4  1.07
Canton=8 (£) 1.2 1.00 0.96 0.84 1.08 0.8 1.03
Means 0.90 1.02 0.93 0.96 0.9% 0.99 0.96
Btandard Error of Race Differences 0.09
Standard Brror of Treatment Differences io.oh




TABLE XXII. THE AKALYSIS OF VARIANCE OF THE RATIO OF MALE TO FEMAIE

OFPSFRING PRODUCED BY 12 RACES ON TWO TREATMENTS

L ————— =& —__]

Source Degrees
of of Mean

Variation Freedom Squares
Total 177
Replications 3 1,029.88
Races 11 3,051.08#
Treatments 1 968.70
Races X Treatmente 33 2,118.69
Generations 1 75.16
Generations X Races 3§ 3,092.50%
Generations X Treatments i 1,97k.27
Pooled Error 138 1,558.02

e T e e e e

* gignificant (P < 0.05)



D. Sex and Resistance

One of the troubles resulting from the presence of gselenium is
that bulls often become crippled to the extent that they cannot cover
their pestures. It has been observed in some herds that bulls exhibit
more severe symptoms of selenium toxicity than do the cows. This may be
the result of a sex difference in susceptibility or of purchasing herd
sires from none-seleniferous areas. If the sex differences in susceptie
bility are due to hereditary differences, they may eitber be sex limited
or sex linked. If the trait is sex limited, it will manifest itself
only in on# eex. On the other hand, if the trait is sex linked, the
heterogametic sex will be affected the moet severely. The differences in
susceptibility observed may also be the result of purchasing herd sires
from ereas where selection for selenium resistance has not been practiced,
whereas the cow herd may have been subjected to some selection.

In order to determine an #ffective breeding plan for increasing
resistance, the mode of transmission from the parent to the offspring
must be determined. If both parents contribute am equal amount of
reiistance to the offspring, the progeny produced from two resistant
parents sbould exhibit a greater degree of resistance than offepring pro-
duced from matings in which only one persmt is susceptible. If sex
linkage vere involved the ratio of male to female offspring produced
from reciprocal crosses would differ sigxiificant]q. If selenium were a
sex limited trait, progeny surviving would he limited to only one sex or
a preponderance of one sex. The results of studies of the mode of trans-
mission of insecticide resistance indicate both parents contribute an

#qual amount of resistance to their progeny.
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The effect of selenium poisoning reducing the calf crop has cone
siderable economic importance. Selenium may affect reproduction either
directly or indirectly. The direct effect may be of restricting the
physiological processes required for conception, or indirectly as the
failure to carry the calf to term due to inadequate fetal nutrition as
the result of injury caused by selenium. There are some indications
from the studies of insecticide resistance of possible maternal influence
since progeny of resistant females tend to be more resistant than from
susceptible females.

Tvo experiments were conducted to study the influence of the sex
of the resistant parent on the resistance of their progeny. Experiment
I consisted of comparing the performance of four mating systems, R X R,
8XS8, RXSand SXR, on O and 15 p.p.m. selenium. The letters "R"
and "8" denote the resistant and susceptible stocks, respectively. This
experiment was conducteéd for the purpose of studying the mode of trans-
mission of resistance to the progeny. BExperiment II consisted of come-
paring the performance of the same four mating systems in which one or
both parents were obtained from non-selenized or selenized stocks. Only
the 15 p.p.m. treatment was used in this experiment. The purpose of
this &xperiment was to study the effect of prior selenium axposure on the
reproductive performance of the resistant or susceptible male or female
parent. The Brookings (£) race was designated as the resistant stock and
Canton=S (/ ) race was designated as the susceptible stock. The figure
"O" designated the non-selenized stocks ehbtained from the laboratory
populations. The figure "15" designates the selenized stocks which had

been maintained on 15 p.p.m. selenium for at least three generations.



It vas necessary to repeat both Experiments I and II since the
performance of the first experiment in each case was affacted by the use
of parental stocks which were nearly exhausted. These repeated experiments

are designated as Experimente A and B.

1. Mean Number of Offspring Per Female Parent

a. BExperiment I
The results of this experiment (Table XXIII) indicate treatment

differences and mating system differencee contributed to considerable
variation in the number of offspring produced per female parent. The
Analysis of Variance presented in Table XXIV shows the mean sqQuare for
Treatments to be highly significant (P <0.0l). As in the previous experi=
ment, 15 p.p.m. selenium was highly toxic to the progeny produced by the
four mating systems. The mean sQuare for Nating Systems was significant
(P<0.05). The two mating systems in which the female was the resistant
parent (R X R and S X R) produced essentially the same number of offspring
per female parent. The mating systems in which the female was the suscep-
tible perent exhibited the greatest variation. The § X S mating, averaging
T5.2 progeny per female parent, produced the leaat number of offspring and
the R X 8 mating, averaging 112.0 offspring per female parent, produced
the most offspring.

The absence of a significant Treatuent X Mating System mean square
indicates that treatment effects were eq;xil for the four mating systems.
As shown in Table XXIII, the performancs of the four mating systems on

the O p.p.m. treatment was consistently superior to that of the 15 p.p.m.

treatment, but within the two treatments there was less variation on the
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TABLE XXIII. THE MEAN NUMBER OF OFFSPRING PRGDUCED FER FEMALR
PARENT BY FOUR MATING SYSTEMS ON TWO TREATMEFTS

L= IR S e RS s Sl S ——— —— — ———— — _ _ ]
Treate. Experi«

ments ments Mating Systems
RXR §X8 RXS SXR Means
O p.p.m. A 128.1 128.0 202.4 161.0 155.5
B 131.0 93.0 133.1 109.1 116.7
Means 129.5 110.5 167.8 135.4 135.8
15 p.p.m. A 13.8 b.b 16.1 42.8 19.3
B 104.8 T5.4 96.3 66.9 85.8
Means 59.2 39.9 56.2 56.1 52.6

Experiment Means

A TO0.9 66.2 109.3 101.9 87.1

B 117.9 8.2 114.7 88.3 101.3

Means 9“0& 75.2 112.0 95 1 91‘02
S8tandard Error of Treatment Differences 5.6

Stendard Error of Mating System Differences 7.9

—_— -
—

15 p.p.u. treatment. The performance of the four mating systems on the
tvo treatments indicates that hybrid vigor may be present since the means
of the reciprocal matings were superior o that of the R X R and 8 X 8
matings.

A comparison of the sxperimental weans for Experiments A and B

reflect the differences in performance contributed by the use of old

laboratory stocks with that of using fresh cultures. While the mean
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TABLE XXIV. THE ANALYSIS OF VARIANCE OF THE MEAN MB@ER OF OFFSFRING
PRODUCED BY POUR MATING SYSTEMS O TWO TREATMENTS

e T e e e ——

Source Degrees
of of Mean
Variation Freedom Squares

Total 63

Replications 3 100.29
Treatments 1l 110,889.00%+
Mating Systems 3 3,612.16#
Treatments X Mating Systeas 3 1,886.62
Rxperiments 1 3,226.24
Experiments X Treatments 1 46,693.680e
Rxperiments X Mating Systeuns 3 2,584.85
Pooled Error 48 1,002.78

¢ Highly Significant (P < 0.0l

+ Bignificant P<0.05

square for Experiments was not significant, the Experiments X Treatments
mean square vas highly significant (P <0.01). There wére no deleterious
effects noted on the O p.p.m. treatment caused by differences in the
level af vitality of tbe parental stocks. In fact there were more offe.
spring produced in Experiment A (155.5) than in Experiment B which pro-
duced a mean of 116.7 offspring per female parent. However, on the 15
p-p.m. treatment, the level of vitality of the parental stocks had a very
profound effect. The progeny produced by parental stocks in Experiment A
ware less able to resist the toxic effects of 15 p.p.m. selenium than

progeny produced in Experiment B despite the superlor reproductive fitness
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of parents used in Experiment A. There was also some variation in the
performance of the four mating systems between the two experiments, but
this did not approach that contributed by treatment differences.

b. Experiment II

The results of this experiment presented in Table XXV indicate
that the reproductive performance on 15 p.p.m. selenium is at least
partially dependent upon the level of resistance and prior selenium
history of the female parent. The means for the parental sources and
mating systems in this table show that those combinations in which the
female was the non~selenized resistant parent produced more progeny than
their opposite counterpart. The Analysis of Variance for this experie
ment (Table XXVI) shows that the mean square for Parental Sources was
not significant sand that for Mating Systems was siganificant (P < 0.01).
The two parental source combinations in which the female was the non~
selenized parent (O X O and 15 X 0) produced 43.1 and 45.3 offspring per
female parent. Those combinations in which the female was the selenized
parent (15 X 15 and 0 X 15) produced 29.0 and 36.6 offspring per female
parent. These differences while not significant indicate a definite
trend for these two series of parental source combinations. A similar
patterm vas also present for the mating systems. The two mating systems
in which the female was the resistant parent (R X R and 8 X R) produced
L4 .4 and 48.2 offspring per female parent, whergsas the two mating systems

in which she was the susceptible psrent (8 X 8 and R X 8) produced 27.2
and 30.1 offspring per female parent.
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TABLE XXV. THE MEAN NUMBER OF OFFSFRING PRCDUCED BY 16 PARERTAL
S8OURCB-MATING SYSTEMS COMBINATIONS IN TWO RXPERIMENTS

Mating Experi- Parental Source
Systems ments Combinations
0Xo0 15 X 15 0X1% 15X 0 Means
RXR A 24.6 k5.4 27.9 4.4 36.2
B 80.8 3.4 34.4 60.2 52.5
Means 2.7 39.9 31.2 53.8 by h
8X8 A 2.9 1.0 2.2 1.k 2.2
B 38.1 40.6 23.8 60.9 38.0
Means 19.8 32.6 16.6 k1.1 27.2
R x 8 A ‘0.2 703 1706 7.“ 709
B 87.0 28.1 30.9 Sh.k4 50.1.
Means b5.6 17.7 26.4 30.9 30.1
SXR A 6.5 8.1 50.3 20.6 23.%
B 68.9 52.2 79.2 85.1 T2.9
Means 43.9 27.0 64.8 52.8 8.2
Experiment Means
A 11.2 18.8 29.4 23.3 20.7
B 68.7 37.9 2.1 65.8 53.2
Means 43.1 29.0 36.6 45.3 38.4

Standard Brror of Parental Source Differences 5.4
starderd Error of Experiment Differences 3.8

—_—_————— e e T

Standard Error of Mating System Differences é 5.4

The absence of a significant Parental Source X Mating System inter-
action indicates that both of these factors may exert considerable influence
in determining vwhether the offspring survives or dies. The data presented

in Table XXV show that those combinaiions”in which the female was the none

selenized resistant parent, with one excepticon, produced more offspring
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TABLE XXVI. THE ANALYSIS OF VARIANCE OF THE MEAN NUMBER OF OFFSPRING
PRODUCED BY 16 PARERTAL SOURCE-MATING SYSTEM
COMBINATIONS IN TWO EXPERIMENTS

L TR oy - T —————— |

Source Degrees
of of Mean
Variation Freedom Squares
Total 108
Replications 3 787.29
Parental Sources 3 1,478.63
Mating Systeus 3 2,754 .82»
Parental Sources
- X Mating Systems 9 959.52
Experiments 1 28,904 .99+
Experiments
X Parental Sources 3 2,987 .64
Bxperiments
X Mating Systems 3 2,985 .41»

Parental Sources
X Mating Systems
X Experiments 9 361.55

Pooled Error s 939.99
| ——— . e e = __— =" LTS Sy

## Highly Significant (P< 0.01}
*  Bignificant P<0.05

than those matings in which she was the non-selenized susceptible parent.
However, those matings in which she was thg ‘selenized resistant parent,

with two exceptions, produced more offspring than those matings in which
she was the selenized susceptible paretnt. Thege data indicate that cone
tributions from the female may play an important role in determining the

fate of the progeny.
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The effect in differences of vitality between the parental stocks
used for Experiments A and B resulted in significant differences in the
performance of the parental source combinations and the mating systems.
The highly significant (P <0.01) Experiment mean square is reflected in
the mean of 20.7 offspring per female parent for EBxperiment A and 53.2
offspring per female parent for Experiment B. Both the mean squares for
Experiment X Parental Source and Experiment X Mating System interactions
were significant (P¢0.05). For the parental source combinations, the
reciprocals (O X 15 and 15 X 0) produced the most offspring in Bxperiment
A, whereas in Experiment B the combinations in which the female parent
was the noneselenized parent (O X O and 15 X O) produced the most off-
spring per female perent. For the mating systams, the R XRand 8 X 8
matings produced the most offspring in both experiments, but the pere

formance of the 6§ X S and R X S matings in Experiment A was extremely

poor.

