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Abstract  
Context. Human activities can induce behavioural and stress responses in wild animals. Information 
is scarce on the effects of culling on anti-predator behaviour and endogenous stress response of 
wild ungulates.  
Aims. In a Mediterranean area, we evaluated the effects of culling on vigilance, foraging and 
endogenous stress response of female fallow deer (Dama dama). 
Methods. Effects of culling were evaluated through behavioural observations and hormone 

analyses of faecal samples.  

Key results. In an area where culling occurred (C), individuals showed significantly greater vigilance 

rates and foraged closer to wood than in an area with no culling (NC). In C, 24 h after culling, faecal 

cortisol concentrations were greater than those recorded in NC, but they decreased significantly to 

values comparable to (48 h post-shot) and lower than (72 h 
post-shot) those observed in NC.  
Conclusions. Most likely, culling determined behavioural responses in female fallow deer, but did 
not trigger long-term physiological effects. 
Implications. Increased anti-predator behaviour may complicate the implementation of long-term 
culling programs. 

 
Additional keywords: alertness, anti-predator behaviour, faecal cortisol, group size effect, 
ungulates. 

 

Introduction 
Animals may adopt trade-offs between reduction of predation risk and intake of high-quality food (e.g. 

Crosmary et al. 2012). To reduce predation risk, animals can divert part of their time to safety-related 

activities (e.g. Lima 1998a; Lung and Childress 2007; Benhaiem et al. 2008) and/or select feeding sites 

with a lower quality of food resources but greater safety (e.g. Creel et al. 2005; Hernándèz and Laundré 

2005; Ciuti et al. 2006). Predation risk can change with habitat structure (Brown et al. 1999) and may 

increase with distance from escape terrains (Altendorf et al. 2001; Hochman and Kotler 2007) or when 

habitat features prevent visual detection of predators (Underwood 1982; Hopewell et al. 2005; Marino 

and Baldi 2008). 
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Vigilance has traditionally been considered as an anti-predator behaviour (Pulliam 1973) and may 

reduce food intake (Underwood 1982; Illius and Fitzgibbon 1994), which, in turn, may trigger long-term 

costs such as reduced fecundity and survival (Lima and Dill 1990; Lima 1998b). Group-living can provide 

indirect antipredatory benefits, because it usually allows individuals to reduce their time spent in 

vigilance (‘group-size effect’; e.g. Elgar 1989; Childress and Lung 2003; Shorrocks and Cokayne 2005).  
Human activities may induce behavioural and stress responses in wild animals (e.g. Frid and Dill 2002; 
Manor and Saltz 2003; Banks et al. 2007; Jayakody et al. 2008; Stankowich 2008; Zwijacz-Kozica et al. 
2013). Hunting may have indirect non-lethal effects on the behaviour of animals (Brown et al. 1999; 
Benhaiem et al. 2008), with physiological, genetic and demographic implications (Bateson and Bradshaw 
1997; Coltman et al. 2003; Cromsigt et al. 2013; see also Sforzi and Lovari 2000 for a review).  
The activation of the hypothalamic–pituitary–adrenal axis (HPAA) and the subsequent release of 

glucocorticoids (cortisol or corticosterone; Sapolsky et al. 2000; Romero 2004) are normally associated 

with physiological stress (Sapolsky 1992; cf. Wikelski and Cooke 2006; Zwijacz-Kozica et al. 2013, for wild 

ungulates). Even though this adaptive mechanism may help animals cope with adverse conditions, 

prolonged exposure to high social and/or environmental stressor may lead to chronically elevated 

glucocorticoid concentrations which, in turn, may have detrimental effects on body conditions, 

reproduction or immune defence (Sapolsky et al. 2000; Romero 2004; Sheriff et al. 2009). For the 

quantification of stress-sensitive molecules in secreted or excreted material (e.g. urine, faeces, saliva, 

hair; Möstl and Palme 2002), non-invasive sampling methods are important in objective assessment of 

animal welfare. Particularly analysis of cortisol and cortisol metabolites in faecal samples has been 

proven to accurately reflect the concentrations of these hormones in the plasma (Sheriff et al. 2010), 

and has been repeatedly used in wild ungulates (Schwarzenberger et al. 1998; Huber et al. 2003; Arias 

et al. 2013; Zwijacz-Kozica et al. 2013).  

Deer populations at high densities can impose heavy impacts on ecosystems as well as on human 

activities (e.g. Côté et al. 2004; Gordon et al. 2004; Gill and Morgan 2010; Reimoser and Putman 2011, 

for reviews). In turn, control of deer populations can be required. In ungulates, hunting can determine 

an increase of physiological stress (e.g. Bateson and Bradshaw 1997). However, deer can increase anti-

predator behaviour such as vigilance (e.g. Benhaiem et al. 2008), or avoidance of areas where the risk of 

being shot is higher (e.g. Jeppesen 1987; Lloyd 1990; Vercauteren and Hygnstrom 1998; Grignolio et al. 

2011). An increase of anti-predator behaviour may limit the effectiveness of population-control 

operations. Information on the effects of culling on behaviour of ungulates may help improve culling 

programs. 

To our knowledge, information coupling the effects of culling on vigilance and anti-predator behaviour 

and those on endogenous stress response in wild ungulates is lacking. To fill this gap, we evaluated the 

effects of culling on vigilance and endogenous stress response in foraging female fallow deer. We 

compared vigilance and foraging rates, distance from escape terrain, as well as endogenous stress 

response between two areas, one where culling (C) was effected and one without culling (NC). On the 

basis of the scientific references, we would expect female fallow deer to show (1) greater alertness rate, 

(2) a lower proportion of time spent foraging and a greater proportion of time spent in vigilance, (3) 

lower distances from wood and (4) higher concentrations of faecal cortisol metabolites, in C than in NC 

animals. 

