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Czech Republic
dAgrocampus Rennes, 35042 Rennes Cedex, France
A R T I C L E I N F O

Article history:

Received 17 February 2005

Received in revised form

3 September 2005

Accepted 21 September 2005

Available online 28 November 2005

Keywords:

Management

Mowing

Shading

Species composition

Weather effects
0006-3207/$ - see front matter � 2005 Elsevi
doi:10.1016/j.biocon.2005.09.045

* Corresponding author: Tel.: +42 604 753 397
E-mail address: pavel@entu.cas.cz (P. Kin
A B S T R A C T

For population viability analysis of endangered orchid populations, it is crucial to disentan-

gle the effects of weather and management from intrinsic orchid dynamics. When doing

this, typically several months’ average temperatures and/or sums of precipitations are com-

pared with some characteristics of plant performance. Here we tested, whether short aver-

aging intervals (1–2 weeks) are more closely correlated with orchid performance. We used 5

years of data from five Dactylorhiza majalis populations, and have shown that the improve-

ment of prediction by shortening the interval over which the temperatures are averaged or

precipitation summed, even if detectable, is only weak and not significant. This, however,

may be due to low weather variability during the study. Regarding the second aspect, the

effect of management (presence or absence of mowing), we have found that leaf area of

D. majalis at the regularly mown site was larger than that at the sites which were mown only

once in 2 years, but we did not detect a significant effect of the absence of mowing on the

incidence of flowering. Mowing can affect orchid performance in two ways: by reduced

shading of orchids and by reducing competition with other species. Therefore, we have

determined the co-occurring species associated with presence or absence of mowing and

found that shading significantly affected the length of the flower stalk, the ratio of leaf width

to leaf length at the end of the season, but did not affect seed weight and probability of flow-

ering the next year. We conclude that the most appropriate management for D. majalis is

mowing at least once a year, ideally at the end of June/beginning of July, after its fruiting.

� 2005 Elsevier Ltd. All rights reserved.
1. Introduction

The survival of populations of many European orchid species

is strongly dependent on appropriate site management, espe-
er Ltd. All rights reserved

; fax: +42 38 777 5357.
dlmann).
cially regular mowing or grazing (Waite and Hutchings, 1991;

Lind, 1992; Kull, 2002). Effect of management on orchid popu-

lations is best assessed by long-term monitoring (Wells and

Cox, 1989, 1991; Vanhecke, 1991; Willems and Bik, 1991; Falb
.
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and Leopold, 1993; Sieg and King, 1995; Gill, 1996; Inghe and

Tamm, 1988; Wells et al., 1998; Brzosko, 2002; Janečková and

Kindlmann, 2002; Jersáková et al., 2002; Kindlmann and

Balounová, 2001; Øien and Moen, 2002; Tali, 2002, etc.). How-

ever, when such data are analysed, it is crucial to disentangle

the effects of weather and management (usually mowing)

from the intrinsic orchid dynamics – which is what we concen-

trate on here.

When effect of weather is considered, usually several

months’ average temperatures and/or precipitation totals

are compared with some characteristics of plant perfor-

mance, such as percentage of flowering plants, flowering

shoot height or leaf area. Results of such studies have been

conflicting: some studies have confirmed the intuitive

assumption that weather does affect plant performance

(Wells, 1981; Firmage and Cole, 1988; Wells and Cox, 1989,

1991; Willems and Bik, 1991; Vanhecke, 1991; Wells et al.,

1998; Sieg and King, 1995; Brzosko, 2002; Janečková and Kindl-

mann, 2002), while others have not (Whigham and O’Neill,

1991; Wheeler et al., 1998; Falb and Leopold, 1993; Øien and

Moen, 2002). The problem may stem from the fact that the

weather effects on orchid behaviour may be associated with

some relatively short extreme conditions (e.g. short periods

of severe drought or frost), which may cause severe damage

to the population (Vanhecke, 1991). This raises the question

of whether the often-used temperature means and/or precip-

itation totals spanning several months are appropriate for

detecting weather influences on orchid populations. If short

periods of extreme weather matter, then they may be ob-

scured in long-term averages. Therefore, we test here the im-

pact in such analyses of the time period over which weather

variables are analysed.