2. The Ratio of Male to Famale Offspring

The only source of variation which cauged significant differences
in this ratio in Experiments I and II was that contributed by differ-
ences in parental stocks.

a. Experiment I

The means for the treatments and mating systems presented in Table
LXVII exhibit little variation. The mean sgue—es for these two sources
of variation (Table XXVIII) were not significant. The ratio for the O

p.p.m. treatment indicates an equal proportion of male and female offspring

and for the 15 p.p.m. treatment a 8lightly greater proportion of female



TABLE XXVII. THE RATIO OF MALE TO FEMALE OFFSPRING PRODUCED BY
BY FOUR MATING SYSTEMS OF TWO TREATMERTS

— -
Treate Experi-
mants ments Mating Systems
RXR 8XS8 RXS SXR Means
O p.p.m. A 143 0.88 0.91 0.96 0.97
B 0.98 1.09 1.01 1.03 1.03
Means 1.06 0.98 0.96 1.00 1.00
15 p.pem. A 0.88 0.89 0.82 0.88 0.87
B 1.02 0.96 1.12 1.06 1.05
Means 0.96 0.93 0.97 0.97 0.97
Experiment Means
A 1.01 0.88 0.87 0.92 0.92
B 1.01 1.03 1.06 1.05 1.04
Means 1.01 0.96 0.96 0.98 0.98

Standard Error of Mating System Differences 0.03
Standard Error of Treatment Differences 0.05

offspring. With the exception of the R X R mating system, the four mating
systems produced a slightly greater proportion of female offspring. The
mean square for the Treatment X Mating System interaction was not signifie
cant.

The mean square for Experiments was highly significant (P <0.01)
since there was a greater proportion of female offspring produced in

Experiment A and a greater proportion of male offspring produced in



TABLE XXVIII. THE ANALYSIS OF VARIANCE OF THE EFFECT OF TWO TREBAZ-
MENTS ON THE RATIO OF MALE TO FEMALE OFFSPRING PRODUCED
BY FOUR MATING SYSTEMS

_——— e — e e — e

Source Degrees
of of Mean
Variation Freedom Squares

Total 63
Replications 3 217.63
Treatments i 280 .56
Mating Systems 3 92.37
Treatments X Mating Systems 3 84.10
Experiments 1 2,209.008»
Experiments X Treatments 1 588.06
Experiments X Mating Systems 3 262.62
Treatments

X Mating Systems

X Bxperiments 3 524 .56
Pooled Error kg 363.61

## Highly S8ignificant (P<0.01)

Experiment B. The ratio for Experiment A may not be a true measure since

only a relatively few offspring were produced.

The mean squares for

Experiment X Treatment and Experiment X Mating Systemse interactions were

not aignificant.

b. Experiment II

The differences in parental source or mating systems did not

significantly affect the ratio of male to famale offspring produced in
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this experiment. The means for the parentsl source combinations (Table
XXIX) show, with the exception of the 15 X O ccubisstion, & greater pro-
portion of female offspring. However, this variation was not large enough
to cause the mean square for Parental Source to be eignificant as shown
in Table XXX. The ratios for the mating systams exhidbited somevhat more
variation than that for the parental source, but the differences vere not
significant. Three of the mating systems produced a grester proportion
of female offspring and exhibited very little variation between them,
vhereas the R X 8 mating produced a greater proportion of male offepring.
The Experiment mean square was not significant; however, a slightly
greater proportion of feaals offspring was produced in Bxperiment A. The
mean square for the Experiment X Parental Source interaction was not
significant. However, the Experiment X Mating System interaction wes
highly significant (P 0.01). The mating systems which produced a greatasr
proportion of female offespring, R X R and 8 X R, and those which produced
a greater proportion of male offspring, 8 X 8 and R X &, in Experiment A

reversed their ratios in Experiment B.



TABLE XXIX. THE RATIO OF MALE TO FEMALE CGPPSPRING PRODUCED Y 16
PARENTAL SOURCE-MATING SYSTEM COMBINATIONS

e e e —

Treat- Experi-

ments ments Parental Source Combinations

0xXxo 15 X 18 0X 15 15X 0 Mesans

RXR A 0.73 0.82 0.77 0.92 0.81
B l.22 1.01 0.79 1.11 1.03

Means 0.98 0.91 0.78 1.01 0.92

8X S A 0.61 1.00 1.77 1.00 1.09
B 0.77 0.86 0.88 1.24 0.90

Means 0.74 0.89 1.06 1.16 0.94
RX S8 A 0.9% 1.38 .44 1.01 1.16
B 1.02 0.78 0.9 1.06 0.94

Means 0.98 1.08 1.09 1.03 1.04
S8XR A 0.88 0.87 0.66 0.85 0.80
B 1.07 0.90 0.99 0.99 0.99

Means 1.00 0.89 0.82 0.92 0.90

Experiment Means

A 0.83 1.03 0.94 0.93 0.94

B 1.02 0.89 0.89 1.08 0.96

Means 0.94 0.95 0.91 1.01 0.9%

Standard Error of Parental Source Differences 0.04
Standard Error of Mating System Differences
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TABLE XXX. THE ANALYSIS OF VARIANCE OF THE RATIO OF MALE TO
PFEMALE OFFSPRING PRODUCED BY 16 PARENTAL SOURCE-MATING
SYSTEM COMBINATIONS

e e e e

Source Degrees
of of Mean
Variation Freedom 8quares

Total 105
Replications 3 $59.92
Parental Sources 3 417.90
Parental Sources

X Mating Systems 9 T79.39
Experiments 1 220.68
Experiments

X Parental Sources 3 1,356.50
Experiments

X Mating Systems 3 3,628.82%»

Parental Sources

X Mating Systeme '

X Experiments 9 1,336.07*+
Pooled Error 71 643.71
[P e - - S —— o —— ]

#% Highly 8ignificant (P<0.01)



E. Heritebility of Resistance

Due to the nature of the range beef cattle operation, breeding
for retistanc® may be the most practical solution to this problem. In
order to r#ach this goal in the shortest time with the least expense, the
mnoét effective breeding program must be chosen. The primary consideration
in the choice of this breeding program is the heritability of the trait
in question. Heritability is one of the most fundamental parameters in
a population. It provides a measure of the genetic variation on which
selection can operate, and this is an important consideration in choosing
an optimum breeding program. The estimates presented herein were cal=-
culated to determine what may be expected in similar studies with domestic
animals.

Since the criterion used to measure the treatment effects were the
mean number of offspring per female parent, the results of the previous
experinments may reflect reproductive fitness rather than resistance, per
s@. 8imilarly, the estimates obtained herein reflect the heritabilities
of reproductive fitness rather than resistance. The heritabilities of
reproductive fitness were calculsted on both the non~selenized and selenized
treatments in order to determine the effect of selenium on this trait.
Hovever, there was one experiment in which a measurs of resistance vas
poseible. This measure was obtained by calsulsting the difference in
number of offspring produced per female parent between the O and 15 p.p.m.
treatments.

Two concepts of heritability designated as the narrow sense and the

broad sense have been defined by Lush (25). Heritsdility in the narrow
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eengs has been dafined to include that fraction of the phenotypic variance
caused by average or additive effects of genes, whereas heritability in
the broad sense has been defined as the fraction of phemotypic differences
caused by genetic differences of all kinds. The estimates of reproductive
fitness vere calculated in both the narrow and broad sense in order to
determine the importance of non-additive contributions. The estimate of

resistance was calculated in the broad sense.

1. Heritsbility of Reproductive Fitness in the Narrow Sense

The narrov estimates of reproductive fitness were based on a
system of partitioning variance for the determination of heritability by
the use of full and half sib methods pressnted by Lerner (24). The
reasoning behind this system is based on the following considerations.
Under systems approaching random mating, the genetic variance is obtained
from three sources, one~fourth each from comstant contributions from the
@éire and dam and one~half due to chance segregation. Thus, the resulting
half-gidb correlations must be factored by four and the fullesib correla=
Hons doubled in order to obtain the respective estimates. The correla-
tions are derived from the varisnce components, which in turn are obtaima=d
by equating the observed mean squares to their estimates. There is the
danger, however, of the inclusion of some of the non~additive genetic and
environmental varisnce in the additive portion. For ingtance, the value
obtained from partitioning the variance between fullesibs may lead to an
estimite vhich vill ineluss chefourth of the varismee due to douipsee
and a small amount of epistasis. The correlation between half-sibs cone

tains one-fourth of the additiwve gewetic variance plus a small amount of
the epistatic variance.



A special mating system wvas necessary to obtein the desired results
as & conseqQquence of the short life spean of the parents. Two separate
matings were required, hereafter referred to as Mating I and Mating II.
Mating I consisted of mating two virgin Brookings (£) females to a
Brookings (/) male. Each female was then placed into & separate culture
after being with the male for 48 hours. Mating II consisted of mating
a random selection of two full sib daughters of esach Mating I female to
a Oregon-H (£) male. Following this mating, the females were then placed
into eseparate cultures. The treatment used for these two matings was
15 p.p.m. selenium. Originally 30 sire groups were begun, however, only
13 survived until the completion of the experiment.

The results of these matings (Table XXXI) are based on the number
of offspring produced by the Mating II females. For example, the values
listed under the column headed "Mating I" are the totals for the repro-
ductive performance of the Mating II females. The Sire totals are based
on the total performance of the Mating II females. The total for the
8ire groups ranged from 188 to 551 vith a mean of 365.3 £ 9.1 offspring.
The mean square for Sires presented in Table XXXIX while not significant
indicates that real differences may be preseént. The total number of off-
spring produced by the two daughters of each Mating I female ranged from
76 to 298 with a mean of 182.6 £ 6.4 offspring. The mean square for
Between Females Within Males was not significant. The variation in the
performance of each full-sib daughter of the Mating I females is indicated
by the source of variation entitled "Pull Sibs." This was used as the

error term.
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TABLE XXXI. THE REBPRODUCTIVE PERPCGRMABCE OF 13 SIRES AS MRASURED
BY THEIR DAUGHTERS

W

Mating II Mating I Sires Mating II Mating I 8ires

95 38

kO 135 ™ 112

100 L6

122 222 357 93 139 251
57 143
126 183 91 234

56 92

91 LY 330 86 178 412
20 93

56 76 36 129

93 156

19 112 188 125 281 410
118 137

58 176 135 2712

93 64

85 178 354 107 171 443
165 90

56 221 82 172

91 114

72 163 384 89 203 375
107 102
104 211 151 253

61 1h9

30 91 302 149 298 951
148

61 209

88 Means 91.3 182.6 365.3
93 181 390

Standard Error of Mating II Differences

Standard Error of Mating I Differences b.
6
Standard Error of Sire Differances 9




TABLE XXXIX.

