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Executive Summary

The band-tailed pigeon (Columba fasciata), once an important game species, is distributed in
two distinct regions of western North America. The Pacific band-tailed pigeon (Columba
fasciata monilis) is found in the mountain and foothill region primarily west of the crest of the
Cascade- Serra Nevada mountain ranges from British Columbia south to Bga Cdifornia. The
Interior race (Columba fasciata fasciata) is found primarily in the Rocky Mountains south of
Wyoming and is commonly referred to as the “Four Corners’ population. Wildlife professonas
and sportsmen have observed serious declinesin pigeon populations over the past 15-30 years.
However, there is no forma population survey that is uniformly applied across the species range
that can substantiate these observations. The objectives of this study are 1) to examine the
potentid effects of augmenting the Breeding Bird Survey (BBS) in providing areliable and
precise population index for both the Pacific and Interior population of band-tailed pigeons, and
2) to evauate the effectiveness of cdl-count routes and minerd Site counts as dternative
methods in indexing the population

We obtained historica data of band-tailed pigeon abundance. This data conssts of the
Breeding Bird Survey counts (1974-1996), Washington Call Counts (1975-1997), Washington
Minera Site counts (1993-1997), and Oregon Minera Site counts (1950-1997). We used
population regresson modeds, measuring the standard error about the estimated annud rate of
change, to conduct trend analyses on the data over short-term intervas (3 & 5years). These
standard errors were used to calculate power, the probability of detecting a sgnificant change
given achange exists. Standard errors and powers were compared across the data setsas a
means for determining the effectiveness of detecting short-term changes. Smulation studies
were conducted to determine how route length, replication, and number of survey Stes might
affect calculations of power. The trend estimate for each ste contributed to the overdl trend
estimate calculated as a weighted average where weights were determined by the pigeon
abundance at each ste.

The trend anayses were performed separately over 3 and 5-year moving intervasfor
each dtein each of the data sets. For example, we compared the estimated Statistical power of
gandard BBS routes, cal count routes, and minerd Ste surveys in detecting a 10% changein
population index each year for athree-year period at the 0.05 sgnificance level. Results



indicated that with a sample size of 50, we would expect the Satigtical power of the Pacific BBS
to be about 10%, Interior BBS to be 29%, Washington cal-count routes 17%, and
Washington/Oregon minera site counts to be 62%. We aso examined the predicted effects of
changing route length on the BBS and Washington call-count routes, and found that the power
varied widely with no congstent pattern with respect to route length.

In addition to the gtatigtical testing and modding of historical data, we aso conducted
counts of pigeon abundance a Northern Cdiforniaminera stes from early May until late
August of 1998 (7 sites) and 1999 (8 sites). We cdculated the daily totas, mean, standard
deviations, and coefficient of variation over different date and time intervasfor the entire sudy
period. By minimizing the coefficient of variations we identified ranges of dates during which
the pigeon counts appeared most cong stent relative to the mean. The period from July 1 to July
31 had the lowest CV (36.43) and SD (9.73) overdl for both years. We examined two-year
trends at these sites as well asincorporated replication into the trend analysis. We found
replication had minima effect on sample sze requirements and power.

Our findings indicate thet large sample Sze requirements and high SD for BBS routes
and other cal count routes make these methods inadequate to identify short term (3-5 year)
population trends for band-talled pigeonsin ether the Pacific or Interior region. Augmentation
of the survey by increasing route length or replication would have minima effect on the power to
detect short-term changes. Furthermore, the number of new routes that would have to be added
to sgnificantly improve power is unredistic. However, we found that minera Ste counts are
more effective in detecting short-term trends in breeding population index, a least in the Pacific
Coast population, due to lower variation and smdler sample size requirements. Further
investigation of an appropriate survey methodology for the Interior population is warranted.
Incorporation of a standardized Pecific population minerd site survey could help reduce
variation and improve the power for detecting trends and provide areliable breeding population
index for the Pacific Coast population.
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|. Introduction

The band-tailed pigeon (Columba fasciata) is distributed in two distinct regions of western North
America The Pacific band-tailed pigeon (Columba fasciata monilis) isfound in the mountain
and foothill region primarily west of the crest of the Cascade- Sierra Nevada mountain ranges
from British Columbia south to Bgja Cdifornia (Am. Ornithol. Union 1957). The Interior race
(Columba fasciata fasciata) breeds primarily in the Rocky Mountains south of Wyoming and is
commonly referred to as the “Four Corners’ population (Braun 1994). Despite their geographic
separation there is some evidence of limited interchange between the two populations (Schroeder
and Braun 1993). Breeding Bird Survey (BBS) dataindicates that the coasta population of
band-tailed pigeons has declined substantialy during the past 15-30 years while there is
insufficient data to describe long-term trends for the interior population (Braun 1994). Declining
or dtered forest habitat dong the Pacific coast may be partly respongble for the population
decline (Braun 1994). Hunting regulations have been severely redtricted since the late 1980's
with reduced bag limits and shorter season lengths (Sanders 1999), however these restrictions
have not had an apparent effect on population Sze. Disease, in particular trichomonias's, may
have substantia effects on population size and may be exacerbated by exposure to other
columbids at suburban feeding and watering sites (Braun 1994).

Development of ardiable population index is criticd for band-tailed pigeons because
they may be particularly susceptible to hunting pressure and they have ardatively low
reproductive potentia (1 egg clutch, 2 clutch/yr) (Gutierrez et d. 1975, Jarvis and Passmore
1992). All recent comprehensive literature dedling with research needs for band-tailed pigeons
identify the need of areliable population index for both the Pecific and Interior races as atop
research priority (Braun 1994; Western Migratory Upland Game Bird Tech. Comm. 1994;
Jeffrey 1977, Keppieet d. 1970). Thereisno forma population survey applied uniformly
across the species range to index band-tailed pigeon breeding populations. Only two states
estimate band-tailed pigeon numbers using species-gpecific surveys. In Washington cdl-count
routes (WACC) (Jeffrey 1989) and minera Site counts are conducted (WAMSS) (Kraege
unpublished rept. 1997). In Oregon, mineral site counts (ORMYS) are conducted at severd
consstently surveyed sites (Western Migratory Upland Game Bird Tech. Comm. 1994). Both of
these methods have limitations. Access throughout the breeding range is congtrained, making
cdl-count routes difficult to distribute through some important breeding aress. Minerd Stesare
not used consgtently throughout the range of the band-talled pigeon, and timing and intengity of
use may vary widdy depending on food availability (Braun 1994).



Biologigsin Cdifornia have attempted both minera site counts and cal count routes on
alimited basis and they have aso conducted post-hunting season counts of pigeons throughout
Cdifornia (CDFG unpubl. data). None of these counts were believed to yield consstent enough
data to establish ether long-term or annud indices, and were discontinued.

Methods such as bait station counts and mark/recapture have been investigated as
techniques for developing population indices for band-tailed pigeons. Curtis and Braun (1983)
recommend criteriafor selection of bait station sites, timing of counts, and type of grain. Braun
(1994) suggeststhat bait sations may provide amethod of censusin areas wherefood is
limiting, and he suggests further investigation of this census technique. Braun (1976) suggests
mark/recapture as a method for population monitoring of individua flocks, but this method
would be costly and not feasible over alarge area (Braun 1994). Sanders (1999) suggested a
point count methodology to survey for band-tailed pigeons, using random survey pointswithin
their breeding range. This point count method may offer an dternative to current surveys, and
warrants further investigation.

The Breeding Bird Survey (BBS), overseen by the US Geologica Survey (Biologica
Resources Divison) and the Canadian Wildlife Service, currently provides annua population
dataon dl bird species. However, the BBS has limitations for band-tailed pigeonsincluding a
paucity of routesin pigeon habitat and low pigeon densities aong these routes. These factors
contribute to a high variance in predicted population indices and relative trends, especidly in the
Interior states where densities are very low and variances high (Braun 1994). The BBS has
detected significant long-term trends for Pacific band-tailed pigeons, but estimates for the
Interior population have failed to detect any significant trends (Braun 1994). Nonethdess, the
BBS may offer aframework for improvement to conduct a systematic population survey
throughout the range of the band-tailed pigeon.

We evauated augmentation of the BBS as ameansto provide a reliable and precise
population index for both the Peacific and Interior population of band-tailed pigeons.
Investigation of how to improve the trend estimates and population indices for pigeons provided
by the BBS might provide a suitable population-wide index for band-tailed pigeons. We dso
evauated the effectiveness of minerd dte counts, to alow comparison of results between survey
methods to help assess survey validity. The opportunity exists to combine minera Site estimates
from Washington and Oregon with potentidly new minerd ste countsin Cdifornia (CAMS) to
produce an index for the Pecific Coast population of band-tailed pigeons based on minerd site
counts. These counts may offer an dternative to the roadside survey methodology of the BBS
and WACC. Comparison of results from different techniques may offer insight into the most
reliable technique as well asincreasing confidence in results (Sauer et a. 1994).



Il. METHODS

Creeting ardiable index for band-tailed pigeons is dependant upon the development of afeasible
methodology. The methodology must provide arobust estimate of long and short-term
population changes. The results of this study are based on the Satigtica analysis of historical

data, and minera Ste data collected in Cdiforniaduring 1998 and 1999. We examined the
potentia of existing band-tailed pigeon population surveys for detecting both long and short-

term population changes. We considered short-term trends as 3 & 5 year intervas and long-term

trends as 20-year intervals.

