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Summary. Plants of an F2 generation derived from 
crosses between two ecotypes of Plantago lanceolata L. 
had previously been studied in a greenhouse. In the 
present experiment, F2 plants were transplanted into 
their original habitats (a hayfield and a pasture). Six 
allozyme loci were used as markers in the analysis of 
survival and performance of the segregating genotypes. 
Fitness differences between the plants were large 
enough to detect natural selection. In both transplanta- 
tion sites selection appeared to operate, though in differ- 
ent ways. In the hayfield habitat directional selection 
was hypothesized and both survival and performance 
of the plants were related to genotype, with the geno- 
types originating from the hayfield almost always per- 
forming better. In the pasture habitat where the habitat 
is not uniform and unpredictable hazardous droughts 
occur, survival was nearly genotype independent and 
environmentally determined, whereas performance of 
the plants was genotype dependent. The expression of 
two morphological characteristics, number of leaves and 
leaf length, was often not in concordance with the 
greenhouse results and was contradictory in both sites. 
Expression of both characters in the field, therefore, 
appeared to be strongly dependent on the general 
performance and growth conditions of the plant and 
not on the genotype. 

Key words: Plantago lanceolata - Life history varia- 
t i on -  Allozyme markers -Fitness 

Introduction 

Many kinds of experiments have been done to demon- 
strate natural selection and to elucidate its causes 
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(Endler 1986). In plants, a divergence in genetic com- 
position of populations was often shown that was cor- 
related with ecological factors (for review see Venable 
1984; Bradshaw 1984). In these cases selection could be 
indirectly inferred from the differentiation observed. 
Experiments designed to establish the occurrence of 
selection in plants, in the wild and in the laboratory, 
have been done using the cyanogenesis polymorphism 
of, among others, Lotus and Trifolium species (see 
Endler 1986), metal tolerance polymorphisms (e.g. 
Hickey and McNeilly 1975) and the Adh polymor- 
phism of Bromus mollis (Brown et al. 1976). In these 
cases the selecting agent could be directly linked with 
the outcome of selection. Short term experiments in- 
cluding only part of the different life stages of a plant 
may lead, however, to wrong conclusions as selection 
coefficients and the direction of selection may vary 
widely among life stages, while selection may occur 
only during a short period in one of the life stages 
(Clegg et al. 1978). Sexual selection is especially hard to 
demonstrate or to infer from experiments (Endler 
1986). 

Ecotypic differentiation in the species Plantago lan- 
ceolata has been described by several authors (B0cher 
1943; Cavers et al. 1980; Teramura et al. 1981; Wolff 
and Van Delden 1987). Antonovics and Primack (1982) 
claimed that environmental differences were more im- 
portant in determining differences in life-history char- 
acters than genetic differences. The reciprocal trans- 
plant experiments of Van der Toorn etal. (1984) 
showed, however, a better performance of the geno- 
types in their own environment in the adult phase, 
whereas Van Groenendael (1985) revealed genetic dif- 
ferences for life-history characteristics between two 
populations in almost all life history stages. Wolff 
(1987) analysed, in a greenhouse experiment, mor- 



phological variability in a pseudo F2 generation derived 
from crosses between two ecotypes. In this experiment 
allozymes were used as markers for chromosome seg- 
ments. Genes for quantitative traits, situated on the 
specific chromosome segments, could be localised by 
means of  these markers. Many correlations of  morpho- 
logical and life history characters with the markers 
were observed. This experiment further showed that 
quantitative trait loci were scattered all over the 
genome, while a positive correlation between the num- 
ber of  heterozygous allozyme loci and generative 
growth was observed. As Plantago lanceolata shows 
relatively high levels of  plasticity (Wolff and Van 
Delden 1987) the question arises as to whether the 
morphological differences found in the laboratory lead 
to measurable fitness differences in the field. 

In the present study an answer to this question was 
sought by the analysis o f  two different populations 
originating from two contrasting habitats. One habitat, 
Heteren (He), was a hayfield with high competition for 
light in a high vegetation. Westduinen (Wd) was a 
pasture, extensively grazed by cows, leading to a low and 
open vegetation where unpredictable droughts may 
occur (for a description o f  the habitats see Van der 
Toorn etal.  1984 and Van Groenendael  1985). The 
populations had differentiated for many life history and 
morphological characters (Wolff and Van Delden 
1987). Furthermore, it was posed by Wolff and Van 
Delden (1987) that selection in He is uniform and uni- 
directional, giving rise to a specific hayfield ecotype. 
Mortality and selection in Wd is thought, however, to 
be more dependent on coincidental conditions because 
growing conditions are not uniform in time and space 
in this habitat, leading to selection for high plastic 
genotypes with pasture ecotype characteristics. 

