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SUMMARY

Variation in offspring fitness as a result of different distances of
pollen donors has been described for several plant species.

In some of these, inbreeding depression after selfing or mating
between close neighbours and outbreeding depression following
crossing over large distances may lead to an intermediate crossing
distance with optimal fitness. We studied the relationship between
outcrossing distance and offspring fitness in a large population of
the rare herbaceous perennial Gentiana pneumonanthe. The
relative success of selfing and cross pollination with pollen from
increasing distances from maternal plants, including an
‘interpopulation’ cross, was measured as seed set and seed weight,
and in a consecutive glasshouse experiment as the proportion of
seeds germinating, seedling weight, adult weight and total

relative fitness. Regression analyses showed significant positive
relationships between outcrossing distance and the fitness
components seed set, seedling weight and adult weight.

Additional statistics showed, however, that the observed significant
regressions were mainly the result of a relatively low fitness
following selfing (inbreeding depression) and a comparatively high
performance of the interpopulation crosses (heterosis). No
significant effects of within-population crossing distance were found
when selfing and interpopulation crosses were omitted from the
analyses. We therefore conclude that there is no substantial evidence
for an effect of outcrossing distance on fitness components in the
studied population of Gentiana pneumonanthe. The results are
discussed in the context of conservation biology of rare plant
species. Artificial interpopulation crossing may be a way to
counteract the losses of genetic variation and fitness in small,
isolated populations. In our opinion, however, this is only a
feasible management option for very rare and endangered

species.

Key-words: conservation biology, fitness, inbreeding depression,
outbreeding depression, outcrossing distance, population genetic
structure.
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INTRODUCTION

In plants, inbreeding depression is mostly interpreted as the decline in the mean values
of fitness characters as a result of selfing as compared to cross-pollination (Charlesworth
& Charlesworth 1987; Waser 1993). Inbreeding may result in higher proportions of
embryo abortion, while the produced offspring may show reduced germination, lower
growth rates, higher mortality and a lower probability of flowering (Charlesworth &
Charlesworth 1987; Dudash 1990; Barrett & Kohn 1991). The reduction in fitness of the
more homozygous inbred offspring may be caused either by a higher fitness of
heterozygotes (the ‘overdominance’ hypothesis) or by increased expression of recessive
deleterious alleles (the ‘partial dominance’ hypothesis; Mitton 1989, 1993). An increase
in homozygosity does not result only from complete selfing, however, but also from
matings between individuals that are related (biparental inbreeding; Uyenoyama 1986).
Because plants are sessile and generally have limited seed dispersal, it is likely that
neighbouring individuals in populations will share a certain degree of kinship (Levin
1988). In such structured populations, mating between two neighbouring plants—which
is a rule rather than an exception because of the short flight distances of many
pollinators—may result in a considerable level of biparental inbreeding.

Within plant populations, local adaptation may also be observed on a small scale as
a result of microgeographical differentiation in selection pressures (Turner et al. 1982).
Outcrossing over longer distances—between plants from different micro-habitats—
might lead to reduced fitness as a consequence of (i) the disruption of co-adapted
gene-complexes, or (ii) the production of offspring that is intermediate and hence
adapted to neither of the parental habitats (Templeton et al. 1986; Levin 1988; Schmitt
& Gamble 1990; Waser 1993). This phenomenon has been described as ‘outbreeding
depression’ (Templeton 1986).

In a number of plant species, an ‘optimal intermediate outcrossing distance’ has been
demonstrated at which offspring fitness is highest because it is least affected by both
inbreeding and outbreeding depression (Price & Waser 1979; Waser et al. 1987; McCall
et al. 1991; Svensson 1988, 1990; Waser & Price 1989, 1991a,b). On the other hand, no
evidence for an optimal intermediate outcrossing distance was found in several other
studies, although in some cases an increase or decrease in fitness with increasing crossing
distance was observed (Levin 1984; Koptur 1984; Harder et al. 1985; Galen et al. 1985;
Fenster & Sork 1988; Sobrevila 1988; Dudash 1990).

In most papers, seed or fruit set was used as the only measure of fitness. Waser & Price
(1989) argued that the relative performance of the offspring in later stages of the life
cycle will give a better estimate of fitness, partly because the causes of differences in seed
set are difficult to discern. These differences may result from variation in pollen tube
growth (Fenster & Sork 1988; Cruzan 1990; Waser & Price 1991a), from (selective)
abortion by the maternal plant, which may be related to the availability of resources at
her microsite (Fenster 1988, 1991; Waser & Price 1991b), or they may be caused by
early-acting lethal recessives that are expressed in (part of) the embryos (Seavey & Bawa
1986; Lyons et al. 1989).