Data. We used trend analysis to determine both long and short-term population changes. In
order to assess the performance of various survey types in detecting short-term trends, we
performed separate trend andlysis over 3 and 5-year moving intervals for each ste in each of the
following annud surveys.
l. HISTORICAL
A. Breeding Bird Survey 1974-1996
1. Pacific population (Pacific BBS - Cdifornia, Oregon, Washington)
2. Interior population (Interior BBS — Arizona, Colorado, New Mexico,
Utah)
B. Washington Cal Count Survey 1975-1997 (WACC)
C. Washington and Oregon Minerd Site Survey 1961-1998 (WAORMYS)
D. Oregon Minerd Sites— Eight Consstent Sites 1961-1998(OR)
1. PILOT
CdiforniaMinerd Ste Survey 1998-1999 (CAMYS)

We combined minerd Ste datafor Washington and Oregon into a single dataset because the
Washington dataset was smdll (9 springs counted once each year for 5 years). There waslittle
concern over dissmilarity in minerd ste data between the two states because both datasets

appeared to produce smilar trend estimates and sandard errors. Eight minerd sitesin Oregon



have been counted consistently between 1961 and 1998 and we use this subset (OR) of the

Oregon data to examine trends as well.

Trend and power estimation

Trend estimation. We estimated trends based on a combination of approaches previoudy
introduced for use with BBS data (Sauer et d. 1997, Link and Sauer 1994, Geisder and Sauer
1990). Geisder and Sauer (1990) proposed the use of independent linear regressions on log-
transformed count data collected at each of a sample of stes. Link and Sauer (1994) updated the
method of regression to a Poisson regression.  Site-pecific trend estimates were derived from
regression dopes. The region-wide trend estimate was aweighted average of the Site-specific
trends, with weights determined by relative pigeon abundance, frequency of survey, and size of
habitat area represented by site. Consequent to the randomness of the weights, the standard error
was estimated by bootstrapping (Efron and Tibshirani 1993). By using the reationship between
datistical power and standard error, the Statistical power of detecting a trend was projected over
arange of hypothetica sample Sizes.

In amore recent development, Link and Sauer (1997) introduced an approach for
modeling observer effects and for alarger class of population trgectory patterns (previous
approaches assume a congtant rate of change). We considered this approach inappropriate for
our purposes because there is no obvious extension for estimating power for hypothetical sample
szes. Furthermore, the advantages offered by the method would not strongly apply to short-term
egtimation in which periods would be too short to contain informeation on observer effects or
varying rates of change. In this report, we use the approach of Link and Sauer (1994).

Occasiondly, the trend estimate for a site would be inestimable due to an insufficient
number of surveys or a preponderance of zero counts. In these instances, we excluded these sites
from the sample. We compare the average sample size of Sites (routes or minera sites) for
which data was collected and the average sample sze of stesyielding atrend estimate. When
large sample sizes were used, we caculated norma confidence intervas, which assume normd
errors and accurate standard errors. When smal sample sizes were used, we calculated hybrid
confidence intervals (Shao and Tu 1995). These nonparametric confidence intervals do not rely

as much on obtaining accurate estimates of sandard error, a difficult task with smal sample



szes. Hybrid confidence intervas are less prone to "spectacularly wrong" results compared to
other nonparametric methods (SAS software

http://www.sas.com/ser vice/techsup/fag/stat/macr o/| ackboot.html ).

However, the method is not aremedy for smal sample size, and we cautioudy interpreted
estimates and confidence intervals associated with smadler sample szes. We cdculated trend
esimationswith SASSTAT (SAS Indtitute 1997) and means with Microsoft Excel for tabular
and graphica display.

Power estimation. Sample Sze, magnitude of the rate of change in population abundance,
sgnificance of daidicd tests used to detect atrend, and inherent variability of perceived trends
associated with the sampling of Sites, dl affect power estimates. The last factor is subject to
additiond influences circumatantia to the surveying conditions such as changes in observer

skills, westher, survey timing, and location. Bootstrap standard deviation estimates represent
edimates of variability without attempting to identify contributing causes. Sample sze, trend

gze, and dgnificance of test a hypotheticd levels affect the corresponding power estimates.
Power estimates increase with elther sample size, trend size, or sgnificance level, whereas power
estimates decrease with standard deviation. We caculated al power estimates with Microsoft
Excd for tabular and graphica displays.

Anaysis of historical data

Long-term changes. Long-term changesin survey indices wereillustrated by plotting average
numbers of band-tailed pigeons counted at aroadsde or minera Ste surveys over time. These
plots roughly depict changesin population Sizes over time. However, they do not reflect factors
in the survey that may have influenced average count Size such as missed surveys or changesin
observer. For comparison, the trends were also estimated for the largest common interval (1975-
1996) for which dataamong dl surveys are available.

Short-term changes. We assessed short-term changes by examining datafor 3 and 5-year terms
from each of the four surveys. We calculated moving trend estimates, standard deviations

associated with trend estimated at one sSite, andard errors associated with the region-wide



welghted average of ste-gpecific trends, and confidence intervals around the region-wide trend
edimates. Sample Sze isthe number of dl survey stesfor which atrend estimate for that period
was available. The average standard deviation across dl terms was used to construct tables and

figures for the power of detecting trends.

Determining effects on power by term duration or route length. We assessed effectson
standard deviation and power of trend detection by varying the duration of time over which a
trend was estimated and by varying the route lengths in the historicd call count and BBS data.
This gpplies only to the BBS and the WACC surveysin which each route consisted of 50 and 20
roadside stops 0.5 mile apart, respectively. We caculated the trend and power estimates for
different route lengths after restricting the data to the first 10, 20, 30, or 40 stops for the BBS
surveysor to thefirst 5, 6, 7,..., or 19 stops for the WACC surveys. Trend and power estimates
for 50 stopsin the BBS surveys or 20 stops in the WACC surveys are equivalent to estimates for

the complete survey.

Determining effects on power by replication. We attempted a smulation andlysis of the effect
of replication in higtorical surveys. The CAMS provided information as to how counts might
vary when alocation was surveyed more than once in the sameyear. The CV observed in the
CAM S was assumed to apply to the BBS surveys. We smulated replicates by randomly
generaing and rounding normal variates with means equd to the one observed vaue for the year
and standard deviation determined from the CV. When the observed vaue was lessthan 5,
random Poisson variates were used to avoid negative counts. When the observed value was O,
we assigned 0.5 as the Poisson mean. Large smulations of these replicates would offer no
reduction in between-location variability of trend estimates since we generated the replicates
around the one origind datareplicate. Any between-location variation in the origind datawould
be preserved in the smulated data, regardless of how large a sample was generated. Therefore,
we did not run the trend analyss technique on the smulated dataset. Instead, we attempted to
edimate the within-location variance of the trend estimate. A reduction in this variance would
lead to areduction in the region-wide variance of the trend estimate. We applied Poisson
regression to the replicates to mimic the conditions of trend estimation on replicated data, and

this procedure was repegated several hundred times to determine variance.



Cdliforniaminerd site survey (CAMYS)

Californiamineral sites. Welocated minerd stesin Northern Cdiforniausing historica
records from the CDFG and local information provided by pigeon hunters and forest workers.
Once we identified amineral Ste and verified that pigeons were usng the Site, we began weekly
counts of pigeon abundance. Counts began Yhour before sunrise following smilar protocol
established in the operational ORMS (Jarvis and Passmore 1992). We counted pigeons from
fixed, concedled positions a each Ste to maintain consistency and minimize disurbance. We
recorded the number of pigeons arriving and departing in ¥mour blocks. We aged birds upon
arriva using the presence or absence of the light-colored neck crescent to separate adults (neck
crescent present) from hatch-year birds (no neck crescent) (Braun 1994).  We conducted the

surveys from early May through early September, depending on when we located Sites.

Use of arrival and departure counts. On each survey date, we tdlied the number of band-tailed
pigeons arriving at and departing from minera sites between sunrise and noon. We defined the
count for each survey to be the highest vaue of either the totd arrivals or tota departures, since

we assumed this to be closest to the actual number of band-tailed pigeons visting the Site that
morning. We present data as arrivals and departures by date and survey hour for each Site.

Timing. We examined various 1-month periods for optima survey timing. We identified
months with low variances or sandard deviations as being the most optima for survey
consstency. Since low means are correlated with low standard deviations, the coefficient of
variaion was consdered to be a better measure of survey consistency across periods. While the
standard deviation measures absolute variation, the coefficient of variation measures variation

relative to the mean. Timing was aso examined from the perspective of trend estimation.

Age. We esimated number of adults and juveniles by visualy aging arriving pigeons during
each survey. We estimated adult and juvenile counts by multiplying the corresponding
proportion with the tota birds counted at the Site; juvenile counts are the difference between totdl



and adult counts. Because of smal differences between the total and adult counts, dl andysesin

this report are based on tota counts.

Survey replication. We assessed effects of survey replication on standard deviation and power
of trend detection by varying the numbers of replicated survey counts within a 10-day period
around the month of July (June 21-August 10). We selected thistime period by identifying the
month with lowest variation, and we assume vigts within aten-day buffer would yield consstent
counts. Replicates were sdlected chronologicaly beginning June 21.



1. RESULTS & DISCUSSION

Historical data

Size of sample used. Since the number of locations (routes) surveyed varied with year, the
sample szefor trend estimation varied with the term (Table 1). Locationsin which no birds
were counted throughout a term were not used in the trend analysis for that term. This occurred
more often when caculating trends for shorter term estimates, such asthe 3-year trend. Thisaso
occurred more often when caculating trends in regions with sparse band-tailed pigeon
populations, such asthe Interior states. As aresult, the number of locations used in trend
estimation could be much smaller than the number of locations that were surveyed. In particular,
we could use an average of only 5.8% of Interior BBS routes surveyed in atypica 5-year term
for esimating the trend for that term. For the Pacific BBS, WACC, and WAORMS, these
percentages are 28.6%, 65.9%, and 92.7% respectively.