Selection was studied in two contrasting habitats by 
transplanting a segregating F2 population in the 
original habitats o f  the parental populations. The nec- 
essary conditions to demonstrate the presence of  dif- 
ferential natural selection were present. Morphological 
variability was present in the F2 population and ap- 
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peared to be heritable (Wolff 1987). A relationship be- 
tween the morphological characteristics of  the ecotypes 
and fitness can be inferred from the correlation be- 
tween differences in population and habitat. By scoring 
the genotypes o f  the surviving F2 plants and their 
performance, it can be revealed whether the morpho-  
logical differences observed in the greenhouse lead to 
differential survival in the field and whether selection 
in both sites is of  the same nature. 

Materials and methods 

Crosses and electrophoresis 

Cultivation circumstances, the way crosses were performed 
and electrophoresis techniques have been described earlier by 
Van Dijk (1985), Van Dijk and Van Delden (1981) and Wolff 
and Van Delden (1987). The enzyme loci used in this paper 
are Gpi-1 (glucose-phosphate-isomerase), Got-1 and -2 (gluta- 
mate-oxaloacetate-transaminase), Pgm-1 and -2 (phosphoglu- 
comutase) and To-2 (tetrazolium-oxidase). Pgm-2 and To-2 
are in the same linkage group (Van Dijk 1985). Two plants 
from Heteren (He) and two plants from Westduinen (Wd) 
were selected with the purpose of obtaining as many electro- 
phoretic differences between parents as possible. An F2 popu- 
lation obtained by making crosses within a single F1 could 
possibly provide inbreeding effects (Van Damme 1983). There- 
fore, a reciprocal pseudo F2 cross was made by crossing plants 
from two separate Ft crosses. The genotypes of the plants and 
the crosses are shown in Table 1. In this experiment only the 
F~ population (originating from Wd via the maternal line) was 
used. For further details on the material used see Wolff (1987). 

Transplantation experiment 

Seeds from the F~ generation (F]) were germinated in petri 
dishes on wet filter paper in the dark. Seeds that did not 
germinate spontaneously (5%) were cut open at the root tip 
end. The seedlings were transferred on large trays filled with a 
mixture of sand and normal soil. The trays were placed 
outdoors after 1 week in the greenhouse. Approximately 
4 weeks after germination, 300 plants (with an average of 4 
leaves) were transplanted into each of the original habitats of 
their grandparents, in Heteren and in Westduinen. The plants 
were all 15 cm apart in a grid, marked at the comers, of 4 x 75 
plants (0.45x ll.10m). To be able to trace back the trans- 
planted plants the plots were placed were P. lanceolata plants 

Table 1. Genotypes of plants used in making the pseudo-F2 (characters in boMface are alleles originating from He) and description 
of the crosses 

Gpi- ! Got- 1 Got-2 Pgm- 1 Pgm-2 To-2 Crosses 

He 1 SI II SF NN II NF 
Wd 1 SF SI SS SN SF2 NN 

He2 SI II SF NN IF1 NN 
Wd2 SF SI SS SN IF2 NN 

Ft (HW) SI SI SF SN SI NF 
F~ (WH) IF SI SF SN IF2 NF 

Hel xWdl---* Ft(HW) 

Wd2 x H e 2 - ~  FI(WH) 

FI(HW) x F,(WH)----, F ~, 
FI(WH) • Ft(HW)---* F~ 
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were present, though not abundant. After 2 weeks the plants in 
Wd, torn out by grazing cows, were replaced by new plants of 
the same origin. On all Wd plants the leaves were cut off to 
prevent the young plants from severe water loss and from 
being torn out by cows. In Wd only 182 plants survived the 
first 3 months. In He 5 plants died within 2 weeks. After 
3 months only 20 plants could not be traced or were dead in 
He. After 1 year the surviving plants were gathered again, 
their place in the grid, the number of leaves, the length of the 
longest leaf and a score for their performance (on a scale of 
1-9), hereafter referred to as the performance score, was 
noted. Plants with a performance score of 1 had no leaves. A 
score of 2 meant only brown leaves, 3 meant no growth 
observed in the field and greenish-brown leaves. From score 
4-9 plants showed an increasing health and size, measured as 
the number and size of the leaves. In Wd only scores up to 6 
were found; drought and a severe winter probably caused 
great losses and poor growth circumstances. Plants in He 
suffered mainly from grazing slugs and digging moles. The 
plants were transplanted into a greenhouse and their geno- 
types were determined. In all tables and for each locus the 
genotype homozygote for alleles originating from He is given 
first and the genotype possessing two alleles from Wd is given 
last; in Fig. 1 the same order is kept, from left to right. 

