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The following article is an extract from the Oxford journals website based in the UK. It is a study of the habitat and movements of the Plains Zebras.

http://beheco.oxfordjournals.org/content/18/4/725.full

Habitat use and movements of plains zebra (Equus burchelli) in response to predation danger from lions
Ilya R. Fischhoffa, Siva R. Sundaresana, (a) Justine Cordingleya, (c) and DI Rubensteina

MATERIALS AND METHODS
Study site and species
We studied a population of approximately 600 plains zebras in the 90 km2Sweetwaters Reserve of Ol Pejeta Conservancy (0°00′N, 36°56′E). Sweetwaters is a semiarid bushed grassland in the Laikipia ecosystem of central Kenya. At the time of the study, an elephant-proof fence prevented zebras from leaving or entering the reserve. Average annual rainfall for the period 1996–2004 was 726 mm (standard deviation= 229 mm) (Ol Pejeta Conservancy records). Most rainfall occurs in April or November.

For our habitat map, we used a ground-truthed 2002 Landsat image that was classified into 5 vegetation types (Ol Pejeta Conservancy GIS database, 2004). For the present paper, we defined 2 habitat types: woodland and grassland. Woodland included 3 vegetation types (thick bush/riverine forest, medium bush, and light bush), whereas grassland included 2 types (open grassland and short grass) (Figure 1). Based on this classification, 18.6% of the total area was grassland and the rest was woodland. The grassland areas ranged in size from less than a hectare to 600 hectares. Dominant grass genera were Cynodon, Themeda, and Pennisetum. Between the grassland patches were Acacia andEuclea woodlands.
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Figure 1
Map of study area showing habitat types. Dark areas are grassland and white is woodland. The surrounding line is the reserve boundary fence. Numbered patches are those used in analysis of zebra response to lion presence on a patch.

Plains zebras are large-bodied (∼200 kg) grazing ungulates inhabiting grasslands of East and Southern Africa. They drink approximately once every day. The core social group is the harem composed of 1 stallion male and 1–8 females, as well as their dependent offspring. Males and females disperse at sexual maturity. Males join bachelor groups until they acquire a harem of their own. Multiple harems form unstable herds, which may also contain groups of bachelor males (Rubenstein 1994).

Sampling methods
We gathered zebra data using both global positioning system (GPS) radio collars and direct observations. We used radio collar data to analyze habitat preferences and movement properties. In July 2005, we radio collared 4 adult zebras, including females in 3 harems and 1 bachelor male. July was a month in the middle of the dry season. The collars were prototypes of a novel design (Zhang et al. 2005). We programmed the collars to record displacements of less than 10 m as a displacement of zero to account for GPS error. The units provided GPS fixes every 8 min. Due to technical failures, the radio collars stopped collecting data after 4–15 days (Bachelor: 9 days, 1064 locations; Female 1: 15 days, 655 locations; Female 2: 11 days, 1899 locations; Female 3: 4 days, 481 locations).

While functioning, the collars occasionally missed fixes when their solar-charged batteries were in a depleted state. We excluded all observations more than 8 min from the previous location. We computed step length and turning angle between successive locations. Step length is the straight line distance between successive locations. Turning angle is the angle subtended by 2 successive steps. A turning angle of zero indicates no change in direction, whereas a complete reversal in direction results in turning angle of 180°. We assigned positive values to right turns and negative values to left turns. We computed turning angle only for successive steps that both had nonzero displacement.

Before using the radio collar data to analyze habitat use and movement patterns, we subsampled the data by time to remove autocorrelation in step length or turning angle. We first parsed the data for each individual into paths defined as a sequence of steps uninterrupted by any intervals greater than 8 min. For each path, we determined whether there was significant autocorrelation in step length or turning angle (Turchin 1998). We examined autocorrelation in turning angles using a runs test on successive turns. We classified turns as either left or right (Turchin 1998). We computed the step length autocorrelation function (ACF) for lags of up to 6 time steps. We calculated the Ljung-Box Q statistic to determine if there was significant autocorrelation. When we found significant autocorrelation in a path, then we systematically subsampled the data at increasing time intervals of 16, 24, 32 min, and so on until 80 min. We then calculated the ACF and Q statistic for each subsampled path to determine whether there existed a minimum subsampling interval that yielded a path without autocorrelation. This analysis indicated that no path contains autocorrelation beyond 32 min. Therefore, we subsampled data for each individual so that points were no less than 40 min apart. We assumed the resulting data points were independent with respect to habitat choice as well as movement properties.

To test how zebras respond to lion arrival on a plain, we used only direct lion and zebra sightings. Every 3 days, we drove sampling loops for zebras throughout the field site. For each herd of zebras, we recorded group size and identified all individuals. We were able to distinguish individuals based on their unique stripe patterns. Lion data included our own chance encounters while driving zebra loops. To these data, we added lion observations by both Ol Pejeta rangers and Ol Pejeta tour guides. The rangers walked all areas of the reserve daily. Ol Pejeta operated night game drives for tourists on most nights. Ol Pejeta staff also recorded location, date, and time of all lion sightings. All lion sightings were assigned northing and easting in the field or subsequently, based on local names that were accurate to within 100 m. The lion population on Sweetwaters during the study period ranged from 20 to 30 (Ol Pejeta Conservancy, unpublished data). For both species, the data presented here were from July 2003 to August 2005.
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