
Introduction

Throughout Europe, there is a decline in the extension of

semi-natural calcareous grasslands; though these ecosystems

are rich in species, they are threatened by the abandonment

of traditional management practices (Sebastià et al. 2008). It

is largely recognised that as a consequence of pasture aban-

donment, tall grasses tend to dominate the plant community

through specific plant traits such as tall canopies, extensive

lateral spread, litter deposition, and capacity to project shoots

through litter and herbaceous cover (Al-Mufti et al. 1977, Sy-

des and Grime 1981a,b, Grubb et al. 1982, Campbell et al.

1992), thus influencing the availability of soil nutrients and

light at ground level (Bobbink et al. 1988, Wedin and Tilman

1990, Wedin and Pastor 1993, Vinton and Burke 1995). One

of the most widespread dominant grass genera in Europe is

Brachypodium. Many studies in central and northern Europe

have emphasized the role of Brachypodium pinnatum and

noted the conservation problems related to its invasion, espe-

cially the threat to species diversity (Crofts and Jefferson

1994) through processes of competition (During and

Willems 1984, Bobbink and Willems 1987). It was demon-

strated that the competitive ability of B. pinnatum is en-

hanced when nitrogen levels increase (Bobbink et al. 1988,

Bobbink and Willems 1991, Willems et al. 1993). In the UK,

B. pinnatum spread is primarily due to reduction in grazing

pressure (Wilson et al. 1995, Buckland et al. 2001), while in

the Netherlands, site management contributes to its increase

(Bobbink and Willems 1988, 1991). On the other hand, in

Hungarian dry grasslands this species does not seem to dem-

onstrate an aggressive behaviour in unmanaged systems

(Endresz et al. 2005).

In the Italian peninsula, B. pinnatum is substituted by

Brachypodium rupestre in the sub-Mediterranean hills, and

by Brachypodium genuense (whose taxonomic status was in-

dicated by Lucchese 1988) in the Apennine ridge over 1300-

1400 m a.s.l. Both have features of dominant species, such as

large dimensions, strong capacity of vegetative reproduction

(with remarkable lateral spreading), growth from basal mer-

istems, and high phytomass production (Lucchese 1987,

Camiz et al. 1991). Because their leaves have silica and hairs,

they also are poorly palatable species (Roggero et al. 2002)

and thus are not eaten by sheep and cattle in under-grazed

farming systems. This promotes their invasion in calcareous

grasslands (Catorci et al. 2008).

While several studies have examined the effects of B. ru-

pestre invasion in the Apennines (Bonanomi and Allegrezza

2004, Bonanomi et al. 2006, 2009), none have focused on

invasion by B. genuense. Furthermore, in Europe, many con-

tributions have analysed the causes for invasion by the

Brachypodium sp. pl., but very little is known about changes

of habitat at the local scale due to their invasion. To date, no

studies have been done to analyse how phenological charac-

teristics of the Brachypodium genus affect the floristic com-

position of a plant community, though it is known that phe-

nological studies are important for understanding species

interactions and community functions as well as the ones

concerning the spatial aspects (Fenner 1998).

Taking into consideration these issues, the present paper

evaluated abiotic and biotic changes due to the cessation of

management in sub-Mediterranean mountain meadows. The

research goals were: i) to examine changes in aboveground
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productivity, litter production, and cover value of B. genu-

ense in meadows with or without disturbance (mowing); ii)

to assess whether variation in soil features occurs; iii) to an-

alyse plant diversity patterns at different scales and at differ-

ent phenological phases and to relate the results with B. genu-

ense phenological phases; iv) to identify the plant functional

traits that improve or diminish the competitive ability of spe-

cies in plots dominated by B. genuense.

Materials and methods

Study area

The study area, the Prati di Ragnolo (43°01’49’’ N,

13°13’30’’ E), is located at about 1450 m a.s.l in the northern

part of the Sibillini Mountains National Park (central Italy)

and is characterized by a limestone substratum. The land

forms have intermediate relief-energy (15-20°) in northern-

facing slopes. Soils are Typic/Lithic Haplustoll loamy mesic

with OiAC profile, and soil depth ranges between 40 cm and

50 cm. Texture tends to be sandy with fine siliceous skeleton

(5-8%) and the soil water-regime is ustic/udic (Pieruccini

2007).