Besides being of high evolutionary interest, knowledge of inbreeding and outbreeding
depression in wild plant populations is also very important for the conservation of rare
species (Barrett & Kohn 1991; Ellstrand & Elam 1993; Schemske et al. 1994). Small
populations may suffer from loss of genetic variation and reduced fitness through
inbreeding and genetic drift, resulting in an increased probability of extinction in the
short term and a reduced potential for evolutionary adaptation in the longer term (Soulé
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1980; Beardmore 1983; Ellstrand & Elam 1993). Artificial crossing or stimulation of
natural outbreeding between populations has sometimes been suggested as a way to
counteract these threats (Barrett & Kohn 1991; van Treuren et al. 1993; Ellstrand &
Elam 1993). However, we need a much deeper understanding of the occurrence and
mechanisms of outbreeding depression before it can be considered safe to use these
measures in the conservation of rare species (Ellstrand 1993).

In this paper, the effects of the distance of the pollen donor (including selfing and
outcrossing with pollen from a nearby population) on seed set and a number of
fitness-related parameters measured in a glasshouse environment, are investigated for
the rare perennial plant Gentiana pneumonanthe L. It has been shown that small
populations of this species have reduced genetic variation (Raijmann et al. 1994) and
that both this and deteriorated habitat conditions have resulted in reduced offspring
fitness (Oostermeijer et al. 1994a). Outbreeding of genetically depauperate small
populations with larger populations containing more genetic variation may be a way to
restore their viability. Thus, besides being a contribution to the still scarce knowledge of
the effects of outcrossing distance, this study hopes to provide more insight into the
effects of outbreeding between populations for conservation purposes.

MATERIALS AND METHODS

Study species

Gentiana pneumonanthe is an iteroparous herb reproducing exclusively by seeds. An
individual reproductive plant bears an average total of 2-3 (range 1 to >60) blue,
protandrous flowers, which are mainly visited by bumblebees (in The Netherlands
mostly Bombus pascuorum subspp. romanioides and floralis, B. lucorum, and B.
terrestris; Petanidou et al. 1991, 1995). The species appears to be fully self-compatible,
since no significant differences in seed set were observed between manual self- and cross
pollinations (Petanidou et al. 1995). In the absence of pollinators, however, seed set is
reduced drastically as a result of severe pollen limitation (Petanidou et al. 1995). Seed set
is also significantly lower in small populations, probably as a result of limited pollinator
visitation, which also leads to increased (spontaneous) selfing rates (Qostermeijer et al.
1992; Raijmann et al. 1994).

G. pneumonanthe prefers acidic, nutrient-poor sites with a fluctuating phreatic level:
inundated in winter and wet to moist in summer. For recruitment, G. pneumonanthe
depends on relatively open vegetation, such as paths created by cattle or man, or areas
which are mown or where sods have been cut (Oostermeijer et al. 1994b). Throughout
most of its range, the species is mostly confined to wet to moist heathlands and hay
meadows. Since these habitat types are decreasing in both number and size, G
pneumonanthe has become a rare species in The Netherlands (Mennema et al. 1985) and
also in other European countries (Great Britain, Clapham et al. 1987; Belgium, Van
Rompaey & Delvosalle 1978; Germany, von Weihe 1972; Switzerland, E. Landolt,
personal communication; Poland, Oleksyn & Reich 1994; Czech Republic, Z. V.
Krenova, personal communication).

