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Abstract. Large mammalian herbivores are keystone species affecting the biodiversity and functioning of 

ecosystems, since herbivory directly influences plant species competitive ability. Thus, when managing 

habitats for conservation it is crucial to understand the selection patterns of large herbivores and their 

effect on plant diversity and assemblage. With this aim, we studied a pastoral system placed in central-

eastern Alps, comparing late mowing with grazing by red deer.   

We found that, with high stocking rates, red deer significantly affects the species and functional 

composition of alpine productive pastures, mostly by competitive exclusion of subordinate species due to 

the spread of poorly palatable, competitive, stress-tolerant tall grasses with strong avoidance strategies. 

We argued that grazing by red deer with high stocking rates is harmful when acts on formerly managed 

meadows, while it has a positive impact on plant diversity of long-term abandoned grasslands. Our results 

indicated that grazing by red deer with high stoking rates hinders the spread of successional/ruderal 

species, but allows the establishment of competitive dominant tall grasses. Our findings also confirmed 

the hypothesis that the impact of red deer on grassland biodiversity follows the intermediate disturbance 

hypothesis.  

Keywords: herbivory; grassland management; large herbivores; disturbance intensity; competitive 

exclusion 

Introduction 

Large mammalian herbivores are keystone species, which affect the biodiversity and 

functioning of ecosystems (Rooney and Waller, 2003). Thus, when managing habitats 

for conservation it is crucial to understand the selection pattern of large herbivores and 

their effect on plant diversity and assemblage. One of the most widespread European 

wild large herbivores is red deer (Cervus elaphus L.). Red deer is an Intermediate 

Opportunistic Mixed feeding type (Hoffmann, 1989); it practices a marked degree of 

forage selectivity related to forage availability (Johnson et al., 2001) and quality (Wallis 

DeVries et al., 1999), and to the species composition of plant communities (Bellu et al., 

2012). Red deer discriminates among pasture species, generally preferring legumes and 

forbs to grasses and avoiding fibers as much as possible (Kay, 1985). This ungulate 

shows remarkable anatomical modification of digestive apparatus linked to forage 
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quality, such as the Surface Enlargement Factor and vascular development variation of 

rumen papillae (Hofmann, 1989), following the general trend of ruminants, in which 

modifications of rumen mucosa related to both pasture vegetative cycle and grazing on 

poorly palatable grasses occur (Scocco et al., 2013). 

Herbivory directly affects the growth, reproduction, and survival of plants by 

consuming leaves, stems, flowers, and fruits, thus directly influencing plant species 

competitive ability (Lauenroth and Aguilera, 1998). Moreover, it was stated that 

differential defoliation leads to spatial variation in plant growth (Skarpe and Hester, 

2008), nutrient cycling (Holdo et al., 2007) and, ultimately, vegetation structure 

(Wieren and Bakker, 2008). Therefore, grazing may lead to the variation in the 

abundance of plant species over longer periods by affecting competition processes 

(Augustine and Mc Naughton, 1998). Plants react against grazers by means of 

avoidance and tolerance strategies. Grazing avoidance involves mechanisms that reduce 

the probability and severity of grazing (mechanical and chemical defence or escape 

strategy), while tolerance consists in mechanisms that promote re-growth following 

defoliation (Briske, 1996). The effectiveness of these strategies depends on the level of 

primary production, the intensity of defoliation, and the foraging behaviour of the 

herbivores (Bullock, 1996). Defence mechanisms (besides resources acquisition and 

storage ability) of plants depend on their traits, which may be considered as biological 

characteristics of species responding to the dominant processes in an ecosystem 

(Lavorel et al., 1997). Trait assessment gives information about the mechanisms of 

processes like management treatments (Bullock et al., 2001), allowing to understand the 

changes acting in complex ecosystems and to predict vegetation modifications induced 

by different management types (Noble and Gitay, 1996).   

Previous research on deer management largely focused on the effects of this ungulate 

on plant populations and habitat conditions and aimed to understand how to limit the 

impacts of these animals on ecosystem components and functions (Cote et al., 2004).  In 

the last decades several studies were carried out worldwide about the impact of deer 

population on forest understory (e.g. Gill and Beardall, 2001), forest regeneration (e.g. 