Even if mowing is generally considered beneficial to the fit-

ness of meadow orchids (Kull, 2002), its occurrence does not

automatically ensure persistence of orchid populations

(Tamm, 1991). Therefore, we study here, how plant fitness is

affected by various mowing regimes. We use the total leaf

area of a plant and its flower stalk height as indicators of

plant fitness, because leaf area determines the plant’s deci-

sion to flower or remain sterile in the next year in orchids

(Wells et al., 1998; Kindlmann and Balounová, 1999, 2001)

and the amount of stored carbohydrates in the underground

storage organs for the next year (Kindlmann and Balounová,

1999), and because the height of the flower stalk is signifi-

cantly correlated with the number of flowers and ultimately

with the number of seeds in the current year (Kindlmann

and Balounová, 2001). Consequently, leaf area and flower

stalk height are closely correlated with two main fitness com-

ponents: number of seeds in the current year and the size of

the next-year’s tuber.

There are two mechanisms, how mowing can affect orchid

performance. Early mowing (usually in July, immediately after

maturation of orchid seed capsules and seed dispersal), can

suppress their competitors – dominant grasses (Willems,

1990; Lepš, 1999). Late mowing (� August, September) re-

moves the old plant biomass, thus reduces shading of orchids

in the subsequent year and increases light available for pho-

tosynthesis (Lepš, 1999). This may be especially important

for many temperate orchids species which require high light

conditions and grow early in the season (Kull, 2002). Therefore
we study here, whether both mechanisms are important in

management of our study species: which co-occurring spe-

cies are characteristic for presence and absence of mowing

and how shading affects various aspects of orchid perfor-

mance, like leaf area and shape, seed weight, and length of

the flower stalk.

We use Dactylorhiza majalis, which commonly occurs in wet

meadows in central Europe, as our study species. Although the

absolute number of extant D. majalis sites is not low, their rate

of decline is worrisome. The main reasons for this decline are

believed to include agricultural practices and the period of col-

lectivisation (transformation of small-scale private farms into

large-scale agricultural co-operatives) accompanied by large

inputs of fertilizers, drainage, conversion of meadows and

pastures into arable land and cessation of both cattle and

sheep grazing in sub-montane regions (Wotavová et al.,

2004). Thus it is not only the present number of sites, but also

the temporal trend in the number of sites that determines this

species’ ‘‘rarity’’ (Wotavová et al., 2004). Recently, attempts

have been made to restore wet meadows by blocking their

drainage and reintroducing original plant species, including

D. majalis. It is therefore important to determine, what is the

correct management regime at such sites. Therefore we make

here proposals for correct management of this species, which

is the practical contribution of this paper for conservation of

D. majalis.

2. Methods

2.1. The species studied

The western-marsh orchid (D. majalis Reichenb. Hunt et Sum-

merh) is the most abundant species in the genus Dactylorhiza

in Central Europe. The rapid decline of its natural habitats has

caused it to be considered an endangered species in the Czech

Republic (Wotavová et al., 2004). D. majalis has a broad ecolog-

ical niche and occurs in wet to damp meadows, fenlands,

wetlands and peatlands. D. majalis tolerates slightly acidic to

strongly alkaline soils (pH 5.2–8.1). Its leaves appear above

ground usually during April and last until July. The inflores-

cence contains about 30 nectarless flowers, appears in May

and June and is pollinated by bees and bumblebees. For more

details, see Wotavová et al. (2004).

2.2. Long term monitoring

Two biometric characteristics, total leaf area (estimated as

(leaf length) · (leaf width)/2 summed over all leaves) and

flower stalk height, were measured on samples of 50 plants

per population in five populations containing several hun-

dreds of individuals each (see Table 1 for site descriptions).

None of the sites was fertilized. All plants were permanently

marked by a numbered metallic plate staked to the ground

by a 100 mm stainless nail, roughly 5 cm from the plant. Mon-

itoring took place twice a year, when the plants achieved max-

imum size (once at the end of May, once at the end of June),

from 1999 to 2003. Mowing, if present, took place in July, after

fruiting (see Table 1 for years, when mowing was performed).

Meteorological data on average daily temperatures and

precipitation during the 5 years of observation were obtained



Fig. 1 – Map of our sites within South Bohemia.

Table 1 – Site description and mowing management during 1998–2003 (1 – mown, 0 – unmown); n total number of species
at the site

Site n Mowing
1998–2003

Site description

Cakov 35 010000 Wet, partially shaded meadow, with increasing litter accumulation, threatened by

Filipendula ulmaria invasion. Dominated by Juncus articulatus, Senecio rivularis and Cirsium

palustre

Milikovice 16 101010 Wet, peaty meadow with abundant Serratula tinctoria. Dominated by Carex sp., Galium

palustre and Serratula tinctoria

Ohrazeni 28 010101 Relatively dry meadow ’endangered by desiccation, with abundant Betonica officinalis.

