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SUMMARY

The reproductive behaviour of Gentiana pneumonanthe L., a rare plant species in The Netherlands, was studied
in a relatively large wet heathland population during summer 1989. The species co-occurred with the grass Molinia
caerulea and co-flowered with Erica tetralix and Calluna vulgaris. The flowering period lasted from July to
October, peaking in late August to late September. Flowers are protandrous. The species appeared to be self-
compatible, but spontaneous self-pollination was strongly limited. Hand-crossing and hand-selfing resulted in the
same amount of seed set as in natural pollination. Reproductive success was dramatically reduced late in the
season. Pollination was achieved sternotribically by the species Bombus pascuorum, which visited the flowers for
nectar. In the study area, three patch types were distinguished : co-dominated by Erica, by Calluna and Erica, and
by Molinia, respectively. Frequency of visits to Gentiana was highest in the Erica-patch. However, this did not
result in a higher seed set. In the Molinia-patch seed set was reduced. However, in the Molinia-patch the mean
number of ovules was greater than in the others (as high as in plants raised indoors and in cross-pollinated plants).
Fruits from the Calluna-patch had less ovules than those from the Erica-patch. We conclude that, in this remnant
population, Gentiana is not pollination-limited. However, it is likely that in the Molinia-patch geitonogamy is
frequent, which may lead to inbreeding depression. The greater number of ovules observed in Molinia-patches
may reflect an excess of nutrients available there, relative to the Calluna-patch where there may be reduced water
availability.
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INTRODUCTION

Rare plant species often occur in small populations,
as a result of the fragmentation, destruction or
deterioration of their natural habitats. In such small,
remnant and often isolated populations, genetic
structure is dominantly influenced by genetic drift,
which results in loss of genetic variation and
consequently increases the probability of local ex-
tinction (Barrett & Kohn, 1991; Ouborg, van
Treuren & van Damme, 1991; van Treuren et al.,
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1991 ; Raijmann et al., 1994). These populations may
also suffer from inbreeding depression (loss of fitness
as an effect of increased inbreeding) and reduced
levels of gene flow. Especially in animal-pollinated
and predominantly outbreeding plant species, re-
duced population size and fragmentation of natural
habitats may have dramatic effects on the repro-
ductive output (Jannersten, 1988; Kwak, 1988;
Kwak et al., 1991; Petanidou, den Nijs & Ellis-
Adam, 1991) and also, for plants with a mixed
mating system, on the balance between selfing and
outcrossing (Oostermeijer et al., 1992). Because they
may be unable to attract sufficient numbers of
pollinators (Kwak, 1988), small populations of rare
species may become increasingly dependent on the
presence of simultaneously flowering species, that
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may help to attract insects (pollination facilitation).
Furthermore, rare plants in small populations, may
be especially prone to reduced seed set as a result of
competition for pollinators (Mosquin, 1971; Kwak
& Jennersten, 1991) or interspecific pollen transfer
(Waser, 1978; Thomson, Andrews & Plowright,
1981; Rathcke, 1983; Campbell & Motten, 1985).
In this paper, we examine whether Gentiana
pneumonanthe L., a rare perennial plant, is pollin-
ation-limited in a relic, but still large population, i.e.
a remnant of a formerly large population. There is
evidence that the reproductive success of this species
is reduced in small populations (Petanidou et al.,
1991; Oostermeijer et al., 1992). We hypothesize
that in the relic population we studied (i) plants are
likely to suffer reproductive loss because of their
reduced effectiveness in attracting pollinators, and
(i1) the co-occurrence of other species is of crucial
importance in terms of competition or facilitation for
pollination. In this context, we examine the effects of
the presence of the co-flowering species Erica tetralix
L., and Calluna wvulgaris (L.) Hull on the repro-
ductive success of Gentiana pneumonanthe, as well as
the effect of the tall neighbouring grass Molinia
caerulea (L.) Moench on pollinator visitation rates.
Molinia is known to replace Erica and Calluna in
areas of atmospheric acidification and eutrophication
(Heil & Bruggink, 1987). Dominance of the species
also inhibits recruitment in populations of G.
pneumonanthe (Oostermeijer et al., 1992; Ooster-
meijer, van 't Veer & den Nijs, 19945). Since it is
likely that the differential dominance of these three
species in sites with G. pneumonanthe reflects the
existing differences in water and nutrient availability
(e.g. relatively wet and nutrient-poor: Erica domi-
nant; relatively dry and nutrient-poor: Calluna domi-
nant; and relatively wet and nutrient-rich: Molinia
dominant), we also examine the hypothesis (iii) that
these ecological factors affect the reproductive po-
tential of Gentiana (i.e. the number of ovules and
viable seeds).