Hegland et al., 2013), and dynamic processes of plant communities (e.g. Chollet et al., 

2013). However, little is known about the impact of red deer on semi-natural 

herbaceous communities, especially as regards plant functional traits. Anyhow, this is a 

key issue, since the recent expansion of red deer resulted in an increased use of open 

areas with impacts, for instance, on forage production (Marchiori et al., 2012) and plant 

diversity (Schütz et al., 2003). Therefore, detailed knowledge about the effects of red 

deer grazing on biodiversity and trait-based species assemblage of pastures are needed 

to achieve a broader ecosystem perspective of grazing by wild herbivores (Mysterud, 

2006). In this regard, detecting in which direction wild herbivores change the plant 

species assemblage is still a partially open question, since it depends on several factors 

such as herbivore species (Albon et al., 2007) and density (Putman, 2011; Ferretti et al., 

2015), plant community type, productivity and composition (Bullock et al., 1996). 

Competition among sympatric wild herbivores (Lovari et al., 2014) and land use history 

(Gustavson et al., 2007) are key factors as well. Schütz et al. (2003) suggested that the 

red deer impact on grasslands follows the intermediate disturbance hypothesis (Grime, 

2001). To test this statement, we compared the effects of late mowing and grazing by 

red deer.  Late mowing is a non-selective type of disturbance (Kohler et al., 2005) that 

makes available to plants a long period to complete their reproductive cycle, leading to 

a complex trait-determined use of different temporal and spatial niches (Catorci et al., 
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2014b), thus acting like an intermediate disturbance intensity in productive 

environments. Instead, red deer browsing with higher density (e.g. more than 0.1 

individuals/hectare – Putman et al., 2011; Ferretti et al., 2015; the average red deer 

density in the Alps is generally lower than 0.2 individuals/hectare  - Marchiori et al., 

2012), may be considered a high disturbance intensity, produced by an intermediate, 

opportunistic, mixed feeder, with a marked degree of forage selectivity (Hofmann, 

1989), thus potentially leading to a high spatial heterogeneity of vegetation (Adler et al., 

2001). Red deer selectivity changes at both large (plant community level) and small 

scale (patch and individual levels) due to differences in landscape and plant community 

mosaics (Hester et al., 1999; Cougenhour, 1991). Therefore, in order to assess the trait-

related direction of changes in grassland composition caused by herbivory of red deer, 

we chose experimental controlled conditions, with captive red deer grazing exclusively 

on former hay meadows. In such experimental conditions we hypothesized that long-

term grazing by reed deer with high stocking rates: i) decreases species richness and 

diversity; ii) alters the composition of pastures fostering the spread of poorly palatable 

species with strong competitive strategies, leading to the exclusion of the least 

competitive ones; iii) leads to a decrease of the pasture feed value through the reduction 

of the most palatable species (i.e. legumes and forbs). 

Material and methods 

Study area 

The study was conducted in an old, traditional pastoral system of the Paneveggio 

Pale San Martino Natural Park, in the central-eastern Italian Alps. The study area 

(46°18’22’’N, 11°44’29’’E) is situated at 1500/1550 m a.s.l., on gentle south-southeast-

facing slopes. The entire study site underwent the same management type until 1971 

(mowing and fertilisation with mature manure after hay removal), when part of it was 

fenced and began to host a population of captive red deer.  

In the fenced area (hereafter referred to as site A) annual cutting regime was imposed 

from late August to early September until 1990. In the fenced stand the manuring 

regime was continued during the 1980s. Starting from 1990 any type of management 

ceased. Red deer have not feed supply from May to late September, and are free to feed 

on fenced pastures (7 hectares). The stocking rate was very high, that is 0.4-0.5 

individuals/hectare (see Schütz et al., 2003).  

Differently, in the other part of the study area (6 hectares, hereafter referred to as site 

B), traditional mowing activities continued throughout the last forty years; the meadows 

are fertilized with manure annually and undergo hay cut in August (that is late mowing). 

Hay is stored and used during winter to feed deer. 

 

Experimental design and data collection 

We laid 43 plots of 50 x 50 cm in the grazed site and 34 in the mowed one. Lower 

left-hand corners of plots were placed at the nodes of a 50 x 50 m grid overlaid to the 

study area. 

In each plot, we collected data on cover percentage of species, altitude (m a.s.l.), 

slope aspect (azimuth degrees) and slope angle (vertical degrees). Field relevés were 

carried out from late June to early July 2014. We selected a set of traits (life form, 

horizontal and vertical space occupation, type of vegetative propagation) focusing on 
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plant competitive ability and resistance to disturbance (Díaz et al., 1999; Liira and 

Zobel, 2000; Cornelissen et al., 2003; Garnier et al., 2007). All traits were treated as 

categorical variables. A description of each trait, with the main associated plant 

functions, a list of the respective states and data sources is reported in the Appendix 1. 