Results 

The genotype numbers  of  the surviving plants in He 
and Wd were de te rmined  and compared  to the num- 
bers expected from genotype proport ions  found in the 
greenhouse exper iment  (Wolff  1987) (Table2) .  Al- 
though the number  of  plants was low, some significant 
differences between expected and observed genotype 
numbers were found. For  the individual  loci significant 
differences were found for Got-2 in He and for Pgm-1 
in both Wd and He; in these cases the genotypes, 
possessing alleles originating from the specific trans- 
plant  site, were more  frequent than expected. In most 
other cases the same trend (genotypes being over- 
represented in their own environment) ,  al though not  
significantly, can be seen, often more strongly in He 
plants than in Wd plants. For  Gpi-1 and Pgm-2 two 
heterozygote genotype classes could be distinguished; 
in He their relative presence is especially different. 

The genotypes o f  the surviving plants were analysed 
with respect to their  performance score. The plants 
from each popula t ion  were split into two groups, one 
with a low and one with a high performance score. For  
Wd scores 1, 2 and 3 - 6  were taken together, whereas 
for He scores 1-3 and 4 - 9  were grouped to get groups 
of  comparab le  sizes. In Table 3 the genotype numbers  
of  each group are given and tested for independence  
(Sokal and Rohlf  1981). In each popula t ion  a sig- 
nificant ~ was observed for one locus only, Got-2 for 
the He plants and Pgm-1 for the Wd plants. In general,  
the genotypes were over-represented in the higher 
performance score class in their own environment.  In 
Fig. 1 the mean performance score is given for each 

Table 2. Genotype numbers as found in the F2 in a greenhouse 
experiment (Wolff and Van Delden 1987) and in transplan- 
tation sites He and Wd. For the field experiments the devi- 
ations from expected (calculated from the greenhouse results) 
are given (between brackets) as well as the significance of the 
difference between numbers observed and expected, calculated 
with a Z 2 test 

Locus Geno- Green- He Wd 
type house 

Gpi-1 II 47 9 ( -3 .1 )  7(+0.3) 
SI 70 22 ( + 4.0) 11 ( + 1.0) 
IF 68 14 ( - 3.5) 10 ( + 0.3) 
SF 103 29 (+2.5) 13 ( -  1.7) 

P = 0.46 P = 0.96 

Got-I II 69 23 (+5.3) 9 ( -0 .8)  
SI 137 3 5 ( 0 )  22(+2.6) 
SS 83 16 ( - 5.2) 10 ( - 1.8) 

P = 0.23 P = 0.72 

Got-2 FF 32 14 (+5.8) 7 (+2.5) 
SF 154 47 (+7.6) 23 (+  1.2) 
SS 103 13 ( - 13.4) 11 ( - 3.6) 

P=0.002** P=0.32 

Pgm-I NN 71 28 (+9.8) 11 (+0.9) 
SN 156 32(-8 .1)  15(-7.2)  
SS 61 14(-1.7)  15(+6.3) 

P = 0.03 * P = 0.03 * 

Pgm-2 II 74 18 ( -  1.2) 14 (+3.4) 
SI 76 16(-3.7)  6 ( - 4 . 9 )  
IF 77 29 (+9.0) 12 (+0.9) 
SF 58 11 (-4.1)  9(+0.7) 

P=0.12 P=0.33 

To-2 FF 76 22 (+2.5) 13 (+2.2) 
NF 151 35 ( -  3.0) 22 (+0.5) 
NN 61 17 (+ 1.3) 6 ( -  2.7) 

e=0.23 P=0.53 

* P<0.005;** P<O.O1 

genotype class. The difference in performance scores 
between genotypes possessing both alleles originating 
from one populat ion was tested with a t-test. A sig- 
nificant trend was shown, again with genotypes doing 
best in their own environment,  with only one excep- 
tion: the FF  genotype of  Got-2 (originating from He) 
was superior in both sites. 

