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My objectives were to: 1) develop a point count technique for estimating relative

abundance of band-tailed pigeons (Columbafasciata monilis), 2) determine the

availability, distribution, and interspersion of mineral sites, and nesting and foraging

cover in relation to abundance of band-tailed pigeons in west-central Oregon, and 3) test

the hypothesis that mineral sites are used during the breeding season to supplement

dietary calcium, as previous researchers suggested.

Point counts of cooing band-tailed pigeons offer an effective means of estimating

the abundance of band-tailed pigeons in space and time, and have the potential for use as

a range-wide population survey technique. Point counts should: be m apart, begin

10 minutes before official local sunrise, last 1-hour in duration, and in the Oregon Coast

Range, be conducted between 16 June and 24 July. Point counts may also be conducted

between 25 July and 16 August, but a multiplicative factor of 0.49 must be added to

counts to make them comparable to earlier counts.

My data indicate that band-tailed pigeon populations within the central Coast

Range of Oregon are not limited by availability of potential nesting and foraging cover



and mineral sites at landscape scales less than their home range size (about 11,000 ha).

Band-tailed pigeons were almost uniformly distributed, except that they were more

abundant along the western 1-third of the central Coast Range than along the eastern 1-

third. This pattern was correlated with forage distribution. Possibly the availability of

red elder (Sambucus racemosa var. arborescens) and cascara (Rhamnus purshiana)

imposes a constraint on the Pacific Coast band-tailed pigeon population size within the

range of these species.

The data I collected do not support the hypothesis that band-tailed pigeons use

mineral sites to supplement dietary calcium. Instead, band-tailed pigeons are associated

with mineral sites with high sodium concentration. Use of mineral sites coincides with

the consumption of red elder and cascara berries during the breeding season; these berries

are especially low in sodium, but high in energy, protein, and potassium. I hypothesize

that band-tailed pigeons visit mineral sites to supplement dietary sodium when foraging

exclusively on red elder and cascara berries.
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PREFACE

The Webless Migratoiy Game Bird Research (WMGBR) Program was

established in 1994 to provide cooperative funding from the U.S. Fish and Wildlife

Service, state wildlife agencies, and other sources for research on migratory game birds

other than waterfowl. Information from such studies is imperative to more effectively

manage these "webless" game species, which include doves, pigeons, cranes, woodcock,

snipe, and rails. The WMGBR Program, similar to the preceding Accelerated Research

Program from 1967-1982, provides a source of funding that would otherwise be

unavailable for webless migratory game bird research. This research project was funded

under the WMGBR Program in 1995the first year of funded projects.

Research funded under the WIVIGBR Program may focus on any webless

migratory game bird topic identified as a research need. Research needs must be

documented in a national, regional, or state management plan, the 1994 book titled

"Migratory Shore and Upland Game Bird Management in North America" (Tacha and

Braun 1994), or a regional technical committee priority list. This research addresses the

highest priority needs of band-tailed pigeon research including: 1) development of a

standardized population survey technique throughout their range, and 2) obtaining

detailed knowledge of habitats essential for maintenance of stable breeding populations.

The availability and relation of food and nesting areas, and the effect of forestry practices

on both are identified as the highest priority research need in the Pacific Flyway

Management Plan for the Pacific Coast Population of Band-tailed Pigeons (Western

Migratory Upland Game Bird Technical Committee 1994). Of 14 research needs



identified by Braun (1994), determining the effects of forestry practices on productivity

of band-tailed pigeons was ranked third, and the relation of food and minerals to

productivity was ranked fourth.

The results of this research investigation are intended for publication in scholarly

journals, and the dissertation format reflects this intention. Chapters 2 through 4 contain

the primary research work. Chapter 1, a common introduction, chapter 5, a common

summary, and the common bibliography are requirements imposed by the Oregon State

University Graduate School. These sections, however, are by no means of less value. I

used the conm-ion introduction and summary to include information that may otherwise

not be included in manuscripts specifically intended for publication in scholarly journals.

One misfortune, however, is that some information contained within the various chapters

may be repetitive.
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HABITAT AVAILABILITY, DIETARY MINERAL SUPPLEMENT, AND
MEASURING ABUNDANCE OF BAND-TAILED PIGEONS

IN WESTERN OREGON

I. INTRODUCTION

Management for stable populations of band-tailed pigeons (Columbafasciata) is

essential for the maintenance of biological diversity and for ecological and ethical

reasons. Eight subspecies of band-tailed pigeon have been recognized, all occurring in

the western hemisphere, however, only 2 exist in North America north of Mexico

(American Ornithologist Union 1957). The Interior race (C. f fasciata; referred to as the

Four Corners population) occurs in the southern Rocky Mountains while the Coastal race

(C. f monilis; referred to as the Pacific Coast population) occurs along the Pacific Coast.

Further, only 3 species of the order Columbiformes have native ranges that include the

north temperate portions of North America: the band-tailed pigeon; the mourning dove

(Zenaida macroura); and the extinct passenger pigeon (Ectopistes migratorious), once

among the world's most abundant birds. Mourning doves are abundant and widely

distributed, but, band-tailed pigeons are restricted to coniferous forest zones in

mountainous areas of western North America.

Indicies of Pacific Coast band-tailed pigeon abundance indicate that populations

have declined substantially during the past 15-30 years (Braun 1994). Breeding Bird

Surveys in the coastal area of British Columbia, Washington, Oregon, and California

indicated a long-term (1966-93) population trend of 3.5 ± 0.9% ( ± SE) annually.

Audio counts, conducted during June in Washington, gave a long-term (1975-93)
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population trend of 6% per year. Visual counts at mineral springs, conducted during

AugustSeptember in Oregon, indicated a long-term (1968-93) trend of-67 birds per

year. Presently, the population size is unknown because of the difficulty in locating and

observing individual band-tailed pigeons.

Since 1987, state agencies in Washington, Oregon, and California have relied on

increasingly restrictive hunting regulations to reverse downward population trends of

band-tailed pigeons (Fig. 1.1). These efforts, however, do not appear to be effective.

Braun (1994) and the Western Upland Migratory Game Bird Technical Committee

(1994) prioritized research needed by managers to maintain stable breeding populations

of band-tailed pigeons. The highest priority research needs included obtaining detailed

information about habitats essential for maintenance of stable breeding populations of

band-tailed pigeons, and development of a standardized population survey technique for

band-tailed pigeons throughout their range.

This research was designed to assess breeding habitat of Pacific Coast band-tailed

pigeons in relation to declining populations, and is intended to have direct application to

their management. I formulated a conceptual research model based on Platt's (1964)

scientific method of stating the research problem and listing all probable alternative

hypotheses that could explain the observation (Fig. 1.2). The model is built largely on

the most common questions in ecology: What factors determine the distribution and

abundance of a population? The model is not inclusive of all factors and their synergistic

effects that may regulate band-tailed pigeon abundance. However, it demonstrates the

primary extrinsic factors suspected to be important in regulating abundance of nesting

band-tailed pigeons and the context of each factor relative to the initial observation.
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Figure 1.1. Mean band-tailed pigeon hunting season length and bag limit for
Washington, Oregon, and California. Increasing season length and bag limit indicate
increasing potential annual harvest of band-tailed pigeons.
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Figure 1.2. Conceptual diagram listing possible alternative hypotheses that could explain
the observation. A solid connecting line indicates the primary research focus.
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Within this framework, I formulated specific hypotheses, conducted studies, and made

inferences with respect to the central question: What factors explain the population

decline of Pacific Coast band-tailed pigeons? In some cases, alternative hypotheses could

be rejected based on the synthesis of available information. The following chapters

contribute toward the assessment of alternative hypotheses in explaining the decline of

Pacific Coast band-tailed pigeon populations in Oregon.

Chapter 2 identifies a technique to index the abundance of band-tailed pigeons

during the breeding season. Chapter 3 describes the distribution and abundance of band-

tailed pigeons relative to the distribution of specific habitat components at the landscape

level. Chapter 4 identifies nutrient content of band-tailed pigeon forage and mineral sites

to explain the use of mineral sites by band-tailed pigeons in the Pacific Northwest.

Finally, chapter 5 provides a comprehensive summary of the research investigation and

management recommendations.
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II. EFFICACY OF POINT COUNTS FOR ESTIMATING ABUNDANCE OF BAND-
TAILED PIGEONS

Abstract

Currently there is no effective or standardized population survey technique for

estimating abundance of band-tailed pigeons (Columbafasciata). I evaluated a point

count technique for estimating relative abundance of band-tailed pigeons. I counted

band-tailed pigeons detected by coo call at random point locations in the central Coast

Range of Oregon between mid-May and mid-August 1996-98. Counts began 10 minutes

before local sunrise and lasted 1 hour. Also, I recorded band-tailed pigeon coo calls to

determine coo call characteristics and audibility. Band-tailed pigeons cooed 1-50 times

during point counts. Coos lasted about 8-9 seconds, had a maximum intensity frequency

range of 200-500 Hz, and could be detected from >1,000 m away. The intervals of 16

June-24 July and 25 July-16 August provided uniform periods of detection probability;

however, a multiplicative factor of 0.49 must be added to second period counts for

unbiased comparisons between periods. The probability of detecting a band-tailed pigeon

during point counts <60 minutes depended on survey length, and increased about 1.5%

per minute. During point counts, new detections in 6 10-minute intervals ranged from

11-25%. Point counts of cooing band-tailed pigeons offer an effective means of

estimating abundance. Point counts should: be 800 m apart, begin 10 minutes before

official local sunrise, last 1-hour in duration, and in the Coast Range of Oregon, be

conducted during 16 June-24 July, or if necessary 25 July-16 August. The technique

should be applicable anywhere in the breeding range of the band-tailed pigeon; however,

the uniform period of peak calling activity may need verification.
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Introduction

Bird counts are essential in the management and conservation of bird species

(Trauger 1981). Biologists, managers, and administrators alike need count information

for stock-taking, distribution studies, population monitoring, assessment of habitat

requirements, and evaluation of alternative management practices (Bibby et al. 1992).

A wide variety of methods have been used for counting birds. From a

management perspective, the most effective methods are those that allow population

information to be linked to underlying habitat (Verner 1981, Wiens and Rotenberry 1981,

Verner et al. 1986, Hansen et al. 1993). Such knowledge allows managers to understand

why a species' distribution and abundance varies over space and time, to separate

anthropogenic from natural influences on population size and demographics, and to make

accurate predictions of future changes in population features.

Techniques exist for indexing band-tailed pigeon abundance in time (Sisson 1968;

Keppie 1970, 1973, 1977; Keppie et al. 1970; McCaughran and Jeffrey 19780; Jarvis and

Passmore 1992; Peterjohn and Sauer 1993, 1994; Braun 1994). Specifically needed,

however, is a technique that permits spatially explicit indexing of band-tailed pigeon

abundance.

Point counts are efficient means of estimating the abundance of birds and for

relating abundance to habitat features (Reynolds et al. 1980, Ralph and Scott 1981, Bibby

et al. 1992, Ralph et al. 1995, and Verner 1985). Band-tailed pigeons are highly mobile

and especially difficult to locate and observe; however, they have a conspicuous coo call.

Point counts of band-tailed pigeon coo calls appear to offer the greatest potential for

estimating band-tailed pigeon abundance and for relating abundance to habitat features.
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Information about the habitat relationships of Pacific Coast band-tailed pigeons

has been identified among the highest priority research needs (Braun 1994, Western

Migratory Upland Game Bird Technical Committee 1994). Further, habitat relationship

information is essential for the intelligent management of any population because it is

almost invariably habitat conditions that are most directly and drastically influenced by

human activities and resource demands (Wiens and Rotenberry 1981). My objectives

were to 1) develop a point count technique for estimating abundance of band-tailed

pigeons, 2) determine audio characteristics and audibility of the band-tailed pigeon coo

call, and 3) determine the efficacy of point counts for estimating relative abundance of

band-tailed pigeons in space and time.

At present there is no effective or standardized population survey technique for

estimating abundance of band-tailed pigeons in time (Braun 1994). Indicies of

population abundance are obtained during the breeding season from Breeding Bird

Surveys in British Columbia and all of the states (Peterjohn and Sauer 1993, 1994), audio

counts along transects in Washington (McCaughran and Jeffrey 1980, Jeffrey 1989), and

visual counts at mineral sites in Oregon (Jarvis and Passmore 1992). A point count

technique may have application as a range-wide population survey technique for indexing

the abundance of band-tailed pigeons over time.

Study Area

The study was conducted in the central Coast Range of Oregon (43°45'-45°OO'N,

123°22'-124°00'W) located within the Coast Range Province of Oregon (Franklin and

Dyrness 1973). The study area was 50 by 139 km; extending approximately from

Lincoln City south to Reedsport, along the Pacific Coast, and east to Corvallis. Elevation



ranges from sea level-1,249 m at the highest peak (Marys Peak), although main ridge

sunmiits generally range from 450-750 m. Climate is maritime, characterized by wet,

mild winters (OctoberJune), and cool, dry summers (JulySeptember). Annual

precipitation ranges from 150-300 cm; 75-85% ofwhich occurs between 1 October and

31 March in the form of rain, with some snow at higher elevations. Temperatures are

generally mild, with temperatures during January and July averaging 2.4°C and 16.6°C,

respectively. The minimum January temperature averages 0.7°C and the maximum July

temperature averages 25.6°C.

The Coast Range Province is characterized by steep mountain slopes with sharp

ridges. It is dominated by dense, potentially long-lived (>500 years) coniferous forests,

composed of 2 natural plant communities or distinctive forest zones: a coastal sitka

spruce (Picea sitchensis) vegetation zone along the western 1-third of the Coastal Ranges

Province, and a more widespread western hemlock (Tsuga heterophylla) vegetation zone

along the eastern two-thirds (Franklin and Dyrness 1973). Most natural forested areas

have an overstory dominated by western hemlock, western redcedar (Thuja plicata),

Douglas-fir (Psuedotsuga menziesii), and red alder (Alnus rubra). The sitka spruce zone

is additionally dominated by sitka spruce, and is essentially a variant of the western

hemlock zone distinguished by frequent summer fog and proximity to the coast. In areas

managed for timber production, the dominant tree is the Douglas-fir.

The Coast Range Province is comprised mostly of privately owned lands and

public lands administered by the USDA Forest Service and the USD1 Bureau of Land

Management. Land use is primarily intensive timber production. Landscape patterns are

largely shaped by timber harvest and reforestation; supplanting natural disturbances such
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as fire and insect outbreak and subsequent forest development (Hansen et al. 1991).

Since the mid-1940's, silvicultural systems have typically involved clear-cutting; broad-

cast burning of logging slash; use of herbicides to control competing vegetation; planting

of Douglas-fir; periodic thinning to maintain vigorous, evenly spaced crop trees; and

harvesting at 40- to 100-year intervals (Hansen et al. 1991, Spies et al. 1991, Tappeiner et

al. 1997). Such practices, in combination with clear-cut size, dispersion of cutting units,

and harvest interval, has led to a mosaic pattern of forest patches across the landscape.

Landscapes under public ownership consist primarily of older forest, embedded with

numerous relatively uniform size (4-24 ha), even-aged, Douglas-fir plantations of various

ages. In contrast, landscapes under private ownership consist primarily of large, young

(0-40 year), even-aged, Douglas-fir plantations, with a few isolated, small patches of

older forest.

Methods

Point Count

The coo call of the band-tailed pigeon is the only call sufficiently audible for use

in an audio survey (Sisson 1968). The maximum audible range of the coo call is

unknown, but has been judged to be 300-400 m (Sisson 1968, Keppie et al. 1970). Peters

(1962) described the coo call phonetically as a faint 'oo' followed by a series of 'whoo-

00' sounds. On average, the coo call consists of 5 audible notes (n = 584, SD = 1.77,

range 1-12), or 'whoo-oo' calls (Keppie 1970). Cooing is usually restricted to adult

males; however, adult females are capable of cooing (Sisson 1968).

Band-tailed pigeons begin calling on arrival in western Oregon in May and

continue through mid-August, but, most frequent calling is mid-June-early August and
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especially during July (Sisson 1968, Keppie et al. 1970). Male band-tailed pigeons coo

from a prominent perch between about sunrise and 4 hours after sunrise, and to a much

lesser extent between 3.5 and 1.5 hours before sunset (Sisson 1968 Keppie et al. 1970).

Morning calling commences at about 12 minutes before sunrise and peaks at or just after

sunrise. Cloud cover, fog, barometric pressure, and ambient temperature does not

influence the number of calling band-tailed pigeons or rate of calling during mornings;

however, wind velocity (>11 km per hour or Beaufort 2) and rain of any intensity may

affect calling and the ability of observers to hear calls (Sisson 1968, Keppie et al. 1970,

Verner 1985).

Mating status may influence calling rate of band-tailed pigeons. Sisson (1968)

reported the probability of a captive unmated male band-tailed pigeon cooing during a 3-

minute period was 9 times that of a mated male. Potential bias in counts due to

differences in calling rates between mated and unmated male band-tailed pigeons may be

avoided by counting cooing pigeons rather than coo calls, and by listening for long

periods of time. Also, unmated males make up a small portion of the breeding population

(about 15%). Second year (i.e., after December 31) band-tailed pigeons comprise about

16% of the breeding population in spring, and although they are capable of breeding, only

about 1-third of them do (Gutirrez et al. 1975, Jarvis and Passmore 1992, Leonard 1998).

Adult (after second year) band-tailed pigeons comprise the remaining 84% of the

population, and as many as 96% nest annually (Jarvis and Passmore 1992, Leonard

1998).

I used a point count technique to index abundance of band-tailed pigeons at

sample points between mid-May and mid-August 1996-98. I surveyed 17 June-16
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August 1996, 12 May-5 August 1997, and 8 June-7 August 1998; varying the survey

period as I learned seasonal trends in calling frequency. I considered counts of cooing

band-tailed pigeons at sample points to be an estimate of relative abundance of nesting

band-tailed pigeons, which is an index based on a constant but unknown proportion of the

population (Bull 1981).

I conducted surveys beginning 10 minutes before official local sunrise and lasting

1 hour during mornings with low wind (<11 km per hr) and light or no precipitation. I

recorded the number of coo calls by 1-minute intervals for each band-tailed pigeon

detected by call. The azimuth to each coo was recorded to distinguish individual band-

tailed pigeons. Coos were considered to be of a different band-tailed pigeon when the

audibility and or azimuth was evidently unique. Band-tailed pigeons that obviously

called from multiple locations were recorded as 1.

Observers were trained for 1 week before the beginning of the survey period to

minimize observer variability and to increase the accuracy of detections (Kepler and Scott

1981). I distributed each observer's effort equally among sample points to avoid

systematic observer bias at sample points. Surveys were restricted to 1 of 3 nearly equal-

sized subareas (north, central, and south) of the study area during a week (Monday

Friday) for logistic reasons. Subareas were surveyed on a 1-week rotational schedule.

I paired sample points for logistic reasons based on a systematic, random

procedure. A random location was generated within the study area, with the constraint

that the location was not on developed (industrial or residential) or agricultural lands.

The location was located on a USGS 7.5 Minute Quadrangle map (scale 1:24 000) and a

second location, the first survey point, was established on the nearest accessible road that
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provided the shortest aerial distance between locations. A third location, the second

survey point, was established at an aerial distance of 800 m from the first survey point on

an accessible road. In cases where multiple locations were possible for the second survey

point, either on the same or a different road, we arbitrarily selected the 1 farther along the

road of initial access or that provided the shortest driving distance between the 2 sample

points. Paired sample points reduced the number of vehicles needed to conduct surveys

and promoted safety by doubling-up observers.