 
 
 
 



Materials and methods 
Study area 
Our study was conducted in two meadows of the Maremma Regional Park (MRP, ~9 000 ha, central 
Italy, 42 390N, 11 050E) between November and mid-March 2006–08 and 2012/13. The local climate is 
Mediterranean, with dry summer and wet autumn/winter (mean annual rainfall: 670 mm; mean annual 
temperature: 13.2–15.5 C; RDM 2002). The two study areas were located ~6 km apart from each other, 
in a straight line. Local information on seasonal home-range size of female fallow deer suggested that 
movements of female fallow deer from an area to the other one were unlikely to occur throughout our 
study (mean home-range sizes: 187.9 ha, s.d. = 100.9 ha, in autumn; 213.9 ha, s.d. = 139.9 ha, in winter; 
n = 9 individuals; home ranges estimated through the 95% minimum convex polygon method; (Niglio 
1995). The area where culling operations were effected (C area: 91.7 ha) included shrub and grassland 
(82%) and herbaceous crops (18%, wheat and sunflower, which are ploughed in summer and grow since 
the following late winter/ summer). The area where culling operations were not effected (NC area: 
167.2 ha) included only shrub/grassland (100%; Ferretti et al. 2011b). In Area C, we did not collect data 
when agricultural works were occurring. In Area C, fallow-deer culling was conducted by authorised 
operators (from October to March) and Park Wardens (throughout the year), from fixed locations (~1 or 
2 operations/week). Both areas are bordered by Mediterranean scrubwood, with prevalence of holm 
oak (Quercus ilex. Wild boar, Sus scrofa, and roe deer, Capreolus capreolus, were also present, and 
cattle and horses irregularly dwelled over part of the Area C. We did not collect data on individuals 
foraging in close proximity of cattle or horses (i.e. at a distance smaller than 200 m). Among large 
predators, wolf–dog hybrids, Canis lupus (Caniglia et al. 2013), were present; fallow deer represent their 
main prey (Manghi and Boitani 2012).  
Summer densities of fallow deer were high (estimated through pellet group counts: 18.0–22.9 deer per 
100 ha in C; 36.0–42.1 deer per 100 ha in NC; Fattorini et al. 2011; Ferretti et al. 2011a; Sforzi et al. 
2014). Densities did not differ significantly between periods (2006–2008 vs 2012–2013, Wilcoxon test; C: 
V = 11.5, P = 0.916, n = 7 sampling plots; NC: V = 6, P = 0.784, n = 6). 

 

Behavioural observations 
Behavioural observation were conducted from vantage points, through 10 42 binoculars and 20 60 Leica 

spotting scopes, by one observer. Data were collected between November and mid-March 2006–08 and 

2012/13, over sessions of 3 h each, at dawn and dusk (2006–08: 2 sessions day–1 week–1; 2012/13: 5 

sessions site–1 week–1). Activities of female fallow deer ( 1-year old) were recorded using a tape 

recorder, through focal animal sampling (Lehner 1996), in 10-min bouts per individual. We recorded 

feeding (the animal grazes or browses, still or in movement; San José et al. 1996) and vigilance (the 

animal lifts its head above the body-axis, intently looking at or around and orienting the ears towards 

the source of disturbance, if any; San José et al. 1996) behaviour. Before starting the observation, we 

recorded also the group size. A group was defined as the number of individuals at a mutual distance 

lower than 40 m (Bruno and Lovari 1989). In 2012/13, in each site and for each 10-min observation 

bout, we also estimated the distance between the focal individual and forest borders. Distances were 

estimated by eye, using the deer body length as a reference (Frid 1997). We used two distances, namely 

the minimum distance and the average of distances along the four cardinal points (north, east, south, 

west), as an estimate of the visibility around the focal individual; distances were categorised as follows: 

1 (0–25 m), 2 (26–50 m), 3 (51–100 m), 4 (101– 200 m), 5 (201–500 m), 6 ( 501 m). Directions were 

estimated through a compass, and distances were estimated using the deer body length as a reference 

(Frid 1997). To minimise pseudoreplication, we collected data on individuals that we could temporarily 

distinguish by their location (Frid 1997). When possible, we used colour patterns and scars to identify 



individuals (Marino 2010). Whenever a focal animal went out of sight, observations continued but no-
sighting time was excluded from the analyses (San José et al. 1996). For analyses, we considered only 
intervals more than 5 min long (Shi et al. 2011). 
 
Collection of faecal samples and hormonal assay 
To detect the effects of culling on endogenous stress response, we assessed the concentration of faecal 
glucocorticoids, through enzyme immunoassays (EIA) that measure concentrations of cortisol and 
immunoreactive metabolites of cortisol (e.g. 11,17 dioxoandrostanes metabolites; cf. Palme and Möstl 
1997; Palme et al. 2000; Morrow et al. 2002, for domestic ungulates; Dehnhard et al. 2001; Arias et al. 
2013; Zwijacz-Kozica et al. 2013, for wild ungulates). 
In both C and NC, between mid-January and early March 2013, we collected fresh faecal samples of 
female fallow deer, after observing defecations (~4 or 5 faecal samples per week). In NC, we collected 
30 faecal samples as control groups. In C, we collected 30, 28 and 30 faecal samples, 24, 48 and 72 h 
after culling operations, respectively. Samples were labelled and promptly stored at 20 C, until 
laboratory analyses. 
 
Faecal sample analyses 
To extract steroids from non-liquid matrices (such as dried solids), faeces were subjected to an organic 
phase extraction using ethanol; the use of ethanol is recommended as a means to completely solubilise 
the dried steroid, because certain steroids have limited aqueous solubility. 
Faeces were kiln dried at 55 C for 24 h, thoroughly crushed, and five aliquots of pulverised faeces (0.20 g 

each) were put into extraction tubes, which were then sealed with a Teflon cap. Next, 1 mL of ethanol 

(Sigma Aldrich, St Louis, MO, USA) for every 0.1 g of solid was added to each tube, and the mixture was 

shaken vigorously for 30 min. Samples were centrifuged at 3300g for 15 min, and the supernatant was 

recovered in a clean tube for evaporation to dryness in a SpeedVac (Thermo Fisher Scientific, Waltham, 

MA, USA). Extracts were stored at 80 C. Extracted samples were dissolved into 100 mL of ethanol, 

followed by at least 400 mL of kit assay buffer (Arbor Assays, AnnArbor, MI, USA); then, they were 

vortexed and rested for 5 min twice to ensure complete steroid solubility. 

The faecal cortisol and immunoreactive cortisol metabolites (FCICM) were determined using a pan-

specific cortisol enzyme immunoassay kit (K003; Arbor Assays) validated for dried faecal extracts. It is 

uncertain to which extent native molecules and immunoreactive metabolites of cortisol were quantified 

in the kit used. Consequently, we prefer to use the terminology ‘cortisol and immunoreactive cortisol 

metabolites’. 
All analyses were repeated twice. Inter- and intra-assay coefficients of variation were less than 10%. The 
test sensitivity was determined by measuring the least amount of hormone standard consistently 
distinguishable from the zero concentration standard and was calculated to be 17.3 ng mL–1. 
All faecal samples were analysed at multiple dilutions (1 : 4, 1 : 8, 1 : 16 and 1 : 32) and were found to be 
parallel to the standard curve (P < 0.05). The mean recovery rate of cortisol added to dried faeces was 
96.7%. According to the manufacturer, the cortisol kit presents the following cross-reactivity: 100% with 
cortisol, 18.8% with dexamethasone, 7.8% with prednisolone, 1.2% with corticosterone and 1.2% with 
cortisone. 
 
