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Dactylorhiza viridis is a small orchid species, sensitive to competition with dense and tall herbaceous vegetation. Its
populations in Europe and in the UK have been declining over the last century. Small, isolated populations have remained
in Protected Areas. The population of the species in Fancott Woods and Meadows Site of Special Scientific Interest
(SSSI) was studied in 2011–2019. The number of orchid plants varies substantially from year to year, but the areas occupied by the population remain the same. Fruit production is high. The population is under threat from herbivores and
from competition with tall vegetation on the meadow. Expansion of the vigorous herb Filipendula ulmaria was recorded
on the meadow in 2009 that negatively affected the rare plant community. Additional management of an early hay cut
was implemented on the meadow as a trial. A botanical survey of managed and control plots showed a reduction in the
vigorous herbs, an increase in species number in the cut plots and a resulting more open sward. The orchid population also
benefits from a more open sward. The management of the site is the key to the survival of this small orchid population.
Key words: conservation, competition, fruit set, hay cut, herbivory, orchid population, site management

Introduction
The loss of semi-natural grasslands became
extensive in Europe including the UK due to intensified agriculture in the XX century (Jefferson
& Pinches, 2009). Small fragments of species-rich
meadows which survived under traditional management are protected in nature reserves and sites
of special scientific interest (SSSI) (Rothero et al.,
2016). Along with an increase in fragmentation of
remaining habitats, populations of rare species appeared to be under more threat (Minasiewicz et al.,
2018). Populations of orchids are particularly vulnerable, requiring specific links with pollinators
and mycorrhizal fungi to complete their life cycle
(Honnay & Jacquemyn, 2007). Although mycorrhizal specificity is low in Dactylorhiza, and the fungi
have a broad geographic distribution, their actual
occurrence is controlled by specific habitat conditions (Jacquemyn et al., 2016). Orchid species are
very weak competitors, quickly disappearing under
dense swards. On sites with relatively bulky and tall
vegetation, orchid populations are often very small
and even more vulnerable (e.g. Tatarenko, 1991;