All individual  plants were classified according to the 
number  of  He-alleles and were divided into two groups 
having 1-6 and 7-12  He-alleles and into two groups 
according to their performance score (Table 4). A con- 
tingency test showed a significantly higher propor t ion  
of  He-alleles in the He plants with a high performance 
score (P=0.0043),  whereas the He-alleles had a sig- 
nificantly lower propor t ion in the Wd plants with a 
high performance score (P=0.0288).  In the same way 
the number  of  heterozygous loci of  the plants in both 
performance score groups was analysed (Table 5). A1- 
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Fig. 1. Mean performance score in both 
transplantation sites for each genotype; 
the significance of the difference be- 
tween the genotypes possessing two al- 
leles from either the He or the Wd pop- 
ulation (t-test) is given 

Table 3. Genotype numbers in each transplantation site as distributed over two performance score classes and the results of a test 
of independence of both genotype number sets as calculated with a Z 2 test 

Locus Genotype Site 

He Wd 

Score 1-3 Score 4-9  Score 1-2 Score 3-6 

Gpi-1 II 4 (+0.1) 5 ( -  0.1) 5 (+2.3) 
SI 10 (+  0.5) 12 ( -  0.5) 1 ( -  3.3) 
IF 4 ( - 2.0) 10 (+2.0) 5 (+  1.1) 
SF 14(+1.5) 15( -1 .5 )  P=0.66 5(+0 .1)  

Got-1 II 9 ( - 1 . 0 )  14(+1.0) 4 (+0 .5)  
SI 13 ( -  2.1) 22 (+2.1) 7 ( -  1.6) 
SS 10(+3.1) 6 ( - 3 . 1 )  P=0.21 5(+1 .1)  

Got-2 FF 3 ( - 3.0) 11 (+  3.0) 1 ( - 1.7) 
SF 20 ( - 0.3) 27 ( - 0.3) 11 ( + 2.0) 
SS 9 (+3.4) 4 ( -  3.4) P=0.04* 4 ( - 0.3) 

Pgm-1 NN 12( -0 .1 )  16(+0.1) 8(+4 .1)  
SN 12 ( - 1.8) 20 ( +  1.8) 2 ( - 3.8) 
SS 8 ( + 2.0) 6 ( - 2.0) e = 0.46 6 ( - 0.2) 

Pgm-2 II 5 ( -  2.8) 13 (+2.8) 8 (+2.5) 
SI 9 (+2.1) 7 ( -  2.1) 2 ( -0 .3 )  
IF 11 ( - 1.5) 18 ( +  1.5) 4 ( - 0.7) 
SF 7 ( + 2.2) 4 ( - 2.2) P = 0.17 2 ( - 1.5) 

To-2 FF 6 ( - 3.5) 16 ( + 3.5) 6 ( + 0.9) 
NF 18 (+2.9) 17 ( -2 .9 )  9 (+0.4) 
NN 8(+0.6)  9 ( - 0 . 6 )  P=0.19 1 ( - 1 . 3 )  

2 ( - 2.3) 
10 ( + 3.3) 
5 ( - 1 . 1 )  
8 (-o.1) P=O.05 

5 ( - o.5) 
15 (+  1.6) 
5 ( - 1 . 1 )  P=0.58 

6 (+  1.7) 
12 ( - 2.0) 
7 (+0 .3 )  P=0.28 

2 ( - 4 . 1 )  
13 (+3.8) 
10 (+0.2) P=0.004** 

6 ( - 2.5) 
4 (+0 .3 )  
8 (+0.7) 
7(+1 .5 )  P=0.36  

7 ( - 0 . 9 )  
13 ( -0 .4 )  
5 (+1 .3)  P=0.46  

* P<O.05; ** P<O.O1 
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Table 4. No. of plants subdivided according to the no. of He- 
alleles and their performance score together with the results of 
a Z 2 test of independence 

No. of Site 
He-alleles 

He Wd 
Performance score Performance score 

1-3  4 - 9  1 -2  3 - 6  

0-6 25(+6.0) 19(-6.0) 6( -3 .4)  18(+3.4) 
7-12 7( -6 .0 )  23(+6.0) 10(+3.4) 7 ( -3 .4 )  

Z2=8.15 Z~ =4.78 
P = 0.004"* P = 0.029 * 

* P < 0 . 0 5 ;  ** P < 0 . 0 1  

Table 5. No. of plants subdivided according to the no. of 
heterozygous loci and their performance score together with 
the results of a contingency test 

No. of Site 
hetero- 
zygous He Wd 
loci Performancescore Performance score 

though the Wd plants in the group with a low perfor- 

mance score had a lower heterozygosity ( P =  0.154), no 

significant difference was found in both populations. 