Statistical analyses 
Differences in proportion of time feeding (PTF), proportion of time in vigilance (PTV) and alertness rate 

(AR) between the study areas were evaluated with generalised linear models with zero-inflated b 

distributions (PTF and PTV) and zero-inflated gamma distributions (AR). In global models, PTF, PTV or AR 

were the response variables; site, group size and their two-way interaction were the predictors. Then, 



we compared the distance of focal female fallow deer from the forest borders (i.e. the minimum 

distance and the average distance of those of 4 cardinal points) between the two areas, through 

generalised linear models with negative binomial errors (minimum distance) and general linear models 

(mean distance). For analyses of distances, we used data collected in 2012/13 (n = 195 observation 

bouts). For all analyses, minimum adequate models were estimated by removing the least significant 

term at each step, starting from interactions, until the elimination of terms caused an increase of AIC 

values of >2 (Crawley 2007). 
We assessed differences in concentrations of faecal cortisol (ng g–1) among four treatments (no culling 
area, and culling area 24 h, 48 h and 72 h after culling operations) through a general linear model 
(Crawley 2007). In the general linear model, concentrations of faecal cortisol metabolites per faecal 
sample were the response variable, and the treatment was the predictor. Analyses were conducted with 
the R3.0.2 software (R Development Core Team 2013). 
 
Results 
Behavioural response and distance from wood 
We collected 350 sampling bouts on adult females (C area: n = 198; NC area: n = 152). Increasing group 
size had a positive effect on the PTF and a negative effect on both the PTV and AR (Table 1, Figs 1, 2). 
Female fallow deer showed a lower PTF and a greater PTV in C than in NC. AR tended also to be greater 
in C than in NC, especially in large groups (Table 1, Figs 1, 2). 
Both the minimum and the mean distances from wood, along the four cardinal points, were significantly 
greater in individuals foraging in NC than in individuals foraging in C (Table 1, Fig. 3). 
 
Endogenous stress response 
Endogenous stress response differed between NC and C, depending on the time after culling operations 
(Fig. 4, Table 2). Concentrations of FCICM were significantly lower in NC than in C, 24 h after culling (Fig. 
4, Table 2). In C, from 24 h to 48–72 h after culling operations, endogenous stress response decreased 
significantly to FCICM concentrations comparable (48 h) and lower (72 h) than those of NC (Fig. 4, Table 
2). 
 
Discussion 
Our results suggested that culling could determine behavioural responses (increase of vigilance; foraging 
in sites with a wide visibility), but not long-term physiological effects (increase in concentrations of 
faecal cortisol) in female fallow deer. We conducted our study out of the period when most agricultural 
crops are active (i.e. late spring/summer). Furthermore, in Area C, we did not collect data when 
agricultural works occurred. It is likely that our results in Area C were not affected by anthropogenic 
disturbance related to agricultural activity. As to natural predators, one pack of wolf–dog hybrids has 
been reported in our study area (Manghi and Boitani 2012). The territory size of wolves is generally 
greater than 100 km2 (Fuller et al. 2003); therefore, it is likely that the predators used both our study 
areas, and fallow deer of both study areas should have experienced predation risk by natural predators. 
Deer density was about two times greater in NC than in C. Although different deer densities between 
our study areas may have influenced our results, we compared behavioural rates between individuals 
foraging in similar-sized groups, which may have allowed to control for the effect of local density on 
foraging and vigilance. 
A negative correlation between group size and vigilance has been reported in many taxa (e.g. Roberts 
1996; Hunter and Skinner 1998; Dias 2006). Larger groups may detect a predator more easily than do 
smaller ones, because of the greater number of individuals; this would allow animals to decrease their 
own vigilance and benefit from that of other group members (‘many-eyes’ or ‘detection effect’ 
hypothesis; Pulliam 1973). The risk of predation would be reduced in larger groups (‘safety in numbers’ 



or ‘dilution effect’ hypothesis; Foster and Treherne 1981). Alternatively, increasing group size may 
determine an increase of intra-specific competition for food, resulting in an increase of individual 
foraging time, so as to maintain a high food intake, and a reduction of vigilance (‘scramble competition’ 
hypothesis; Beauchamp 1998, 2008; Lima et al. 1999; Blumstein et al. 2001).  
Glucocorticoid makes glucose immediately available for escape behaviour (Michelena et al. 2012). In 
ruminants, the highest concentration of faecal cortisol metabolites have been reported 8–24 h after 
injection of adrenocorticotropic hormone (ACTH; Wasser et al. 2000; Dehnhard et al. 2001; Ashley et al. 
2011). In red deer, Cervus elaphus, the concentration of cortisol in blood samples was much higher in 
hunted individuals than in non-hunted ones (Bateson and Bradshaw 1997). Conversely, in our culling 
area, concentrations of cortisol metabolites of female fallow deer peaked only 1 day after operations, 
which, most likely, was triggered by the fear induced by the shot. Nevertheless, concentrations of 
cortisol metabolites consistently decreased over the 3 days after shooting, to values comparable (48 h 
post-shot) or lower (72 h) than those observed in the no-culling site, which suggests that an adaptive 
short-term endogenous response to stress occurred. As vigilance was greater in the culling site than in 
the no-culling site, presumably, the perception of predation risk was greater in the former than in the 
latter. Vigilance allows animals to scan and control the surrounding environment, which could not 
always reflect an endocrine response to stress. Most likely, culling determined an increase of anti-
predator behaviour, and only an acute, short-term, rather than chronic, stress response, in fallow deer.  
Vercauteren and Hygnstrom (1998) observed that resident white-tailed deer, Odocoileus virginianus, 
females were occasionally flushed by agricultural activities, mushroom hunters or hunting, but they 
typically returned to their home ranges by the next morning. Jeppesen (1987) reported that red deer 
moved from their familiar areas in response to intensive hunting, but they came back after 2–4 days. 
However, red deer tended to move continuously, over wide areas (Jeppesen 1987), suggesting 
nervousness. Our results suggested that fallow deer may have learned periodicity and areas where 
culling takes place, and got used to them (Lloyd 1990). 
In the area where culling occurred, 72 h post-shot, concentrations of faecal cortisol metabolites were 
lower than those found in samples collected in the area where culling did not occur. When culling 
operations did not occur, endogenous response to stress could have been comparatively greater in the 
area without culling than in the area with culling, although different basal concentrations of faecal 
cortisol metabolites between our two study sites cannot be ruled out. In the area without culling, the 
density of fallow deer was about two times greater than that in the area with culling. Culling may lead 
animals to concentrate in culling-free, refuge areas, resulting in great population densities (Braza 1975, 
for fallow deer; Jeppesen 1987, for red deer and roe deer). High population density can determine 
intraspecific competition for food, which may result in aggression and/or stress (Li et al. 2007). 
However, no evidence for an increase of fallow deer densities in the area without culling has been 
reported in the past decade (see Materials and methods). Furthermore, fallow deer herds have been 
repeatedly observed grazing at a close proximity of culling locations, when culling operations did not 
occur (F. Ferretti, pers. obs.). Most likely, culling has not induced changes in population distribution of 
these deer. 
Our results suggested that fallow deer did not show a long-term physiological response to culling and 
increased their vigilance behaviour. 

