Optimal protocols for counting and locating Eurasian Bitterns
Male counts
The Eurasian bittern Botaurus stellaris is a secretive bird that lives in dense reed marshes. Population surveys of this vulnerable species are based on the characteristic vocalization (booms) of males during the breeding season. Probability of detecting a male is highly dependent upon the occurrence of booms, which is assumed to be density-dependent and highly variable over time. We studied booming frequency in relation to time of day, time of season, weather conditions, and bittern density at ten sites in the Camargue, south of France. At each site, twice monthly from 6 March through 18 July 2000, booms were recorded over two periods of 6 h, one centred on sunset, the other centred on sunrise, and both divided into 72 sampling units of 5 min each. The number of bitterns heard within a single 6-h period varied from 0 to 10. Booming frequency was highest in April and May. The proportion of males booming peaked 0--30 min after sunset (68%), and 30--60 min before sunrise (78%). Booming activity decreased significantly under cloudy and rainy conditions, but low temperatures had no effect.
[image: image1.wmf]1

2

3

4


Fig. 1. Variation in booming activity according to times of day and season at sites of high bittern density. The yellow rectangles represent homogeneous periods during which booming activity is significantly higher. 

Sampling protocols (point count duration and frequency) permitting to detect 95% of male bitterns present at a site are proposed under various situations (Table 1). Optimal protocols are considered to be 2 X 10 min at dawn for high-density sites and 2 X 20 min at dawn + 2 X 15 min at dusk for low-density sites. Point counts must be 300 to 400 m distant in order to detect all males, including those with low carrying capacity calls. Application of this protocol in the Camargue has allowed us to increase population estimates by two- or threefold pending upon sites.

Table 1. Optimal sampling protocols during the peak (Avril-May) and low booming periods, at low and high-density sites (≥3 males) at dawn (between 120 and 0 min before sunrise) and dusk (from 30 min before to 60 min after sunset), providing a 95% detection probability of bittern (recommended protocols in bold characters).
	High-density sites
	
	Low-density sites
	

	Peak booming period
	Low booming period
	Peak booming period
	Low booming period

	At dawn
	
	
	

	3 x 5 min
	6 x 5 min
	9 x 5 min
	>20 x 5 min

	2 x 10 min
	4 x 10 min
	5 x 20 min
	12 x 20 min

	
	3 x 25 min
	
	6 x 45 min

	
	
	
	

	At dusk
	
	
	

	4 x 5 min
	13 x 5 min
	6 x 5 min
	19 x 5 min

	3 x 10 min
	8 x 10 min
	4 x 15 min
	7 x 20 min

	2 x 25 min
	6 x 20 min
	2 x 40 min
	4 x 45 min

	
	5 x 35 min
	
	


In conclusion, given the daily and seasonal variation in booming frequency, only standardized protocols can provide a faithful estimate of the number of male bitterns across years. 
Locating male bitterns by acoustic triangulation
Ecological studies and population surveys sometimes require the positioning of individuals.  Because many birds are more audible than visible, we tested the potential of acoustic triangulation for locating Eurasian bitterns (Botaurus stellaris) within extensive reed marshes in the Camargue, France.  During the breeding season, and predominantly at dawn, male bitterns produce a series of loud calls (booms).  In the field, direction of booming was estimated with a bearing compass by an observer walking along a linear path at the reedbed edge, taking enough measurements to cover a 90° wide angle between the first and last bearing. These bearings were reported on a GIS and checked to eliminate any call assignation errors. (Fig.1). 
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Fig. 2. Directional bearings of bittern calls with probabilistic circles of male position at the Charnier-Scamandre ponds in April 2002.
The data were further submitted to a probabilitistic model with Andrews estimator to locate each bittern based on the intersection point of the bearings taken in the field.  Bearing error was estimated by comparing these bearings with those derived from the real or estimated bird position.  In a first experiment, we identified the factors influencing the variation in bearing error using six observers, 237 directional bearings, and 19 bitterns. In a second experiment, we quantified the bearing accuracy under optimal conditions based on three observers using 47 directional bearings to locate a bittern of known position.  There was no observer effect, but wind speed above 10 km•hr-1 (Fig. 3), occurrence of poor booms, and bittern distance under 200 m significantly increased bearing error.  Bitterns calling normally under windless conditions could be located with a mean bearing accuracy of ± 13.6º.  Location accuracy depended primarily on the bird distance and number of bearing angles.  We propose an optimal bearing effort to locate booming males in large reedbeds with an accuracy of 40-m radius irrespective of the bittern distance (Fig. 4).  
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Fig. 3. A wind speed above 12 km/h is enough to bias the directional bearings.
Fig. 4. A bearing taken every 100 m until covering  a 90° difference between the first and last bearing provides a probabilistic radius of bittern location under 40 m irrespective of the observer distance.
In conclusion, acoustic triangulation appears as a useful, non invasive, technique for positioning bitterns and potentially other bird species once the bearing accuracy corresponding to their call and habitat has been estimated.
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