We used the Grime’s strategies (Grime, 2001) to assess difference between 

treatments due to plant ecological adaptations and resource acquisition strategies. The 

CSR model postulates the existence of three primary plant strategies: competitors (C), 

stress-tolerators (S), and ruderals (R). In addition, the CSR model provides the existence 

of secondary strategies corresponding to the various trade-offs in adaptation to 

competition, stress and disturbance: competitive ruderals (CR), stress-tolerant ruderals 

(SR), stress-tolerant competitors (CS), and competitive stress-tolerant ruderals (CSR). 

Even though the ability of CSR theory to predict variation in species composition along 

environmental gradients, such as altitudinal and temperature ones, has been questioned 

(e.g. van der Werf et al., 1998), it has nonetheless been demonstrated to be a useful tool 

for assessing and quantifying variations along successional gradients (Caccianiga et al., 

2006). Information about species life strategies (Grime, 1974, 2001) were gathered from 

Grime et al. (1988), BiolFlor database (Klotz et al., 2002), or checked by field 

observations, on the basis of the criteria and examples provided by Grime et al. (1988) 

and Grime (2001). Finally, since reed deer have a diet preference for forbs and legumes, 

we distinguished three functional groups: leguminous species, forbs, and graminoids. 

In order to have an approximation of difference in soil nutrient content between sites, 

we used the nitrogen (N) Ellenberg’s indicator values (Ellenberg 1974, 1996; Ellenberg 

et al., 1992) since Ellenberg’s indicators have proven useful in analyzing the drivers of 

vegetation change (i.e. McCollin et al., 2000; Godefroid and Dana, 2007; Klaus et al., 

2012). We drew N values from Pignatti (2005). 

Species nomenclature followed Conti et al. (2005) and in some cases the 

International Plant Names Index (http://www.ipni.org). 

 

Data analysis 

To ascertain whether management type affects the species composition of grasslands, 

we performed canonical redundancy analysis (RDA) of the “plots x species cover 

(percentage)” matrix, constrained by land use (i.e. grazing and mowing conditions). 

Prior to RDA, cover data matrices were Hellinger-transformed to avoid considering 

double absence as a resemblance between sites (Legendre and Gallagher, 2001). 

To assess the species diversity between the grazed and mowing conditions, we 

computed the Shannon-Wiener (H'), Gini-Simpson (D) and Shannon Evenness (EH) 

indices.  

To identify the indicator species of each management condition, we performed 

Indicator species analysis (ISA) on the matrix “relevés x species cover (percentage)”, 

using management as grouping variable. ISA is a non-parametric method for identifying 

those items that show significantly preferential distribution (in terms of frequency and 

abundance). An Indicator Value (IV) is calculated by multiplying the relative abundance 

of each item in a particular group and the relative frequency of the item occurrence in 

the sample of that group (Dufrêne and Legendre, 1997). The number of randomized IVs 

higher than the observed ones is used to calculate the probability value (McCune and 

Grace, 2002). The statistical significance (P < 0.05) of the observed maximum IVs was 

tested using permutation tests with 4,999 iterations. We considered of interest only 

Indicator values higher than 20. 
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We assumed that the indicator species set is a key tool to understand the changes in 

plant community composition, as the management modification mostly affects 

frequency and abundance of species identified as indicators species by ISA. Therefore, 

to verify whether functional composition of plant communities was related to changes 

in grassland management, the above-mentioned plant traits and Grime’s strategies were 

attributed to the indicator species highlighted by ISA. To transform trait and Grime’s 

strategies binary data (presence/absence) into quantitative data (i.e. aggregated cover 

values of each trait / strategy), we multiplied the “plots x indicator species cover” 

matrix by the “species x trait state / strategy (presence/absence)” matrix to provide a 

“plots x trait state / strategy of indicator species (cover percentage)” matrix, which 

formed the basis for the following analyses. We performed ISA on the matrix “relevés x 

trait state / strategy (aggregated cover values)”, using land use as grouping variable.  

We calculated cover-weighted mean values of nitrogen Ellenberg’s indicator values 

for each plot and then performed descriptive statistics for sites A and B. 

Statistical analyses were executed using R software (version 3.1.2, R Foundation for 

Statistical Computing, Vienna, Austria. http://www.R-project.org), and vegan and 

labdsv R-packages (functions rda and indval, respectively) (Oksanen et al., 2014). 

Results 

Table 1 gives an overview of the dominant species (those with a mean cover value 

higher than 10% at least in one of the two sites) with percent frequency and mean cover 

percentage. The Electronic Appendix 1. shows the whole data set of relevés. 
 