 
Acknowledgements 
We thank the MRP Agency, the Azienda Agricola Regionale di Alberese, A. Pastorello e A. Vivarelli 
Colonna, who authorised us to conduct observations in their lands. We thank the MRP Agency for 
financial support. We are indebted to S. Lovari, who supported and gave inputs to FF throughout the 



study, and to the MRP staff and wardens for logistical support and backing. We thank L. Corlatti and two 
anonymous reviewers for improving earlier drafts of our MS. 

 
References 
Altendorf, K. B., Laundre, J. K., Gonzalez, C. A. L., and Brown, J. S. (2001). Assessing effects of predation 
risk on foraging behavior of mule deer. Journal of Mammalogy 82, 430–439. doi:10.1644/1545-
1542(2001) 082<0430:AEOPRO>2.0.CO;2  
Arias, N., Requena, M., and Palme, R. (2013). Measuring faecal glucocorticoid metabolites as a non 

invasive tool for monitoring adrenocortical activity in South American camelids. Animal Welfare 22, 25–

31. doi:10.7120/09627286.22.1.025  

Ashley, N. T., Barboza, P. S., Macbeth, B. J., Janz, D. M., Catter, M. R. L., Booth, R. K., and Wasser, S. K. 

(2011). Glucocorticosteroid concentrations in feces and hair of captive caribou and reindeer following 

adrenocorticotropic hormone challenge. General and Comparative Endocrinology 172, 382–391. 

doi:10.1016/j.ygcen.2011. 03.029  
Banks, S. C., Piggott, M. P., Stow, A. J., and Taylor, A. C. (2007). Sex and sociality in a disconnected world: 

a review of the impacts of habitat fragmentation on animal social interactions. Canadian Journal of 

Zoology 85, 1065–1079. doi:10.1139/Z07-094  
Bateson, P., and Bradshaw, E. L. (1997). Physiological effects of hunting red deer (Cervus elaphus). 

Proceedings of the Royal Society B 264, 1707–1714. doi:10.1098/rspb.1997.0237  
Beauchamp, G. (1998). The effect of group size on mean food intake rate in birds. Biological Reviews of 

the Cambridge Philosophical Society 73, 449–472. doi:10.1017/S0006323198005246  
Beauchamp, G. (2008). What is the magnitude of the group-size effect on vigilance? Behavioral Ecology 

19, 1361–1368. doi:10.1093/beheco/ arn096  
Benhaiem, S., Delon, M., Lourtet, B., Cargnelutti, B., Aulagnier, S., Mark Hewison, A. J., Morlett, N., and 

Verheyden, H. (2008). Hunting increases vigilance levels in roe deer and modifies feeding site selection. 

Animal Behaviour 76, 611–618. doi:10.1016/j.anbehav.2008. 03.012  
Blumstein, D. T., Daniel, J. C., and McLean, I. G. (2001). Group size effects in quokkas. Australian Journal 

of Zoology 49, 641–649. doi:10.1071/ ZO01032  

Braza, F. (1975). Censo del gamo Dama dama en el Parque Nacional de Doñana. In ‘Monografías 

Estación Central de Ecología, no. 3. Naturalia Hispánica’. (Ed. Ministerio de Agricultura.) pp. 1–27. 

Publicaciones del Ministerio de Agricultura: Madrid.  
Brown, J. S., Laundre, J. W., and Gurung, M. (1999). The ecology of fear: optimal foraging, game theory, 

and trophic interactions. Journal of Mammalogy 80, 385–399. doi:10.2307/1383287  
Bruno, E., and Lovari, S. (1989). Foraging behavior of adult female apennine chamois in relation to 

seasonal variation in food supply. Acta Theriologica 34, 513–523. doi:10.4098/AT.arch.89-52  
Caniglia, R., Fabbri, E., Greco, C., Galaverni, M., Manghi, L., Boitani, L., Sforzi, A., and Randi, E. (2013). 

Black coats in an admixed wolf dog pack is melanism an indicator of hybridization in wolves? European 

Journal of Wildlife Research 59, 543–555. doi:10.1007/s10344-013-0703-1  
Childress, M. J., and Lung, M. A. (2003). Predation risk, gender and the group size effect: does elk 

vigilance depend upon the behaviour of conspecifics? Animal Behaviour 66, 389–398. 

doi:10.1006/anbe.2003. 2217  
Ciuti, S., Bongi, P., Vassle, S., and Apollonio, M. (2006). Influence of fawning on the spatial behaviour 

and habitat selection of female fallow deer (Dama dama) during late pregnancy and early lactation. 

Journal of Zoology 268, 97–107. doi:10.1111/j.1469-7998.2005.00003.x  

../../../../Users/Macchi/AppData/Local/Temp/dx.doi.org/10.1644/1545-1542(2001)082%3c0430:AEOPRO%3e2.0.CO;2
../../../../Users/Macchi/AppData/Local/Temp/dx.doi.org/10.1644/1545-1542(2001)082%3c0430:AEOPRO%3e2.0.CO;2
../../../../Users/Macchi/AppData/Local/Temp/dx.doi.org/10.1644/1545-1542(2001)082%3c0430:AEOPRO%3e2.0.CO;2
../../../../Users/Macchi/AppData/Local/Temp/dx.doi.org/10.1644/1545-1542(2001)082%3c0430:AEOPRO%3e2.0.CO;2
../../../../Users/Macchi/AppData/Local/Temp/dx.doi.org/10.1644/1545-1542(2001)082%3c0430:AEOPRO%3e2.0.CO;2
../../../../Users/Macchi/AppData/Local/Temp/dx.doi.org/10.7120/09627286.22.1.025
../../../../Users/Macchi/AppData/Local/Temp/dx.doi.org/10.1016/j.ygcen.2011.03.029
../../../../Users/Macchi/AppData/Local/Temp/dx.doi.org/10.1016/j.ygcen.2011.03.029
../../../../Users/Macchi/AppData/Local/Temp/dx.doi.org/10.1139/Z07-094
../../../../Users/Macchi/AppData/Local/Temp/dx.doi.org/10.1098/rspb.1997.0237
../../../../Users/Macchi/AppData/Local/Temp/dx.doi.org/10.1017/S0006323198005246
../../../../Users/Macchi/AppData/Local/Temp/dx.doi.org/10.1093/beheco/arn096
../../../../Users/Macchi/AppData/Local/Temp/dx.doi.org/10.1093/beheco/arn096
../../../../Users/Macchi/AppData/Local/Temp/dx.doi.org/10.1016/j.anbehav.2008.03.012
../../../../Users/Macchi/AppData/Local/Temp/dx.doi.org/10.1016/j.anbehav.2008.03.012
../../../../Users/Macchi/AppData/Local/Temp/dx.doi.org/10.1071/ZO01032
../../../../Users/Macchi/AppData/Local/Temp/dx.doi.org/10.1071/ZO01032
../../../../Users/Macchi/AppData/Local/Temp/dx.doi.org/10.2307/1383287
../../../../Users/Macchi/AppData/Local/Temp/dx.doi.org/10.4098/AT.arch.89-52
../../../../Users/Macchi/AppData/Local/Temp/dx.doi.org/10.1007/s10344-013-0703-1
../../../../Users/Macchi/AppData/Local/Temp/dx.doi.org/10.1007/s10344-013-0703-1
../../../../Users/Macchi/AppData/Local/Temp/dx.doi.org/10.1006/anbe.2003.2217
../../../../Users/Macchi/AppData/Local/Temp/dx.doi.org/10.1006/anbe.2003.2217
../../../../Users/Macchi/AppData/Local/Temp/dx.doi.org/10.1111/j.1469-7998.2005.00003.x