From a bioclimatic point of view, this area is part of the

temperate region and is characterized by four months with

mean minimum temperatures below 0°C, with possibility of

strong frosts from October to the end of March. There is a

short period of water scarcity (drought stress) in July, and the

growing season lasts 120-150 days, between May and Sep-

tember. Annual rainfall is about 1400 mm, while the sum-

mertime average is 240 mm; mean annual temperature is

7.3°C (Catorci et al. 2007a).

The study area has been marked by traditional pastoral

practices for centuries, with hay mowing at the end of June,

followed by sheep and cattle grazing, but in recent decades,

these practices have been largely abandoned (Foglia et al.

2007). Currently, the meadows in the study area have either

been abandoned for 20-25 years or are mown once in July.

The mown and abandoned stands are often adjacent, with the

same slope and aspect but different size (ranging from 0.5 to

5 ha). From a phytosociological point of view, they are re-

spectively related to the Filipendulo vulgaris-Trifolietum

montani (Catorci et al. 2007b) and Nardo strictae-Brachypo-

dietum genuensis associations (Catorci et al. 2008).

Data collection

Since the distribution of the two management conditions

in the study area is patchy, five patches that are mown once

a year and five abandoned patches (for 20 years) were cho-

sen; within each patch, data sets were collected from ran-

domly defined plots equally distributed between the two

management regimes.

In order to ascertain the difference in B. genuense above-

ground productivity and litter production between the two

management conditions, circles with a surface of 20 cm
�

were defined where B. genuense cover value was about

100%. Green phytomass was cut on June 13
��

and July 29
��

to assess aboveground productivity, while dead matter was

collected on November 15
��

, 2009, to evaluate litter produc-

tion. All samples (90) were oven-dried at 90° C (Gratani et

al. 1999) to obtain dry matter (g).

In order to analyse the soil characteristics, ten samples

were taken in the field for each management condition. Each

sample was a mixture of soil collected in five locations inside

a 10 m ×10 m plot at depths ranging from 10 to 30 cm. The

soil parameters considered were organic carbon (g kg
��

), am-

monium N (mg kg
��

), nitric N (mg kg
��

), mineral N (mg kg
�

�
), exchangeable K (mg kg

��
), assimilable P (mg kg

��
) and

carbon/nitrogen ratio (C/N). Soil samples were analysed by

the Marches Region agrochemical analysis and research

laboratories according to the methodological standards es-

tablished by Italian ministerial decree 13/09/99. Other soil

features measured were pH (using a pH meter), temperature

(°C) and moisture (%) (using a humidity and temperature

probe meter). These data were collected on five dates (T1:

May 22
��

, T2: June13
��

, T3: July1
��

, T4: July 29
��

and T5:

October 5
��

, 2009), with fifty measurements for each man-

agement type at 10 cm depth, for a total of 500 samples.

To analyse the plant diversity pattern in both manage-

ment conditions, the species cover value (%) and the number

of flowering shoots of each species in bloom were recorded.

Six spatial scales (0.5 m
�
, 1 m

�
, 2 m

�
, 4 m

�
, 8 m

�
, 16 m

�
)

were examined, as were five dates (T1: May 22
��

, T2: June

13
��

, T3: July 1
��

, T4: July 29
��

and T5: October 5
��

, 2009).

For both management types, 20 relevés were taken at each

spatial scale and on each date, so that for each management

type 600 relevés were taken (1200 in all).

The survey of species cover values (%) was conducted

on only T3 (July1
��

) at the 16 m
�

scale. The phenological

stage of B. genuense was evaluated considering the following

phases: beginning of vegetative growth, vegetative growth,

flowering, fruiting, beginning of leaf yellowing, and full drying.

Data analysis

In order to verify whether there are significant differ-

ences between the management conditions, mean cover val-

ues (%) with standard error were calculated for B. genuense.

Then, aboveground phytomass and litter production of man-

aged and abandoned meadows (with a normal distribution of

data) were compared through independent t-tests. For the

same purpose, chemical and physical soil parameters (with a

normal distribution of data) were also compared through in-

dependent t-tests.

For each management condition, mean flowering species

number and mean number of shoots for each of them were

calculated at each spatial and temporal scale, and then, inde-

pendent t-tests were performed in order to ascertain whether

there were statistical differences between them. The percent-

age of species in bloom common to both management re-

gimes at each considered date was calculated as well. In ad-
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dition, shifts in the date of species flowering peak for each

management condition were analysed.