Dominated by Betonica ojjicinalis, Cynosurus cristatus and Viciacracca

Vrbenske 21 111101 Wet meadow, rush litter accumulation. Dominated by Alopecurus pratensis, Poa trivialis, and

Ranunculus acris.

Sumava 35 000000 Wet, peaty ridges along a small stream. Dominated by Menyanthes trifoliata, Equisetum

fluviatile and Bistorta major.
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from the meteorological station at České Budědjovice. Four of

the sites are located within a 10 km radius from this station

(see Fig. 1). From these raw data we calculated average tem-

perature and summary precipitation data for 8 days, 15 days

and one- and three-monthly intervals, covering the periods

from May to October in the previous year and from March

to June in the current year.

2.3. The shading experiment

In 2002, at the beginning of April, at the site Milikovice, three

groups of 32 plants of D. majalis with flower buds were caged

individually. The cages were covered by three different types

of nylon netting: white netting, black netting, and two layers

of black netting. The white cages did not reduce light signifi-

cantly, cages covered by black netting reduced photosynthet-

ically active radiation by 50%, and cages covered by two layers

of black netting reduced photosynthetically active radiation

by 75% (measured by Li-6400, Li-Cor, USA). Vegetative plants

were excluded from the experiment.

Length and width of each leaf, total leaf area (see above),

length of the flower stalk, length of inflorescence, and the
number of flowers were measured weekly during the flower-

ing season and their maximum achieved values were used

for subsequent analyses. The ratio (leaf length)/(leaf width)

was calculated to numerically quantify the shape of the leaf.

We have hand-pollinated 20% of flowers of each of ran-

domly chosen 17 plants per group (to simulate natural polli-

nation, as the cages prevented access of pollinators). At the

end of June, when most of the capsules were ripe, average

dry weight of all seeds in a capsule was determined for three

lowest capsules for each of these plants using analytical

scales (precision 10�5 g). These plants were checked for flow-

ering once more in 2003. For each of the three experimental

groups, probability of flowering was determined as the pro-

portion of plants within the group that flowered in 2003.

2.4. Data analysis

For data-processing we considered total leaf area of the plant

and plant status (flowering or vegetative) as characteristics of

plant performance. We use the following abbreviations for the

variables: LA(t) is the total leaf area in year t, S(t) is the height

of flower stalk in year t, F(t) is plant status, where F(t) = 1, if

the plant flowered in year t, F(t) = 0 if the plant was vegetative

in year t. Prior to the analyses, all variables measured were

tested for normality and appropriate transformations used

when necessary.

To determine the influence of climatic conditions on plant

behaviour we used GLM (general linear model) models (S-plus

2000). We used leaf area and height of flower stalk as the re-

sponse variables. The predictors were sum of precipitation

and average temperature during the interval considered,

LA(t � 1), and site. The intervals considered for weather vari-

ables were: 3 months, 1 month, 15 days, and 8 days during

the period from May to October in the previous year and from

March to June in the current year. We did not include winter

months (November–February) in the analyses, as the plants

are dormant during these months. We used the GLM model

with forward selection (S-plus 2000). Only predictors explain-

ing a significant amount of variance were included in the model.

Models were tested against each other with F-tests. For mod-

elling the effects of weather conditions on flowering we used

the binomial GLM model (S-plus 2000) with flowering as

response and the same set of predictors as described above.
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Correlations between response and significant predictors

were calculated using Statistica 5.5. (StatSoft, Inc., Tulsa, USA).

We estimated the impact of mowing using ANOVA and AN-

COVA (Statistica 5.5, StatSoft, Inc., Tulsa, USA), the former with

LA(t) as a dependent variable and mowing as an independent

variable, and the latter also including LA(t � 1) as a covariable,

because LA(t) may be strongly dependent also on LA(t � 1)

(Kindlmann and Balounová, 1999). We used the binomial

GLM model for testing the effect of mowing on the proportion

of plants that flowered. As flowering can also be determined by

LA(t), we included LA(t) in the model with a step-up approach.