To determine the variability of counts over time, I repeated point counts at

randomly selected points during 4-5 consecutive days, 2 weeks apart, and 1 year apart. I

surveyed 8 randomly selected points during consecutive days; 2 points on 23-27 June, 2

on 24-27 June, and 4 on 2 1-25 July 1997 (6 randomly selected points x 5 visits and 2

random points x 4 visits, n = 38). I surveyed 15 randomly selected points between 29

June and 3 July and again between 13 and 18 July 1998 (15 randomly selected points x 2

visits, n = 30). And, I surveyed 17 randomly selected points between 20 June and 10 July

1997 and again between 29 June and 24 July 1998 (17 randomly selected points x 2

visits, n = 34). Observers were the same for all consecutive day and 2-week-apart point

counts; however, observers for 1-year-apart point counts were the same only when

possible (about 50% of point counts).

Audio Recordings

I used digital recording equipment to record band-tailed pigeon coo calls to

describe audio characteristics and to determine audibility via field play back. Recordings

of wild band-tailed pigeons were made during July and August 1996-98 at a mineral
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spring and a perch snag in the study area. I used a Tascam DA-Pi digital audio tape

recorder with phantom powered (+ 48v) 3-poled XLR balanced microphone input; and a

Sennheiser MKH 20 high-frequency condenser microphone with omnidirectional

characteristics, frequency response range 20-20,000 Hz, and 3-pole XLR balanced

output. Recordings were stored in 16-bit linear quantization at a sampling rate of 44.1

kHz. I downloaded recordings on a computer, isolated the appropriate channel,

standardized recordings to 3 dB headroom, routed mono recordings to both left and right

channels, and transferred digital files to a compact disc (CD).

To describe coo call audio characteristics, sonograms were produced of the band-

tailed pigeon coo call from a digital recording. I produced sonograms using Canary

Version 1.2 (Charif et al. 1995).

Coo Call Audibility

Coo calls were broadcast in the field using a portable CD stereo (model RX-

DS15, 60 Hertz, 30 watts) to evaluate the audibility of the band-tailed pigeon coo call.

Two observers were separated by measured distances in 3 recent clear-cuts and 2 dense

forests. One observer broadcast coo calls at breast height while the other listened.

Observers used 2-way radios to confirm the beginning of the test and when coo calls

where detected. Each test consisted of 6 coo calls played at random intervals over an

approximate 10-minute period. Observers switched roles and repeated the test to

compare observer biases.

The intensity of broadcast recordings was determined by 2 methods. I and

another observer with 2-years experience recording band-tailed pigeon coos

independently judged the stereo volume that best approximated the cooing intensity of



15

band-tailed pigeons. Our judgments were the same and we both thought our judgments

were conservative. Also, I recorded coo calls broadcast in various directions from 3, 6, 9,

and 12 m to compare recorded intensities with original recording distances and

intensities. Both methods provided support that broadcasting coo calls at 30% of the

portable stereo volume conservatively approximated coo call intensity. I measured the

maximum C-weighted sound pressure level of the coo call at approximately 30 cm from

the stereo at 100 dB(C) for 30% of the stereo volume.

Data Analysis

Call counts at random points were considered independent samples. I used the

number of cooing pigeons at point counts to be the response variable and index of band-

tailed pigeon abundance.

I used Analysis of Variance and Kruskal-Wallis tests to evaluate variation among

point counts repeated over time relative to the variation among random point counts.

This procedure allowed me to assess the precision of point counts over time, and whether

information can be gained more efficiently by increasing the number of random survey

points or by repeatedly counting at fewer points.

I assessed the possibility of increasing sample size by conducting point counts of

shorter length. For each band-tailed pigeon detected during 1-hour point counts, I

determined the probability of detecting it during point counts of shorter lengths (3-59

minutes). The probability of detection was determined for each survey length by dividing

the number of surveys in which the pigeon was detected by the maximum number of

surveys possible, each starting at 1-minute intervals, within the 1-hour point count. For
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example, 2 59-minute surveys or 58 3-minute surveys, each start time incremented by 1

minute, could have been conducted in place of the 1-hour point count.

I used regression analysis to evaluate the calling rate (number of coo

calls/pigeon/i-hour point count) relative to the number of cooing individuals detected

during point counts. I present parameter estimates and 95% confidence intervals (CI)

regardless of P-value, and I interpret analysis results based on confidence intervals.

Also, I conducted power (1 - j3) analysis to determine sample size necessary to

detect differences in band-tailed pigeon population size between years. Power estimates

were from 2-sample t-tests (2-tailed, a = 0.10), and were based on the normalized

distribution (Steel and Torrie 1980) because of the ease of calculating and performing

multiple computer simulations. In several cases, I compared power estimates with those

generated in various software packages that used the non-central distribution and my

results were within 0 5%.

Results

Coo Call Characteristics and Audibility

I obtained 8 digital recordings of 6 band-tailed pigeon coo calls. All coo calls

consisted of the typical 6-note call including 1 faint 'oo' followed by a series of 5 'whoo-

oo' sounds (Fig. 2.1). Duration of coo calls was 8-9 seconds, with the exception of 1,

which was 13 seconds. The frequency range of maximum intensity was 200-500 Hz.

The first note of the coo call was a low amplitude single syllable 'oo' lasting about 1.2

seconds, followed by a 0.4 second pause. The remaining 5 notes were high amplitude 2-

syllable 'whoo-oo' sounds lasting about 1.1 seconds, each separated by about a 0.4
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Figure 2.1. Spectrogram (frequency vs. time) and waveform (amplitude vs. time) of a
band-tailed pigeon coo call.
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second pause. The 2-syllable notes began with a barely audible flutter, followed by an

audible 0.1 second 'whoo' (300-600 Hz maximum intensity) and a 0.6 second 'oo' (200-

500 Hz maximum intensity) (Fig. 2.2). Both syllables in the 2-syllable notes were a

composite of 3 chevrons in frequency response, characteristic of reverberating sounds.

The maximum distance the band-tailed pigeon coo call was audible could not be

determined because of the lack of open forest areas >1,100 m. Both observers detected

100% of the band-tailed pigeon coos broadcast toward them from the maximum available

distance in open forest conditions of 950, 1,000, and 1,100 m. Given the open forest

constraint, we repeated the audibility test broadcasting away from the observer. The

mean distance at which both observers detected 100% of the band-tailed pigeon coo calls

broadcast away from them was 933 m (SD = 57.7, n = 3).

In dense, closed canopy, mixed conifer-broadleaf forest, the audibility of the coo-

call was greatly reduced. Two observers detected 100% of the band-tailed pigeon coo

calls broadcast toward them from 100 m, 50% from 200 m, 25% from 300 m, and none

from 400 m. Additional tests indicated band-tailed pigeon coo calls could not be heard

from >75-100 m through dense tree stems or earth barriers.

Point Counts

I conducted 390 point counts between 12 May 1996 and 16 August 1998. I

detected 2.09 ± 0.10 pigeons per point count ( ± SE, CV = 91.5, range = 0-8). A

seasonal effect appeared among pigeon detections throughout the breeding season

representing 3 different periods (Fig. 2.3). The period between 16 June and 24 July

provided the highest mean number of detections during point counts and the lowest
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the central Coast Range of Oregon, 1996-98 grouped by time period. Time periods
represent quarter month intervals except for period 0, which includes all point counts
conducted before 16 June. Error bars represent 95% confidence intervals for the means.
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variation (2.52 ± 0.13, CV = 76.54, n = 217). In contrast, the period between 12 May and

15 June provided the lowest mean number of detections and the highest variation

(1.34 ± 0.22, CV = 133.14, n = 67). The mean number of band-tailed pigeons detected

during the peak period was 1.49 times higher than the period between 25 July and 16

August (1.69 ± 0.17, CV = 102.85, n = 106). Further, the 3 periods varied greatly in the

probability of 0 detections during a point count (Fig. 2.4).

The mean number of pigeons detected during point counts on consecutive days

was less variable (CV = 28.9%) than point counts conducted at 2-week and 1-year

intervals (CV = 56.2 and 66.7%, respectively). The variation associated with repeat point

counts conducted at 2-week and 1-year intervals approximated the variation associated

with random point counts (CV = 76.5%). The magnitude of the residuals from an

equal-means model of the mean number of band-tailed pigeons detected during point

counts on 4-5 consecutive days was significantly greater than the residuals from a

separate-means model (F730 = 6.86, P < 0.001). Thus, the variability among point counts

at different random points was significantly greater than the variability among point

counts at the same random points surveyed on 4-5 consecutive days. However, the

magnitude of the residuals from equal-means models of the mean number of band-tailed

pigeons detected during point counts conducted at 2-week and 1-year intervals was not

significantly greater than the residuals from separate-means models (F1414 = 1.34,

P = 0.294; F2117 = 0.76, P = 0.73 1; respectively). Therefore, the variability among point

counts at different random points was not significantly different from point counts at the

same random points surveyed at 2-week and 1-year intervals. The Kruskall-Wallis test
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provided similar results to the ANOVA (X27 = 22.35, P = 0.002; X214 = 17.88, P = 0.212;

X221 = 22.00, P = 0.400, respectively).

The rate at which new band-tailed pigeons were detected during the 1-hour point

count decreased with time (Fig 2.5). Approximately 25% of the 726 band-tailed pigeons

recorded during 16 June-16 August were detected in each of the first 2 10-minute

intervals of the point counts, and about 17% were detected in the third 10-minute interval.

Detections remained at about 11% during each of the 3 remaining 10-minute intervals.

The distribution of band-tailed pigeon detections in 10-minute intervals during 16 June-

24 July and 25 July-16 August appeared to differ little over the 60-minute count period

(Fig 2.5).

The probability of detecting a cooing band-tailed pigeon within audible distance

of an observer seemed especially high during 1-hour point counts. Band-tailed pigeons

were recorded as cooing from 1-50 minutes during point counts, and the average was

judged to be 10 minutes. Further, band-tailed pigeons cooed at about 1-minute intervals.

The average number of coo calls recorded per band-tailed pigeon was similar in all 3

periods (12 May-15 June, n = 91, = 7.4, SD = 8.5, CV = 114.0, range = 1-47; 16

June-24 July, n = 548, = 7.6, SD = 7.0, CV = 91.0, range = 1-40; 25 July-16 August,

n = 178, = 7.9, SD = 7.2, CV = 91.5, range = 1-37). The probability of detecting a

band-tailed pigeon during a point count <60 minutes depended on the length of survey

(Fig. 2.6). The probability of detection increased almost linearly at about 1.5% with each

additional minute.

The calling rate of band-tailed pigeons detected during 1-hour point counts did

not depend on the number of calling conspecifics. There was no evidence that the mean
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Oregon, 1996-98.
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Figure 2.6. Probability of detecting the same number of cooing band-tailed pigeons
during point counts of various duration as during 1-hour point counts in the central Coast
Range of Oregon, 1996-98. Lines represent the mean probability and 95% confidence
intervals for the mean.
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call rate of band-tailed pigeons changed with the number of conspecifics during 16 June-

24 July (t5 = 0.266, P = 0.791, r2 < 0.01). The mean call rate was estimated to change by

0.04 coo calls/pigeon/i-hour point count (95% CI = 0.28 to +0.37) with each

conspecific. There was, however, moderate evidence that the mean call rate of band-

tailed pigeons changed with the number of conspecifics during 25 July-16 August

(t176 = 1.97 1, P = 0.050, r = 0.02). The mean call rate was estimated to change by 0.67

coo calls/pigeon/i-hour point count (95% CI = 0.00-1.34) with each conspecific; the

number of conspecifics explained only 2% of the variation in the calling rate, and appears

to be biologically insignificant. Pooling both periods, there was no evidence the mean

call rate of band-tailed pigeons changed with the number of conspecifics (t724 = 1.077,

P = 0.282, r2 < 0.01). The mean call rate was estimated to change by 0.16 coo

calls/pigeon/i-hour point count (95% CI = 0.13 to +0.45) with each conspecific.

I estimated the power of point counts to detect annual differences in band-tailed

pigeon population size (Fig 2.7). The estimated power to detect a 20% annual change in

the population index from 2.50 band-tailed pigeons per i-hour point count was 0.46 (2-

tailed t-test, SD = 1.94, n1 = n2 = 72, a = 0.10). Given a desired power of 0.80, an annual

change of 32.0% could be detected. Increasing the sample size to 150 and 200 provided a

0.80 power to detect annual changes in the population index of 22.2 and 19.3%,

respectively.

Potentially, sample size could be doubled by conducting 2 20-minute point count

surveys with 20 minutes to travel between points rather than conducting 1 i-hour point

count each morning. Summarizing the point count data as 2 20-minute surveys

conducted 0-20 minutes and 40-60 of the i-hour point counts yielded a mean of



0.0

0 10 20 30 40 50 60

Population change (%)

Figure 2.7. Estimated power to detect an annual change in the band-tailed pigeon
population index for various sample sizes based on 1-hour point counts in the central
Coast Range of Oregon.
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1.19 ± 0.09 band-tailed pigeons during the first 20-minute point count (CV = 105.4,

n = 217) and 1.23 ± 0.09 band-tailed pigeons during the second 20-minute point count

(CV = 102.6, n = 217). The estimated power to detect a 20% annual change in the

population index from 1.23 band-tailed pigeons per 20-minute point count was 0.50 (2-

tailed t-test, SD = 1.27, n1 = = 145, a = 0.10). Given a desired power of 0.80, an

annual change of 30.2% could be detected. Therefore, counting twice as many points for

20 minutes produces only a marginal (2% smaller effect size) improvement over counting

for 60 minutes.

Discussion

The band-tailed pigeon coo call is conspicuous and highly audible, and therefore

well suited for use as a means to estimate abundance of band-tailed pigeons. Male band-

tailed pigeons coo at about 1-minute intervals for as long as 50 minutes, and each coo call

typically lasts about 8-9 seconds. The coo call is low frequency (200-600 Hz) and

consists of a brief introductory 1-syllable note followed by a series of repeating 2-syllable

notes. Wiley and Richards (1982) suggests that for long-range acoustic communication,

birds should employ the lowest frequencies possible, limit their repertoire, use repeated

phrases or song patterns, and begin calls with an alerting signal. However, bird song

should evolve not to maximize range of communication but rather for communication at

some optimal distance corresponding to the usual spacing of individuals (Wiley and

Richards 1982). The acoustic characteristics of the coo call appear well suited for long-

range communication and correspond to the uniform distribution of band-tailed pigeons

in the Coast Range (Fig. 2.4).
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Audibility of the coo call, however, varies considerably among forest stand

conditions. In open forest, the coo call is easily detectable from 1 km. I was unable to

evaluate greater distances because of the lack of open forest areas >1,100 m, however, I

judge that the coo calls may be audible as far as 1.5 km. Audibility of the coo call is

reduced to about 150 m in closed canopy, mixed conifer-broadleaf forest, and can not be

heard from >75-100 m through especially dense tree stems or earth barriers. Because

forest environments are complex, consisting of multiple forest stands on varying

topography, the average audible range of the coo call in forested environments could not

be determined. Based on my results and experience, I judge the average audible range of

the coo call is 300-400 m. The stand conditions I evaluated represent extremes among a

myriad of forest stand conditions in the Coast Range. The audibility of the coo call will

likely exceed 150 m because coniferous forests scatter, and therefore attenuate, less sound

than do deciduous forests (Marten and Marler 1977). Also, band-tailed pigeons usually

coo from a prominent perch above the forest canopy. The audibility tests I conducted

were broadcast at breast height directly through continuous tracts of dense broadleaf

vegetation.

Variation in coo call audibility among forest stand conditions and topography may

cause biases in point counts. These biases may be especially pronounced when

comparing counts among different forest types. Biases may be overcome by either

conducting limited distance point counts or by estimating and accounting for detectability

differences among forest environments. Band-tailed pigeons, however, are seldom

observed and reliably estimating the distance to a cooing band-tailed pigeon would be

very difficult (personal observation). Further, classifying the myriad of forest
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environments consisting of multiple forest stands on varying topography may be an

exceedingly difficult task. Instead, it may be possible to classify different forest types

into a few detectability classes. Biases caused by detectability differences among forest

types should be negligible when comparing counts over time and space when sample

sizes are large and point locations are random. Unless the area effectively surveyed

during point counts can be estimated, counts of cooing band-tailed pigeons should be

considered an estimate of relative abundance based on detections of unlimited distance.

Point counts should be conducted during the time of day and time of year when

the detection rate of the species being studied is most stable to reduce variability among

counts and to remove biases (Reynolds et al. 1980, Ralph and Scott 1981, Bibby et al.

1992, Ralph et al. 1995, and Vemer 1985). I identified a seasonal trend in pigeon

detections throughout the breeding season that represented 3 different periods of stability.

The period between 16 June and 24 July provided the greatest mean number of

detections, lowest variation, and the lowest probability of not detecting a band-tailed

pigeon. Other authors have similarly reported band-tailed pigeons calling most frequent

mid-Juneearly August (Sisson 1968, Keppie et al. 1970). The peak of band-tailed

pigeon first nest initiation occurs mid-June and juveniles fledge about 45 days later (early

August) (Jarvis and Passmore 1992, Leonard 1998). Point counts should be conducted

between 16 June and 24 July. Conducting point counts prior to mid-June should be

avoided because of the variable calling behavior of band-tailed pigeons before nest

initiation. If necessary, point counts could be conducted during 25 July-16 August;

however, a multiplicative factor of 0.49 must be added to make counts comparable with

peak season counts.
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Beginning 1-hour point counts at 10 minutes before sunrise provided the greatest

opportunity to detect cooing band-tailed pigeons. The rate at which I detected band-tailed

pigeons during 1-hour point counts peaked at sunrise and then decreased thereafter.

About 25% of the 726 band-tailed pigeons were detected in each of the 10-minute periods

before and after sunrise, compared to about 11% of the detections occurring during each

of the 3 successive 10-minute periods beginning 20 minutes after sunrise. Similarly,

Keppie et al. (1970) found that the greatest mean number of coo calls and the greatest

probability of hearing a band-tailed pigeon was 6 to +114 minutes after sunrise. And,

the one-half hour beginning at sunrise was the period of greatest calling activity, followed

in decreasing order by successive one-half hour periods.

One-hour point counts appear optimal for estimating abundance of band-tailed

pigeons. One-hour counts maximized the probability of detecting band-tailed pigeons,

whereas counts of shorter length reduced the probability proportionally (Fig. 2.4). The

rate of band-tailed pigeon detections decreased throughout the 1-hour point counts;

however, only 49% of the band-tailed pigeons were detected during the first 20 minutes.

Thereafter, detections decreased with time but remained above 9% during each

successive 10-minute period (Fig. 2.5). In contrast, Ralph et al. (1995) recommended 5-

or 10-minute intervals for each point count of songbirds depending on travel time

between points. They also reported that 5 minutes was the most commonly used duration

reported in the literature and is the European standard. Other authors, however, have

reported that an observer records the majority of the species and individuals in the first

few minutes at any single sampling point (Verner 1988, Barker and Sauer 1995, Gates

1995, Petit et al. 1995). Three-minute intervals have been used for estimating abundance
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of all birds, including band-tailed pigeons, in Breeding Bird Surveys (Peterjohn and

Sauer 1993, 1994) and along call-count routes in Washington (Keppie et al. 1970).

However, 3 minutes is clearly inadequate for acquiring an accurate index of the band-

tailed pigeons present at a single point.

Band-tailed pigeon detections were relatively consistent among 1-hour point

counts repeated on 4-5 consecutive days. Thus, information about population size can be

more efficiently gained be allocating sampling effort at statistically independent sampling

points rather than repeatedly counting a smaller number of points. However, detections

among point counts conducted at 2-week and 1-year intervals were inconsistent, and

approximated the variation associated with point counts conducted at random locations.