Study population and pollination experiments

The population of Gentiana pneumonanthe in which the experiment was conducted is
situated in the central area of The Netherlands, near the city of Hilversum, in the ‘Goois
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Nature Reserve’. In this, for Dutch standards, large heathland population (>5000
flowering plants in 1992, but occupying an area of only 125 x 60 m?), 58 randomly
chosen plants with two or more flowers were caged to exclude insect visitation.
Although methodologically it would have been better if all pollination distances could
have been performed on each individual, this would have required a selection of
exceptionally large individuals from the population. It might be that these plants are
rather old, or grow on favourable microsites, which may affect allocation to reproduc-
tion (Fenster 1991; Waser & Price 1991b). Since this would probably yield biased results
that cannot be translated to the average individual in the population, it was decided to
spread the pollination treatments over randomly selected plants. Hence, one or two (in
one case three) flowers on each maternal plant were emasculated when they had just
opened, by removing the still undehisced anthers with fine forceps. In total, 95 flowers
were pollinated with pollen from donors growing on different distances, grouped in the
following nine classes: selfed, 1-50 cm, 50-100 cm, 1-2m, 2-5m, 5-10 m, 10-20 m,
>20m and from another population of intermediate to small size (c. 100 flowering
plants) at a distance of approx. 800 m (population ‘Drinkput’). Per treatment, a total of
10-12 flowers was pollinated on randomly selected caged plants. All pollinations were
performed from 12 to 19 August 1991. The mature fruits were collected on 17
September. Fruit set was 100%, i.e. all treated flowers produced a ripe fruit.

The relative success of each pollination treatment was determined by measuring the
following five fitness-related parameters (see also Qostermeijer et al. 1994a):

(i) seed set, i.e. the ratio of filled, viable seeds to the initial number of ovules;

(ii) seed weight;

(iii) proportion of seeds germinating;

(iv) estimated weight 4 weeks after planting (seedling stage);

(v) estimated weight 8 weeks after planting (adult stage).

Of all fruits, the number of viable and aborted seeds was counted under a dissecting
microscope. Aborted seeds can readily be distinguished from viable seeds because they
are smaller and obviously empty. The sum of the number of viable and aborted seeds
was considered to equal the initial number of ovules present in the ovary. Per fruit, 100
viable seeds were selected at random and weighed per 100 on a microbalance. The seeds
were then placed on wet filter paper in a Petri dish at 25°C and a day/night regime of
8/16 h. 52 days after the start of the experiment, when no additional germination
occurred, the total proportion of germination was determined. 30 days after the
experiment started, 28 randomly selected seedlings per family (if available) were planted
in soaked peat pellets. After 4 weeks of growth, the above-ground dry weight of the
seedlings was estimated using a non-destructive method. Of 20 seedlings per family (and
hence 200240 per pollination treatment), the length and width of the largest rosette leaf
and the total number of leaves was determined. The product of these measurements is
an estimation of total leaf area and thus, indirectly, of the above-ground biomass.
Regression between the estimated seedling weight and the natural log of the actual dry
weight was highly significant in earlier experiments (R*=0-771, 87 d.f., P<0-0001). The
same measurements were repeated 8 weeks after planting. At this point, the plants
varied between the immature and the (vegetative) adult stage (Oostermeijer et al. 1994b).

An estimate of the total fitness per fruit (maternal plant) was also calculated as
follows: for each flower, the seed set resulting from the pollination treatment it received
was multiplied by a fixed number of ovules, viz., the total average over all sampled fruits
(687). This yields a number of viable seeds per treatment that is independent of initial
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Table 1. Matrix of Pearson’s product-moment correlation coefficients (N=93) between the fitness
parameters measured on offspring from maternal plants selfed or crossed with pollen from
different distances. The data (means per maternal family) were transformed prior to analysis (see
text). Correlation coefficients were tested for significance using Bonferroni criteria

Seed Seed Proportion Seedling
set weight germinating weight
Seed weight —0-292*
Proportion germinating — 0-064NS 0-120NS
Seedling weight —0-277NS 0-420%** 0-182NS
Adult weight —0-067NS 0-194NS — 0-068NS 0-504**

*P<0-05, **P<0-025, ***P<0-01, NS, not significant.

variation in the number of ovules. The number of viable seeds was then multiplied by
the corresponding proportion of germination and the average adult weight, which yields
an estimate of the total biomass that was produced per fruit as a result of the pollination
treatment, standardized for an equal initial number of ovules in each fruit.

Data analyses

Prior to all statistical analyses, the data were transformed if necessary, to improve
normality and homogeneity of variances. Seed set and proportion of seeds germinating
were angular (arcsin-square root) transformed, seed weight and total relative fitness
were In-transformed, and estimated seedling- and adult weight were square-root
transformed.

Regression analyses were performed to examine the effect of pollination distance on
each of the fitness components. Instead of using the distance classes as ranked values
with equal distance to each other, the distance halfway the class limits of each of the
pollination distance classes was log (x+1)-transformed. These transformed class values
were used in the regression analyses.