MATERIALS AND METHODS
Biology of the study species

Gentiana pneumonanthe (Gentianaceae), the marsh
gentian, is a herbaceous perennial plant of wet
heathlands and hay meadows of temperate Europe
from the northern Balkans to Fennoscandia. An
adult, reproductive plant may be up to 40 cm high,
and bear 1-25 flowers each season. The flowers are
actinomorphic and funnel-shaped. The corolla lobes
are blue to mauve with a deep floral tube, the inner
surface of which is greenish blue with a distinctive
pattern of nectar guides.

In The Netherlands, a country at the margin of its
distribution range, the marsh gentian used to be far
more common and widespread before 1950, both in

numbers of localities and in population sizes, than it
is today (Mennema, Quené-Boterenbrood & Plate,
1985). This is mainly the result of loss of habitats
and changes in land use. The only sites, where the
species still occurs, are nature reserves containing wet
heathlands and nutrient-poor, unfertilized moist hay
meadows. Population size ranges from 5 to 5000
(exceptionally 100000) flowering individuals.. Most
of populations are relatively small and occur in
isolated, fragmented habitats. In this country, the
most important seed predators of Gentiana pneumo-
nanthe in the wild are the larvae of a gall midge,
possibly Dasineura gentianae Kieffer (Cecidomyi-
idae) (H. Roskam, personal communication), which
are especially frequent in wet summers (J. C. M. den
Nijs and J. G.B. Oostermeijer, personal obser-
vations).

Study site

The field work was carried out during summer 1989,
in the wet heathland ‘De Heidebloem’ (3 km SE of
Hilversum, The Netherlands). The population is a
relict of an extensive complex of populations for-
merly existing in this region. The size of the
population, at the time of this study, was estimated
at about 2000 flowering individuals, spread over
c. 0:5ha. The site belongs to the Goois Nature
Reserve Council, and was managed by sod-cutting
and, more recently, by mowing every year, in order
to reduce the dominance of grasses, in particular
Molinia caerulea. Other dominant species are Erica
tetralix and, on higher ground, Calluna vulgaris.
Flowering of Erica and Calluna partly overlaps that
of Gentiana. Erica begins flowering in June, about a
month earlier than Calluna; their co-flowering con-
tinues until September. Much of the fieldwork was
performed during two study periods, one during the
peak flowering period from 22 August to 2 Sep-
tember, and another one late in the season from 3 to

14 October 1989.

Flowering and nectar characteristics

The number of open flowers was counted once a
week from July to October in both 1988 and 1989, in
a permanent plot (5 x 5 m) situated in the centre of
the area with the highest density of Gentiana. Flower
life span was measured on 48 flowers borne on
different plants and in different positions on a plant.
Flowers were marked at the bud stage during the
peak flowering period, and their behaviour was
monitored twice daily, until they withered. The
nectar standing crop (i.e. the amount of nectar
present in freely exposed flowers) was measured by
inserting a 1 1 Drummond microcapillary into the
corolla tube. Nectar was harvested from a number of
open flowers of all stages, selected at random in the






