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Progress Report for the Period 
196S to 1970 on the Project 

Entitled: 
"Theoretical and Experimental Aspects of Selection as Applied 

to Biological Groups." 

I. INTRODUCTION 
In the past, theoretical population genetic studies con

centrated mainly on single interbreeding populations in which 
interactions between genotypes were assumed to be absent. 
However genotypes do interact and examples of competition and 
symbiosis in plants and animals are well known. Therefore a 
comprehensive theory permitting interactions between genotypes 
is necessary for making accurate predictions of real-world 
phenomena in both natural and cultivated populations. Also in 
the more applied areas of plant and animal breeding, it is 
necessary to consider genotypic interactions in order to develop 
new efficient selection methods that can cope with interactive 
systems. 

The purpose of the present project is two-fold. First, 
theory is to be developed for the situation in which the classical 
genetic population model is extended to include any form of 
genotypic interaction. Second, experimental studies are to be 
carried out in both laboratory plants (Arabidopsis thaliana) 
and in animals (Drosophila) in order to test the reality and the 
adequacy of the newly developed theory. Broadly speaking then 
the goal of the proposed research is to attempt to gain new 
insight into intra- and inter-population dynamics which may be 
of value in both the theoretical and applied aspects of 
population genetics. 



Apart from its intrinsic interest to biologists, it is 
felt that the project is of particular relevance to the present 
time. As a result of rapid expansion of the human population 
and its technology, an unprecedented rate of evolution is probably 
occurring in many natural populations. In addition, there is 
certainly a great need to increase food production for the present 
and future generations of mankind. Thus the present study is of 
value in aiding population biologists to understand natural and 
cultivated biotic communities with a view to preserve, develop 
and utilize these communities according to the total environmental 
requirements of man. 

In the past three years substantial progress in both 
theoretical and experimental areas has been made. Much, of course, 
remains to be done. Therefore it is felt that since the subject 
is of considerable importance to population biology as a whole, 
continued support is warranted. 

II. RESEARCH ACCOMPLISHMENT 
The project was begun in 1963. The initial months were spent 

in organizing the Arabidopsis and Drosophila laboratories, and in 
training the assistants. During the project period, ten studies 
were completed. The completed research problems may be divided 
into theoretical and experimental areas which will be discussed 
separately. 

(A) Theoretical considerations 
(a) Random groups 

The classical quantitative genetic model is extended to 
include any form of interaction (cooperative or competitive) 
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between genotypes in groups. These groups may be generated by 
a single base population or by two or more base populations of 
different species. In the first paper (Griffing 1967 - complete 
bibliograph is listed in Section V), the model was developed 
from the simplest situation in which random groups were formed 
from a single base population. It was deduced that in this more 
complex model, involving interaction between genotypes, an 
incongruous- situation could result in which positive individual 
selection produces a negative response in the population mean. 
The initial paper provided a solution to this dilemma. It was 
shown that by shifting selection from individuals to groups, a 
positive response to selection was assured. 

Further theoretical analyses with the genetic group model 
showed that group selection can be inefficient. It was shown 
in the second paper of this series (Griffing 196$a) that 
selection among sets of randomly associated groups was less 
efficient than selection among individual groups. Also if 
individuals within groups were independent, group selection is 
less efficient than individual selection. The third paper 
(Griffing 1968b) extended the model building process from the 
consideration of a single locus to a completely general genetic 
situation. This extension permitted the formulation of con
sequences of selection in terms of covariances among relatives. 
These covariances are directly estimable and can be interpreted 
in terras of gene models of any degree of complexity. The results 
obtained from the third paper led to development of the optimum 
selection method, the selection index, which was discussed in 
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the fourth paper (Griffing 1969a). In this study, indexes were 
developed which combined individual and group selection in such 
a way that maximum possible non-negative genetic gains could be 
obtained. 

(b) Non-random groups 
The investigations reported in the first four papers dealt 

with the simplest types of biological groups, namely those in 
which individuals from an unstructured base population were 
associated at random. A more general model, and certainly a 
more realistic one, includes different classes of individuals 
(such as those occurring in a typical family structure) and 
allows for the case where individuals are associated in a non-
random manner. 