A second analysis was performed to test the differences in mean fitness between
selfing, near within-population (0-01-1-0 m), intermediate within-population (1-5 m),
far (>5m), and interpopulation-crosses. Differences among these five groups were
tested with ANOvAs with pollination treatment and maternal plant as main effects.
Following significant ANOVA models, the differences between mean values per treatment
were tested a posteriori using Tukey’s HSD multiple comparison of means.

RESULTS

As expected, the measured life-history parameters were partly intercorrelated (Table 1).
Seed set was negatively correlated with seed weight. This suggests that the maternal
plant allocates more energy to each individual seed when only few seeds are maturing
in a fruit. The positive correlation between seed weight and seedling size indicates that
this higher investment in the seeds is beneficial for the offspring, and thus may
compensate for the lower seed set to some extent. A similar maternal effect on
performance in the early life stages was found in an earlier fitness study on Gentiana
pneumonanthe (Oostermeijer et al. 1994a). However, in contrast to that study, seed
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weight did not significantly affect germination performance. Seedling and adult weight
were also significantly positively correlated, which agrees with our earlier observations
as well (Oostermeijer et al. 1994a).

Of the five fitness components, seed set, seedling weight, and adult weight showed a
significant positive regression with crossing distance, although the proportion of
variance that was explained by the models was rather small (¢. 5-7%: Table 2, Fig. 1a—e).
When examining the data and the graphs more closely, it seems that the significant
regressions are mostly determined by a low mean fitness following selfing and a
relatively high fitness after interpopulation crossing (Fig. 1a—e). When selfing is omitted
from the regression analysis, only the relationship between crossing distance and seed
set remains (marginally) significant (Table 2). When the interpopulation cross is
omitted, only the correlation between distance and seedling weight is still significant.
The relationship between distance and seed set is no longer significant, and the
regression between distance and adult weight becomes marginally significant
(0-05<P<0-10, Table 2). When both classes were simultaneously omitted from the
analyses, all significant effects of crossing distance disappeared (Table 2). Together,
these results indicate that indeed most of the significant regressions between crossing
distance and the fitness components resulted from inbreeding depression and to a lesser
degree from heterosis. Seed set was apparently mostly affected by heterosis, and seedling
and adult weight by inbreeding depression.

This result was only to some degree confirmed by the second analysis of differences
in mean fitness between five treatment classes (using ANOvVA, see Methods section).
Differences between pollination treatments were not significant for seed set (Fy
33)=0-939, P=0-445), seed weight (F, 33=0-212, P=0-931), germination percentage (Fj,,
33)=0-987, P=0-419), and total relative fitness (F4 33;=1-005, P=0-419). Maternal plants
had a significant effect on offspring performance in all of these cases, though (Fss,
331>1:72, P<0-05). For seedling weight and adult weight, however, the pollination
treatment had a more significant effect on offspring performance than the maternal
plant (seedling weight: treatment effect F, 33=4-058, P=0-009; maternal plant effect
F —— 1-352, P<0-05; adult weight: treatment effect Fl4, 33=4:342, P=0-007, maternal
plant effect (Fiss, 33=1:399, P>0-05). Tukey’s HSD multiple comparison of means
showed that for these two fitness components, offspring from selfing had a significantly
lower mean (P <0-05) than all other treatments. No significant differences were found
between the means of the various outcrossing treatments. Thus, the results of the second
analysis showed a significant inbreeding depression of plant size, but no significant
heterosis was detected.

DISCUSSION

In general, the studies of the effects of outcrossing distance that have been performed
thus far have yielded contradictory results (for a recent review, see Waser 1993). Most
of the published papers indicate that the crosses over intermediate distances (usually
3-5 m) result in the highest fitness (Waser et al. 1987; Waser & Price 1983, 1989, 1991a;
Schemske & Pautler 1984; Coles & Fowler 1976; Sobrevila 1988; Svensson 1988, 1990;
McCall et al. 1991). Some studies, however, have demonstrated higher fitness of the
long-distance crosses (Koptur 1984; Levin 1984; Galen et al. 1985; Harder et al. 1985;
Zimmermann & Pyke 1988; Redmond et al. 1989), while in a few others the shorter