Long term changes. We plotted average number of band-tailed pigeons counted on the BBS,
cdl-count, and mineral Site surveys over time (Figure 1). Interior BBS surveys offered minimal
data with an average of around .25 birds/route. The Pacific BBS survey and WACC were
amilar, ranging between 1 and 4 pigeonsroute. The WAORMS counts ranged from 150 to 600
birds/'ste. We estimated long-term trends in abundance of band-tailed pigeons using these four
aurveys aswell (Figure 2). All three surveys conducted on the Pecific population yielded smilar
trend estimates, with a mean decline of 2% per year, however, only the Pacific BBS was
daidicdly sgnificant (a=0.05). The Interior BBS survey offered no evidence of along-term
population trend and had a wide confidence interval from —11% to 7% annua change. We
examined trends from 1975-1996, the start of the WACC survey, and found that the Pacific BBS
and WACC were again cons stent, however the ORM S survey was indicating a dight increase,
however not gatigticaly sgnificant (Figure 3).

Short-term changes. We examined short-term changes in populaion index using 3 and 5-year
termsfor each of the surveys (Figures 4a-11a). We aso estimated power to detect trends for
each of the surveys (Figures 4b-11b).



Table 1. Number of visits per location (route or site), number of locations surveyed, and number of locationswith atrend estimate.
Mean (range) numbersfor atypica 3 or 5-year term. Trends were not estimable when data was sparse and/or too many zero counts

occurred.
Mean vidts per location Number of locations surveyed Number of locations with esimate
Survey 5-year 3-year 5-year 3-year S5-year 3-year
Pacific BBS 3.7 (2.5-4.0) 2.4 (2.0-2.6) 271.6 (198-391) 244.8(98-372) 77.8 (44-108) 54.7 (14-85)
CA BBS 3.7 (2.3-4.1) 2.4 (1.8-2.6) 165.2 (135-181)  147.3(61-173) 51.5 (36-66) 37.4 (25-50)
OR BBS 3.6 (2.943) 2.4(2.028) 50.7 (41-116) 54.5 (21-111) 129 (823 9.3 (520)
WA BBS 3.6 (3.0-4.3) 2.4 (1.9-2.8) 46.8 (22-94) 43.0 (16-90) 15.9 (11-28) 12.0 (6-22)
Interior BBS 3.4(2.7-4.0) 2.3 (2.0-2.6) 138.5(59-325) 125.2 (56-318) 8.1 (3-26) 45 (1-17)
AZ BBS 35(2.4-4.3) 2.4(1.828) 30.7 (16-69) 27.7 (14-66) 3.8 (2-10) 2.5 (1-8)
COBBS 3.7 (2.7-4.6) 2.5(1.8-2.9) 441 (17-113) 40.8 (15-110) 2.6 (1-6) 1.8 (1-4)
NM BBS 3.3(2.04.4) 2.6 (1.530) 34.8 (14-66) 30.9 (8-66) 2.6 (19 2.1 (1-9)
UT BBS 3.1(1.7-39) 22(1.3298) 28.8 (9-77) 25.8 (6-76) 15 (1-3) 1.2 (1-2)
WACC 3.6 (2.6-4.0) 2.4 (1.7-2.6) 54.5 (46-62) 49.2 (35-57) 35.9 (26-46) 24.8 (12-39)
WAORMS 4.2 (3.3-4.7) 2.7 (2.3-2.9) 26.2 (11-46) 24.7 (8-46) 24.3 (9-46) 22.4 (8-46)
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Comparison between the BBS, WACC, and WAORMS surveysin the Pacific region. We
compared short-term trend anayses (Figures 12- 13) using different surveys covering the Pecific
population of band-tailed pigeons. Confidence intervas around these trend estimates
demondtrate the three surveys changing in congstent directions for 5-year trends over time
(Figures4a, 8a, and 10a). Both the WAORMS and the BBS give evidence of population
decreases occurring during the early-1970s to mid-1970s before the WACC had begun. The
WAORMS gives further evidence of decrease as early as the mid-1960s before either the BBS or
the WACC had begun. The three surveys were consstent in following population trends from
themid-1970s to late-1980s. All three survey results suggest population increases from the mid-
1970sto late-1970s followed by population decreases from the early-1980s to the late-1980s.
However, during the late- 1980s to early-1990s, 5-year trends for the BBS and the WACC
both showed population decreases while the WAORMS showed increases. Similar discrepancies
for that time period are observed in estimates of 3-year trends. From the late 1960s to the late
1980s, the WAORMS and the BBS are remarkably consistent despite fluctuating patterns of
increase and decrease. Both surveys identify the same 3-year periods of pesk changes until the
late 1980s when their estimates become either asynchronous or divergent. After the early 1990s,
the WAORMS and the BBS are in agreement. The BBS shows trend patterns that are more
congstent with the WACC, however more often asynchronous than with the WAORMS,
Comparison of standard deviations indicates betweenlocation variations are lowest for
the WAORMS (Figures 12 and 13). This suggests the WAORMS has the best precision and
greatest power of detecting trends. As an example, Table 2 illustrates the difference in powers
for the Pacific BBS, WACC, and the WAORMS surveys. These vaues are taken from Figures
5b, 9b, and 11b.

Table 2. Estimated power of detecting a 10% per annum change in population over a 3-year
term at the 0.1 sgnificance leve for Pacific BBS, Washington Call Count, and
Washingtor/Oregon Minerd Site surveys.

# of Sites Pacific BBS WACC WAORMS
30 0.13 0.19 0.79
50 0.16 0.26 0.94
70 0.19 0.32 0.98
100 0.21 0.41 1.00
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Effects of term length on trend estimation in BBS, WACC, and WAORMS surveys. Figures
14-15 show power and standard deviation estimates for dl historical surveys, the Pacific BBS,
Interior BBS, WACC, and WAORMS surveys. Estimates are calculated for 2, 3, 4, and 5-year
terms in addition to the 22-year term, 1975-1996, and the entire span of time for which the

survey wasrun.  Since the power and standard deviation are inversaly related with each other, it
auffices to interpret only the pattern in power. Power estimates for dl surveys consstently

increase with term length, suggesting population changes are easier to detect when estimating
changes sustained over alonger period of years. Power rises sharply over increases within term
lengths of 5 years and tapers toward 100% for longer term lengths. Based on detection of 10%
annua changes using 100 sites and testing a the 0.1 sgnificance levd, the surveyslisted in order

of having the best short-term power are the WAORMS (reaching above 80% power at 3-year
terms), the Interior BBS (reaching above 80% power a 4-year terms), the WACC (reaching 80%
power at 5-year terms), and the Pecific BBS (reaching 80% power at between 5-year and 10-year

terms).

Effects of route length on trend estimation in BBS and WACC surveys. Figures 16-17 show
power and standard deviation estimates for the three route-based surveys, the Pacific BBS, the
Interior BBS, and the WACC. Estimatesfor the BBS surveys were caculated for the first 10,

20, 30, 40, and 50 stops on the 50-stop routes. Estimates for the WA CC surveys were calculated
for thefirst 5, 6, 7,...,19, and 20 stops on the 20-stop routes. All power calculations were based
on detection of 10% annua changes over a5-year period using 100 routes and testing et the 0.1
ggnificance level. Since the power and standard deviation are inversaly related with each other,

it sufficesto interpret only the pattern in power. The Interior and Pacific BBS surveys do not

show any consstent relationship between power and route length. Power estimates for the

Interior and Pacific BBS bob within respective ranges of 0.07 and 0.04 of respective midpoints,
0.83 and 0.46, without any discernible relation to the length of route. Conversely, power
estimates for the WACC increases steadily from a power of 0.67 using 5 stops (2-mile route) to
0.79 using 20 stops (9.5 mileroute). The fluctuationsin the BBS estimates can partly be

attributed to lack of precison in the standard deviation estimates related to ether low sample

Szes or wide variation in sample variances. Lower sample szeswould cause standard deviation

estimates to fluctuate more widdly asit doesfor the Interior BBS survey, which has estimates
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based on 3-26 routes for any given 5-year trend compared to 44-108 for the Pacific BBS and 26-
46 for the Washington Call Count survey (Table 1). Thiswould lead to wide variation in the
variance, sandard deviation, and power estimates. The degree of this variation can be measured
by the standard deviation of the standard deviation estimates, which was 22% for the Pecific

BBS, 18% for the Interior BBS, and 13% for the WACC. It isnot clear what factors may be
contributing to the larger variation in survey standard deviation for the Pacific BBS. Generdly,
the evidence in the WACC suggests some benefit in power by increasing route length, though

this benefit gppears to be dight and is not gpparent in the BBS surveys.

