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1. ABSTRACT 

 

 

The grey partridge is a typical ground breeding game bird of agricultural landscapes. 

Its abundance declined in most western European countries within the last decades. 

While the intensification of the agriculture was identified as a main reason of decline, 

relatively little is known about the impact of potential disturbing effects of human and 

raptor activities on grey partridges. We collected a total of 827 droppings of free-

living grey partridges from 5 sites in Europe and 119 droppings from birds in aviaries 

used for captive breeding between March and October 2007. We evaluated the 

concentration of corticosterone metabolites (CMC) in the droppings as a measure of 

physiological stress. We investigated whether the sites differed in corticosterone 

concentrations and whether there were relationships between different environmental 

variables such as rates of activity of various potential human and raptor disturbance 

and grey partridge flock size on CMC. 

1. Storage conditions, especially ambient temperature, and the period of collection 

had significant effects on CMC in droppings.  

2. CMC of grey partridge in the aviaries was drastically increased compared to all 

sites in the wild during all seasons.  

3. CMC varied between sites dependent on season. Droppings from the sites in 

Switzerland where grey partridge are being reintroduced, generally had higher CMC 

than droppings from sites where the populations are self-sustainable. Total rates of 

potential disturbing activities varied considerably between sites but were not 

correlated with mean CMC.  

4. When considering the influence of different, potential disturbing activity rates on 

CMC, we found similar patterns for all sites. The activity rate of raptors was found to 

significantly increase CMC but there was no evidence for a stress-evoking effect of 

human activities. Raptor activity rate was negatively correlated with pedestrian 

activity at all sites and there was some evidence that grey partridges avoided areas 

where pedestrian activity was high. This implied that both raptors and grey partridges 

shifted locations as a response to human presence.  

5. At all sites, grey partridges CMC decreased significantly with group size, and was 

always lowest for groups of more than two birds. 
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 2. INTRODUCTION 

 

 

The U. S. Wilderness Act (1964) defines wilderness as follows: “an area where the 

earth and its community of life are untrammelled by man, where man himself is a 

visitor who does not remain…retaining its primeval character and influence, without 

permanent improvements or human habitation, which is protected and managed so 

as to preserve its natural conditions and which generally appears to have been 

affected primarily by the forces of nature, with the imprint of man’s work substantially 

unnoticeable”. This definition probably corresponds best with our own sense of the 

wild but there is virtually no place left on earth that fits this definition. More and more 

endangered species only survive because of captive breeding programs and even 

whole ecosystems need active protection and management to further sustain their 

specific biodiversity (Vitousek et al. 1997). 

The discussion about the impact of species loss, and the advantages of 

maintaining biodiversity in general is still controversial from a scientific perspective of 

view. (Nee & May 1997; Woodruff 2001). Results from early studies observing greatly 

simplified ecosystems suggested that diverse communities enhance the stability of 

whole ecosystems (Odum 1971; Elton 2007) and confirmed the common sense of 

ecologists before 1970 (McCann 2000). The intuitive idea of diversity provoking 

stability was challenged by later works using mathematical models which showed 

that stability should decrease with higher diversity (May 1973). Evidence from field 

studies supporting one or the other theory is scarce and the topic referred to as the 

diversity-stability debate remains an important issue in ecology, unsurprisingly, given 

its nominal status as a theoretical keystone of the discipline and the absence of 

consensus regarding it.  

However, there is no doubt that there is a biodiversity crisis of huge extent going 

on, which began roughly 30’000 years ago (Wilson 1993). Fossil records and field 

studies show that the extinction rate over the past hundred million years persisted at 

around one species per year, while new species appeared at a rate of less then one 

per year. Today the rate of extinction surpasses 3000 species per year and is still 

accelerating (Woodruff 2001). The world flora and fauna is therefore disappearing at 

rates exceeding those that accompanied the mass extinction events in earth’s history 

(Reid 1997; Ricciardi & Rasmussen 1999). In 2000 the IUCN categorised about 12% 



 5 

of all bird species, 25% of all mammals and almost 50% of all plant species as 

threatened (Smith & Bræin 2004). 

It is broadly accepted that the decline of biodiversity can be strongly related to 

the growth of the human population, which has roughly increased threefold in the last 

60 years (Bongaarts et al. 2000). The massive increase of the human population 

entailed an ever increasing demand for resources with drastic effects on the 

wilderness areas. Humans have become a fundamental force of evolution which will 

impact life on earth for the next several million years (Kirchner & Weil 2000). 

The impact of human activities on biodiversity is manifold. Direct destruction, 

degradation and fragmentation of habitats can lead to displacement and loss of 

whole populations. Introduction of exotic competitors and parasites can have drastic 

consequences for local populations (Wilson 1993; Tompkins et al. 2003). Global 

warming, as an effect at least partly due to human activity, will shift bioclimatic 

envelopes probably to such an extent that many species will not be able follow their 

climatic envelopes nor adapt to the new conditions. The consequences of such 

spatial shifts are hard to predict because the present models are often too simplistic 

(Botkin et al. 2007). In recent years evidence has been growing that global warming 

is having an extremely deleterious impact on biodiversity. The consequences of 

climate change for biomes is the subject of intensive research today. 

Beside these severe impact events there is growing concern about so-called 

low-impact events such as ecotourism or leisure activities. As these expand and are 

often promoted in regions economically dependent on tourism, there is also more 

and more scientific evidence for the negative effects of such activities on wildlife 

(Burger & Gochfeld 1998; Delaney et al. 1999; Fletcher et al. 1999; Duchesne et al. 

2000; Gonzalez et al. 2006; Arlettaz et al. 2007; Banks & Bryant 2007; Barja et al. 

2007; Thiel et al. 2008).  

To ascertain the impact of human-mediated activities on wildlife is especially 

important when trying to conserve regions considered hotspots of biodiversity or in 

regions where huge efforts are being made to actively reintroduce species that had 

disappeared.  

Reintroduction projects in the past were often opportunistic and based on 

nostalgic wildlife fantasies rather than on scientific facts. However, there has been a 

recent increase in the number of reintroduction projects and reintroduction-related 

publications generating a recognisable field of reintroduction biology (Sarrazin & 

Barbault 1996; Sanz & Grajal 1998; Seddon 1999; Robert et al. 2004; Schaub et al. 
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2004; Seddon et al. 2007). Reintroduction projects are also attracting increasing 

public interest as there are controversies about large scale re-wilding projects such 

as the "Pleistocene re-wilding" (Donlan 2005; Rubenstein et al. 2006). They will 

become even more popular as more and more charismatic species such as the great 

apes or cetaceans such as the Yangtze River Dolphin become critically endangered 

or might even have become functionally extinct in the wild already (Woodford et al. 

2002; Turvey et al. 2007). Many reintroduction projects focus on so-called “flagship 

species” which attract public attention and usually represent an ecosystem in need of 

protection. Reintroduction of endangered species as surrogates can be used as a 

tool in conservation biology and allows partial restoration of simplified wildlife 

communities if based on scientific knowledge (Simberloff 1998; Caro & O'Doherty 

1999). 

Ironically, regions where reintroduction projects are being conducted are often 

strongly affected by the high frequency of human-mediated activities such as 

ecotourism and other leisure activities, since they still sustain high biodiversity and/or 

have been enhanced in quality and therefore attract more visitors. Thus investigating 

the impacts of potential human-mediated disturbance on physiology and behaviour of 

an animal in the context of conservation and reintroduction projects will gain 

increased interest in the future. Increased antipredation behaviour might increase 

long-term starvation risk (Watson et al. 2007a). Chronically increased stress 

hormones were found to affect reproduction and both short and long-term survival 

(Teixeira et al. 2007).  

There are certain problems when talking about human activities and stress in 

general. First, there is no clear definition of stress (Hofer & East 1998). Definitions 

vary dependent on the context or whether we focus on behaviour or physiology. In 

the past most investigations focused mainly on behavioural responses of animals 

such as vigilance behaviour, alarm calls or spatial shifts so as to draw conclusions 

about whether animals were stressed (Burger & Gochfeld 1998; Delaney et al. 1999; 

Duchesne et al. 2000; Buner submitted). One problem with this approach is that 

behavioural changes induced by a potential stressor need not necessarily imply a 

physiological stress response in the affected animal and might therefore differ in their 

consequences for any particular animal (Cockrem & Silverin 2002b; Mueller et al. 

2006). 

When focusing on physiology, stress can most accurately be defined as an 

environmental stimulus (stressor) that leads to an imbalance of homeostasis followed 
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by a defence reaction of an animal (stress response) which aims to re-establish 

homeostasis (Mostl & Palme 2002). In birds and other vertebrates the first reaction to 

a variety of events including stressors is the activation of the hypothalamo-pituary-

adrenal axis followed by a release of glucocorticoids (GC’s). The main GC in 

mammals is cortisol, in birds, rodents and reptiles it is corticosterone. The secretion 

of GC’s itself from the adrenal cortex is triggered by the release of the 

adrenocorticotrophic hormone (ACTH) from the anterior pituary gland, which in turn is 

regulated by corticotrophin-releasing hormone and vasopressin derived from neurons 

of the paraventricular nucleus of the hypothalamus (Munck et al. 1984). 

As a consequence the animal might shift to a so-called emergency life history 

stage, altering behaviour and physiology to increase its chances of survival 

(Wingfield et al. 1998). However, while a behavioural response can be elicited as a 

response to adrenocortical activity it can also be triggered by the central nervous 

system, which in turn can, but need not, entail adrenocortical activity (Silverin 1998; 

Fowler 1999; Cockrem & Silverin 2002a; Nephew et al. 2003). Additionally, there is a 

range of literature supporting the hypothesis that birds react with an adrenocortical 

activity only in situations that are imminently life-threatening (Cockrem & Silverin 

2002a; Mueller et al. 2006). 

Measuring GC’s (i e., cortisol and corticosterone) as an indicator of animal 

welfare has become a familiar technique in the last decade and is available for a 

broad range of species. However, the consequences of transient or chronically 

increased stress levels are still subjects of intensive investigation, (Sapolsky et al. 

2000; Morgan & Tromborg 2007) especially in the context of conservation and 

reintroduction projects (Teixeira et al. 2007). Nevertheless there are some studies 

showing negative effects of chronically increased stress hormone levels (Silverin 

1986; Saito et al. 1996; Silverin 1998). 

Blood-based enzyme immuno-assays (EIA) (Munro & Stabenfeldt 1984) have 

typically been used in the past in many studies (Harlow et al. 1990; Hood et al. 1998; 

Gregory & Schmid 2001; Almasi et al. 2006; Mueller et al. 2006). These methods 

cannot be applied in many cases since the animal must typically be captured prior to 

sampling. Especially when dealing with endangered species, the impact of sampling 

should be reduced to a minimum. Therefore in the 1970s and 1980s non-invasive 

methods were pioneered (Bercovitz et al. 1978) which allow quantification of GC’s 

from faeces and droppings. Faecal hormone metabolite EIA’s have been used for a 

variety of species (Palme & Mostl 1997; Mostl et al. 1999; Millspaugh et al. 2001; 
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Goymann et al. 2002; Millspaugh et al. 2002; Washburn & Millspaugh 2002; 

Nakagawa et al. 2003; Touma et al. 2003; Washburn et al. 2003; Rettenbacher et al. 

2004; Baltic et al. 2005; Pride 2005; Rittenhouse et al. 2005; Thiel et al. 2005; Barja 

et al. 2007; Millspaugh et al. 2007) and have proven to be a powerful tool in enabling 

investigators to make evidence-based statements about an animal’s endocrinal state. 

