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This report describes the approach being used in PRISM to survey shorebirds in the arctic.  Work carried out on the North Slope of Alaska illustrates what can be expected using the double-sampling, habitat-modeling approach. The methods were developed during 1994-1997. Operational work was carried out during 1998-2000 and is continuing.  The approach involves a combination of double sampling to determine shorebird densities, by species, on a sample plots and habitat-based regression models to extrapolate from surveyed plots to the entire study area.  

In double sampling , a large sample of plots is surveyed with a rapid method and then a subset of these plots is surveyed intensively to determine actual numbers present.  The detection rates during the rapid surveys of these plots is then used to adjust the results from rapid surveys.  See Bart and Earnst (2002) for details of the general approach in bird surveys.

The rapid survey method adopted was an area search in which surveyors covered about 10 ha per hour and recorded all evidence that might help them estimate the number of territorial birds in each plot. This information was recorded on plot maps. Immediately after each survey, a summary was prepared (Table 1), and an estimate of the number of

Table 1. Example of field form in the rapid survey portion of the double-sampling approach. Total is the row total; the estimate is often less than the total because the surveyor believes that >1 observation was made of the same pair.

	Species
	Nests
	Probable

Nests
	Pairs
	Males
	Females
	Unk.

sex
	Total 
	Estimate 

	BBPL
	1
	
	
	1
	
	
	2
	1

	AMGP
	
	1
	1
	
	
	
	2
	1

	SESA
	2
	
	3
	
	
	2
	7
	5

	PESA
	
	2
	
	
	1
	
	3
	3

	etc.
	
	
	
	
	
	
	
	


territorial males was made. Each year, four plots were searched intensively to determine the number of territorial males actually present, defined as the number of territorial males whose first nest of the season, or territory centroid for non-nesters, was within the plot. About 20% of the survey effort was devoted each year to the intensive surveys. In 2000, a record was kept of new nests found per unit of effort (Table 2).  The results, and estimates of the total number present made periodically during the searching effort, both indicated that all or nearly all territorial males were located during the intensive surveys.  Future efforts are planned to improve our estimates of how many –  if any – birds are missed on the intensive plots, perhaps involving a third surveyor who will work independently of the regular surveyors on two plots.  Results will then be compared to

Table 2. Search effort and results obtained during each of three complete nest searches on intensive plots during 2000.

	
	1st Search

(15-20 June)
	2nd Search

(21-25 June)
	3rd Search

(26 June-1 July)

	Search hr
	62
	65
	72

	Search hr/ha
	1.2
	1.2
	1.4

	New nests
	44
	31
	4

	New nests/hr
	0.71
	0.48
	0.06

	Estimated total
	89
	81
	79


determine whether either surveyor finds some nests or birds that the other surveyor missed.  Efforts are in progress to design a procedure for estimating the number of nests or birds missed by both surveyors.

Surveyors not familiar with the intensive plots carried out 1-2 rapid surveys on each plot. The results from the first three years showed that the average ratio (number estimated)/(number actually present) was 0.79 (Table 3). All but one of the ratios 

Table 3. Index ratios on the rapid surveys for breeding shorebirds.

	Species
	Number

present
	Average number

recorded
	Ratio

	Semipalmated sandpiper

Pectoral sandpiper

Red phalarope

Red-necked phalarope

Dunlin

Ruddy turnstone

Black-bellied plover

Others
	101

45

27

36

14

7

6

10
	72

46

13

29

15

7

6

7
	0.71

1.02

0.49

0.80

1.05

0.93

1.00

0.74


was between 0.71 and 1.05, and the variation was not statistically significant. The outlier (red phalarope) was probably caused by departure of the females well before the end of the season and, in most years, before the detection rates were measured (they were usually made late in the season for logistic reasons). Most operational surveys, however, were carried out before female red phalaropes left, and the investigators knew of no reason to believe that red phalaropes would have lower detection rates than other species. Thus a single correction factor of 0.79 was used for all species. As more data are accumulated, species-specific detection rates will probably be identified and they will then be used in place of the single rate.


During 1998-2000, more than 300 plots covering >100 km2 were surveyed. The proportion of each plot covered by each of 17 habitat types (based on a map prepared by the Bureau of Land Management and Ducks Unlimited) was determined, and a few derived variables (e.g., distance to the coast) were also calculated from each plot. These data, and the numbers of birds recorded on each plot were used to construct regression models that predicted the density of birds on each plot (Table 4).

Table 4. Examples of models used to predict the density of shorebirds on plots on the North Slope of Alaska. 

	Species
	Model1

	Black-bellied Plovers/km2
	0.5 + 2(deep Carex aquatilus)

	American Golden-Plovers/km2
	1.0 + 3.2(upland sedge)

	Bar-tailed Godwits/km2
	0.0 + 2.6(shallow Carex aquatilus)

	Red phalaropes/km2
	3.3 + 13(Carex aquatilus) – 0.2(distance to coast)


1 Habitat variables were defined as the proportion of the plot covered by the habitat; habitat types were from the land cover map prepared by the Bureau of Land Management and Ducks Unlimited.


The models were used to predict the number of birds that would be recorded if every plot (>12,000 plots) in the study area was surveyed. This total, or the total for any sub-region of interest, was divided by the estimated detection rate, 0.79, to obtain the estimated population total. Standard errors were calculated with the formulas for ratios (e.g., Cochran 1977, Chapter 6). The total population of all shorebirds in the eastern

third of the National Petroleum Reserve of Alaska was estimated to be 356,000-455,000 (95% confidence interval). Application of the estimation procedure in each of 22 sub-regions showed that numbers were slightly higher closer to the coast (Fig. 1).
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Fig. 1. Density of breeding shorebirds in the eastern third of the National Petroleum 

Reserve of Alaska as determined during 1998-2000 using the double-sampling method.
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