Coltman, D. W., O’Donoghue, P., Jorgenson, J. T., Hogg, J. T., Strobeck, C., and Festa-Bianchet, M. (2003). 

Undesirable evolutionary consequences of trophy hunting. Nature 426, 655–658. 

doi:10.1038/nature02177  
Côté, S. D., Rooney, T. P., Tremblay, J. P., Dussaul, C., and Waller, D. M. (2004). Ecological impacts of 

deer overabundance. Annual Review of Ecology Evolution and Systematics 35, 113–147. 

doi:10.1146/annurev. ecolsys.35.021103.105725  
Crawley, M. J. 2007. ‘The R Book.’ (Wiley: Chichester, UK.)  
Creel, S., Winnie, J., Maxwell, B., Hamlin, K., and Creel, M. (2005). Elk alter habitat selection as an 

antipredator response to wolves. Ecology 86, 3387–3397. doi:10.1890/05-0032  
Cromsigt, J. P. G. M., Kuijper, D. P. J., Adam, M., Beschta, R. L., Churski, M., Eycott, A., Kerley, G. I. H., 

Mysterud, A., Schmidt, K., and West, K. (2013). Hunting for fear: innovating management of human–

wildlife conflicts. Journal of Applied Ecology 50, 544–549. doi:10.1111/1365-2664.12076  
Crosmary, W. G., Makumbe, P., Côte, S., and Fritz, H. (2012). Vulnerability to predation and water 

constraints limit behavioural adjustments of ungulates in response to hunting risk. Animal Behaviour 83, 

1367–1376. doi:10.1016/j.anbehav.2012.03.004  
Dehnhard, M., Clauss, M., Lechner-Doll, M., Meyer, H. H. D., and Palme, R. (2001). Noninvasive 

monitoring of adrenocortical activity in roe deer (Capreolus capreolus) by measurement of fecal cortisol 

metabolites. 

General and Comparative Endocrinology 123, 111–120. doi:10.1006/ gcen.2001.7656  
Dias, R. I. (2006). Effects of position and flock size on vigilance and foraging  behaviour  of  the  scaled  

dove  Columbina  squammata. Behavioural Processes 73, 248–252. doi:10.1016/j.beproc.2006.06.002 

Elgar, M. A. (1989). Predator vigilance and group size in mammals and birds: a critical review of the 

empirical evidence. Biological Reviews of the Cambridge  Philosophical  Society  64,  13–33.  

doi:10.1111/j.1469-185X.1989.tb00636.x  
Fattorini, L., Ferretti, F., Pisani, C., and Sforzi, A. (2011). Two-stage estimation of ungulate abundance in 

Mediterranean areas using pellet group count. Environmental and Ecological Statistics 18, 291–314. 

doi:10.1007/s10651-010-0133-0  
Ferretti, F., Bertoldi, G., Sforzi, A., and Fattorini, L. (2011a). Roe and fallow deer: are they compatible 

neighbours? European Journal of Wildlife Research 57, 775–783. doi:10.1007/s10344-010-0487-5  
Ferretti, F., Sforzi, A., and Lovari, S. (2011b). Behavioural interference between ungulate species: roe are 
not on velvet with fallow deer. 
Behavioral Ecology and Sociobiology 65, 875–887. doi:10.1007/ s00265-010-1088-8  
Foster, W. A., and Treherne, J. E. (1981). Evidence for the dilution effect in the selfish herd from fish 

predation on a marine insect. Nature 293, 466–467. doi:10.1038/293466a0  
Frid, A. (1997). Vigilance by female Dall’s sheep: interactions between predation risk factors. Animal 

Behaviour 53, 799–808. doi:10.1006/ anbe.1996.0345  
Frid, A., and Dill, L. (2002). Human-caused disturbance stimuli as a form of predation risk. Conservation 
Ecology 6, 11–35.  
Fuller, T. K., Mech, L. D., and Cochrane, J. F. (2003). Wolf population dynamics. In ‘Wolves: Behavior, 

Ecology, and Conservation’. (Eds L. D. Mech and L. Boitani.) pp. 161–191. (University of Chicago Press: 

Chicago, IL.)  
Gill, R. M. A., and Morgan, G. (2010). The effects of varying deer density on natural regeneration in 

woodlands in lowland Britain. Forestry 83, 53–63. doi:10.1093/forestry/cpp031  

../../../../Users/Macchi/AppData/Local/Temp/dx.doi.org/10.1038/nature02177
../../../../Users/Macchi/AppData/Local/Temp/dx.doi.org/10.1146/annurev.ecolsys.35.021103.105725
../../../../Users/Macchi/AppData/Local/Temp/dx.doi.org/10.1146/annurev.ecolsys.35.021103.105725
../../../../Users/Macchi/AppData/Local/Temp/dx.doi.org/10.1890/05-0032
../../../../Users/Macchi/AppData/Local/Temp/dx.doi.org/10.1111/1365-2664.12076
../../../../Users/Macchi/AppData/Local/Temp/dx.doi.org/10.1111/1365-2664.12076
../../../../Users/Macchi/AppData/Local/Temp/dx.doi.org/10.1016/j.anbehav.2012.03.004
../../../../Users/Macchi/AppData/Local/Temp/dx.doi.org/10.1006/gcen.2001.7656
../../../../Users/Macchi/AppData/Local/Temp/dx.doi.org/10.1006/gcen.2001.7656
../../../../Users/Macchi/AppData/Local/Temp/dx.doi.org/10.1016/j.beproc.2006.06.002
../../../../Users/Macchi/AppData/Local/Temp/dx.doi.org/10.1111/j.1469-185X.1989.tb00636.x
../../../../Users/Macchi/AppData/Local/Temp/dx.doi.org/10.1111/j.1469-185X.1989.tb00636.x
../../../../Users/Macchi/AppData/Local/Temp/dx.doi.org/10.1007/s10651-010-0133-0
../../../../Users/Macchi/AppData/Local/Temp/dx.doi.org/10.1007/s10344-010-0487-5
../../../../Users/Macchi/AppData/Local/Temp/dx.doi.org/10.1007/s00265-010-1088-8
../../../../Users/Macchi/AppData/Local/Temp/dx.doi.org/10.1007/s00265-010-1088-8
../../../../Users/Macchi/AppData/Local/Temp/dx.doi.org/10.1038/293466a0
../../../../Users/Macchi/AppData/Local/Temp/dx.doi.org/10.1006/anbe.1996.0345
../../../../Users/Macchi/AppData/Local/Temp/dx.doi.org/10.1006/anbe.1996.0345
../../../../Users/Macchi/AppData/Local/Temp/dx.doi.org/10.1093/forestry/cpp031