The influence of management on species composition was

analysed by redundancy analysis (RDA) of the phytocoenolog-

ical releves data in the program CANOCO 4.5 (Lepš and Šmil-

auer, 2003).

Effects of shading on biometric parameters at the end of

the season were tested by means of one-way ANOVA with a

subsequent Tukey HSD test (Statistica 5.5, StatSoft, Inc., Tul-

sa, USA). The effects of shading on the probability of flower-

ing the next year were tested by means of a G-test (Zar,

1984).

3. Results

3.1. Climatic conditions

Results of the GLM models with LA(t) as a response are shown

in Table 2. LA(t) was always best fitted by LA(t � 1), which

explained most of the variation (deviance reduction = 42.7%).
Table 2 – GLM for leaf area, LA(t), plant status, F(t) and height

Predicted variable Averaging interval Signific

LA(t) 3 Months +LA(t � 1)

+Precipitation –

1 Month +LA(t � 1)

+Temperature –

15 Days +LA(t � 1)

+Precipitation –

8 Days +LA(t � 1)

+Precipitation –

Plant status F(t) 3 Months +LA(t � 1)

1 Month +LA(t � 1)

15 Days + LA(t � 1)

8 Days + LA(t � 1)

Height of flower stalk S(t) 3 Months +Precipitation –

+LA(t)

+Precipitation –

1 Month +Precipitation –

+LA(t)

+Precipitation –

15 Days +Precipitation –

+LA(t)

+Precipitation –

8 Days +Temperature –

+LA(t)

+Precipitation –

Predictors considered in the model: LA(t � 1), temperatures and sums o

March to June (t), averaged over the interval indicated in the first column

coefficient. No r for F(t) given, as F(t) is a 0–1 variable.
The next best predictors differed with the length of the time

interval over which the climatic variables were averaged.

When 3 months averages were considered, the correlation be-

tween LA(t) and the next best predictor, the sum of precipita-

tions from April to June, was negative. Correlations between

the second best predictors for shorter averaging intervals

considered were always positive.

The relationship between LA(t � 1), weather variables and

the plant status, F(t) (flowering/vegetative), is also shown in

Table 2. The pattern for binomial GLM models was similar

to that of the GLM model for LA(t) – the best predictor was al-

ways the leaf area in the previous year, but in this case no

weather variables significantly affected F(t).

Height of the flower stalk, S(t), was more influenced by

weather conditions than either leaf area or flowering, as

shown in Table 2. Weather variables were the best predictor

in all cases, and two weather variables always significantly af-

fected S(t). The correlations between flower stalk height and

sums of precipitation and temperature were not all positive.

When 3 months, 1 month and 15 days averages were consid-

ered, the correlations between flower stalk height and the

best predictors (precipitation from April to June, precipitation

in August and in the first half of August in the previous year

and precipitation in June in the current year), were negative.

3.2. Impact of mowing

Leaf area, LA(t), was significantly larger at the sites mown the

previous year (F = 13.031, P = 0.0003). However, when LA(t � 1)
of flower stalk, S(t)

ant predictiors F-ratio P-level % d r

416. 5 0.000 42.7 0.654

April–June (t) 30.8 0.000 5.2 �0.113

416.5 0.000 42.7 0.654

September (t � 1) 32.8 0.000 5.5 0.167

416. 5 0.000 42.7 0.654

1st half of March (t) 33. 8 0.000 5.7 0.098

416. 5 0.000 42.7 0.654

2nd week of March (t) 35. 3 0.000 6.0 0.178

108. 1 0.000 14.8

108. 1 0.000 14.8

108. 1 0.000 14.8

108. 1 0.000 14.8

April–June (t � 1) 185.5 0.000 34.9 �0.361

75. 7 0.000 18.0 0.444

January–March (t) 11.7 0.000 3.2 0.205

August (t � 1) 143.2 0.000 29.3 �0.422

87.5 0.000 20.2 0.444

June (t) 32.7 0.000 8.7 �0.388

1st half of August (t � 1) 172.9 0.000 33.3 �0.379

76.5 0.000 18.2 0.444

2nd half of April (t) 20.4 0.000 5.6 0.108

1st week of April (t) 155.7 0.000 31.0 0.418

76.8 0.000 18.2 0.444

3rd week of April (t) 32.6 0.000 8.7 0.164

f precipitation in the period from March to October (t � 1) and from

. % d means percentage of decreased deviation, r means correlation



Fig. 2 – Leaf area with standard error between years and

sites.

