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SUMMARY

Pollination ecology and components of reproductive success of
Gentiana cruciata, a rare species in The Netherlands, was studied
in two dune populations (20 and ¢. 300 flowering individuals,
respectively) during the summer of 1989. Gentiana cruciata was
fully self-compatible, but spontaneous self-pollination resulted in
severe pollen limitation: natural pollination showed lower
reproductive success as compared to hand-pollinations. In
addition, reproductive success in the small population was
significantly lower through all pollination treatments. Natural
pollination was carried out mainly by the bumblebee Bombus
pascuorum visiting the flowers for nectar, which was available at
all floral stages but in greatest quantities during the morning
hours. The number of visitors and visits to the flowers was
generally high. However, the constancy of bumblebee visitors
(measured as the proportion of heterospecific pollen found on
bumblebees) decreased strongly in the afternoon, when nectar
standing crop was relatively low. The number of visits and
visitors to the G. cruciata flowers remained still very high, but the
average time spent per flower decreased significantly. We argue
that, in general, the low reproductive success through natural
pollination is caused by pollen limitation as a consequence of
competition through heterospecific pollen (mainly of the
abundantly co-flowering shrub Rubus caesius) transferred and
deposited on the stigmas by the bumblebees. The overall lower
reproductive potential of the small population may be the result
of a combination of poor site quality, rabbit grazing, and
inbreeding.
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INTRODUCTION

In general, local population size is an important factor for the chance of extinction of
plant species (Barrett & Kohn 1991). Hence, the fact that many wild plant species
nowadays often occur in very small and isolated populations as a result of fragmen-
tation, destruction or deterioration of their natural habitats is alarming. Especially in
small populations of outcrossing, self-compatible plant species, genetic variation is lost
by genetic drift and inbreeding (Barrett & Kohn 1991; Ellstrand & Elam 1993). This
‘genetic erosion’, which is not counteracted by gene flow owing to the increasing
isolation among populations, results in reduced fitness, which may possibly cause local
extinction even if the ecological conditions are relatively suitable (Karron 1987; Ouborg
et al. 1991; van Treuren ef al. 1991; Ouborg 1993; Oostermeijer et al. 1992, 1994a;
Raijmann et al. 1994).

Particularly in animal-pollinated and predominantly outbreeding plant species,
reduced population size and fragmentation of natural habitats may have strong negative
effects on the reproductive output (Jennersten 1988; Kwak 1988; Kwak et al. 1991;
Petanidou et al. 1991; Huenneke 1991; Oostermeijer et al. 1992; Jennersten & Nilsson
1993). Rare plants in small populations may become increasingly dependent on the
presence of simultaneously flowering species, because they are unable to attract
sufficient numbers of pollinators themselves (Kwak 1988). On the other hand, these
small populations may be especially prone to reduced seed set because of the presence
of such neighbours, as a result of competition either for pollinators (Mosquin 1971;
Kwak & Jennersten 1991) or through heterospecific pollen transfer (Waser 1978, 1983;
Thomson er al. 1981; Rathcke 1983; Campbell & Motten 1985).

As part of a comprehensive study of all rare Gentiana and Gentianella species in The
Netherlands, this paper deals with the pollination ecology, reproductive biology and
breeding system of the herbaceous perennial Gentiana cruciata L. which is a very rare
species in the Dutch coastal dune area. In two of the four presently existing populations
(one very small and one larger, but still relatively small) the reproductive potential,
dependence upon the native pollinating fauna and the interactions with the co-flowering
species are studied. With respect to pollination ecology, G. cruciata is very similar to its
congener G. pneumonanthe L., a species of wet heathlands and hay meadows. In
previous studies it has been demonstrated that the latter species strongly depends on
pollinator visits for a high seed production (Petanidou et al. 1995). Also, the lack of seed
germination and seedling survival have proved to be a major problem in small
populations of G. pneumonanthe (Oostermeijer et al. 1992, 1994b), and reproductive
success and offspring fitness are related to population size and genetic variation
(Oostermeijer et al. 1992, 1994a).

MATERIALS AND METHODS

Biology of the species

Gentiana cruciata (Gentianaceae), the cross gentian, is a herbaceous perennial plant with
several stems of up to 40-50 cm high. According to Meusel et al. (1978), the species has
a Euro-Westsiberian, submeridional/montane distribution with some outposts found
in The Netherlands. In the latter country, at the margin of its distribution range,
G. cruciata has always been a very rare species that is only found in the calcareous part
of the coastal dune area. The distribution pattern has been rather stable in the sense that
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Fig. 1. Flower of Gentiana cruciata in different stages: (a) outer side, (b) female stage in longitudinal section.
Details: (c) male, (d) early female, and (e) mature fruit with withered stamens. Drawing by J.G.B.
QOostermeijer.

the loss of some localities has been compensated by the gain of some new ones since
1950. At present only four populations occur in The Netherlands, ranging in size
from 10 to several thousands of flowering individuals. The actual distribution may have
been affected by the importation of pheasant fodder in historical times (Mennema et al.
1980)

In Figure 1, the morphology of the flower and the different stages of the anthesis
are shown. The flowers of G. cruciata are of the funnel type, borne mainly in one
terminal, and secondarily in two to three stem whorls. The floral tube is c. 18 mm
deep. An average stem of a mature, generative plant may bear up to 50 flowers in
dense clusters. The central flowers of these clusters are in most cases atypically
5-lobed (also bearing 5-stamens) and are larger than the peripheral, 4-lobed flowers.
The corolla lobes are blue to light mauve on the inner side and slightly reflect UV
light, whereas the small corollary appendages, located in the sinuses of the lobes are
strongly UV-reflecting (Petanidou ef al. unpublished data). At their base, the corolla
lobes become white, and the whole construction forms a clear white ring around the
entrance of the floral tube. Inside the corolla, this nectar guide ring continues in a
pattern of parallel white and lilac stripes that guide pollinators to the nectar that is
produced at the base of the ovary.

Study sites
All field work was performed during the summer of 1989. Two study sites, located in the
dune area at the western coast of Holland were selected.

The first population (hereafter mentioned as ‘Castricum’) is situated near Castricum,
province of North Holland, ¢. 15 km SW of Alkmaar. The population, situated within
the nature reserve ‘Noordhollands Duinreservaat’, is assumed to be of rather recent
spontaneous origin, dating from 1945-1950 (Mennema et al. 1980). At the time of this
study, the population was divided into two subpopulations with a distance of about
100 m, and consisted in total of 20 flowering and a few juvenile and mature vegetative
individuals. In the beginning of the growing season, 10 plants were selected and fenced,
to prevent the plants from being eaten by rabbits. Fence heights did not exceed flower
heights so that flowers could be seen and visited by insects. The fences were kept
throughout the study period until the seeds were harvested. Important co-flowering
species at the site were Rubus caesius L. (Rosaceae), Cirsium vulgare (Savi) Ten., and
Senecio jacobaea L. (Compositae), and Echium vulgare L. (Boraginaceae).