Gordon, I. J., Hester, A. J., and Festa-Bianchet, M. (2004). The management of wild large herbivores to 

meet economic, conservation and environmental objectives. Journal of Applied Ecology 41, 1021–1031. 

doi:10.1111/j.0021-8901.2004.00985.x  
Grignolio, S., Merli, E., Bongi, P., Ciuti, S., and Apollonio, M. (2011). Effects of hunting with hounds on a 

non-target species living on the edge of a protected area. Biological Conservation 144, 641–649. 

doi:10.1016/j.biocon.2010.10.022  
Hernándèz, L., and Laundré, J. W. (2005). Foraging in the ‘landscape of fear’ and its implications for 

habitat use and diet quality of elk Cervus elaphus and bison Bison bison. Wildlife Biology 11, 215–220. 

doi:10.2981/0909-6396(2005)11[215:FITLOF]2.0.CO;2  
Hochman, V., and Kotler, B. (2007). Patch use, apprehension, and vigilance behavior of Nubian ibex 

under perceived risk of predation. Behavioral Ecology 18, 368–374. doi:10.1093/beheco/arl087  
Hopewell, L., Rossiter, R., Blower, E., Leaver, L., and Goto, K. (2005). Grazing and vigilance by Soay sheep 

on Lundy Island: influence of group size, terrain and the distribution of vegetation. Behavioural 

Processes 70, 186–193. doi:10.1016/j.beproc.2005.04.009  
Huber, S., Palme, R., and Arnold, W. (2003). Effects of season, sex and sample collection on 

concentrations of fecal cortisol metabolites in red deer (Cervus elaphus). General and Comparative 

Endocrinology 130, 48–54. doi:10.1016/S0016-6480(02)00535-X  
Hunter, L. T. B., and Skinner, J. D. (1998). Vigilance behavior in African ungulates: the role of predation 

pressure. Behaviour 135, 195–211. doi:10.1163/156853998793066320  
Illius, A. W., and Fitzgibbon, C. (1994). Costs of vigilance in foraging ungulates. Animal Behaviour 47, 

481–484. doi:10.1006/anbe.1994.1067  

Jayakody, D. J., Sibbald, A. M., Gordon, I. J., and Lambin, X. (2008). Red deer Cevus elephus vigilance 

behavior differs with habitat and type of human disturbance. (2008)14[81:RDCEVB]2.0.CO;2  
Jeppesen, J. L. (1987). Impact of human disturbance on home range, movements and activity of red 

deer Cervus elaphus in a Danish environment. Danish Review of Game Biology 13, 1–38.  
Lehner, P. N. (Ed.) (1996). ‘Handbook of Ethological Methods.’ (Cambridge University Press: Cambridge, 
UK.)  
Li, C., Jang, Z., Tang, S., and Zeng, Y. (2007). Influence of enclosure size and animal density on faecal 

cortisol concentration and aggression in Père David’s deer stags. General and Comparative 

Endocrinology 151, 202–209. doi:10.1016/j.ygcen.2007.01.014  
Lima, S. L. (1998a). Nonlethal effects in the ecology of predator–prey interactions. Bioscience 48, 25–34. 
doi:10.2307/1313225  
Lima, S. L. (1998b). Stress and decision making under the risk of predation: recent developments from 

behavioral, reproductive and ecological prospectives. Advances in the Study of Behavior 27, 215–290. 

doi:10.1016/S0065-3454(08)60366-6 
Lima, S. L., and Dill, L. M. (1990). Behavioural decisions made under the risk of predation: a review and 
prospectus. Canadian Journal of Zoology 68, 619–640. doi:10.1139/z90-092  
Lima, S. L., Zollner, P. A., and Bednekoff, P. A. (1999). Predation, scramble competition, and the vigilance 

group size effect in dark-eyed juncos (Junco hyemalis). Behavioral Ecology and Sociobiology 46, 110–

116. doi:10.1007/s002650050599  
Lloyd, E. R. (1990). ‘The Staghunting Controversy: Some Provocative Questions and Straight Answers.’ 

(Masters of Deerhounds Association: Dulverton, UK.)  
Lung, M. A., and Childress, M. (2007). The influence of conspecifics and predation risk on the vigilance of 

elk (Cervus elaphus) in Yellostone National Park. Behavioral Ecology 8, 12–20.  

../../../../Users/Macchi/AppData/Local/Temp/dx.doi.org/10.1111/j.0021-8901.2004.00985.x
../../../../Users/Macchi/AppData/Local/Temp/dx.doi.org/10.1016/j.biocon.2010.10.022
../../../../Users/Macchi/AppData/Local/Temp/dx.doi.org/10.2981/0909-6396(2005)11%5b215:FITLOF%5d2.0.CO;2
../../../../Users/Macchi/AppData/Local/Temp/dx.doi.org/10.2981/0909-6396(2005)11%5b215:FITLOF%5d2.0.CO;2
../../../../Users/Macchi/AppData/Local/Temp/dx.doi.org/10.1093/beheco/arl087
../../../../Users/Macchi/AppData/Local/Temp/dx.doi.org/10.1016/j.beproc.2005.04.009
../../../../Users/Macchi/AppData/Local/Temp/dx.doi.org/10.1016/S0016-6480(02)00535-X
../../../../Users/Macchi/AppData/Local/Temp/dx.doi.org/10.1163/156853998793066320
../../../../Users/Macchi/AppData/Local/Temp/dx.doi.org/10.1006/anbe.1994.1067
../../../../Users/Macchi/AppData/Local/Temp/dx.doi.org/10.2981/0909-6396(2008)14%5b81:RDCEVB%5d2.0.CO;2
../../../../Users/Macchi/AppData/Local/Temp/dx.doi.org/10.1016/j.ygcen.2007.01.014
../../../../Users/Macchi/AppData/Local/Temp/dx.doi.org/10.2307/1313225
../../../../Users/Macchi/AppData/Local/Temp/dx.doi.org/10.1016/S0065-3454(08)60366-6
../../../../Users/Macchi/AppData/Local/Temp/dx.doi.org/10.1139/z90-092
../../../../Users/Macchi/AppData/Local/Temp/dx.doi.org/10.1007/s002650050599