Fig. 3 – Height of flower stalk (t) at individual sites.
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was used as a covariable in ANCOVA, this difference disap-

peared (F = 0.189, P = 0.6631). The differences in LA(t) between

sites are also evident in Fig. 2 and Table 3. In Fig. 2, LA(t) at one

of the sites mown every other year (Milikovice) is not different

from that of the unmown sites (Cakov, Sumava) in any year

(see also Table 3), while LA(t) at the other site mown every

other year (Ohrazeni) is clearly the smallest and LA(t) at the

regularly mown site Vrbenske is always the largest, except

in 2003, which followed a year of no mowing. Similarly, there

is a difference between sites in the height of the flower stalk

(Fig. 3, Table 3).

We used the binomial GLM model to investigate the impact

of mowing on plant status, F(t). To eliminate the impact of
Table 3 – ANOVA – summary of all effects and post hoc compa

df

Height of flower stalk (t) Year 4

Site 3

Yeara Site 12

Leaf area (t) Year 4

Site 4

Yeara Site 16

Leaf area (t) – Year 1999 2000

ab c

Mean 3550 3971

Leaf area (t) – Site Cakov Milikovice

cd bc

Mean 4096 3716

Height of stalk (t) – Year 1999 2000

c c

Mean 359 372

Height of stalk (t) – Sitea Cakov Milikovice

b a

Mean 326 296

In each row, significantly different values are indicated by different lette

a The site Ohrazeni is not included, as there were no flowering individu
plant size on plant status (see Table 2), we included leaf area

as a predictor in the model. This resulted in 15.1% of de-

creased deviation (F = 110.5, P = 0.00). However, the addition

of mowing as another predictor caused a decrease in the devi-

ance of only 0.1% (F = 0.676, P = 0.41), which means that mow-

ing did not influence the plant status.

3.3. Two aspects of mowing – plant shading and affecting
species composition

Fig. 4 shows results of RDA regarding the impact of mowing

on the composition of other species at the sites. There is a

high species-environment correlation (0.919) on the first (hor-

izontal) axis, but the second (vertical) canonical axis ex-

plained most of the variability (53.2%, compared to 20.7% for
risons

F P

60.7 0.00000

7.1 0.000104

6.2 0.000000

7.8 0.000003

37.9 0.000000

3.7 0.000001

2001 2002 2003

bc a a

3838 3208 3110

Ohrazeni Vrbenske Sumava

a d b

2174 4392 3298

2001 2002 2003

c b a

357 262 211

Vrbenske Sumava

b a

332 295

rs (P < 0.05, Tukey HSD test).

als here in some years.



Fig. 4 – RDA ordination diagram showing species (arrows)

composition and sites (centroids) in relation to mowing

(species relative cover increases in the direction of arrows).

See appendix for abbreviation of plant names. Test of all

canonical axes was not significant (F = 0.784, P = 0.664).

Legend: Acetprat – Acetosella vulgaris; Agrostol – Agrostis

stolonifera; Alopprat – Alopecurus pratensis;

Angesilv – Angelica silvestris; Anthodor – Anthoxanthum

odoratum; Brizmedi – Briza media; Betooffi – Betonica

officinalis; Bistmajo – Bistorta major; Carexsp - Carex sp.;

Cirspalu – Cirsium palustre; Caltpalu – Caltha palustris;

Cynocris – Cynosurus cristatus; Creppalu – Crepis paludosa;

Dactmaja – Dactylorhiza majalis; Desccesp – Deschampsia

cespitosa; Dactfuchs – Dactylorhiza fuchsii;

Equipalu – Equisetum palustre; Equifluv – Equisetum fluviatile;

Equisylv – Equisetum sylvatica; Equiarve – Equisetum arvense;

Festprat – Festuca pratensis; Festrubr – Festuca rubra;

Galiulig – Galium uliginosum; Galipalu – Galium palustre;

Galimolu – Galium molugo; Hierasp – -Hieracium sp.;

Holcmoll – Holcus mollis; Hypemacu – Hypericum maculatum;

Juncarti – Juncus articulatus; Junceffu – Juncus effusus;

Lathprat – Lathyrus pratensis; Lysivulg – Lysimachia vulgaris;

Luzucamp – Luzula campestris; Mentarve – Mentha arvensis;

Menytrif – Menyanthes trifoliata; Molicaer – Molinia caerulea;

Phytnigr – Phyteuma nigra; Planlac – Plantago lanceolata;