The fifth and sixth papers (Griffing 1970a and b) are 
concerned with the consequences of selection in relation to 
groups in which offspring in the families are associated at 
random but the parental influences are included. An extension 
to the above consideration is the case in which each biological 
group is taken to be a family unit. These groups are of particular 
interest since the family unit is a widespread form of grouping 
among social animals, including humans. In the applied areas of 
plant and animal breeding, family groups are frequently used in 
breeding plans. 

With the consideration of family structure, two additional 
levels of complexity are introduced into the mathematical analyses; 
(i) the increase in the number of different classes of individuals, 
and (ii) the non-random association of members in groups. As a 
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result, the analyses become non-orthogonal and hence more 
difficult. In full-sib groups (paper 6) it was shown that 
associate progeny effects were involved in individual selec
tion and hence this form of selection becomes more "balanced", 
and therefore offers greater safety over individual selection 
with random groups in terms of genetic progress. 

It is of interest to point out that papers 5 and 6 are 
of. particular importance, to. ecolo.gists .and behavioral biologists. 
This follows from the fact that the family unit is a "natural" 
biological group and hence it is the primary sub-unit in 
populations of humans and of some animals and plants. In the 
present study it was shown that the total gene.effect may be 
partitioned into four components; a concept which provides 
theoretical solutions to some of the genetic paradoxes in the 
past. For example, it provides a genetic explanation for the 
evolution of altruistic behavior. 

Having shown that the full-sib family group is an efficient 
structure in selection, attention was turned to groups with 
higher degree of homozygosity and/or homogeniety. The seventh 
paper (Griffing 1970) explored the efficiency of using extreme 
forms of non-random groups. These groups were assumed to be 
populations generated by clonal propagation or by the production 
of isogenic inbreds through doubling of haploid individuals. It 
was shown that if. these groups were used as units of selection, 
a spectacular increase in efficiency of selection was possible. 
Of the two types of extreme groups, the groups generated by 
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clonal propagation were sho,wn to be more. powerful in selection 
procedures. ; 

(B) Experimental Studies 
(a) Plant experiments 

(1) Optimum environments for interaction between plants. 
The organism used in all plant experiments is that of 

Arabidopsis thaliana. A great portion of the first year's work 
was devoted to defining various cultural conditions in which 
interactions between plants can occur within short growth 
periods. . Normally plants are reared on about 8 ml of nutrient 
solution solidified by agar in test-tubes which have an 1& mm 
diameter. When two plants grow in such a system it is found 
that the root systems are largely independent and also that 
there is apparently little movement of nutrient ions in the agar 
matrix. This means that to obtain a strong competitive inter
action the plants need to be grown for a long period of time. 
Such a procedure is undesirable for at least two reasons: Ii) 
it prolongs the experiments and makes it almost impossible to 
conduct a sequence of growing operations, and (ii) it forces 
the experiment to include the flowering as well as the vegetative 
growth phases. Therefore it seemed necessary to experiment 
with the culturing system in order to discover techniques which 
result in strong competitive interactions and which are expressed 
in a short growth period. 

Various techniques, not all unrelated, were tried. These 
included, dilution of the medium, planting more than two plants 
per tube, using less medium, and using smaller-sized tubes. 
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Dilution of the medium, in itself, did not solve the problem; 
it merely resulted in miniature plants with relatively the same 
competitive interactions. Planting more plants per tube was 
found to be impractical-because the probability of obtaining 
tubes having all plants was low; this resulted in an impossibly 
high discard rate. 

After considerable experimentation, varying the tube size 
and the quantity of nutrient medium- proved most successful and 
provided some unexpected results. Two interesting points are 
summarized as follows: 

1. Arabidopsis plants can be grown through the 
entire life cycle to produce viable seed in 
the smallest tubes available to us. These 
tubes have dimensions 6x50 mm. The plants 

... will go through a life cycle in these tubes 
on (l/8) ml of nutrient solution, which in 
less exact terms, is about a drop of liquid!. 

2. For a 14 day growth period plants will grow 
on 2 ml of nutrient in 10 mm (3/#") diameter 
tube to a size comparable to, or even 
greater than, plants grown on 8 ml of nutrient 
solution in the.standard 18 mm tubes. 

A paper embodying these results had been submitted for 
publication (Mikolaj and Griffing 1970). In this paper it is 
postulated that a favorable spatial dimension which leads to 
satisfactory root development is important to plant growth. 
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(2) Heterosis associated with genotype-environment interactions. 
The exploitation of hybrid vigor, in present day agriculture 

production, is one of the most important applications of genetics. 
In the past, the manifestation of heterosis was almost always re
garded as a genetic phenomena alone. In more recent years, however, 
it has been shown that diverse environments can cause drastic 
changes in the heterotic response. Thus heterosis should be viewed 
as a phenomenon which is not due to the genetic stimuli alone, but 
rather to the interaction between genetic and environmental stimuli. 