Table 1. Frequency (%) and mean cover (%) of species recorded in 0.5 x 0.5 m plots in site 

A (grazed by red deer) and site B (mowed).  Only species whose mean cover exceeds 10% at 

least in one of the two sites are indicated. 

Species  

Site A Site B 

Frequency 

(%) 

Mean cover 

(%) 

Frequency 

(%) 

Mean cover 

(%) 

Bellardiochloa variegata (Lam.) Kerguélen 53.5 18.3 20.6 3.3 

Brachypodium rupestre (Host) Roem. & 

Schult. 
51.2 23.6 8.8 0.3 

Deschampsia cespitosa (L.) P. Beauv. 53.5 17.6 11.8 2.0 

Festuca microphylla (St.-Yves) Patzke 62.8 11.1 82.4 20.5 

Festuca pratensis Huds. 0.0 0.0 26.5 11.3 

Trifolium repens L. 83.7 14.4 91.2 13.2 

Leontodon hispidus L. 0.0 0.0 85.3 14.8 

 

 

RDA showed a separation between plots of mowed and grazed conditions (Fig. 1). 

The group of plots undergoing red deer grazing pressure segregated into two clouds: 

around Deschampsia cespitosa and Bellardiochloa variegata (1), and around 

Brachypodium rupestre (2). The topographic features shown in Table 2 characterize 

these two clouds.  

 

http://www.r-project.org/
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Figure 1. Canonical redundancy analysis (RDA) ordination graph (scaling 2) of the “plots-by-

species cover” matrix, constrained by land use (grazing by red deer / mowing).  

(Circles indicate plots laid in the site grazed by red deer, triangles refer to plots laid in the 

mowed site; land_useg: grazing; agr_ten: Agrostis tenuis; bel_var:  Bellardiochloa variegata; 

bra_rup: Brachypodium rupestre; des_ces: Deschampsia cespitosa; fes_mic: Festuca 

microphylla; lat_pra: Lathyrus pratensis; leo_his: Leontodon hispidus; sch_pra: Schedonorus 

pratensis; tri_rep: Trifolium repens). 

 

 
Table 2. Main topographic features of each group that segregates in the Redundancy 

analysis ordination graph in the site grazed by red deer. 

Topographic 

features 
Group Mean ± SD Min. Max. 

1
st
 

quartile 
Median 

3
rd

 

quartile 

Altitude  

(m a.s.l.) 

1 1490.3 ± 4.1 1480.0 1494.0 1490.0 1491.0 1493.0 

2 1493.0 ± 5.7 1480.0 1501.0 1491.0 1493.0 1495.0 

Aspect  

(azimuth degree) 

1 122.1 ± 90.4 0.0 320.0 100.0 120.0 145.0 

2 137.5 ± 65.2 0.0 190.0 112.5 155.0 190.0 

Slope  

(vertical degree) 

1 6.7 ± 6.1 0.0 30.0 2.0 5.0 10.0 

2 12.3 ± 8.1 0.0 27.0 7.0 12.0 15.0 

SD: standard deviation 

 

 

Diversity and evenness indices values were greater under mowing (site B) than under 

grazing (site A) (Table 3).  

 
Table 3. Values of diversity indices calculated for each site (A: grazed by red deer, B: 

mowed). 

Site 
Shannon 

(H') 

Gini-Simpson 

(D) 
Shannon Evenness (EH) 

A 1.79 0.76 0.43 

B 2.35 0.86 0.50 
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ISA for species (Table 4) highlighted two sets of indicator species (8 for site A 

and 22 for site B). Species with the highest IV (P < 0.001) were Potentilla erecta 

(0.60), Brachypodium rupestre (0.51), and Deschampsia cespitosa (0.48) for site A; 

Rhinanthus minor (0.94), Leontodon hispidus (0.85) and Carex caryophyllea (0.82) 

for site B.  

 
Table 4. List of indicator species of each site, as determined by Indicator species analysis. 

Only significant indicator values (P < 0.05) higher than 0.20 are shown (A: grazed by red 

deer, B: mowed). 