Nevertheless there are several confounding factors restricting their usage. Firstly, it is 

important to be aware of the fact that the hormone corticosterone itself is virtually 

absent from the faeces or droppings because most of it is metabolized in the liver 

(Palme 2005) Secondly, after defecation the corticosterone metabolites are subject to 

further microbial degradation (Millspaugh & Washburn 2004). The corticosterone 

metabolite concentration (CMC) measured in the droppings is therefore strongly 

dependent on environmental conditions and the level of microbial activity. Other 

factors that might complicate experiments and analysis of data of CMC 

measurements are seasonal and diurnal differences in corticosterone excretion 

(Holberton 1999; Touma & Palme 2005), sex (Touma et al. 2003) and body condition 

(Heath & Dufty 1998). Many authors therefore stress the importance of careful 

evaluation when using such techniques (Millspaugh & Washburn 2004; Palme 2005; 

Touma & Palme 2005). 

In this study we used samples of droppings from grey partridges (Peridix perdix) 

to conduct CMC measurements at different sites within Europe, with the main focus 

on the reintroduced Swiss grey partridge population. The aim of the study was to 

determine the impact of different environmental variables on the CMC.  

The grey partridge is a typical breeding bird of agricultural landscapes. Its 

particular habitat requirements and appealing public image make it an ideal flagship 

species. In the second half of the 20th century the Swiss populations of the grey 

partridge showed a dramatic decline from over 10’000 to only few individuals and 

consequently it became a red-list species. The main reason for their steep decline 

was the more intensive use of arable land, accompanied by the loss of important 

structures such as wasteland or fallow land (Jenny et al. 2005). 

In order to prevent the grey partridge from completely disappearing, the Swiss 

Ornithological Institute was commissioned by the Federal Office for the Environment 

FOEN and the two cantons, Schaffhausen and Geneva, to start a reintroduction 

program. The program is implemented in two regions of Switzerland, the Klettgau, 

canton of Schaffhausen and the Champagne genevoise, canton of Geneva. The two 

regions were found to be ideal for reintroduction because they contain several square 
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kilometres of agricultural land enhanced by wildflower strips and other ecological 

compensation areas rich in species and habitat structures. Furthermore, the grey 

partridge had persisted in these areas until the early 1990s. Besides reintroducing 

the grey partridge as a typical inhabitant into the area, data concerning the use of the 

enhanced habitat structures and the difficulties attaching such programs could be 

obtained. Results so far have shown that different sources of activities provoked 

different behavioural responses on the part of the grey partridge and might cause 

spatial shifts in the distribution of the species as is also known for other species 

(Buner submitted; Frid & Dill 2002). Further results revealed that the birds used the 

ecologically improved areas intensively (Buner et al. 2005). Examining the endocrinal 

state of the birds therefore might give additional insights concerning habitat quality 

and link the differences in behaviour to their putative physiological stress response.  

 

Our study addresses the following main questions: 

 

1.  Are there differences in the CMC measured in droppings between different 

grey partridge populations within Europe? 

 

2. Is there a relationship between sources of potential disturbance and 

physiological stress response? 

 

3. Do specific events provoke an immediate physiological stress response? 

 

4.  Is there an influence of group size on CMC? 
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3. METHODS 

 

 3.1 Study sites 

 

The geographical location of the study sites in the wild is given in Fig. 1 

 

 3.1.1. Champagne genevoise  

 

The Champagne genevoise region is situated in the canton of Geneva at 436 m a. s. 

l. The core area (approx 46°09’N, 6°01’E) of 614 ha is characterised by intensively 

cultivated arable land and its prairie-like character. In addition to the farmland, there 

are several gravel pits which are partially still in use. The Champagne genevoise is 

the only place in Switzerland where grey partridges persisted until the millennium. 

Since 1991 the core area has been improved with wildflower strips and other 

ecological compensation areas rich in habitat structure. 

However, the grey partridge population did not increase and so birds have been 

released since 2004. From 2004 to 2006 a total of 389 grey partridges were released 

in the Champagne genevoise. As with the Klettgau, the Champagne genevoise is 

situated close to human settlements and is therefore used as a recreation area. 

However, rates of human activities are lower than in the Klettgau. Relatively close to 

the core area is the airport of Geneva, the incidence of air traffic is therefore high but 

was not included in the quantification of potential disturbance.  

The density of the red fox (Vulpes vulpes) is approx 1 per 10 ha. No detailed 

information on ground predator density is available. In France hunting of the grey 

partridge is still common and captive-bred birds are released in huge numbers every 

year. Cases have been reported of grey partridges crossing the border to France and 

being shot by local hunters there. The raptor species observed in the area are black 

kite (Milvus migrans), red kite (Milvus milvus), sparrowhawk (Accipiter nisus), 

common buzzard (Buteo buteo) common kestrel (Falco tinnunculus) and hobby 

(Falco subbuteo). 
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 3.1.2 Klettgau  

 

The Klettgau region is situated in the north of Switzerland in the canton of 

Schaffhausen at 430 m a. s. l. The study was conducted in an area of the Klettgau of 

about 530 ha, which is also the core area of the grey partridge reintroduction 

program (approx 47°41’N, 8°31’E). The study area is characterised by intensively 

cultivated arable land such as is typical in western countries. The main crops 

cultivated in the core area are winter wheat (Triticum sp.), maize (Zea mays) and 

rape (Brassica napus). The core area lies near human settlements and shows a 

relatively high incidence of human leisure activities such as horse riding, cycling, dog 

walking, jogging etc. The open landscape with few bushes and trees is relatively dry 

and has a prairie-like character. Since 1991, the Klettgau has undergone ecological 

enhancements such as the establishment of both sown and spontaneous wild-flower 

stripes which increased its value for a variety of species. These enhancements were 

done in the context of the reintroduction program of the grey partridge into the area, 

as described in the introduction. Between 1998 and 2007 a total of 610 grey 

partridges were released in the area. There is also a project (Emmer/Einkorn-Projekt) 

in progress which tries to promote the cultivation of starch wheat (Triticum dicoccum) 

an ancient wheat species that is especially resistant to certain types of mildew as 

well as water stress, and is not dependent on fertilizers. Many bird species such as 

the common kestrel or the red-backed shrike (Lanius collurio) have shown an 

impressive increase in the number of breeding pairs since the enhancements in the 

Klettgau began (Jenny unpublished).  

The density of the most frequent ground predator, the red fox is about 1 per 10 

ha. There is a moderate predation control taking place in the core area. However, 

detailed information on density of ground predators in the core area is not available. 

The raptor species observed in the area are black kite, red kite, montagu’s harrier 

(Circus pygargus), hen harrier (Circus cyaneus), sparrowhawk, common buzzard, 

common kestrel and hobby.  
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 3.1.3. Bissendorf 

 

Unlike in Switzerland, where grey partridges became functionally extinct in the 

1990s, the German populations have persisted with small numbers until present 

despite dramatic declines in the past 50 years (Tillmann 2006a). The northern parts 

of Germany in particular still sustain viable populations. However, grey partridges in 

many parts of Germany became remarkably rare (Meier-Peithmann & Plinz 2002). 

The site Bissendorf lies in the Landkreis Wedemark, close to the city of 

Hannover (approx 52°31’N, 9°45’E) at 50 m a. s. l. The size of the site is approx 750 

ha. The study site is characterised by arable land. The main crops are maize, wheat 

and rape. On the sandy soils the vegetation is rather sparse. In contrast to 

Switzerland the mean field size is much larger and the landscape is intersected by 

relatively dense hedges with large trees and bushes. The study site therefore does 

not show a typical prairie-like character. Because of its geographical proximity to the 

city of Hannover, the area has a relatively high rate of human leisure activity 

compared to Zeven. There is also a great deal of building activity in the area. The 

population of grey partridges is stable in Bissendorf and varies from 80 to 100 birds 

(springtime counts). There are no detailed data concerning ground predator density. 

However, there is moderate predator control taking place. 20 to 30 red foxes and 10 

to 20 martens (Martes sp.) are shot per year. Grey partridge are hunted by humans 

irregularly if the increase in population size during the breeding season attains 

certain expectations. The raptor species observed in the area are black kite, 

sparrowhawk, common buzzard common kestrel. 
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 3.1.4. Zeven 

 

The study site is located in the Landkreis Rothenburg to the NE of the city of Bremen 

(approx 53°16’N, 9°15’E) at 20 m a. s. l. The study area of 920 ha hosts a grey 

partridge population of around 150 specimens (autumn counts). Grey partridges 

living in the study area may be part of an intact metapopulation. The area is 

characterised by arable land, piggeries and some gravel pits that are partly still in 

use. Others are abandoned and serve as perfect habitats for grey partridges and 

other species. The main crops in the area are wheat, maize and rape. The area has 

a prairie-like character with a relatively open landscape, rich in structures. Apart from 

agriculture there is little human activity in the area. No data concerning predator 

density or control were available. Within recent years no grey partridges have been 

hunted, instead there was a project to reduce winter mortality among the grey 

partridge by providing suitable winter habitats (Tillmann 2006b). The raptor species 

observed in the area are black kite, sparrowhawk, common buzzard and common 

kestrel. 

 

 3.1.5. Poland 

 

The study site in Poland is situated within the Kampinoski National Park (approx 

52°20’N, 20°16’E) at 60 m a. s. l. The study area is around 3000 ha, hosting about 60 

grey partridges. The grey partridge population living in this area is organised as an 

intact metapopulation. The area is highly structured and dominated by arable land 

and waste land. No detailed information concerning rates of human activities and 

predator density or predator control was available.  

 

 3.1.6. Aviaries 

 

The aviaries are situated in Wilchingen, Klettgau, close to the core area and are used 

for the captive breeding of grey partridges. The aviaries are therefore kept as close to 

the natural environment as possible. However, food has to be brought in at least 

every second day, which usually elicits strong reactions from the birds such as 

fleeing attempts and very nervous behaviour. It is therefore very likely that CMC 

values measured in the aviaries are higher than values from wild birds and might 
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serve as a reference value for highly stressed birds. Droppings for the storage 

experiment were also collected in these aviaries. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 3.2. Fieldwork in Switzerland 

 

Fieldwork in Switzerland took place between March 2007 and October 2007 in the 

two regions where grey partridges were reintroduced. In a first part of the fieldwork, 

the number and location of the birds had to be established. Then birds were trapped 

and radio-tagged in order to allow relocation and sampling in a non-invasive manner. 

Catching grey partridges in the two Swiss study areas was done by local groups 

working in the respective areas. The second part of the fieldwork consisted of radio-

tracking and observation of grey partridges and the collection of droppings. All 

working procedures were standardized between the two study sites in Switzerland.  

Data on temperature for both study sites were obtained from a total of three 

measuring stations situated close to Champagne genevoise and the Klettgau, 

respectively. These data were obtained from the Swiss Agency for meteorology and 

climatology, MeteoSchweiz. 

 

 

 
Fig. 1 Geographical location of the five study sites. The aviaries are localised in the 
Klettgau. 

Zeven 

  Bissendorf 

  Champagne genevoise 

 Klettgau 

Kampinoski 
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 3.2.1. Localisation of birds 

 

In order to allow efficient sampling of droppings and observation, the number of birds 

had to be established in spring before the start of the breeding season. Because of 

their natural shyness, finding grey partridges in the wild is time consuming. It can be 

done by listening to calls in the morning or evening hours when grey partridges show 

the highest rate of activity and are most likely to leave the hiding places they usually 

prefer during the day (Dwenger 1991). By using playbacks an answer call from grey 

partridges can also be provoked. This method works especially well after the 

disintegration of flocks in the early spring before single birds have established pair 

bonds for the breeding season and are therefore sensitive to intraspecific activities 

such as mating and calls. However, after the start of the breeding season, birds in 

pairs only react to specific calls in the morning or evening hours, whereas single 

birds show strong reactions almost all the time. Grey partridges also were localised 

during the night when they usually rest on the open field (Tillmann submitted). By 

using lights, grey partridges were localised by provoking a reflection from the bird’s 

tapetum lucidum. 

 

 3.2.2. Trapping and radio-tagging 

 

Trapping and radio-tagging of birds was done in the two Swiss study sites only. 