In order to examine the effects of the total stimulus pattern 
in relation to the manifestation of heterosis, our experiments have 
been designed so that genetically related organisms are reared in 
quantitatively related environments. Such factorial experiments 
permit a separation of genotypic and environmental main effects 
as well as genotypic-environmental interactions. In this way the 
total response pattern can be disected and better understood. 

Factorial experiments concerning heterosis have been conducted 
using Arabidopsis. The genetic material consisted of two races 
(WS and WIL) and their F2 hybrid. The F2 generation was used in 
preference to the F^ because of the difficulty of obtaining 
sufficient quantity of F-, seeds. 

The environmental variables involved were three levels of 
temperature, two levels of nutrition and two levels of planting 
densities. In this way, 12 environmental regimes were synthesized. 
The races of Arabidopsis and their F2 were grown in all of the 
environmental regimes and in all pair-wise combinations. The 
pair-wise combinations were made by planting two seeds per tube. 
Thirty tubes of each strain were planted in each genotype-
environment-harvest combination. The total number of seeds planted 
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in the experiment was 10,800. Plants were harvested at three-day 
intervals, starting at the seventh day following germination and 
ending on the sixteenth day. The observations consisted of plant 
weights immediately after harvest. 

The results indicated that different kinds of heterosis were 
definable depending on how the heterotic phenomenon was influenced 
by facets of the physical as well as the biotic environments. 
In the present experiment, heterotic responses were found to be 
dependent on nutrition, temperature, developmental-time and 
plant associations. 

A paper discussing the results of this study has been 
submitted for publication. In this paper it is shown that by 
using experimental designs in which genetic and environmental 
stimuli are manipulated simultaneously, the complex phenomenon 
of heterosis can be dissected into more meaningful parts.* 
(3) Heterosis in relation to temperature and nutritional regimes. 

Since, temperature- and nutrition-dependent forms of 
heterosis were found to be important in the experiment described 
in the previous section, it was decided to investigate these 
phenomena in greater detail. 

Because nutritional requirements of plants, in terms of 
macronutrients such as nitrogen and phosphorus vary within large 
limits, there has been considerable interest in determining the 
optimum combination of these elements. Shreiner and Skinner 

* Part of this work was done prior to the granting of the 
present contract. 
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as early as 1910 (Botanical Gazette j>0) introduced a "triangular" 
system, in which the vertices of the triangle represent 100 
percent of P2C>5> NH3 and K2O. The intermediate points within 
the triangle represent various combinations of the fertilizer 
constituents. This method has been criticized by various 
workers on the grounds that no single ion in the nutrient 
solution could be varied alone. Steiner in 1961 (Plant and 
Soil 15.) proposed a method to overcome the weakness of the 
triangular system. In this method the nutrient amount is 
represented as milligram ions per liter, milliequivalents per 
liter, parts per million or as a percentage of the total anions 
or cations present in the solution. The method as outlined by 
Steiner, which will not be discussed in detail here, enables 
the construction of nutrient solutions which contain a desired 
anion and cation ratio, a certain total ionic concentration, 
and a desired pH level. 

In this experiment the nutritional treatments consisted of 
10 nutrient solutions with different percentages of nitrogen, 
phosphorus and sulfur which collectively constitutes the anionic 
portion of the nutrient solution. Steiner's method was used to 
make up the solutions. 

In order to find suitable genetic material for this experi
ment, eight races of Arabidopsis were grown in various'temperature 
and nutrition combinations. From results of preliminary experi
ments, the races of RLD, EST, BLA and DA were selected as the 
material which were most likely to show genotype-environment 
interactions. These races and their F2 hybrids were used in 
this experiment. 
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The experimental design was similar to the factorial experiment 
discussed under section (a,2). Plant weight was the trait under 
observation. The total number of plants observed was about 4,000. 

The results showed that heterotic responses were significantly 
influenced by both the genetic and environmental stimuli as well as 
by the interaction between the two factors. In addition, a genotype-
dependent form of heterosis was found to be large and important. 