The lack of long-term repeatability from site-to-site likely reflects a change in band-tailed

pigeon calling behavior and movement between sequential nest attempts. Peeters (1962)

reported that paired males stopped cooing abruptly with the onset of incubation. Leonard

(1998) reported that band-tailed pigeons moved an average of 657 m (SD = 754,

range = 10-3,712) between successive nest attempts and that nest platforms or trees from

previous years were not reused. Consequently, indices of band-tailed pigeon abundance

from point counts conducted in high quality habitat may be highly variable ranging from

0-8. On the other hand, indices from point counts conducted in poor quality habitat

should consistently remain low.

One-hour point counts provide a flexible and practical means to detect annual

changes in band-tailed pigeon abundance when compared to call-count routes (see Keppie

et al. 1970 for reference). I estimated that 180 point counts are required to detect a 20%

annual change in band-tailed pigeon abundance, given a desired power of 0.80 and
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a = 0.10. In their evaluation of the precision of call-count routes, McCaughran and

Jeffrey (1980) estimated that 37, 10-mile call-count routes were required to estimate 20%

annual change in band-tailed pigeon abundance, given equivalent a and . Their

analysis, however, was based on counts conducted in the 1970's when band-tailed

pigeons were considerably more abundant and about 11 pigeons were detected per route.

By 1991-92, the average number of band-tailed pigeons heard calling per route decreased

to <1 (Western Migratory Upland Game Bird Technical Committee 1994). Using current

index averages, the required sample size increases from 30 to 128, 10-mile call-count

routes. Both 1-hour point counts and 10-mile call-count routes require 1 person per day

to obtain 1 sample. However, point counts may be conducted more efficiently and safely

because multiple observers may share 1 vehicle and less driving is required. Also, point

counts offer greater flexibility because they may be placed almost anywhere compared to

call count routes, which must be 10 miles in length and permanently marked for annual

visits. In many cases, it may be difficult to locate the number of unique call-count routes

necessary to achieve desired power.

Potentially, point count sample size could be doubled by conducting 2 20-minute

point count surveys with a 20-minute travel period rather than 1 1-hour point count each

morning. Summarizing the point count data in this way yielded 2 similar indexes of

band-tailed pigeon abundance (1.19 ± 0.09 and 1.23 ± 0.09, respectively). However,

these estimates are about 48% lower than from the 1-hour point counts and the CV

increases by about 136%. Given a desired power of 0.80 and a = 10, an annual change in

the population index based on 1 1-hour point count per morning was 32.0% compared to

30.2% for 2 20-minute point counts per morning. Although both produce similar results,
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the 1-hour point counts reduce transportation and sample location requirements. It may

be possible to extend point count surveys beyond 50 minutes after sunrise; however,

variation in counts is likely to increase due to pigeons gathering at feeding areas.

Management Implications

Point counts of cooing band-tailed pigeons offer an effective means of estimating

the abundance of band-tailed pigeons during the breeding season. Point counts should:

be 800 m apart, begin 10 minutes before official local sunrise, last 1-hour in duration,

and in the Coast Range of Oregon, be conducted between 16 June and 24 July. Point

counts may also be conducted between 25 July and 16 August, but a multiplicative factor

of 0.49 must be added to counts to make them comparable to counts during the first

period. This technique should be applicable anywhere in the breeding range of the band-

tailed pigeon; however, the uniform period of peak calling activity may need to be

verified outside of the central Coast Range of Oregon. Because band-tailed pigeons are

highly mobile and especially difficult to locate and observe, point counts may currently

offer the only means of spatially indexing the abundance of band-tailed pigeons and for

relating abundance to habitat features. Point counts also offer a flexible and practical

means of estimating abundance in time, and have the potential for use as a range-wide

population survey technique. I estimate that an annual sample size of 180 is required to

detect a 20% annual change in band-tailed pigeon abundance from a mean of 2.5 (given

= 0.20, a = 0.10, SD = 1.94). A sample size of 180 could be collected by 6 people

between 16 June and 24 July (6 persons x 6 weeks x 5 work days per week) using 1 or 2

vehicles.



Although I evaluated the precision of point counts, I did not evaluate the

proposition that the index of cooing band-tailed pigeons is related to population size.

However, I assume that this proposition holds based on the partial substantiation by the

work of Sisson (1968) and Keppie at al. (1970), and based on my own research and

observations during 1996-1999.
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ifi. BAND-TAILED PIGEON HABITAT AVAILABILITY IN THE CENTRAL
COAST RANGE OF OREGON

Abstract

Habitat components identified as important for reproducing Pacific Coast band-

tailed pigeons (Columbafasciata monilis) include: 1) closed-canopy forest for nest sites,

2) open-canopy forests for foraging, and 3) mineral sites. My objectives were to

determine the availability and distribution of these breeding habitat components in the

central Coast Range of Oregon, and to evaluate the interspersion of these habitat

components and other landscape features in relation to nest locations and band-tailed

pigeon abundance. I used a point count technique to index abundance of band-tailed

pigeons at 323 random points during 16 June-16 August 1996-98. I used ARCIINFO to

map habitat components and to assess component distribution relative to 98 nest locations

from a 1994-96 study and band-tailed pigeon abundance at point locations. These data

provide evidence that band-tailed pigeon populations within the central Coast Range of

Oregon are not limited by availability of potential nesting and foraging cover and mineral

sites at landscape scales less than their home range size (about 11,000 ha). I attributed

this to the high mobility of band-tailed pigeons and the limited range of variability in the

distribution of habitat components. Eighty percent of the estimates of potential forage

cover around point counts (5-km radius plots) ranged from 5-22% and potential nest

cover (0.5-km radius plots) ranged from 49-99%. The maximum distance to the nearest

mineral site was 37 1cm, however, most locations were <25 km. assuming all mineral sites

used by band-tailed pigeons were known. The distribution of habitat components around

nest locations was similar to random locations. Band-tailed pigeons were, however, more

39
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abundant along the western 1-third of the Coast Range than along the eastern 1-third, and

this pattern is correlated with the distribution of red elder (Sambucus racemosa var.

arborescens) and cascara (Rhamnus purshiana). Possibly the availability of red elder and

cascara imposes a constraint on the Pacific Coast band-tailed pigeon population size

within the range of these species. Forest managers should consider the production of

elder and cascara as natural components of landscapes in Pacific Northwest forests, which

provide forage for band-tailed pigeons.

Introduction

The Pacific Coast band-tailed pigeon population, that nests in British Columbia,

Washington, Oregon, and California, has experienced an annual decline of 3.5% between

1968 and 1993 according to the Breeding Bird Survey (Braun 1994). This decline is

corroborated by visual counts conducted during August at mineral sites in Oregon and

audio counts conducted during June in Washington. Also, the harvest has declined from

over 550,000 in 1968 to 70,000 in 1988 (Braun 1994). Increasingly restrictive hunting

regulations have been implemented since the late 1980's; however, population trends

apparently have not been reversed (Western Migratory Upland Game Bird Technical

Committee 1994). The decline is suspected to be related, in part, to habitat alteration

associated with forestry practices.

Effective management of an animal population requires knowledge of its size and

composition, and how the population relates to underlying habitat (Verner 1981, Wiens

and Rotenberry 1981, Hansen et al. 1993). Little is known about the breeding habitat of

band-tailed pigeons in the Pacific Northwest other than that they occur in forest
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environments and specific resources including nest, forage, and mineral sites appear to

provide critical habitat components.

In the Northwest, band-tailed pigeons nest primarily in Douglas-fir (Pseudotsuga

menziesii) trees in closed canopy, mixed or conifer forest stands (Leonard 1998). Band-

tailed pigeons feed almost exclusively on berries of red elder (Sambucus racemosa var.

arborescens), blue elder (S. cerulea), and cascara (Rhamnus purshiana) (taxonomy

follows that of Hitchcock and Cronquist 1991) while nesting (Jarvis and Passmore 1992),

and these resources play a major role in initiation and duration of the nesting season

(Gutierrez et al. 1975). Elder and cascara shrubs are prevalent in early to intermediate

forest successional stages, and occur in open areas. However, these species are among

the group of undesirable competing plants that are suppressed during intensive

reforestation (Hansen et al. 1991). A related component of band-tailed pigeon habitat in

the Pacific Northwest is mineral sites, which are suspected to be used by band-tailed

pigeons to supplement their mineral poor diet (March and Sadleir 1972, Jarvis and

Passmore 1992).

In western Washington, Oregon, and northern California, forests have been

subjected to extensive timber harvest for more than 100 years (Tappeiner et al. 1997).

These are among the most productive coniferous forests in the world and, as a

consequence, forestry practices are intense (Franidin and Dyrness 1973, Harris 1984).

Forestry practices include clear-cut logging, burning of logging debris, hand planting of

selected species, pre-commercial and commercial thinning, and application of herbicides

to suppress competing species (Hansen et al. 1991). Such practices produce a greatly

altered forest environment, resulting in a mosaic of "patches" or forest stands across the
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landscape (Hansen et al. 1991). The spatial pattern of vegetation exerts a strong influence

on the abundance, distribution, and dynamics of populations inhabiting those landscapes

(Harris 1984, Wiens 1989). The extent to which forestry practices impact band-tailed

pigeon productivity is unknown, but the potential is substantial.

Band-tailed pigeons have breeding home ranges that average 11,121 ha (Leonard

1998), extending well beyond the boundaries of a single forest stand, and thus habitat

investigations require a landscape-scale perspective (Hunter 1997). Geographic

information technology provides the capability to evaluate the distribution and abundance

of the Pacific Coast band-tailed pigeon population in relation to the distribution of

specific habitat components and other features across landscapes. The objectives of this

study were to 1) determine the availability and distribution of habitat components (nest,

forage, and mineral sites), and 2) evaluate the interspersion of these 3 habitat components

and other landscape features in relation to the abundance of nesting band-tailed pigeons

and nest locations in the central Coast Range of Oregon.

Study Area

The study was conducted in the central Coast Range of Oregon (43°45'-45°OO'N,

123°22'-124°OO'W) located within the Coast Range Province of Oregon (Franklin and

Dyrness 1973). The study area was 50 by 139 km; extending approximately from

Lincoln City south to Reedsport, along the Pacific Coast, and east to Corvallis. Elevation

ranges from sea level-1,249 m at the highest peak (Marys Peak), although main ridge

summits generally range from 450-750 m. Climate is maritime, characterized by wet,

mild winters (OctoberJune), and cool, dry summers (JulySeptember). Annual

precipitation ranges from 150-300 cm; 75-85% of which occurs between 1 October and
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31 March in the form of rain, with some snow at higher elevations. Temperatures are

generally mild, with temperatures during January and July averaging 2.4°C and 16.6°C,

respectively. The minimum January temperature averages 0.7°C and the maximum July

temperature averages 25.6°C.

The Coast Range Province is characterized by steep mountain slopes with sharp

ridges. It is dominated by dense, potentially long-lived (>500 years) coniferous forests,

composed of 2 natural plant communities or distinctive forest zones: a coastal sitka

spruce (Picea sitchensis) vegetation zone along the western 1-third of the Coastal Ranges

Province, and a more widespread western hemlock (Tsuga heterophylla) vegetation zone

along the eastern two-thirds (Franklin and Dyrness 1973). Most natural forested areas

have an overstory dominated by western hemlock, western redcedar (Thuja plicata),

Douglas-fir, and red alder (Alnus rubra). The sitka spruce zone is additionally dominated

by sitka spruce, and is essentially a variant of the western hemlock zone distinguished by

frequent summer fog and proximity to the coast. In areas managed for timber production,

the dominant tree is the Douglas-fir.

The Coast Range Province is comprised mostly of privately owned lands and

public lands administered by the USDA Forest Service and the USD1 Bureau of Land

Management. Land use is primarily intensive timber production. Landscape patterns are

largely shaped by timber harvest and reforestation; supplanting natural disturbances such

as fire and insect outbreak and subsequent forest development (Hansen et al. 1991).

Since the mid- 1940's, silvicultural systems have typically involved clear-cutting; broad-

cast burning of logging slash; use of herbicides to control competing vegetation; planting

of Douglas-fir; periodic thinning to maintain vigorous, evenly spaced crop trees; and
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harvesting at 40-100 year intervals (Hansen et al. 1991, Spies et al. 1991, Tappeiner et al.

1997). Such practices, in combination with clear-cut size, dispersion of cutting units, and

harvest interval, has led to a mosaic pattern of forest patches across the landscape.

Landscapes under public ownership consist primarily of older forest, embedded with

numerous relatively uniform size (4-24 ha), even-aged, Douglas-fir plantations of various

ages. In contrast, landscapes under private ownership consist primarily of large, young

(0-40 year), even-aged, Douglas-fir plantations, with a few isolated, small patches of

older forest.

Methods

Point Counts

I used a point count technique to index abundance of band-tailed pigeons at

sample points between 16 June and 16 August 1996-1998 (Chapter 2). I considered

counts of cooing band-tailed pigeons at sample points to be an estimate of relative

abundance of nesting males, which is an index based on a constant but unknown

proportion of the nesting population (Bull 1981).

I conducted surveys beginning 10 minutes before official local sunrise and lasting

1 hour during mornings with low wind (<11 km per hr) and light or no precipitation. I

recorded the number of coo calls by 1-minute intervals for each band-tailed pigeon

detected by call. The azimuth to each coo was recorded to distinguish individual band-

tailed pigeons. Coos were considered to be of a different band-tailed pigeon when the

audibility and or azimuth was evidently unique. Band-tailed pigeons that obviously

called from multiple locations were recorded as 1. Also at each point location, I recorded
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elevation from USGS 7.5 Minute Quadrangle maps and the number of different stand

types within an estimated 300 m radius.

Observers were trained for 1 week before the beginning of the survey period to

minimize observer variability and to increase the accuracy of detections (Kepler and Scott

1981). I distributed each observer's effort equally among sample points to avoid

systematic observer bias at sample points. Surveys were restricted to 1 of 3 nearly equal

sized subareas (north, central, and south regions) of the study area during a week

(MondayFriday) for logistic reasons. Subareas were surveyed on a 1-week rotational

schedule.

I paired sample points for logistic reasons based on a systematic, random

procedure. A random location was generated within the study area, with the constraint

that the site was not on developed (industrial or residential) or agricultural lands. The

location was located on a USGS 7.5 Minute Quadrangle map (scale 1:24 000) and a

second location, the first survey point, was established on the nearest accessible road that

provided the shortest aerial distance between locations. A third location, the second

survey point, was established at an aerial distance of 800 m from the first survey point on

an accessible road. In cases where multiple locations were possible for the second survey

point, either on the same or a different road, we arbitrarily selected the 1 farther along the

road of initial access or that provided the shortest driving distance between the 2 sample

points. Paired sample points reduced the number of vehicles needed to conduct surveys

and promoted safety by doubling-up observers.
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Geographic Information

I used ARC/INFO version 7.2 (Environmental Systems Research Institute,

Redlands, California, USA) to generate digital maps of landscape features and to generate

spatial statistics. Basic landscape features were organized into themes including land

cover types, mineral site locations, and land ownership. The land cover theme consisted

of 1995 major Coast Range vegetation cover types digitally referenced in 25 m pixels

extending 5,000 m on each side of the study area. The data were filtered using a majority

procedure to produce a minimum mapping unit of 32 pixels (2 ha), i.e., no patches remain

of lesser size than 2 ha. The majority filter reduced the salt-and-pepper appearance of the

data and reduced analysis processing time. Data came from 1988 and 1995 Thematic

Mapper Imagery and was processed by the Coastal Landscape Analysis and Modeling

Study (CLAMS) group at Oregon State University's Forestry Sciences Laboratory. I

generated the mineral site theme using 1996-98 locational information from mineral sites

that I verified to be used by band-tailed pigeons (Appendix A). Mineral sites outside of

the study area were included in the theme if the mineral site was the closest source to a

point in the study area. I located mineral sites by cooperating with Oregon Department of

Fish and Wildlife biologists and local sportsmen. The land ownership theme consisted of

1991 land ownership data, and was obtained from the CLAMS group (Appendix B). I

generated 2 response variable themes including band-tailed pigeon nest-site locations

(n = 98) collected during 1994-96 (Leonard 1998) and random point-count locations

(Appendix C).

I generated a potential band-tailed pigeon nesting and foraging cover theme from

the CLAMS land cover theme (Appendix D). I reclassified the land cover data to
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represent either potential nesting and foraging cover or no data. Potential nesting cover

included conifer and mixed conifer and broadleaf forest cover types with >70% canopy

cover. Potential foraging cover included cover types with 70% canopy cover and

excluded open water. The 2 habitat types were mutually exclusive, and left only

broadleaf forest with >70% canopy cover and open water classified as no data.

I determined the amount of potential nesting and foraging cover around each nest

and random point location independently using an automated macro language program.

The procedure consisted of: 1) converting the potential habitat grid to a polygon

coverage, 2) generating buffers around point locations, 3) overlaying the buffers on the

habitat coverage (having the effect of a cookie cutter; cutting habitat polygons at the edge

of buffers around random survey points, where habitat polygons outside buffers are

eliminated), and 4) sequentially selecting habitat polygons around each point and

summing the area of potential nesting and foraging polygons. Area estimates were

converted to percentage of the buffer area. I repeated the procedure to evaluate the

percentage of potential nesting and foraging cover around point locations at a variety of

spatial scales including: 0.5-, 1-, 2-, 3-, 4-, and 5-km radius plots. Also, for each nest

and random survey point, I determined the Euclidean distance to the nearest mineral site

(Euclidean distance = square root of the sum of squared X and Y distances between 2

X,Y coordinates).

To verify that areas classified as potential foraging areas had a high probability of

containing forage (i.e., red elder, blue elder, or cascara), I surveyed 126 forest areas with

70% canopy cover between 8 July and 5 August 1997 to assess the occurrence of forage

species.
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To further assess the abundance of band-tailed pigeons associated with vegetation

mosaics across the landscape, I generated a habitat type theme consisting of relatively

uniform nest and forage cover mosaics determined from visual inspection of the potential

nesting and foraging cover theme. The theme included 10 obviously distinct areas

representing 5 habitat types.

Data Analysis

Point counts at random points were considered independent samples. I considered

the index of band-tailed pigeon abundance at random points to be the response variable. I

used regression models to assess the relationship between the index of band-tailed pigeon

abundance at random point locations and ordinal explanatory variables. The response

variable distribution tended to be skewed to the right and more uniform than predicted by

normal and Poisson distributions. Fitted regression and Poisson regression models had

about 8% of the residuals in magnitude and seemingly extra Poisson variation,

respectively. However, coefficients and their standard errors are robust to non-normal

distributions and deviance chi-square tests for extra Poisson variation are unreliable given

means of less than 5 (Ramsey and Schafer 1997). Consequently, I fit both regression and

Poisson log-linear regression models. In all cases, the 2 models produced similar P-

values for parameter estimates. Therefore, to facilitate communication, I only present P-

values and parameter estimates from regression models. In all regression models, I

included an indicator variable to account for the seasonal effect on point counts

corresponding to point counts conducted 16 June-24 July and 25 July-16 August

(Chapter 2). Interaction and quadratic terms were included in models initially and then

were removed when P-values exceeded 0.10. I present parameter estimates and 95%
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confidence intervals (CI) regardless of P-value, and I interpret results based on

confidence intervals.

I used Analysis of Variance (ANOVA) to assess the relationship between the

index of band-tailed pigeon abundance at random point locations and nominal

explanatory variables. In all ANOVA models, I included a block variable to account for

the seasonal effect on point counts corresponding to point counts conducted 16 June-24

July and 25 July-16 August (Chapter 2).