Cdifornia minerd ste survey

Survey timing. We plotted the number of band-tailed pigeons counted by year and date, with
locations overlaid (Figure 18). We graphed the same information by site and date, with years
overlad (Figure 19). Numbers of band-tailed pigeons counted are defined as the maximum of
the total arrivals and total departures occurring between sunrise and noon. The datais
summarized usng means and standard deviations within specific 1-month intervasin Tables 3-
4. Means and gandard deviations decreased dramaticaly going from late spring into mid-
summer, reached a minimum during the month of July, and then dightly increased from mid-
summer to late summer. One notable exception is the Jarbo Gap site where bird counts were
unusudly low during the firgt haf of summer 1999 and increased dramaticdly in the middle of
July. The coefficient of variation (Table 5) identifies the mid-month from July 15 to August 15
as having the lowest average standard deviation relative to the mean. Exclusion of data from the
Jarbo Gap 1999 survey would have identified the month of July as having the lowest CV.
Thetiming of migration plays an important rule in the timing of the minerd Ste counts.
In late spring and early summer, many pigeons are still migrating north to their respective
breeding grounds. Jarvis and Passmore (1992) report that the nesting season in Oregon beginsin
mid- June and continues on to apeek in late August. Late migrants from Cdiforniaare il
moving north during thistime, asindicated by some large counts & severa minera Sites during
May and early June (Figure 19). Neff (1947) observed that pigeons tended to group in large
flocks following the breeding season, and moved together tracking the succession of food crops.
The breeding season in Cdiforniaiis an extended one, beginning in February and continuing on
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into October (MacGregor and Smith, 1955). By mid to late August many of the earlier nesting
birds may have completed their nesting season, and begun to congregate in larger flocks as
described by Neff (1947). This may account for some of the large increases seen a some of the
gtesin late August and early September (Figure 19). For these reasons, and the relatively low
CV and SE during the month of July, we recommend that minera Ste surveys conducted in
Cdifornia, take place during thistime period.
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Table 3. Means of band-tailed pigeon counts conducted a 8 minera stesin Northern California, during varying time periods 98-99.

May 1- Jun 1- Jun 15 Jul 1- Jul 15- Aug 1- Jun 21- Jun 15-

May 31 Jun 30 Jul 14 Jul 31 Aug 14 Aug 31 Aug 10 Aug 31

Site Y ear N Meen N Mean Mean N Mean N Mean N Mean N Mean N Mean
Blg Bend 1998 * * * * * * * * * * * * * * *
1999 * * 3 176.0 228.3 3 198.3 4 200.0 4 2295 6 201.3 9 2204

Indian Creek 1998 * * * * 75.5 4 69.8 4 670 3 703 5 670 7 700
1999 5 810 5 632 525 4 390 5 436 5 548 7 433 12 489

Jarbo Gap 1998 7 664 8 538 60.9 7 60.6 8 558 9 654 14 566 20 624
1999 5 374 3 7.7 53 4 205 4 515 4 620 6 233 10 340

Need Camp 1998 1 0.0 2 365 40.0 4 40.0 5 318 4 318 5 362 9 357
1999 4 70.0 5 240 16.2 5 116 5 256 4 485 8 189 12 26.8

Pigeon Point 1998 8 544 6 177 13.0 5 7.6 4 7.8 4 130 10 114 13 119
1999 4 6.5 2 0.0 1.3 4 6.0 4 8.8 3 6.3 6 5.2 8 54

Spanish Creek 1998 * * 4 107.8 72.0 4 523 4 540 4 653 6 547 10 654
1999 5 179.2 5 1588 51.8 5 50.0 5 60.6 4 623 8 483 12 553

Sky Ranch 1998 3 206.3 2 170 12.0 1 100 2 16.0 3 243 2 110 5 190
1999 4 10.8 2 25 6.5 5 7.8 4 50 3 50 7 6.1 9 6.0

Willow Creek 1998 1 0.0 1 290 35.0 4 283 5 26.8 4 36.8 5 264 8 325
1999 4 3925 4 823 575 5 404 5 422 4 483 7 393 11 498

Average Mean: 92.0 48.3 48.5 42.8 46.4 54.8 43.3 49.6

* denotes no data collected.
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Table 4. Standard Deviation (SD) of band-tailed pigeon counts conducted a 8 minerd sitesin Northern Cdifornia, during varying

time periods in 1998-99.

May 1- Jun 1- Jun 15- dul 1- dul 15 Aug 1- Jun 21- Jun 15-

May 31 Jun 30 Jul 14 Jul 31 Aug 14 Aug 31 Aug 10 Aug 31

Ste Year N SO N SO N SO N SO N SO N SO N sOD N SD
Blg BG’U 1998 * * * * * * * * * * * * * * * *
1999 * * 31111 3 433 3 221 4 3HB5 4 534 6 283 9 436

Indian Creek 1998 * *oox * 2 07 4 93 4 136 3 140 5 102 7 104
1999 5 118 5 419 4 16.6 4 9.7 5 135 5 172 7 139 12 16.2

Jarbo Gap 1998 7 498 8 302 7 109 7 64 8 66 9 128 14 69 20 111
1999 5 33 3 46 4 37 4 228 4 262 4 221 6 237 10 309

Need Camp 1998 1 * 2 35 2 85 4 115 5 127 4 196 5 131 9 145
1999 4 254 5 102 5 111 5 7.0 5 139 4 191 8 125 12 20.1

Figeon Point 1998 8 56.7 6 9.5 7 8.4 5 24 4 2.2 4 6.1 10 75 13 7.2
1999 4 123 2 * 3 23 4 49 4 15 3 21 6 46 8 40

Spanish Creek 1998 * * 4 331 4 299 4 10.7 4 9.4 4 148 6 11.7 10 211
1999 5 85 5 235 5 228 5 80 5 151 4 164 8 94 12 173

Sky Ranch 1998 3 3018 2 7.1 1 * 1 2 8.5 3 117 2 14 5 111
1999 4 83 2 35 4 57 5 36 4 22 3 27 7 43 9 39

Willow Creek 1998 1 * 1 * 1 * 4 9.0 5 9.3 4 125 5 8.8 8 111
1999 4 1156 4 444 4 246 5 87 5 248 4 280 7 170 11 221

Average SD: 69.9 24.8 14.5 9.7 13.0 16.8 115 16.3

* denotes no data collected.
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Table 5. Coefficient of variation (CV) of band-tailed pigeon counts conducted at 8 minerd stesin Northern Cdifornia, during

varying time periods in 1998-99.

May 1- Jun 1- Jun 15- dul 1- dul 15 Aug 1- Jun 21- Jun 15-

May 31 Jun 30 Jul 14 Jul 31 Aug 14 Aug 31 Aug 10 Aug 31

Ste Year N CV N C&v N CV N CV N CV N CV N CV N ccv
Blg BG’U 1998 * * * * * * * * * * * * * * * *
1999 * * 3 631 3 190 3 112 4 178 4 233 6 141 9 198

Indian Creek 1998 * *oox * 2 09 4 1834 4 203 3 199 5 152 7 149
1999 5 146 5 663 4 316 4 249 5 309 5 313 7 320 12 331

Jarbo Gap 1998 7 750 8 561 7 180 7 105 8 119 9 195 14 121 20 179
1999 5 80 3 603 4 702 4 1110 4 509 4 37 6 1014 10 90.7

Need Camp 1998 1 * 2 97 2 212 4 288 5 399 4 616 5 362 9 407
1999 4 364 5 425 5 688 5 605 5 543 4 394 8 660 12 749

Pigeon Point 1998 8 1042 6 538 7 648 5 317 4 286 4 466 10 654 13 60.3
1999 4 1899 2 * 31732 4 817 4 171 3 329 6 86 8 750

Spanish Creek 1998 * * 4 307 4 415 4 205 4 174 4 226 6 213 10 322
1999 5 466 5 399 5 441 5 161 5 249 4 268 8 196 12 313

Sky Ranch 1998 3 1463 2 416 1 * 1 * 2 530 3 480 2 129 5 581
1999 4 769 2 1414 4 84 5 466 4 432 3 529 7 693 9 651

Willow Creek 1998 1 * 1 * 1 * 4 318 5 348 4 340 5 334 8 340
1999 4 295 4 539 4 427 5 215 5 589 4 580 7 432 11 444

Average CV: 80.8 54.9 52.6 36.4 33.6 36.8 42.0 46.2

* denotes no data collected.
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Arrivals, departures, and clock timing. Figure 20 shows the total arrivals and total departures
overlaid for each Site, year, and survey date. Generaly the total arrivals and total departures are
in agreement, especialy when assessing changes from 1998 to 1999. Figure 21 and Figure 22
show the band-tailed pigeon counts of arrivals and departures, respectively, by ste and time with
the 1998 and 1999 years overlaid. Pigeons were counted upon arrival and departure from the
minerd Ste area, and maximum counts of arriving or departing birds were used for the daily
totals with an average discrepancy of 7.26 birds between arriving and departing counts for al
stes counted in both 1998 and 1999 (Figure 20). There were usudly 2-3 pesksin band-tailed
pigeon arrivals and departures during the morning followed by a decrease to aimost no birds at
noon. Thesereaults are Smilar to what Jarvis and Passmore (1992) reported a Oregon minera
gtes. They found that there were two pesks of arriving and departing pigeons, with most males
arriving in the early morning (before 8:00 am) and femaes tended to arrive in the mid-morning
period (between 9:30 & 10:30 am). This pattern of use was reinforced by pigeons using
Cdiforniaminerd stesaswell (Figures21 & 22).

In order to evauate the possible use of minera sites during other parts of the day, we
conducted severd counts between noon and sunset. Only afew birds were observed using the

gtes during these hours and thus we continued to conduct our surveys during the morning hours.

Age. Figure 23 shows the number of totd birds counted per visit overlaid with the estimate of
adult numbers calculated by multiplying the total with the estimated proportion of adults. There
arerdatively smal differences between the total and the adult counts and visud ingpection
suggests that year-to-year comparisons would not differ between use of ether the total counts or
the adult counts. Juvenile birds were first observed a Caiforniaminera stesin early June, and
resched a pek in late August, Smilar to what was observed a minerd sitesin Oregon (Jarvis &
Passmore, 1992). There were some distinct differencesin proportion of juveniles at agiven ste
in both studies. Jarvis and Passmore (1992) found that the percentage of juveniles observed at
their three sites, ranged from 5-30%. Juvenile proportions ranged from 0-25% depending on Site
andtimeof year. The principa advantage for using tota counts for monitoring breeding
population, athough it would include both adults and juveniles, isthat age ratios were often
uncertain and sometimes not even available,
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Table 6. Juvenile proportion of band-tailed pigeons counted at Cdiforniaminerd sites.