Adamowski, 2006). Conservation management of
sites hosting small and isolated orchid populations
should be very consistent and focusing on the protected species (Swarts & Dixon, 2009).
Dactylorhiza viridis (L.) R.M.Bateman, Pridgeon & M.W.Chase (Orchidaceae) is a species
with a very wide geographical and ecological range
(Vakhrameeva et al., 2008). Its circumboreal distribution covers most of Eurasia and North America, from the extreme North to South. The species
grows in a wide altitudinal range from floodplains
to high mountains, up to 3000–4000 m a.s.l. (Nilsson, 1979). Dactylorhiza viridis grows in tundra in
the northern parts of the range (Tolmachev, 1963),
in a variety of woodlands and meadows, including alpine and subalpine ones (Vakhrameeva et al.,
2008). In the UK, the species has been recorded
in grasslands, from dry communities on chalk to
wet floodplain meadows on calcareous gravel beds
(Online Atlas, 2019). The species is linked to calcium-rich soils (Willems & Melser, 1998), but can
also be found on more acid soils (Ellenberg, 1988;
Vakhrameeva et al., 2008).
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Although not under threat of extinction, there
have been population decreases in the European
part of the species range. In the Netherlands only
two populations remain out of 55 present before
1950 (Willems & Melser, 1998). In the UK, the
most substantial decrease happened by 1930s, with
continuous decline in later years (Online Atlas,
2019). It is listed as vulnerable on the Red Data
List for England (Stroh et al., 2014). A small population of the species was studied in Fancott Meadow during the period 2011–2019.
To give context to this Fancott population the
distribution of both the orchid species and habitat
were examined in the surrounding area. Species occurrence was traditionally recorded in 10 × 10 km
grid squares (hectads, according to BSBI, 2020)
across the UK. In 1930 a total of 14 of the closest
25 hectads to Fancott, contained D. viridis, but by
2010–2019 only four of these hectads contained the
species. In 1930 well over half of the land area in
these 25 hectads was meadowland (https://digimap.
edina.ac.uk/roam/map/environment), and this meadowland was largely continuous. By 1990 much more
detailed information on the habitat was available,
none of the 2500 1 × 1 km grid squares within this
area were dominated by meadowland (Fuller et al.,
1994), and the small areas of meadowland that did
still remain, visible on the even more detailed 25 × 25
m habitat map, were highly fragmented. This reflects
the UK context where 97% of species rich meadows
were lost between 1930 and 1994 (Fuller, 1987), and
the loss has continued (Ridding et al., 2015). Fancott
Woods and Meadows is a protected area designated
as a site of Special Scientific Interest in Bedfordshire, the UK (Fancott Woods and Meadows, 2020).
The site was designated because of ancient unimproved meadow traditionally managed for hay and
grazing, which accommodate the rare plant communities MG4 and MG5 types according to British
National Vegetation Classification (Rodwell, 1992).
The MG4 plant community has a European protected status as «Moist or wet mesotrophic to eutrophic
hay meadow» (E3.4a), which are classed as Endangered on the European Red List of habitats (Janssen
et al., 2016). The site has been managed mainly by
grazing. After the wet summer of 2008, it became
dominated by Filipendula ulmaria (L.) Maxim., a
tall herb which supressed small and less competitive
species causing a decline in plant diversity on the site
(Wallace & Tatarenko, 2018).
In 2011–2018, the effect of early hay cut on
vegetation, in addition to grazing the site in June –
August, was investigated in a trial carried out by the
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Bedfordshire, Cambridgeshire and Northamptonshire (BCN) Wildlife Trust and the Open University.
The main purpose of the trial was to work out an effective way of controlling the vigorous vegetation in
order to maintain the protected plant community on
the site. The small and isolated population of D. viridis in Fancott Meadow was also expected to benefit
from the additional management on the site. In this
account we assessed the current state of the orchid
population and discuss factors affecting its survival
in relation to importance of the site management.
Material and Methods
Fancott Meadows and Woods SSSI is a 13 ha
nature reserve in Bedfordshire, UK (co-ordinates:
51.937017° N, 0.509712° W).
The hay cut trial included three 10 × 10 m plots,
which were cut in June and then aftermath grazed.
Three control plots of the same size were grazed from
June onwards with no hay cut. Cut and control (uncut) treatments were botanically surveyed on 15 randomly positioned quadrats, five quadrats within each
of 10 × 10 m plots (Fig. 1). All plant species were
recorded in 1 × 1 m quadrats, species abundance was
estimated as a projective cover. Species richness was
measured as the number of species per 1 m2. Ellenberg indicator values (Ellenberg, 1988) were calculated to estimate dynamics of soil nutrients.
Plants of Dactylorhiza viridis were recorded
with high accuracy (up to 1 cm) differential GPS
Leica RX1200 in 2013 and 2019. The individual plant height was measured together with the
number of leaves and number of flowers versus
green pods. Historic data of monitoring orchid
population in 1978–2018 were kindly provided
by BCN Wildlife Trust.
Data analysis included one-way ANOVA test
for changes in vegetation. Fruiting success was calculated as the percentage of flowers that set pods
per spike. Plant names are given after Clapham et al.
(1962) and Bateman et al. (1997).
Results
There are two sites for the D. viridis population in Fancott Meadow (Fig. 1). The distance between them is about 25 m. In 2017, an individual
was noted near quadrats 18–20 of the hay-cut trial; another individual was recorded in quadrat 22
(Fig. 1) in the 2018 survey. Both plants failed to
re-emerge in the 2019 survey. Four plants were recorded in the site with high accuracy differential
GPS in 2013 (Fig 1.); none of them were found in
the 2019 revisit of their exact positions.
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Fig. 1. Locations of individual plants of Dactylorhiza viridis and hay-cut trial plots in Fancott Meadow. Designations: red dots
mark the corners of trials; yellow dots mark locations of survey quadrats (1–5, 16–20, 21–25 – hay cut trails; 6–10, 11–15,
26–30 – uncut control); blue dots mark plants of D. viridis recorded in 2013; white dots are plants of D. viridis recorded in
2019. Background imagery: © Getmapping plc, Infoterra Ltd & Bluesky.

Records from previous years (Fig. 2) suggest a
high fluctuation rate in flowering individuals. Twelve
flowering and two vegetative plants were recorded on
the site in June 2019. Eight of them set pods, four flowering plants and one vegetative were eaten by herbivorous animals. Dactylorhiza viridis plants were 8–22
cm tall, that was shorter than the surrounding vegetation, which average height was 34 cm. The number of
flowers per spike varied from 8 to 25, most flowers
were pollinated and formed green pods (Table 1).
A botanical survey of the 30 quadrats in the
hay-cut trial showed statistically significant negative changes in the projective cover of the dominant
species Fillipendula ulmaria in the «cut» plots (Table 2). The species showed 38% of decline in the
«cut» plots comparing to 9% increase in the control «uncut» plots. Trifolium pratense L. and Carex
flacca Schreb. gained most benefits from the hay
cut, increasing their cover in the «cut» plots (Table
2), while Dactylis glomerata L. negatively reacted
to the hay cut. Cirsium palustre (L.) Scop. spread
out into the new locations, disappearing from the
control plots. Overall, the species richness in the cut

plots was higher than in the control plots (in average, 25 vs. 17 species per 1 m2) in 2018 (ANOVA,
p = 0.001) (Wallace & Tatarenko, 2018).
Changes in Ellenberg indicator values for soil
nutrients (Fig. 3) were found to be significant between «cut» treatment and «control» plots (ANOVA, p < 0.001) (Wallace & Tatarenko, 2018). A
reduction of the nutrient level in the «cut» plots
below N = 5 indicated soil condition suitable for
the smaller species and more sparse vegetation.