THE PARTITIONING OF VARIANCE FOR THE DETERMIRAZION OF

HERITABILITY UNDER RANDOM MATING

Source Degrees
of of Mean Mean Square
Variation Freedom 8quares Bxpectations
Total 51
Between Sires 12 2,009.39 Ef 2D £ yu8
Betveen Females
Within Sires 13 1,321.02 Ef 2D
Between Full Sibs 26 1,075.83 E

* the number of sires
the number of femalaes
per sire

z ®» the number of full &idb
groups per sire

< K
" s

the component of variasnce between
nonesibs (172.09)

the component of variance between
females within sires (122.05)
envirenmental component of
variance plus half of the genetic
variance (1,075.83)

The total variance 1is h® £ e2, of vhich the genetic portion is h2. The
estimates of reproductive fitness in the narrov sense wvere cobtained by

isolating the components E, D, and 8.

ks
(a) the paternal half sib correlation estimate = E7D7E 2 0.50 .

kp
(b) the maternal half sib correlation estimate = F7 575 =

(e¢) the full sib estimate

0.38

2(s £ p)
*Eépjfs " O3




The approximate 90 percint fiducial limits for the sire and dam
components derived from the mean squares presented in Table XXXII were
calculated by a method outlined by Bross (2). The limits for the sire
component were O and 357.95 and O and 310.01 for the dam component. 8ince
the mean squares from which the components were obtained were not signifie
cant, the lowér limit is taken at gzero. These limits may reflect the
presence of sampling errors since only a relatively small sample vas
included in each component.

The estimates of the heritability of reproductive fitness based
on maternal and paternal helf sib and full sib correlations are presented
in Table XXXII. The estimate of 0.38 based on the maternal half-sid
correlations may be a more reliable estimates than the estimate of 0.50
based on the paternal half-sib correlation since the fiducial limits were
narrover for the dam component. The estimate of 0.43 based on the fulle
8ib correlation may reflect less magnification due to sampling since
this correlation was multiplied by two instead of four as for the halfe-
8ib correlations. The differences betwéen the maternal half-sid and

the full-sib estimates may include some variation due to dominance.

2. The Estimate of Reproductive Fitness in the Broad Senee

The estimates of reproductive fitness and resistancea calculated
in the broad sense were based on the results of the experiment presented
in Section C. Heritability in the broad ssnse is based on the assumption
that the phenotypic variance is s&qual to ther additive effects of heredity

and environment with no correlation bstween these two factors (Lush, 25).

The simplest way in which differences in heredity and environment combine
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their effects on the phenotype is P 2 H £ B, where thay are not measured
in their own units but in terms of their effect on the phenotype. Then
the phenotypic variance (S P2) is equal to G HS £ G ES £ 2 Covgg- This
is the very simplest when heredity and environment are uncorrelated, thea
the term "2 Covgg" becomes zero. The phenotypic variance can then be
separated into a portion due to individual differences in heredity and
that due to differences in the environment to which the individuals were
6—7&2—? becomes heritability in the broad sense,

s H°

vhich is a measure of the fracticn of (< P2) due to differences in the

#xposed. Thus,

individual's heredity.

The broad estimates of the heritability of reproductive fitness
vere calculated from the results of the Experiment conducted in Section
C separated by treatments and generation shown in Table XVII. By
separating these results in this manner, estimates for the two treatments
in the first and second generations and for the two generations combined
vere possible. While these estimates are not as reliable as those
obtained in the narrow sense, they should provide some indication as to
thair validity.

There was considerable between as vell as within generation
variation in the number of progeny produced per female by each of the 12
races on the O p.p.m. treatment. The performance of the first generation,
presented in Table XVII, Section C, ranged from Tl.7 for the Brookings
(#) to 13.8 for the (y) race with a mean of 8k.3 £ 8.9 offspring per
female parent for the 12 races. In the second generation, their performe
ance ranged from 145.8 for the Brookings (A) to 36.4 for the Oregon-E (/)

race with a mean of 92.2 offspring per female parent. The Analysis of
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Variance of these results (Table XXXIII) show that the mean square for
Races was highly significant (P<0.0l1) in the first generation and
significant (P <0.05) in the second generation. There was, however,
congiderable variation in the values for the hereditary and environmental
components between the two generations. In the first generation, the
hereditary component (Races) was essentially the same as the environmental
component (Replications X Races), whereas in the second generation the
environmental component was nearly four times greater than the hereditary
component. These variations are in turn reflected in the differences in
the estimates of heritability presented in Pable XXXVI. The first genera-
tion estimate was 0.49 ﬁ 0.70 and the second generation estim&te was
0.20 é 0.47. The reduction in the second generation estimate may be
attributed in part to an increase of the environmental component.

The performance of the 12 races on the 15 p.p.m. treatment exhibited
a somewhat similar pattern as on the O p.p.m. treatment. The mean number
of offspring produced in the first generation (Table XVII, Section c)
ranged from 58.9 for the Brookings (£) to 0.9 for the Canton-S (/) race
wvith a mean of 19.4 £ 7.1 for the 12 races. In the second @enmeration,
their performance ranged from 93.4 for the Brookings (f£) to 3.3 for the
Canton-S (£) race with a mean of 4.4 £ 10.6 offspring per female parent
for the 12 races. The Analysis of Variance of these results (Table XXXIV)
show that the Race mean squares were highly significant (P <0.01) in both
generations. The ratios between the envirommental and hereditary compoe
nents in the first generation were similar to that of the O p.p.m. treat-
ment, with the result that the estimate ¢f Pu49 £ 0.70 (Table XxXVI) is

exactly the same as for the O p.p.m. treatment. In the second generation,
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TABLE XXIII. MBAR SQUARES AND COMPQNENTS OF VARIANCE FOR FIRST AND
SECOND GENERATION REPRODUCTIVE FERFORMANCE ON THE O P.P.M.

TREATNENT
Source Degreaes Mean Squares Mean gquare
of of Components
Variation Freadom
I II 1 11

Total L7
Replications 3 204 .26 7,615.25
Races il 1,537.52#+ 5,908.68% 304.52 780.95
Replications

X Races 33 314.92 2,784.87 31k.92 2,784.87
_— — m

#+ Highly Significant {PS0.0J.
*  Significant P<0.05

TABLIE XOO(IV. MEAN SQUARES AND COMFONEATS OF VARIANCE POR FIRST AND
SECOND GENERATION REPRCDUCTIVE FPERFORMANCE OF THE 15 P.P.M.

TREATMENT
W
Source Degreesa Mean Squares Mean Square
of of Components
Variation Freedom
1 II I I

Total b7
Replications 3 177.95 315.96
Reces 11 982.92w 4,692.63%% 182.32 1,061.37
Replications

X Races 33 199062‘ M701)" 19906‘5 M'{'lh‘

e e e e e e e
#+ Highly Significant (P<0.01)
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ho¥@ver, the hereditary component was nearly three times as great as the
environmental component. An astimste of 0.70 £ 0.84 vas calculated for
the second generation reproductive performance on the 15 p.p.m. treatiment.
A comparison of these estimates between the two treatments indicate
individual differences in heredity may have been more important on the
latter treatment.

The greatest variation in the estimates occurred vhen the results
of the two generations for each treatment were combined. The performance
on the O p.p.m. treatment (Tadble XVII, Section C) ranged from 108.8 for
the Brookings (£) to 39.1 for the Oregon<H (/) rece vith a mean of
63.5 £ 17.4 offspring per female parent for the 12 races. On the 15 p.p.a.
treatment, their performance ranged from 76.2 for the Brookings (#£) to
2.1 for the Canton= (£) race vith a mean of 29.6 § 5.5 offspring per
female parent. The Analysis of Variance of these results presented in
Teble XXXV show that the Race mean squares for the O p.p.m. treatment
were not significent, whereas for the 15 p.p.m. treatment they ware highly
significant (P<0.01). The Generation mean squares for both traatments
vere highly significant (P <0.01), and the Race X Generation meen square
vas highly significant (P<0.01) for the 15 p.p.m. treatment. The genera=
tion differences have be#n discussed previously in Section C. A compari-
son of the hereditary and environmental components for the two treatments
indicated that performance on the O p.p.m. treatment wae influenced to a
greater sxtent by environmental differences; whereas on the 15 p.p.m.
treatment hereditary differences were more important. This is, in turm,
reflected by estimates calculatmid for thz iLwoc treatments. The estimate
calculated for the O p.p.m. treatment wvas 0.05 £ 0.24 and the estimate

for the 15 p.p.m. treatment vas 0.67 £ 0.82.
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TABLE XXXV. MEAN SQUARES ARD COMPONENTS OF VARIAECE FOR THE FIRS?
ARD SECOND GENERATION COMBINED REPRCDUCTIVE FPERFURMANCE
ON THE O AND 15 P.P.M. TRRATMEETS

T e e s, — T e e T e— e e

Source Degrees Mean Squares Mean Square
of of Components
Variation Freedom
I II 1 I1
Total 95
Replications 3 3,316.63 440.48
Races 11 4,336.02 §,131.61%% 153.23  473.97
Generations i 80,4k6.26%% 9, 752.60%%
Replications
X Races 33 561.20 450.22
Replications
X Generations 3 4,502.88 52.83

Races X Generations 11 3,110.17 1,489.95#»

Replications
X Races

X Generations 33 2,541.92 229.53 2,541.92 229.53

#+ Highly Significant (P<0.01)

TABLE XXXVI. HERITABILITIES OF REPRODUCTIVE FITHESS ON TWO TREAT-
MENTS, O AND 15 P.P.M. SEIENIUM

== S me—mm— e —— o — i

Generation O p.p.m. 15 p.p.m.
1 0.49 £0.70 0.49 £0.70
I 0.20 £ 0.47 0.70 £ 0.8k
I and II 0.006 £ 0.2  ° 0.67 £ 0.82
Formula Used for Calculating Standard Eriror of Estimate oH
Vo § SR

—— T e —_—
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3: The Estimates of the Heritability of Resistance in the Broad Sense

The estimates of the heritebility of resistance in the broad sense
indicate that the differences in the resistance of the 12 races in Section
C were due in part to heredity. The measure of resistance was the differ-
ence in the mean number of offspring produced on the O and 15 p.p.m. treat=
ments. Three estimates were calculated, one for each generation, and an
estimate for the two generations combined. The mean squares (Table XXXAVII)
for Races from which the hereditary components were derived were not
significant in either generation. The estimates presented in Table
XXVIII indicate thut relative to the second generation, differences in
heredity were more important in the first generation. The estimate for
the first generation was 0.25 £ 0.50 and the second generation estimate
was 0.04 £_0.2h. The estimate of 0.05 é'o.zﬁ for the two generations
combined indicates the presence of considerable environmental variance.
The components for the latter estimate were derived from the Analysis of
Variance presented in Table XIX, Section C.

The estimates of heritability of reproductive fitness and resist-
ance in the broad sense indicate that these traits are in part influenced
by differences in heredity betweesn individuals. The relative importance
of heredity for reproductive fitness varied from treatment to treatment.
Environmental variation between the first and second genmeration affected

the heritabilities of resistance as well as those for reproductive fitness.



TABIE XXXVII.

T6

MBAN SQUARES AND CQMEQHENTS OF VARIANCE FOR FIRST
AND SECOMD GENERATION TRRATMENST DIFFERENCES

—_——— e e N T

Source Degrees Mean Squares Mean Square
of of Components
Yariation PFreedon
I II 1 I

Total 47
Replications 3 938.07* 6,807 . TT*
Races 11 499.43 3,049.49 133.13 119.36
Replications

X Races 33 405.53 2,572.04 Lo5.53 2,572.04

#* 8ignificant (P0.05)

TABLE XXXVIII.

Generation
II I and II
0.25 £ 0.50 0.0k £ 0.24 0.05 £ 0.2k




DISCUSSION AND CONCLUSIONS

Selenium, a relatively rare element, is present in certain areas
in sufficient quantities to be toxic to most species of farm animals.
Its presence affects growth and reproductiom to the extent that considera-
ble economic loss has been sustained by farmers and ranchers in the
affected areas. The efforts directed toward finding a means of elimi-
nating this problem have not been entirely successful in beef cattle.
The experiments presented herein were directed towvard investigeting the
application of animal breeding practices to the control of this problem.
The results of these experiments indicated that part of the variation
in resistance found is hereditary in origin.