The data showed that genotype-environment interactions were 
represented by linear fractions of percent nitrogen in solution and 
that heterotic responses to different nitrogen concentrations varied 
with the genetic material. Furthermore, specific combinations of 
parental types yielded higher or lower amounts of hybrid vigor than 
expected over a range of environments. 

Temperature-dependent heterosis was evident, and the results 
appeared to be consistent with a genetic model involving dominance 
of alleles producing relatively heat-stable enzymes. 

The above investigation was conducted by Dr. P. J, Mikolaj 
under the supervision of B. Griffing. The results of this investi
gation were reported in a Ph.D. thesis submitted by Dr. Mikolaj. 
A manuscript summarizing the findings is being prepared for 
publication. 

(b) Animal experiments 
(l) Direct and associate effects of body weight and larval 
viability in Drosophila melanogaster. 

When genotypes coexist in a common environment they may 
interact in a variety of ways. Probably the most frequently 
observed interaction is that of competition in which the success 
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of some'genotypes is 'accompanied by the failure of others. 
Another form of genotypic interaction is known as facilitation, 
here the simultaneous presence of two different genotypes are 
mutually beneficial. Still another form is the opposite of 
facilitation where the presence of two different genotypes 
are detrimental to both. In the first theoretical paper, 
(Griffing 1967), direct effects were defined as those gene 
effects due to the genotypes themselves, and the associate 
effects as the contributions due to other members of the same 
group. Associate effects can be positive or negative and thus 
account for different forms of interaction. In this way comp
etition and facilitation are expressed in quantitative terms 
which are, then, incorporated into population genetic models. 

The present experiment was designed to detect the presence 
of genotypic interactions and to estimate sizes of associate 
effects among five genotypes (t sc, e, gt v, B and +) in 
Drosophila melanogastev. Two traits were observed in this 
study; body weight and larval viability. Body weight is a 
metric character not directly connected with fitness while 
larval viability is a component of fitness. 

First instar larvae of the five genotypes were reared in 
shell vials, with four cc. of food. Mixed arid pure cultures 
were established. The environmental variables included four 
temperatures and six densities. Within each temperature-density 
combination 15 mixed and pure cultures were synthesized. In 
this way a total of 24- combinations of each of 15 cultures 
were observed. 

It was found that the overall associate effects among 
genotypes for both body weight and viability were small and 
non-significant. However, some associate effects in certain 
physical and biotic environments were large and significant. 
The direct and associate effects of various genotypes for 
body weight were frequently found to be different from similar 
effects for larval viability. 

In this study it was also possible to compare the differences 
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in interaction between genotypes in pure and mixed cultures. 
For body weight, inhibition is the mode of genotypic interaction. 
In contrast, facilitation is usually found in the viability 
data. As a result of the interactions, the overall mean body 
weight is higher in pure cultures than in mixed cultures. 
On the other hand, mean viability is higher in mixed than in 
pure cultures. 

It was concluded that a knowledge of genotypic interaction 
concerning a trait not directly connected with fitness does 
not permit inferences to be made concerning interactions 
affecting fitness characters. A paper embodying results of this 
experiment has been accepted for publication. 

(2) Heterosis in relation to density, temperature and 
biotic associations. 

This experiment is a parallel experiment, in animals, to 
that discussed under (a,2). Briefly the aim of the experiment 
was to investigate the influence of the environment on the 
manifestation of heterosis using a factorial design approach. 
However, in this experiment it was possible to measure a fitness 
trait (larval viability) in addition to the weight of the 
organism. 

The experimental design is similar to that discussed under 
(b,l). The environmental conditions included three temperatures 
and six densities, so that 18 environmental regimes were created 
in all. The genetic material consisted of two stocks of 
Drosophila melanogaster, coiled and Bar eye, as well as the 
F, hybrid between the parental stocks. Within each envrionmental 
regime all possible combinations of pure and mixed cultures of 
first instar were made. Larval viability and body weight of 
adult flies were recorded. 

The performances of F,'s were compared with mid-parent 
values in two ways; comparisons of direct heterotic effects, and 
comparisons of associate heterotic effects. The latter measured 
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,the competitive ability.of the F, Relative to the average 
competitive ability of the parents. 