Results

Point Counts

I conducted 323 point counts from 1996-98: 217 between 16 June and 24 July

and 106 between 25 July and 16 August (see Chapter 2 for basis of survey periods). The

mean and distribution of band-tailed pigeons detected during point counts differed

between the 2 periods (Fig. 3.1). The mean number of band-tailed pigeons detected

during point counts in the first period was 1.49 times higher than in the second period.

A mosaic of forest stand types was characteristic at sample point locations.

Sample points had 1-5 forest stand types within a 300 m radius, with 2 being the most

conmion (44.6%) and 4 or 5 relatively uncommon (3.7% combined). Of 323 sample

points, 32.8% were classified as being in a uniform forest stand. There was no evidence

that the mean number of band-tailed pigeons detected during point counts changed with

the number of stand types (t320 = 0.59, P = 0.557, r2 = 0.043). The mean number of band-

tailed pigeons was estimated to change with the number of stand types by 0.07 ± 0.22

(95% CI = 0.18 to +0.32).
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Figure 3.1. Distribution of 1-hour point counts by the number of band-tailed pigeons
detected in the central Coast Range of Oregon, 1996-98.
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Random point locations represented a normal distribution of elevation from 0-600

m, with only 17 of 323 observations between 600 and 800 m and only 4>800 m

(323.7 ± 9.1, SD = 163.7, range = 0-939). There was no evidence that the mean number

of band-tailed pigeons detected during point counts changed with elevation (ç20 = 0.90,

P = 0.370, r2 = 0.045). The mean number of band-tailed pigeons was estimated to change

with each 100 m increase in elevation by 0.06 ± 0.06 (95% CI = 0.07 to +0.18).

Point counts were uniformly distributed among the north, central, and south

subareas and randomly distributed among the west, central, and east subareas by design

(each subarea encompassed 1-third of the study area). There was no evidence that the

mean number of band-tailed pigeons detected during point counts changed from north to

south subarea (t320 = 1.18, P = 0.239, r2 = 0.046). The mean number of band-tailed

pigeons was estimated to change with each subarea from north to south by 0.15 ± 0.13

(95% CI = 0.10 to +0.41). However, there was evidence that the mean number of band-

tailed pigeons detected during point counts changed from west to east subarea (t320 = 3.56,

P = 0.004, r2 = 0.079; Fig. 3.2). The mean number of band-tailed pigeons was estimated

to decrease within each subarea from west to east by 0.48 ± 0.13 (95% CI = 0.22-0.75).

The study area was comprised of 6 classes of land ownership including: private

industrial 38.6%, USFS 21.6%, BLM 19.0%, private non-industrial 17.0%, state 3.5%,

and miscellaneous 0.5%. The mean number of band-tailed pigeons detected during point

counts differed by land ownership class (F4315 = 5.98, P <0.001, ? = 0.112). More

(30.8%) band-tailed pigeons were detected during point counts on USFS- and state-

owned lands than those owned by private and BLM (P <0.05, Fisher's protected Least

Significant difference test criterion; Fig. 3.3). However, the spatial mosaic of land
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Figure 3.2. Mean number of band-tailed pigeons detected during a 1-hour point count by
east-west region and sample period in the central Coast Range of Oregon, 1996-98.
Error bars represent 95% confidence intervals for the means.
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Figure 3.3. Mean number of band-tailed pigeons detected during a 1-hour point count by
land owner and sample period in the central Coast Range of Oregon, 1996-98. Error bars
represent 95% confidence intervals for the means. Miscellaneous lands had 2
observations ( = 0) and state lands had 2 observations during the second period ( = 5,
SE=2).
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ownership revealed a pattern; each land ownership class primarily occurred in either the

western, central, or eastern 1-third of the Coast Range. Forest Service land dominated the

western 1-third of the Coast Range, private industrial and BLM land dominated the

central 1-third, and private non-industrial land dominated the eastern 1-third.

I identified 20 mineral sites currently used by band-tailed pigeons that were either

within the study area or were the closest source to a point in the study area. The distance

to the nearest mineral site from any location in the study area ranged from 0-37 km

Most (90.7%) of the study area was within 25 km of the nearest mineral site, while the

remaining 9.3% of the study area was distributed equally among 1-km intervals from 25-

36 km. Fifty-three percent of the study area was within 8-18 km from the nearest

mineral site. Similarly, 85.8% of the random point counts were within 25 km of the

nearest mineral site, 6.5% were within 25-30 km. and 6.8% were within 30-35 km

( = 15.3 km, SD = 8.6, n = 323, range = 1.0-36.3). There was no evidence that the

mean number of band-tailed pigeons detected during point counts changed with distance

to the nearest mineral site (t320 = 0.75, P = 0.941, r2 = 0.042). The mean number of band-

tailed pigeons was estimated to change with each 1 km increase in distance by

0.001 ± 0.0 12 (95% CI = 0.023 to +0.025).

Estimates of potential nest and forage cover around random points were similar

among plot sizes from 0.5-5-km radius; however, range and variation tended to decrease

with increasing plot size (Fig. 3.4). I selected a plot size of 5-km radius around point

counts to estimate availability of potential forage cover and 0.5-km radius plot size to

estimate potential nest cover a priori. Although the scale at which band-tailed pigeons
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respond to landscape patterns is unknown, the choice of plot size has little bearing on the

outcome of the analysis.

Potential nest and forage cover comprised 66.1 and 17.6% of the study area,

respectively. The percent nest and forage cover varied by land ownership class

(USFS = 83.2, 2.4; BLM = 82.4, 4.1; state = 77.4, 7.8; private industrial = 66.5, 16.8;

private non-industrial = 63.6, 36.0; and miscellaneous = 63.57, 15.0). There was no

evidence that the mean number of band-tailed pigeons detected during point counts

changed with potential nest cover within 0 5 km of random points (ç20 = 0.31, P = 0.756,

r2 = 0.042). The mean number of band-tailed pigeons was estimated to change with each

1% increase in nest cover by 0.002 ± 0.005 (95% CI = 0.0 12 to +0.009). There was

weak evidence that the mean number of band-tailed pigeons detected during point counts

changed with potential forage cover within 5 km of random points (ç20 = 2.38, P = 0.0 18,

= 0.059). The mean number of band-tailed pigeons was estimated to change with each

1% increase in forage cover by 0.029 ± 0.012 (95% CI = 0.053 to 0.005).

Finally, all 3 habitat component variables (nest cover, forage cover, and distance

to nearest mineral site) were included in a regression model accounting for survey period

and east-west subarea. Habitat variables were eliminated from the model using a

backward variable selection technique at P = 0.10. The final model included only

potential forage cover = 1.90, P = 0.058, r2 = 0.089). The change in the mean number

of pigeons with each 1% increase in forage cover was estimated to be 0.023 ± 0.012

(95% CI = 0.047 to +0.001).

I found evidence that band-tailed pigeon abundance at point counts did not differ

with availability of habitat components (i e , mineral sites and potential forage and nest
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cover). In the case of distance to mineral sites and percent nest cover, 95% confidence

intervals for parameter estimates were consistent with the null hypothesis and

inconsistent with any biologically significant alternative (Fig. 3.5). Biologically

significant alternatives were considered parameter estimates that yielded a cumulative

change of 1-4 band-tailed pigeons over 80% of the range of the explanatory variable.

The 95% confidence interval for the forage cover parameter estimate was inconsistent

with the null hypothesis, but there is no practically significant alternative. There was

moderate statistical evidence that the mean number of band-tailed pigeons detected

during point counts decreased with increasing forage cover, however, percent forage

cover explained only 9% of the variation band-tailed pigeon abundance, and is

biologically insignificant. Potential forage and nest cover are mutually exclusive

categories, and together account for 84% of the study area. If band-tailed pigeon

abundance increased with decreasing forage cover, then this implies that band-tailed

pigeon abundance increases with increasing nest cover, and there is no evidence to

support that relationship.

Forest areas with 70% canopy cover had a high probability (0.80) of containing

forage (i.e., red elder, blue elder, or cascara), and were therefore correctly classified as

potential foraging areas (Fig. 3.5). However, the composition of each forage species in

open areas depended on longitude. I found red elder to be most abundant along the

western 1-third of the Coast Range and blue elder to be most abundant along the eastern

1-third, while cascara had a relatively uniform distribution (Fig. 3.6).
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Figure 3.5. Estimated slope for the abundance of band-tailed pigeons regressed on
distance to the nearest mineral site, percent forage cover, and percent nest cover in the
central Coast Range of Oregon, 1996-98. Error bars represent 95% confidence intervals
for the means. Error bars without point estimates indicate what I considered biologically
significant alternatives to the null hypothesis that the slope equals 0those values that
yielded a cumulative change of 1-4 band-tailed pigeons over 80% of the range of the
explanatory variable.
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Red elder Cascara Blue elder

Figure 3.6. Distribution of the number of forested areas (n = 126) with 70% canopy
cover containing red elder, cascara, or blue elder by east-west region of the central Coast
Range of Oregon, 1997.
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Habitat Types

To assess the distribution of band-tailed pigeon abundance on a large spatial scale,

I visually identified relatively uniform mosaics of nest and forage cover on the potential

habitat theme for the study area. Ten areas were distinguished and were considered to

represent 5 habitat types (Table 3.1). The mean number of band-tailed pigeons detected

during point counts differed by habitat type (F5317 3.24, P < 0.013, r2 = 0.080). Fewer

band-tailed pigeons were detected during point counts between 25 July and 16 August in

habitat type 5 than all other habitat types (P <0.05, Fisher's protected Least Significant

difference test criterion; Fig. 3.7).

Analysis of band-tailed pigeon abundance among habitat types was confounded

with land ownership class and east-west subarea. Habitat type 2 and 5 approximated land

ownership boundaries and were comprised largely of USFS and private non-industrial

lands, respectively. Lands managed by the USFS tended to have a greater than average

number of band-tailed pigeons detected during point counts while private non-industrial

lands tended to have fewer than average (Fig 3.3). Habitat types 2 and 4 occurred

primarily in the west, habitat type 1 and 3 were mostly central in distribution, and habitat

type 5 existed as a long, narrow strip along the eastern edge of the study area.

Consequently, habitat types also reflected west to east variation in band-tailed pigeon

abundance.

Nest Sites

Successful and unsuccessful band-tailed pigeon nests did not differ in habitat

component variables (potential nest and forage cover and distance to nearest mineral site)



Table 3.1. Descriptive statistics of potential nest and forage cover within 5 landscape-
level habitat types in the central Coast Range of Oregon, 1995.
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Habitat
type Cover

Patch (ha)
PercentMean SD

1 nest 8.4 132.8 53.3
forage 5.9 22.6 15.9
other 3.9 36.4 30.8

2 nest 26.5 1,145.0 78.5
forage 4.2 10.9 5.3
other 2.7 10.3 16.3

3 nest 24.6 1,376.8 77.5
forage 7.5 27.7 11.2
other 2.0 8.3 11.3

4 nest 7.5 101.3 46.8
forage 10.0 101.6 28.8
other 3.5 33.5 24.3

5 nest 22.0 660.1 65.6
forage 12.1 119.4 27.6
other 1.8 5.0 6.8
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Figure 3.7. Mean number of band-tailed pigeons detected during a 1-hour point count by
habitat type and sample period in the central Coast Range of Oregon, 1996-98. Error
bars represent 95% confidence intervals for the means.
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(t 0.62, P 0.535); therefore, successful and unsuccessful nests were pooled. The

percent of potential nest and forage cover in 0.5- and 5-km radius plots around nest sites

resembled the distribution of potential nest and forage cover associated with random

points (Fig. 3.8). The average nest cover and standard deviation in 0 5-km radius plots

was 75.4 ± 19.6 for random locations compared to 81.1 ± 20.1% for nest locations.

Similarly, forage cover in 5-km radius plots averaged 12.3 ± 8.5% for random locations

and 16.0 ± 11.3% for nest locations. Nest locations were closer to mineral sites (9.6 ± 0.5

km ( ± SE)) than random locations (15.3 ±0 5 km). In the study area containing the

nests, all points were <25 km of a mineral site, as compared to 37 km for this study.

Thus, I conclude that the difference in distance to mineral sites of nests and random

points was due to differences in the study area.

Discussion

Point Counts

I found strong evidence that the central Coast Range of Oregon provide uniformly

suitable potential habitat for band-tailed pigeons as observed at landscape scales less than

their home range size (about 11,000 ha). This result can be attributed to the high mobility

of band-tailed pigeons and the limited range of variability in the distribution of habitat

components. Leonard (1998) reported that band-tailed pigeons in the same area have a

breeding home range that averages 11,121 ha (range = 314-180,000). They travel an

average distance of 5.0 km (range = 0.3-5 1.6) to forage sites and 8.4 km (range = 3.5-

14.0) to mineral sites from nest locations (Leonard 1998). Similarly, Curtis and Braun

(1983) reported that 3 band-tailed pigeons in Colorado traveled 7.1-14.0 km from nest
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Figure 3.8. Distribution of potential nest and forage cover estimates for band-tailed
pigeon nests within various circular plots in the central Coast Range of Oregon, 1995.
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locations to forage sites. Because of the generality of potentially used nesting and

foraging areas for band-tailed pigeons, the distribution of these components varied

relatively little across the Coast Range. Eighty percent of the estimates of potential

forage cover ranged from 5-22% and potential nest cover ranged from 49-99% at 323

random locations. The maximum distance to the nearest mineral site was 37 km,

however, most locations were 0-25 km, assuming all mineral sites used by band-tailed

pigeons were known.

In addition to the amount of potential habitat available to band-tailed pigeons in

the central Coast Range of Oregon, the quality also appears to be high. Leonard (1998)

estimated that 96% of the adult (after second year; i.e., after second December 31) band-

tailed pigeons in the Coast Range of Oregon nested annually. Second year band-tailed

pigeons are capable of breeding but rarely nest the first year (Guiterrez et al. 1975, Jarvis

and Passmore 1992, Leonard 1998). Also, band-tailed pigeons have high nest success

rates (0.70) (Glover 1953, MacGregor and Smith 1955, Leonard 1998) and adults have a

high probability (0.96) of survival during the breeding season (Leonard 1998).

The abundance of band-tailed pigeons detected during point counts did not differ

by the number of forest stand types, elevation, or north to south subarea. Differences in

band-tailed pigeon abundance from north to south subarea of the study area were not

expected given the uniformity of forest stand mosaics among subareas. The central

Oregon Coast Range consists of a mosaic of patches that results in a high proportion of

induced edge. Some species, especially game, may increase in abundance and

productivity near edgesoften called edge effectwhile other species may not increase

or may decrease in abundance and productivity (Hunter 1990). There was no evidence
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that band-tailed pigeons respond to edge, or its consequences. Band-tailed pigeons have

been reported to vary in abundance with elevation. The highest densities of band-tailed

pigeons occurred at 1,600-2,700 m elevation in Colorado (Braun 1994) and <305 m in

Washington (Jeffrey 1977). In both Colorado and Washington the elevation preferences

were thought to be related to distribution of forage. Elevation of the central Coast Range

of Oregon typically ranges from 0-600 m, and there was no indication that abundance of

band-tailed pigeons varied with elevation.

Forested areas with 70% canopy cover had a high probability (0.80) of

containing elder and cascara, however, the composition of these shrubs depended on

longitudinal position within the Coast Range. Other authors have reported the

occurrences of red elder, cascara, and blue elder principally in open-canopy disturbed

forests (Starker and Wilcox 1931, Kozloff 1976, Klinka et al. 1989). Similarly, Kozioff

(1976) noted that the 2 kinds of elder do not often mix; red elder grows best near the

coast and in wet places, whereas blue elder inhabits dryer areas and is a more common

species in the Willamette Valley. Although open-canopied forest areas indeed represent

potential forage areas for band-tailed pigeons, the longitudinal position within the study

area and plant species phenology influences forage provision.

Band-tailed pigeons were most abundant along the western 1-third of the Coast

Range and least abundant along the eastern 1-third; decreasing in abundance by 37.4%

with each subarea from the west to east (Fig. 3.2). West to east variation in band-tailed

pigeon abundance coincided with a number of confounding natural and induced

landscape patterns. The study area naturally varied from west to east in climate and

vegetation characteristics. Land ownership and associated management practices impose
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an additional source of variation on the study area from west to east including patch

mosaics and vegetation characteristics. Variation in band-tailed pigeon abundance from

west to east subarea appears to be related to the distribution of forage. Forage

distribution, however, is in part a result of natural phenomena, but also may be influenced

by land ownership and associated forest management practices.

In the Coast Range, berries of red elder and cascara form an abundant, high

energy, and dependable forage supply during the nesting season. Red elder berries are

consumed from late Junemid-August and cascara from late Augustearly September,

consistent with the fruiting phenology of these shrubs (Jarvis and Passmore 1992).

Berries of blue elder become available in early September and are consumed in

September and October. Consequently, available forage for nesting band-tailed pigeons

is greatest along the coastal side of the Coast Range and least along the inland side,

especially during the period when I conducted point counts. The lowest count of band-

tailed pigeons occurred in the second period on the eastern 1-third of the study area. The

second period occurred before blue elder was available and the eastern 1-third of the

study area had the least red elder. Additionally, red elder was probably wilted on the

eastern 1-third of the study area (personal observation) by the second period.

Other authors have reported that food plays a major role in initiation and duration

of the nesting season (Gutierrez et al. 1975, Jarvis and Passmore 1992), and food has long

been recognized for extensively influencing the distribution of band-tailed pigeons (Neff

1947). I am aware of only 1 report of variation in band-tailed pigeon abundance across

the Coast Range. Gabrielson and Jewett (1940) reported that the species is common in
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western Oregon, reaching greatest abundance along the coast; however, they presented no

data or basis for their claim.

Habitat Types

The lack of variation in band-tailed pigeon abundance among habitat types across

the Coast Range provides further evidence that band-tailed pigeons do not select breeding

habitat based on availability of potential nest and forage cover and location of mineral

sites. The reason that habitat type 5 had fewer pigeons during 25 July-16 August is not

clear, but may be related to behavior. Band-tailed pigeons nesting in habitat 5 during the

first period likely were also nesting in the subsequent period. Leonard (1998) reported

that successive nest attempts for radio marked band-tailed pigeons in the same area

averaged 657 m (range = 10-3,712 m). However, fewer band-tailed pigeons may have

been detected during the second period point counts because these birds left the nest site

earlier to obtain forage. The second period occurred before blue elder was available and

the eastern 1-third of the study area had the least red elder. The persistence of red elder

berries along the eastern 1-third of the Coast Range is probably reduced with high inland

temperatures.

Nest Sites

I found no difference in habitat component variables between successful and

unsuccessful band-tailed pigeon nests. Further, distance to the nearest mineral site and

potential forage and nest cover around nest locations strongly resembled that of random

locations (Figs. 3.4 and 3.8). The similarity in habitat components between nest and



random locations provides further evidence that band-tailed pigeons do not respond to

availability of mineral sites and nest and forage cover at the landscape-scale observed.

Management Implications

The data I collected provide strong evidence that band-tailed pigeon populations

within the central Coast Range of Oregon are not limited by breeding habitat availability

(potential nest and forage cover and mineral sites) as observed at landscape scales less

than their home range size (about 11,000 ha). This result can be attributed to the high

mobility of band-tailed pigeons and the limited range of variability in the distribution of

habitat components. Leonard (1998) also found no biologically significant evidence that

these birds select breeding habitat at the tree and patch scale, other than that band-tailed

pigeons typically place their nest in Douglas-fir trees in closed canopy, mixed or conifer

forest stands. The cues by which band-tailed pigeons select breeding habitat is unknown,

but the result is a nearly uniform distribution across the Coast Range, with exception to

variation from west to east across the Coast Range. Population regulation may be related

to fall and winter survival, and availability and quality of wintering habitat.