The results of experiments conducted im Sections A, B, C, and D
indicate the presence of genes for resistance in an unselected popula-
tion. In Sections A and B, it was found that the S and 10 p.p.m. treate
ments ware not toxic, wheress the 15 p.p.m. treatment was highly toxic.
The results of the experiments presented in Sections € and D further
demonstrate the toxic effects of 15 p.p.m. selenium.

The response of the unselected parents to the four treatments
studied in Sections A and B exhibit a similar pattern. In the experi-
ment presented in Table I, Section A, the parents on the O p.p.m. treat-
ment produced a mean of 60.4k4 compared to 68.T7, 59.15, and 28.93 off-
spring per female parent on the 5, 10, and 15 p.p.m. treatments, respec-
tively. The treatment means for a similar e;cﬁeriment presented in Table

V, Section B, were 87.20, 88.68, 91.51, and 64%.05 offspring per female

parent. These results show some stimulation &t the S5 and 10 p.p.m.
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treatments, and a significant reduction at the 15 p.p.m. treatment. This
evidence indicates that 15 p.p.m. selenium is highly toxic to this species,
and that a threshold in toxicity is present between the 10 and 15 p.p.m.
treatments.

Additional evidence of the toxicity of the 15 p.p.m. treatment is
provided from the results of the experiments presented in Tables XVII
and XXIII, Sections C and D. The mean performance of parents on the O
P.-p-m. treatment in Section C was 6k.5 offspring compared to 30.2 off-
spring for the 15 p.p.m. treatment. In Section D, the parents on the O
pP.-p-m. treatment produced a mean of 135.8 offspring and parents on the 15
P-p-m. treatment produced a mean of 52.6 offspring per female parent. In
both experiments, the Treatment mean squares were highly significant
(P<0.01).

The results of these experiments are in same respects similar to
those obtained in selenium studies with rats and poultry. The major
difference in this study occurred at the 5 and 10 p.p.m. treatments.
Franke et al. (17) and Munsell et al. (31) studying the effects of sele-
nium on rats and Poley et al. (34) in poultry reported a direct relation-
ship between the amount of selenium provided in the diet and the symptoms
of selenium toxicity observed. The observation of the effect of 10 p.p.m.
selenium or greater and the indication of threshold effect between the
10 and 15 p.p.m. selenium concentrations in D. melanogsster are similar
to thoge reported in poultry and rat studiea. Poley et al. (34) and
Munsell et al. (31) reported concentrations of 10 and 13 p.p.m. in poultry
and rats, respectively, affected growth rata, reproduction, and inereased

mortality. Concerning the evidence of a threshold, the same authors
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Teport ®vidence of & similar situstion. In poultry, this level was found
to be between 5.0 and 8.0 p.p.m. and between 13.0 and 18.4 p.p.m. 1in rats.

The results of the experiments pressanted in Sections A, B, C, snd
D indicate that the population from vhich the parental sample was dravn
contained a mixture of relatively selenium resistant and susceptible
individuals. Since the parents were randomly allotted to the various
treatments, it can be assumed that they were of equal reproductive poten~
tial. Thus, the treatment differences were the result of selenium acting
as a selective agent favoring the most resistant genotype. The highly
significant treatment differences indicate that the overall lewel of
resistance vas not high in the original stock. This in turm would indie
cate that genes for resistance did not have a selective advantage in the
sbeence of selenium.

Evidence obtained from resistance studies with becteria and
ineects may be helpful in interpreting the results from these experiments.
Lurie and Delbruck (27) and Demerec (8, 9) discuss the finding of resiste
ant colonies of bacteria ani the mutaticnal pattern with which resistance
ie conferred to these colonies. If & similar mécbanism exists in a more
complex organism, it could be assumed that a particular population is
comprised of a mixture of resistant and non-resistant genotypes. The
appearance of DDT resistant streins of houseflies has been interpreted
by Dobzhansky (11) ms the consequence of the population being a mixture
of relatively resistant and non-resistent gepotypes with the latter having
8 se=lective mivantage in the absence of DDT. This may be a partial
explanation why the proportion of offspring surviving on the 15 p.p.m.

treatment was less than those surviving on Lhe 0 p.p.m. treatment.
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Crov (6) concluded from his studies of DDT resistance in D. melanogaster
that genes for resistance are initially very rere, otherwise the popula=-
tion would have been resistant. A partial explanation as to why the
resistant genotypes exist at such a low frequency in the absence of the
selective agent in the cmsa of bacteria has been suggested by Anderson (1).
He obeerved that virus resisiant bacteria require a certain substance not
required by the virus susceptible strains.

Thus far, it has been found that variation im resistance is present
between members of the same population. The next aspect to consider is,
can this variation be transmitted to succeeding generations. The results
of experiments presented in Section B and C indicate this variation can
be transmitted to succeeding generations, though not in the manner expected.
The results of the experiments presented in Section B indicate selection
initially favors genotype conferring resistance, and ms the experiments
progressed, genotypes for reproductive fitness. The results of the two
generation experiment presented in Sactiom C vere inconclusive, prodabdly
as the result of tempersature diffarences occurring in the laboratory
batwesen the tvo generatioms.

The data obtained from the three generation experiment presentad
in Section B imn which the subsequent performance of parents subjected to
varying inteneities of selection were compared was not consistent vith
the assumption tbat selection favors only the genotypes coaferring resist-
ance. The number of the Gp progeny produced on the four treatments
tended to be proportional to the intensity of the parental selection.
There vere fewer G3 progeny prcduced Dy parents subjected to the most
intense &2lection on the selenized treatmenis than were producgy by parents

subjected to less intense or no selection.
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The number of G, progeny produced on the 16 Parental Source-Treat-
ment combinations by the Gl parents indicate selection favored reproduce
tive fitness as well as resistance. The results of this experiment (Table
VII, Section B) show that parental source differences contributed more
variation than treatment differences. The parents from the O p.p.m.
source produced a mean of 52.4 offspring compared to 48.5, 43.9, and 99.8
offspring per female parent for the 5, 10, and 15 p.p.m. sources. The
mean square for these differences were significant {Teble VIII). It is
interesting to note that the performance of parents from the 5 and 10
pP.p.m. sources were less than for parents from the O and 15 p.p.m. BOurces
despite the fact that more offspring were produced on these treatments
in the previous generation. The treatment effects differed from the
previous generation primarily due to the increased toxicity of the 10
P-p.m. treatment. A mean of Si.4 offspring was produced on the O p.p.m.
treatment compared to 57.9, 47.3, and 44.9 offspring per female parent
on the 5, 10, and 15 p.p.m. treatments. The mean square for these differ-
ences approached significance (P <0.05) indicating the possibility of
real differences being present.

Since the Parental Source X Treatment interaction was not signifi-
cant, selection in the previous generation apparently favored genes for
resistance as well as those for reproductive fitness. The parents on the
O p.p.m. treatment produced a mean of 46.7 off'spring compared to 61.5
offspring for parents from the 15 p.p.m. source. This indicates selection
for reproductive fitness occurred at the 15 p.p.m. treatment in the pre=~
vious generation. The response of the paraznis from the four sources on

the 15 p.p.m. treatment indicates, however, Lhat selection favored genes



for resistance as well. The parents from the O p.p.m. source produced a
mean of 37.7 offspring compared to 41.6, 48.2, aund 52.2 offspring per
female parent for parents from the §, 10, and 15 p.p.m. sources. This
increase was roughly in proportion to the intensity of parental seleetion.

There was considerable variation in the performance of parents
from the 9 and 10 p.p.m. sources as well as in the effeets of the S and
10 p.p.m. treatments on progeny produced by parents from the four sources.
Since the 5 and 10 p.p.m. treatments stimulated reproduction in the
previous generation, genotypes which contributed less resistance or poorer
reproductive fitness may have been maintained in the population. The
proportion of these less favorable genotypes present may be dependent
upon such factors as the state of the culture media and lsboratory tem-
peratures &t the time the experiment was conduected.

The number of G3 progeny produced for each of the 16 Parental
Source-Treatment combinations presented in Table IX, Section B, indicate
the effects of selenium were more severe than in the previous generation.
The variation in the number of progeny produced by the parents from the
four sources was not significant, whereas the treatment effects were
highly significant (Table X). The parental source means of 32.5, 38.8,
37.7, and 35.0 offspring per female parent from the O, 5, 10, and 15 p.p.m.
sources indicate no advantage regardless of prior selection history for
reproductive fitness. The treatment effects Were similar to those
observed in the results of experiments presep.:c;ed in Tables I and V,
Sections A and B. The means of 33.4, 44.3, 40.0, and 26.2 offspring per
female parent for the 0, 5, 10, and 15 p.p.m. treatments reflect the

significant increase of the 5 and 10 p.p.m. ireatments over the O and 15
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pP.p.f. treatments. The difference between the O and 15 p.p.m. treatmsnts
vere also significant. Thus, the treatment effects were gimilar to those
observed in unselected populations.

The significant Parental Source X Treatment interaction indicates
progeny produced from parents originally subjected to the most severe
selection pressure were less resiistant than progeny produced from parents
subjected to less intense selection. The treatment differences, particularly
for the 0 and 15 p.p.m. treatments, vere very small for parents from the
0, 5, and 10 p.p.m. sources, whereas for the parents from the 15 p.p.m.
source these differences wvere significant. %be significant differences
are demonstrated by comparing the mean number of offspring produced by
parents from these two sources on the 0, 5, 10, and 1% p.p.m. treatments.
The means are as follows: 30.7 and 43.7, 31.3 and 41.3, b0.3 and 34.1,
and 28.3 and 20.7. The absence of significant treatment differences for
parents from the O p.p.m. source may be in part due to the presence of a
stress factor which dampened their performance on the O p.p.m. treatment
but did not affect their performance on the 15 p.p.m. treatment. The
significant differences in performance of parents from the 15 p.p.m.
source between the 0 and 15 p.p.m. treatments indicate selection in the
previous generation may have favored reproductive fitness rather than
resistance.

The results of the two generation experiment presented in Section
C are inconclusive as to whether selection favors resistance or repro-
duction in a selenized environment. Thess may have been influsnced by

temperature differences existing between tLhe two generations. The results

of this experiment (Table XVII and XIX, Section C) present both the mean



aumber of offspring produced per female parent representing reproductive
fitness and differences in the mean number offspring producasd between the

0 and 15 p.p.m. treatments representing resistance. There was considerabls
variation in these two criteria between the first and second generations.
Considering reproductive performance, the pareants on the O p.p.m. treate
ment produced a mean of 35.0 offspring compared to 21.2 offspring per
f2male on the 15 p.p.m. treatament. However, in the second generation, a
mean of 94.l offspring was produced compared to 40.% offspring per female
parent on the 15 p.p.m. treatment. 3ince the Genmeration X Treatment msen
square vas highly significant (P< 0.01), a differential effect of selenium
vags present between the two generations. The differences in resistance
exhibited a similar pattern. There was a mean difference of 15.0 offspring
for the first generation compared to 52.6 for the second generation.

The results of these two experiments presented in Sections B and C
are difficult to interpret as the result of vide generation differences.
The evidence did not indicate whether selection in a selenized eaviromment
favored resistance and/or reproductive fitness. There were some indications
however, that the differences found may be transmitted from generation to
generation. The conditions under which these experiments were conducted
may have contributed to the variations observed. One esource of biass may
have been the regsult of sampling errors, since only an extremely small
portion of the total offspring produced was selected to be parents for
the next generation. The effects of temperature differences have been
discuseed previously.