Fig. 2. Maximum counts of Dactylorhiza viridis on Fancott
Meadow. Data collected by BCN Wildlife Trust.

167

Nature Conservation Research. Заповедная наука 2020. 5(Suppl.1): 165–171
Table 1. Characteristics of flowering plants of Dactylorhiza
viridis in Fancott Meadow in 2019
Number
Number
Plant
Fruiting
of flowers
of green pods height, cm success, %
in a spike
Mean
Standard
deviation
Number of
replicates

16.4

14.1

17.4

86.8

4.8

4.2

4.0

6.8

8

8

8

8

Table 2. Changes in vegetation on two types of plots in the
hay-cut trial in Fancott Meadow, 2011–2018
Treatment
Species

Cut

Uncut

Changes in projective cover
over 7 years of trail, %
Filipendula ulmaria (L.) Maxim.

-38.33

9.2

-3

8.13

Anthoxanthum odoratum L.

-1.87

1.67

Lysimachia nummularia L.

-0.67

9.07

Alopecurus pratensis L.

-0.53

2.87

Centaurea nigra L.

4.53

-3.53

Juncus articulatus L.

5.47

0

Plantago lanceolata L.

6.2

-0.13

Ranunculus acris L.

7.27

3.47

Ranunculus repens L.

8.13

1.33

Calliergonella cuspidata Loeske

8.47

0.07

Trifolium pratense L.

12.33

0.27

Carex flacca Schreb.

16.6

2.73

Poa trivialis L.