Poaprat – Poa pratensis; Poatriv – Poa trivialis;

Poteerec – Potentilla erecta; Poterept – Potentilla reptans;

Ranuacri – Ranunculus acris; Ranuauri – Ranunculus

auricomus; Ranurepe – Ranunculus repens;

Sangoffi – Sanguisorba officinalis; Scirsilv – Scirpus

silvaticus; Succprat – Succisa pratensis; Scorhumi – Scorzonera

humilis; Senerivu – Senecio rivularis; Serrtinc – Serratula

tinctoria; Stelgram – Stellaria graminea; Verocham – Veronica

chamaedrys; Vicicrac – Vicia cracca; Violpalu – Viola

palustris.
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the first axis). The two sites that were mown every other year

(Ohrazeni and Milikovice) are on the right of the figure, the

two unmown sites (Cakov, Sumava) on the left, and the
regularly mown Vrbenske site at the middle. So the first (hor-

izontal axis) seems to represent the effect of mowing.

Shading significantly affected the length of the flower stalk

and the ratio of leaf width to leaf length at the end of the sea-

son (Tukey HSD test, Table 4). Flower stalks of the shaded

plants were longer and their leaves were more elongated (Ta-

ble 4). Shading did not significantly affect the inflorescence

length, number of flowers, total leaf area or average weight

of seed per capsule (Tukey HSD test, Table 4, Fig. 5).

The probabilities of flowering in the following season were

0.76, 0.94 and 0.88 for the control, moderately shaded and

heavily shaded groups respectively. G-test did not reveal any

significant differences between the groups in the probability

of flowering (Gadj was 2.03 for control vs. moderate, 0.76

for control vs. heavily and 0.32 for moderate vs. heavily

shaded groups, while the critical v2 at the 5% significance level

is 3.84).
4. Discussion

4.1. Climatic conditions

In all models, leaf area in the previous year was always by far

the best predictor of the leaf area in the current year – much

better than any of the climatic variables considered. This is in

accord with many previous studies (Kindlmann and Balou-

nová, 1999, 2001; Janečková and Kindlmann, 2002 and refer-

ences therein) and implies that last year’s leaf area affects

the current year’s leaf area via carbohydrates stored as re-

serves in the tubers (Kindlmann and Balounová, 1999). Thus

leaf area in D. majalis is a stable, relatively weather-indepen-

dent characteristic of each plant. Weather can, however,

affect the average leaf area and other biometric characteris-

tics of the whole population, as shown here and in many

other studies.

We expected that the 1- or 3-months average temperatures

or sums of precipitation commonly used in studies of the rela-

tionship between weather and orchid performance (Carey

et al., 2002; Øien and Moen, 2002; Wells, 1981; Wells et al.,

1998; Wheeler et al., 1998, etc.) may be too long to assess this

relationship correctly, because short periods of severe drought

or extreme temperatures may have a large effect on orchid

performance (Vanhecke, 1991, implicitly also Tali, 2002 and

many others). This suspicion was only very weakly supported

by our results for both leaf area and height of the flower stalk.

That is, in Table 2, for both LA(t) and S(t), the percentage of de-

creased deviation caused by weather factors (one significant

factor for LA(t) in Table 2 and sum of two significant factors

for S(t)) was consistently, but not significantly, increased with

decreasing length of the interval, over which the weather val-

ues were averaged. This may be because weather was not var-

iable enough during our study period. Thus we can conclude

that if the extreme events are rare, then the improvement of

prediction by shortening the interval over which the tempera-

tures are averaged or precipitation summed, even if detect-

able, may be only weak or even not significant.

We can only hypothesize about the biological explanation

for the significant effects of particular weather conditions on

leaf area and/or height of the flower stalk.



Table 4 – Means + SD of biometric parameters in groups differing in the degree of shading