The results obtained herein are similar in some respects to thosa

reported in studies of DD? resistance with L. melanogaster. Evidence
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that resistance of the progeny i1s related to the selection intensity of
the parents has been reported in studies of DDT resistance. Merrel and
Underhill (28) found a relationship between intemsity of parental selection

for DDT resistance in D. melanogaster and the resistance exhibited by the

offspring. The number of 62 progeny (Table VII) produced by parents undere
going varying intensities of selection indicate a similar relationship,
particularly at the 15 p.p.m. trestment level. However, the performance
of the G3 progeny (Table IX) indicates a general reduction in fertility.
The mean of 36.0 offspring per female parent in the G3 generation compared
to 51.1 offspring for the G, reflect the fewer number of offspring pro-
duced in the parental source-treatment combinations in the G3 generation.
A similar observation, though not in the exact situation, bhas been re=
ported by King (22) in which he found a general reduction in performance
of the F2 compared to the F and F3 generations in crosses between DDT

resistant and susceptible strains of D. melanogaster.

There were indications from the results of experiments presented
in Sections A, B, and C that non-linear interactions between genotype and
environment may be important. The results from these experiments indicate
that breeding for selenium resistance may be a matter of testing a variety
of genotypes in a selenized enviromment and selecting the superior geno=~
type in that envirecnment instead of aiming toward a population which is
characterized by a superior average genotype to all possible genotypes
under all environments. Since each of the experiments were designed to
test the effect of selenium on one or more races, & test of the Race X

Treatment interaction was possible. Thin Lateraction is by definition

a measure of the failure of the effects of =&lenium on the races tested



to be linear, assuming each race to be characterized by a unique genotype.

The mean square values for the Rac# X Treatment interactions tested
in the experiments (Tables I and V, Sections A and B) indicate non-linear
interactions between genotype and environment between the (£) and (b)
races. However, for the 02 and G3 generations in Section B, these differ-
ences were not as pronounced. The mean for the experiment presented in
Section A reflects the significant Race X Treatment mean square (Table II).
The (£) and (b) races produced a mean of 67.0 and 53.8 offspring on the O
P-P-m. treatment and 28.2 and 34.7 offspring per female parent on the 15
p.p.-m. treatment. For the experiment presented in Table V, Section B,
tbe (#) and (b) races produced a mean of 90.8 end 83.6 offspring on the
O p.p.m. treatment and $9.7 and T2.1 offepring per female parent on the
15 p.p.m. treatment. The mean square value (Table VI) for the Race X
Treatment interaction indicated real differences may be present. In both
the G, and G3 generations, Tables VII and IX, the Race mean aquares were
highly significant, whereas only in the 03 generation did the Race X
Treatment mean square indicste the presence of genetic-enviroomental
interaction. The results from these experiments indicate the (b) race
may be characterized by the presence of genes for superior reproductive
fitness in an unfavorable environment.

The evidence of an interaction between genotype and environment
in the experiment presented in Section C may B& jin part due to environ-
mental differences existing between the two §Xperiments. The temperature
differences in the laboratory have been discusasd elsewhere. The effects

of the low temperature in the first generutiyn apparently affscted perform-

ance to & greater extent on the O p.p.m. trectment than on the 15 p.p.m.
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treatment. There was a mean of 35.0 offspring compared to 21.1 offspring
per female parent produced on the 15 p.p.m. treatment in the first gen-
eration. In the second generation, a mean of 9h.1 offspring was produced
on the O p.p.m. treatment compared to 40.4 offspring per female parent
on the 15 p.p.m. treatment. These means indicate that selection imposed
by selenium may favor reproductive fitness as well as resistance. The
difference between the two treatments in the first generation may repre=~
sent the effect of genes for resistance. However, all races did not
respond in a similar manner to the environmental changes with the result
that the Race X Generation interaction was highly significant (Table XVIII).
Some examples of race differences between the first and second gemeration
(Table XVII) are 24.0 and 84.8 for the (b) race, 31.5 and 29.1 for the
oregon-E (£), 30.0 and 39.8 for the (vg), and for the (W3) 22.4 and 130.8
offspring per female parent.

This in turn resulted in a significant Race X Treatment interaction.
The mzans for the number of offspring produced on the two treatments by
each of the 12 reces is presented in Table XVII, Section C. This sig:_xifi-
cant interaction stemmed from the fact that some of the races were above
the mean on both treatments, some below the mean, and others approached
the mean on the O p.p.m., but were vell below the mean on the 15 p.p.m.
treatment. Some examples of the races whose performance was above the
mean on both treatments are the Brookings ( £) producing a mean of 108.7
on the O p.p.m. treatment and 76.2 offspring per female parent on the 15
p.p.m. treatment, the (W®) producing 102.6 and 83.4, and the Ames-II (£)
producing 72.9 and 53.2 offspring per femila parent. The race producing

the least number of offspring on both treatments but showing the least



between treatment variation vas the Oregon-E (£) producing 39.1 and 22.2
offspring per female parent. An example of a race whose performance vas
above the mean on the O p.p.m. treatment and below the mean on the 15
p-p-m. treatment was the (e) producing 81.8 and 14.1 offspring per female
parent. The performance of the Canton-S (£) race, producing 52.1 offspring
on the O p.p.m. treatment and 2.1 offspring per female parent on the 15
p.p.m. treatment, is an example of a race wvhose performance ocn the O p.p.m.
vas near the mean and vell below the mean of the 15 p.p.m. treatment. The
means were 63.2 for the O p.p.m. treatment and 29.5 offspring per female
parent for the 15 p.p.m. treatment.

Since there was s0 much variation in the reproduective performance
between the 12 races, a comparison of differences in the mean number of
offspring produced on the O p.p.m. and 15 p.p.m. treatments is presented
in Table XIX. The races are ranked according to the magnitude of these
differences. A comparison of this table and Table XVII ir which the same
races are ranked according to their reproductive performance shows that
these two criteria are not necessarily related. Some examples of compari-
sons between resistance and reproductive performance are as follows:

The (b) race which renked first in resistance ranked fourth in reproductive
performance, the Oregon-H (#) race ranked second in resistance and ranked
tenth in reproduction, the Canton-S (£) race ranked tenth in resistaace

and ranked twelfth in reproduction, and the (e) race ranked twelfth in
resistance and ranked sixth in reproduction.. Q‘be relative positions of

the 12 races for the two criteria do not indicate genes for resistance

and reproduction are the same.
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The mean squares for Reces presented in Table XX while not signifi-
cant indicate real differences may be present betweemn the 12 races in
their resistance. The differences ranged from 8.2 offspring for the (b)
race to 62.7 offspring per female parent for the {e) race. The mean
difference for the 12 races was 33.8 offspring per female parent. The
positions of the 12 races in Table XIX do not indicate any relationship
betveen visible morphological differences and resistance.

The five (£) races tested exhibited as much variation in both
resistance and reproductive fitness as the mutants. Their ranks in
resistance (Table XIX) ranged from second to tenth. The Oregon-H (£)
race ranked second, the Ames-II third, the Purtox (£) fourth, and the
Canton-8 tenth. This variation in resistance indicates that within
morphologically similar races, a wide diversity of genotypes is present.
Thus, breeding for resistance may be a matter of selecting those indi-
viduals which possess the genotype conferring the most resistance rather
than favoring a particular breed. The variation in resistance of the
(/) races may have been the result of each race developing its own
unique polygenic system. Observations of a similsar nature have been
made by King (22) and Merrel and Underhill (28) in their studies of DDT
resistance in D. melanogaster.

There vere no indications of a relationship existing between body
color and selenium resistance found im this study. The three body color
mutants, (b), (e), and (y), exhibited considersble variation in their
resistance. The two dark body color mutants, (b) and (e), were respec~
tively the most resistant and susceptible of -the 12 reces tested, and

the (y) mutant was intermediate to these twc mutants. The two dark body
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color mutants would be expected to demonstrate the most resistance if these
color genes acted in a manner similar to the dark color genes in swine and
beef cattle. Wahlstrom et al. (42) and Dinkel et al. (10) report obserw
vations of fewer symptoms of selenium toxicity in the breeds of swine and
cattle charecterized by & black body color. The results of this experi-
ment indicated that body color and resistance were not related.

There vas no evidence of a relationship existing between visible
morphological differences characterizing the mutants tested and resistance
to selenium. The two eye color mutants, (WPl) and (w®) ranked eighth and
eleventh in their resistance. The (B) mutant ranked sixth and the (vg)
mutant ranked fifth. These results are similar to those found by Pratt
and Babers (35) and Sokal and Hunter (40, k1) who attempted to correlate
phyeiological and behavioral differences vith DDT resistance in houseflies
and fruit flies. These workers concluded that different systems of DDT
re@istance have evolved in separate lines and that modifying genes for
the selected trait tended to enhance the correlated trait rather than
the selected trait.

Japanese workers have found that genes for DDT resistance in p_.

melenogaster may be in close assoclation with second chromosome mutants.

Tsukamoto and Ogaki and Ogaki and Tsukamoto cited by Metcalf (29) obtained
evidence that one or severzl genes for DDT resistance may be linked with
the (vg) gene. Additional studies by the same workers revealed the genes
for DDT resistance may be located near the Vestigal (67.0) and Scaborous
(66.0) genes on the second chromosome. The second chromosome mutants in
this study, (b) and (vg), ranked respectively first and fifth of the 12

races tested. Also, these were the most resistant of the seven mutants

tested.
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Thus far it has been found in the experiments discussed that eelee
nium exerts a deleterious effect on reproduction. The reports of sele~
niun studies with rats and poultry indicate a similar effect. This
aspect of the problem of selenium poisoning has caused considerable
economic loss to the farmer and rancher in the affected areas. Sipce the
rancher must purchase his herd sires from non-seleniferous areas, the
relationship of sex and resistance assumes considersble importance.
Studies of the inheritance of insecticide resistance indicate that sex
differences in resistance are not present.

There have been reports of possible sex differences in suscepti«
bility of beef cattle since it has been reported that bulls often exhibit
more severe symptoms of selenium toxicity than the cows. The results
obtained herein of the effects of selenium provide no evidence of sex
differences being present. This was studied by comparing the ratio of
male to female offspring produced by parents subjected to these treatments.
The ratios appeared to be the result of individual difference rather
than treatment differences. There was, however, some evidence of race
differences in this ratio in several of the experiments.

There were no significant differences resulting from the effects
of the different concentrations of selenium on the ratios of male to
female offspring produced in the experiments presented in Sections A, B,
C, and D. The ratios of male to female offspring presented in Table III,
Section A, indicated a tendency for a greater @roportion of male offspring
to be produced as the concentrations of selenium increased. The ratios
produced on the 0, 5, 10, and 15 p.p.m. trealments vere 0.2, 0.9%, 0.96,

and 1.08. However, the Treatment mean squares (Table IV) were not
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significant. In the three generation experiment presented in Section B
no significant treatment effects were present. The ratios for the @,
progeny presented in Teble XI did not follow & consistent pattern. The
ratios for the O, 5, 10, and 15 p.p.m. treatments were 1.01l, 0.99, 1.05,
and 0.92. The Treatment mean square for this generation (Table XII) wvas
not significant. The ratios for the G, progeny presented in Table XIIX
were 1.00, 0.92, 0.98, and 1.00 for the 0, 5, 10, and 15 p.p.m. treatments.
The Treatment mean square (Table XIV) was less than the Error mean

square. Howvever, the ratios for the 03 generation exhibited more varia-
tion than the previous two generations. The ratios for this generation
presented in Tsble XV for the 0, S5, 10, and 15 p.p.m. treatments are 0.99,
1.21, 1.02, and 1.05. The Treatment mean square (Table XVI) indicated
the possibility of real differences being present. The results of the
experiment presented in Table XXX, Section C, show that a slightly greater
proportion of male offspring was produced on the 15 p.p.m. treatmeant.

The ratios for the O and 15 p.p.m. treatments were 0.92 and 0.99. The
Treatment mean square (Table XXII) was less than the Error mean square.
The ratios for the experiment presented in Table XXVII, Section D,
exhibited little variation. The ratios for the O and 15 p.p.m. treatments
were 1.00 and 0.97. The Treatment mean square (Table XXVIII) wvas not
significant.