However, band-tailed pigeons tend to be more abundant along the western 1-third

of the central Coast Range of Oregon than along the eastern 1-third, and this pattern is

correlated with the distribution of red elder and cascara. Possibly the availability of red

elder and cascara imposes a constraint on the Pacific Coast band-tailed pigeon population

size within the range of these species. Food plays a major role in the ecology of band-

tailed pigeons, influencing not only their distribution, but also the initiation and duration

of the nesting season (Neff 1947, Gutierrez et al. 1975, Jarvis and Passmore 1992).

69
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The extent to which red elder and cascara berry production has changed over time

and the effect on the band-tailed pigeon population is unknown. These shrubs are

prevalent in early to intermediate forest successional stages, are prolific producers of

berries, and superficially appear to be abundant. However, little is known about the

autecology of these species. Elder and cascara are among the group of undesirable

competing plants that are suppressed with herbicides and dense restocking of commercial

timber species during intensive reforestation (Hansen et al. 1991). Since the 1930's,

timber volumes have increased at the cost of naturally structured forests, being replaced

with even-aged plantations of Douglas-fir through aggressive reforestation (Harris 1984).

Also, cascara has been highly sought and harvested for medicinal purposes since being

introduced to the medical profession in 1877 (Starker and Wilcox 1931). Starker and

Wilcox (1931) estimated that 2,500 tons of dry cascara bark were harvested annually

between 1919 and 1930, mostly from forests of western Oregon and Washington, but also

northern California. Government statistics placed the annual rate of consumption at

about 500,000 trees per year. Starker and Wilcox (1931) expressed concern that the

supply of cascara was being rapidly depleted and would soon be exhausted if current

harvest rates continued. Much of the original acreage of cascara, and perhaps red elder,

has been cleared for agricultural purposes (Starker and Wilcox 1931). Although the

distribution of red elder and cascara has not likely changed to an appreciable extent, the

volume of berry production most likely has in relation to shrub number, size, form, and

overstory shading. Forest managers should consider the production of elder and cascara

as natural components of landscapes in Pacific Northwest forests, which provide forage

for band-tailed pigeons, but also for other ecological reasons.
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IV. NUTRIENT COMPOSITION OF BAND-TAILED PIGEON FORAGE AND
MINERAL SITES IN WESTERN OREGON

Abstract

Annual counts of congregating Pacific Coast band-tailed pigeons (Columba

fasciata monilis) at mineral sites are used to index abundance; however, little information

exist about why these birds congregate and use mineral sites. I tested the hypothesis that

band-tailed pigeons use mineral sites to supplement dietary calcium during the breeding

season in western Oregon. I compared mineral composition of mineral sites used by

band-tailed pigeons (19 spring, 14 estuary, and 3 waste water), 17 unused sites adjacent

to used sites (300-500 m), and the 3 primary forages (n = 30) of band-tailed pigeons, all

during the nesting season. Forage species included red elder (Sambucus racemosa var.

arborescens), blue elder (S. cerulea), and cascara (Rhamnus purshiana). Sixty-four

percent of used mineral sites had <200 ppm calcium, and calcium did not differ among

red elder, cascara, and blue elder berries (P = 0.276; = 2,157 ppm moisture-free). In

contrast, all but 1 used mineral site had 678 ppm sodium, and sodium concentrations

differed among berries (P <0.001), being 12.7 times greater in red elder than in cascara.

Red elder, however, was low in sodium (254 ppm moisture-free). Red elder, cascara, and

blue elder berries had potassium concentrations of 26,980, 12,470, and 19,690 ppm

(moisture-free), and had a potassium:sodium ratio imbalance of 137.6, 656.3, and 311.8.

I hypothesize that as a result of insufficient sodium intake and inefficient sodium

retention related to cationic electrolyte imbalance, band-tailed pigeons must seek a

sodium source to supplement their diet when foraging on elder and especially cascara

berries. Used and adjacent unused estuary mineral sites did not differ in sodium
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concentration (P = 0.758; = 4,967 ppm). The use of such sites, however, probably

depends on vegetation structure, development, human activity, and the repeated

congregate use by band-tailed pigeons. Mineral sites are scarce in western Oregon (1 per

3,846 km2), and are seemingly critical resources for this species. Eighty-six percent of

currently used mineral sites are privately owned and subject to alteration from land-use

practices. Mineral sites used by band-tailed pigeons should be included in the overall

management scheme for maintaining stable breeding populations of band-tailed pigeons.

Introduction

Band-tailed pigeons (Columbafasciata) use and congregate at mineral sites

throughout their range (Packard 1946, Neff 1947, Morse 1957, Smith 1968, March and

Sadleir 1972, Jarvis and Passmore 1992). This behavior, however, is most frequent and

consistent in that portion of the breeding range of the Pacific Coast population (C. f

monilis) in western British Columbia, Washington, Oregon, and the northern 1-third of

California.

The behavior of band-tailed pigeons at mineral sites indicates that these resources

are critical (Jarvis and Passmore 1992). Band-tailed pigeons home to mineral sites, using

1 or several adjacent sites within a year and in subsequent years. The daily use of mineral

sites is daylight to noon, with 2 apparent times of arrivalearly morning (daylightbOO

h) and late morning (1000-1200 h). Males predominate in early morning and females in

late morning, coinciding with nest attendance schedules. Band-tailed pigeons remain at

mineral sites 1-2 hours, a significant portion of their non-nest attentive diurnal activities.

Most of the time at mineral sites is spent loafing and preening while perched in trees

adjacent to the mineral source. Band-tailed pigeons may descend to the ground multiple
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times, but they spend an average of only 45 seconds on the ground where they drink

water or peck at the soil. Hawks are commonly observed at mineral sites, however, band-

tailed pigeons seem concerned only when near the ground or when closely approached

(about 5-10 m) by a hawk. During the breeding season, band-tailed pigeons use mineral

sites about once per week. The patterti of band-tailed pigeon use of mineral sites

including homing, fidelity, frequent use, time spent at sites, and visits to the ground

despite their apparent vulnerability, all imply that mineral sources are critical resources

during the breeding season.

Use of mineral sites by band-tailed pigeons is well documented. Counts of band-

tailed pigeons at mineral sites are used as an index of population abundance in Oregon

(Jarvis and Passmore 1992) and Washington (Western Upland Migratory Game Bird

Technical Committee 1994). As many as 1,332 band-tailed pigeons have been counted

arriving at 1 mineral site between daylight and noon, but the average of 8 sites is 317

(Jarvis and Passmore 1992). These locations are also popular among sportsmen; a

majority of the band-tailed pigeons harvested in the Pacific Northwest are shot at mineral

sites (Einarsen Ca. 1947, unpublished report; Morse 1950, 1957; March and Sadleir 1972;

Jarvis and Passmore 1992).

Early investigators thought mineral sites were used by band-tailed pigeons only

during fall migration (Einarsen 1953, Morse 1957, Smith 1968). More recent

investigators, however, demonstrated an association between use of mineral sites and

nesting activity (March and Sadleir 1975, Jarvis and Passmore 1992). March and Sadleir

(1975) found high levels of serum calcium during ovulation and production of crop milk.

Both male and female adults regurgitate crop milk, a curd-like substance, to feed their
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young for about 1 week after hatching and then in decreasing amounts until fledging

(March and Sadleir 1975, Griminger 1983). Crop milk contained 0.5 mg calcium/g and

March and Sadleir (1975) estimated that band-tailed pigeons needed 10 mg/day of

calcium to maintain calcium equilibrium while feeding young. They suggested that band-

tailed pigeons used mineral sites to supplement a calcium deficient diet. Mineral sites

investigated by Smith (1968) and March and Sadleir (1972) that were used by band-tailed

pigeons contained high concentrations of calcium ions.

The demonstrated increase in calcium need during reproduction does not,

however, indicate a period of calcium deficiency. Jarvis and Passmore (1992)

hypothesized that in the Pacific Northwest, the diet of band-tailed pigeons during the

breeding season, principally berries of red elder (Sambucus racemosa var. arborescens)

and cascara (Rhamnus purshiana), is deficient in calcium, and that pigeons seek mineral

sites to supplement dietary calcium. Subsequently, Braun (1994) stated that calcium

intake by adults is extremely important during the nesting cycle, especially when feeding

nestlings. The calcium deficiency hypothesis, however, has not been tested.

To test this hypothesis, I compared mineral composition of mineral sites used by

band-tailed pigeons, unused sites, and the diet of band-tailed pigeons, during the nesting

season. I also documented the location and origin of all mineral sites known to be used

by band-tailed pigeons in western Oregon. I reasoned that if band-tailed pigeons visit

mineral sites to supplement dietary calcium, then used mineral sites would contain high

concentrations of calcium, and band-tailed pigeon diets would be deficient in calcium.
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Study Area

My study area encompasses all of western Oregon, from the Pacific Coast to the

western Cascade Range (42°00'-46°15'N, 122°00'-124°35'W). Western Oregon has a

variety of land surfaces including 4 major physiographic regions: Coast Range,

Willamette Valley, Western Cascades, and Kiamath Mountains (Franklin and Dyrness

1973, Loy et al. 1976). The Coast Range region is a long narrow belt of steep mountain

slopes and ridges positioned between the Pacific Ocean and the Willamette Valley. Main

ridge summits generally range in elevation from 450-750 m. The Willamette Valley is a

broad alluvial plain, 200 km long and generally 30-50 km wide, extending along the

eastern side of the Coast Range. Valley floor slopes range in elevation from sea level to

about 120 m. The Western Cascades border the Willamette Valley and extend from

Washington to Oregon. Slopes are gentle and elevations generally range from 900-1,500

m. Located in the southwestern corner of the state, the Klamath Mountains region is a

rugged, deeply dissected terrain. Mountain crests generally vary in elevation from 600-

1,200 m.

Climate is marine west coast, characterized by wet, mild winters (OctoberJune),

and cool, dry sumn-iers (JulySeptember). Rain falls abundantly on the Coast Range and

western slopes of the Cascade Ranges, especially at the highest elevations due to

orographic lifting. Annual precipitation ranges from 100-300 cm, 75-85% of which

occurs between 1 October and 31 March in the form of rain, with some snow at higher

elevations. Temperatures are generally mild, with temperatures during January and July

averaging 2-8°C and 14-20°C, respectively. Average annual temperature range

(difference between the average temp of the warmest and coldest months) reflects the
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degree of continentality; varying from 9-12°C along the Coast Range, 12-15°C along the

Willamette Valley, and 15-18°C along the Western Cascades. The number of days with

dense fog decreases from 40-20 days moving inland across the study area. The minimum

January temperature averages 2.5 to +2.5°C and the maximum July temperature

averages 20-30°C.

Western Oregon is characterized by dense, potentially long-lived (>500 years)

coniferous forests in mountainous regions and diversified agriculture in the Willamette

Valley (Franklin and Dyrness 1973, Jackson and Kimmerling 1993). Most natural

forested areas have an overstory dominated by western hemlock, western redcedar (Thuja

plicata), Douglas-fir (Psuedotsuga menziesii), and red alder (Alnus rubra). Much of the

area is managed for timber production and the dominant tree is the Douglas-fir. The

Willamette Valley landscape is dominated by cities, farmlands, and other development.

Vegetation mosaics of undeveloped areas include Oregon white oak (Quercus garryana)

woodlands, coniferous forests, grasslands and riparian forests. Agricultural production

includes orchard crops, vegetables, grains, hay, berries, grapes, livestock, poultry, and

nursery stock. In coastal valleys, and some parts of the Willamette Valley, dairy farming

is the principal agricultural activity.

Mineral sites used by band-tailed pigeons in western Oregon are usually mineral

deposits or more typically mineralized water. These sites are often naturally occurring

sites, but some are the result of human activity. Dry sites include exposed mineral

deposits during landslides and sites where livestock salt blocks (usually sodium chloride)

were left for a long period of time and dissolved into the soil. Wet sites include

mineralized springs seeping from the ground, salt water in bays and estuaries, waste



water from pulp mills, and abandoned artesian salt wells. Also, used mineral sites are

characterized by ample perching sites adjacent to mineral sources where band-tailed

pigeons may evaluate potential danger.

Methods

Sample Collection

Data analyzed in this study come from water samples collected at, and adjacent to,

mineral sites, and samples of the primary forages consumed by band-tailed pigeons

during the breeding season in the Pacific Northwest (corn silage [Zea mays] and berries

of red elder, blue elder [S. cerulea], and cascara). I collected 2 corn and 10 berry samples

during 29 July-28 August 1997. Each corn sample consisted of 1 3.8 1 plastic bag of corn

kernels. The corn kernels were picked from silage stockpiles at 2 dairy farms located

about 20 km south of Corvallis along the Coast Range and Willamette Valley interface.

These dairies store ground corn (stalks and ears) in open pits during the fall and allow it

to ferment over winter before feeding it to livestock. I frequently observed band-tailed

pigeons selecting corn kernels from silage stockpiles at the 2 dairies. Band-tailed pigeons

used silage corn in the spring, but shifted to berries of red elder when first available in

mid-June (Leonard 1998). The shift in diet coincided with dispersal of breeding band-

tailed pigeons into the Coast and Cascade ranges. Corn samples were frozen hours

after collection to preserve them for laboratory analysis.

I collected berry samples in an approximately 60-km-wide strip from the coast to

Corvallis, which encompassed the 2 major highways (highway 20 and 34) linking the

Willamette Valley to the coast in the central Coast Range of Oregon. Berry samples were
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collected from the Coast Range because it includes the range of red elder, blue elder, and

cascara, and because this area also provides habitat to the largest number of band-tailed

pigeons in Oregon. I collected berries of each species from 10 open-canopied forest areas

where I observed band-tailed pigeons foraging during the same year. These areas where

distributed evenly across the sampling area. Each berry sample consisted of 1 3.8 1

plastic bag of berries picked from 2-3 trees or shrubs in the area known to be used by

band-tailed pigeons. Berry samples were frozen hours after collection to preserve

them for laboratory analysis.

I located mineral sites by investigating leads to sites currently or historically used

by band-tailed pigeons. Leads were pursued in cooperation with sportsmen and

personnel from Oregon Department of Fish and Wildlife (ODFW) and U.S. Geological

Survey. I and ODFW biologists confirmed each mineral site by observing band-tailed

pigeons using the site. For each mineral site, I recorded the site type (spring, estuary, dry

substrate, artificial, and waste water) and location using the Universal Transverse

Mercator grid system (Grubb and Eakle 1988).

I collected a water sample from 19 spring, 14 estuary, and 3 waste-water type

mineral sites between Roseburg and 20 km north of Portland during 13 August-24

September 1997. At each mineral site, I observed band-tailed pigeons drinking water and

then collected from that location a 250 ml water sample in a urethane bottle. I obtained

water samples with a poultry baster in a <5 m radius area and from the top 2 cm of the

water. For comparison, I additionally collected a water sample at 4 reference locations

using a similar sampling procedure. Reference samples included sea, bay, and fresh

water not used by band-tailed pigeons, and water from a spring previously used by band-
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tailed pigeons. Water samples were frozen hours after collection to preserve them for

laboratory analysis.

Spring and waste water mineral sites differed from estuary sites in that the water

source was small and discrete, whereas water at estuary sites was dispersed. Band-tailed

pigeons typically used an area <100 m along the shoreline at each estuary site. To

compare used and unused sites, I collected a water sample from nearby sites not used by

band-tailed pigeons. Samples were collected similar to those collected at used sites

except that I detetiiiined sample locations by selecting similar and seemingly usable areas

300-500 m in each direction along the same shoreline. In some cases, I did not collect

samples at unused sites due to access constraints or severe change in site characteristics.

Water samples were frozen hours after collection to preserve them for laboratory

analysis.

Laboratory Analysis

I analyzed forage samples using 2 different procedures to determine nutrient and

mineral composition. Initial preparation of samples, however, was the same for both

procedures. Each forage sample was stirred thoroughly and then a 500 g sample was

removed and placed in an aluminum pan for drying. I placed samples in a drying oven at

60°C and stirred them daily. After 96 hours, samples were removed and weighed to

determine partial dry matter. Each sample was ground in a Wiley mill to fit through a 1

mm screen and then placed in a sealable plastic laboratory bag. Ground samples were

frozen for future analyses.
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To determine nutrient composition of each forage type, I created a single

composite sample by combining equal portions from each ground sample of a particular

forage type. I considered the single composite sample to be representative of the nutrient

composition of the forage while minimizing laboratory costs. All nutritional composition

analyses were conducted on 4 subsamples from each composite sample (n = 12; 4

subsamples x 4 forage types) to increase estimate precision. I determined the nutritional

value of each subsample using the proximate analysis method (Ensminger et al. 1990).

For each subsample, I determined gross energy, percent water, dry matter, organic matter,

crude protein, lipids, acid detergent fiber, neutral detergent fiber, and inorganic matter

using the methods described by the Association of Official Analytical Chemists (1998),

Goering and Van Soest (1970), and Van Soest et. al. (1991).

To determine mineral composition of each berry type, I analyzed each ground

sample as an independent sample (n = 32). I determined percent water, dry matter, and

inorganic matter following the same procedures as referenced above. Each ground

sample was analyzed in duplicate subsamples (n = 64; 2 subsamples x 32 ground

samples) to increase estimate precision. I submitted ground samples to Oregon State

University's Central Analytical Laboratory for cation analysis by induction coupled

plasma (ICP) spectrometer scan to determine specific mineral content including: arsenic,

boron, calcium, cadmium, chromium, cooper, iron, lead, magnesium, manganese,

molybdenum, nickel, phosphorus, potassium, selenium, sodium, sulfur, and zinc.

Nutritional values are reported on a moisture-free basis.

Water samples were submitted to the Central Analytical Laboratory for cation

analysis by ICP spectrometer scan to determine the concentration of ions including:



aluminum, arsenic, barium, boron, calcium, cadmium, chromium, cobalt, cooper, iron,

lead, magnesium, manganese, molybdenum, nickel, phosphorus, potassium, selenium,

silicon, sodium, sulfur, and zinc.

Data Analysis

Nutrient composition of forage types was determined by averaging the 4

subsamples for each forage type. Measures of variation are not reported because

estimates were based on subsamples from a single composite sample. However,

estimates of mineral composition were based on 10 independent samples for each berry

type. To compare mineral composition among forage types, I used a 1-way analysis of

variance (ANOVA; 3 berry types x 10 samples; n = 30). I used Fischer's protected least

significant difference (FPLSD) test criterion to make pairwise comparisons among means

when the ANOVA was significant (P 0.10). To reduce the Type II error rate, which I

was most concerned about because of the inherent variability in natural systems, I used

a = 0.10 (Type I error rate) rather than the conventional 0.05.

I compared water samples from spring, estuary, and waste water sites used by

band-tailed pigeons to assess differences in mineral content. To evaluate differences

among means, I used a 1-way ANOVA (19 spring, 14 estuary, and 3 waste water mineral

site types; n = 36). I used FPLSD test criterion to make pairwise comparisons among

means when the ANOVA was significant (P 0.10). The mineral composition of

reference samples, including sea, bay, and fresh water samples and a water sample from a

spring previously used by band-tailed pigeons, are reported as single estimates.
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I compared mineral composition of estuary mineral sites used by band-tailed

pigeons (n = 14) with adjacent unused sites (n = 17). I used a paired t-test (n = 26) to

assess differences between used and unused estuary sites. For each mineral, paired

differences were determined by subtracting the adjacent unused site from the used estuary

mineral site. In 3 cases, where 2 adjacent samples were collected (1 300-500 m in each

direction from the used site along the shoreline), I treated each as an independent

comparison with the used site. Thirteen used estuary mineral site samples had adjacent

unused samples. Nine of the 17 unused estuary sites were located between used mineral

sites and therefore were used in 2 comparisons.

