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Censuses are widely used to monitor populations. One of the most interesting modern techniques is distance sampling, which depends on some crucial assumptions, including the random distribution of animals with respect to transect lines, which are often asphalt and gravel roads. We tested the assumption of a random distribution of animals with respect to roads for females of ring-necked pheasants (Phasianus colchicus). Roads can be used to census pheasants using distance sampling, without significant bias because pheasants are randomly distributed with respect to roads. Our method is easy to apply to other field conditions where radio tracking data are available and can be used to test the assumption in other studies and/or with different species.

Introduction

Censuses are a common and widely used technique in wildlife biology to monitor populations. A variety of different methods are currently used, in relation to species, habitats, aims of the study, and budget. One of the most interesting modern techniques is based on distance sampling [START_REF] Buckland | Introduction to distance sampling: estimating abundance of biological populations[END_REF]. It has a number of interesting properties, including the direct estimate of confidence intervals [START_REF] Norvell | A seven-year comparison of relative-abundance and distance-sampling methods[END_REF], and can improve estimates of population sizes [START_REF] Newson | Use of distance sampling to improve estimates of national population sizes for common and widespread breeding birds in the UK[END_REF]. Correct estimates, however, are dependent on a number of crucial assumptions: (1) animals on the line or point must be detected with certainty; (2) animals must be detected at their initial location; (3) measurements must be exact, and (4) transects must be placed randomly with respect to the distribution of animals in the environment. While the first two assumptions can be met in a variety of field conditions with a careful execution of censuses, the third one is often infeasible, especially when censuses are carried out from a vehicle; this happens often to cover wider areas, to reduce the need for manpower, and for safety concerns. In this case, roads and field paths are often used instead of random, linear transects. This can give incorrect results if:

(1) animals are attracted by roads (e.g., because of better cover on the roadsides) or repelled by them (e.g., because of disturbance) and if (2) home ranges of animals are not placed randomly with respect to roads [START_REF] Buckland | Introduction to distance sampling: estimating abundance of biological populations[END_REF]. This assumption has not been, to the best of our knowledge, widely tested, in particular for Galliformes birds.

Our objective was to test the random distribution assumption of animals with respect to roads (both asphalt and gravel) using female ring-necked pheasants (Phasianus colchicus), equipped with radio transmitters to obtain a relatively unbiased sample of locations.

Materials and methods

Two study areas (1,150 and 1,300 ha) were selected within Pisa Province (Tuscany, Central Italy). In both areas, hunting and release of pen-raised animals were not allowed. One of the two areas was in the flat Arno Valley close to Pisa; the other was in the low (up to 300 m a.s.l.) hills close to Volterra. The first was intensively cultivated (99% of total surface) and had some urban areas, practically without woodlands, and with very little hedgerows. The second was also cultivated, though less intensively (77%) and had significant wooded areas (around 20%). The two study areas had different road densities and number of animal locations (Table 1). Roads were not placed randomly in the two areas (Figs. 1 and2), especially in the hilly area, where they mostly followed the crest of the hills, avoiding valley bottoms. Wild pheasants were trapped using funnel traps during January and February 2005-2007 and equipped with a radio-collar that lasted until October-November. Traps were opportunistically placed in areas most suitable for capture, irrespective of roads; several trapping sites were utilized at different times, according to weather and manpower. Not all the locations were known to us; therefore, it was impossible to test the true randomness of their placement. However, an eventual nonrandomness would only have influenced the first of our tests and not the second 1990). Two bearings were taken at very short interval (generally less than 3 min) and as close as possible to 90°f rom each other. In case of doubt, additional bearings were taken. Precision of location estimate was confirmed by frequent resights. If radio contact was lost, wider searches were conducted in the whole area and in the surroundings (in a radius of >3 km), with the help of an omnidirectional antenna mounted on the roof of a car. We continued tracking until the death of the animal or the disappearance of the radio signal.

Asphalt and gravel roads (including field paths suitable for censusing from a four-wheel-drive car) in the study areas were surveyed using a Global Positioning System receiver and plotted on a Geographic Information System. Roads in the surroundings were plotted mainly from ortophoto maps, with additional surveying.