The ratios of the G and G3 progeny indicate previous selection
may have some influence on fchis ratio. The Payental Source X Treatment
interaction vas highly significant in the Go generation, whereas in the
G3 generation this interaction was not significant. The Parental Source

mean square for the G, progeny vas not significant, whereas the Parental
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Source X Treatment interaction was highly significant as shown in Table
XIV. The ratios of G, progeny presented in Table XIII show for each
parental source at least one instance in which the proportion of femsle
offspring produced exceeded at least two standard deviatioans from the
mean of the O and 5 p.p.m. parental source means. The treatment on which
this event occurred was not the same for the parental sources. For the
parents from the O p.p.m. source, their ratio on the 5 p.p.m. treatment
was 0.87 compared to a mean of 0.95, and for parents from the 5 p.p.m.
source the greatest deviation from their source mean of 0.93 occurred on
the 10 p.p.m. treatment with a ratio of 0.85. The parents from the 10
p.p.m. source exhibited the greatest variation in this ratio. On the O
and 15 p.p.m. treatments, each produced a ratio of 0.88 and on the 5 and
10 p.p.m. treatments the ratios wvere 1.00 and 1.20. The mean for this
parental source was 0.99. The ratios produced on these treatments by
parents from the 15 p.p.m. treatment were reversed from the parents from
the 10 p.p.m. source. On the O and 15 p.p.m. treatments the ratios of
the offspring were 1.13 and 1.20, and on the $ and 10 p.p.m. treatments
the ratios were 0.92 and 0.88. The parental source meen was 1.03. The
ratios for the 63 progeny did not exhibit the variation found for the

G2 progeny. With one exception for parents originally from the O, 5, and
10 p.p.=m. sources and two exceptions for parents from the 15 p.p.m. source,
the ratioe presented in Table XV indicated a gritater proportion of male
offspring. The mean square for the Parental Wyce X Treatment intere
mction did not approach significance.

There vere indications of Race differz=nses in the experiments pre-

sented in Sections A, B, and C. In the resulis of thé experiments
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presentad in Section A, the mean sguare for Races was highly significant.
The race means vere 0.88 for the (£) race and 1.06 for the (b) race. The
(b) rece consistently produced a grester proportion of male offspring
than the (£) race in the three generation experiment presented in Section
B. The ratios for the G) offspring produced were 0.55 and 1.10 for the
(#) ani (b) races. For the Gy progeny this ratio vas 0.86 and 1.09 and
0.97 and 1.18 for the 03 progeny. In all three generations, the Race
mean squares were highly significant, but the Race X Trestment mean sgquare
vas not gsignificant. These results indicate that one of tbe characterise
tics of the (b) race was to produce a grester proportion of male offspring.
There were significant differences in the ratios of male to female off=~
spring produced by the 12 races in the experiment presented in Section C.
These ratios (Table XXI) ranged from 0.80 for the OregoneH (£) race to
1.25 for the (y) race. The mean ratio for the 12 races was 0.95, whsreas
in the experiments of Sections A and B the differences in this ratio
between the Turtox (£) and the (b) races were highly significeat. In
this axperiment their ratios were both 0.88. The retios produced in
these experiments seem to dbe a particular characteristic of the race
rather than being associated with resistance. The Race X Treatment intere
action did not approach significance.

Thus far there is no evidence of gex differences in the resistance
of the progeny to selenium. Thus, the possibility of selsnium suscepti-
bility being a sex limitad character is ruled gut. The observations of
sex differences in susceptibility in beef cattle may be the result of

msnagement factors. The next aspect of the problem to consider is that of

sex linkage. The importance of sex linkage can be determined by making
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reciprocal crosses between resistant and susceptible parents and comparing
the ratios of male to female offspring produced. If gex linkage is pre-
Bent, the heterogametic sex would be affected more severely than the bhomo-
gametic sex. The evidences obtained from making reciprocal crosses
between DDT resistant and susceptible strains of houseflies and fruit flies
B8how no evidence of sex linkage.

The ratios of male to female offspring produced by the four mating
systems in Experiment I (Table XXVII, Section D) were all within one
standard deviation of one another. The ratios produced by the four mating
systems are as follows: R X R 1.01, S X 53 0.96, RX S 0.96, and S X R 0.98.
The mean squares for Mating Systems were not significent (Table XXVIII).
These results indicate that susceptibility to selenium poisoning is not
affected by sex linkage.

Bovever, the results of Bxperiment II presented in Table XXIX,
Section D, in which the effect of previous selenium history of the parents
vas studied on these mating systems, exhibit more mating system variation
than in Experiment I. In this experiment, those matings in which the
female was the susceptible parent tended to produce a greater proportion
of male offspring. The ratios for the mating systems were as follows:
0.92 for the R X R, 0.94 for the S X 5, 1.0k for the R X S, and 0.90 for
the 5§ X R matings. The mean square for Mating Systems (Table XXX) was
not significant. The variation in the ratios produced by parents in the
different source combinations did not exhibit much variation.. The ratios
for the 0 X O was 0.9%, for the 15 X 15 0.95, for the O X 15 0.91 and
1.01 for the 15 X O combination. The mean szuar® for Parental Source
combination was not significant. The interaction mean square for these

two sources of variation did not approach significance.
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The results of studying the effect of the treatments on the ratio
of mile to female offepring indicate no difference and no evidence of sex
linkage. Thus, it can be concluded that genes for reproductive performe
ance in both the non-selenized and selenized environments are located on
the autosomes rather than on the sex chromosomes.

The observations reported by Dinkel et al. (10) that bulls exhibit
more severe symptoms of seleniun poisoning made it desirable to study the
influence of the sex of the resistant or susceptible parent on the resist-
ence #xhibited by the progeny. This was studied by comparing the performe
ance of four mating systems, R X R, S X 8, R X 8, and § X R t0o determine
what influence, if any, theé sex of the resistant parent may have on the
resistance of their progeny. The results of the experiment presented in
Table XXIII, Zaction D, in which the performance of four imting systems
on two treatmenis were compared indicate tbat each parent contributed an
egual amount of resistance to the progeny. There wvere algso indications
from this @xperiment thalt hybrid vigor may also contribute to the resiste
ance of offspring. The significant (P <0.05) Mating System mean square
(Table XXIV, Section D) is reflected in the means for the four mating
gsystegs. The two reciprocal matings, R X 8 and S X R, produced & mean
of 112.0 and 95.1 offspring compared to the performance of the R X R and
8 X S matings which produced a mean of 94.4 and T75.2 offspring per female
parent. The performance of the reciprocal matings on the O p.p.m. treat-
ment exhibited a greater degree of hybrid vigox thaa these matings on the
15 p.p.m. treatment. The reciprocal matings on the O p.p.m. treatment
produced 167.8 and 135.4 offspring per female parent compared to 129.5

for the R X R and 110.5 offspring per femile paremt for the 8 X 8 mating.
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On the 15 p.p.m. treatment, the reciprocal matings produced 56.3 and 56.1
offspring per female parent compared to 59.2 and 39.9 offspring per
female parent for the R X R and 8 X S matings. The results of these
matings indicate that the progeny produced from matings in which at least
one parent is resistant may exhibit superior resistamce to those in which
both parents are susceptible.

The results of this experiment are similar to those observed in
studies of insecticide resistance in bhouseflies and fruit flies. The
results of reciprocal crosses between DDT resistant and susceptible
straine of houseflies made by Harrison (18) sbow the Fl progeny were
intermediate in their resistance to the parental strains and the resist-
ance of the Fp, was quite variable. There was no indication from these
studies of a difference in tolerance transmission, whether emanating
from matings between two resistant parents or between a resistant and
susceptible strain. Similarly, Crov (6) and Pimental et al. (33) found
the Fl progeny produced from reciprocal crosses between DDT resistant and
susceptible strains of houseflies were intermediate to the resistance
exhibited by their parents. Busvine and Khan (4) found similar results
in their studies of BHC resistance in houseflies. The absence of sex
differences in resistance to either insecticides or selenium in insects
may also be valid for domestic animals assuming a similar hereditary
mechanism.

While the results of the experiment presemted in Table XXIII,
Section D, indicate that each parent contributes an equal amount of
resistance to the progeny, the results of the experiment presented in

Table XXV, Section D, indicate that the female parent is more sensitive
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to the presence of selenium reproductive-wise than the male. It will be
recalled from Section D that the non-selenized parents vere obtained from
the laboratory stocks and the selenized parents were obtained from stocks
vhich had been maintzined on selenium for several generations. The means
for the Parental Source combinations presented in Table XXV shov that the
matings in which the females were from the non-selenized mtocks produced
more offspring than those from the selenized stocks. The means for the
0 X0 and 195 X O combinations were 43.1 and 45.3 compared to 29.0 and
36.6 offspring per female for the 15 X 15 and O X 15 combinations. The
mean square for Parental Sources presented in Table XXVI indicate these
differences may be real. The means for the O X 0, 15 X O, and 0 X 15
combinations compared with the 15 X 15 combination indicate that matings
in vhich at least one parent is non-selenized produce more offspring than
matings in which both parents are from selenized stocks.

The mating system means indicate that the level of resistance of
the female parent had considerable influence on the performance of the
four mating systems. The matings in which the female Wig the resistant
parent, R X R and S X R, produced 44.4 and 48.2 offspring per female
parent compared to 27.2 and 30.1 offspring per female parent for the
S X 8 and R X S matings in which she was the susceptible parent. The
significant Mating Systems mean square reflects the variation in per-
formance contributed by differemnces in the lewvel of resistance of the
female .

The abgance of a significant Parental Source X Mating System inter-
action indicates the level of resistance mud prEvious exposure to selenium

of the female parent plays an imjortant role. The performsnce of the
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four parental source combinations &xhibited, with one exception, a similar
pattern for the R X R and S X R matings. For the R X R mating, the 0 X O
and 15 X O combinstions produced a mean of 52.7 and 53.8 offspring per
female pirent. This performance is contrasted with that of the 15 X 15
and O X 15 combinations producing 39.9 and 31.2 offspring per female
parent. A comparison of the performance of these matings shows that
previous selenium history may affect the female to a greater extent than
the male parent. The S X R mating also exhibited a somewhat similar
pattern. The O X O and 15 X O combinations produced 43.9 and 52.8 off-
spring per female parent and the 15 X 15 combination produced 27.0 off=
spring per female parent. The O X 15 combination however, produced a
mean of 64.8 offspring per female parent. The performance of this
particular combination was superior to all of the parental source+«mating
system combinations making up this experiment.

The performance of the 3 X 8 and R X S matings compared to the
performance of the R X R and S X R indicates the effect that selenium
may have on the reproductive performance of the susceptible female
parent. The mean performance of these combinations for the S X S matings
vere 19.8 for the 0 X 0, 32.6 for the 15 X 15, 16.6 for the 0 X 15 and
41.1 offspring per female parent for the 15 X O combinations. The
variation in performance on the O X O and 15 X 15 combinations indicates
somz selection for resistance may have occurred in the latter combination.
Since the offspring in this experiment were prqd.:.lced on 15 p.p.a. sele=~
nium, the performance of O X O combination may indicate the performancs
of the unselected susceptible strain, whereas their performance on the

15 X 15 combination indicates the effect of thsir previous selection for
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resistance. The variation in performance of the O X 15 and 15 X O come
binations reflect the effect of 15 p.p.m. selenium on the performance Of
the susceptible selenized femsale parent.

The performance of the different parental source combinmtions for
the R X S mating also exhibited a similar patterm. The means for the
parental source combinations were 45.5 for the O X 0, 17.7 for the 15 X 15,
26.4 for the O X 15, and 30.9 offspring per female parent for the 15 X O
combination. The variation between the O X O and 15 X 15 combinations
indicates the effect of 15 p.p.m. selenium on the reproductive performance
of the susceptible selenized female parent. While the differences were
not great between the O X 15 and 15 X O combinations, the superior per-
formance of the latter combination indicates that more offspring vere
produced by the combination in which the female parent was the non-selenized
parent.