Ste June July August
BB 4% 26% 26%
IC 9%! 9% 20%
3G 0% 9% 14%
NC 8% 15% 29%
PP 20" 11% 25%
sc 10% 11% 23%
SR 0% 11% 18%
WC 0% 13% 19%

" based on 1999 data only
? based on 1998 data only

Effects of replication on trend estimation in CAMS survey. Figure 24a shows the results of
trend estimation using different numbers of replicates between June 21 and August 10. The
standard deviation decreases dightly with increasing numbers of replicates. The estimated
change is an gpproximate 30% to 40% decrease from 1998 to 1999. By inspection of the
confidence intervals, this decrease changes from borderline insgnificant when based on 1
replicate to barely sgnificant when based on 2 or more replicates. It is advantageous to use any
replicated data whenever it is available, however this advantage might not judtify expending the
extra effort to collect replicates. The improvement in standard deviation when using 2 versus 1
replicate is barely noticeable. Figure 24b compares the power estimates based on 1 replicate
versus estimates based on 3 replicates, which yied a substantia improvement in standard
deviation. The amount of power in an andyss usng 3 replicates is much lower than the same
andyssusng 1 replicate with 3 timesthe sample Sze. Thereis no evidence that replication

would improve the efficiency of aminerd Ste survey, based on these two years of the CAMS.

Effects of timing on trend estimation in CAMS survey. Trend estimétion at different time
intervals yielded interesting results (Figure 25). Thetrend estimate is highly dependent on what
part of the breeding season the survey is conducted. Part of this variability is reated to the smdl
sample sze, especidly in May when only 3 Sites had datain both years. It is uncertain what
other factors might be affecting the difference in trend and standard deviation estimates.
Extreme changes such as the 80% decrease in May can be an artifact of year differencesin the
onset of the breeding season. For example, if band-tailed pigeons had not yet begun migrating
from Northern Cdiforniain May 1998 but had dready migrated in May 1999, then the trend
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andysis would show dramatic decreases. Trend estimates, which may be influenced by thistype
of mass exodus or influx, can also cause Sites to appear very Smilar in their extent of change,
thus leading to low Ste-to-Ste variability and narrow confidence intervals. This part of the
andyds offerslittle ingght, other than thereis aneed to be cautious in sdecting the timing of
survey and in making subsequent interpretations of the results.
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V. MANAGEMENT IMPLICATIONS

Successful management of any game species such as the band-tailed pigeon, requiresthat a
reasonable means for detecting changesin population levels be in place. Developing the ability
to detect long and short-term population changes gives managers the chance to react to the
variability of agiven population. The power anaysis we conducted on the historical and
Cdiforniadataindicates, that of the methods examined, the minera Ste surveys offer the most
powerful means of detecting both short and long-term changes. When comparing the results of
the different survey techniques used for the Peacific population of band-tailed pigeons, we saw
that dl three survey types (BBS, Minerd Site, Call Count) yielded smilar data for most of the
time period covered. This reinforces the premise that the minerd dte surveys can provide an
accurate index of the Pacific population of band-tailed pigeons as well as a more powerful means
of detecting short-term population trends.

Combining minerd Site counts during the breeding season in Washington, Oregon, and
Cdiforniamay provide a suitable index for the Pacific population of band-tailed pigeons. The
power tables we developed for the historical and Cdifornia mineral ste data (Figures 10b-11b,
24b) can provide a bass for the design of arange-wide survey for the Pacific population of band-
talled pigeons. Conducting counts at 20 minera sSites throughout their breeding range would

offer anearly 90% chance of detecting athree year trend of 20%. The ability to detect these
short term changes in population status would be invauable for managers trying to evauate
population status while implementing management strategies and aso to begin to relate the

critical factors affecting band-tailed pigeon populations such as disease outbreaks or harvest

jpressures.

The Four-corners population of band-tailed pigeons needs to be addressed using an improved
survey methodology as well, but lack of consstent use of minerd Stes by pigeonsin thisarea
may preclude a smilar survey methodology. The power andyssindicates that the number of
routesin aBBS type of survey would have to be gresetly increased to achieve an acceptable leve
of power in detecting short-term changesin population level. With reatively few BBSroutesin
the Four-corners region having pigeons consstently counted (<10%), the possibility of
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increasing the sample size to an gppropriate level isminima. A species specific survey amilar
to the minerd dte countsis needed for the interior population of band-tailed pigeons, as
augmentation of the BBS survey will not offer much hope in detecting short-term population

trends.
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Figure 1. Average band-tailed pigeon population indices by survey type and year.

Interior BBS survey, 1968 - 1996 WA and OR mineral springs, 1961 - 1997

1.0 i 800
600 +++
;;i | |
el |
0.5 400 = L 1
a? [ I
o T
' } o d =" "
200 L S
— | | | | 1 I [] [ ] [ Ll
3 I T TN w1
(@)] 1 | | !
(U 00 T T T T 1 0 T T T 1
§ 1960 1970 1980 1990 2000 1960 1970 1980 1990 2000
©
Eg’ | 8 consistent OR sites ® all WA and OR sites
©
he]
=
_5 Pacific BBS survey, 1968 - 1996 WA call count survey, 1975 - 1997
%U 5 4
8' | |
a4 ot 3 i
3 P | T
I fyr ! 2 — 1 1
2 i i } LI I | 1
| 1 11 | | |
1 I AL A 1 I
0 T T T 1 O T T T 1
1960 1970 1980 1990 2000 1960 1970 1980 1990 2000
Y ear

25



Figure 2. Estimation of long-term trends in abundance of band-tailed pigeons for Interior
BBS, Pacific BBS, Washington Call Counts, and Oregon Minera Site surveys.

Survey : All four surveys
Term length : All available years
Percent per annum change
Years Sample Mean SD Standard 95% CI for % change
size error
INT BBS 1968-1996 43 0% 28% 5% ( -11% , 7% )
PAC BBS 1968-1996 171 -2% 9% 1% ( -4% , -1% )
WACC 1975-1997 78 -2% 8% 1% ( 4% , 0% )
ORMS 1961-1997 8 -2% 4% 2% ( 4% , 2% )
average 43 0% 28%
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Figure 3. Estimation of long-term (1975-96) trends in abundance of band-tailed pigeons on
Interior BBS, Pacific BBS, Washington Call Counts, and Oregon Mineral Site surveys.

Survey : All four surveys
Term length : 1975-1996
Percent per annum change
Years Sample Mean SD Standard 95% CI for % change
size error
INT BBS 1975-1996 41 3% 31% 5% ( -11% , 10% )
PAC BBS 1975-1996 156 -3% 13% 1% ( 5% , -1% )
WACC 1975-1996 75 -2% 10% 1% ( 4% , 0% )
ORMS 1975-1996 7 2% 7% 3% ( 2% , 10% )
average 41 3% 31%
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Figure 4a. Estimation of 5-year trends in abundance for band-tailed pigeons on Pacific
BBS routes.

Survey : Pacific BBS
Term length : 5-year
Percent per annum change
Years Sample Mean Stapdgrd Standard 95% CI for % change
size deviation error
1968-1972 44 -3% 57% 8% ( -18% , 14% )
1969-1973 61 -10% 44% 6% ( -24% , 0% )
1970-1974 67 -15% 56% 7% ( -29% , -2% )
1971-1975 75 -10% 46% 6% ( -24% , 0% )
1972-1976 87 5% 107% 11% ( -20% , 24% )
1973-1977 85 23% 68% 7% ( 10% , 38% )
1974-1978 83 5% 53% 6% ( 8% , 14% )
1975-1979 86 2% 87% 10% ( -19% , 19% )
1976-1980 85 3% 93% 9% ( -17% , 23% )
1977-1981 88 11% 52% 6% ( 0% , 22% )
1978-1982 84 6% 41% 4% ( 3% , 15% )
1979-1983 83 -2% 60% 7% ( -15% , 11% )
1980-1984 78 -4% 70% 8% ( -19% , 9% )
1981-1985 74 -6% 56% 7% ( -18% , 9% )
1982-1986 70 -15% 30% 1% ( -22% , -9% )
1983-1987 69 -26% 44% 5% ( -38% , -18% )
1984-1988 67 -20% 58% 8% ( -36% , -8% )
1985-1989 66 -5% 40% 5% ( -16% , 3% )
1986-1990 66 10% 99% 12% ( -19% , 29% )
1987-1991 71 7% 57% 7% ( 6% , 21% )
1988-1992 66 3% 49% 6% ( 8% , 14% )
1989-1993 83 -11% 57% 6% ( -25% , -2% )
1990-1994 9% -12% 110% 13% ( -36% , 8% )
1991-1995 108 2% 70% 7% ( -11% , 15% )
1992-1996 105 7% 81% 8% ( -12% , 20% )
average 78 -2% 64%
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Figure 4b. Power for estimating 5-year trends in abundance for band-tailed pigeons on Pacific
BBS routes.