Several methods were used to catch grey partridges in the field. During daytime nets 

were installed and birds were driven into the nets by car. Alternatively, birds were 

attracted by specific calls and then followed the call into a trap. During the night after 

localisation of birds as described above, birds were dazzled by a bright spotlight and 

the catcher could approach the birds with a net to catch them. 

Birds were radio-tagged with backpack transmitters (± 2.5% of body weight with 

a lifespan of 9 months and a range of up to 2 km, Advanced Telemetry Systems Inc.) 

immediately after catching and then kept in dark boxes until release. Birds were 

weighted, ringed, sex was determined and some body feathers were taken to allow 

genetic investigations in further studies. The birds were released at the site where 

they were caught. When the birds were caught in the evening hours or during the 

night they were kept in a cage until dawn. When birds were kept in the cage after 

radio-tagging pairs were never broken up and groups were never mixed. A total of 8 
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birds were caught in the Klettgau and 16 in the Champagne genevoise and equipped 

with radio transmitters.  

 

 3.2.3. Collection of droppings 

 

Altogether 197 samples were collected in Champagne genevoise and 319 in the 

Klettgau. Additionally, 119 droppings from the aviaries in the Klettgau were collected. 

Collection of droppings was standardized according to a protocol (appendix 1) that 

was sent to all participating groups. Because droppings were collected under varying 

environmental conditions, which can strongly influence the catabolism of 

corticosterone metabolites (CM) in the droppings (Millspaugh & Washburn 2004; 

Thiel et al. 2005), it was necessary to collect relatively fresh droppings. It was also 

important to indicate the age of the droppings as accurately as possible. A lot of time 

was therefore invested in observations; whenever grey partridges were detected, it 

was often possible to find fresh droppings there. By observation and radio tracking 

the spatial movements of the birds could be estimated and fresh droppings collected. 

Grey partridges need to take sand baths regularly. These bathing spots were visited 

almost daily and droppings could often be found there. By visiting these spots 

regularly the age of the samples could be estimated accurately. About 80% of all 

samples were collected within 24 hours and about 90% within 48 hours. However, 

the age of the samples was included in the statistical analysis.  

Droppings were always kept in a cooling bag in the field and were stored in a 

freezer at -20°C until analysis, to avoid microbial catabolism of droppings (Millspaugh 

et al. 2003). 

Droppings could not be assigned to a single individual most of the time. 

Although there was no significant difference in CM excretion between male and 

female grey partridges in the laboratory (Keiser unpublished) it is likely that there are 

differences between individuals. To account for this problem each sample was 

assigned to an individual as appropriately as possible by creating pseudo-individuals. 

Samples were therefore assigned on the level of a single individual, a pair, or a group 

of grey partridges. When the group or pair composition changed, the new 

composition was assigned to a new pseudo-individual. 
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3.2.4. Quantification of potential disturbance  

 

 3.2.4.1. Quantification of different potential disturbance sources 

 

To obtain information about the kind and intensity of potential disturbance in the field 

a protocol was worked out (appendix 2). Grey partridges were localized at least every 

second day and the surroundings (200 m radius around the bird) were observed for 

about 30 to 60 min per observation. Mean observation time per observation protocol 

was 32 min (± 8.5 SE) in the Champagne genevoise with a total of 271 observation 

protocols, and 43 min (± 12.3 SE) in the Klettgau with a total of 138 observation 

protocols. Observations were done from a car to minimize the influence of the 

observer. However, the presence of the observer was included in the protocols and 

was therefore included in the analysis of potential disturbance data.  

Each event that might represent a source of disturbance for grey partridge was 

noted. Additionally the duration and distance of each potential disturbance and 

further information on habitat structure (appendix 2) was noted. If birds were visible, 

reactions to certain events and the general behaviours of the animals were also 

noted. However, since the vegetation was rather high during the study period and 

birds were especially shy during the breeding season it was not possible to obtain 

many data on the behaviour of the birds. The reactions and behaviours of the grey 

partridge to potential disturbance events were not analysed in this study. 

 

 3.2.4.2. Quantification of specific potential disturbance sources 

 

One aim of this study was to see whether a certain disturbance event entailed a 

physiological response of the bird, manifested by an increase of CMs in the 

droppings. As shown in the ACTH assay done by Cornelia Keiser (Keiser 

unpublished) the excretion of CMs starts within one hour after injection and the peak 

of CM excretion in the droppings can be measured during 2 to 5 hours after injection. 

In the field birds were therefore located trice. When localized for the first time all 

possible disturbance sources were recorded as described above. After 2 to 6 hours 

the birds were relocated. By that time any increase in CMs as a reaction to a possible 

disturbance source should have been measurable in the droppings of the bird. When 

birds had dislocated far enough from this second point (200 m at least, to avoid 
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disturbance by the researcher) droppings were collected. A total of 133 samples with 

specific observations were collected in the two sites in Switzerland (40 samples in 

Champagne genevoise and 93 in Klettgau).  

 

 3.3. Fieldwork in Germany and Poland 

 

Field work in Germany took place within certain periods (before, during, and after the 

breeding period) between February and September 2007.  

 

 3.3.1. Quantification of potential disturbance 

 

The kind and intensity of potential disturbance in the two study sites in Germany was 

characterised in the same manner as described for Switzerland. In total, 17 

observation protocols with a mean observation time of 44 min (± 8.3 SE) per 

observation protocol were conducted in Bissendorf. Mean observation time in Zeven 

was 56 min (± 15 SE) with a total of 16 observations. Because no data on potential 

disturbance was available from Bissendorf from February to May mean values of 

activity rates obtained from the respective areas were applied to the samples 

collected in this period. According to information obtained from the local groups 

working in the area there is no strong seasonal variation in the human activity. No 

quantitative observation data is available for the Polish site, Kampinoski. 

 

 3.3.2. Collection of droppings 

 

Basically the methods employed to search for droppings and to accurately indicate 

the age of a sample were the same as described for the Swiss study sites. 

In Bissendorf sampling of droppings took place during February, May, July, 

August and the beginning of September. A total of 163 samples was collected in the 

area. In Zeven sampling of droppings was conducted in July, August and at the 

beginning of September. A total of 93 samples was collected in the area. Between 

the end of April and the beginning of May within a two-week period, Cornelia Keiser 

collected a total of 54 samples in Kampinoski. To take into account the problem of 

pseudo-replication we assigned each sample to a specific group area. Since most 

samples were collected in the post-breeding season when grey partridges have fixed 
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territories and no intruders are tolerated, the droppings collected in a group area 

should represent the specific group living in this area. 

 

 3.4. Laboratory analyses 

 

Measuring fecal glucocorticoids levels is an ideal non-invasive method of monitoring 

endocrinal activity in wild animals and has been applied in several studies for a 

variety of taxa (Berkeley et al. 1997; Dehnhard et al. 2001; Millspaugh et al. 2001; 

Goymann et al. 2002; Millspaugh et al. 2002; Washburn et al. 2003; Rittenhouse et 

al. 2005; Arlettaz et al. 2007; Barja et al. 2007; Millspaugh et al. 2007; Thiel et al. 

2008). The method is relatively easy to perform and free of feedback (Goymann 

2005). However, many authors stress the importance of a strict technical and 

physiological validation of protocols (Touma et al. 2003; Mostl et al. 2005; Touma & 

Palme 2005). Therefore prior to the analysis of CM in the droppings several 

experiments validating the EIA had to be done. These experiments were part of the 

diploma thesis by Cornelia Keiser (Keiser unpublished) and included the following 

procedures in order to validate the EIA: (1) characterisation of CMs. (2) physiological 

validation of the EIA. (3) examination of the influence of different storage conditions 

on CMC.  

 

 3.4.1. The influence of different storage conditions on the CMC 

 

Measurements of fecal glucocorticoids may be confounded by many abiotic factors 

such as the age of the sample, differences in environmental conditions and storage 

conditions (Millspaugh & Washburn 2004). It is therefore difficult to interpret the 

results from fecal glucorcorticoid measurements without considering these factors. In 

order to evaluate the influence of exposure time and different environmental 

conditions on the degradation of CMs in the droppings, two storage experiments 

were done. The first storage experiment was part of the Diploma thesis by Cornelia 

Keiser(Keiser unpublished). The second storage experiment was conducted in 

October 2007. For this about 150 g of fresh droppings were collected in the aviaries 

in the Klettgau, homogenised, and divided into subsamples of 0.8 g each. 5 

subsamples were used as controls and were therefore frozen at -20°C immediately 
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after homogenization. The influence on CMC of the following 5 environmental 

conditions over time was tested:  

1. Constant temperatures at 8°C (± 1°C) and 58% (± 4%) humidity. 

2. 20°C (± 1°C) and 66% (± 2%) humidity.  

3. 30°C (± 2°C) and 32% (± 4%) humidity. 

4. Humidity over 90% at 20°C (± 2°C).  

5. The influence of UV-light at 20°C (± 2°C). 

All measuring instruments were calibrated prior to the start of the experiment. 

For each storage condition, 5 subsamples were exposed for 12, 24, 48, 72 and 168 

hours respectively and then frozen at -20°C until analysis. 

 

 3.4.2. Analysis of field samples 

 

Preparation of the samples collected in the field for the analysis of CMC was done at 

the laboratory of the Swiss Ornithological Institute in Sempach, Switzerland, during 

October and November 2007. Droppings were dried at 70°C until the weight of the 

samples was constant. Samples then were homogenized because fecal steroids 

have been reported to be unevenly distributed within samples and droppings of birds 

consist of an urinary and a fecal portion which cannot be separated and which also 

differ in CMC (Mostl et al. 2005). 0.2 g per sample was then extracted with 2 ml 60% 

methanol by shaking for 3 min with a hand vortex. After centrifugation an aliquot of 

the supernatant was diluted 1:10 with assay buffer. The samples were then stored at 

-20°C until analysis with EIA. All samples were analysed at the Institute of 

Biochemistry, Department of Natural Sciences, at the University of Veterniary 

Medicine in Vienna, Austria and at the laboratory of the Swiss Ornithological Institute, 

Sempach between June and July 2007 and December 2007 and January 2008 

according to a slightly adapted protocol described previously (Rettenbacher et al. 

2004). 
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 3.5. Analysis of data 

 

 3.5.1. Preparation of data 

 

After spatially joining the data of potential disturbance with ArcGIS 9 (ESRI Inc.) to 

the spots where droppings were collected, the numbers and potential disturbance 

rates for each sample were calculated. The following categories were used to 

characterize potential disturbance in the study sites: closed cars (no humans visible), 

bicycles (vehicles with humans visible), agriculture (humans and vehicles off road), 

pedestrians, pedestrians with dogs, raptors.  

The motivation for this categorisation was the fact that animals were found to 

perceive human disturbance similarly to predation risk (Walther 1969; Frid & Dill 

2002). Also an animal might react differently depending on whether a disturbance 

stimulus is predictable (such as a car or bike on the road) or unpredictable (such as 

free dog leaving the road), especially when it is used to a certain amount and kind of 

predictable disturbance.  

To each sample of droppings was assigned the specific rates of potential 

disturbance for every category. Quantification of potential disturbance for each 

sample was based on all observation protocols done within 30 days prior to collection 

of the sample. For each sample the number of potential disturbance per category 

was summed and divided by the total time of observation. For 165 of the 198 (83%) 

dropping samples in the Champagne genevoise and 275 of the 319 (86%) dropping 

samples in the Klettgau potential disturbance could be quantified with this method.  

The average number of observation protocols per sample was 14.5 (± 0.97 SE) 

for Champagne genevoise and 9.6 (± 0.57 SE) for the Klettgau. Disturbance rates of 

the spatially or temporally closest observations were applied to all samples that could 

not be quantified in the manner described. 