   MaxSite Species IV P 

A 

Bellardiochloa variegata (Lam.) Kerguélen subsp. variegata 0.454 0.001 

Brachypodium rupestre (Host) Roem. & Schult.  0.505 0.000 

Deschampsia cespitosa (L.) P. Beauv. 0.480 0.000 

Luzula sudetica (Willd.) Schult. 0.433 0.005 

Nardus stricta L. 0.209 0.008 

Potentilla erecta (L.) Räusch.  0.597 0.000 

Thymus pulegioides L. subsp. pulegioides 0.326 0.000 

Veronica officinalis L. 0.209 0.007 

B 

Achillea millefolium L. 0.579 0.002 

Agrostis capillaris L. 0.528 0.001 

Anthoxanthum odoratum L. 0.379 0.000 

Carex caryophyllea Latourr. 0.817 0.000 

Centaurea nigrescens (Willd.) subsp. transalpina (DC.) Nyman 0.379 0.000 

Colchicum autumnale L. 0.294 0.000 

Crepis aurea (L.) Cass. 0.324 0.000 

Festuca microphylla (St.-Yves) Patzke 0.533 0.010 

Schedonorus pratensis (Huds.) P.Beauv. 0.265 0.000 

Leontodon hispidus L. 0.853 0.000 

Leucanthemum vulgare Lam. 0.529 0.000 

Phleum pratense L. 0.618 0.000 

Plantago lanceolata L. 0.314 0.002 

Plantago media L. 0.524 0.000 

Prunella vulgaris L. 0.358 0.001 

Ranunculus acris L. 0.316 0.022 

Ranunculus montanus Willd. (group) 0.546 0.000 

Rhinanthus minor L.  0.941 0.000 

Taraxacum officinale Weber (group) 0.644 0.000 

Trifolium pratense L. subsp. pratense 0.570 0.000 

Veronica chamaedrys L. subsp. chamaedrys 0.397 0.001 

Vicia cracca L. 0.326 0.017 

MaxSite: site with maximum indicator value; IV: indicator value; P proportion of randomized trials with 

an indicator value equal to or exceeding the observed indicator value 

 

 

ISA for traits of indicator species (Table 5) highlighted that site A had a low number 

of indicator traits. Competitive stress-tolerant strategy had the highest IV (0.81; P < 

0.000) for site A, while Competitors and Competitive Stress-tolerant Ruderals were the 

preferential strategies of site B. Moreover, ISA indicated rhizome and runner/runner-

like rhizome as vegetative propagation type for site A, while absence of vegetative 
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propagation (namely, only sexual reproduction), root, tuber and bulb splitters, besides 

roots with adventitious buds were identified as indicators for site B. In addition, ISA 

highlighted a high number of vertical space occupation types (sedge, rosette forbs, 

hemirosulate upright forbs, prostrate growth form), besides geophytes and therophytes 

for site B. Instead, chamaephytes, grasses, caespitose and reptant trait states emerged in 

site A. Finally, graminoids (IV = 0.64; P < 0.001) were identified as indicators for site 

A, leguminous plants and forbs for site B (0.66 and 0.84, respectively; P < 0.001). 

 
Table 5. List of indicator CSR strategies and trait states for indicator species of each site, as 

determined by Indicator species analysis. Only significant indicator values (P < 0.05) higher 

than 0.20 are shown (A: grazed by red deer, B: mowed). 

MaxSite CSR strategy/Trait Type of CSR strategy/Trait state IV P 

A 

CSR strategy  Competitive stress-tolerators 0.81 0.000 

Life form Chamaephytes 0.33 0.000 

Vegetative propagation 

Necessary 0.60 0.035 

Runner/runner-like rhizome 0.57 0.000 

Rhizome 0.55 0.000 

Horizontal space 

occupation 

Caespitose  0.69 0.002 

Reptant 0.57 0.024 

Vertical space 

occupation 
Grass 0.63 0.000 

B 

CSR strategy 
Competitors 0.77 0.000 

Competitive Stress-tolerant Ruderals 0.60 0.004 

Life form 
Geophytes 0.29 0.000 

Therophytes 0.93 0.000 

Vegetative propagation 

Not necessary (only sexual 

reproduction) 
0.92 0.000 

Root, tuber, bulb splitter 0.75 0.000 

Roots with adventitious buds 0.64 0.000 

Horizontal space 

occupation 

Absent 0.72 0.000 

Pleiocorm 0.84 0.000 

Rosulate 0.94 0.000 

Vertical space 

occupation 

Sedge 0.72 0.000 

Rosette forbs 0.97 0.000 

Hemirosulate upright forb 0.80 0.000 

Prostrate 0.28 0.020 

MaxSite: cluster with maximum indicator value; IV: indicator value; P proportion of randomized trials 

with an indicator value equal to or exceeding the observed indicator value 

 

 

Comparison of cover-weighted means of N Ellenberg’s indicator values between the 

two sites indicated that soil of site A had a slight lower median value than in site B (3.8 

vs. 4.5 - Appendix 2). 
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Discussion 