To mimic real observations of animals during visual censuses, we excluded locations of pheasants on their nest, dead animals, and those outside the study area. We also excluded individuals with <10 locations. Ten locations are obviously insufficient to determine home range size, but this is irrelevant for our purposes, as the sighting (or the location) is the unit to be tested. Locations were not independent samples but repeated measures of the same individual. We therefore calculated minimum convex polygon for every pheasant to determine an approximate home range. We generate in each range a series of random points (in equal number to radio locations for each animal) to compare the distribution of random points and pheasant location in relation to roads that could be used as census transects. Euclidean distances were then calculated from each point (either animal or random location) to the closest asphalt and gravel road. One could argue that, even if the distribution of animal locations inside home ranges was random, the ranges could be nonrandomly placed with respect to roads. To test for this, we calculated the centroids of the MCP for each individual and generated an equal number of random points in the study area. We then calculated the distance to roads both for centroids and random points. We used only free and open source software [START_REF] Tufto | Should wildlife biologists use free software?[END_REF] Debian GNU/Linux operating system, PostgreSQL/PostGIS relational database, QuantumGIS, and OpenOffice.org suite. Statistical analyses have been performed using R (R Development Core Team 2008), using a single multivariate linear model (analysis of variance (ANOVA)) to test all the effects.

Results

We tagged with radio collars 101 individuals; a low number of radio locations for some individuals reduced sample size in most analyses to 81. Sample size was maximum immediately after the captures, decreasing due to mortality and radio failure until October-November. Because of the higher density of gravel roads, both animal and random locations were significantly further from asphalt roads (animal locations, 274.7±180.7 m; random points, 271.5± 179.7 m) than from gravel ones (animal locations, 134.2± 109.4 m; random points, 132.1±113.3 m; Table 2). The two areas also had different distances (an effect of different road density), and the interaction between road type and study area was significant. On the other hand, distances of animal and random locations were almost identical, both from asphalt and from gravel roads (Table 2; Fig. 3).

The home ranges appeared to be placed randomly with respect to the roads: average minimum distance of the centroids of MCP from asphalt roads was 296.9±175.4 m, whereas random points averaged 293.7±247.4 m; for gravel roads, averages±SD were 122.4±98.8 vs 149.8± 113.4 m. The difference between road type was significant (F=71.6, p<0.001), whereas the difference between animal and random locations was not (F=0.41, p=0.52; Fig. 4).

Discussion

Our data confirm that roads (both asphalt and gravel) can be used to census ring-necked pheasants using distance sampling without significant bias. Our results only apply to females and do not necessarily hold true for males. However, we have no reason to believe it would not, at least where males and female pheasants have similar habitat selection [START_REF] Smith | Home ranges, habitat selection and mortality of ring-necked pheasants (Phasianus colchicus) in North-central Maryland[END_REF]. Our two study areas are sufficiently different and results sufficiently clear cut to give some confidence about the generality to our conclusions regarding this species. Obviously, other species can behave quite differently and will require further study. However, radio tracking data are widely available for a huge variety of species, and the method we used is easy to apply to other field conditions. We therefore encourage researchers to apply the same method to other species to check the same assumptions in a variety of different situations. 

Fig. 1

 1 Fig. 1 Distribution of roads (asphalt road in black and gravel in gray) and pheasant locations in the study area in the plains

Fig. 2

 2 Fig. 2 Distribution of roads (asphalt road in black and gravel in gray) and pheasant locations in the study area in the hills

Fig. 3

 3 Fig.3Minimum euclidean distance from asphalt and gravel road to pheasant locations and random points (inside minimum convex polygon)

Table 2

 2 Effect of study area, road type, and location type on minimum distance to nearest road (ANOVA, with individual pheasants as a nested factor) Minimum euclidean distance from asphalt and gravel road to minimum convex polygon centroids and random points (inside each study area)

						1000
						ASPHALT ROAD
						GRAVEL ROAD
						800
					DISTANCE (m)	400 600
						200
	Parameter	df	F	P		0
	Arno plain vs Volterra hills	1	31.24	<<0.001		CENTROID	RANDOM
	Asphalt vs gravel	1	4358.44	<<0.001	Fig. 4
	Fix vs random	1	1.52	0.22		
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