The heterotic responses for the two traits were quite 
different in different environmental regimes. The superiority 
of the F-, in viability was uniformly large over all environments. 
This was, however, not the case for body weight data. The 
performance of the F, flies depended markedly on temperature. 
At the optimum temperature of 2 5°C, no hybrid vigor was observed, 
while at the extreme temperatures of 16°C and 30°C, the F, 's 
were clearly superior.-

Heterotic contrasts in associate effects for the two traits 
were also different. The contrasts for. body weight changed with 
changing density-genotype combinations while those for viability 
varied with densities. 

It was concluded that within a special environment the 
types of heterosis termed 'euheterosis' and 'luxuriance' are 
manifested in different manners by the same organism'. A" paper 
reporting the findings has been submitted for publication. 

III. CONTINUATION OF PRESENT OBJECTIVES AND NEW PROJECTS 
(A) Theoretical considerations. 

Biological group theory provides a new attack on problems 
in which genotypes may interact in any manner whatsoever. 
This establishes a foundation for describing interactive systems 
within, as well as between, species. Hence theoretical con
siderations can be conveniently divided into those in which the 
biological groups are generated by 1.) a single base population 
and 2.) two or more base populations. 

The studies summarized in the first seven papers in the 
series entitled "Selection in Reference to Biological Groups" 
are devoted entirely to the situation in which the groups are 
generated by a single base population. The objectives in 
those studies were to (i) ensure that positive selection re
sulted in a non-negative response in the population mean, and 
(ii) to devise new selection procedures which were highly 
efficient in changing the population mean. These considerations 
led to the use of. selection index theory in random groups and to 
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the use of non-random groups. 
The seven studies all pertained to breeding populations 

which are subject to random mating. Investigations are already 
underway to consider the situation in which members of the breed
ing populations are self-fertilized. This is important because 
many of the world's food crops are self-fertilized species. 
Because of the non-orthogonality of the situation, computer 
simulation must be an integral part of the theoretical approach 
to the problem. 

Another very important aspect of biological groups generated 
by only one base population, is that concerning stable and un
stable equilibria. For example, it can be shown that with gen
otypic interaction, stable equilibrium conditions are possible, 
and highly probable, for individual loci which do not exhibit 
overdominance in either direct or associate effects. 

Turning attention to the biological situation in which 
groups of interacting genotypes are generated by two or more dif
ferent base populations (or species), an entirely new area of 
•theoretical research is opened up. The biological group approach 
permits a genetic analysis of inter-specific population dynamics. 
Some theoretical progress has already been made, and several 
computer programs have been written to help explore this rich 
field. 
(B) Experimental studies. 

(a) Plant experiments. 
(1) Projects in progress. 

As mentioned in the previous section, attention is being 
directed toward the development of biological group theory as 
it relates to self-fertilized organisms. Dr. Roger E. Clay is 
biologically testing this theory with the test-organism, Arab
idopsis , which is reported to be obligatory, self-fertilized 
species. If all facets of the procedure are successful, it 
will provide an excellent example of our basic approach which 
consists of developing new theory algebraically with models, 
elaborating and testing certain aspects of the theory with com-
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puter analysis, and then finally testing the new concepts and 
theories with a biological system. 

Dr. Clay's experimental procedure involves simultaneous 
individual and group selection within pure and mixed groups of 
size two generated by two populations each of which was initially 
a different F~ generation. Although the procedure must terminate 
after a relatively few generations (because of rapid fixation of 
genes due to selfing), the actual time taken for each generation 
is greatly extended. This is due to the fact that plants must 
be grown, weighed and then the selected individuals replanted 
in order that seed may be collected. Several generations have 
been completed, and the experiment will be continued in the fu
ture . 

In addition Dr. Clay is examining the interactions which 
occur between competing individuals under different environmental 
regimes. All possible pairwise combinations of eight races of 
Arabidopsis are being grown under different temperature and 
nutritional regimes. This experiment is near completion and it 
is hoped that the results will indicate the types of environmental 
regimes which maximize or minimize these interactions. It may 
then be possible to predict the type of environment under which 
heterogeneous groups will give greater yields than homogeneous 
groups. 