In order to assess the species richness and floristic diver-

sity of the mown and abandoned conditions, Shannon-Wie-

ner diversity (H’) and Evenness (E) indices were evaluated

(Magurran 1988); the frequency was calculated using the

mean cover value of each species on the total cover of the

community at the 16 m
�

spatial scale. To quantify the plant

community similarity between the two treatments, the Søren-
sen index (Magurran 1988) of community similarity (CC)

was calculated out using the phenological relevés for each

spatial and temporal scale.

To identify differential species between the two treat-

ments, PCA (Principal Component Analysis) and the Mann-

Whitney U-test were used. PCA was performed (one for each

date: T1, T2, T3 and T4) on relevés at 16 m
�

plots × species

matrix, based on the centered method (Euclidean biplot). The

Mann-Whitney U-test was performed on phenological

relevés at 16 m
�

for each flowering date (T1, T2, T3, and T4;

in T5 flowering species were not present) to test whether spe-

cies in the two management conditions had significant differ-

ences in the number of blooming shoots.

Further elaborations were done on a list of differential

species between the two treatments, identified by PCA and

Mann-Whitney U-test results. Particularly, only the species

indicated by PCA and having a statistical difference in the

number of flowering shoots between the two management re-

gimes (as ascertained by the Mann-Whitney U-test) were

considered. Differences in the number of flowering shoots

and in the average cover values were compared for each dif-

ferential species.

Moreover, for each of them the percentages of occur-

rence of some plant functional traits and strategies were as-

sessed (runner, storage organs, ability to form patches, flow-

ering before or together/after B. genuense, and greater or

lesser height than B. genuense). To this end, information in

the literature (Pignatti 1982, Klotz et al. 2002, Klimešová and

Klimeš 2006) and field observations were used.

Independent t-tests and Mann-Whitney U-tests were per-

formed using SPSS 13.0 software (2005), while PCA was per-

formed using the SYN-TAX 2000 package (Podani 2001).

Results

Brachypodium genuense features

B. genuense cover value (%) is higher in the abandoned

grassland (86.58 ± 5.52) than in the mown area (17.5 ±

12.79). The aboveground phytomass and litter of B. genu-

ense (Table 1) are always greater in the abandoned than in the

mown plots. Differences revealed by these comparisons are

statistically significant (p<0.001).

From a phenological point of view, B. genuense starts

vegetative growth in May. Most individuals (90%) reach full

flowering in July, and then begin fruiting and seed produc-

tion. In November, all individuals are fully dried.

Abiotic features

Independent t-tests highlight many significant differ-

ences between mean values of the soil parameters (Table 2).

The most relevant differences concern pH (p<0.001) and

C/N (p<0.01). pH is acid in both conditions, but in the aban-

doned meadow the value is lower, while C/N is higher here.

Soil parameters with significant differences (p<0.05) are or-

ganic carbon and exchangeable K. Assimilable P, nitric and

mineral N do not show significant differences between the

two treatments, while ammonium N was undetectable in the

mown plots because of its low concentration (<0.1 mg kg
��

).

Soil temperature measurements (Table 3) indicate that

the abandoned meadows have lower values than the mown

ones on each date examined. Independent t-test indicates that

T5 was the only date when the mean soil temperature values

are not significantly different.

Independent t-test outcomes (Table 3) show that the soil

moisture values on T1 (May 22
��

) are not significantly dif-

ferent between the two management types. On T2 (June13
��

),

T3 (July 1
��

), and T5 (July 29
��

), high and significant differ-
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ences were demonstrated (p<0.001), while on T4, there was

a less significant difference (p<0.05).

Floristic diversity

On dates T1, T2, T3, and T4, 90 flowering species were

observed in the mown plots, 17 of which were not seen in the

abandoned ones; 11 of these 17 species has a low frequency

(≤ 30%).

The outcomes of Shannon diversity (H’) and Evenness

(E) indices point out that the mown condition has higher flor-

istic diversity (H’=3.50) and that species are more homoge-

neously distributed (E=0.79). The abandoned meadow has

lower floristic diversity (H’=2.67) and the species are less

equally distributed (E=0.59).

The outcome of the Sørensen index of community simi-

larity (CC) between the two treatments is reported in Table

4. The Sørensen mean value indicates that the highest

number of common species between the two management

conditions is on T2, while on T3 this number reaches the low-

est value.

