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is essential prior to establishing and implementing a management program. 

We used ground surveys to determine distribution and ground and aerial 

deer (Dama dama

2 to a high 
2

2 2 in a high density stratum. 

based observers and by density strata.

abundance.
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surveys and sources and produce corrected statistical population and precision estimates.

STUDY AREA

2

FIGURE 1

tribution determined by ground 

September 2002 and aerial sur
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an orographic effect that resulted in precipitation levels double that along the shoreline 

Odocoileus hemionus

Axis axis

throughout the Olema Valley.

MATERIALS AND METHODS

Distribution and density strata

2

distribution into one high density and 5 moderate density survey units using readily detectable 

features such as ridgelines and roads to delineate survey unit boundaries (Figure 1).

Double sampling with aerial and ground surveys.—We conducted simultaneous 

Aerial surveys with radio-marked deer
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Analytical methods

predicting sighting probability from the ground or air during the aerial surveys for each 
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constant probability model. We then added each of the above covariates one at a time and 

evaluated the evidence supporting each. We chose just the most strongly supported of the 

c

the remaining parameters. 
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using each of these in an Excel spreadsheet for both aerial (p
ai
) and ground (p

gi
) observers. 
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average of the individual estimates using AIC
c

 yields an estimate of 2.5 groups in the empirically 

estimated sighting probabilities from the original data to produce a replicate set of survey data. 

this process and estimated standard errors for the original population estimates using the 
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and addresses potential bias in the regression parameter estimates and their standard errors.

RESULTS

Distribution and density strata

2) as a 
2 as a high density stratum 

(Figure 1). 

Aerial surveys with double sampling

Aerial surveys with radio-marked deer

2002. In 

We located 4 of the remaining 5 instrumented deer in 3 groups containing 41 animals using 

  Groups Seen     

Date Strata 

Ground

Only

Air

Only Both 

Number 

Seen

Estimated 

Number SE 95% CI 

Percent

Seen

Jan. 2001 Low 7 10 8 167 338 57 265–486 57.7 

 High 8 19 2 375 650 104 533–933 49.4 

 Pooled 15 29 10 542 989 160 796–1,419 54.8 

          

Jan. 2002 Low 16 22 6 285 770 129 573–1,093 37.0 

 High 14 3 2 372 694 99 564–952 53.6 

 Pooled 30 25 8 657 1464 226 1,138–2,054 44.9 

TABLE 1
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20 instrumented deer in 20 groups containing 199 deer. 

Analytical methods.—We initially tested each candidate model covariate 

K

K

intercept only model. Including ln(N

only. We concluded that further model testing should include these variables in all cases. 

N
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for herbaceous cover. 

Date Strata 

Marked

Deer

Available 

Marked

Deer

Seen

Unmarked 

Deer Seen 

Total

Number 

Seen

Estimated 

Number SE 95% CI 

Percent

Seen

Jan. 2003 Low 16 14 284 298 528 62 475–715 56.5 

 High 13 10 184 194 298 33 272–400 65.2 

 Pooled 29 24 468 492 825 94 749–1,108 59.6 

          

Jan. 2004 Low 20 7 340 347 538 53 494–701 64.5 

 High 19 12 475 480 691 70 638–911 69.5 

 Pooled 39
1
 19 815 827 1229 120 1,135–1,595 67.3 

1
Two deer were not detected by radio telemetry during the aerial surveys. 

TABLE 2
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FIGURE 2

ed sighting probability of 

Upper panel is for best case 

tum during 2003 and 2004 

density stratum during 2001 

dicted sighting probabilities 

for air and ground observers 0 50 100 150
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probabilities for ground observers (Figure 3). 

Six models received AIC
c

but various combinations of the herbaceous cover and survey year effect covariates. We 

FIGURE 3
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annual error estimates). 

c

2

2 in the high density stratum. 

DISCUSSION

ground and aerial surveys. We considered the combination of group composition in terms of 

introduced variability in the sighting probabilities that could not be estimated and corrected 

and consequent inability to detect any change that may have occurred. 

covariates fail to account for all (or at least most) of the variability in sighting probability 

A potential additional source of bias comes from undercounting the deer in each 

using multiple aerial photographs of each group to help observers locate and count deer that 

application of the statistical correction method of Walsh et al. (2009). 
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Cervus elaphus

Odocoileus

hemionus

variant is common. 
2 in the northern 

2 throughout 

the remainder of this population’s range. Annual density estimates averaged across the 

2 2

2

2

2

also indicate that a static sightability model calibrated once and extrapolated to future surveys 

Although the number of (uncorrected) deer observed in the pooled strata over the 4 surveys 

prerequisite to assessing adaptive management alternatives that include population control.
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