Consistently with several studies (e.g. Adler et al., 2001; Sebastiá et al., 2008; 

Fontana et al., 2014), we found (Fig. 1) that differences in long-term management lead 

to different species composition of plant communities. In particular, grazing by red deer 

promoted differences in species composition in comparison to mowing, leading to lower 

species diversity and evenness (Table 3). This is consistent with the hypothesized 

intermediate disturbance intensity produced by mowing (Catorci et al., 2014b), and, 

following the Grime’s statements (2001), indicate that a high stoking rate of red deer 

should be considered as a heavy disturbance regime. Schütz et al. (2003) found that 

heavy grazing (about 0.2 individuals/hectare) by red deer led to a significant decrease in 

tall plant species compared to abandoned grasslands, while the richness and abundance 

of small size species and species with morphological protection from grazing or short 

life span increased. Instead, coherently with Augustine and McNaughton (1998) and 

Bergvall et al. (2006), we observed the opposite trend. In fact, we found a preferential 

distribution (namely, higher abundance and frequency) of some competitive stress-

tolerant (indicator life strategy), coarse tall grasses (Bellardiochloa variegata, 

Brachypodium rupestre, and Deschampsia cespitosa) in the grazed site and of small 

(low stature) species in the mowed one (Table 3). These contrasting results suggest, 

consistently with other research (e.g. Gustavson et al., 2007), that the impact of grazing 

by red deer on pasture richness and composition depends, besides on red deer density, 

also on the former species composition of sites, and therefore on the land use history. 

We might argue that grazing by red deer with a high stocking rate has a negative impact 

on formerly managed meadows, while it is favourable for plant diversity on long-term 

abandoned grasslands. In fact, grazing by red deer with high stocking rate hinders the 

spread of successional/ruderal species lacking strong avoidance strategies (as indicated 

by Schütz et al., 2003), but fosters the establishment of competitive stress-tolerant, 

dominant tall grasses with strong avoidance strategies. Actually, the coarse tall grasses 

indicated by ISA for grazed site (Table 4) are poorly palatable species that are generally 

fostered by improper management due to under- or over-stocking conditions (Louault et 

al., 2002). Such type of dominant species invests a great amount of resources into root 

production and foraging rhizomes (indicator trait of the grazed site), overcoming the 

spatial competition for resources by strong clonal integration strategies (Hutchings and 

Wijesinghe, 1997). They minimize the loss of resources by the low palatability due to 

the silica-rich, tough and hairy leaves, the dead leaves protecting the new shoots, etc., 

and tend to dominate the plant community through specific traits such as tall canopies, 

extensive lateral spread, and litter deposition (Grime, 2001). Moreover, unpalatable 

plants typically grow and decompose slowly (Augustine and McNaughton, 1998). 

Finally, they influence the availability of resources, such as water and nutrient content 

of soil, and light radiation at the ground level (e.g. Vinton and Burke, 1995; Catorci et 

al., 2011a).  

As a consequence of such strategies, several other species undergo competitive 

exclusion (Grime, 2001), as demonstrated in the study case by the higher number of 

indicator species in mowed site (Table 3), where several short graminoids (i.e. Agrostis 

capillaris, Anthoxanthum odoratum, Carex caryophyllea, Festuca microphylla, Phleum 

pratense, Schedonorus pratensis) besides forbs, rosette and prostrate plants (i.e. 

Centaurea nigrescens subsp. transalpina, Crepis aurea, Leontodon hispidus, 

Taraxacum officinale, etc.) were preferentially distributed (Table 4).  
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These results are consistent with previous statements indicating that intermediate 

disturbance intensity plays a key role in limiting the competitive exclusion of 

subordinate species by the dominant ones (Grime, 2001). The aforementioned species 

are CSR or C strategists that were indeed identified by ISA for the mowed site (Table 

5). Species with CSR strategy have intermediate characteristics between those of 

competitors, stress tolerators and ruderals and live in habitats in which coexistence of 

different strategies is possible because competition, stress and disturbance only occur 

during particular times in the year (Grime, 2001) or their combined effects are of 

moderate intensity (Grime, 1977), as under mowing management. This may explain the 

occurrence of competitors, mostly non-dominant graminoids, which can coexist with 

CSR strategists because competition for light is less intense. 

The highest number of indicator traits was found under mowing management (Table 

5), while red deer grazing fostered plants with vegetative propagation based on lateral 

spread of runners and runner-like rhizomes, that are strategies allowing to face heavy 

disturbance intensity and flower consumption by herbivores (Catorci et al., 2012b). 

