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Abstract

Gentiana pneumonanthe and G. cruciata need a pollination vector to secure their
reproductive success, although no genetical barrier prevents selfing. Their pollination is
mainly carried out by bumblebees (Bombus pascuorum). There is a dramatic reduction in
reproductive output for both species when population.size (number of flowering

individuals) decreases too much.

1. Introduction
The genus Gentiana (Gentianaceae) has only two representative species in The

Netherlands, viz. G. pneumonanthe L. (Marsh Gentian) and G. cruciata L. (Cross
Gentian). In The Netherlands, both are considered as declining to rare, and rare (three
populations only), respectively, and are protected by law (Van der Meijden, 1990).
Moreover G. cruciata is included in the Dutch “Concept Red List” (IUCN category 4).

G. pneumonanthe has a hemicryptophytic life form (5 - 40 cm); it is encountered in
damp heathlands, which in The Netherlands are typically dominated by Erica tetralix L.
and, recently, by Moiinia caerulea (L.) Moench (Heil & Bruggink, 1987); another type of
habitat is bluegrassland. The chamaephytic G. cruciara (15 - 40 cm) is restricted to lime-
rich dunes. Both species are perennial.

Although both species exhibit conspicuous flowering patterns, clueing preponderantly
biotic pollination modes, no study on their pollination biology and reproductive success
has been reported so far, while the available information is rather descriptive.

The purpose of this study was to investigate: 1. some aspects of the reproductive
biology of both species and 2. the reproductive proficiency in relation to small and very

small population sizes.

2. Material and methods
Observations and pollination treatments were carried out in summer 1989, during the

peak of the flowering period: 1. Gentiana cruciara in Castricum (14 - 27 July) 2. G.
cruciata in Oostvoorne (2 - 10 August) and 3. G. pneumonanthe in Hilversum
(“Heidebloem”, 22 August - 2 September).

Four pollination modes were examined, viz. manual and spontaneous selfing, cross
and free pollination.

In order to determine self compatibility level, the flowers were caged in the bud stage
and, consecutively, pollinated by hand on the first day of the female phase (n, = 93, n,=
93, n; = 47). Spontaneous self pollination was assayed by examining untouched flowers
on the same caged plants (n, = 40, n, = 178, n, = 86). The effect of cross pollination was
estimated by considering free pollinated flowers, in which outcrossing was assured by
one additional hand pollination (n, = 36, n, = 83, n, = 36). The actual pollinators'
effectiveness was measured by studying free pollinated flowers (exposition to pollinators,
but no handling) in the same period (n, = 80, n, = 62, n, = 22). Fruits were collected ap-

proximately 40 days later.
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In order to estimate the reproductive success, both the fertile and abortive seeds of 30
capsules (minimum) of each group were counted. The ovule number represents the total
of both fertile and recovered abortive seeds in each capsule.

The effect of the population size on the reproductive potential was investigated in the
same period (summer 1989) in seven different populations. Two populations of G .
cruciata were studied (Castricum, with 9 flowering plants (n), and Oostvoorne, n = 300),
aiong with five G. pneumonanthe populations: Lange Ven, n = 7, Drinkput, n =+ 150
and Heidebloem, n > 1000, all near Hilversum, and Houtbeek, n = + 30 and Kootwijk, n
=1 500, both W of Apeldoorn (actual population sizes observed in 1989). For popula-
tions of G. cruciata the population size effect was estimated for all different pollination
treatments, by measuring the seed production (30 capsules per treatment). In the case of
G. pneumonanthe only free pollinated plants were examined (one capsule perplant, n =

20-30 when possible).

3. Results
3.1 Flower morphology
Both species are characterized by similar entomophilic pollination syndroms: they bear

brightly coloured (blue and lilac-blue for cruciata and pneumonanthe, respectively), funnel
shaped flowers, with depth effect. The flqwers differ markedly in size, pneumonanthe
flowers being twice as deep as those of cruciata. Both flowers exhibit clear man-visible
nectar guides, and possess the same UV pattern (Petanidou et al., in prep.). The nectar is
produced mainly in the male stage (pronounced protandry) (Petanidou et al., in prep.).

3.2 Pollinators

In both species only a single bumblebee species proved to be the main effective polli-
_nator, viz. Bombus pascuorum (Scopoli), with the subspecies romanioides Krii ger and
floralis'(Gmelin). Both subspecies were common pollinators for all gentian populations
studied, except for G. cruciara in Castricum. In this, latter case, only one single
unidentifiable bumblebee was observed visiting the flowers. A smuil :.umber of additional
species (bumblebees, butterflies and syrphids) was also observed visiting the flowers of
the other two populations, but only to a limited extent.
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Fig. 1. Reproductive success of G. pneumonanthe in a large population (Heidebloem) during the peak of
anthesis (August). All values represent mean numbers per capsule. Error bars indicate standard errors;
probability levels: p < 0.001: ***, 0.001 < p < 0.01: **, 0.01 < p < 0.05: *,
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Fig. 2. Reproductive success of G. cruciata in a large population (Oostvoome) during the peak of
anthesis.
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Fig. 3. Seed output and total ovule count of a large and a small population of G. cruciata for different
pollination treatments.

Pollen deposition on the stigma was achieved sternotribically when bumblebees visited
the flower for nectar. Self pollination caused by bumblebees is unlikely, given the
pronounced protandry.
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