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ABSTRACT

Accuracy of several census methods in estimating breeding
populations of five species of birds was investigated on the shortgrass
prairie on 10, 8.1-ha plots and a 39.4-km roadside route, Methods
employed included spot-mapping, flushing, total count, ratio, road-
side and Emlen strip count procedures. Systematic nest searches
provided an absolute base. Live-trapping on the study plots gave
another index of breeding densities. For reasons discussed, the
mapping method was the most accurate.

Final calculated densities were horned larks - 51.9 pr/100 ha,
McCown's longspurs - 28.4, lark buntings - 27.2, Brewer's sperrow -
13. 6 and western meadowlarks - 4,9,

A detailed field analysis was made of factors affecting the
accuracy of the mapping method. Those factors tested were width of
the census strip, speed of traverse, time of day, observer variation,
weather and species effectivity. Results are presented.

Attempts to correlate weekly roadside counts to weekly plot

counts and year-to-year population fluctuations with changes in

climatic variables were inconclusive. In a separate analysis, slope
proved to be nonsignificant as a factor in nest site selection by horned

larks and McCown's longspurs.
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CHAPTER ]

INTRODUC TION

Since 1968, scientists from a variety of disciplines have been
conducting in-depth studies into the functioning and interrelationships
of the components of the shortgrass prairie ecosystem in northcentral
Colorado. Their efforts have been directed by the Grassland Biome,
U. S. International Biological Program (IBP), as part of the world-
wide investigation into the complex interactions of six diverse eco-
systems. In the United States the program is sponsored by The
National Science Foundation., A primary goal of these exacting
endeavors is to develop a predictive mathematical model of each eco-
system that is capable of accurately revealing the end results of
various man-induced and naturally occurring perturbations.

Certain data on all state and driving variables of the ecosystem
as well as the process (flow) mechanisms are needed as input for con-
struction of the models. Estimates of density and standing crop bio-
mass are necessary for all living state variables. This is true for
species at upper as well as lower trophic levels of the ecosystem
despite the reduced biomass present at upper levels because of the
inefficiency of energy transfer through the system. Procedures for
determination of these density estimates are almost as varied as the

organisms themselves.



These procedures may be especially complex when highly mobile
species such as birds are involved. For this reason, density estimates
of birds are generally based on the status of the population during the
breeding season when individuals are most stationary. Estimates
made at other times of the year must often be limited to indirect counts,
and the resulting indices of abundance may be unreliable (but see
Robbins 1970).

In contrast with other avifaunas, detailed studies of the densities
of prairie birds, especially as a unit, have been few. Early investi-
gators (e.g., Linsdale 1928, Dice 1930) generally limited their com-
ments on density to comparisons of relative abundance as determined
by the number of individuals of a species encountered in a set time
period. Later, densities were given as individuals or pairs occupying
a certain area, such as birds per acre (Kendeigh 1941} or pairs per
100 acres {Wing 1949). Other measures of density have included
number seen per unit distance {Bennett and Hendrickson 1938, Allen
and Sime 1943) or per unit volume (Davis 1942), More recent studies
(Cody 1966, 1968; Wiens 1969, 1973; Creighton 1973) have been con-
cerned with previously unrecognized variety of niches available to
grassland birds that permits spatial segregation of bird species
because of differences in vegetative growth form, height and density,
Avian densities and biomasses are now often describ.ed. and compared

in relation to these minor divisions within the grassland community,



In July, 1968, two techniques for censusing the prairie avifauna
were selected and initiated on the Pawnee Site in northcentral Colorado.
This area is the intensive site for field studies within the Grassland
Biome, U. S, IBP. One method consisted of a 50-stop, 39.4-km
{24. 5-mi) roadside count along a predetermined route., The other
involved the periodic counting of six, 8.1-ha (20-A) permanent plots
located in native pastures subjected to different degrees of grazing by
domestic stock,

The first year's data from these counts were summarized and
reported by Ryder and Cobb (1969)., Giezentanner (1970, Giezentanner
and Ryder 1969) expanded and continued the study during 1969 and
1970. Emphasis of the study was changed by Strong (1971, Strong and
Ryder 1971) as he concentrated on reproductive rates, nestling growth
and nesting phenology. Density data were still gathered by Strong but
have not been published. Densities of large raptors, which require
different methods of estimation, were reported by Olendorff (1972,

1973) and Ryder (1972).

The Problem

Throughout the aforementioned investigations on the Pawnee Site,
there was no serious attempt to assess the accuracy of either census
method. Validation of the project's predictive model required that

accuracy of the census methods be assessed.



Therefore, the objectives of this study were:

1. To determine the actual breeding density of avian species
nesting on the census plots;

2. To assess the accuracy of the plot count and roadside count
methods as used in the past to measure actual breeding density of
the avifauna of the shortgrass prairie;

3. 1f necessary, to select and test a new census method that
might be more accurate than the above techniques;

4. To compare present densities with those of past studies and

relate fluctuations to possibly causative climatic factors.

Delimitations

The census plots were located on the Central Plains Experimental
Range (CPER) in northwestern Weld County, Colorado. The roadside
census route extended through the CPER into the Pawnee National
Grassland (Fig. 1). Attempts were made to conduct both censuses
weekly during the breeding season (April 1 - July 31) in 1972 and
1973, Censuses were made monthly during the remainder of the year;
however, those data are not presented. All birds observed during
either census were recorded. However, only species which nested
on the census plots will be included in the following d.i;.scussions.

These were the horned lark {Eremophila alpestris), McCown's longspur

(Calcarius meccownii), lark bunting (Calamospiza melanocorys},

western meadowlark (Sturnella neglecta), Brewer's sparrow (Spizella
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breweri), mourning dove (Zenaida macroura), and mountain plover

(Charadrius montanus).