Moreover, such strategies are aimed at maximizing the species competitive ability when 

there is higher exploitation of soil resources in productive environments, allowing 

individuals to explore the neighbouring areas and find unexploited soil niches 

(Friedman and Alpert, 1991). Avoidance strategies like reptant horizontal space 

occupation and chamaephyte plant life form (Grime, 2001) were fostered as well. In 

addition, it emerged that grazing strongly reduces the feed value of pastures; actually 

legumes and forbs, preferentially selected by red deer (Radkowski and Barabasz-

Krasny, 2007), were indicators of mowed condition. On the other hand, mowing allows 

the establishment of plants with leaves concentrated at the ground level (prostrate, 

rosulate), or just above it (hemirosulate), and of geophytes and therophytes, which 

benefit from canopy removal, thus avoiding competitive exclusion due to light depletion 

(Catorci et al., 2011b). Moreover, the vegetative reproduction types fostered by mowing 

(root, tuber and bulb splitters) allow a fast canopy pre-emption and the coexistence with 

competitive grasses by spatial and temporal niche differentiation in highly productive 

grassland communities (Catorci et al., 2012a). The observed small difference in nitrogen 

soil content does not seem to have significant implications from a floristic point of 

view. It was largely stated that higher the soil nitrogen values higher the spread of 

competitive tall grasses with a corresponding decrease of the species richness (Grime, 

2001). However, we observed the opposite trend, likely indicating that within the 

observed small range of N indicator values, the control of dominant tall grasses by 

mowing has a major impact on species richness. 

 

Features of established competitive tall grasses and management implications 

Table 2 shows that the group of relevés with higher Brachypodium rupestre cover value 

(group 2 of Fig. 1) was characterized by the driest conditions, indeed it had higher average 

slope angles and more southerly aspects compared with those with higher cover of 

Bellardiochloa variegata and Deschampsia cespitosa (group 1 of Fig. 1). Therefore, we can 

infer that, in the study case, site conditions influence the type of invasive plants but not the 

spread of competitive species in former meadows undergoing red deer herbivory.  

As regards D. cespitosa, its spread in disturbed habitats is largely due to seedling 

establishment; in closed, more stable communities, seedling establishment is a rare event 

and the species spreads by clonal growth (Davy, 1980). Thus, the high cover value of this 

species may be initially due to the trampling by red deer enhancing seed germination, 
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subsequently reinforced by its clonal strategy and very low palatability (Davy, 1980). The 

competitive success of B. rupestre is related to its high tiller density and branching 

frequency (Pottier and Evette, 2010), as well as to its clonal growth and clonal integration 

strategy capabilities (de Kroon and Bobbink, 1997). These traits allow the spread of this 

species by the expansion of circular clonal tussocks, which often form (by coalescence of 

different clonal patches) nearly mono-dominant stands in the final phases of invasion (de 

Kroon and Bobbink, 1997). The spread of B. rupestre is induced by inadequate grazing 

pressure (Catorci et al., 2012c) and by high content of nitrogen (Willems et al., 1993). B. 

variegata is a poorly palatable species, which can grow on poor and acid soils (with a 

slow resource acquisition and storage strategy thanks to the presence of rhizomes) and 

tolerate the competition with tall grasses. Thus, its spread in the grazed site might be a 

side effect of the spread of B. rupestre and D. cespitosa.  

In general, with reference to the management of coarse tall grasses, it was 

demonstrated that overstocking in fenced stands by domestic herbivores may be useful 

(Catorci et al., 2014a), especially if performed by equines (Catorci et al., 2012b) or 

cows (Schütz, 2003). Mowing has the same output (Bonanomi et al., 2009). However, 

mowing alone does not ensure the total control of dominant species endowed with 

competitive strategies (Catorci et al., 2011b), thus calling for management integration 

with different type of grazers (Gordon, 1988), such as late summer grazing by very little 

selective herbivores (i.e. equines). 

Conclusion  

We found that in conditions of high stocking rate, red deer significantly affects the 

species and functional composition of former hay meadows, leading to a trait-related 

change of species composition. We can also reinforce the hypothesis that the impact of 

red deer on grassland biodiversity follows the intermediate disturbance hypothesis. 

Indeed, as postulated by Grime (2001), starting from grassland systems experiencing 

intermediate, non selective disturbance regimes, red deer grazing reduces the species 

richness and diversity, mostly by competitive exclusion of subordinate species due to 

the spread of competitive, stress-tolerant tall grasses with strong avoidance strategies. 