In the greenhouse experiment several significant 
correlations between genotypes and morphological  

characters were found. To analyse whether similar cor- 

relations were present in the field, means for the num- 
ber of  leaves and the length of  the longest leaf  were 

calculated for each genotype (Table 6). Differences be- 

tween plants possessing two alleles per locus from He 
or possessing two alleles from Wd were tested with a 

Student's t-test. Often results were not as expected and 

the plants from transplantation sites He and Wd 

showed contradictiory effects of  the genotypes. In the 

He plants the number  of  leaves and leaf length had 

higher values for the homozygous genotypes originat- 
ing from He in all cases, although this was only ex- 

pected for the number  of  leaves (from the greenhouse 

results) for Got-1 and Got-2. In the Wd plants the 
relationships were miscellaneous. 

1-3 4-9 1-2 3-6 

0-3 18(-0.2) 24(+6.0) 13(+2.1) 15(-2.1) 
4-6 14(+0.2) 18(-0.2) 3( -2 .1)  10(+2.1) 

= 0.006 fl  = 2.03 
P=0.94 P=0.15 

D i s c u s s i o n  

The genotype numbers found in both transplantation 
sites were different from those of  the greenhouse ex- 
periment. Selection can be inferred from this result. 

Table 6. Mean performance score, leaf length (in mm) and no. of leaves for each genotype as measured in the sites He and Wd as 
well as leaf length and no. of leaves in the greenhouse experiment 

Locus Genotype He Wd Greenhouse 

Perf. No. of Leaf Perf. No. of Leaf No. of Leaf 
score leaves length score leaves length leaves length 

Gpi-1 II 4.3 5.1 159 2.1 3.4 29.1 34.6 190 
SI 3.9 3.8 135 4.1 5.3 32.8 36.8 184 
IF 4.0 5.0 152 3.2 4.9 30.8 36.2 188 
SF 3.8 4.5 153 3.3 4.4 28.2 37.0 172 

Got- 1 II 4.0 4.6 149 3.0 4.1 31.0 38.8 192 
SI 4.2 4.5 162 3.5 4.5 30.6 35.8 184 
SS 3.1 4.2 116 3.2 5.3 28.7 34.9 169 

Got-2 FF 4.6 4.9 187 3.9 4.7 32.7 41.5 223 
SF 4.1 4.5 145 3.2 4.7 29.4 36.6 187 
SS 2.8 3.9 118 3.2 4.2 30.3 34.0 156 

Pgm-1 NN 4.1 4.6 144 2.2 3.7 23.7 32.9 188 
SN 4.0 4.5 161 4.3 5.5 31.8 36.8 179 
SS 3.4 4.1 125 3.1 4.3 33.4 38.2 179 

Pgm-2 II 4.3 4.6 153 2.7 3.9 28.6 33.7 191 
SI 3.7 4.3 149 3.3 4.2 29.3 36.6 184 
IF 4.2 4.7 157 3.7 5.2 32.2 35.2 174 
SF 2.8 3.7 115 3.7 5.1 30.7 39.5 175 