As shown in Figure 1, the richness of flowering species

in the mown area is higher at every spatial and temporal

scale. At the 16 m
�

scale, the abandoned plots have a lower

number of flowering species than the mown condition (Table

3) on every date. Differences are statistically significant at all

dates except T2.

A majority of species (58%) has a higher number of

flowering shoots in the mown area; 22% has a higher number

in the abandoned meadow, and 20% has a similar or constant

number of flowers in the two situations (differences lower

than 10%). A reduction in the total number of flowering

shoots was observed from mown plots (26.78) to abandoned

ones (15.36).

Concerning the shifts in flowering peak, seven species

have a delay in the abandoned plots (Avenula praetutiana,

Brachypodium genuense, Danthonia alpina, Deschampsia

flexuosa subsp. flexuosaa, Festuca sp. pl., Koeleria cristata

and Polygala alpestris).

The percentage of flowering species common to the two

management conditions is 57% on T1. It increases on T2

(80%) and decreases on both T3 (53%) and T4 (46%).

The PCA outputs are shown in Figures 2, 3, 4 and 5. At

each date some species emerged as differential of one type of

treatment. The differential species of the mown condition

are: Anemone ranunculoides, Anthoxanthum odoratum

subsp. odoratum, Carex caryophyllea, Carex macrolepis,

Dactylorhiza sambucina, Luzula multiflora, Luzula sylvatica

subsp. sieberi, Narcissus poeticus, Plantago lanceolata, Po-

tentilla rigoana, Ranunculus breyninus, Ranunculus pol-

linensis and Viola eugeniae subsp. eugeniae (T1). Armeria

canescens, Avenula praetutiana, Festuca sp.pl., Lotus corni-
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culatus subsp. corniculatus, Plantago atrata subsp. atrata,

Polygala alpestris, Senecio sp. pl., Thesium linophyllon and

Trifolium montanum subsp. rupestre (T2). Briza media,

Cynosurus cristatus, Festuca sp. pl., Galium anisophyllum,

Galium verum subsp. verum and Trifolium pratense subsp.

pratense (T3). Agrostis capillaris, Asperula cynanchica,

Campanula micrantha, Cynosurus cristatus, Dianthus mon-

spessulanus, Galium verum subsp. verum and Leucantheum

adustum (T4) .

Differential species of abandoned condition are: Cru-

ciata glabra (T1). Agrostis capillaris, Bellardiochloa vari-

egata subsp. variegata, Brachypodium genuense, Cerastium

arvense subsp. sufruticosum, Cruciata glabra s.l. and Poa al-

pina (T2). Brachypodium genuense and Deschampsia flexu-

osa subsp. flexuosa (T3). Achillea millefolium, Betonica of-

ficinalis and Sedum rupestre subsp. rupestre (T4).

The Mann-Whitney U-test applied to the whole dataset

of phenological relevés indicated that 39 species are differ-

ential in terms of the number of flowering shoots (p<0.05)

between the mown and abandoned conditions (Table 5). Five

of these species have a higher number of flowering shoots in

the abandoned meadow, while 34 have a higher number in

the mown condition. Table 5 also shows the cover values of

each differential species in both treatments. Most of these

have both a lower number of flowering shoots and a lower

average cover value in abandoned condition. Seven species

(Agrostis capillaris, Campanula micrantha, Carex

macrolepis, Galium anisophyllum, Galium verum subsp.

verum, Rumex acetosa subsp. acetosa, Trifolium pratense

subsp. pratense) show the opposite trend, that is, the number

of flowering shoots decreases while the average cover value

increases. Five species (Bellardiochloa variegata subsp.

variegata, Brachypodium genuense, Cruciata glabra,

Deschampsia flexuosa subsp. flexuosa, Sedum rupestre

subsp. rupestre) have a higher value both for the number of

flowering shoots and for the average cover.
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Integrating the results of PCA and the Mann-Whitney U-

test, 36 species emerged as differential between the two man-

agement regimes (they are the same species indicated by the

Mann-Whitney U-test except for Gymnadenia conopsea,

Myosotis alpestris and Rumex acetosa subsp. acetosa).

Assessment of the functional traits of the 36 differential

species indicated differences in trait composition. Species

with the higher number of flowering shoots and/or higher av-

erage cover value in the abandoned meadow are charac-

terized by the presence of runners, the ability to form patches,

and flowering at the same time as B. genuense or later, while

species with a lower number of flowering shoots and/or

lower average cover value in the abandoned condition have

storage organs, lower height than B. genuense, and early

flowering strategy (Table 6).