Survey : Pacific BBS
Term length : 5-year
Estimated standard deviation : 64%
Siglevel Percent per Sample Size
annumchange | 4, 20 30 40 50 60 70 80 9 100
0.05 5% 004 005 006 007 008 009 010 010 011 012
10% 007 010 014 017 020 023 026 029 032 035
20% 017 029 041 051 061 068 075 080 08 088
50% 070 094 099 100 100 100 100 100 100 1.00
0.10 5% 008 010 011 013 014 015 016 0.17 018 020
10% 013 017 022 026 030 034 037 041 044 047
20% 026 041 053 064 072 079 084 088 091 093
50% 080 097 100 100 100 100 1.00 100 100 1.00
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Figure 5a. Estimation of 3-year trends in abundance for band-tailed pigeons on Pacific
BBS routes.

Survey : Pacific BBS
Term length : 3-year
Percent per annum change
Years Sample Mean Stapdgrd Standard 95% CI for % change
size deviation error
1968-1970 14 -9% 64% 20% ( -69% , 17% )
1969-1971 33 -3% 103% 17% ( -33% , 33% )
1970-1972 41 -5% 155% 25% ( -64% , 32% )
1971-1973 49 -16% 49% 7% ( -32% , -4% )
1972-1974 53 -21% 70% 10% ( 43% , -7% )
1973-1975 56 18% 101% 14% ( -12% , 44% )
1974-1976 62 49% 305% 37% ( -28% , 99% )
1975-1977 62 11% 134% 17% ( -36% , 32% )
1976-1978 57 5% 63% 9% ( -14% , 20% )
1977-1979 62 -4% 95% 12% ( -830% , 17% )
1978-1980 64 28% 122% 15% ( 0% , 56% )
1979-1981 65 8% 60% 7% ( -9% , 20% )
1980-1982 67 -14% 97% 12% ( -38% , 5% )
1981-1983 59 -4% 96% 13% ( -831% , 19% )
1982-1984 54 21% 97% 13% ( 2% , 45% )
1983-1985 51 -34% 48% 7% ( -48% , -22% )
1984-1986 42 -38% 79% 12% ( -69% , -19% )
1985-1987 40 10% 97% 15% ( -21% , 36% )
1986-1988 49 -13% 59% 9% ( -833% , 1% )
1987-1989 45 -15% 69% 10% ( -39% , 2% )
1988-1990 46 53% 267% 37% ( -30% , 114% )
1989-1991 54 -2% 74% 10% ( -25% , 14% )
1990-1992 51 -27% 62% 8% ( -44% , -11% )
1991-1993 63 -10% 83% 10% ( -830% , 9% )
1992-1994 71 15% 140% 17% ( -26% , 41% )
1993-1995 82 -2% 65% 7% ( -15% , 15% )
1994-1996 85 -2% 133% 15% ( 5% , 17% )
average 55 0% 103%
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Figure 5b. Power for estimating 3-year trends in abundance for band-tailed pigeons on Pacific
BBSroutes.

Survey : Pacific BBS
Term length : 3-year
Estimated standard deviation : 103%
Siglevel Percent per Sample Size
annumchange | 4, 20 30 40 50 60 70 80 9 100
0.05 5% 004 004 005 005 005 006 006 006 007 007
10% 005 006 008 009 010 011 013 014 015 016
20% 009 014 018 023 028 032 037 041 045 049
50% 033 058 076 087 093 09 098 099 100 1.00
0.10 5% 007 008 008 009 010 010 011 011 012 012
10% 009 011 013 015 017 019 020 022 023 025
20% 015 022 028 034 039 044 049 054 058 062
50% 045 070 084 092 09 098 099 1.00 100 1.00
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Figure 6a. Estimation of 5-year trends in abundance for band-tailed pigeons on Interior
BBS routes.

Survey : Interior BBS
Term length : S-year
Percent per annum change
Years Sample Mean Stapdgrd Standard 95% CI for % change
size deviation error

1968-1972 4 14% 24% 16% ( -18% , 58% )
1969-1973 4 6% 14% 10% ( 3% , 33% )
1970-1974 4 -20% 26% 21% ( -88% , 7% )
1971-1975 5 -35% 43% 20% ( -79% , -12% )
1972-1976 3 27% 58% 39% ( -23% , 96% )
1973-1977 5 -13% 39% 18% ( -55% , 18% )
1974-1978 5 -10% 24% 13% ( -38% , 19% )
1975-1979 5 7% 40% 21% ( -11% , 57% )
1976-1980 6 8% 34% 25% ( -5% , 69% )
1977-1981 12 3% 41% 18% ( -46% , 23% )
1978-1982 9 -20% 18% 10% ( -48% , -14% )
1979-1983 9 -71% 16% 8% ( -21% , 12% )
1980-1984 7 16% 37% 23% ( -62% , 45% )
1981-1985 6 6% 31% 17% ( -48% , 21% )
1982-1986 5 -24% 12% 7% ( -39% , -11% )
1983-1987 6 -18% 21% 11% ( -52% , -5% )
1984-1988 5 13% 38% 22% ( -33% , 69% )
1985-1989 7 34% 33% 15% ( 20% , 65% )
1986-1990 9 11% 40% 13% ( -13% , 34% )
1987-1991 10 -3% 56% 23% ( -64% , 29% )
1988-1992 9 1% 71% 25% ( -49% , 32% )
1989-1993 8 45% 81% 29% ( 2% , 107% )
1990-1994 13 29% 29% 13% ( 2% , 50% )
1991-1995 20 13% 41% 11% ( -15% , 32% )
1992-1996 26 19% 61% 14% ( -13% , 36% )
average 8 1% 37%
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Figure 6b. Power for estimating 5-year trends in abundance for band-tailed pigeons on Interior
BBS routes.

Survey : Interior BBS
Term length : 5-year
Estimated standard deviation : 37%
Siglevel Percent per Sample Size
annumchange | 4, 20 30 40 50 60 70 80 9 100
0.05 5% 006 009 011 013 016 018 020 023 025 027
10% 013 023 031 040 048 055 062 067 072 077
20% 040 067 084 093 097 099 099 100 100 1.00
50% 099 100 100 100 100 100 1.00 100 100 1.00
0.10 5% 011 015 018 021 024 027 030 033 036 038
10% 021 033 043 052 060 067 073 078 08 085
20% 052 078 09 09 098 099 100 100 100 1.00
50% 100 100 100 100 100 1.00 100 100 1.00 1.00
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Figure 7a. Estimation of 3-year trends in abundance for band-tailed pigeons on Interior
BBS routes.

Survey : Interior BBS
Term length : 3-year
Percent per annum change
Years Sample Mean Stapdgrd Standard 95% CI for % change
size deviation error
1968-1970 2 -9% 9% 7% ( -18% , 2% )
1969-1971 2 -12% 13% 9% ( -23% , 3% )
1970-1972 3 29% 39% 29% ( 3% , 80% )
1971-1973 3 -55% 34% 29% ( -111% , -36% )
1972-1974 1 -41%
1973-1975 2 -30% 21% 16% ( -61% , -14% )
1974-1976 3 -37% 37% 27% ( -109% , -10% )
1975-1977 4 -27% 37% 18% ( -71% , 1% )
1976-1978 4 85% 207% 103% ( -156% , 219% )
1977-1979 4 33% 25% 30% ( 21% , 117% )
1978-1980 2 -38% 13% 102% ( -276% , -32% )
1979-1981 6 -10% 28% 14% ( -42% , 6% )
1980-1982 2 9% 2% 4% ( 8% , 18% )
1981-1983 3 23% 8% 11% ( 19% , 46% )
1982-1984 4 25% 24% 24% ( -53% , 73% )
1983-1985 4 -22% 35% 23% ( -89% , -2% )
1984-1986 3 -61% 11% 7% ( -81% , -51% )
1985-1987 3 52% 85% 51% ( -27% , 144% )
1986-1988 2 52% 520 34% ( 0% , 103% )
1987-1989 3 6% 3% 3% ( 4% , 12% )
1988-1990 5 -10% 18% 8% ( -21% , 5% )
1989-1991 5 47% 105% 52% ( -83% , 101% )
1990-1992 4 29% 89% 48% ( -27% , 117% )
1991-1993 6 35% 520 22% ( 2% , 69% )
1992-1994 11 41% 107% 33% ( -41% , 84% )
1993-1995 17 -12% 48% 11% ( 42% , 4% )
1994-1996 14 9% 79% 23% ( -45% , 43% )
average 5 4% 45%
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Figure 7b. Power for estimating 3-year trends in abundance for band-tailed pigeons on Interior
BBS routes.

Survey : Interior BBS
Term length : 3-year
Estimated standard deviation : 45%
Siglevel Percent per Sample Size
annumchange | 4, 20 30 40 50 60 70 80 9 100
0.05 5% 005 007 009 010 012 013 015 0.16 018 020
10% 010 016 023 029 034 040 045 050 055 060
20% 029 050 068 080 088 093 09 098 099 099
50% 094 100 100 100 100 100 100 100 100 1.00
0.10 5% 010 012 015 017 019 021 023 025 027 029
10% 017 025 033 040 047 052 058 063 067 071
20% 040 063 078 087 093 09 098 099 099 1.00
50% 097 100 100 100 100 100 1.00 100 100 1.00
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Figure 8a. Estimation of 5-year trends in abundance for band-tailed pigeons on
Washington Call Count routes.