© 1995 Royal Botanical Society of The Netherlands, Acta Bot. Neerl. 44,262



263

OUTCROSSING DISTANCE AND FITNESS IN GENTIANA

vs-0 TLE0 $00-0 £6¢£-0 6£L-0 600-0 ¥12-0 6951 610-0 910 7661 1200 ssouly sAneRY
6vL-0 €0I1-0 100-0 £20-0 6c¢-S £90-0 6910 6750 L00-0 010-0 916-9 120-0 y3em npy
£66-0 000-0 000-0 £80-0 160-€ L€0-0 1¥5-0 LLEO §00-0 9¢0-0 1[40 4 Lv0-0 1y81om Supasg
0260 0100 000-0 895-0 87¢-0 ¥00-0 0v6-0 900-0 100-0 $L9-0 8L1-0 200-0 (%) uoneururan
16£-0 L0 110-0 86¢-0 $58-0 110-0 -0 £65-0 L00-0 19¢-0 ¥8-0 600-0 1ySiom pasg
S81-0 96L-1 §20-0 AL 80v-C 620-0 £90-0 195-€ £v0-0 8£0-0 9ITrv 90-0 198 pa9§
d d A d g A d d A d Aq 2 4 dqeLrep
sso1o uonendodiayur sso1o uonendodrajur guyjas uolssaigal
pue Fuyas noynm (p) moyum (9) moyum (Q) [e10L (e)

1 ‘814 29s ‘suoissardar ayy jo uonejuasaid owydesd 105 (p pPpour) g9="=% 10 (o
pue q s[opotu) 08 ="4 ‘(& [opowr) [6=C% pue ‘1="4 I0J onyeI-J SIY} Jo K)iqeqoid 3y} SI J puB ‘[Ppoul UOoIsSsaIFa1 9y} Jo sourdYIUSIS Y] ursa) VAONY
3y} Jo oneI-J 3y} St J ‘S[ppow uolssa1gar ayy £q paure[dxa adueLrea (€101 Jo uoniodoid ay) st Ly “pantwo sassoro uonendodisiur pue guypes yloq
yum (p) pue ‘panwo sassord uonemndodiajur sy Yim (o) paytwo Fuypes yim (q) ‘sisjeur ay) ut papnjout sassosd uonendodisiul pue Juyes yim
(®) :2yruvuownaud puvyuar ul s)usuodIod SSIUIY SNOLIBA U0 (pauniojsueal-(] +x)3o[) soueisip uoneurfjod Jo sask[eue uoissaidal jo synsay g dAqel

© 1995 Royal Botanical Society of The Netherlands, Acta Bot. Neerl. 44, 263



264 J. G. B. OOSTERMEIJER, R. G. M. ALTENBURG AND J. C. M. DEN NIJS

100+ 9
ﬂ) 4.2 b)
4.0 )
_ 801 . o 3 .
. ' ® * .
g . t 5 : f §
J z 3.8 v 5
E? -EE > @ I 13 § i ¥
i P bt
< -
3 §~T— 3.64 :
2 £
&
401
3.44
204, 3.2
> . A
o3 20215, P=0.038 oo’:’ r=0.096, P=0.361
= w 090 © 90 0o < : > b 08 09y b
& @ wao woQo §_9 2 o WO o §
5 Z 533588 Ry < 2532388 2§
o C o~ 99 2 @ o o+~ n9 Q< - |
: . :
2 £
80 + A
c} - “149)
- Eg 1.4 4 '
S 1 =]
:E . 25
25 2%
53 8 121
Eg ¢ ; I gﬂ
EZ 401 _1 A %
[ F— Ly
>3 ! t Tt i T e 10 '
R 3 ol A 3 "
g . £3
20 c ot 1
0.8
A
& r=-0.044, P=0.674 17 r=0.217, P=0.036
r — 0.0 r \
5 ® 99 9999 c S v 90 © Q99 Sc
£ 3 2288 §f £ 3342288 g2
2 S 28228 ahA 5 3 = %9 ¢ AN AS
2 Ve o -4 g S o= N3 d a
o - -—
g e g
| o
E E
4.0+ -
e) %01%)
3.5
%E &g 601
S 5
be | 2
:IE -0
Bz -
38 e8
ge g
'-5':" 2.0 ]
a a
. . Lo )
L
o.o%, . . r=0.266, P=0.010 o r=0.146, P=0.162
) w 99 o 9Q9g Y > ® 9o 600 Sc
£ ? g wogog S £ @ ~ao wooQo S
5 - BHd & ¥Y AR = ;.},o‘évwg F
s S o- w29 3 s s o- 29" 3
b w o a A - N 2 = - |
= = w o [~
8 = i g
e | o
£ E
pollination distance (m, log-scale) pollination distance (m, log-scale)

Fig. 1. Relationship between pollination distance (on a logarithmic scale, see text) and the measured fitness
components in Gentiana pneumonanthe: (a) seed set; (b) seed weight; (c) proportion of seeds germinating; (d)
estimated seedling weight; (¢) estimated adult weight. The small dots represent the mean values of the maternal
families, the larger dots with error bars represent the mean + 1 standard error per pollination distance class.
In the lower right hand of each graph, the Pearson’s product-moment correlation coefficient (r, calculated on
the family means) is given, together with its probability P. For extended regression statistics, see Table 2.
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crossing distances performed better than the crosses over a long distance (Ritland &
Ganders 1987; Whitkus 1988).