Fig. 3. Changes in mean Ellenberg indicator values for soil
nutrients in ‘cut’ and control plots in the hay-cut trail in
Fancott Meadow in 2011–2018. Values are means, based
on 15 quadrat records for each treatment per year, bars
represent one standard error of the mean (adapted from
Wallace & Tatarenko, 2018).
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Discussion
The population of Dactylorhiza viridis in
Fancott Meadow is very small, with a maximum
of 30 plants recorded in any one year (Fig. 2).
Regarding the population size, there is nothing
unusual for this species to have small populations across its wide range (Vakhrameeva et
al., 2008; Plotnikova et al., 2010). However, a
small number of plants makes isolated populations particularly vulnerable to occasional
disturbances and local extinction. Herbivory
can cause substantial damage to a population
that relies on reproduction by seeding. More
than 30% of the plants of D. viridis in Fancott
Meadow, which were flowering and vegetating
in 2019, were eaten by grazers. Orchid green
pods are known to be very attractive to herbivorous invertebrates (Vakhrameeva et al., 2008).
Seed production of an entire population can be
devastated by grazing activity, as we observed
in another orchid species Pogonia japonica
Rchb.f. (Tatarenko, personal observation).
The Fancott population of the species displayed a very high rate of fruiting success (Table 1). Dactylorhiza viridis rewards its pollinators with nectar. Common known pollinators
of the species are Coleoptera and Hymenoptera
(van der Cingel, 1995). Very recently, ants were
recorded carrying, on average, three pollinaria
of D. viridis on their head (Claessens & Seifert,
2018). Ant nests are a common feature of ancient meadows in the UK. Fancott Meadow accommodates several large ant nests in the area
where orchids occur. As orchids’ flower spikes
are not tall and substantially obscured by surrounding vegetation, it seems logical that the
flowers might be pollinated by insects which
do not use visual attraction to the flowers. The
ants are likely to contribute to the pollination
success of this small orchid population, however, it should be investigated further.
The pollination success is critically important for populations of D. viridis, as the species
reproduces mainly by seeds (Willems & Melser, 1998). Seeds germinate within 1–2 months,
some seeds retain their ability to germinate for
a year, but longer seed dormancy was not recorded (Tatarenko et al., 2002). In the Netherlands, the species seemed to build up sufficient
resources in mycorhizomes formed from seeds
germinated below ground. There is no data on
how long the plant takes to appear above ground
after germination. According to Willems &
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Melser (1998), on average 43% of plants produced inflorescence in the year in which they
first emerge above ground. The species is short
lived with a half-life of cohorts of between 1.0
to 2.4 years from its first appearance above the
ground (Willems & Melser, 1998).
Prolonged dormancy is not a characteristic
of D. viridis; plants were found staying dormant
occasionally and for no longer than one year
(Willems & Melser, 1998). These details of the
species life cycle explain the highly dynamic
nature of its populations, also observed in Fancott Meadow (Fig. 2). The number of plants
in year (a) relies mainly on the seed production rate in the year (a-2) or (a-3), and sparse
vegetation/ground surface availability for the
seeds to germinate in the same year. Plants of
this species form a large number of seeds: from
1472 per pod (Khomutovskii, 2012) to 2300 per
pod (Willems & Melser, 1998). However, the
probability of them landing on a ground spot
with suitable soil fungi to initiate seed germination, is very low (Tatarenko, 2002).
This explains the critical importance of site
management in keeping the vegetation sward low
and open (Willems & Melser, 1998). A sparse
vegetation cover and absence of litter are two
major requirements for the species successful reproduction. The hay-cut trial on Fancott Meadow decreased soil nutrients and sward density in
the treated plots. The dominance of Filipendula
ulmaria and grasses decreased significantly in
the cut plots. Smaller species, like Carex flacca
and Ranunculus acris L. are not strong competitors which would restrict orchid growth amongst
them. The increase of Plantago lanceolata L. and
Trifolium pratense on the cut plots suggests the
availability of bare ground and easy access of
the seeds to the ground surface. This can be obstructed by the expanding cover of Calliergonella
cuspidata Loeske, however, the presence of this
moss is season- and weather-dependent (Tatarenko, personal observation). The appearance of D.
viridis individuals in the cut areas in 2017 and
2018 indicates that the orchid population could
expand across the site if the vegetation is managed by suitable hay cuts. It would seem desirable therefore to re-introduce an annual hay cut
followed by aftermath grazing to the entire site.
Conclusions
The rare orchid species Dactylorhiza viridis forms a small population on an ancient pro-
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tected floodplain species-rich meadow in Bedfordshire, the UK. The population numbered 14
individual plants in 2019, a third of which was
devastated by herbivorous animals. Fruit production was very high in the population, which
is important as the species reproduces predominantly by seeds. A more open ground surface
and a less dense vegetation are beneficial for
the orchid population. Early hay cut trial in addition to the traditional grazing management in
Fancott Meadow indicate that this type of management would be the best option for the orchid
population conservation.
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СОХРАНЕНИЕ МАЛОЧИСЛЕННЫХ ПОПУЛЯЦИЙ РЕДКИХ ВИДОВ.
ИССЛЕДОВАНИЕ DACTYLORHIZA VIRIDIS (ORCHIDACEAE)
НА ОХРАНЯЕМОМ ЛУГУ ФАНКОТТ
В ГРАФСТВЕ БЕДФОРДШИР (ВЕЛИКОБРИТАНИЯ)
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Dactylorhiza viridis – это небольшая по размерам орхидея, чувствительная к конкуренции со стороны
густой и высокой растительности. Популяции этого вида сокращаются в Европе и Великобритании
на протяжении последнего столетия. Маленькие изолированные популяции остаются на охраняемых
территориях. Наблюдения за популяцией вида на охраняемом лугу Фанкотт в Великобритании
проводились в 2011–2019 гг. Численность особей в популяции значительно варьирует в разные годы,
однако участок, занимаемый ею, остается примерно постоянным. Плодообразование в популяции
высокое. Среди факторов окружающей среды, представляющих угрозу для популяции, можно
выделить травоядных животных и конкуренцию с высокотравной растительностью в местообитании.
В 2009 г. на лугу было отмечено значительное разрастание Filipendula ulmaria, которое негативно
сказалось на состоянии растительного сообщества в целом. Эффект от раннего сенокошения,
как дополнительной меры по регулированию растительности, был изучен на косимых участках в
сравнении с контрольными. Эксперимент показал значительное сокращение высокотравных видов,
формирование более открытого травостоя, а также общее увеличение видового разнообразия на
косимых участках. Меньшая сомкнутость луговой растительности на экспериментальных участках
предоставила возможность расселения орхидных на лугу. Регулирование растительности луга
является ключевым фактором для сохранения небольшой популяции D. viridis.
Ключевые слова: конкуренция, луг, орхидная популяция, охрана природы, плодообразование,
регулирование растительности, редкое сообщество, сенокошение
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