Manghi, L., and Boitani, L. (2012). Indagine sull’ecologia alimentare di Canis lupus e sviluppo di 

un’applicazione con il software Cyber Tracker per il monitoraggio della biodivoresità. Relazione sulle 

attività svolte: Giugno-Dicembre 2011. Unpublished report. Fondazione Grosseto Cultura, Grosseto, 

Italy.  
Manor, R., and Saltz, D. (2003). Impact of human nuisance disturbance on vigilance and group size of a 

social ungulate. Ecological Applications 13, 1830–1834. doi:10.1890/01-5354  
Marino, A. (2010). Costs and benefits of sociality differ between female guanacos living in contrasting 

ecological conditions. Ethology 116, 999–1010. doi:10.1111/j.1439-0310.2010.01812.x  
Marino, A., and Baldi, R. (2008). Vigilance patterns of territorial guanacos (Lama guanicoe): the role of 

reproductive interests and predation risk. Ethology 114, 413–423. doi:10.1111/j.1439-

0310.2008.01485_1.x  
Morrow, C. J., Kolver, E. S., Verkerk, G. A., and Matthews, R. (2002). Fecal glucocorticoid metabolites as 

a measure of adrenal activity in dairy cattle.  
General and Comparative Endocrinology 126, 229–241. doi:10.1006/ gcen.2002.7797  
Michelena, P., Pillot, M., Henrion, C., Toulet, S., Boissy, A., and Bon, R. (2012). Group size elicits specifics 

physiological response in herbivores. Biology Letters 8, 537–539. doi:10.1098/rsbl.2012.0197  
Möstl, E., and Palme, R. (2002). Hormones ad indicators of stress. Domestic Animal Endocrinology 23, 

67–74. doi:10.1016/S0739-7240(02)00146-7 

 Niglio, M. (1995). Home ranges, ritmi di attività e scelta dell’habitat di femmine di daino nel Parco 

Regionale della Maremma. M.Sc. Thesis, University of Bologna, Bologna, Italy. 
 
Palme, R., and Möstl, E. (1997). Measurement of cortisol metabolites in faeces of sheep as a parameter 
of cortisol concentration in blood. International Journal of Mammalian Biology 62(Suppl. II), 192–197. 
Palme, R., Robia, C., Baumgartner, W., and Möstl, E. (2000). Transport stress in cattle as reflected by an 
increase in fecal cortisol metabolites. The Veterinary Record 146, 108–109. doi:10.1136/vr.146.4.108  
Pulliam,  H.  R.  (1973).  On  the  advantages  of  flocking.  Journal  of Theoretical Biology 38, 419–422. 

doi:10.1016/0022-5193(73)90184-7 R Development Core Team (2013). R version 3.0.2. The R 

Foundation for Statistical Computing, Vienna.  
RDM Projects (Ed.) (2002). ‘Piano di Gestione Forestale.’ (Ente Parco Regionale della Maremma: 
Alberese, Italy.)  
Reimoser, F., and Putman, R. J. (2011). Impact of large ungulates on agriculture, forestry and 

conservation habitats in Europe. In ‘Ungulate Management in Europe: Problems and Practices’. (Eds R. J. 

Putman, M. Apollonio and R. Andersen.) pp. 144–191. (Cambridge University Press: Cambridge, UK.)  
Roberts, G. (1996). Why individual vigilance declines as group size increases. Animal Behaviour 51, 

1077–1086. doi:10.1006/anbe.1996.0109  
Romero, L. M. (2004). Physiological stress in ecology: lessons from biomedical research. Trends in 

Ecology & Evolution 19, 249–255. doi:10.1016/j.tree.2004.03.008  
San José, C., Lovari, S., and Ferrari, N. (1996). Temporal evolution of vigilance in roe deer. Behavioural 

Processes 38, 155–159. doi:10.1016/ S0376-6357(96)00033-2  

Sapolsky, R. M. (1992). Neuroendocrinology of the stress-response. In ‘Behavioral Endocrinology’. (Eds J. 

Becker, S. Breedlove and D. Crews.) pp. 284–324. (MIT Press: Cambridge, MA.)  
Sapolsky, R. M., Romero, L. M., and Muck, A. U. (2000). How do glucocorticoids influence stress-

responses? Integrating permissive, suppressive, stimulatory, and adaptive actions. Endocrine Reviews 

21, 55–89.  

../../../../Users/Macchi/AppData/Local/Temp/dx.doi.org/10.1890/01-5354
../../../../Users/Macchi/AppData/Local/Temp/dx.doi.org/10.1111/j.1439-0310.2010.01812.x
../../../../Users/Macchi/AppData/Local/Temp/dx.doi.org/10.1111/j.1439-0310.2008.01485_1.x
../../../../Users/Macchi/AppData/Local/Temp/dx.doi.org/10.1111/j.1439-0310.2008.01485_1.x
../../../../Users/Macchi/AppData/Local/Temp/dx.doi.org/10.1006/gcen.2002.7797
../../../../Users/Macchi/AppData/Local/Temp/dx.doi.org/10.1006/gcen.2002.7797
../../../../Users/Macchi/AppData/Local/Temp/dx.doi.org/10.1098/rsbl.2012.0197
../../../../Users/Macchi/AppData/Local/Temp/dx.doi.org/10.1016/S0739-7240(02)00146-7
../../../../Users/Macchi/AppData/Local/Temp/dx.doi.org/10.1136/vr.146.4.108
../../../../Users/Macchi/AppData/Local/Temp/dx.doi.org/10.1016/0022-5193(73)90184-7
../../../../Users/Macchi/AppData/Local/Temp/dx.doi.org/10.1006/anbe.1996.0109
../../../../Users/Macchi/AppData/Local/Temp/dx.doi.org/10.1016/j.tree.2004.03.008
../../../../Users/Macchi/AppData/Local/Temp/dx.doi.org/10.1016/S0376-6357(96)00033-2
../../../../Users/Macchi/AppData/Local/Temp/dx.doi.org/10.1016/S0376-6357(96)00033-2


Schwarzenberger, F., Kolter, L., Zimmerman, W., Rietschel, W., Matern, B., Bircher, P., and Leus, K. 

(1998). Faecal cortisol metabolite measurement in the okapi (Okapia johnstoni). Advances in Ethology 

33, 28. 