 

 3.5.2. Statistical analysis 

 

Statistical analysis was done on SPSS 12.02. All CMC values were LN-transformed 

in order to satisfy the assumptions of the parametric statistics to be used except for 

the analysis of the influence of storage conditions where assumptions of 
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untransformed data fulfilled the expectations. No transformation was used for 

independent variables. 

 

 3.5.2.1. Storage experiment 

 

We used univariate ANOVA (Typ III) to test for differences between the different 

temporal and conditional groups. Storage condition and time were used as 

independent main factors and untransformed CMC in the droppings as a dependent 

variable. Levene’s test was used to test for homogeneity of variances. 

Pairwise mean comparison of the main effects without adjustment of the 

confidence interval was used to determine the importance of the main factors in more 

detail. Because homogeneity of variance could not be assumed the Games-Howell 

test was used for post-hoc comparisons.  

 

 3.5.2.2. Analysis of field samples 

 

Spearman and Pearson correlations were used to show relationships between 

certain disturbance factors and CMC in droppings in small scale analyses. Normality 

assumptions were not always satisfied for independent variables. Mixed models 

procedure (Typ I) was used to test the various factors on the LN-transformed CMC in 

the droppings. Mixed models were fitted with the REML method (Patterson & 

Thompson 1971) which allows the analysis of unbalanced data sets. To account for 

the problem of pseudo replication because of the repeated measurement of each 

individual or group we introduced the pseudo-individual as described above as 

random variable. The variables that became significant in the storage experiment 

were assumed to have of great impact on CMC in general. These variables were 

included in all models prior to the more specific variables such as potential 

disturbance rates or group size.  

In addition to the potential disturbance rates, we introduced the following 

variables in the models because we considered them to be of biological importance 

or they allowed us to test certain hypothesis: site (study site), period (prebreeding 

period: until April; breeding period: May to mid July; postbreeding period: mid July to 

October). CMC was found to be altered because of seasonal effects (Harlow et al. 

1990; Holberton 1999; Romero 2002, 2006; Franceschini et al. 2007) and during 
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certain periods such as molt (Strochlic & Romero 2008). The factor period as 

described was therefore introduced into the model. 

Because some of the dependent variables were significantly correlated we used 

Type I sums of square for the mixed model procedure and used a biologically 

reasonable order of fixed factors.   
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 4. RESULTS 
 

4.1. Effects of different storage conditions on CMC in 
droppings 

 
The aim of this experiment was to evaluate the influence of different storage 

conditions and exposure times on CMC (Fig. 2). Mean CMC in the control samples 

frozen immediately after pooling and homogenization was 174.24 (± 7.7 SD) nmol/kg. 

Normality assumptions were satisfied for untransformed CMC values. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

The analysis of variance showed significant effects of the fixed main factors, 

storage condition and exposure time. The Levene's Test of equality of error variances 

was significant (F = 3.46, df = 25, P < 0.001).The interaction between time and 

storage condition was also significant (Tab. 1). 

A 12.00
B 24.00
C 48.00
D 72.00
E 84.00
F 168.00
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Fig. 2 CMC (mean ± SD; n = 5) after storage at 8°C, 20°C, 30°C, wet condition (>90% humidity) and exposed 
to UV-light for 12, 24, 48, 72 and 168 hours, respectively. Samples in wet condition and samples under UV-
light were kept at constant 20°C ± 2°C. Humidity for samples at 8°C was 58% ± 4%. Humidity for samples 
under UV-light and at 20°C was 66% ± 2% and samples at 30°C were at 32% ± 4% humidity. Control samples 
were stored at -20°C.  
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Droppings stored at 20°C and 30°C yielded a higher CMC than droppings 

stored at 8°C. Droppings under wet condition and UV-light were kept at 20°C as well 

but showed lower CMC than conditions 20°C and 30°C. These findings were 

confirmed by post-hoc comparison with the Games-Howell-Test (Tab. 2). Differences 

between the three conditions wet, 8°C and UV-light were not significant. 

CMC increased with exposure time only under certain conditions (8°C and 

perhaps 20°C), but not under conditions 30°C, wet and UV-light. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

This experiment shows that CMC in droppings might be influenced by 

temperature. Humidity, UV-light and exposure time, however, probably have a limited 

effect if droppings are collected within a few days. Therefore we always included 

mean ambient temperature in the models to explain variance in CMC and, if available 

also the variables rain, sun and age of the sample. 

 
 
 
 
 

Tab. 1 Results of a two-way ANOVA with Typ III sums of square showing the effects of 
exposure time and storage condition on CMC.  

Independent variables F MS df p 

Intercept   2302.37 22621948.78 1 <0.001 

Storage condition   53.282 523520.151 4 <0.001 

Time   5.28 51874.148 4 0.001 

Storage condition * Time 16.909 166139.447 16 <0.001 

Error     9825.514 104   

Total       129   

Adjusted R Squared = 0.805 

Tab. 2 Results of Games-Howell post-hoc comparison of the main 
effect storage conditions. All significant results are given. Confidence 
interval was not adjusted. 

Condition A   Condition B p Condition B is: 

control to 20°C < 0.001 increased 

control to 30°C < 0.001 increased 

control to 8°C 0.002 increased 

control to UV light < 0.001 increased 

control to wet < 0.001 increased 

8°C to 30°C 0.001 increased 

20°C to UV light < 0.001 decreased 

20°C to wet < 0.001 decreased 

30°C to UV light < 0.001 decreased 

30°C to wet < 0.001 decreased 
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 4.2. The birds in the aviaries 

 

Mean CMC (233.3 nmol/kg ± 182.6 SD) was dramatically higher in birds in aviaries 

than in wild birds from all sites examined in this study (Tab. 3). The same was true 

when comparing CMC from aviaries to each site separately (Fig. 3). The standard 

deviation of CMC in the aviaries appeared high but was not statistically tested.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Post-hoc test comparing sites in the wild to the aviaries was highly significant  

(p < 0.001). 

CMC values of the birds in the aviaries varied within season (Fig. 4; Tab. 4). For 

further analyses the data are subdivided into the three periods: pre-breeding (March 

to April), breeding (Mai to July) and post-breeding period (August to October). 

 
 
 
 

Tab. 3 Mixed model for the comparison of the aviaries to the all sites in the 
wild combined. Temperature effects are included. The interaction term was 
not significant. The random factor represents the individual for the aviaries 
and the zone for the sites in the wild. Effects ± SE were calculated 
considering a reference value of zero for Aviaries(yes). 

Independent variables Estimates  ± SE F df p 

Temperature   0.06 ± 0.006 119.3 1 <0.001 

Aviaries      31.3 1 <0.001 

  no -1.02 ± 0.18       
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Fig. 3 Mean CMC and SE for all study sites and the 
aviaries. The birds in the aviaries show higher mean and 
SE compared to all other sites. The number of samples 
per site is indicated. CH = Champagne genevoise,  
KL = Klettgau, BI = Bissendorf, ZE = Zeven,  
KA = Kampinoski, AV = Aviaries 
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When the variable group size was also included in the model for the aviaries, it 

did not become significant, but there is an interesting pattern emerging when 

considering the estimated means from the model for this variable. CMC levels seem 

to decrease with increasing group size (Fig. 5). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Tab. 4 Mixed model for the data from the birds in the aviaries. Non-
significant interactions are omitted. Individual was set as random factor. 
Effects ± SE were calculated considering a reference value of zero for group 
size(Group). Significant terms remained significant on backwards elimination 
of the non-significant variable. 

Independent variables Estimates  ± SE F df p 

Temperature   0.06 ± 0.01 19.6 1 <0.001 

Period      3.4 2 0.036 

Group size      0.9 2 0.396 

  Single 0.498 ± 0.42     

  Pair 0.233 ± 0.39       

 

Single Pair Group

L
n

C
M

C
 [

n
m

o
l/

k
g

]

4.2

4.4

4.6

4.8

5.0

5.2

5.4

5.6

 
Fig. 4 Estimated mean and SE for CMC in the aviaries in 
relation to group size. The number of samples is indicated.  
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 4.3. Comparison between regions 

 

When comparing CMC of the six sites we included temperature into the model to 

account for the possible effect of temperature on CMC. The three periods pre-

breeding, breeding and post-breeding were also included. A mixed model analysis 

(Tab. 5) revealed a significant effect of temperature and site depending on period. 

As expected from the storage experiment, CMC increased slightly with increasing 

ambient temperature. CMC differences between sites varied within season. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

During the pre-breeding period (Fig. 6) CMC was generally lower than during 

the breeding and the post-breeding period, except for the Champagne genevoise 

where CMC was significantly higher than in the other sites (Post-hoc tests comparing 

the Champagne genevoise to the Klettgau, p < 0.001; to Bissendorf, p = 0.012; to 

Kampinoski, p = 0.001).  

During the breeding period (Fig. 8) CMC were similar at all sites, except for 

Bissendorf showing significantly lower CMC than the Champagne genevoise  

(p < 0.001), the Klettgau (p < 0.001) and Kampinoski (p = 0.016). Kampinoski 

showed a strong increase in CMC from the pre- to the post-breeding period. 

During the post-breeding period (Fig. 10) CMC levels remained around a similar 

level as during the breeding period. Post-hoc tests revealed significantly higher CMC 

in the Champagne genevoise in comparison to the Klettgau (p = 0.014), to Bissendorf 

(p < 0.001) and to Zeven (p < 0.001). 

 
 

Tab. 5 Mixed model for the data from all sites in the wild. Non-significant 
interactions are omitted. Zone was set as random factor. Effects + SE were 
calculated considering a reference value of zero for site(Kampinoski). 
Significant terms remained significant on backwards elimination of non-
significant variables. 

Independent variables Estimates  ± SE F df p 

Temperature   0.06 ± 0.01 86.5 1 <0.001 

Site       1.1 4 0.375 

  CH -0.001 ± 0.37    

  KL -0.43 ± 0.33    

  BI -0.3 ± 0.33    

  ZE -0.46 ± 0.27    

Period       22.2 2 <0.001 

  Pre-breed -0.77 ± 0.34    

  Breed 0.22 ± 0.19    

Period * Site     *  5.8 6 <0.001 

* Estimates of the interaction have been omitted. 
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In summary the Champagne genevoise had high CMC throughout the three 

periods and showed higher CMC than other sites in the pre- and post-breeding 

period. Bissendorf showed lower CMC than other sites during the breeding period. 

Standard deviation of CMC appeared higher for the two Swiss sites (SD = 94.4, N = 

516) than for Germany and Poland (SD 61.2, N = 310) but were not statistically 

tested. 

The total rates of activity representing all categories of potential disturbances 

varied considerably between sites and to a smaller extent between periods  

(Fig. 7, 9, 11). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

During the pre-breeding period total activity rate appeared to be increased in the 

Champagne geneovoise compared to the Klettgau. 
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Fig. 7 Mean total rate of activity and SE for the 
Champagne genevoise and the Klettgau for pre-breeding 
period. No quantitative data concerning activity was 
available for the other sites. 
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Fig. 9 Mean total rate of activity and SE during breeding 
period. 
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Fig. 6 Estimated means and SE of CMC for the 
interaction term for all sites for pre-breeding period. No 
data for Zeven was available in period 1. The number of 
samples is indicated. 
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Fig. 8 Estimated means and SE of CMC for the 
interaction term for all sites within the breeding period. 
The number of samples is indicated. 
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The situation was different for the Swiss sites during the breeding period. The 

activity rate in the Klettgau was higher than in the Champagne genevoise. This 

difference was even stronger in the post-breeding period. Total activity rate for the 

Klettgau therefore increased from the pre- to the post-breeding period. In the 

Champagne genevoise it constantly decreased over the same time.  

Zeven had the lowest total rate of activity of all sites during the breeding and 

post-breeding period whereas Bissendorf showed the highest activity rates of all sites 

during the breeding period. The total activity rate in Bissendorf remained relatively 

high during the post-breeding breeding period.  