This study describes the effects of outcrossing distance on the performance from
seed set of maternal plants up to the adult size of the offspring in Gentiana
pneumonanthe. The regression analyses revealed several significant positive relation-
ships between outcrossing distance, seed set and offspring fitness. Additional analyses
of the data showed, however, that these significant positive regressions were mainly
the result of a relatively low seed set and offspring fitness after selfing and a higher
fitness after outcrossing with another, nearby population. When these treatments
were omitted from the analyses, no significant effects of distance of the pollen donor
were detected within the study population. Hence, we conclude that our observations
are the result of inbreeding depression and heterosis (Charlesworth & Charlesworth
1987; Lande & Schemske 1985). Inbreeding depression seemed to affect mainly
seedling and adult size, while heterosis appeared to be the main explanation for the
observed regression between distance and seed set. No differences in mean seed set
(nor any of the other fitness parameters) were observed between any of the
outcrossing treatments, however, so even the effect of heterosis appears to be only
weak.

A drawback of the present experiment with Gentiana pneumonanthe is that the
assessment of offspring fitness was performed in the glasshouse. This might lower any
effects of outbreeding depression if this is mainly based on selective genotype-
environment interactions (Mitchell-Olds 1986; Waser 1993) and less on the breakdown
of coadapted gene-complexes (Shields 1982; Templeton 1986). The few studies present-
ing data that support an optimal intermediate outcrossing distance are based on
estimates of long-term offspring fitness under field conditions (Waser & Price 1989,
1991a). Moreover, if there was a genetical cause for outbreeding depression, theory
predicts that this would be expressed most strongly in the F, and later generations
(Templeton 1986), which was not tested in this study. However, a genetic mechanism of
outbreeding depression could be expected in small and isolated populations, where
random genetic drift combined with local selection may have caused sufficient differ-
entiation of the genomes (Hedrick 1984; Templeton 1986). After the experiments, it
appeared that both the large population ‘Heidebloem’ (which went through a bottleneck
during the 1970s) and the comparatively small population ‘Drinkput’ are geneti-
cally depauperate, with a relatively low allozyme polymorphy and heterozygosity
(Oostermeijer et al. 1994a; Raijmann et al. 1994). This may have caused the slight
heterosis effect observed in the offspring. This agrees with Van Treuren et al. (1993),
who also observed heterosis instead of outbreeding depression after interpopulation
crosses with the rare Scabiosa columbaria.

Preliminary results of recent reciprocal transplant experiments with Gentiana
pneumonanthe in the same area between population ‘Heidebloem’ and another small
population, ‘Lange Ven’ suggest that local adaptation is not very pronounced.
Performance of plants at their ‘home’ site is similar to that at the ‘alien’ site,
although this may have been overruled by strong differences in quality between the
two sites (J. G. B. Oostermeijer and K. Vijverberg, unpublished data). On the basis
of these results, no outbreeding depression should be observed, which conforms to
our present findings.

We therefore conclude that there is no evidence for the existence of an optimal
intermediate outcrossing distance in this population of Gentiana pneumonanthe. If we
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find mainly heterosis instead of outbreeding depression in small, genetically depauperate
populations, as this and other experiments (Van Treuren ef al. 1993) suggest, manual
interpopulation-crossing may be a useful measure to counteract the loss of population
viability by genetic erosion. However, in our opinion, this ‘genetical management’
would only be a feasible option for a limited number of very rare species threatened by
extinction even when ecological management is demographically favourable. In most
cases, we are dealing with large numbers of formerly common species that are now
starting to suffer from isolation and small population sizes. The best management for
these species is enlarging the area of suitable habitat (increasing population sizes) and
improving the connectivity between these habitats in the landscape. One method of
achieving the latter is to create road verges (corridors) which are richer in flowering
plant species, so they become more suitable for a more natural exchange of pollen by
pollinating insects.
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