Sforzi, A., Ferretti, F., Machetti, A., Boldorini, U., and Tonini, L. (2014). Programma annuale per la 

gestione degli Ungulati selvatici del Parco Regionale della Maremma. Unpublished report. Ente Parco 

Regionale della Maremma, Alberese. [In Italian]  
Sforzi, A., and Lovari, S. (2000). Some effects of hunting on wild mammalian populations. Ibex: Journal of 

Mountain Ecology 5, 165–171.  
Sheriff, M. J., Krebs, C. J., and Boonstra, R. (2009). The sensitive hare: sublethal effects of predator stress 

on reproduction in snowshoe hares. Journal of Animal Ecology 78, 1249–1258. doi:10.1111/j.1365-2656. 

2009.01552.x  
Sheriff, M. J., Krebs, C. J., and Boonstra, R. (2010). Assessing stress in animal populations: do fecal and 

plasma glucocorticoids tell the same story? General and Comparative Endocrinology 166, 614–619. 

doi:10.1016/j.ygcen.2009.12.017  
Shi, J., Li, D., and Xiao, W. (2011). Influences of sex, group size, and spatial position on vigilance behavior 

of Przewalski’s gazelles. Acta Theriologica 56, 73–79. doi:10.1007/s13364-010-0001-1 Shorrocks, B., and Cokayne, A. (2005). Vigilance and group size in impala (Aepyceros melampus Lichtenstein): a study in Nairobi National Park, Kenya. African Journal of Ecology 43, 91–96. doi:10.1111/j.1365-2028.2005.00541.x  
Stankowich, T. (2008). Ungulate flight responses to human disturbance: a review and meta-analysis. 

Biological Conservation 141, 2159–2173. doi:10.1016/j.biocon.2008.06.026  
Underwood, R. (1982). Vigilance behavior in grazing African antelopes. Behaviour 79, 81–107. 
doi:10.1163/156853982X00193  
Vercauteren, K. C., and Hygnstrom, S. E. (1998). Effects of agricultural activities on home ranges of 

female white-tailed deer. The Journal of Wildlife Management 62, 280–285. doi:10.2307/3802289  
Wasser, S. K., Hunt, K. E., Brown, J. L., Cooper, K., Crockett, C. M., Bechert, U., Millspaugh, J. J., Larson, 

S., and Monfort, S. L. (2000). A generalized fecal glucocorticosteroid assay for use in a diverse array of 

nondomestic mammalian and avian species. General and Comparative Endocrinology 120, 260–275. 

doi:10.1006/gcen.2000.7557 
 
Wikelski, M., and Cooke, S. J. (2006). Conservation physiology. Trends in Ecology & Evolution 21, 38–46. 

doi:10.1016/j.tree.2005.10.018  

Zwijacz-Kozica, T., Selva, N., Barja, I., Silvàn, G., Martìnez-Fernàndez, L., Illera, G. C., and Jodlowski, M. 

(2013). Concentration of fecal cortisol metabolites in chamois in relation to tourist pressure in Tatra 

National Park (south Poland). Acta Theriologica 58, 215–222. doi:10.1007/ s13364-012-0108-7 

 

../../../../Users/Macchi/AppData/Local/Temp/dx.doi.org/10.1111/j.1365-2656.2009.01552.x
../../../../Users/Macchi/AppData/Local/Temp/dx.doi.org/10.1111/j.1365-2656.2009.01552.x
../../../../Users/Macchi/AppData/Local/Temp/dx.doi.org/10.1016/j.ygcen.2009.12.017
../../../../Users/Macchi/AppData/Local/Temp/dx.doi.org/10.1007/s13364-010-0001-1
../../../../Users/Macchi/AppData/Local/Temp/dx.doi.org/10.1111/j.1365-2028.2005.00541.x
../../../../Users/Macchi/AppData/Local/Temp/dx.doi.org/10.1111/j.1365-2028.2005.00541.x
../../../../Users/Macchi/AppData/Local/Temp/dx.doi.org/10.1016/j.biocon.2008.06.026
../../../../Users/Macchi/AppData/Local/Temp/dx.doi.org/10.1163/156853982X00193
../../../../Users/Macchi/AppData/Local/Temp/dx.doi.org/10.2307/3802289
../../../../Users/Macchi/AppData/Local/Temp/dx.doi.org/10.1006/gcen.2000.7557
../../../../Users/Macchi/AppData/Local/Temp/dx.doi.org/10.1016/j.tree.2005.10.018
../../../../Users/Macchi/AppData/Local/Temp/dx.doi.org/10.1007/s13364-012-0108-7
../../../../Users/Macchi/AppData/Local/Temp/dx.doi.org/10.1007/s13364-012-0108-7


Table 1.  Effects of site (culling (C) vs no culling (NC)) and group size on grazing female fallow deer: 
proportion of time foraging (PTF), proportion of time in vigilance (PTV) and number of head-lifts min

–1
 

(AR) (n = 350 observation bouts, collected in November–March 2006–08, and 2012–2013), as well as 
minimum and mean distances from wood, along the four cardinal points (n = 195 observation bouts, 
collected in November–March 2012/13) 

 
Response variable Predictor B s.e. P 
     

Proportion of time 
feeding Intercept 1.589 0.095 <0.001 
 Site (NC) 0.260 0.114 0.023 
 Group size 0.011 0.004 0.008 
Proportion of time in 
vigilance Intercept –2.163 0.094 <0.001 
 Site (NC) –0.223 0.112 0.048 
 Group size –0.014 0.004 <0.001 
Number of head-lifts 
per min Intercept –0.358 0.096 <0.001 
 Site (NC) 0.229 0.167 0.172 
 Group size –0.016 0.005 0.004 

 
Site (NC)  group 
size –0.022 0.008 0.006 

Minimum distance from 
wood Intercept 0.249 0.089 0.005 
 Site (NC) 0.379 0.116 0.001 
Mean distance from 
wood Intercept 3.033 0.079 <0.001 
 Site (NC) 0.996 0.112 <0.001 
     

 



 
Fig. 1. Feeding and vigilance behaviour of female fallow deer (mean standard errors) grazing in sites with or without culling, 
in the Maremma Regional Park (n = 350 observation bouts). 
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Fig. 2. Alertness rate in relation to group size of female fallow deer grazing in sites with or without culling, in the Maremma 
Regional Park (n = 350 observation bouts). Site with culling (solid line); site with no culling (dotted line). 
 



  
 

 

 

 

 

 

 

 
 
Fig. 3. Distance from wood (in classes: minimum distance and mean distance along the four cardinal points; mean standard 
errors) of female fallow deer grazing in sites with or without culling, in the Maremma Regional Park (n = 195 observation 
bouts). 



 
Fig. 4. Concentrations (mean s.e., ng g

–1
) of faecal cortisol metabolites of female fallow deer in an area without culling and in 

an area where culling occurred, 24 h, 48 h and 72 h after culling operations. **P < 0.01;  
***P < 0.001, n.s., not significant (general linear models). 

 