When comparing mean CMC per period with the corresponding mean rates of 

total activity, there is no correlation apparent (Fig.12). 
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Fig. 11 Mean total rate of activity and SE during post-
breeding period. 
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Fig. 12 Mean CMC vs. total rate of activity per period and site.  
CH = Champagne genevoise, K = Klettgau, B = Bissendorf, Z = Zeven. 
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Fig. 10 Estimated means and SE for the interaction term 
for all sites within post-breeding period. 
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 4.4. Effects of environmental variables on CMC 

 

 4.4.1. Champagne genevoise 

 

In all models to account for variation in CMC, we first included variables 

characterising storage and exposure conditions (temperature, sun, rain, age of 

sample), secondly the variables period, group size and zone. Zone corresponded to 

the territory of the bird(s). Finally we included variables measuring human activity 

and the density of raptors.  

Of the factors describing exposure conditions of the droppings only temperature 

became significant in the model of the Champagne genevoise (Tab. 6). Increasing 

temperature seemed to slightly decrease CMC over time which is contrary to the 

findings of the storage experiment. However, SE was also relatively high. Period was 

significant. CMC in the Champagne genevoise increased from the pre-breeding to 

the post-breeding period. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Tab. 6 Effects of different independent variables including storage conditions, group specific 
variables and disturbance factors for the Champagne genevoise. Pseudo-individual was set as 
random factor. Non-significant interactions are omitted. Effects ± SE were calculated 
considering a reference value of zero for sun(yes), rain(yes), period(Post-breeding), zone(5) and 
group size(Group). Significant terms remained significant on backwards elimination of non-
significant variables. 

Independent variables Estimates ± SE F df p 

Temperature   -0.02 ± 0.02 6.55 1 0.012 

Sun      1.05 1 0.306 

  no -0.19 ± 0.17    

Rain      0.35 1 0.555 

  no -0.17 ± 0.15    

Age sample   -0.003 ± 0.004 3.34 1 0.070 

Period      4.96 2 0.013 

  Pre-breed -1.29 ± 0.43    

  Breed -1.09 ± 0.42    

Group size      3.84 2 0.029 

  Single 1.62 ± 0.49    

  Pair 1.51 ± 0.50    

Zone      1.38 4 0.256 

  1 0.56 ± 0.83    

  2 0.84 ± 0.86    

  3 0.35 ± 0.88    

  4 0.27 ± 0.93    

Car   -4.36 ± 4.16 1.76 1 0.187 

Bicycle   -0.83 ± 2.30 0.07 1 0.796 

Agriculture   4.60 ± 12.29 0.03 1 0.861 

Man   -3.40 ± 2.20 2.77 1 0.098 

Man with dog   -7.09 ± 3.71 3.57 1 0.061 

Raptor   2.34 ± 2.20 1.13 1 0.290 
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In this model there was a significant effect of group size on CMC in droppings. 

Single birds showed the highest CMC. A group of birds of more than 2 individuals 

had the lowest CMC (Fig. 13). CMC from different zones within Champagne 

genevoise did not differ significantly. None of the activity rates characterising 

potential disturbances included in the model was significant. There was a tendency 

towards significance of man and man with dog but slopes were negative for both 

variables. The variables raptor and agriculture had positive slopes but were not 

significant.  

When examining the relationship between raptor activity rate and pedestrian 

activity rate in the Champagne genevoise, the correlation was significantly negative  

(rho = - 0.248, p < 0.001, N = 197). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Other models for the Champagne genevoise in which we tried to reduce or 

avoid intercorrelations by using principal component analysis or combining similar 

disturbance factors never resulted in significance of any of these new variables. 

None of the interactions tested was significant.  
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Fig. 13 Estimated means and SE of CMC in the 
Champagne genevoise in relation to group size. The 
number of samples is indicated. 
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indicated.  
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 4.4.2. Klettgau 

 

The analogous model for the site Klettgau is given in Tab. 7. Again temperature was 

highly significant, but in the Klettgau CMC increased with temperature as found in the 

storage experiment. Additionally, rain significantly decreased CMC. Period was 

significant and CMC increased from the pre- to the post-breeding period. Group size 

was significant showing decreasing CMC with increasing group size similar to the 

findings from the Champagne genevoise (Fig. 14). 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Unlike for the Champagne genevoise, the different zones where grey partridge 

lived differed significantly in CMC within the Klettgau (Fig. 15). In zone 1, samples 

Tab. 7 Effects of different independent variables including storage conditions, group specific 
variables and disturbance factors for the Klettgau. Pseudo-individual was set as random factor. 
Non-significant interactions are omitted. Effects ± SE were calculated considering a reference 
value of zero for sun(yes), rain(yes), period(Post-breeding), group size(Group) and zone(6). 
Significant terms remained significant on backwards elimination of non-significant variables. 

Independent variables Estimates + SE F df p 

Temperature   0.05 ± 0.01 148.97 1 <0.001 

Sun      0.33 1 0.564 

  no -0.11 ± 0.08    

Rain      7.90 1 0.005 

  no 0.08 ± 0.09    

Age sample   0.003 ± 0.002 0.60 1 0.438 

Period      35.68 2 <0.001 

  Pre-breed -0.79 ± 0.47    

  Breed -0.10 ± 0.45    

Group size      5.13 2 0.009 

  Single 0.75 ± 0.48    

  Pair 0.52 ± 0.47    

Zone      4.19 5 0.002 

  1 -1.25 ± 0.67    

  2 -0.36 ± 0.61    

  3 -0.88 ± 0.64    

  4 -0.83 ± 0.62    

 5 -0.53 ± 0.66    

Car   2.31 + 2.64 1.58 1 0.210 

Bicycle   -3.15 + 2.08 0.19 1 0.660 

Agriculture   12.71 + 6.10 3.28 1 0.071 

Man   1.14 + 5.09 0.86 1 0.355 

Man with dog   -8.49 + 3.51 3.33 1 0.069 

Raptor   2.98 + 1.16 6.58 1 0.011 

  

 



 34 

were collected during the pre-breeding period only. For zone 2 and 3, samples were 

available for all periods. Samples in zone 5 were collected during the pre-breeding 

and breeding period, those in zone 4 during the pre and post-breeding period only. 

The samples in zone 6 were collected during the post-breeding period.  

Post-hoc tests revealed significantly increased CMC for zone 2 when comparing to 

zone 1 (p = 0.002), 3 (p = 0.004) and 4 (p = 0.005). 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

The only significant activity rate for the Klettgau was that of raptors showing 

increasing CMC with increasing raptor activity. When considering the whole season 

of the study no evidence for an effect of human activities on CMC could be found in 

the Klettgau (Tab. 7). Similar to the Champagne genevoise, the variable man with 

dog showed a tendency towards significance in a negative manner. This is a 

relatively surprising finding, but might be related to the fact that there is a negative 

correlation between the activity of man with dog and that of raptors (Spearman’s rho 

= -0.368, p < 0.001, N = 319). When correlating the activity of pedestrians 

(pedestrian activity combines the variables man and man with dog) with those of 

raptor the negative correlation is even stronger (Spearman’s rho = -0.474, p < 0.001, 

N = 319). 

Combining rates of activity or trying to reduce intercorrelation by using principal 

component analysis did not give additional explanations. None of the interactions 

tested was significant. 
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Fig. 15 Estimated means and SE of CMC in the 
different zones in the Klettgau. Zone 6 was omitted in 
this figure since it was represented by only three 
samples.  
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The activity rates of raptors and pedestrians for each zone are given in Fig. 16. 

In zone 2, both CMC levels and raptor activity rate appeared to be highest of all 

zones whereas pedestrian activity rate was low. Zone 5 showed the highest 

pedestrian and a low raptor activity. Increasing pedestrian activity rates seemed to be 

accompanied by decreasing raptor activity. The activity rate in zone 5 was basically 

around the same level as in zone 2 and CMC was relatively high but only few 

samples were obtained from this zone suggesting that birds were present during 

short periods only. The spatial distribution of pedestrian activity and localisation of 

the zones in the Klettgau is given in Fig. 17. Except for zone 5 where few samples 

were collected birds seemed to avoid the areas exhibiting high pedestrian activity. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 
Fig. 17 The core area of the grey partridge reintroduction project in the Klettgau. Zones within the core area are indicated. Zone 
1 lays outside the core area. Zone 6 is omitted. Intensity of the tracks represents relative pedestrian frequency over the whole 
study time.  
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The relation between raptor activity and CMC can exemplarily be shown when 

looking at the temporal pattern of both CMC and raptor frequency during the pre-

breeding season (Fig. 18). There was a slight peak for both raptor frequency and 

CMC in week 11 and a relatively strong increase with the start of week 17.  

Indeed, within the pre-breeding period there was a significant correlation 

between raptor frequency rate and residual CMC, corrected for temperature effects 

(Spearman’s rho = 0.230, p = 0.014, N = 114). The total rate of activity was also 

correlated with CMC in this period (Spearman’s rho = 0.211, p = 0.024, N = 114), but 

when controlling for raptors in a partial correlation, the significance disappeared. 

When analysing the data from the Klettgau in more detail, thus subdividing the 

data temporally and spatially additional patterns emerged. For example, when 

considering the data until week 13 only, which corresponds to the early mating 

season, there is a significant correlation between the activity rate of pedestrians and 

CMC (Spearman’s rho = 0.440, p = 0.022, N = 27). However, these effects were not 

observable in the overall models.  
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Fig. 18 Mean CMC and SE and the activity rate of raptors with SE over 
the weeks during pre-breeding period for the Klettgau. CMC shown 
here is uncorrected and untransformed. CMC rose with beginning of 
week 15 and showed a strong increase after week 16.  
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 4.4.3. Germany  

 

We combined data from both German sites for the analysis of the relationship 

between environmental variables and CMC (Tab. 8) since sample size in Zeven was 

too small to be analysed separately. Note that for the pre-breeding period we did not 

have samples from Zeven and no quantitative disturbance data from Bissendorf.  

After carefully discussing this matter we decided to assign mean values of the 

activity rates to the samples collected during the pre-breeding period in Bissendorf. 

The mean values are calculated considering all observation protocols conducted in 

the zones of collection during the breeding and post-breeding period. Activity rates 

assigned to the samples collected during the pre-breeding period therefore do not 

represent activity rates prior to collection but should represent the general activity 

patterns found in the zones of collection. 

Results of the analysis of the German sites revealed patterns similar to the 

Klettgau. Temperature as in all models was significant and CMC increased with 

increasing temperature.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Tab. 8 Effects of different independent variables including storage conditions, 
group specific variables and potential disturbance factors for the two German 
sites Bissendorf and Zeven. Zone was set as random factor. Non significant 
interactions are omitted. Effects ± SE were calculated considering a reference 
value of zero for sun(yes), rain(yes), site(Zeven), period(Post-breed), group 
size(Group). Significant terms remained significant on backwards elimination of 
non-significant variables. 

Independent variables Estimates  + SE F df p 

Temperature   0.23 ± 0.10 0.11 1 0.005 

Sun       1 0.177 

  no 0.01 ± 0.13 0.13   

Rain       1 0.127 

  no 0.22 ± 0.14 0.14   

Age sample   0.01 ± 0.00 0.00 1 0.157 

Site       1 0.014 

  Bissendorf -0.27 ± 0.29 0.29   

Period       2 0.946 

  Pre-breed 1.25 ± 0.94 0.94   

  Breed -0.39 ± 0.25 0.25   

Group size       2 <0.001 

  Single 0.48 ± 0.27 0.27   

  Pair 0.59 ± 0.24 0.24   

Car   2.28 ± 1.40 1.40 1 0.688 

Bicycle   8.74 ± 11.50 11.50 1 0.416 

Agriculture   3.59 ± 4.54 4.54 1 0.074 

Man   -0.90 ± 1.82 1.82 1 0.930 

Man with dog   -4.68 ± 4.40 4.40 1 0.147 

Raptor   12.06 ± 5.79 5.79 1 0.050 

Period * Group size   *       0.026 

* Estimates of the interaction have been omitted. 
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The site where the samples were collected significantly explained part of the 

variance. CMC is lower in Bissendorf although total activity rate was much higher 

than in Zeven. 