Results

Corn seeds and berries of red elder, blue elder, and cascara differed in nutrient

composition. Red elder berries contained the most nutrients, followed in decreasing order

by blue elder, cascara, and corn (Table 4.1). Blue elder and cascara berries were similar

in gross energy (4.7 kcal/g of berries) and crude protein (9.1%). Red elder berries

contained 1.3 times more gross energy (6.3 kcallg of berries) and 1.4 times more crude

protein (13.0%) than both cascara and blue elder. Red elder berries also contained about

2-3 times as much lipids as cascara and blue elder berries. Corn seeds contained the least

gross energy, crude protein, and lipids.

Mineral composition also differed among the 3 berries. Red elder had the highest

mineral content (5.4%), which was 1.1 times greater than blue elder and 1.7 times higher

than cascara (Table 4.2). Of the 12 minerals found in detectable amounts among the 3

berries, 10 differed among the 3 berries (P 0.033), excluding only calcium and boron.



Table 4.1. Nutrient composition (moisture-free) of red elder, blue elder, and cascara
berries and corn seeds from silage in the central Coast Range of Oregon, 1997.

86

Table 4.2. Mineral composition (ppm; moisture-free) of red elder, blue elder, and cascara
berries in the central Coast Range of Oregon, 1997.

Balanced 1-way ANOVA with three berry types: red elder, cascara, and blue elder (n = 30, df = 2,27).
Means within a row followed by the same letter do not differ (P>0.10) based on Fisher's protected least significant

difference test.
'Minerals below detectable limits for all berries: Arsenic (<4), Cadmium (<0.4), Chromium (<0.4), Lead (<0.8), Molybdenum

(<0.4), and Selenium (<4),

Attribute
Red elder Cascara Blue elder Test statisticsa

I SE I SE I SE F P
Water (%) 76.OA" 1.1 71.5B 0.8 82.7C 0.5 47.43 <0.001
Dry matter (%) 24.OA 1.1 28.5B 0.8 17.3C 0.5 47.43 <0.001

Organic (%) 94.6A 0.1 96.8B 0.1 95.2C 0.2 43.66 <0.001
Inorganic' (%) 5.4A 0.1 3.2B 0.1 4.8C 0.2 43.66 <0.001

Boron 15.4 0.9 15.7 1.5 15.6 0.8 0.02 0.982
Calcium 1,960 164 2,290 148 2,220 136 1.35 0.276
Copper 4.9A 0.7 3.3B 0.2 4.5A 0.3 3.88 0.033
Iron 39.7A 5.3 18.6A 1.8 100.5B 16.6 17.70 <0.001
Magnesium 1,630A 97 910B 50 1,240C 43 28.42 <0.001
Manganese 36.4A 3.6 49.2B 5.1 9.2C 0.9 31.81 <0.001
Nickel 0.6A 0.1 0.1B 0.1 1.00 0.1 22.20 <0.001
Phosphorus 3,330A 133 2,290B 148 2,260B 138 19.08 <0.001
Potassium 26,980A 1,086 12,470B 410 19,690C 1,716 36.80 <0.001
Sodium 253.8A 31.8 19.5B 1.0 72.6C 8.3 41.90 <0.001
Sulfur 458.1A 37.5 295.4B 15.2 441.5A 36.0 8.18 0.002
Zinc 11.6A 0.8 7.5B 0.3 14.1C 0.9 22.65 <0.001

Attribute Red elder Cascara Blue elder Corn silage
Gross energy (kcal/g) 6.3 4.6 4.8 4.4

Composition (%)
Water 75.9 69.8 82.1 55.3
Dry matter 24.1 30.2 17.9 44.7

Organic 95.3 97.2 95.9 99.5
Crude protein 13.0 7.8 9.3 2.5
Lipids 33.8 11.9 17.2 5.4
Acid detergent fiber 27.2 12.6 23.4 2.9
Neutral detergent fiber 32.8 16.7 27.9 7.5

Inorganic 4.7 2.8 4.1 0.5
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Of particular interest was the concentration of calcium, sodium, and potassium. Calcium

concentration did not differ among the 3 species and averaged 2,157 ppm (or 0.22%).

Sodium, however, differed considerably among the 3 species. Sodium concentration was

low in red elder (253.8 ppm or 0.03%), but was 13.0 times greater than in cascara, and

3.5 times greater than in blue elder. Potassium concentrations were high (range =

12,470-26,980 ppm or 1.25-2.70%), and differed among the 3 species being greatest in

red elder and least in cascara. Consequently, potassium:sodium ratios were extreme and

differed among the 3 species (F227 = 39.03, P < 0.001). The potassium: sodium ratio was

137.6 ± 33.2 ( ± SE) for red elder, 656.3 ± 41.5 for cascara, and 311.8 ± 50.3 for blue

elder.

I located 83 mineral sites used by band-tailed pigeons; 65 were currently being

used and 18 were previously used (Appendix E). Of the mineral sites that were currently

used by band-tailed pigeons, 33 were classified as springs, 22 as estuaries, 5 as dry sites,

3 as waste water, and 2 as artificial (i.e., livestock salt blocks). Mineral site locations

appeared equally distributed between the north and central 1-third sections of western

Oregon, but only 11(16.9%) of the sites occurred in the southern 1-third section. On an

east-west axis, 22 (33.8%) of the sites occurred along the coastline and 15 (23.1%)

occurred along the interface of the Coast Range and Willamette Valley. The Coast Range

province had 44 (67.7%) of the mineral sites; whereas the Western Cascades, Kiamath

Mountains, and Willamette Valley regions had 11, 8, and 2, respectively. Mineral sites

currently used by band-tailed pigeons were scarce in western Oregon, occurring at a

density of about 1 per 3,846 lcni2 Nine (13.8%) of these mineral sites were publicly

owned and 56 (86.2%) were privately owned.
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The mineral composition of water samples collected from mineral sites currently

used by band-tailed pigeons was highly variable, and differed among site types. Of the

11 minerals found in detectable amounts, 9 differed among the 3 mineral site types

(P 0.06 1), excluding only sodium and manganese (Table 4.3). Sodium concentrations

averaged 4,020 ppm (0.40%) and were greater than all other mineral concentrations.

Sodium concentration among mineral site types was variable, but 88.9% (32/36) of the

cases had 969 ppm sodium (Fig. 4.1). In only 1 case was sodium <678 ppm.

Calcium concentrations were inconsistent among sites types and several of the

sites contained little calcium (Fig. 4.1). Calcium concentration was 17.2 times greater in

spring mineral sites (1,662 ppm or 0.17%) than in estuary and waste water mineral sites

(96 ppm or 0.01%). Calcium concentration was variable among spring mineral sites, and

6 of the 19 springs (3 1.6%) had <200 ppm calcium. Estuary and waste water sites were

less variable, and all samples from estuary and waste water mineral sites contained 192

ppm calcium. Calcium concentration in 64% (23/36) of all mineral sites had <200 ppm

calcium. Overall, mineral sites provided a consistently rich source of sodium but they do

not provide a consistently rich source of calcium. Also, of all minerals present in both

berries and water samples, only sodium occurred in greater concentrations in water

samples than in berry samples.

The mineral source at estuary mineral sites was relatively non-discrete in nature,

and therefore provided an opportunity to compare mineral concentrations between sites

used by band-tailed pigeons and adjacent unused sites. Of the 11 minerals present in

detectable amounts, 5 differed in concentration between used and unused estuary sites

(P 0.018; Table 4.4). These 5 minerals occurred in concentrations of l.68 ppm and
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western Oregon, 1997.
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Unbalanced 1-way ANOVA with three mineral site types: spnng, estuary, and waste water (n = 19, 14, and 3, respectively; df
= 2,33),

Minerals below detectable limits for all site types: Aluminum (<0.03), Arsenic (<0.1), Cadmium (<0.01), Chromium (<0.01),
Cobalt (<0.01), Copper (<0.02), Iron (<0.1), Lead (<0.03), Molybdenum (<0.01), Phosphorus (<0.1), and Selenium (<0.1).

Means within a row followed by the same letter do not differ (P>0.l0) based on Fisheris protected least significant
difference test.

Spring Estuary Waste water Test statisticsa

Attribute' I SE I SE I SE F P
Barium 2.29A' 0.68 0.1OB 0.02 2.99A 2.19 5.29 0.011
Boron 5.72A 1.69 1.53B 0.15 1.4OAB 0.95 3.60 0.041
Calcium 1662.1A 426.3 106.1B 12.1 51.3B 16.9 5.84 0.007
Magnesium 10.6A 3.0 272.7B 29.5 92.00C 24.98 55.54 <0.001
Manganese 0.78 0.46 0.57 0.25 0.18 0.16 0.22 0.807
Nickel 0.02A 0.00 0.O1A 0.00 0.15B 0.08 18.22 <0.001
Potassium 33.7A 6.9 177.4B 27.2 118.OB 54.1 16.45 <0.001
Silicon 5.35A 0.86 1.68B 0.20 16.16C 3.92 31.54 <0.001
Sodium 3480.1 918.9 5027.4 688.7 2741.0 968.4 1.07 0.355
Sulfur 110.2A 31.2 291.7B 38.7 26.7A 5.4 9.18 <0.001
Zinc 0.11A 0.03 0.09A 0.03 0.35B 0.24 3.06 0.061
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Figure 4.1. Distribution of calcium and sodium concentrations in spring, estuary, and
waste-water type mineral sites used by band-tailed pigeons in western Oregon, 1997.
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differed by <0.9 ppm. Sodium and calcium concentrations did not differ between used

and unused estuary sites, and averaged 4,967 ppm sodium and 102 ppm calcium. These

data provide suggestive evidence that estuaries are a rich source of sodium, but there is no

evidence that this resource is limited to the sites currently used by band-tailed pigeons.

The 4 unused reference samples that I collected provided information about how

mineral sites used by band-tailed pigeons may differ from unused water sources

(Table 4.5). The fresh water sample contained virtually no minerals. Sea and bay water

samples contained especially high concentrations of sodium. They also contained

relatively low concentrations of calcium (about 271 ppm), however, the amount of

calcium was 2.7 times greater than that of estuary samples. I also sampled a spring

previously used by band-tailed pigeons. The spring contained 665 ppm calcium and 584

ppm sodium. This spring had a greater concentration of calcium than 33% (12/36) of the

mineral sites currently used by band-tailed pigeons. However, this spring had a lower

concentration of sodium than all of the mineral sites currently used by band-tailed

pigeons, with the exception of the 1 outlier.

Discussion

Mineral Sites

The data I collected do not support the hypothesis that band-tailed pigeons visit

mineral sites to supplement dietary calcium as suggested by March and Sadleir (1972,

1975) and Jarvis and Passmore (1992). Mineral sites used by band-tailed pigeons provide

an inconsistent source of calcium. The mean calcium concentration of spring sites was
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Table 4.4. Mineral composition (ppm) of estuary mineral sites used by band-tailed
pigeons (n = 14), adjacent unused sites (n = 17), and paired differences between used and

Paired t-test between estuary mineral sites used by band-tailed pigeons and adjacent unused sites (n = 26).
Minerals below detectable limits for all site types: Aluminum (<0.03), Arsenic (<0.1), Cadmium (<0.01), Chromium (<0.01),

Cobalt (<0.01), Copper (<0.02), lion (<0.1), Lead (<0.03), Molybdenum (<0.01), Phosphorus (<0.1), and Selenium (<0.1).

adjacent unused sites (n 26) along the coastline of Oregon, 1997.

Used Unused Difference Test statisticsa
Attribut&' I SE I SE I SE t P

Barium 0.10 0.02 0.06 0.01 0.03 0.01 2.53 0.018
Boron 1.53 0.15 1.50 0.20 -0.01 0.12 0.05 0.963
Calcium 106.1 12.1 98.7 14.2 7.8 7.9 0.99 0.330
Magnesium 272.7 29.5 263.2 33.0 9.1 18.9 0.48 0.633
Manganese 0.57 0.25 0.08 0.02 0.54 0.19 2.88 0.008
Nickel 0.01 0.00 0.01 0.00 0.00 0.00 2.74 0.011
Potassium 177.4 27.2 178.1 28.9 -2.2 15.0 0.15 0.884
Silicon 1.68 0.20 2.47 0.33 -0.87 0.27 3.20 0.004
Sodium 5027.4 688.7 4916.5 732.5 121.3 389.4 0.31 0.758
Sulfur 291.7 38.7 285.1 39.9 4.3 21.1 0.20 0.840
Zinc 0.09 0.03 0.03 0.01 0.06 0,02 2.62 0.015
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Table 4.5. Mineral composition (ppm) of reference sites unused by band-tailed pigeons
in western Oregon, 1997.

Minerals below detectable limits for all site types: Aluminum (<0.03), Arsenic (<0.1), Cadmium (<0.01), Chromium (<0.01),
Cobalt (<0.01), Copper (<0.02), Iron (<0.1), Lead (<0.03), Molybdenum (<0.01), Phosphorus (<0.1), and Selenium (<0.1).

Spring was previously used by band-tailed pigeons but has not been used for about 20 years.

Attributes Sea Bay Fresh Spring'
Barium 0.01 0.01 0.01 0.09
Boron 3.6 4.3 0.0 1.6
Calcium 244.0 298.0 7.0 665.0
Magnesium 564.0 670.0 3.0 3.0
Manganese 0.00 0.00 0.00 0.05
Nickel 0.02 0.02 0.01 0.02
Potassium 388.0 453.0 1.0 3.0
Silicon 0.29 1.38 8.91 8.30
Sodium 10330.0 11314.0 12.0 584.0
Sulfur 769.0 764.0 1.0 11.0
Zinc 0.03 0.02 0.00 0.00
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relatively high (1,662 ppm), but it was also highly variable and 31.6% of the springs had

<200 ppm calcium. Both estuary and waste water sites were invariably low in mean

calcium concentration (96 ppm). Sixty-four percent of all mineral sites used by band-

tailed pigeons had seemingly insignificant calcium concentration (<200 ppm). Also, the

spring previously used by band-tailed pigeons contained 665 ppm calcium. This spring

had more calcium than 33% (12/36) of the mineral sites that were currently being used by

band-tailed pigeons. In contrast, berries of red elder, cascara, and blue elder provide

consistently rich sources of calcium. The concentration of calcium averaged 2,157 ppm

and did not differ among the 3 species. Berries contained 1.3 times more calcium than

spring mineral sites and 22.5 times more than estuary and waste water mineral sites.

Instead, the data provide evidence that band-tailed pigeons are associated with

mineral sites with high sodium concentration. Mineral sites used by band-tailed pigeons

provide consistently rich sources of sodium. Sodium concentrations averaged 4,020 ppm

and did not differ among site types. Sodium concentration within mineral site types was

variable, but 88.9% (32/36) of the cases had 969 ppm sodium and 97.2% (35/36) had

678 ppm. The 1 sample with a low concentration of sodium (14 ppm) was collected

along a creek where a potential mineral source was not obvious. Fraser et al. (1980)

reported that biases in mineral concentrations might occur unless the spring source is

located with a conductivity meter; a procedure I did not use. Thus, I may have collected

an inappropriate sample.

March and Sadleir (1972) suggested that calcium was the primary ion sought by

band-tailed pigeons at mineral sites after associating the timing of the breeding season,

the increased calcium demand, and the use of mineral sites with high concentrations of
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calcium. March and Sadleir (1970) did not, however, determine if band-tailed pigeons

were dietarily calcium deficient. In retrospect, the water samples analyzed by March and

Sadleir (1972) from 11 mineral sites in Oregon, Washington, and British Columbia were

consistent with my data. Calcium concentration at 2 of 11 sites had 275 ppm and 3 had

383 ppm. Sodium concentrations at 10 of the 11 mineral sites were 650 ppm. The 1

site of lower sodium concentration contained 145 ppm.

Estuary mineral sites are consistently rich sources of sodium ions. However, the

data that I collected provide evidence that such resources are not limited to those specific

estuary sites used by band-tailed pigeons. Sodium concentration averaged 4,967 ppm and

did not differ between estuary sites used by band-tailed pigeons and adjacent unused

sites. Also, reference samples of sea and bay water contained about 2.2 times more

sodium than estuary sites. Yet, band-tailed pigeons typically use specific tidal areas of

<100 m in length (March and Sadleir 1972) and some of these sites have been used for

>43 years according to recorded ODFW band-tailed pigeon counts. After visiting and

observing band-tailed pigeons at nearly every known mineral site in western Oregon, I

judge that, in addition to specific mineral resources, the landscape features, flocking

behavior, and tradition of use are important to this species.

Most (85%) of the bays along the Oregon coast are associated with at least 1

mineral site used by band-tailed pigeons. However, estuary and other mineral sites used

by band-tailed pigeons appear to have specific characteristics. Used sites are

characterized by surrounding vegetation structure that provides a series of perch sites of

decreasing height with decreasing distance to the mineral source. The most distant perch

sites (about 300 m) are typically conifers and provide a conspicuous perch for detection
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by incoming band-tailed pigeons and a safe vantage point from which to evaluate

potential danger at the mineral source. The final perching site just before accessing the

ground is frequently a standing or downed snag. Over the course of 1-2 hours and in the

absence of perceived danger, band-tailed pigeons move in shifts to lower perches and

eventually to the ground. Any disturbance causes the band-tailed pigeons to return to the

taller and more distant perch sites.

Changes in vegetation structure at these sites may reduce their usefulness to band-

tailed pigeons. Four of the mineral sites that I located in western Oregon were in a clear-

cut, but are no longer used by band-tailed pigeons or are used in low numbers. At

another site, band-tailed pigeons shifted their use about 300 m along the estuary

shoreline. This shift is probably related to the band-tailed pigeon's preferences for

certain vegetation structure. Also, at many estuary mineral sites, band-tailed pigeons use

multiple locations that appear dictated by the presence of snags adjacent to the mineral

resource. March and Sadleir (1972) also suggested that the ecology of the area

surrounding estuary mineral sites is critical to band-tailed pigeons and that they will only

use the vicinity of shoreline with coniferous growth.

Congregations of band-tailed pigeons at mineral sites may play a role in predator

detection and avoidance, creating dependable safe sites for preening, loafing, and

especially acquiring resources from the ground. The band-tailed pigeon is a strong and

swift flying arboreal species capable of avoiding predators by entering a steep dive from

the perch site. From the ground their flight is, in comparison, slow and labored (Jarvis

and Passmore 1992). When band-tailed pigeons go to the ground, they are especially

wary. Most of the pigeons flock to the ground immediately after observing another land
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safely, and all take flight in a single burst at the first impression of danger. Also, band-

tailed pigeons use the same mineral site or adjacent sites within a year and in subsequent

years (Jarvis and Passmore 1992). The importance of traditional use is supported by the

observation of Morse (1957), who observed the creation of a small artesian flow of salt

water near Portland, Oregon. Over the years, band-tailed pigeons found the area and

numbers gradually built up until it was a heavily used spring.