Control Moderate shading Heavy shading

Stalk length (mm) 269 ± 69a 299 ± 60ab 326 ± 55b

Inflorescence length (mm) 67.1 ± 14.1a 63.3 ± 14.2a 60.2 ± 14.1a

Number of flowers 18.8 ± 5.8a 18.7 ± 5.1a 18.3 ± 5.9a

Total leaf area (mm2) 5729 ± 2068a 6759 ± 1923a 6521 ± 2063a

(Leaf length)/(leaf width) 3.84 ± 0.59a 4.38 ± 0.75b 4.6 ± 0.79b

Average seed weight (mg) 0.009 ± 0.004a 0.007 ± 0.003a 0.007 ± 0.003a

In each row, significantly different values are indicated by different letters (P < 0.05, Tukey HSD test). Each group consisted of 32 plants.
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• One possible explanation for the negative effect of the sum

of precipitation from April to June on both leaf area and

height of flower stalk may be that this sum can possibly

affect growth of co-occurring plant species, thus increasing

interspecific competition and negatively affecting growth of

D. majalis.

• The end of August and September is the period for new root

formation (Leeson et al., 1991) and reinfection of roots by

mycorrhizal fungi (Hadley, 1982) in D. majalis; leaves cease

to grow in June (Kindlmann and Balounová, 1999). This

may account for the positive correlations between orchid

performance and temperature and/or precipitation during

these periods when the 1-month averaging intervals were

used.

• March precipitation may affect the initiation of leaf growth,

while April precipitation may affect the initiation of flower

stalk growth, which is only slightly behind leaf growth

(Kindlmann and Balounová, 1999). At these times, the plants

can suffer from a lack of water availability, especially if the

soil is still frozen. In August, the flower buds for the next

year are formed (Leeson et al., 1991). This may account for

the correlations found in the short (15- and 8-days

intervals).

Clearly, additional experiments are needed to support

these speculations.
To put our results into context with other literature: Tali

(2002) noticed considerable fluctuation of plant height

between years that was greater than differences between

populations or subspecies of Orchis ustulata. The fluctuations

were attributed to spring weather. Wells and Cox (1991)

found a positive correlation between flower spike height

and summed precipitation in the periods August–September

of the previous year and March–July of the current year. If

our results can be generalized, than it is early spring (and

maybe August) precipitation that plays an important role

(Table 2). We found that the incidence of flowering is influ-

enced by leaf area, rather than by weather conditions,

which is in accord with other results (Dijk and Olff, 1994;

Wells and Cox, 1989; Whigham and O’Neill, 1991; Willems

and Dorland, 2000), but in contradiction to Wells et al.

(1998).

4.2. Impact of mowing

It has been shown that infrequent mowing (e.g. less than

once every 2 years) may lead to sub-optimal performance

of orchid populations (Jersáková et al., 2002; Janečková

et al., 2005). Increased nitrogen depositions via atmospheric

pollution or fertilizer addition compound the problem (Sil-

vertown et al., 1994; Bobbink and Willems, 1987). Generally

speaking, mowing favours smaller species while suppressing

the dominant grasses (Lepš, 1999). The performance of

orchid populations seems to be determined by light avail-

ability and competition with the surrounding vegetation

(Dorland and Willems, 2002; McKendrick, 1996; Willems

et al., 2001). In our study, leaf area at the regularly mown site

Vrbenske was larger than that at the sites which were mown

only once in 2 years, with the exception of 2003, following a

year when Vrbenske was not mown (Fig. 2). This indicates

that mowing every year appears necessary to maintain the

large size, even if for maintenance of a stable population

mowing once in two years may be sufficient (see also Wota-

vová et al., 2004).

We did not detect a significant effect of the absence of

mowing on the incidence of flowering in D. majalis, contrary

to Jersáková et al. (2002). However, at the site Vrbenske, which

was not mown in 2002, the percentage of vegetative plants in-

creased from 62% in 2002 to 100% in 2003. The absence of a

general trend might be due to the irregular mowing regime

and large differences in species composition between sites

(see Fig. 3).
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4.3. Two aspects of mowing – plant shading and affecting
species composition

Fig. 5 shows that both unmown sites (Cakov and Vrbenske)

are dominated by tall broad-leaved herbs (Angelica silvestris,

Cirsium palustre, Mentha arvensis, Phyteuma nigra, Senecio rivu-

laris), robust sedges (Scirpus silvaticus) and rushes (Juncus artic-

ulatus and J. effusus), while regularly mown sites are

dominated by minute herbs (Acetosella vulgaris, Galium palus-

tre, Luzula campestris, Plantago lanceolata, Ranunculus auricomus,

Stellaria graminea). As tall and dense vegetation can strongly

compete with orchids (Jersáková et al., 2002), it is clear that

mowing might influence orchid performance at the sites via

its effect on species composition.