As in all models analysing the relationship between environmental variables and 

CMC the variable group structure is strongly significant. Additionally, the interaction 

between period and group size was significant. The estimated means for CMC within 

each period showed decreasing CMC for groups compared to single individuals  

(Fig. 19). This finding confirmed the results from the Champagne genevoise and the 

Klettgau on the relationship between CMC and group size.  

Raptor activity rate was again the only variable characterising potential 

disturbances that was significant. Agriculture as in the Klettgau showed a certain 

tendency towards significance in the German sites. Further similarities arise between 

the German and Swiss sites when considering pedestrian activity and the 

relationship between raptor activity and pedestrian activity. At least for the variable 

man with dog slopes appeared negative in Germany and the correlation between 

pedestrian activity and those of raptors was also found to be significantly negative for 

the German sites (rho = - 0.514, p < 0.001, N = 256). 

Combining similar rates of activity or trying to reduce intercorrelations by using 

principal component analysis did not give additional explanations. 
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Fig. 19 Estimated means and SE of the interaction term 
group size * period. CMC for single individuals in the pre-
breeding period are remarkably high. The number of samples 
is indicated. 
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 4.4.4. Combining German and Swiss sites 

 

In this last approach all samples with appropriate quantitative data on potential 

disturbance were combined, thus German and Swiss sites were analysed together. 

The aim of this approach was to provide an overall model and to examine whether 

there are additional patterns emerging when increasing the overall sample size. 

Results for this model are given in Tab. 9. 

As in all previous models the temperature factor was significant. None of the 

other storage conditions seemed to significantly influence CMC, although the factor 

sun was nearly significant which was not observed in the other models. The factors 

site, period and the interaction between the two was significant indicating that CMC 

within sites varied with season.  

The significance of factor group size increased and the differences in CMC 

between single individuals and pairs became more pronounced (Fig. 20). This 

pattern was found during each of the three periods (Fig. 21). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Tab. 9 Analysis including all samples with appropriate disturbance data including Champagne 
genevoise, Klettgau, Bissendorf and Zeven. Zone was set as random factor. Non-significant 
interactions are omitted. Effects + SE were calculated considering a reference value of zero for 
sun(yes), rain(yes), site(Zeven), period(Post-breeding) and group size(Group). Significant terms 
remained significant on backwards elimination of non-significant variables. 
CH = Champagne genevoise, KL = Klettgau, BI = Bissendorf 

Independent variables Estimates + SE F df p 

Temperature   0.03 + 0.01 80.94 1 <0.001 

Sun      3.76 1 0.054 

  no -0.09 + 0.06    

Rain      2.49 1 0.115 

 no 0.05  0.06    

Age of sample  0.001 + 0.001 0.26  0.610 

Site      2.01 3 0.144 

 CH 0.33 + 0.26    

 KL 0.05 + 0.21    

 BI 0.16 + 0.20    

Periode      17.55 2 <0.001 

  Pre-breed -0.34 + 0.24    

  Breed 0.11 + 0.19    

Group size      19.85 2 <0.001 

  Single 0.93 + 0.13    

  Pair 0.68 + 0.12    

Car   1.05 + 2.59 0.01 1 0.961 

Bicycle   -3.80 + 1.19 0.20 1 0.629 

Agriculture   6.06 + 4.62 0.14 1 0.162 

Man   -1.66 + 1.98 0.07 1 0.171 

Man with dog   -4.96 + 2.65 1.14 1 0.004 

Raptor   2.47 + 0.95 0.74 1 <0.001 

Period * Site  *  6.57 5 <0.001 

   * Estimates of the interaction have been omitted 
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Other patterns found in the analyses of each site were partly supported when 

combining data from all sites. The variable raptor was highly significant. The variable 

man with dog which showed a tendency towards significance in the models of the 

Swiss sites was significantly negatively related to CMC. The variable man and 

agriculture that showed tendency to significance in the Klettgau and the Champagne 

genevoise samples, respectively, did not gain support.  

In summary, the overall model confirmed that the raptor activity was the only 

potential disturbance source affecting CMC. There was no observable human-

mediated increase in CMC. CMC did even decrease with increasing pedestrian 

activity which might be due to the negative relationship between raptor activity and 

that of pedestrians (rho = - 0.401, p < 0.001, N = 772).  
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Fig. 20 Estimated means and SE of CMC in relation to 
group structure when considering data from Germany 
and Switzerland. 
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Fig. 21 Estimated means and SE of CMC for the 
interaction term group size*period when considering data 
from Germany and Switzerland. Note that the interaction 
was not significant in the model.  
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4.4.5. Relationship between specific potential disturbance 

events and CMC 

 

One of the aims of this study was to relate certain potential disturbance events to 

their specific physiological stress response. The activity rates used for this analysis 

are those of the specific observation protocol just prior to the collection of the 

droppings. Basically the same variables as for the models described above were 

used for this analysis. The factors age of the sample and group size were omitted 

because over 90% of all samples analysed here were collected within 24 hours and 

only 3 samples originated from single individuals. Because data from the Klettgau 

and the Champagne genevoise were analysed together we added the variable site. 

As an additional variable of interest the mean distance of a possible disturbance to 

the partridge was added.  

Results of this analysis are given in Tab. 10. Only the factors temperature and 

zone became significant in this model. None of the potential disturbance variable was 

significant or nearly so. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Tab. 10 Analysis for samples representing specific events for the Champagne genevoise and 
the Klettgau. Pseudo-individual was set as random factor. Non-significant interactions are 
omitted. Effects ± SE were calculated considering a reference value of zero for Sun(yes), 
Rain(yes), Site(Klettgau), Period(Post-breeding) and Zone(CH 3). Significant terms remained 
significant on backwards elimination of non-significant variables. Note that specific samples 
were not available for all zones. CH = Champagne genevoise, KL = Klettgau.  

Independent variables Estimates + SE F df p 

Temperature   0.05 + 0.01 32.04 1 <0.001 

Sun      0.073 1 0.791 

  no -0.14 + 0.12    

Rain      1.50 1 0.229 

 no 0.02 + 0.15    

Site      2.06 1 0.291 

 CH -0.64 + 0.43    

Period      1.96 2 0.296 

  Pre-breed 0.33 + 0.26    

  Breed 0.50 + 0.19    

Zone      5.18 5 0.009 

  CH 1 0.09 + 0.67    

  CH 2 0.57 + 0.61    

  KL 2 -0.83 + 0.62    

 KL 3 -0.53 + 0.66    

 KL 4 -1.10 + 0.45    

Car   -0.24 + 2.59 0.01 1 0.893 

Bicycle   0.60 + 1.19 0.20 1 0.653 

Agriculture   -0.26 + 4.62 0.14 1 0. 708 

Man   -0.46 + 1.98 0.07 1 0.791 

Man with dog   -2.57 + 2.65 1.14 1 0.288 

Raptor   0.96 + 0.95 0.74 1 0.391 

Activities mean distance 0.001 + 0.001 0.39 1 0.531 
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 5. DISCUSSION 

 

5. 1. The influence of different storage conditions on 

CMC 

 

As prerequisite stressed by many authors, we conducted a storage experiment to 

evaluate the influence of environmental conditions on CMC (Millspaugh & Washburn 

2004; Palme 2005; Touma & Palme 2005). In our experiment CMC was higher for all 

storage conditions compared to the control samples which were frozen immediately 

after homogenization. Variation within the control samples was low, droppings 

therefore were well homogenized and CMC similar in all samples prior to the start of 

the exposure. Microbes are suspected of greatly affecting CM after defecation 

(Washburn & Millspaugh 2002). The strong increase of CMC after exposing samples 

to increased temperatures probably reflects a higher rate of microbial degradation. 

CMC remained relatively constant for samples kept under UV-light. This makes 

sense in the context of microbial degradation since antimicrobial effects of UV-light 

are well known. Samples that remained damp the whole time seemed to maintain 

some microbial activity, especially in regard to the 168 hours time samples but CMC 

appeared to be generally lower in these samples. Samples kept at high humidity 

showed CMC similar to the control samples after 168 hours of exposure. Storage 

conditions such as wet or dry might favour different bacterial communities acting 

differently on CMC and potentially counteracting each other. However, storage 

conditions as they were used in this experiment are extreme. Our approach was to 

standardize as many factors as possible so as to really identify the effects of a single 

storage condition. The fact that field samples were exposed to a mixture of these 

influences and are not kept under stable conditions might not favour microbial activity 

in the same way as found under some of the experimental conditions. Basically the 

results of the storage experiment were supported in the models analysing field data. 

Temperature always had a significant effect whereas age of the samples never had. 

The results also agree with the findings of the first storage experiment done by 

Cornelia Keiser (unpublished). The influence of the storage conditions on CMC 

seemed to be more important than the age of a sample. The environmental 

conditions that influenced CMC in droppings in the storage experiment were always 
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noted in the field and included in the analysis to control for potential effects. The age 

of our field samples was less than 24 hours for the majority. The risk of 

misinterpretation because of storage issues should therefore be minimized. However, 

comparison with other studies conducting storage experiments indicates that results 

differ strongly depending on species. We therefore agree with the suggestion of 

Millspaugh & Washburn (2004) recommending further studies to be conducted with 

fecal samples exposed to different probable field conditions. 

 

5.2. Birds in the aviaries 

 

CMC values in the aviaries were found to be starkly increased compared to the 

samples of all sites during all periods. This result agrees with some studies 

investigating the endocrinal and behavioural state of animals in captivity in general 

(Morgan & Tromborg 2007) and of studies comparing physiological stress of birds in 

captivity to their wild counterparts (Cockrem & Silverin 2002a). Animals in captivity 

were found to show increased agonistic behaviour (Lammers & Schouten 1985) or 

decreased sexual activity (Saito et al. 1996). This might be of special interest in the 

context of the reintroduction of the grey partridge where the main purpose of the 

aviaries is to successfully breed birds for release. Animals bred in captivity for later 

release were also found to show alterations in behaviour such as decreased 

vigilance, which might lower their chances of survival (Bremner-Harrison et al. 2004).  

The birds in the aviaries exhibited not only increased CMC but the variation also 

appears to be highest. This might reflect the extraordinary situation of a wild animal 

kept in captivity and the ensuing physiological consequences of chronically increased 

stress hormones or, to cite Moberg (1999) “when stress becomes distress”. Enlarging 

the aviaries and enriching the artificial environment even more might reduce the 

physiological stress response. An animal’s ability to control its environment, for 

example by having unlimited space to flee, appears to be more important than the 

complexity of the environment, such as having multiple hideaways(Sambrook & 

Buchanan-Smith 1997). Keeping wild animals in captivity is never ideal. Measuring 

CMC of animals in captivity might provide a tool to monitor the animal’s wellbeing in 

terms of physiological stress.  

 

 



 44 

Even under the extraordinary conditions of the aviaries the variable period 

explained a significant part of the variance. CMC levels notably increased from the 

pre-breeding to the breeding period as in wild birds in all sites. Seasonal changes in 

the endocrinal activity have been reported for many mammal species (Pride 2005; 

Franceschini et al. 2007) and birds (Holberton 1999; Touma & Palme 2005; Romero 

2006) but the exact mechanism leading to these changes is not fully understood. 

Besides its role in stress regulation, baseline levels of corticosterone have different 

physiological and behavioural effects (Sapolsky et al. 2000). One of these effects is 

the activation of gluconeogenesis (Sapolsky et al. 2000), thus the mobilization of 

energy at times of increased demand. Increased corticosterone levels during the 

breeding and post-breeding period found in our study might therefore be caused by 

increased energetic demand and depletion of energy reserves during the season of 

breeding and chick rearing (Romero 2002; Love et al. 2004).  