Thus, we can argue that the substitution of mowing with red deer grazing on former hay 

meadows is not effective from a biodiversity conservation viewpoint, since palatable 

species (namely, leguminous plants) and those in need of seasonal canopy removal (e.g. 

prostrate plants with rosette leaf arrangement or plants with bulbs or tubers) were 

mostly lost in the long run.  

Obviously, the results of the present study, obtained in a small area, are not directly 

generalizable to every case, but they can indicate the direction of changes of pasture 

composition from mowed meadows to abandoned lands under high red deer stocking 

rate, thus contributing to the overall understanding of the impacts due to reed deer 

population on herbaceous ecosystems. Ultimately, our study suggests that grazing by 

red deer could trigger the invasion of dominant tall grasses as well as the improper 

management of domestic herbivores. Moreover, we found some clues that exclusive red 

deer grazing may lead to the decrease of the pasture feed value, likely causing a 

decrease of habitat suitability for this ungulate, since animal welfare and reproductive 

performances are strongly dependent on feed amount and quality (see Catorci et al., 

2014a; Lovari et al., 2014). In consideration of the above statements, we suggest that 
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red deer impact on grassland composition should be considered in planning red deer 

population management.  
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APPENDIX 

Appendix 1. Traits and trait states analysed in the present study, with a brief description, the main 

associated plant functions, and data sources. 

Trait Trait state Description 
Main plant 

functions 
Data source 

Life form 

Hemicryptophyte, 

Chamaephyte, Geophyte, 

Therophyte 

Location of perennating 

organs as an adaptation 

used by plants to 

overcome the adverse 

seasons, according to 

Raunkiaer (1934) 

classification 

Competitive ability 

Response to soil 

resources 

Response to 

disturbance 

Pignatti (1982); 

checked by 

authors’ 

observations 

Vegetative 

propagation 

Necessary/not necessary 

(only sexual reproduction); 

rhizome; runner/runner-like 

rhizome; root with 

adventitious buds; bulbils; 

root, tuber or bulb splitter 

Occurrence and type of 

vegetative propagation, 

identified following 

Krumbiegel (2002), and 

Klimešová and de Bello 

(2009) 

Competitive ability 

Response to soil 

resources 

Response to 

disturbance 

Reproduction 

Klotz et al. (2002), 

Klimešová and 

Klimeš (2006), 

checked and 

supplemented by 

authors’  

observations 

Horizontal 

space 

occupation 

Caespitose (tuft forming); 

pleiocorm (system of 

compact, perennial shoots 

occurring at the proximal end 

of the persistent primary 

root); reptant (shoots and/or 

stems creeping on the 

ground); prostrate; rosulate 

(leaves basally arranged 

forming a rosette); absence of 

horizontal space occupation 

Classification of 

horizontal growth form, 

according to the 

categories indicated in 

Krumbiegel (2002) 

Competitive ability 

Response to soil 

resources 

Response to 

disturbance 

Defence from 

herbivory 

Pignatti (1982), 

Klotz et al. (2002); 

checked and 

supplemented by 

authors’ 

observations 

Vertical 

space 

occupation 

Leafy stem, narrow leaves 

(grass); no leafy stem, narrow 

basal leaves (sedge); upright 

forb with leaves arranged 

either scattered or tightly 

packed at the shoot, thus with 

short and long internodes 

(hemirosulate upright forb); 

upright forb with leaves 

equally spaced along the stem 

(erosulate upright forb); no 

leafy stem, broad basal leaves 

(rosette forb); leafy stem 

prostrate on the ground 

(prostrate forb) 

Classification based on 

the width of leaves and 

on their position along 

the stem (Liira and 

Zobel, 2000; 

Krumbiegel, 2002 

modified) 

Competitive ability 

Response to soil 

resources 

Response to 

disturbance 

Defence from 

herbivory 

Pignatti (1982), 

Klotz et al. (2002); 

checked and 

supplemented by 

authors’ 

observations 
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Appendix 2. Descriptive statistics of cover-weighted mean nitrogen Ellenberg’s indicator value in 

site A (grazed by red deer) and in site B (mowed). 

Statistics Site A Site B 

Min 2.7 3.1 

1
st
 quartile 3.5 3.7 

Median 3.8 4.5 

3
rd 

quartile 4.1 5.1 

Max 6.2 7.1 

Mean 3.8 4.5 

Standard deviation 0.6 0.9 

ELECTRONIC APPENDIX 

Electronic Appendix 1: Species cover values (%) recorded in 50 x 50 cm plots laid in site A (grazed 

by red deer) and site B (mowed).  
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