Survey : Washington Call Counts
Term length : 5-year
Percent per annum change
Years Sample Mean Star_1dgrd Standard 95% CI for % change
size deviation error
1975-1979 38 9% 49% 8% ( 7% , 23% )
1976-1980 39 19% 36% 6% ( 7% , 29% )
1977-1981 39 1% 36% 6% ( -10% , 13% )
1978-1982 37 -2% 32% 6% ( -11% , 11% )
1979-1983 38 -11% 41% 7% ( -23% , 2% )
1980-1984 36 -3% 33% 6% ( -16% , 7% )
1981-1985 32 -3% 22% 4% ( -10% , 6% )
1982-1986 31 -18% 24% 5% ( -27% , -10% )
1983-1987 30 -23% 33% 6% ( -36% , -14% )
1984-1988 26 -21% 38% 8% ( -39% , -9% )
1985-1989 31 13% 49% 9% ( 6% , 29% )
1986-1990 33 20% 72% 12% ( 9% , 44% )
1987-1991 35 -2% 36% 6% ( -13% , 10% )
1988-1992 38 -8% 34% 6% ( -21% , 4% )
1989-1993 34 -12% 28% 5% ( -21% , -1% )
1990-1994 37 6% 49% 8% ( -12% , 19% )
1991-1995 40 16% 43% 7% ( 2% , 28% )
1992-1996 43 34% 62% 9% ( 11% , 50% )
1993-1997 46 16% 51% 8% ( -1% , 30% )
average 36 2% 41%
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Figure 8b. Power for estimating 5-year trends in abundance for band-tailed pigeons on
Washington Call Count routes.

Survey : Washington Call Counts
Term length : 5-year
Estimated standard deviation : 41%
Siglevel Percent per Sample Size
annumchange | 4, 20 30 40 50 60 70 80 9 100
0.05 5% 006 008 010 012 014 016 018 020 021 023
10% 012 020 027 034 041 048 054 060 065 069
20% 034 060 077 088 094 097 098 099 100 1.00
50% 097 100 100 100 100 100 1.00 100 100 1.00
0.10 5% 010 014 017 019 022 025 027 029 032 034
10% 019 029 038 047 054 060 066 071 076 079
20% 047 071 08 093 097 099 099 100 100 1.00
50% 099 100 100 100 100 100 1.00 100 100 1.00
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Figure 9a. Estimation of 3-year trends in abundance for band-tailed pigeons on
Washington Call Count routes.

Survey : Washington Call Counts
Term length : 3-year
Percent per annum change
Years Sample Mean Stapdgrd Standard 95% CI for % change
size deviation error

1975-1977 24 -3% 7% 15% C 37% , 25% )
1976-1978 29 31% 67% 13% ( 5% , 5% )
1977-1979 28 20% 70% 13% ( -8% , 39% )
1978-1980 27 5% 66% 13% ( -21% , 25% )
1979-1981 29 -15% 70% 12% ( -44% , 5% )
1980-1982 27 -3% 50% 10% ( -27% , 16% )
1981-1983 27 5% 83% 16% ( -30% , 31% )
1982-1984 25 1% 67% 14% ( -26% , 25% )
1983-1985 20 -16% 45% 10% ( -38% , 1% )
1984-1986 18 -41% 51% 11% ( -64% , -21% )
1985-1987 12 -12% 70% 21% ( -59% , 25% )
1986-1988 12 7% 78% 23% ( -55% , 52% )
1987-1989 21 39% 100% 24% ( -23% , 76% )
1988-1990 26 16% 65% 12% ( 8% , 38% )
1989-1991 25 -29% 34% 7% ( -46% , -16% )
1990-1992 24 -19% 51% 10% ( -45% , -1% )
1991-1993 22 8% 84% 18% ( -33% , 35% )
1992-1994 23 34% 126% 27% ( -21% , 75% )
1993-1995 28 28% 91% 18% ( -11% , 54% )
1994-1996 35 16% 87% 15% ( -17% , 44% )
1995-1997 39 -4% 48% 8% ( -20% , 13% )
average 25 3% 70%
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Figure 9b. Power for estimating 3-year trends in abundance for band-tailed pigeons on
Washington Call Count routes.

Survey : Washington Call Counts
Term length : 3-year
Estimated standard deviation : 70%
Siglevel Percent per Sample Size
annumchange | 4, 20 30 40 50 60 70 80 9 100
0.05 5% 004 005 006 007 007 008 009 009 010 011
10% 007 009 012 014 017 019 022 024 027 029
20% 014 024 034 043 052 059 066 072 077 081
50% 061 089 097 099 100 100 100 100 100 1.00
0.10 5% 008 009 010 012 013 014 015 016 017 017
10% 012 016 019 023 026 029 032 035 038 041
20% 023 035 046 056 064 071 077 081 08 088
50% 073 094 099 100 100 100 1.00 100 100 1.00
1.0
0.9
0.8
0.7 -
0.6 -
)
2 05-
o
0.4 -
0.3 -
0.2
0.1 -
00 T T T T T T T T T 1
0 10 20 30 40 50 60 70 80 90 100

Sample Size

39



Figure 10a. Estimation of 5-year trends in abundance for band-tailed pigeons at
Washington and Oregon Mineral Sites.

Survey : WA, OR Minera Sites
Term length : 5-year
Percent per annum change
Years Sample size Mean SD Standard error 95% ClI for % change
1961-1965 9 -3% 13% 5% ( -15% 4% )
1962-1966 11 -3% 18% 5% ( -14% , 6% )
1963-1967 11 -8% 23% 7% ( -19% , 9% )
1964-1968 14 -3% 20% 5% ( -12% , 8% )
1965-1969 18 -11% 16% 4% ( -19% , -3% )
1966-1970 20 -9% 11% 3% ( -15% , -4% )
1967-1971 21 7% 14% 3% ( -15% , -2% )
1968-1972 21 -7% 17% 4% ( -14% , 0% )
1969-1973 21 -9% 10% 2% ( -13% , -5% )
1970-1974 22 -19% 8% 2% ( -22% , -15% )
1971-1975 21 -18% 19% 4% ( -21% , -10% )
1972-1976 21 -16% 19% 4% ( -25% , -9% )
1973-1977 22 0% 21% 5% ( -11% , 8% )
1974-1978 21 1% 24% 5% ( -8 , 12% )
1975-1979 20 2% 27% 6% ( -11% , 11% )
1976-1980 22 14% 27% 6% ( 3% , 2% )
1977-1981 23 15% 15% 3% ( 8% , 21% )
1978-1982 22 5% 13% 3% ( 1% , 9% )
1979-1983 22 1% 13% 3% ( 5% 6% )
1980-1984 23 -1% 12% 3% ( 6% , 4% )
1981-1985 23 -10% 16% 3% ( -17% , -3% )
1982-1986 23 -12% 9% 2% ( -16% , -9% )
1983-1987 23 -15% 9% 2% ( -19% , -11% )
1984-1988 23 -13% 14% 3% ( -18% , -7% )
1985-1989 23 0% 20% 4% ( -8% % )
1986-1990 27 -3% 20% 4% ( -10% , 4% )
1987-1991 29 4% 26% 5% ( 4%, 16% )
1988-1992 29 15% 30% 6% ( 5% , 2% )
1989-1993 35 6% 23% 4% ( 1%, 16% )
1990-1994 45 14% 31% 5% ( 5% , 24% )
1991-1995 46 6% 23% 3% ( 1%, 11% )
1992-1996 46 1% 18% 3% ( -4% % )
1993-1997 46 1% 14% 2% ( -4% 5% )
average 24 -2% 18%
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Figure 10b. Power for estimating 5-year trends in abundance for band-tailed pigeons at
Washington and Oregon Mineral Sites.

Survey : WA, OR Minera Sites
Term length : 5-year
Estimated standard deviation : 18%
Siglevel Percent per Sample Size
annumchange | 4, 20 30 40 50 60 70 80 9 100
0.05 5% 014 024 033 042 050 058 064 070 075 080
10% 042 070 08 094 098 099 100 100 100 1.00
20% 094 100 100 100 100 100 100 100 100 1.00
50% 100 100 100 100 100 1.00 100 100 1.00 1.00
0.10 5% 022 034 045 055 063 070 075 080 084 087
10% 055 080 092 097 099 100 1.00 100 100 1.00
20% 097 100 100 100 100 100 1.00 100 100 1.00
50% 100 100 100 100 100 1.00 100 100 1.00 1.00
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Figure 11a. Estimation of 3-year trends in abundance for band-tailed pigeons at
Washington and Oregon Mineral Sites.

Survey : WA, OR Minera Sites
Term length : 3-year
Percent per annum change
Years Sample size Mean SD Standard error 95% ClI for % change
1961-1963 8 6% 21% 8% ( -13% , 22% )
1962-1964 8 -10% 30% 11% ( 3% , 7% )
1963-1965 9 -5% 32% 11% ( -29% , 13% )
1964-1966 11 -2% 24% 7% ( -15% , 14% )
1965-1967 1 -14% 30% 10% ( 3% , 6% )
1966-1968 14 -6% 34% 11% ( -26% , 12% )
1967-1969 18 -9% 24% 6% ( -23% , 1% )
1968-1970 18 -13% 20% 5% ( -23% , -4% )
1969-1971 19 -6% 36% 8% ( -24% 9% )
1970-1972 21 -3% 23% 5% ( -12% , 8% )
1971-1973 20 -15% 19% 4% ( -23% , -5% )
1972-1974 21 -38% 18% 4% ( -46% , -31% )
1973-1975 21 1% 51% 11% ( -21% , 22% )
1974-1976 20 8% 32% % ( 7% , 21% )
1975-1977 20 -5% 49% 11% ( -29% , 13% )
1976-1978 20 1% 36% 8% ( 1% , 17% )
1977-1979 19 16% 57% 13% ( 8%, 39% )
1978-1980 19 21% 27% % ( % , 3% )
1979-1981 21 10% 36% 7% ( 5%, 24% )
1980-1982 22 -9% 19% 4% ( -17% , -1% )
1981-1983 21 -2% 20% 4% ( -10% , % )
1982-1984 21 7% 20% 4% ( 2% , 14% )
1983-1985 23 -26% 27% 6% ( -38% , -15% )
1984-1986 23 -24% 23% 5% ( 3% , -16% )
1985-1987 22 6% 41% 9% ( -13% , 24% )
1986-1988 21 -6% 17% 4% ( -13% , 2% )
1987-1989 22 -2% 31% 7% ( -14% , 11% )
1988-1990 26 -4% 34% % ( -16% , 11% )
1989-1991 25 2% 48% 10% ( -15% , 22% )
1990-1992 25 25% 52% 10% ( 3% , 46% )
1991-1993 34 -1% 26% 5% ( -11% , % )
1992-1994 45 12% 63% 9% ( 5% , 29% )
1993-1995 46 9% 26% 4% ( 0% , 16% )
1994-1996 46 -12% 27% 4% ( 20% , -4% )
1995-1997 44 0% 23% 4% ( -8% % )
average 22 -3% 31%
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Figure 11b. Power for estimating 3-year trends in abundance for band-tailed pigeons at
Washington and Oregon Mineral Sites.