 

 

5.3. Are there differences in CMC measured in 

droppings between different grey partridge 

populations within Europe? 

 

The Swiss sites differed relatively strongly in CMC compared to the German sites. 

Also the variability of CMC in the Swiss sites appeared relatively high compared to 

Germany and Poland. Environmental stress has been linked to physiological 

alterations beginning at the developmental level, influencing morphological traits and 

weakening homeostasis. To quote Parson (1990): “under severe stress conditions 

imposed by the physical and biological environments, there is accumulating evidence 

that variability tends to be high. 

The differences and variability found at the Swiss sites could be due to the 

reintroduction project. Teixeira et al. (2007) reviewed many studies trying to elucidate 

effects of the reintroduction process. Capture, transportation, release and adaptation 

of animals into new environments might have short- and long-time impacts 

influencing an animal’s fitness. Mortality rates are often huge in the first few days 

after release. McCullough et al. (1997) for example reported mortality rates of up to 

85% for translocated deer species. Data from the Swiss reintroduction program 

supports the idea of high mortality: for grey partridges it was about 50% within the 
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month after release (Buner et al. 2005). Animals that are reintroduced are often 

subject to multiple stressors arising from the need to cope both with new 

environments and predators (McLean et al. 1999). This is especially important since 

increased stress hormones can not only negatively influence cognitive processes in 

the short term (Mendl 1999) but cause long-term issues such as neurological 

damage if chronically increased (McEwen & Sapolsky 1995). One study examining 

causes of post-release deaths of elk over a period of three years linked about 60% of 

all cases to potentially stress-induced effects (Rosatte et al. 2002). Monitoring 

animals after their translocation and release is one of the recommendations of the 

IUCN (1996). Radio tracking provides important information about an animal’s habitat 

use and spatial movements. However, attaching such tracking devices may have 

negative impacts on an animal’s physiological and psychological health (Hawkins 

2004).  

It is not possible to link the large differences and variability in CMC found in the 

Swiss study sites demonstrably to such release issues, but it is important to take 

these findings into consideration when implementing conservation programs, 

especially reintroduction programs, since deleterious influences on the animals might 

be chronically underestimated. 

When considering the total rate of activity (human and raptor activity) found at 

the different sites there seems to be no obvious relationship between activity and 

CMC. It may be that birds react differently to specific sources of activity. This would 

then imply that “total rate of activity” is inadequate as a measure of factors provoking 

physiological stress. Or there may be certain relevant factors not included in our 

study; we might therefore fail to see a relationship with CMC. Potential relationships 

between specific potential sources of disturbance and physiological stress responses 

are discussed below. 

 

5.4. Is there a relationship between different sources 

of potential disturbance and physiological stress? 

 

The mixed models for the Klettgau and for Germany gave similar results when 

considering the different types of potential disturbance sources. Raptor activity was 

identified as the only significant mediator of CMC increase at both sites. Cockrem & 

Silverin (2002a) investigated great tits (Parus major) and found behavioural and 



 46 

partly physiological reactions to the sight of a tengmalm's owl (Aegolius funereus), a 

major predator of great tits. There are also several studies showing source-specific 

behavioural reactions in birds, sometimes of unsuspected complexity (Clemmons & 

Lambrechts 1992; Miller 2005). Templeton et al. (2005), for example, showed that 

black-capped chickadees (Poecile atricapilla) altered acoustic features of their 

mobbing calls according to the size and threat of the potential predator. Buner 

(submitted) found source-specific behaviour in grey partridge behaviour in the 

Klettgau. Grey partridges crouched on appearance of a raptor most of the time, 

whereas the major behavioural reaction to mammals and humans was increased 

vigilance behaviour. In a study conducted in Great Britain grey partridges living in 

areas of high raptor predation risk increased vigilance behaviour (Watson et al. 

2007a). So there seems to be some support for the idea that grey partridges exhibit 

source-specific changes in behaviour. Yet it is hard to link a specific behavioural 

reaction to its physiological stress response; results are often dependent on the set-

up of the study. European rabbits (Oryctolagus cuniculus) in captivity increased 

vigilance behaviour and showed increased CMC after exposure to predator odours 

(Monclus et al. 2005), whereas the same species reacted with only increased 

vigilance behaviour in a semi-natural environment (Monclus et al. 2006). The authors 

argued that vigilance behaviour represents a low-cost strategy for lowering the risk of 

predation. Cockrem & Silverin (2002a) obtained similar results when investigating the 

behavioural and physiological stress response in great tits. Birds in captivity showed 

increased behavioural and physiological stress response to the sight of a predator. 

Their free-living counterparts only reacted with a behavioural response to the same 

stimulus. This suggests that birds react with a physiological stress response only 

when the situation is imminently life-threatening such as encountering a predator 

when they have insufficient range to flee and no adequate hideaways. In the wild, 

raptors certainly pose an unpredictable threat to grey partridge. A recent study done 

in the United Kingdom assigned 56% of predation winter losses (9.5% of grey 

partridge autumn density) to raptors (Watson et al. 2007b). The majority of raptor 

species observed in our study are not considered typical predators of adult grey 

partridge but do indeed predate their chicks. The unpredictability of raptors might 

elicit a stress response, necessitating an immediate behavioural answer possibly 

initiated by the sympatho-adrenal axes within milliseconds by excretion of 

catecholamine from the adrenal gland (initiation of a physiological stress response). 

Humans on the other hand, stick to the trails most of the time, and do not actively 
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search for prey. They are visible to grey partridge over a greater distance and might 

therefore be more predictable, and also less likely to recognize the birds due to their 

camouflaging plumage.  

Most studies investigating physiological stress response in relation to human 

activity found positive feedback mechanisms. Both black grouse (Tetrao tetrix) and 

capercaillie (Tetrao urogallus) showed increased CMC due to human winter 

recreation activity and might be adversely affected during harsh winter conditions 

(Arlettaz et al. 2007; Thiel et al. 2008). The CMCs of pine martens (Martes martes) in 

a national park in Spain were closely related to the increasing number of visitors 

during spring and summer (Barja et al. 2007). There seems to be no study 

investigating physiological stress in grey partridge as a response to human activity. 

One study conducted in suburban areas around Prague found no influence of human 

activity on the abundance of grey partridges but stressed the importance of patch 

size, number of patches and vegetation height as the main factors influencing the 

number of breeding pairs (Salek et al. 2004). Some studies demonstrated 

behavioural and physiological flexibility on the part of species affected by stress. 

Magellanic penguins (Spheniscus magellanicus) that are not accustomed to seeing 

humans were stressed by human presence at their nest sites, whereas birds that 

have been exposed to very high levels of human contact via tourism did not respond 

to human presence (Hood et al. 1998). Grey partridges, as typical breeding birds of 

agricultural land, have been close to human settlements for thousands of years. Grey 

partridges might therefore have adapted to human proximity and not be 

physiologically affected in the same way as capercaillie or black grouse.  

Another interesting finding in this analysis was the negative relationship 

between pedestrian and raptor activity which was apparent in all sites observed. 

Other studies have obtained similar results for the abundance and diversity of birds in 

areas showing high dog-walking activity (Banks & Bryant 2007). Studies focusing 

specifically on raptors found similar patterns as well. Comparing sites that differed by 

the presence or absence of recreational trails showed greater raptor species diversity 

and abundance at sites lacking recreational trails (Fletcher et al. 1999). The 

probability of a flight reaction by imperial eagles (Aquila adalberti) increased with 

increasing numbers of pedestrians and decreasing distance of the stimuli (Gonzalez 

et al. 2006). 

Considering raptors as the main source of physiological stress, the negative 

relationship between pedestrian and raptor activity found in our study probably 
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explains the decreasing CMC of grey partridges with increasing pedestrian activity. 

On the other hand it is not only raptors who avoided areas with high pedestrian 

activity. Grey partridges probably avoided these areas as well, as indicated by the 

low number of samples obtained from areas with high pedestrian activity. Since we 

located the birds at least every second day but most of the time on a daily basis, it is 

unlikely that we might have missed their presence in the highly disturbed zones. 

Theoretically habitat selection always represents a trade-off between habitat quality 

and perceived risk (Frid & Dill 2002). When perceived risks are too high animals 

should shift their habitat. Various studies have shown such patterns. Pygmy 

marmosets (Cebuella pygmaea) avoided the lower strata which they normally prefer 

and shifted to the upper canopy in the presence of high tourism activity (de la Torre 

et al. 2000). Bottlenose dolphins avoided zones rich in food supply when motorboat 

traffic was high (Allen 2000).  

Habitat shift caused by pedestrians provides possible explanation why grey 

partridges were virtually absent from areas showing the highest rates of pedestrian 

activity in the Klettgau despite the presence of suitable breeding grounds providing 

food and cover in these highly frequented areas. Given such shifts grey partridges 

might then be forced to use sub-optimal habitats where they suffer increased 

mortality due to predation. In view of such potential habitat shifts for grey partridges 

and raptors (perhaps other mammal predators as well) caused by high pedestrian 

activity, the number of habitats showing tolerable human activity and still providing 

the resources needed gets critically small. Prey and predator species could therefore 

be concentrated within these few relatively small areas; these few areas in turn might 

then act as ecological traps for grey partridges.  

Other studies have reported similar issues. Bro et al. (2004) mentioned probable 

predation trap effects in small isolated areas as they were set up in France as part of 

a management scheme to increase the winter survival of grey partridge. Small 

wildlife cover stripes were found to attract red foxes (Kuehl & Clark 2002). 

Nevertheless, there is little doubt that restorative techniques and ecological 

enhancements are key elements for the conservation of many species (Baines et al. 

2004; Jenny unpublished).  

More studies investigating the complex interactions between prey and predator 

species and human activities should be conducted and the results incorporated into 

management schemes. The interactions and their consequences might depend on 

the kind of human activity, the species involved and the landscape. There might be 
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key variables such as habitat structure, size, shape or distance of a patch to the 

nearest trail determining whether certain habitats are abandoned or are otherwise 

preventing effective conservation of both prey and predator species. 

For the reintroduction project in Switzerland the ecological enhancements of the 

reintroduction key area should continue providing more patches, especially in areas 

where human activities are less common. Increased availability of suitable habitats 

low in pedestrian activity should dilute the abundance of both prey and predator 

species and possibly defuse potential trap effects. Although a stressing effect of 

raptors on grey partridges could be shown here, we do not have any evidence for 

raptors representing a critical source of mortality for grey partridges within the Swiss 

sites. The main difficulties of the reintroduction in Switzerland appear to be the loss 

of breeding hens and clutches, suggesting habitat shifts into poor habitat potentially 

due to human activity. Projects such as the grey partridge reintroduction in 

Switzerland, where conservation efforts are based on scientific knowledge not only 

have the potential to partly restore simplified plant and animal communities but offer 

long-term opportunities to investigate complicated interactions under relatively 

controlled conditions. 

 

5.5. Do specific events provoke an immediate 

physiological stress response? 

 

An event that provokes a strong physiological stress response increases the level of 

CMC in droppings some time after that event. Theoretically, a specific event or 

activity could therefore be linked to its specific physiological answer. However, none 

of the potential stress-inducing activities we used for this analysis showed 

significance.  

This finding might indicate that repeated activities or the sum of activities over 

days are more important in affecting CMC than a single event. An animal in the wild, 

coping with different potential stressors constantly adapts its behaviour, thus 

minimizing its energetic demand and maximises its survival. High rates of potential 

stress-inducing activities simply increase the probability of an unforeseen event 

necessitating an immediate physiological stress response. 

