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5% of the delta is currently protected for wildlife. A

proportion of the delta was designated as an Agricultural

Land Reserve (ALR) in the 1970s in recognition of the high

quality soils and the threat of encroaching urban develop-

ment (BC Land Reserve Commission, unpublished data).

Nevertheless provincial ALR designation does not protect

the land from conversion to greenhouses, a trend that has

eliminated more than 2% of previously open-soil farmland

over the past decade (Corporation of Delta, unpublished

data). ALR designation can also be challenged, in some

cases allowing encroachment of urban development (Camp-

bell, 2006). Motivated by the need to set conservation

priorities and enhance farmland value for shorebirds, study

objectives were to investigate the extent to which spatial and

temporal variation in field use could be predicted by

environmental, biological, landscape, and farming factors.
2. Methods

Data were collected from October to April in 1998–1999

and 1999–2000 in fields within the Fraser River Delta, British

Columbia, Canada (498100N, 1238050W). Eighty-one fields

were surveyed in year one and 57 in year two. Over the two

field seasons, 2278 (range 50–302 per month) field visits by

day and 2410 (range 51–329 per month) field visits at night

weremade.Table 1 outlines the number of fields of each cover

type, and summarizes farming practices. Cover types (type of



Environment Canada weather data (wind speed, wind

direction, percent cloud cover, temperature, and precipita-

tion) were obtained from the Vancouver International

Airport, 15 km north of the study area. Data on day length

and moon illumination at midnight (a measurement based on

moon phase) were obtained from the U.S. Naval Observa-

tory Astronomical Applications Department website (http://

aa.usno.navy.mil/data/docs/RS_OneYear.html). Tide

heights at Point Atkinson, Vancouver, to the nearest

15 min reading were obtained from the Canadian Hydro-

graphic Service, Institute of Ocean Sciences. Average

vegetation height was visually estimated for each field as

one of three categories (0, 0–10 cm, or >10 cm).

Farmers were interviewed to collect farming practice

histories for surveyed fields. Not all farmers agreed to be

interviewed, thus these data come from a possibly less-

random subset (n
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preferences distinctly opposite to dunlin and plover. Killdeer

were only weakly associated with the other two shorebird

species both day and night.

At least one environmental variable affected the prob-

ability of bird occurrences for each shorebird species by day–

night combination. During the day, dunlin presence in fields

was positively related to tide level (covariance estimate, P-

value: 0.698, 0.007), cloud cover (0.112, 0.024), precipitation

(0.029, 0.001), plover (0.825, <0.001) and killdeer presence
(0.496, <0.001), and negatively related to day length

(�0.248, 0.001). At night, minimum temperature (0.088,

<0.001), wind velocity (0.012, 0.032), and the presence of

plover (0.781,<0.001), killdeer (0.706,<0.001), and raptors
(0.607, 0.029) were positively related to dunlin presence.

For plover during the day, precipitation (�0.062,<0.001)
and moon phase (�0.855, 0.013) were inversely associated

with field use, while wind velocity (0.025, 0.045), day length

(0.154, 0.023), presence of raptors (0.039, 0.011), and

presence of dunlin (0.266, <0.001), were positively

associated. At night, plover occurrence in fields was

positively associated with tide level (0.832, <0.001), cloud
cover (0.145, 0.001), wind velocity (0.028, <0.001),
presence of killdeer (0.012, <0.001) and presence of dunlin

(0.016,<0.001); and negatively associated with moon phase

(�0.785, 0.011) and precipitation (�0.0039, 0.002).
For killdeer, day length was positively associated with

field use both day (0.432, <0.001) and night (0.206,

<0.001). During the day, tide level (0.641, <0.001) and

presence of dunlin (0.154,<0.001) were positively related to
killdeer presence. Moon phase (�0.610, 0.023), precipita-
tion (�0.036, 0.002), and minimum temperature (�0.056,
0.034) were negatively related. At night, cloud cover (0.075,

0.034) was positively related, and moon phase weakly

negatively related (�0.519, 0.063) to killdeer presence.
4. Discussion

Several lines of evidence suggest that diurnal use of farm



et al., 2004, but see Gillings et al., 2005)), despite a greater

abundance and diversity of invertebrates associated with tall

grass (Atkinson et al., 2004), and even grazed meadows,

compared to cultivated fields (e.g. Diurez et al., 2005).

The strongest relationships between farming practices
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