Nutrition

Berries of red elder, blue elder, and cascara, the 3 primary forages consumed by

band-tailed pigeons during the breeding season, provide a rich source of energy and

nutrients for reproduction. The consumption of a nutritious and abundant forage supply

has been directly related to the initiation and timing of reproductive activity in band-

tailed pigeons (March and Sadleir 1970; 1972, Gutirrez et al. 1975, Jarvis and Passmore

1992). In the Pacific Northwest, the availability of red elder has specifically been

associated with the initiation of band-tailed pigeon nesting chronology (March and

Sadleir 1970; 1972, Jarvis and Passmore 1992). Indeed, red elder is an especially

nutritious forage for nesting band-tailed pigeons, containing 6.3 kcal gross energy/g of

berries and 13% protein, especially when compared to corn seeds and other forage types

(see Johnson et al. 1985, Ensminger et al. 1990, Robbins 1993). Similar nutritional

values for red elder and cascara were reported by March and Sadleir (1975) and Jarvis

and Passmore (1992).

A diet of elder and cascara berries also provides a moderate amount of minerals

(about 4.5%). The calcium concentration did not differ among red elder, blue elder and

cascara berries and averaged 2,157 ppm (or 0.22%). Sodium concentration, however,
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differed considerably among berries, being greatest in red elder and least in cascara.

Jarvis and Passmore (1992) reported that band-tailed pigeons feed on red elder berries

almost exclusively from late Junemid-August and then switch to feed almost exclusively

on cascara berries from late Augustearly September. Cascara berries contained 12.7

times less sodium than red elder berries (254 ppm or 0.03% versus 20 ppm or 0.002%).

Also, although red elder contained the greatest concentration of sodium, red elder was

especially low in sodium when compared to other berry species (see Johnson et al. 1985).

Blue elder (72.6 ppm or 0.007% sodium) becomes available as forage for nesting band-

tailed pigeons in late August and September. Jarvis and Passmore (1992) reported band-

tailed pigeon use of mineral sites increased from 15 per day in mid-June to a peak of 60

per day in mid-August. The use of mineral sites approximates the pattern of decreasing

dietary sodium, and provides suggestive evidence that band-tailed pigeons seek

supplemental sodium at mineral sites.

Detailed information necessary for understanding mineral metabolism and

requirements of the band-tailed pigeon and most other wildlife species, in relation to

maintenance and production, is lacking (Robbins 1993). Information currently available

on minerals required in nutrition is for domestic and laboratory animals, and although a

useful starting point to evaluate wildlife diets, the assumption that wildlife have the same

requirements is likely false. However, a diet exclusively of elder and cascara berries

appears adequate when compared to the nutrient requirements of poultry except for

calcium, sodium, and potassium (National Research Council 1994). The requirements for

growing domestic birds range from 0.4-1.2% calcium and 0.30-0.70 potassium, and are

almost invariably 0.15% sodium in the dry diet (Scott et al. 1960, Ingram et al. 1984,
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National Research Council 1994). The calcium and phosphorus requirements for captive,

indeterminate laying birds during maximum egg production is considerably higher than

for growing birds (National Research Council 1994); however, calcium requirements for

band-tailed pigeons during egg production are likely more similar to the requirements for

growing birds because this species almost invariably produces 1 egg per clutch (March

and Sadleir 1970, Leonard 1998). Based on the mineral contents of red elder and cascara

berries, band-tailed pigeons feeding exclusively on these berries may be 2-5 times

deficient in calcium (depending on calcium requirement), 5-75 times deficient in sodium

(depending on berry species consumed), and 2-9 times excessive in potassium

(depending on berry species consumed and potassium requirement).

The diet of band-tailed pigeons feeding exclusively on elder and cascara berries

may be particularly deficient in sodium, but also contains a sodium and potassium cation

electrolyte imbalance. The required potassium:sodium ratio ranges from 2.0-4.7 in

poultry (National Research Council 1994). The potassium: sodium ratio in the diet of

band-tailed pigeons while consuming red elder was 137.6, and increased to 656.3 when

they switched to cascara following the phenology of these species. Electrolyte balance in

a bird's intracellular and extracellular fluids are critical for cellular functions and for

osmotic and acidbase relationships (National Research Council 1994, Kiasing 1998).

Also, absorption and retention of sodium can be lessened by excessive potassium intake

(Rugangazi and Maloiy 1988). Sodium appetite in many mammalian species has been

associated with potassium loading during the consumption of succulent vegetative

forages during the growing season (Herbert and Cowan 1971; Weeks and Kirkpatrick

1976, 1978; Smith et al. 1978; Staaland et al. 1980; Fraser et al. 1982). As a consequence
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of the sodium and potassium cation imbalance in elder and cascara, band-tailed pigeons

may seek a dietary sodium supplement to: 1) balance their cationic electrolyte imbalance,

or 2) satisfy their sodium deficiency caused by insufficient dietary intake and inefficient

sodium retention associated with potassium loading.

A mineral supplement is routinely recommended for captive rock doves, but

specific requirements have not been determined (Levi 1969). Platt (1951) raised pairs of

white king pigeons on grain over 18 months and supplemented the diet with several

mineral mixtures. Oyster shell alone was insufficient, but a mixture of oyster shell

(85%), charcoal (10%), and sodium chloride (5%) proved adequate when various

parameters of squab production were used as criteria. Schorger (1955) reported that the

passenger pigeon (Ectopistes migratorious) frequented salt springs in large number and

that bare earth treated with salt was extremely effective at drawing pigeons in for netting.

It was said that when passenger pigeons fed on beech-nuts they would consume salt, but

when feeding on acorns or grain they would not (Schorger 1955). Jarvis and Passmore

(1992) suggested that band-tailed pigeons in California and the southern Rocky

Mountains infrequently visit mineral sites because their diet is variable, consisting of

cereal grain, agricultural crops, and native seeds, buds, and fruits.

Band-tailed pigeon crop milk has been reported to contain a calcium

concentration of 0.5 mg/g (March and Sadleir 1975). When feeding young, adults must

obtain about 10 mg of calcium per day to maintain calcium balance (March and Sadleir

1975). Red elder and cascara berries contain 0.22% calcium and about 80% moisture.

The quantity of berries assimilated per day is unknown, but I judged the wet berry

capacity to be about 175 ml weighing 94 g based on the quantity removed from harvested
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band-tailed pigeons. Normally, 20-30% of the calcium in the average diet is absorbed

from the intestinal tract and taken into the bloodstream (Ensminger 1990, Robbins 1993).

Thus, a diet of red elder and cascara berries may yield 8.3-12.4 mg per day, based

conservatively on 1 filling of 94 g of berries. It appears that the elevated calcium demand

during the 7-10 days of intensive crop milk production reported by March and Sadleir

(1975) may easily be met while consuming red elder and cascara.

Many bird species depend on mineral intake from natural or anthropogenic

sources to supplement mineral-deficient diets, especially calcium for proper eggshell

formation and skeletal growth (Graveland 1996, Perrins 1996). However, congregations

of animals at mineral sites, sometimes called mineral licks, are rare, and is not a universal

characteristic among any group of animals. Among birds, mineral use is most notable

among a few species of pigeons and doves (Jarvis and Passmore 1992), parrots and

macaws (Emmons and Stark 1979, Gilardi and Munn 1998), and finches (Fraser 1985).

The most plausible hypotheses given to explain the use of mineral sites are to 1) provide

grit for grinding food in the stomach, 2) to serve as a mineral supplement, 3) to buffer

acidic or alkaline foods in the stomach (Bechtold 1996), 4) to detoxify secondary plant

compounds such as alkaloids and tannins (Diamond 1998), and 5) to replace electrolytes

lost during daily diuresis (Adam and Des Lauriers 1998). Most mineral sites have been

found to be high in sodium and calcium, and therefore thought to play a role in

supplementing minerals to animals with an otherwise deficient diet (MacLean 1974,

Fraser 1985, Beletsky and Orians 1989, Tozer 1994, Graveland and Drent 1997).

The ionic content of mineral springs, particularly sodium, seemingly is the

principal attractant to band-tailed pigeons at these sites, although they also are known to
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obtain grit in some cases. The physiological requirement for this ion, however, cannot be

determined without controlled experimentation. In the Northwest, berries of red elder

and cascara, the 2 primary forages consumed during the breeding season, provide a rich

nutritional source necessary for nesting. Berries of red elder and cascara, however,

contain low concentrations of sodium and high concentrations of potassium. The diet of

band-tailed pigeons feeding exclusively on these berries decreases in sodium and

increases in potassium:sodium ratio as they shift from red elder to cascara following the

fruiting phenology of these species. I hypothesize that as a result of dependence on red

elder and cascara berries during the breeding season, insufficient dietary sodium, and

inefficient retention of sodium associated with dietary potassium loading, band-tailed

pigeons must seek a sodium source to supplement their diet. Mineral sites with high

sodium concentration provide a supplementary source of dietary sodium.

Management Implications

Mineral sites are scarce in western Oregon (1 per 3,846 km2), however, mineral

site availability was not found to be a factor limiting the Pacific Coast band-tailed pigeon

population size (Chapter 3). Nevertheless, mineral sites are seemingly important

components in the ecology of this species. The reason that band-tailed pigeons

congregate at mineral sites is unknown, but the data provides suggestive evidence that the

principal attractant is the sodium content of these sites. Use of mineral sites by band-

tailed pigeons coincides with the consumption of red elder and cascara berries during the

breeding season in the Northwest. It appears that sodium serves as a dietary supplement

when foraging exclusively on red elder and especially cascara berries. However, sodium
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ions may play a role in detoxifying secondary plant compounds, buffering acidic forages,

or replacing electrolytes lost during daily diuresis.

A congregation of band-tailed pigeons is seemingly an important feature of used

mineral sites. Large numbers of band-tailed pigeons increase predator detection and

avoidance, creating dependable safe sites for preening, loafing, and especially acquiring

resources from the ground. Management of the area surrounding mineral sites, including

vegetation structure, development, and human activity, may determine whether or not

band-tailed pigeons use a particular area. Eighty-six percent of the known mineral sites

in western Oregon are privately owned and subject to alteration from various land-use

practices. Further, a large portion of the hunting occurs at mineral sites. The behavior of

band-tailed pigeons at mineral sites, whereby they attempt repeatedly to approach and

land near the mineral source despite hunting activity, particularly by about the third day

of hunting, makes this species especially vulnerable. Mineral sites used by band-tailed

pigeons should be included in the overall management scheme for maintaining stable

breeding populations of band-tailed pigeons.
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V. SUMMARY

Several possible explanations must be considered when searching for explanations

for the apparent decline of the Pacific Coast band-tailed pigeon population. I formulated

a conceptual research model stating the research problem and listing all probable

alternative hypotheses that could explain the observation (Figure 1.2). The following

discussion reviews the universality or strength of alternative hypothesis in explaining the

population decline.

Presently, the Pacific Coast band-tailed pigeon population size is unknown

because of the difficulty in locating and observing individual band-tailed pigeons. Three

indicies of band-tailed pigeon abundance, however, all reveal a linear decreasing trend

over about the last 3 decades (Jeffrey 1977, Jarvis and Passmore 1992, Braun 1994).

These indicies include the Breeding Bird Surveys in the coastal areas of British

Columbia, Washington, Oregon, and California; audio counts during June in Washington;

and visual counts at mineral springs during AugustSeptember in Oregon. Although I

did not assess the accuracy of each index, it is unlikely that these three techniques falsely

yield a similar trend estimate. Further, decreasing population trends are, in part,

corroborated by other survey techniques and accounts of sportsman and citizens in the

published literature since the early 1900's (e.g., Grinnel 1913, Taylor 1924, Neff 1947,

Neff 1952).

There is no evidence that the range of the Pacific Coast band-tailed pigeon

population has changed (Neff 1947, Braun 1994). Band-tailed pigeons are restricted to

coniferous forest zones in mountainous area of western North America (Braun 1994). In
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the Coast Range, band-tailed pigeons are nearly uniformly distributed during the peak of

the breeding season (Chapter 2). The probability of detecting a band-tailed pigeon during

a 1-hour point count at a random location is 0.83. Further, the probability of detecting 1-

3 pigeons is high (0.56), while 4-5 is less likely (0.25), and 7-8 is rare (0.02). Given the

distribution of band-tailed pigeons during the time of year when abundance is estimated,

the consistent and linear population trend estimated from 3 different indicies, and the

literature-based recognition of the population decline, there is little support for the

hypothesis that indicies do not represent the Pacific Coast Band-tailed pigeon population

or that their population decline is part of a cyclical pattern.

The resources and conditions occurring in either their wintering or breeding range

may regulate the Pacific Coast band-tailed pigeon population. My research focused

specifically in evaluating the hypotheses related to breeding range resource limitations.

Before investigating band-tailed pigeon habitat relationships, I developed and used a

point count technique to index the abundance of pigeons.

The data I collected provide evidence that band-tailed pigeon populations within

the central Coast Range of Oregon are not limited by availability of potential nesting and

foraging cover and mineral sites at landscape scales less than their home range size (about

11,000 ha). This result can be attributed to the high mobility of band-tailed pigeons and

the limited range of variability in the distribution of habitat components. Leonard (1998)

also found no biologically significant evidence that these birds select breeding habitat at

the tree and patch scale, other than that band-tailed pigeons typically place their nest in

Douglas-fir trees in closed canopy, mixed or conifer forest stands. The cues by which

band-tailed pigeons select breeding habitat is unknown, but the result is a nearly uniform
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distribution across the Coast Range, with exception to variation from west to east across

the Coast Range.

In addition to the amount of habitat available to band-tailed pigeons in the central

Coast Range of Oregon, the quality also appears to be high. Leonard (1998) estimated

that 96% of the adult (after second year; i.e., after second December 31) band-tailed

pigeons in the Coast Range of Oregon nested annually. Second year band-tailed pigeons

are capable of breeding but rarely nest the first year (Guiterrez et al. 1975, Jarvis and

Passmore 1992, Leonard 1998). Also, band-tailed pigeons have high nest success rates

(0.70) (Glover 1953, MacGregor and Smith 1955, Leonard 1998) and adults have a high

probability (0.96) of survival during the breeding season (Leonard 1998).

However, band-tailed pigeons tend to be more abundant along the western 1-third

of the central Coast Range of Oregon than along the eastern 1-third, and this pattern is

correlated with distribution of red elder and cascara. Possibly the availability of red elder

and cascara imposes a constraint on the Pacific Coast band-tailed pigeon population size

within the range of these species. Food plays a major role in the ecology of band-tailed

pigeons, influencing not only their distribution, but also the initiation and duration of the

nesting season (Neff 1947, Gutierrez et al. 1975, Jarvis and Passmore 1992). The extent

to which red elder and cascara berry production has changed over time and the effect on

the band-tailed pigeon population is unknown. The availability of red elder and cascara

berries may have decreased in abundance throughout the Coast Range since the 1900's

given current land use practices, primarily intensive forestry, and the harvesting of

cascara for medicinal purposes (Hansen et al. 1991, Starker and Wilcox 1931).
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Mineral sites are scarce in western Oregon (1 per 3,846 km2), however, their

availability is not a factor limiting the Pacific Coast band-tailed pigeon population size.

Nevertheless, mineral sites are seemingly important components in the ecology of this

species. The reason that band-tailed pigeons congregate at mineral sites is unknown. The

ionic content of mineral springs, particularly sodium, seemingly is the principal attractant

to band-tailed pigeons at these sites, although they also are known to obtain grit in some

cases. In the Northwest, berries of red elder and cascara, the 2 primary forages consumed

during the breeding season, provide a rich nutritional source necessary for nesting.

Berries of red elder and cascara, however, contain low sodium concentration and high

potassium concentration. The diet of band-tailed pigeons feeding exclusively on these

berries decreases in sodium and increases in potassium:sodium ratio as they shift from

red elder to cascara following the fruiting phenology of these species. I hypothesize that

as a result of dependence on red elder and cascara berries during the breeding season,

insufficient dietary sodium, and inefficient retention of sodium associated with dietary

potassium loading, band-tailed pigeons must seek a sodium source to supplement their

diet. Mineral sites with high sodium concentration provide a supplementary source of

dietary sodium. The use of such sites, however, probably depends on vegetation

structure, development, human activity, and the repeated congregate use by band-tailed

pigeons.

Estuary mineral sites are a rich source of sodium ions. However, the data that I

collected provide evidence that such resources are not limited to those specific estuary

sites used by band-tailed pigeons. Sodium concentration averaged 4,967 ppm did not

differ between estuary sites used by band-tailed pigeons and adjacent unused sites.
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However, estuary and other mineral sites used by band-tailed pigeons appear to have

specific characteristics. Used sites are characterized by surrounding vegetation structure

that provides a series of perch sites of decreasing height with decreasing distance to the

mineral source. The most distant perch sites (about 300 m) are typically conifers and

provide a conspicuous perch for detection by incoming band-tailed pigeons and a safe

vantage point from which to evaluate potential danger at the mineral source. The final

perching site just before accessing the ground is frequently a standing or downed snag.

In conclusion, I found no evidence that band-tailed pigeon populations within the

central Coast Range of Oregon are limited by availability of potential nesting and

foraging cover and mineral sites at landscape scales less than their home range (about

11,000 ha). It is possible, however, that the availability of red elder and cascara imposes

a constraint on the population size within the range of these forage species. Regulation of

the Pacific Coast band-tailed pigeon population size may be related to survival during fall

and winter, and availability and quality of wintering habitat. In the Pacific Northwest,

forest managers should consider the production of elder and cascara as natural

components of forest landscapes, which provide forage for band-tailed pigeons, but also

for other ecological reasons. Management of the area surrounding mineral sites,

including vegetation structure, development, and human activity, may determine whether

or not band-tailed pigeons use a particular area. Eighty-six percent of the known mineral

sites in western Oregon are privately owned and subject to alteration from various land-

use practices. Mineral sites used by band-tailed pigeons should be included in the overall

management scheme for maintaining stable breeding populations of band-tailed pigeons.
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Point counts of cooing band-tailed pigeons offer an effective means of estimating

the abundance of band-tailed pigeons in space and time. Point counts should: be 800 m

apart, begin 10 minutes before official local sunrise, last 1-hour in duration, and in the

Coast Range of Oregon, be conducted between 16 June and 24 July. Point counts may

also be conducted between 25 July and 16 August, but a multiplicative factor of 0.49

must be added to counts to make them comparable to counts during the first period. This

technique should be applicable anywhere in the breeding range of the band-tailed pigeon;

however, the uniform period of peak calling activity may need to be verified outside of

the central Coast Range of Oregon. Because band-tailed pigeons are highly mobile and

especially difficult to locate and observe, point counts may currently offer the only means

of spatially indexing the abundance of band-tailed pigeons and for relating abundance to

habitat features. Point counts also offer a flexible and practical means of estimating

abundance in time, and have the potential for use as a range-wide population survey

technique. I estimate that an annual sample size of 180 is required to detect a 20% annual

change in band-tailed pigeon abundance from a mean of 2.5 (given f3 = 0.20, a = 0.10,

SD = 1.94). A sample size of 180 could be collected by 6 people between 16 June and 24

July (6 persons x 6 weeks x 5 work days per week) using 1 or 2 vehicles.

Literature Cited

Braun, C. E. 1994. Band-tailed pigeon. Pages 60-74 in T. C. Tacha and C. E. Braun,
editors. Migratory shore and upland game bird management in North America.
International Association of Fish and Wildlife Agencies, Washington, D.C., USA.

Glover, F. A. 1953. A nesting study of the band-tailed pigeon (Columbaf fasciata) in
northwestern California. California Fish and Game 39:397-407.

Grinnel, J. 1913. The outlook for conserving the band-tailed pigeon as a game bird of
California. Condor 15:25-40.



Gutierrez, R. J., C. E. Braun, and T. P. Zapatka. 1975. Reproductive biology of the
band-tailed pigeon in Colorado and New Mexico. Auk 92:665-677.

Hansen, A. J., T. A. Spies, F. J. Swanson, and J. L. Ohmann. 1991. Conserving
biodiversity in managed forests. BioScience 41:382-392.