During our field study we observed only few events actually provoking active 

flight, which potentially directly increased CMC and it was hardly possible to find 
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samples after a flight. Considering the hypothesis that only life-threatening events 

provoke a physiological stress response (Cockrem & Silverin 2002a), there might be 

too few droppings reflecting such events in our samples.  

CMC measurements in droppings represent the average level of circulating 

corticosterone over a certain time period (Harper & Austad 2000). Blood-based 

methods in contrast reflect a punctual endocrinal state and might therefore be a 

method better suited to link a single event to its physiological stress response 

(Millspaugh & Washburn 2004).  

There are further difficulties when trying to link a single event to its physiological 

stress response. Firstly, CMC measured in droppings might reflect stress events that 

happened before or after the relatively short time of observation. Secondly, the time 

needed to metabolise corticosterone varies with the body condition of the bird and 

timing of defecation of droppings is dependent on the food recently eaten by the 

animal (Millspaugh & Washburn 2004). 

 

5.6. Is there an influence of group size on CMC? 

 

The effects of living in groups are widely recognized and have been investigated in 

many studies. Advantages of group-living include an individual’s reduced risk of 

being captured by a predator (Hamilton 1971) and/or confusion effects (Neill & Cullen 

1974). There are also negative effects of group living such as increased competition 

for food (Caraco & Wolf 1975). In the context of group size effects, many studies 

have focused on behavioural traits. Common cranes (Grus grus) showed decreasing 

vigilance per individual with increasing group size (Aviles & Bednekoff 2007). Watson 

et al. (2007a) found decreasing vigilance behaviour per individual with increasing 

group size for grey partridge, supporting the “many eyes” theory and pointing to the 

potential long-term costs of anti-predation behaviours. In addition, he reported high 

raptor predation rates during February and March, thus providing indirect evidence 

for increased predation when flocks of birds disintegrate and birds are on their own, 

and expose themselves while searching for mates (Watson et al. 2007b). This was 

also found to be the case within the Swiss sites (Guntern unpublished).The lower 

survival rates during the mating season was probably due to predation.  

Surprisingly, there are only a few studies investigating group size effects on 

hormones. Relating observed behavioural traits to potential hormonal changes 
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appears to be important in obtaining a fully rounded understanding of the dynamics 

involved. Theoretically, there could be positive or negative feedback mechanisms of 

group size affecting the endocrinal state of an animal. In this study we focused on 

group size effects and their relationship to CMC. Group size was found to 

significantly affect CMC at all sites. CMC were lower for groups than for single birds 

and pairs. We found only two studies dealing with group size and corticosterone. 

Both of them partially supported our findings. Cortisol levels in ringed-tailed lemurs 

(Lemur catta) decreased with increasing group size under normal environmental 

conditions when sufficient food was available for all individuals. However, in food-

scarce conditions the opposite happened, indicating that intergroup advantages did 

not outweigh competition effects between individuals under such conditions (Pride 

2005). We have to be careful when comparing findings obtained from the study of 

primates to those from galliform birds. Lemur groups, for example, have complex 

social structures with inter- and intragroup dominance relationships, and groups 

consist of both related and immigrant animals (Pride 2005). Flocks of grey partridges, 

on the other hand, usually represent related families and lack of food at least during 

the time of breeding and hatching might be of less concern; thus intragroup 

competition might be less important. One study focusing on the relationship between 

corticosterone and colony size in cliff swallows (Petrochelidon pyrrhonota) and 

considering their parasite load partly supported our findings as well. Under natural 

conditions the corticosterone levels of the birds increased with colony size. The 

increase seemed to be related to the presence of ectoparasites that affect the 

survival of both adults and nestlings. Indeed, colonies that were partially fumigated, 

and thus freed from parasites, showed decreasing corticosterone values with 

increasing colony size (Raouf et al. 2006). Daily survival of both parasite-free birds 

and birds under natural conditions increased with colony size, although the effect 

was stronger for adults at fumigated sites and for juveniles in general (Brown & 

Brown 2004). Taking the behavioural together with the physiological data seems to 

support the theory that the advantage of larger groups outweighs intragroup 

competition, at least when environmental conditions provide adequate essential 

resources. The enhanced predator recognition in a larger group entails a reduced 

importance of an individual’s vigilance behaviour and thus higher food intake rate and 

this might well be reflected in an animal’s endocrinal state. This might especially be 

true for typical prey species such as grey partridges living in groups most of the year. 

Variation in group size is generally associated with fitness consequences for an 
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individual remaining in a group (Wrangham 1980). The generally high fecundity of 

grey partridges and the high demand of juvenile grey partridges for protein-rich food 

might necessitate the establishment of territories and the disintegration of flocks in 

spring. Unlike cliff swallows that can travel relatively long distances to find food, grey 

partridge might be forced to maintain territories to supply their young with enough 

food. These seasonal changes in behaviour, increased vigilance and territoriality 

entailed by the increasing demand for energy might well be based on the observed 

increase of corticosterone with the start of the breeding season. The fact that CMC 

decreased with group size adds additional support to theories of the advantages of 

group-living from the physiological side.  

In the context of the reintroduction of grey partridge in Switzerland these results 

advocate the release of large flocks of birds rather than single individuals and pairs. 

The potential negative consequences due to high stress could thereby be minimised 

while simultaneously optimizing the advantages of group-living.  
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6. CONCLUSION 

 

 

Our storage experiment showed that different storage conditions affected CMC in 

droppings of grey partridge. While humidity, UV-light and exposure time might be of 

less concern, increased temperature seemed to influence CMC in droppings. We 

recommend conducting further storage experiments and to collect droppings or feces 

as fresh as possible. 

 

CMC of grey partridges in the aviaries were starkly increased in comparison to birds 

in the wild. This highlights the extraordinary situation of wild animals kept in captivity. 

Improving the aviaries with additional hiding places and increased space might 

reduce physiological stress of wild animals in captivity. 

 

The sites in the wild differed in CMC dependent on period. CMC generally increased 

from the pre-breeding to the breeding and post-breeding period. There was no 

correlation between the total rate of human and raptor activity and CMC. 

 

In four of five sites raptors appeared to be the only recognizable source of 

physiological stress for grey partridge. There was no evidence for increased CMC 

due to human activities. Both, raptors and grey partridges seemed to avoid areas of 

high pedestrian activity and probably shifted to areas with lower pedestrian activity. 

Ecological enhancements of habitats should continue providing more patches in 

areas where human activities are less common. 

 

At all site investigated here CMC were found to be lower for groups of grey partridges 

consisting of more then two birds compared to pairs or single individuals. This 

supports the theories of the advantages of group-living. Releasing larger flocks of 

grey partridges in the context of reintroductions may minimise potential negative 

effects due to chronically increased corticosterone and maximise predator 

recognition. 
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Appendix 1: Instruction for the collection of droppings of grey partridge and sampling 
protocol-form 
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Instruction for collecting faecal samples of grey partridge 
 
 
 
General advices 
In droppings and urine, that means in droppings and their white end (the urine 
acid),are metabolites of the stress hormone corticosterone, which can be measured 
in the laboratory under certain conditions. Important is, that the faecal samples are 
more or less fresh. In some investigations we will show how long and under what 
temperature, the faecal samples can stay without decomposition of the metabolites. 
From investigations with the capercaillie-droppings, we know, that these metabolites 
stay stable by a temperature under 10°C within 7 days. Nevertheless it is important, 
to give the age and the laying conditions of the faecal samples. 
An additional difficulty for the statistical analysis of the data is to know, the identity of 
the faecal sample, that means from which individual or pair or family group (covey in 
the winter time) So every information or assumption for the provenance of the 
droppings can be very important. 
To have a good mean value, we need normally 20-30 faecal samples, so for example 
from each period (winter, pre-breeding-time, past-breeding-time, autumn) and from 
each area. The samples should be from different individuals or if they are from the 
same group, from different days. 
 
Collecting in field 
The droppings can be collected by hand (without a danger of contamination). If some 
droppings are laying on the same place (so they probably come from the same 
individual or pair), you should collect the freshest 5-10 droppings and give them into 
a little plastic bag. 
If there is any possibility to sample droppings again in the same place later (for 
example, if the grey partridges are often there, or sleeping place), you should 
“destroy” the not-collected droppings, to be sure the next time, that the collected 
samples are fresh. 
Every faecal sample from an individual (1-10 droppings) put in a little plastic bag. 
Because every writing on the sac (even with a water resistant marker) will disappear 
by the time, it’s absolutely necessary, to add inside the sac a paper with the 
number of the sample. This paper has to be written necessarily by pencil, 
because with humidity, all other writers will smudging. On the paper has to be written 
the collecting region (KPN in your case) and the number of the sample. 
For example: 
 

 

 

 

 

 

 

 

 

 

 

 

 

KPN  
 

230632 
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1. Completing the protocol-form 

The sent protocol-form can be printed and completed by hand and/or electronically used as 

excel table. 

On the head of the paper: collecting region (f. ex. KPN) and Name of the collector 

Sample-Number: This 6-digit number is composed of the day (2-digit) and month (2-digit) 

and a 2-digit collecting number ( 01 – 99). The first sample, which is collected for example on 

23.6 is getting the number 230601, the second, 230602, the third sample, which could be 

collected for example two days later on  25.6, is getting the number 250603. When the 

collecting number 99 is reached, you have to start anew by 01 (the date will have changed 

surely). On the protocol-form, the collecting numbers are already given, so you only have to 

add the day and the month. 

Time: Time of the sample collection (on one hour precise) 

Coordinates: facultative (if you give, it has to be with a precision of 100 m) 

Zone of the group: if it’s known, the belonging to a covey or to a pair, it has to be added a 

capital letter. The habitation zone of a covey or a pair should be marked on the map. If you 

don’t know, don’t write anything there. 

Individual: If the individual is known (for example radiotracket grey partridges or  well-defined 

pairs) you should give here the explicit identification (for example the number of the ring, 

frequency or other identifications). If the individual isn’t known, so although it is important to 

note, if the droppings could be from different individuals. If you aren’t sure, but you have a 

assumption, add an ?. 

Sex: if it’s known or assumed, you can write for example M or F? 

Dropping-type:  

N- droppings fromm the night 

T- droppings from the day 
?- unknown 

Dropping-age: Estimation of days if possible. Indices for the estimation of age could give: last 
rain, earlier controls on the same place, etc. 

Dropping-state:  

V- droppings are intact and with the white urine acid on one end 

O- droppings are intact, but without the white urine acid on the one end. 
X- droppings aren’t intact. 

Laying- conditions: (you can write here more than one letter) 

R- droppings were exposed during rainfall or during dew in the night/morning 

S- droppings were exposed at the sun 

H-droppings were exposed on temperatures higher than 10°C 

Remarks: Under remarks, you can list assumed or observed factors of stress, which were 

actives in the time before the sample collecting, for example disturbances by humans, 

predators, or extreme weather-condition etc. 

 

Completing the map  

On a topographical or other map, you should mark: 
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- Habitats from the covey or a pair or a individual 

- The places where you found the samples are marked with numbers, you can take 

only the collecting number (01-99) = the last two digits of the sampling numbers, if 

you change the card from time to time (only 99 samples on one map). When you 

change the map, you have to mark on the map, the period of the collecting time. 

 

Storage 

Freeze (at about –22°C) the samples the same day. 
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Appendix 2: Observation protocol 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 69 

 

 

 

Date:       Time period [h]:         -          :  

                    

Weather:           Observation distance [m]: 

                    

Habitat:   Vegetation height [cm]:       

                    

Bird:     Freq: 148.       visible during [min] 

                    

Dislocation during observation? YES/NO; distance [m]:     Feces number:  

               (DD/MM/XX) 

                    

Structures in area: ( ) fallow land ___% ( ) meadow ___% ( ) hedge ___%  

                    

( ) wasteland___%     ( ) farmland___%  other structures  ( ) pasture__ %   

                    

Distance to next hidingplace (hedge, fallow land, other):          
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