In the experimental paper by Griffing and Zsiros (19 70) 
an extensive study was made of the influence of various environ
mental variables on the manifestation of heterosis as expressed 
in relation to the races WS and WIL and their hybrid. This 
study yielded a great deal of detailed information concerning 
the growth of this particular biological system. The same 
approach is being used with the races PI, DI and their hybrid. 
The purpose is to provide backup data for material used in the 
selection experiments conducted by Dr. Clay. Three temperatures 
(19? 25° and 31°C) and three levels of nutrient solution (N = 
normal, 1/4 N and 1/16 N) are used. Plants are grown in cabinets 
under a regime which is identical to those used in the selection 
experiment. 
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(2) Future work. 
It is planned to concentrate on the continuation of the 

theoretical and experimental aspects of the overall project re
lating to self-fertilized organisms. The theoretical considera
tions will be dealt with by Dr. Griffing, the computer simulation 
by Mrs. Dudgeon (a graduate student) and the experimental aspects 
by Dr. Cl.ay. The backup studies involving the races, PI and DI, 
together with their hybrid, will be continued and finalized. 

It is hoped that experiments may be initiated which utilize 
two. different species of Arabidopsis.* This would permit the 
initiation of experimental studies relating to inter-species pop
ulation dynamics. Toward this end a variety of seed stocks have 
been acquired from the Arabidopsis Information Service. Seed of 
these stocks are now being multiplied.. 

(b) Animal experiments. 
(1) Projects in progress. 

(i) Selection for coexistence of two Drosophila species 
There is some evidence in the literature that the ability of 

one group of organisms to compete with another may evolve by 
selection within a few generations. Investigations concerning 
competition between Tribolium species (by Lerner and his co
workers at Berkeley) and housefly and blowfly (by Pimentel at 
Cornell) have shown that one group of organisms could, in a few 
generations, eliminate a competing group. On the other hand, 
selection for coexistence of two Drosophila stocks appears to be 
feasible, also within a few generations (Seaton and Antonovics 
in Heredity:22). The present experiment aims to investigate the 
consequences of selection for coexistence in two species of 
Drosophila. 

Initial experiments were concerned with the task of finding 
suitable genetic material. In these preliminary experiments 
five Drosophila species were reared in different pair-wise mixed 
cultures. The species involved were Drosophila melanogaster3 

D. virilism D. pseudoobscura, D. hydei, and D. funebris. The 
aim of these preliminary experiments was to find two species 
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which would be suitable for the selection experiment. The 
species suitable for the experimental design must possess the 
following characteristics: (1) They must have similar generation 
times, and (2) One species must dominate the other at the initial 
generation. The results' of the preliminary experiment showed 
that D. hydei and D. virilis satisfied the above specifications. 

For the main experiment, three selection lines were derived. 
(i) Control line 1 - four pure cultures of D. virilis 

were used in every generation. 
(ii) Control line 2 - four pure cultures of D. hydei were 

used in every generation. 
(iii) Selection line - 24 mixed cultures of the two species 

were established in each generation. 
Four bottles with the smallest dif
ferences between the numbers of 
emerged flies in each species were 
selected as parents. 

Intense competition conditions were created by placing eight 
pairs of parents in each bottle. 

At the first generation, D. virilis was clearly the domin
ant species. The number of virilis flies which emerged from the 
first unselected stock constituted about 82% of the total number 
of imagoes in the mixed cultures. However, this was followed by 
a rapid increase in hydei and at the fourth generation, hydei 
emerged as the dominant species. But the superiority was not 
maintained after the fifth generation. The experiment is now at 
the eighth generation and further work is under way. 

The data clearly indicate that selection for competitive 
ability can be extremely effective. It shall be interesting to 
see if the two species reach an equilibrium state under the pre
sent regime of selection pressure. Also it shall be interesting 
to see if the result of previous selection is maintained upon 
relaxation of selection pressure. Another aspect of the study 
is to examine the changes in fitness traits of the species as a 
result of selection. This will be discussed in a later section. 
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(ii) Individual versus group selection. 
Experiments are underway to test the theory that with 

competition, group selection may be more efficient than individual 
selection, in terms of genetic progress. 

Early experiments using a fixed number of larvae in a small 
quantity of food (2 cc. in a shell vial) were abandoned because 
of high mortality of the larvae due to hardening of the food in 
the vials. 

In the second experiment, a competitive environment was 
created by placing four pairs of parents in shell vials containing 
four cc. of food. The flies were allowed to lay eggs for five 
days. Body weight of emerged flies was used as the trait under 
selection. 

Three selection lines were established. The lines and the 
methods of selection were: 

(i) Mass selection line - selection based on individual 
merit. Two replicates. 

(ii) Group selection line - selection based on mean weight 
of flies in each vial. Two 
replicates. 