Jarvis, R. L., and M. F. Passmore. 1992. Ecology of band-tailed pigeons in Oregon.
U.S. Fish and Wildlife Service, Biological Report 6.

Jeffrey, R. G., Chairman. 1977. Band-tailed pigeon. Pages 211-245 in G. C. Sanderson,
editor. Management of migratory shore and upland game birds in North America.
International Association of Fish and Wildlife Agencies, Washington, D.C., USA.

Leonard, J. P. 1998. Nesting and foraging ecology of band-tailed pigeons in western
Oregon. Ph.D. dissertation, Oregon State University, Corvallis, Oregon, USA.

MacGregor, W. G., and W. M. Smith. 1955. Nesting and reproduction of the band-tailed
pigeon in California. California Fish and Game 41:315-326.

Neff, J. A. 1947. Habits, food, and economic status of the band-tailed pigeon. U.S. Fish
and Wildlife Service, North American Fauna Number 58.

Neff, J. A. 1952. Inventory of band-tailed pigeon populations in Arizona, Colorado, and
New Mexico. U.S. Fish and Wildlife Service, Denver Wildlife Research
Laboratory, Denver, Colorado, USA.

Starker, T. J., and A. R. Wilcox. 1931. Cascara. American Journal of Pharmacy,
Volume 103, Numbers 2:73-97 and 8: 147-175.

Taylor, W. P. 1924. The present status of the band-tailed pigeons on the Pacific Coast.
California Fish and Game 10:1-9.

114



BIBLIOGRAPHY

Adam M. D., and J. R. Des Lauriers. 1998. Observations of hummingbirds ingesting
mineral-rich compounds. Journal of Filed Ornithology 69:257-261.

American Ornithologists' Union. 1957. Check-list of North American birds. Fifth
edition. Lord Baltimore Press, Baltimore, Maryland, USA.

Association of Official Analytical Chemists. 1998. Official methods of analysis.
Sixteenth edition, fourth revision. Association of Official Analytical Chemists
International, Gaithersburg, Maryland, USA.

Barker, R. J. and J. R. Sauer. 1995. Statistical aspects of point count sampling. U.S.
Forest Service General Technical Report PSW-149:125-130..

Bechtold, J. 1996. Chemical characterization of natural mineral springs in northern
British Columbia, Canada. Wildlife Society Bulletin 24:649-654.

Beletsky, L. D., and G. H. Orians. 1989. Boreal chickadees eat ash high in calcium.
Wilson Bulletin 101:349-351.

Bibby C. J., N. D. Burges, and D. A. Hill. 1992. Bird census techniques. Academic
Press, San Diego, California, USA.

Braun, C. E. 1994. Band-tailed pigeon. Pages 60-74 in T. C. Tacha and C. E. Braun,
editors. Migratory shore and upland game bird management in North America.
International Association of Fish and Wildlife Agencies, Washington, D.C., USA.

Bull, E. L. 1981. Indirect estimates of abundance of birds. Studies in Avian Biology
6:76-80.

Charif, R. A., S. Mitchell, and C. W. Clark. 1995. Canary 1.2 user's manual. Cornell
Laboratory of Ornithology, Ithaca, New York, USA.

Curtis, P. D., and C. E. Braun. 1983. Radiotelemetry location of nesting band-tailed
pigeons in Colorado. Wilson Bulletin 95:464-466.

Diamond, J. 1998. Eat dirt. Discover 19:70-75.

Einarsen, A. S. 1953. Problems of the band-tailed pigeon. Proceedings of the Western
Association of State Game and Fish Commissions 33:140-146.

Einarsen, A. S. ca 1947. Band-tailed pigeons. Oregon Cooperative Wildlife Research
Unit. Unpublished report.

115



116

Emmons, L. H., and N. M. Stark. 1979. Elemental composition of a natural mineral lick
in Amazonia. Biotropica 11:311-313.

Ensminger, M. B., J. E. Oldfield, and W. W. Heinemann. 1990. Feeds and nutrition.
Second edition. Ensminger Publishing, Clovis, California, USA.

Franidin J. F., and C. T. Dyrness. 1973. Natural vegetation of Oregon and Washington.
U.S. Forest Service General Technical Report PNW-8.

Fraser, D. 1985. Mammals, birds, and butterflies at sodium sources in northern Ontario
forests. Canadian Field Naturalist 99:365-367.

Fraser, D., B. K. Thompson, and D. Arthur. 1982. Aquatic feeding by moose: seasonal
variation in relation to plant chemical composition and use of mineral licks.
Canadian Journal of Zoology 60:3121-3126.

Fraser, D., E. Reardon, F. Dieken, and B. Loescher. 1980. Sampling problems and
interpretation of chemical analysis of mineral springs used by wildlife. Journal of
Wildlife Management 44:623-631.

Gabrielson, I. N., and S. G. Jewett. 1940. Birds of Oregon. Oregon State College,
Corvallis, Oregon, USA.

Gates, J. E. 1995. Point count modifications and breeding bird abundances in Central
Appalachian forests. U.S. Forest Service General Technical Report PSW-
149:135-144.

Gilardi, J. D., and C. A. Munn. 1998. Patterns of activity, flocking, and habitat use in
parrots of the Peruvian Amazon. Condor 100:641-653.

Glover, F. A. 1953. A nesting study of the band-tailed pigeon (Columbaf fasciata) in
northwestern California. California Fish and Game 39:397-407.

Goering, H. K., and P. J. Van Soest. 1970. Forage fiber analysis (apparatus, reagents,
procedures, and some applications). USDA Agriculture Research Service.
Handbook number 379.

Graveland J., and R. H. Drent. 1997. Calcium availability limits breeding success of
passerines on poor soils. Journal of Animal Ecology 66:279-288.

Graveland, J. 1996. Avian eggshell formation in calcium-rich and calcium-poor habitats:
importance of snail shells and anthropogenic calcium sources. Canadian Journal
of Zoology 74:1035-1044.

Griminger, P. 1983. Digestive system and nutrition. Pages 19-39 in M. Abs, editor.
Physiology and behaviour of the pigeon. Academic Press. San Francisco,
California.



117

Grinnel, J. 1913. The outlook for conserving the band-tailed pigeon as a game bird of
California. Condor 15:25-40.

Grubb, T. G., and W. L. Ealde. 1988. Recording wildlife locations with the Universal
Transverse Mercator (UTM) grid system. U.S. Forest Service Research Note.
RM-483.

Gutierrez, R. J., C. E. Braun, and T. P. Zapatka. 1975. Reproductive biology of the
band-tailed pigeon in Colorado and New Mexico. Auk 92:665-677.

Hansen, A. J., S. L. Garman, and B. Marks. 1993. An approach for managing vertebrate
diversity across multiple-use landscapes. Ecological Applications 3:481-496.

Hansen, A. J., T. A. Spies, F. J. Swanson, and J. L. Ohmann. 1991. Conserving
biodiversity in managed forests. BioScience 4 1:382-392.

Harris, L. D. 1984. The fragmented forest. University of Chicago Press, Chicago,
Illinois, USA.

Herbert, D., and I. McT. Cowan. 1971. Natural salt licks as a part of the ecology of the
mountain goat. Canadian Journal of Zoology 49:605-610.

Hitchcock, C. L., and A. Cronquist. 1991. Flora of the Pacific Northwest. University of
Washington Press, Seattle, USA.

Hunter, M. L., Jr. 1990. Wildlife, forest, and forestryprinciples of managing forests
for biological diversity. PrenticeHall, Englewood Cliffs, New Jersey, USA.

Hunter, M. L., Jr. 1997. The biological landscape. Pages 57-67 in K. A. Kohm and J. F.
Franklin, editors. Creating a forestry for the 21st century. Island Press,
Washington, D.C., USA.

Ingram, D. R., H. R. Wilson, W. G. Nesbeth, B. L. Breane, and C. R. Douglas. 1984.
Sodium chloride requirements of bobwhite quail chicks. Poultry Science
63:1837-1840.

Jackson, P. L., and A. J. Kimmerling, editors. 1993. Atlas of the Pacific Northwest.
Oregon State University Press, Corvallis, Oregon, USA.

Jarvis, R. L., and M. F. Passmore. 1992. Ecology of band-tailed pigeons in Oregon.
U.S. Fish and Wildlife Service, Biological Report 6.

Jeffrey, R. G. 1989. The band-tailed pigeon: distribution, effects of harvest, regulations,
mortality rates, and habits, 1968-79. Final Report, Washington Department of
Wildlife, Olympia Washington.



118

Jeffrey, R. G., Chairman. 1977. Band-tailed pigeon. Pages 211-245 in G. C. Sanderson,
editor. Management of migratory shore and upland game birds in North America.
International Association of Fish and Wildlife Agencies, Washington, D.C., USA.

Johnson, R. A., M. F. Wilson, and J. M Thompson. 1985. Nutritional values of wild
fruits and consumption by migrant frugivorous birds. Ecology 66:819-827.

Kepler, C. B., and J. M. Scott. 1981. Reducing bird count variability by training
observers. Studies in Avian Biology 6:366-371.

Keppie, D. M. 1970. The development and evaluation of an audio-index technique for
the band-tailed pigeon. M.S. thesis, Oregon State University, Corvallis, Oregon.

Keppie, D. M. 1973. Morning commencement of calling of band-tailed pigeons in
Oregon. Murrelet 54:28-30.

Keppie, D. M. 1977. Morning versus afternoon calling of band-tailed pigeons. Journal
of Wildlife Management 41:320-322.

Keppie, D. M., H. M. Wight, and W. S. Overton. 1970. A proposed band-tailed pigeon
censusa management need. Transactions of the North American Wildlife and
Natural Resources Conference 35:157-171.

Kiasing, K. C. 1998. Comparative avian nutrition. CAB International, New York, New
York, USA.

Klinka, K, V. J. Krajina, A. Ceska, and A. M. Scagel. 1989. Indicator plants of coastal
British Columbia. University of British Columbia Press, Vancouver, British
Columbia, Canada.

Kozloff, E. N. 1976. Plants and animals of the Pacific Northwest: an illustrated guide to
the natural history of Western Oregon, Washington, and British Columbia.
University of Washington Press, Seattle, Washington, USA.

Leonard, J. P. 1998. Nesting and foraging ecology of band-tailed pigeons in western
Oregon. Ph.D. dissertation, Oregon State University, Corvallis, Oregon, USA.

Levi, W. M. 1969. The pigeon. Levi Publishing Company, Sumter, South Carolina,
USA.

Loy, W. G, S. Allan, and C. P. Patton. 1976. Atlas of Oregon. University of Oregon
Books, Eugene, Oregon, USA.

MacGregor, W. G., and W. M. Smith. 1955. Nesting and reproduction of the band-tailed
pigeon in California. California Fish and Game 41:315-326.

MacLean, S. F., Jr. 1974. Lemming bones as a source of calcium for arctic sandpipers
(Calidris spp.). Ibis 116:552-557.



March, G. L., and R. M. F. S. Sadleir. 1970. Studies on the band-tailed pigeon
(Columbafasciata) in British Columbia. I. Seasonal changes in gonadal
development and crop gland activity. Canadian Journal of Zoology 48:1353-
1357.

March, G. L., and R. M. F. S. Sadleir. 1972. Studies on the band-tailed pigeon
(Columbafasciata) in British Columbia. II. Food resources and mineral-
gravelling activity. Syesis 5:279-284.

March, G. L., and R. M. F. S. Sadleir. 1975. Studies on the band-tailed pigeon
(Columbafasciata) in British Columbia. ifi. Seasonal changes in body weight and
calcium distribution. Physiological Zoology 48:49-56.

Marten, K., and P. Marler. 1977. Sound transmission and its significance for animal
vocalizations. I. Temperate Habitats. Behavioral Ecology and Sociobiology
2:271-290.

McCaughran, D. A., and R. Jeffrey. 1980. Estimation of the audio index of relative
abundance of band-tailed pigeons. Journal of Wildlife Management 44:204-209.

Morse, W. B. 1950. Observations on the band-tailed pigeon in Oregon. Proceedings of
the Western Association of State Game and Fish Commissions 30:102-104.

Morse, W. B. 1957. The bandtailanother forest crop. American Forests 63(9):24-25,
32, 34.

National Research Council. 1994. Nutrient requirements of poultry. National Academy
of Science, Washington, D.C., USA.

Neff, J. A. 1947. Habits, food, and economic status of the band-tailed pigeon. U.S. Fish
and Wildlife Service, North American Fauna Number 58.

Neff, J. A. 1952. Inventory of band-tailed pigeon populations in Arizona, Colorado, and
New Mexico. U.S. Fish and Wildlife Service, Denver Wildlife Research
Laboratory, Denver, Colorado, USA.

Packard, F. M. 1946. Some observations of birds eating salt. Auk 63:89.

Perrins, C. M. 1996. Eggs, egg formation and the timing of breeding. Ibis 138:2-15.

Peterjohn, B. G., and J. R. Sauer. 1993. North American breeding bird survey annual
summary 1990-1991. Bird Populations 1:1-15.

Peterjohn, B. G., and J. R. Sauer. 1994. Population trends of woodland birds from the
North American Breeding Bird Survey. Wildlife Society Bulletin 22:155-164.

119

Peters, H. J. 1962. Nuptial Behavior of the band-tailed pigeon in the San Francisco Bay
area. Condor 64:445-470.



120

Petit, D. R., L. J. Petit, V. A. Saab, and T. E. Martin. 1995. Fixed-radius point counts in
forests: factors influencing effectiveness. U.S. Forest Service General Technical
Report PSW- 149:49-56.

Platt, C. S. 1951. A study of the composition of mineral mixtures for pigeons. Poultry
Science 30:196-198.

Platt, J. R. 1964. Strong inference. Science 146:347-353.

Ralph, C. J., and J. M. Scott, editors. 1981. Estimating numbers of terrestrial birds.
Studies in Avian Biology 6.

Ralph, C. J., J. R. Sauer, and S. Droege, technical editors. 1995. Monitoring bird
populations by point counts. U.S. Forest Service General Technical Report PSW-
149.

Ramsey, F. L., and D. W. Schafer. 1997. The statistical sleuth. Duxbury Press,
Belmont, California, USA.

Reynolds, R. T., J. M. Scott, and R. A. Nussbaum. 1980. A variable circular-plot
method for estimating bird numbers. Condor 82:309-3 13.

Robbins, C. T. 1993. Wildlife feeding and nutrition. Second edition. Academic Press,
San Diego, California, USA.

Rugangazi, B. M., and G. M. 0. Maloiy. 1988. Studies on renal excretion of potassium
in the dik-dik antelope. Comparative Biochemical and Physiology 90: 121-126.

Schorger, A. W. 1955. The passenger pigeon. University of Wisconsin Press, Madison,
Wisconsin, USA.

Scott, M. L., A. Van Tienhoven, E. R. Holm, and R. E. Reynolds. 1960. Studies on the
sodium, chlorine and iodine requirements of young pheasants and quail. Journal
of Nutrition 7 1:282-288.

Sisson, L. H. 1968. Calling behavior of band-tailed pigeons in reference to a census
technique. M.S. thesis, Oregon State University, Corvallis, Oregon, USA

Smith, M. C., J. F. Leatherland, and K. Myers. 1978. Effects of seasonal availability of
sodium and potassium on the adrenal cortical function of a wild population of
snowshoe hares, Lepus americanus. Canadian Journal of Zoology 56:1869-1876.

Smith, W. A. 1968. The band-tailed pigeon in California. California Fish and Game
54:4-16.

Spies, T. A., J. Tappeiner, J. Pojar, and D. Coates. 1991. Trends in ecosystem
management at the stand level. Transactions of the North American Wildlife and
Natural Resources Conference 56:628-639.



121

Staaland, H., R. G. White, J. R. Luick, and D. F. Holleman. 1980. Dietary influences on
sodium and potassium metabolism of reindeer. Canadian Journal of Zoology
58:1728-1734.

Starker, T. J., and A. R. Wilcox. 1931. Cascara. American Journal of Pharmacy,
Volume 103, Numbers 2:73-97 and 8:147-175.

Steel, R. G. D., and J. H. Torrie. 1980. Principles and procedures of statistics. Second
edition. McGraw-Hill, New York, New York, USA.

Tacha, 1. C., and C. E. Braun, editors. 1994. Migratory shore and upland game bird
management in North America. International Association of Fish and Wildlife
Agencies, Washington, D.C., USA.

Tappeiner, J. C., D. Lavender, J. Walstad, R. 0. Curtis, and D. S. DeBell. 1997. Pages
15 1-164 in K. A. Kohm and J. F. Franidin, editors, Creating a Forestry for the 21st
Century. Island Press, Washington, D.C., USA.

Taylor, W. P. 1924. The present status of the band-tailed pigeons on the Pacific Coast.
California Fish and Game 10:1-9.

Tozer, R. 1994. Red crossbills feeding at mineral sources. Ontario Birds 12:102-108.

Trauger, D. L. 1981. The need for censuses in policy making Studies in Avian Biology
6:5-6.

Van Soest, P. J, J. B. Robertson, and B. A. Lewis. 1991. Methods for dietary fiber,
neutral detergent fiber and non-starch polysaccharides in relation to animal
nutrition. Journal of Dairy Science 74:3583-3597.

Verner, J. 1981. Assessment of counting techniques. Current Ornithology 2:247-302.

Verner, J. 1981. Measuring responses of avian communities to habitat manipulation.
Studies in Avian Biology 6:543-547.

Verner, J. 1985. Measuring responses of avian communities to habitat manipulation.
Studies in Avian Biology 6:543-547.

Verner, J. 1988. Optimizing the duration of point counts for monitoring trends in bird
populations. U.S. Forest Service Research Note PSW-395.

Verner, J., M. L. Morrison, and C. J. Ralph, editors. 1986. Wildlife 2000. University of
Wisconsin Press, Madison, Wisconsin, USA.

Weeks, H. P., Jr., and C. M. Kirkpatrick. 1976. Adaptations of white-tailed deer to
naturally occurring sodium deficiencies. Journal of Wildlife Management
40:610-625.



122

Weeks, H. P., Jr., and C. M. Kirkpatrick. 1978. Salt preferences and sodium drive
phenology in fox squirrels and woodchucks. Journal of Mammology 59:53 1-542.

Western Migratory Upland Game Bird Technical Committee. 1994. Pacific Flyway
management plan for the Pacific Coast population of band-tailed pigeons. Pacific
Flyway Council, U.S. Fish and Wildlife Service Portland, Oregon, USA.

Wiens, J. A. 1989. The ecology of bird communities: Volume 2. Processes and
variations. Cambridge University Press, Cambridge, UK.

Wiens, J. A., and J. T. Rotenberry. 1981. Censusing and the evaluation of avian habitat
occupancy. Studies in Avian Biology 6:522-532.

Wiley, R. H., and D. G. Richards. 1982. Adaptations for acoustic communication in
birds: sound transmission and signal detection. Pages 130-181 in D. E.
Kroodsma, E. H. Miller, and H. Ouellet, editors, Acoustic communication in
birds, Volume 1. Academic Press, New York, New York, USA.



123

APPENDICES



Appendix A. Distance to the nearest mineral site used by band-tailed pigeons in the
central Coast Range of Oregon, 1996-98.
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Appendix B. Land ownership in the central Coast Range of Oregon, 1991.
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Appendix C. Random point locations in the central Coast Range of Oregon, 1996-98.
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Appendix D. Potential nesting and foraging cover for band-tailed pigeons in the central
Coast Range of Oregon determined from 1988 and 1995 Thematic Mapper Imagery.
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Appendix B. Mineral sites used by band-tailed pigeons in western Oregon, 1996-1998.
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