Survey : WA, OR Minera Sites
Term length : 3-year
Estimated standard deviation : 31%
Siglevel Percent per Sample Size
annumchange | 4, 20 30 40 50 60 70 80 9 100
0.05 5% 007 011 014 017 020 023 027 030 033 036
10% 017 030 042 052 062 070 076 081 086 089
20% 052 081 094 098 099 100 100 100 100 1.00
50% 100 100 100 100 100 1.00 100 100 1.00 1.00
0.10 5% 013 018 022 026 030 034 038 041 045 048
10% 026 041 054 065 073 08 08 089 092 09
20% 065 089 097 099 100 100 1.00 100 100 1.00
50% 100 100 100 100 100 1.00 100 100 1.00 1.00
1.0 -
0.9 -
0.8 -
0.7 -
0.6 -
)
2 05-
o
0.4 -
0.3 -
0.2 -
0.1 -
00 T T T T T T T T T 1
0 10 20 30 40 50 60 70 80 90 100

Sample Size



Figure 11b. Power for estimating 3-year trends in abundance for band-tailed pigeons at
Washington and Oregon Mineral Sites.

Survey : WA, OR Minera Sites
Term length : 3-year
Estimated standard deviation : 31% 31%
Siglevel Percent per Sample Size
annumchange | 4, 20 30 40 50 60 70 80 9 100
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Figure 12. Estimated 5-year breeding population trends in percent annual change of band-tailed
pigeon numbers at mineral sites, aong BBS routes, and on Washington Call Count routesin
Washington, Oregon, and California. Surveysinclude Pacific states when available: Pacific
BBS dataincludes surveysin all 3 Pacific states, mineral site surveys include Washington and
Oregon, and WA Call Count surveys include Washington state only.
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Figure 13. Estimated 3-year breeding population trends in percent annual change of band-tailed
pigeon numbers at mineral sites, along BBS routes, and on Washington Call Count routesin
Washington, Oregon, and California. Surveysinclude Pacific states when available: Pacific
BBS dataincludes surveysin al 3 Pacific states, mineral site surveys include Washington and
Oregon, and WA Call Count surveys include Washington state only.
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Figure 14. The relationship between power and term duration for Pacific and Interior BBS

routes.
Effect size: 0.100 Number of routes. 100
Sig levdl: 0.100
31%
Pacific BBS Interior BBS
Years Mean SD Power Years Mean SD Power
2 1.565 0.157 2 0.743 0.383
3 1.029 0.250 3 0.444 0.728
4 0.822 0.334 4 0.382 0.834
5 0.633 0.474 5 0.376 0.844
10 0.325 0.924 10 0.263 0.985
15 0.220 0.998 15 0.247 0.992
22 0.131 1.000 22 0.310 0.943
29 0.091 1.000 29 0.278 0.975
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Figure 15. The relationship between power and term duration for Washington Call Counts and
Washington and Oregon Mineral Site counts.

Effect size: 0.100 Number of routes: 100
Sig levdl: 0.100
31%
Washington Call Count Survey Mineral Sites
Years Mean SD Power Years Mean SD Power

2 0.954 0.276 2 0.540 0582 (WAORMYS)
3 0.705 0.411 3 0.313 0939 (WAORMYS)
4 0.495 0.646 4 0.224 0998 (WAORMYS)
5 0.405 0.794 5 0.179 1.000 (WAORMS)
10 0.185 1.000 10 0.084 1.000 (ORMS)
15 0.130 1.000 15 0.061 1.000 (ORMS)
22 0.102 1.000 22 0.070 1.000 (ORMS)
23 0.085 1.000 37 0.042 1.000 (ORMS)
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Figure 16. The relationship between power and route length for BBS surveys.

Effect size: 0.100 Number of routes: 100
Sig levdl: 0.100 Term length: 5years
31%
Pacific BBS Interior BBS
Stops Mean SD Power Stops Mean SD Power
10 0.661 0.447 10 0.414 0.779
20 0.630 0.477 20 0.339 0.904
30 0.605 0.504 30 0.424 0.762
40 0.687 0.425 40 0.378 0.842
50 0.633 0.474 50 0.376 0.844
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Figure 17. The relationship between power and route length for Washington Call Count
surveys.

Effect size: 0.100 Number of routes: 100
Sig levdl: 0.100 Term length: 5years
31%
Washington Call Count Survey
Stops Mean SD Power
5 0.478 0.673
6 0.465 0.693
7 0.462 0.699
8 0.467 0.690
9 0.446 0.725
10 0.442 0.732
11 0.415 0.777
12 0.415 0.777
13 0.405 0.795
14 0.410 0.786
15 0.411 0.784
16 0.408 0.790
17 0.400 0.804
18 0.403 0.799
19 0.413 0.781
20 0.405 0.794
10 Washington Call Counts, 1975 - 1997 10
0.8 m = 0.8
g 0.6 0.68
=
04 04
0.2 0.2
0.0 ‘ ‘ ‘ ‘ 0.0
0 5 10 15 20 25

Number of stops
—+— Power —8— Mean SD

49



Figure 18. Maximum number of band-tailed pigeons counted arriving or departing from eight
different mineral sitesin Northern Californiain 1998 and 1999.
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Figure 19. Counts of band-tailed pigeons at eight Northern Californiamineral sitesin 1998
and 1999, by survey date.
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Figure 20. Number of band-tailed pigeons arriving and departing at eight California minera
Sites.
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Figure 20 (continued). Number of band-tailed pigeons arriving and departing at eight
Californiamineral sites.
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Figure 21. Average number of band-tailed pigeon arrivals during 1-hour intervals from Junel5-
August 31, 1998 and 1999.
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Figure 22. Average number of band-tailed pigeon departures during 1-hour intervals from June
15 - August 31, 1998 and 1999.
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Figure 23. Maximum total number of band-tailed pigeons at Californiamineral sites compared
to estimated maximum number of adults.
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Figure 23 (continued). Maximum total number of band-tailed pigeons at California mineral
sites compared to estimated maximum number of adults.
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Figure 24a. Effects of replication on estimation of 2-year trends in abundance for band-
tailed pigeons at Californiaminera sites.

Survey : CA minera sites, 6/21 - 8/10
Term length : 2-year
Percent per annum change
Number of %"f“p'e mean stapdgrd standard 95% ClI for % change
replicates size deviation error
1 7 -37% 48% 19% ( -73% , 0% )
2 7 -40% 44% 18% ( -80% , -10% )
3 7 -38% 41% 16% ( -74% , -9% )
4 7 -38% 43% 17% ( -75% , -9% )
5 7 -33% 37% 14% ( -66% , -9% )
10 7 -30% 30% 12% ( -57% , -10% )
al 7 -29% 30% 12% ( -58% , -10% )
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Figure 24b. Effects of replication on power for estimating 2-year trends in abundance of band-
tailed pigeons at California mineral sites during June-August, 1998-99 (CH=level of change

Survey : CA minera sites, 6/21 - 8/1(CAMS, 6/21 - 8/10
Term length : 2-year
Estimated standard deviation using 1 replicate: 48%
Estimated standard deviation using 2 replicates: 41%
Significance level: 5%
Sample S
Replicates Percent pe=ze
change 10 20 30 40 50 60 70 80 90 100
1 10% 010 015 021 026 032 037 042 047 051 055
20% 026 047 063 076 084 09 094 09 098 099
30% 051 080 093 098 099 100 100 100 100 1.00
3 10% 012 019 027 034 041 047 053 059 064 068
20% 034 059 076 087 093 09 098 09 100 1.00
30% 064 090 098 100 100 100 100 100 100 1.00
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Figure 25. Estimation of 2-year trends in abundance for band-tailed pigeons at California
mineral springs during May-August, 1998-99.

Survey : CA minerd sites, 6/21 - 8/10
Term length : 2-year
Percent per annum change
Timing of survey %\mple mean Stalf]d?rd standard 95% ClI for % change
size deviation error
MAY 1-31 3 -80% 19% 13% ( -123% , -72% )
JUN 1-30 6 -31% 72% 32% ( -111% , 13% )
JUN 15-JUL 14 7 -38% 45% 17% ( -74% , -6% )
JUL 1-31 7 -34% 37% 14% ( -69% , -10% )
JUL 15- AUG 14 7 -8% 30% 12% ( -31% , 14% )
AUG 1-31 7 -T% 28% 11% ( -31% , 17% )
average 6 -33% 39%
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