(iii) Control line - no selection. 
There were gains in all lines up through the third genera

tion, but the gain in the Mass line was negligible from genera
tion four to generation six. The Group line continued to in
crease in mean body weight up to generation six. Further 
selection showed no gain in both selection lines. It was felt 
that the lack of response to selection after only four and six 
generations might be due to a lack of genetic variability in the 
laboratory stock used in the experiment, as well as to a severe 
increase in the degree of inbreeding within each line. The ex
periment was terminated at generation 14. 

A third experiment was designed. To ensure the presence 
of genetic variability in the initial stock, four wild type 
strains (Swedish D, Lausanne S, Sito and Wageningen) were crossed. 
The selection lines were established in the same manner as before, 
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but the number of parents used in. every generation was. doubled. 
Up to the present time, selection has been conducted for 14 

generations. In the first seven generations, the Mass selection 
line showed no increase in mean body weight while substantial 
progress was made in the Group line. In later generations, the . 
Mass line began to increase in mean body weight while the pro
gress in the Group line ceased. However, at generation 13, the 
Group line began to show an increased gain. Further selection 
work is underway. 

(2) Further work. 
(i) Competition between two species of Drosophila. 

Further work is planned to test the differences between un
selected and selected flies. These experiments are designed to 
provide answers to two questions. 

1. Is the improved ability, for the species to co
exist, which has evolved by the current selection method, speci
fic for the two stocks under selection? 

2. What are the correlated changes in fitness traits, 
if any, of the two species due to selection for coexistence? 

Experiments are in progress which may provide answers to 
these questions. The experiments allow comparisons between mixed 
cultures resulting from all possible combinations of selected and 
unselected flies of the two species. 

(ii) Individual versus group selection. 
An experiment is under way to estimate the available ad

ditive genetic variances of the selection lines. It is pro
posed to estimate the additive genetic variances of the lines 
every 10 generation. Single-pair matings will be made in vials 
and the additive genetic variance will be estimated by full-sib 
analysis of variance. 

Further selection work will be continued. It is anticipated 
that future selection experiments using more "balanced" biolog
ical groups will be undertaken. 
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(iii) Heterosis in the presence of genotype-
environment interactions. 

In the Arabidopsis experiments it was found that heterotic 
responses were dependent upon the level of nutrition. In previous 
Drosophila experiments, nutrition was held constant and it was 
found that the hybrid vigor of a 'luxuriant' trait, body weight, 
was markedly dependent on temperature while that for the fitness 
component, viability, was less sensitive to environmental changes. 

It is important to find out the effects of varying nutrition 
on heterotic responses in animals. In view of the earlier results, 
it seems reasonable to speculate that hybrid vigor in body weight 
might be affected by nutrition while that in viability would be 
independent of nutritional regimes. Further work in this area 
appears to be warranted. 

(iv) Selection for positive and negative associate 
effects. 

A preliminary experiment to investigate the feasibility of 
selection for positive and negative associate effects, using two 
D. melanogaster stocks, (e,+), were conducted last year. Three 
lines were established in the experiment, and these were: 
1. Facilitation line - selected for positive ability to coexist; 
2. Competition line - selected for negative ability to coexist; and 
3. Control line - no selection. 

The ability or inability to coexist was judged by the number 
of flies of each stock which emerged in mixed cultures. In each 
generation virgin flies were collected from the bottles and mated 
with males of the same genotype. Fertilized females were used to 
establish mixed cultures involving all lines in each generation. 
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Selection was discontinued after nine generations due to 
contamination of the stocks. The contamination occurred because 
of a lengthening of the time of emergence of the mutant stock, 
ebony. A delay of virgin collection resulted in crossing between 
stocks. 

Since this work is relevent to the current project, further 
experiments in this area will be considered. 

IV. GRADUATE STUDENTS TRAINED 
Dr. P. Mikolaj was a Ph.D. student of B. Griffing. He 

studied heterosis of plant weight under varying environmental 
conditions. During his training period, Dr. Mikolaj received 
no financial support from the present contract but was able to 
take advantage of the facilities and equipment provided by the 
research support under the present contract. Dr. Mikolaj 
completed his Ph.D. degree in September 1970. 

Two students, Mr. C. M. Song and Mr. T. J. Glover, both 
candidates for the Ph.D. degree in population genetics, are 
working with Arabidopsis and Drosophila respectively. These 
students received no direct support from the limited project 
budget but are using the facilities supported by the AEC grant. 
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