Thus, recognizing individusl variation which may have been due to
chance, ths results from this experiment indicate that the reproductive
performance of the female is more sensitive to selenium than that of the
male. Furthermore, there were indications that the femsales from the
susceptible strain were affected to a greater extent by s&lenium than
females from the resistant strain. These results did not indicate pre-
cisely at what stage this effect occurred. ThesE& results may have been
the result of a selenized female producing sither fewer eggs or a greater
proportion of infertile eggs than the non-selenised female. In addition,
the posaibility exists that larvae produced from eggs laid by the sele-

nized female were weaker with consequently higner mortality before

emergence.
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The performance of the Ry X RlS and the 85 X RJ.S combinations are
of interest since these are the combinations which may be expected to
occur the most frequently in the affected areas, assuming the purchased
sires are either resistant or susceptible and are mated to resistant
females. While the performance of the Ry X R)5 combination was near that
of the experimental mean, the §g X B15 combination produced nearly twice
as many offspring per female as the Ry X Ry5 combination. The superior
performance of the Sg X Ry may indicate the presence of specific com=
bining ability, since by definition specific combining ability exists
vhen the performance of & specific cross is superior to the average of
2ll possible matings in a particular population.

The performance of the four mating systeme in which both parents
vere from the non-selenized source (O X O) were similar to those for
Experiment I presented in Tuble XXIII, Section D. The performance of
the reciprocal crosses indicated the presence of hybrid vigor. The means
for the reciprocal crosses were 45.6 and 43.2 offspring per female parent
ani the R X R and 8 X 8 matings produced 52.7 and 19.8 offspring per
female parent. The small variation between the reciprocal crosses and
their approaching the performance of the R X R mating is exactly the
same peattern as found in Experiment I.

The discrepancy between the results of Experiment I and the por-
tion of Experiment II in which both parents were obtained from non-
selected stocks and those of Experiment II in whiich the parents were
obtained from different trgatment sources may be the result of the effect
of prior selenium #xposure impairing reproductii® potential of the female.

Evidence of a similar nature has been reported in insecticide studies.
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Norton (32) and Pimental et al. (33), vorking independently, concluded
from their respective studies of DDT resistance in the housefly that the
female parent influenced th® resistance of the progeny to a greater extent
than the male, but neither concluded this was evidence of sex linkage.
The conclusion arrived at by Crow (6) from studies of DDT resistance in
D. melanogaster that the two major autogomes contribute an equel amount
of resistance, but that sex linked and cytoplasmic contributions are not
important, may be valid for the situation in which both parents are from
the same treatment source.

The evidence obtained from experiments in which the performance
of parents was subjected to one or more generations of @xposure to sele-
nium indicates that selenium may have affected the reproductive potential
of these parents. Similar evidence has been obtained from studies of the
effect of selenium on reproduction in rats and poultry. The observationas
of Franke and Tully (14, 16) and Franke et al. (15) on the manner in
vhich gselenium effects hatching percentage in poultry may also be applie-
cable to the results found in this study. The findings of Westfall (43)
studying the placental transmission of selenium and Rosenfeld and Baath
(36) studying the effect of different levals of selenium on reproduction
in the rat may in part help interpret these results. There vas evidence
of placental transmission of selenium in the female rat and that levels
of 7.9 p.p.m. selenium restricted reproduction in the female but did not
affect the fertility of the male. M

The discussion thus far has been concerned with specific aspects
of the general problem of selenium toxicity. The rancher in the affectad

area, however, will rarely have an opportunity two consider eech of these
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aspacts separately when making his choice of herd replacements. Since
the individual is the smallest unit he can select, his selection is based
primarily upon the phenotypic expression of resistance or susceptibility.
Bince the phanotype on which he selects is the sum of a large number of
genetic and environmental factors, the success of his selection is going
to be dependent upon how accurately the phenotype reflects the genotype.
Hence, the choice of his breeding program is going to be dependent to a
large extent upon the heritability of this trait, since heritability pro-
vides a measure of this reflection. To provide recommendations of a
breeding program for iocreasing resistance, estimates of heritability of
reproductive fitness and reslstance were caloulated in Bection E. Thase
estimates are discussed in terms of the results of ths experiments pre-
sented in Sections A, B, C, mnd D.

The estimates of heritability of reproductive fitness calculated
in 8ection E imiicated that a considersble portion of the differences
betwesen individuals was hereditary in origin. The estimates in the
broad sense did net wvary greatly from the estimates in the narrow sense.
There were indications, howaver, that treatment differences were present
in the estimates in the broad sense. The estimates of heritability of
resistance in the broad sense were quite low indiceting hereditary differe
ences between individuals contributed only & small portion to the total
variance.

Beritability in the narrow sense by defimition inmcludes only the
genic variation between individuals. Hovever, in practice this estimate
is often between the broad and narrov sense sinuge dominance, spistatic

and environmental effscts may be included in the genic variance. The
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method of calculating heritability is dependent upon how closely the
Phenotypic resemblance parallels the genetic resemblance. These are
often, for example as in this study, calculated from the Aualysis of
Variance. 8ince only in a few special cases can these resemblances be
known, genetic resemblance is inferred from the relationship. In random
mating populations, the relationship between full sibs is 0.50 and the
relationship between half sibs is 0.25. Equating these relationships to
unity provides the factors used to multiply the resemblances for herita-
bility. In the case of full sibs, the factor is two and for half sibs
the factor is four.

The estimates of the heritability of reproductive fitosss in the
narrov sense were all greater than 0.20 indicating that mass selection
for this trait in & selenized environment may be the most effective mesans
of breeding for resistance. The estimates calculated from tie components
of variance are prescatad in Table AXXII, Section E. A comparison of
these components indicata that sire differences contributed more variation
than dam differsnces. The mean square for Sires, while not significant,
indicated real differences may be present. Of tha halfl sib estimates,
the one baned on the maternal half eidb corrslation of 0.38 may be the
most relilavie since the fiducial limits of O and 310.01 for the dem com~
ponent were ewaller than the limits of O mmd 357.95 for the sire comgo-
nent. The estimate basad onm the paternal half sib correlation was 0.50.
The estimate of 0.43 vawed on tie full sib corrslstion vhile intermediste

t0 the estimates based on the half sib correlations includes soms of the

dominance and epistatic deviations.
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A large component of the trait identified as reproductive fitness
herein may include egg production. Consequently, a large proportion of
the variation found herein may have been the result of differences in egg
production between individuals. The estimates of reproductive fitness
calculated were in relatively close agreement with those obtained in studies
of the heritibility of egg production in poultry. Lerner (23), summarizing
the results of saveral studies of this trait in poultry, reports estimates
ranging from 0.29 to 0.35.

The second concept of heritability is that of heritability in the
broad sense. The function of the genotype as a unit within the individual
is considered heritability in the broad sense. It is used in this manner
wvhen contrasting the hereditary variation with the environmental. However,
the genotype is not transmitted as unit as the result of segregation and
recombination. Combinations which may produce certain effects in the
parenteal generation may only bé transmitted in part, if at all. Thus,
the essential difference between heritebility in the broad and narrow
senge is that the latter estimate includes only the genic variation (G 02) ’
vhereas the former estimste includes the hereditary variance from all
gsources. The second method of calculating heritability was for the pur-
pose of providing an indication of the validity of the estimates in the
narrov sense.

The estimates of reproductive fitness in the broed sense on both
the 0 and 15 p.p.m. treatments indicate a relatively large proportion of
the total variance was contribute#d by differences in heredity between

individuals. The #stimates of reproductive fitm&#es in the broad sense
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wére generally in the same range as the estimates of reproductive fitness
in the narrow sense. The differences between the sstimates of reproductive
fitness in the narrow sense and the broed senss may include uncontrolled
environmental variations since the experiments from which the two types of
estimates were calculated were not contemporary.

The Analyses of Variance from which the hersditary components
(Ruces) of reproductive fitness and the environmental components (Error)
are presented in Tables XXXIII and XOXXIV, Section E. The data from
vhich these estimates were calculated were obtained from the two ganerae
tion experiment presented in Section C. The estimates were calculated
on an intra-generation basis in order to pravent the introduction of
bias resulting from generation differences. Estimates based on the come
bined results of each generation were also calculated to study the
influence of generation differences. The pattern of the &#stinates
indicated the reproductive performance in & non~selenized environment is
dependent to & greater extent upon environmental differences, whereas
in the selenized environment hereditary diffsrences between individuals
appear to be more important.

The ratio betweer the hereditary and environment&al componentis in
the first generation for the O and 15 p.p.m. treatments presented in
Tables XXXIII and XXXIV, Section E, were essantially the esame. This
indicates that in the first gemeration, irrespective of treatment differ-
ences, hereditary differences between individu;t.*s vere equally as
important. In each case, the value of theé hereditary component varied
little from the environmental component. The estimate of 0.49 £ 0.70 for

each treatment indicates that hersditary differences between individuals
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contributed approximately half of the total variaance. It will be recalled
from Section C that the treatment differences in the first generation were
not significant, apparently as the result of unfavorable temperatures.
The probability then exists that the unfavorable environmental conditions
exerted a more sever# test of the genotypes making up this particular
experiment than did 15 p.p.m. selenium. This concentration of selenium
vas found to be highly toxic in Sections A, B, C, and D.

In the second generation, the ratios for each treatment exhibited
a widely divergent pattern. Tables XXXIII and XXXIV, Section B, show
that environmental differences contributed a greater proportion of the
total variance on the O p.p.m. treatment, whereas on the 15 p.p.m. treate
ment the opposite occurred. The considerable increase in the environe
mental contribution for the O p.p.m. treatment in this generation indicates
the marked increasa in reproductive performance wvas due to this factor
and not to genetic influences. The estimate of 0.20 £ 0.47 for this
treatment indicates that only 20 percent of the total variance was con-
tributed by hereditary differencaes compared to nearly 50 percent for the
first generation. The ratioes for the 15 p.p.m. treatment in this genera-
tion indicated that selenium exerted a much more severe test on the geno-
types despite the more favorable temperature conditions. The estimate of
0.70 £ 0.84 indicates that 70 percent of the total variance was contri-
buted by hereditary differences compared to approximately 50 percent in
the first generation.

A comparison of the herzditary and environmental components for
two generations combined (Table XXXV, Secticn B) .show that environmental

differences exerted a much greater effect on the performance of parents
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on the O p.p.m. treatment than for those on the 1% p.p.m. treatment. The
estimata for the two generations combinad on the O p.p.m. treatment was
0.06 é 0.24 which indicates that for the two generations only six percent
of the total variance was due to hereditary differences. On the other
hand, the estimate of 0.67 £ 0.82 for the 15 p.p.m. treatment indicates
that hereditary differences contributed 67 percent of the total variance
in the two generations.

These estimates despite their wide standard errors indicate that
differences in heredity between individuals assumes considerable impore
tance particularly in an unfavoradble environment. A comparison of these
estimates with those obtained in the narrow sense indicate that a rather
substantial portion of the variance may be due to sdditive acting genes.
These estimates, however, demonstrate what may occur when wide environ-
mental variation is present. The proportion of the hereditary variance
to the total variance wvas essentially the same for both treatments in
the first generation. In the second generation, however, this relatione
ship changed apparently as the result of temperature differences. The
ratios between the hereditary and envirommental components for the two
generations combined on @ach treatment further demonstirate the effect of
environment on the ratio of the hereditery variance to the total variance.