Discussion

The absence of disturbance benefits B. genuense, as seen

in a clear increase of its cover value, aboveground phy-

tomass, and litter deposition in the abandoned meadows.

This is consistent with the findings of many authors (e.g.

Bobbink and Willems 1987, Andersen et al. 1990, Grime

2001, Huhta et al. 2001, Bonanomi and Allegrezza 2004) on

how abandonment affects dominant tall species. These

changes have strong effects on community structure (Hurst

1997, Xiang and Nilsson 1999). Litter can reduce seed ger-

mination, establishment of individuals (Silvertown 1980,

During et al. 1985, Bergelson 1990, Eriksson 1995), and

growth of established plants (Facelli and Pickett 1991). Fur-

thermore, dominance of tall grasses alters the light intensity

at ground level (Hurst and John 1999), and the intensified

competition for light (Abrams 1995) drives the competitive

exclusion of small species (Grime 2001), as also highlighted

by our findings. Our data also indicate that soil temperature

is constantly lower in the abandoned plots (a difference of

about 2° C), while moisture is higher in the mown area, ex-

cept in early spring. The lower soil temperature values in the

abandoned meadows are due to the litter layer and the

shadow of B. genuense leaves (Beatty and Sholes 1988).

Probably, these lower temperatures cause the shifts in flow-

ering peak of some Gramineae (from period T2 to T3 or T4)

because of the delay in onset of nitrifying bacteria activity

and then of plant tissue growth (Bonan 2008). In fact, this

group of species is mainly devoid of storage organs and has to

re-form photosynthetic tissue after its loss during the winter.

Concerning soil moisture, in the first date the values do

not show significant differences between the two manage-

ment conditions, probably because of soil saturation from

snow melt and spring rainfall. Moreover, B. genuense indi-

viduals are not growing yet in this period. In the other dates,

though, there are higher values in the mown condition. These

findings are probably due to the high photosynthetic activity

of B. genuense; in fact, in these periods B. genuense individu-

als are mostly in the “vegetative growth” and “flowering”

phenological phases. Thus, it is probable that a large amount
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of water is drawn from the soil while a progressive drought

stress is acting in the system because of the late spring and

summer decrease in rainfall. Also litter deposition could af-

fect soil water dynamics (Knapp and Seastedt 1986). Prob-

ably the reduced availability of water contributes to the in-

crease of species such as Sedum rupestre subsp. rupestre and

Carex macrolepis, which prefer dry environments and arid

soils (Pignatti 2005).

Regarding changes in soil chemical parameters, findings

about pH shift (a slight soil acidification was demonstrated) are

consistent with those of Markham et al. (2009). It is well known

that pH value near or lower than 5.0 is a strong stress factor

(Roem and Berendse 2000, Critcheley et al. 2002) that changes

other soil properties such as the C/N ratio in the humus stra-

tus (Howard 1969), the rate of phosphorous availability to

the plant (Brady and Weil 2002), or organic mineralization

speed (Miles 2004). The pH value near 5.0 in abandoned

plots probably contributes to the increase of species such as

Agrostis capillaris, Bellardiochloa variegata subsp. vari-

egata and Deschampsia flexuosa subsp. flexuosa, which pre-

fer acid soils and those poor in nutrients (Pignatti 2005).

The modification in the C/N ratio shows a trend from a

balanced condition in the mown meadows, where the quan-

tity of organic matter tends to be constant over the time, to

conditions in which soil humification is underway, and thus

where organic matter tends to increase over time. It is possi-

ble that this modification, as well as the higher quantity of K,

is due to litter decomposition in the abandoned condition. As

expected (Pastor et al. 1993, Zobel et al. 1996, Huhta et al.

2001), litter deposition enriches the soil with nutrients; in

fact, both nitric and mineral N have slightly higher mean val-

ues in the abandoned condition, even if these differences are

not statistically significant. Moreover, ammonium N is unde-

tectable in the mown plots (lower than 0.1 mg/kg), while in

the abandoned area its value is about 0.6 mg/kg. This low N

enrichment probably contributes to the increase of ruderal

species such as Galium anisophyllum and Galium verum

subsp. verum (Pignatti 2005).