Shade-tolerant plants often grow bigger leaves and in-

crease their photosynthetic efficiency in order to deal with

the decreased rate of photosynthesis, and thus manage to

maintain high levels of photosynthesis (Stoneman and Dell,

1993; Wiebel et al., 1994; Messier and Puttonen, 1995; Marenco

et al., 2001). Our results demonstrate that in D. majalis shading

caused elongation of the flowering stalk and of the shape of

the leaves at the end of the season. The latter was associated

with a slight, statistically non-significant enlargement of the

leaf area. All this indicates that the plants tend to ‘‘escape’’

from the shade. Similar results regarding leaf area and shape

were obtained by Willems et al. (2001) on Spiranthes spiralis

and by McKendrick (1996) on seedlings of Orchis morio and

Dactylorhiza fuchsii. Willems et al. (2001) hypothesize that

the growth of both flower stalk and leaves depend on under-

ground stored resources.

We found that shading itself did not affect the probability

of flowering of a plant in the following season, however. One

would expect that shading would negatively affect plant pho-

tosynthesis, which would be translated into smaller storage

organs and lower probability of flowering of a plant in the fol-

lowing season. This is what Willems et al. (2001) observed on

S. spiralis. Our results do not support this expectation. Thus D.

majalis is probably a quite shade-tolerant plant.

4.4. Conservation implications

The long persistence of plant populations is primarily deter-

mined by their vital rates (i.e. recruitment, death and growth

rates). As disturbances (such as mowing) may affect each rate

differently, it is essential to investigate different stages of the

life cycle, and the effects of management on each life cycle

transition and the overall population growth rate. This has

mostly been done by matrix transition models. In addition,

the use of life table response experiments (LTRE) and stochas-

tic matrix models allows resolving the life cycle transitions

that are most important in determining population growth

rates and determining the ideal management interval for long

term survival of the species (e.g. Oostermeijer, 2000). Clearly,

this supposes data that have been gathered for multiple years

and for each life cycle stage. In this study, we adopted a differ-

ent, less data demanding approach, based on following the

fate of individual plants.

It is clear from the literature that if population viability

analysis of endangered orchid populations is performed, cli-

matic parameters should be included, if possible, as 1–2
weeks’ averages, especially if extreme climatic conditions

are present during the period studied. However, our results

indicate that the improvement of prediction by shortening

the interval over which the temperatures are averaged or pre-

cipitation summed, even if detectable, may be only weak or

even not significant.

Sections 3.2 and 4.2. indicate that the most appropriate

management for D. majalis is mowing at least once a year.

Other authors suggest that ideally, the meadows or pastures

with D. majalis should be mown after its fruiting at the end

of June/beginning of July, to reduce the abundance of

grasses (Lepš, 1999), and then once more in September, to

remove the old biomass before the next season. For the

same reasons, when only one mow can be performed for

financial reasons, the best time is August/September. Mow-

ing may be less frequent on peat bogs, where the soils are

naturally less fertile (our personal observation during this

study).

Characteristics of our study sites given in Table 1 indicate

that the water regime required by D. majalis (a high moisture

regime) must be ensured. This means that drainage of

meadows should be avoided, and provision of small dams

may be necessary to avoid drying of the site in spring. The

incursion of eutrophic water from adjacent fields (and there-

fore site fertilization) should be prevented. Springs and peat

bogs may often be damaged by wild pig grazing of tubers or

roe deer grazing of shoots (our personal observation during

this study). If this is the case, then fencing the sites may

help.

It has to be admitted, however, that many examples exist

in which populations of various Dactylorhiza species (D. fuchsii,

D. maculata, D. majalis, D. incarnata) maintain their size and

‘‘survive’’ for many years even without management. Sudden

explosions in population size may occur, often a few years

after management (mostly mowing) is started (Hamel, 1977;

Hermy and Vanhecke, 1989; Reinecke, 1982, 1988), when

new open areas are created (Richardson, 1957), or after a

disastrous event such as flooding (Vanhecke, 1991). Thus for

survival of Dactylorhiza species, lack of management spanning

several years may not be fatal. However, for optimal perfor-

mance, regular yearly mowing, especially late in the season,

is necessary. Expansion of grasses has to be controlled for,

and – if detected – early (just after orchid fruiting) mowing

can act against it.
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Kindlmann, P., Balounová, Z., 1999. Energy partitioning in
terrestrial orchids – a model for assessing their performance.
Ecol. Modelling 119, 167–176.
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Lind, H., 1992. Förekomst,beståndsutveckling och fruktsättning
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