To-2 FF 4.5 4.6 156 3.0 4.0 32.3 32.3 187 
NF 3.8 4.5 147 3.2 4.5 29.3 36.5 179 
NN 3.4 4.2 140 4.3 6.2 29.0 40.4 182 
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When the allozyme loci are assumed to be neutral, 
selection must have favoured alleles of genes coding for 
characters related to fitness, which were present in the 
same linkage group as the allozyme locus. For the 
Got-2 locus some further explanation is needed. In the 
greenhouse a strong deviation from expectance in 
genotype numbers was observed. The numbers found 
in the field showed a weaker deviation from a Mende- 
lian segregation. The genotypes of Got-2, however, not 
only differed in survival but also in mean performance 
score (Table 6). This was highest for the FF genotype in 
both populations and is discussed later. The difference 
in genotype numbers for Got-2 in the field and in the 
greenhouse is probably a real fitness difference and not 
an artefact. The survival in He seems more strongly 
related with genotype than in Wd, as the trend of a 
higher frequency of the genotype in their own environ- 
ment is more prominent in He (Table 2). This does not 
necessarily mean that in Wd no relation between 
survival and genotype exists but a relation may, if 
present, have been dominated by environmentally- 
induced mortality. This can also be concluded from the 
distribution of the surviving plants over the plot. In He 
the surviving plants were equally distributed over the 
whole plot and mortality seemed to be independent of 
microhabitat. Apparently the habitat was uniform, with 
the exception of mole-hills into which some plants dis- 
appeared. In Wd a strong concentration of the surviv- 
ing plants was found in one end of the plot and the sur- 
rounding vegetation was slightly higher (3-5cm).  
Apparently growing condition (water, nutrients) were 
strongly different over the plot. Whether a plant sur- 
vived in Wd was strongly dependent on the microhabi- 
tat more than on the genotype of the plant. 

For both populations a difference in performance 
score was present for the different genotype classes: in 
all cases but one, the plants with a genotype originating 
from that population had a better mean performance 
score. Even in Wd when a plant survived (probably 
genotype independent in Wd) the genotype of the plant 
was important in how the plant performed and grew. 
This is in concordance with the results from a previous 
study (Wolff and Van Delden 1987) in which the 
inhomogeneous and hazardous microclimate in Wd 
(Van Damme and Van Delden 1984) was found to be 
highly important for the type of selection. Survival is 
for the greater part environment-dependent, whereas 
growth and fecundity are genotype dependent. In He a 
more uniform and unidirectional selection is present in 
which survival and growth are both, for a great part, 
genotype dependent. Only for Got-2 did one genotype 
(FF) have a better performance in both populations; a 
strong general fitness character must be correlated to 
this locus. This may be related to the sex phenotype of 
the plants, which was not determined in this study (for 

determination of sex phenotypes see Van Damme and 
Van Delden 1982; Van Damme 1983). From the green- 
house experiment it is known that male sterile plants 
are present in this cross in a frequency of approxi- 
mately 10%. Alleles for male sterility are linked with 
the Got-2 S allele in this cross. The male steriles present 
are, for the greater part, type 3, which means that in 
addition to aberrant sex expression in those plants 
vegetative growth is also strongly inhibited. This may 
partially explain the better performance of the Got-2 
FF genotype in both sites. 

In the situation where genotypes perform best in 
their own environment, over-dominance is not likely. 
In both populations the performance of plants, mea- 
sured as vegetative growth, was not related to heterozy- 
gosity. This is in agreement with the greenhouse experi- 
ment in which a positive relation between heterozy- 
gosity and generative characters, but not with vegeta- 
tive characters, was found. The relatively large dif- 
ference, in numbers and in performance, between the 
two heterozygote genotype classes of Gpi-1 and Pgm-2 
shows that the heterozygous state may be less impor- 
tant than the specific allele combination. 

The correlation between genotype and the mor- 
phological characters measured often differs between 
two habitats and from the greenhouse results. This is in 
concordance with results of a transplantation experi- 
ment of Van Groenendael (1985). Although genotypes 
did best in their own environment, there was only a 
weak correlation between morphological characteristics 
in the greenhouse and performance in the field. The 
expression of characters, such as number of leaves and 
leaf length in the field, seems to be more strongly in- 
fluenced by the general fitness and growth conditions 
of the plant than by the genotype of the plant, as is the 
case under greenhouse conditions. As stated by 
Antonovics and Primack (1982), field experiments, in 
addition to greenhouse and common garden experi- 
ments, are a necessity in showing ecological adapta- 
tions. An experiment over a prolonged period would 
give more information on several other morphological 
and life history characters like fecundity. But, although 
in this experiment only a small part of the life history 
phases of the plants was investigated, it is known from 
other experiments (Mook et al. 1981) that for P. lan- 
ceolata the size of a plant at a juvenile life stage is 
positively correlated with survival and reproductive 
effort in later stages. Therefore, it seems safe to relate 
the fitness of the plant with the performance score, and 
for He both survival and performance score, with 
fitness of the plant. It can be concluded that fitness dif- 
ferences between individuals of the F2 generation are 
large enough for measuring natural selection and for 
ascribing different selection characteristics to different 
habitats. 
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