The astimates of heritability of resistance in the broad sense
exhibited considerable between generation differences. These estimates
wera calculated on a within generation basis as W&ll as for two genera=
tions combined. The Analyses of Variance and components of variance

presentgd in Table XXXVII, Section E, vwere cilodisted from the data pre-

sented in Table XIX, Section C. A comparison uf the componénts of
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variance for each generation indicates that the heraditary contribution
for the first and second generations was essentially the same. However,
the environmental component in the second generation was approximately

six times that of the first generation. As a result, the first gsnera-
tion estimate of 0.25 £ 0.50 vas approximately six times that of the second
genaration estimate of 0.04 £_0.2h- When the results of the two genera-
tions were combined, an estimate of 0.05 £.0.2k vags obtained. The come
ponents of variance for the latter estimate was obtained from the Analysis
of Variance presented in Table XX, Section C. The generation differences
apparently reflect environmental variation rather than changee in gene
frequency resulting from one generation selection.

The wide standard errors associated with these estimates limit
their validity. Two of the three estimates of resistance calculated were
in the same general area as reported for disease resistance in poultry.
Lush et al. (26), in a study invelving more than 20,000 leghorn hens
using directly observed percentages, obtained estimates of 0.083 for
resistance to total mortality, 0.053 for resistance to the leucosis com~
plex, and 0.034 for resistance to death from other causes than leucosis.
Aassuning a similar mechanism may be involved for selenium resistance as
in diseass resistance, selection for selenium resistance alone may be a
relatively slow process. The indication that environment may play an
important role in the expression of selenium resistance may be of con-
sidsrable significanc# to the breader.

The astimates of heritability of reproductivé fitness and resist-

ance presented in Section E indicate that at lesat a part of the variation

found in Sections A, B, C, and D is due to difference in heredity between
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individuzls. Since at least part of the variation found herein was due

to hereditary differences, breeding for selenium resistance may be feasible
in areas where the use of preventative agents are precluded by management
factors. Once the breeder has decided thzt breeding for resistance 1is
worth the effort, his next step is to utilize such methods which will
yield the maximum progress with minimum expense. The progress he achieves
will be dependent upon the amount of genic variance, i.e., heritability

in the narrov sense that is available. There are several factors which
may cause heritubility to be low. Among those listed by Lush (25) are

low genic variance, the effects of dominance and epistasis, and genetic
and environmental interactions. The degree to which each is present will
to a large extent determine the choice of the bhreeding system and selection
program.

The differences in the estimates of reproductive fitness in the
narrov and broad sense on the 15 p.p.m. treatment indicate that heredi=-
tary differencee between individuals are more important for reproductive
fitness than for selenium resistance. Thus, one of the reasons why the
heritabilities of resistance were low may be due to the fact that little
genic variance 1is present. One reason why genic variance may be low
is that genes which confer resistance may exist in a neutral state or
exhibit a selective disadvantage in the absence of selenium. This has
been postulated in studies of insecticide resistance. Since the
individuel must reproduce before resistance or #usceptibility can be
expressed, genotypes conferring superior reproductive fitness may also
have an additional function of expressing resiatimce in the appropriate

environment. Thus, pleiotropy may be indicated.
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Attempts at correlating certain physical attributes with insecti-
cide re@sistance have not proven entirely successful, wheress studies of
disease resistance in poultry have indicated that resistance to the
leucosis cosplex and constitution may be correlated. Lush et al. (26)
reported a correlation of £ 0.54 between resistance to the leucosis come
plex and resistance to death from other causes. Similarly, Hutt and
Cole (19) selecting for resistance to the leucosis complex found ti:ut egg
production and viability improved concurrently. In this study & pheno-
typic correlation of § 0.32 was found between reproductive fitness and
resistince in the experiment presented in Section C. Indirect evidence
wiis observed in the experiments presented in Section D that parental
vitelity and reproductive performance on the 15 p.p.m. treatsent may de
related. It will de recalled from Experiment I that the Experiment X
Treatment interaction mean square was highly significant (P <0.01).

Table XXII shows that, for both Experiments A and B, the performance of
the four mating systems on the O p.p.m. treatment wius not affected by
parental stock differences. However, on the 1% p.p.m. treatment, the
toxicity exhibited by this treaiment in Experiment A was much more savire
than in Experiment B. This variation may have been the result of differe
ences in parental vitiality since the parents for Experiment A were
obtained from nearly exhausted laboratory stocks.

The rancher's choice of & breeding program will be depeudent upon
the criterion he uses to mesgure resistance. If the trait 1s highly
hereditary, individual selection may be the most effective m#ans of
selecting for resistance. On the other hanc, Lh# low heritsbility of

resistance found herein does not meanm that only & mmall gain in progress
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is possible. It could mean that the hereditary variability is due to a
large number of minor factors and that the favorable all=zle is generally
the uncommon on®#. Thus, potential progress may excead the current limit.
Under these conditions dirmct observation will give only a small clue as
to the individual's transmitting ability. Preliminary selection based on
attention to collateral relatives followed by selection based on a progeny
test may be the most effective under these condtions.

Dominance and epistasis may have contributed to the presence of
hybrid vigor in Experiment I, Section D. If dominance and epistasis
contribute a large proportion to the total variance, a reduction in
heritability would result. As in the case of low genic variance, direct
observation will give little indication as to the individual's transmitting
ability. Where dominance is important, prelim:l.rfary selection should be
based upon the performance of collateral relatives followed by selection
based on a progeny test. Ultimately, as the program continues, a greater
proportion of the total variance will become dependent upon the rare
recessives present. At this point an inbreeding program will become
necessary in order to uncover the rare recessives. Inbreeding accompanied
by selection will also be important where gpistatic effects are prominent.
However, it will become an increasingly important tool since the ultimate
goal is to develop lines which ara homozygous for some special combinstion.
The amount of additive variance present in aeddition to the epistatic effect
vill determine the form of inbreeding. If a lurge proportion of the
variance is 8dditive, linebreeding may be thaz most important. On the
other hand, if little of the variance is additiwz, those forms of inbreeding

which creat& aa many partially inbred lines as possible may be indicated.
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An occasional outcross may be necessary to saintain the desired lewel of
production. In addition, vhere overiominance is important crossing of
the lines to tester stocks may be necessary.

The final factor vhich may cause heritability to be lov is the
interaction between heredity and environment. The variance contributed
by this interaction may assums zonsidersdle importance in a study of this
nature. The only vay to determine the individual's resistance or suscepti-
bility is by testing it in a seclenised environment. The importance of this
intersction can be ascertained by testing representatives of the same race
or sire group in two environments, non-selenized and selenized. A test
of the significance of the Group X Treatment interaction mean square will
indicate whether genotypes favored in one envirgnment differ from those
tested in the second environment.

The results of the experiments presented in Sections A, B, and C
indicate that intersctions bstween heredity and environment are present
for reproductive fitness. With the exception of the G, and 03 generations
in Baction B, the Race X Treatment interaction mean sguares were significant.
The differences in genotype are represented by the races used in the
experiments and enviroamental differences by the selenium treatments. The
significant interactions resulted from a differentisal level of reproductive
performance of the races on the various selenium treatments. In addition
to the interaction batveen races and treatment, the Race X Generation
interaction was also significant in Section C. This indicates that tame
perature differences between the first and second generation contributed
to the differential reproductive performance of &he 12 races between the

two generations.
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The presence of the significant interactions between races and -
treatments and races and generations may explain the wide variation in
the #stimates of the heritability of reproductive fitness and resistance
in the broad sense. 8ince the estimates in the broad sense are essentially
contrasting the hereditary with the environmental, the ratio between
these two was affected by treatment differences within the same experiment.
However, the laboratory temperatures which varied between the first and
second generation also affected this ratio. Consequently, the ratio of
the hereditary variance to the total variance for each treatment in the
first and second generations exhibited a widely divergent pattern. This
effect was also present in the estimates of the heritability of resistance.

This type of interaction may assume considerable importance in
breeding for selenium resistance since the presence of selenium may be
neceseary for the expression of genotypes conferring resistance. Under
these conditiona, the optimum method of breeding for resistance will be
the tasting of a large number of genotypes in the environment in which
they are to be kept and preserving thos# wvhich manifest the desired trait
to a superior degree. Pollowing this, weighing emphasis on individual
selection by pedigree or progeny testing while working on the broadest
genetic base may be necessary. When progreiss slackens, further advance

may be possible by development and crossing of inbred lines.
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SUMMARY

The purpose of the experiments presented herein was to study the

inheritance of selenium resistance in the fruit fly, Drosophila melano-

gaster. These studies were instituted to complement a study of a similar
nature being conducted with beef cattle in a known seleniferous area in
South Dakota. The criterion used to measure selenium toxicity was the
mean number of offspring produced per female parent. The experiments
presented herein were designed primarily to study, (1) the toxicity of
various concentrations of selenium, (2) the effect of different selection
intensities on subsequent performance, (3) race differences and resiste
ance, (4) the influence of sex on resistance, and (5) to obtain estimates
of the heritability of reproductive fitness on men-selenized and sele-
nized treatments and estimates of the heritability of resistance.

The toxicity of four selenium treatments, O, 5, 10, and 15 p.p.m.,
wvas not linear. The 5 and 10 p.p.m. treatments did not result in any
appreciable degree of toxicity. The 15 p.p.m. treatment was found to be
highly toxic in nearly every experiment. It was concluded that a threse-
hold in toxicity was present between the 10 and 15 p.p.m. treatmente.

The results of a thres generation experiment conducted for the
purpose of studying the subsequent performance of parents subjected to
varying intensities of selection indicate that reproductive performance
in a selenized environment may be in part due to differences in heredity.
Preliminary experiments indicated that the parenltal population is com=

prised of a mixture of relatively resistant &ani sueceptible individuals.

There was no conclusive evidence as to whether felection favored reproductive
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fitneSs or resistance from these experiments since in one generation, it
appeared that selection had favored both, whereas the results of the
subsequent generation indicated that only reproductive fitness had been
favored.

There vere highly significant race differences present for reproe
ductive performance on selenium and real differences may be present in
their resistance to selenium. The results of testing 12 races, five wild
and seven mutant, indicated that differences in reproductive performance
and resistance wvere the result of individual differences rather than of
the morphological characters which identify the various races tested. A
low positive correlation was found betwzen reproductive fitness and
resistance.

The results of the studies concerned with the influence of sex
indicated that both sexes are equally resistant and that they contribute
an equal amount of resistance to the progeny. The results of analyzing
the ratio of male to female offspring produced in the experiments making
up this study revealed no significant treatment differences, however,
there were indications that race differences were prasent. A comparison
of the performance of reciprocal matings betwzen resistant and suscepti=e
ble stocks indicated that both parents contribute equally to the resist=
ance of their progeny. The performance of these reciprocal matings
indicated that hybrid vigor is present for resistance. Evidence obtained
from a series of matings in which all combinatiaie of resistant and suscepe
tible female and male parents from non-selenized and selenized stocks
indicated that selenium impaired the reproductiwe performance of the female

to n greater extent than that of the male parent. The females from the
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resistant stocks were affected to a lesser degree than those from suscep-
tible stocks.

The estimates of the heritability of reproductive fitness in the
narrov and broad sense were higher than the estimates of resistance in
the broad sense. The estimates of reproductive fitness in the narrow
sense based upon maternal and paeternal half-sib correlations and fullesib
correlations were 0.38, 0.50, and 0.43, respectively. The estimates of
the heritability of reproductive fitness in the broad sense were as
follows: first generation, 0.49 £ 0.70 for the O and 15 p.p.m. trestuments;
second generation, 0.20 £ 0.47 for the 0 p.p.m. treatment and 0.70 £ 0.84
for the 15 p.p.m. treatment. The estimate for the two generations com=-
bined was 0.06 £ 0.24 for the O p.p.m. treatment and 0.67 £ 0.82 for the
15 p.p.m. treatment. The estimates of the heritability of resistance
vere as follows: 0.25 £ 0.50 for the first generation, 0.0k £ 0.24 for

the second generation and 0.05 é 0.2k for the two generations combined.
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