Regarding floristic composition, the mown condition has

higher diversity, as indicated by the higher Shannon-Wiener

index. The same tendency has been noted for species rich-

ness; at every scale and date examined, the abandoned con-

dition has fewer flowering species. Such differences are not

constant throughout the entire growing season, as there is a

clear temporal pattern as showed by Sørensen index assess-

ment; in fact, significant differences on species richness were

found on the T1, T3, and T4 dates, but not on T2. On T1, T3

and T4, only about the 50% of the species are common to the

two different management regimes, while on T2 over 80%

are. This means that B. genuense invasion, which leads to a

less homogeneous species distribution (the evenness index

has the lowest value in the abandoned condition), does not

affect the system in the same way throughout the growing

season and that species differences could be partly related to

the phenological phases of B. genuense. In fact, on T2, B.

genuense individuals are in the phenological phase of vege-

tative growth, while on T3 and T4 they are flowering and

reaching the maximum canopy height and ground cover val-

ues. So, especially for these phases of the plant community

life history, it is possible to hypothesize that the system is

characterized by the strongest decrease in the number and

size of spatial niches available to the other species. Further-

more, B. genuense has the strongest competitive ability for

light and soil resources because of leaf growth and formation

of flowers and seeds.

Concerning differential species of the managed and aban-

doned conditions, the results of PCA and the Mann-Whitney

U-test are quite homogeneous; small differences are seen in

just a few species with very low numbers of flowering shoots,

that are undetectable with the unconstrained ordination (Po-

dani 2007). Moreover, not all the species indicated by PCA

have a statistically significant differences in the number of

flowering shoots between the two management regimes.

Regarding the 36 differential species, comparative analy-

sis between the differences in the number of flowering shoots

and the differences in cover value indicates that species react

to B. genuense invasion in different ways and with different

results. As most of them have decreases in both the number

of flowering shoots and the cover value, it is possible to state

that these species tend to conserve themselves with a lower

number of individuals within shelter niches amidst the B.

genuense turf. This could explain why the less frequent spe-

cies tend to disappear in the abandoned condition. From a

functional point of view, these species are characterized by

storage organs, small size, and early flowering strategies,

which explains why the species flowering in the T1 period

are so different between the two management conditions.

Six species show a lower number of flowering shoots but

a higher average cover value in the abandoned meadow. It is

possible to state that these species reallocate the limited re-

sources available to vegetative instead of sexual reproduction

(most of them have runners or rhizomes). In fact, when com-

petitive species become dominant because of a lack of distur-

bance, non-competitive species use a clonal strategy to co-

exist through the exploitation of gaps in dominant species

(Tissue and Nobel 1988, Friedman and Alpert 1991, Grime

2001, Eckert 2002). It is also possible to hypothesize that this

group of species uses resources for stronger photosynthetic

tissue growth in order to compete with B. genuense for light

or for spatial niche occupation.

Five species increased their number of flowering shoots

and cover value, an indication that they benefited from the

abandoned condition. Functional assessment of these species

showed that all of them are characterized by runners and the

ability to form patches. Moreover, these species have a late

flowering strategy (this explains why species in T4 are

strongly different between the two treatments) and might

benefit from environmental change, first of all, changes in

pH and N values, but also decreases in soil water content.

In conclusion, our results agree with those in the interna-

tional literature about changes in species richness caused by
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the spread of dominant tall species in abandoned meadows

and grasslands. Our findings indicate that such changes also

happen in sub-Mediterranean grassland landscapes and in B.

genuense dominated meadows never studied before from this

point of view. Furthermore, the results of this study provide

new information on this issue, in the observation that B.

genuense invasion enables some traits to flourish while it re-

duces the expression of others, though it seems that only low

frequency species are heavily threatened, while the others

can remain inside the plant community by shelter niche oc-

cupation (as the less homogeneous distribution of species

seems to highlight). We hypothesize that the number and ex-

tension of shelter niches change in relationship with the phe-

nological phases of B. genuense, and we observed a less af-

fected temporal niche (during the first phase of B. genuense

leaf growth) and two strongly influenced phases (in early

spring and in correspondence with the phases of flowering

and full leaf growth of B. genuense). These findings suggest

that hay cutting every two or three years should be sufficient

to prevent local species extinction and to foster biodiversity

conservation. This kind of management, in fact, should pre-

serve enough temporal and spatial niches for subordinate and

accidental species.
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