Definitions

Breeding density is defined as the number of pairs of birds
believed to be nesting per 100 hectares.

Spot-mapping, or territorial mapping, is an area census pro-
cedure based on delineating territories by the repeated presence of
singing males.

A registration is the recording of a singing male during one
census or survey.

An observation is the recording of a non-singing bird during a
census.

Species effectivity is ''the percentage of the stationary population
(of one species) which will be registered on the average at each stan-
dard survey'" (Enemar 1959),

The flushing method is an area census technique based on
delineating territories by repeated (20+) flushing of the territory
holder,

The floating population is that part of the breeding population
composed of non-stationary, non-breeding birds.

The total population is composed of the floating population and

the stationary, breeding population,



The ratio method is an indirect area census procedure based on
the ratio of the mean total population to the breeding population as
determined by the flushing method. It is used for years in which the
mean total population is known, and the flushing method has not been
utilized,

The coefficient of detectability represents '""the proportion of
the population of an area that is ordinarily detected by an observer

running a transect" (Emlen 1971).



CHAPTER II
STUDY AREA

The Pawnee Site of the Grassland Biome lies on the Central
Plains Experimental Range of the Agricultural Research Service,
U. S. Department of Agriculture. AH census plots were located on
this 6070-ha (15, 000-A) native prairie area. The headquarters for
the CPER is approximately 16 km north and 6.4 km east of Nunn,
Weld County, Colorado (S12, T10 N, R 66 W, 6 PM; 40°51'N, 104°
43'W). Headquarters for the Pawnee Site is 12.8 km north and 1 km
east of Nunn. The roadside census route extended through the CPER
into the northwestern portion of the 312,660 -ha (772, 000-A) Pawnee

National Grass-land, which is administered by the U. S. Forest Service.

Topography and Soils

Topography of the region is rolling hills with an average eleva-
tion near 1650 m (5400 ft), Elevation on the 10 census plots ranges
from 1642, 3 tq 1684. 3 m (5388 - 552¢ ft). Lower areas are often quite
flat and generally more heavily vegetated than the rockier hilltops.
Playas and ephemeral ponds are common, and there are a few inter-
mittent creeks. Soils are primarily sandy loams of the Ascalon, Vona
or Renohill types with smaller areas of finer textures of complexes

(Jameson 1969),






The area is characterized by a severe continental climate,
subjecting it to a wide range of temperature extremes. Temperature
records have been collected by CPER personnel since 1947 and indi-
cate fluctuations in mean maximum temperatures from 22.2° C
(400 F) in January to 47, 2° ¢ (85o F) in July (Jameson 1969). Extreme
mean minimum temperatures are -12.2° C (100 F') for January and
27.8° C (50° F) for July. Daily temperatures are also capable of
wide fluctuations, especially during the early part of the breeding
season. Strong winds are common, especially in late winter and early
spring.

Average annual precipitation ranges from 25.4 to 38.1 cm
(10 - 15 inches). Approximately 80 percent of the rainfall occurs
during May through September when light thunderstorms are common.

Relative humidity is generally low,

Vegetation

The vegetation of the native prairie of the CPER and the Pawnee
National Grassland is characterized by the dominance of two short-

grasses, blue grama (Bouteloua gracilis) and buffalo grass (Buchloe

dactyloides) (Klipple and Costello 1960). These may be supplemented
locally by various thread leaf and needle leaf sedges, including Carex
filifolis and C. eleocharis, Midgrasses, too, are occasionally found

in association with the dominant shortgrasses. Some of the more
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important midgrasses are western wheatgrass (Agropyron smithii),

needle-and-thread (Stipa comata), green needlegrass (Stipa viridula)

and red three-awn (Aristida longiseta),

Commonly found perennial forbs included scarlet globemallow

{Spaeralcea coccinea), slim flower scurfpea (Psoralea tenuiflora),

slenderbush eriogonum (Eriogonum microthecium}, silky crazyweed

{Oxytropis sericea), scarlet gaura (Gaura coccinea) and senecio

(Senecio spp. ). Important annual forbs are Russian thistle (Salsola
kali), pale evening primrose (Oenothera pallida) and lambsquarter

{Chemopodium spp. ).

The dominant shrubs are fourwing saltbush (Atriplex canescens),

fringed sage (Artemisia frigida) and winterfat {Eurotia lanata). CQther

shrubs found occasionally include rubber rabbitbrush (Chrysothamnus

nauseosus), broom snakeweed (Gutierrezia sarothrae) and big sage-

brush (Artemisia tridentata). Plains prickly pear (Opuntia polyacantha)

is plentiful throughout the area and often occurs in large, dense clumps.

The ball cactus {Echinocerrus vivipara) is much less common.

The occurrence and dominance of many of the above plants can
be strongly influenced by varying intensities and seasons of grazing
(Klipple and Costello 1960)., For example, fourwing saltbush is
abundant on ungrazed or winter-grazed areas but is absent on heavily
summer-grazed pastures. Studying the effects of these different utili-

zations by domestic stock has been one of the main areas of emphasis
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by the Agricultural Research Service on the CPER. To this end, use
of certain pastures on the CPER for grazing has been controlled for
over 30 years.

Summer-use pastures are generally grazed from about May 10
to November 10. The animals are then shifted to winter-use pastures
for the remainder of the year. Each of the three different intensities
of grazing--heavy, moderate and light--is administered to a summer-
and winter-use pasture for a total of six treatments. The three inten-
sities are designed to remove approximately 60, 40 and 20 percent,
respectively, of the annual plant growth.

The distribution of the grazing within a certain pasture has been
found to be quite variable. Lightly-grazed pastures are characterized
by areas of heavy grazing, especially prevalent on hilltops and ridges,
surrounded by areas with little or no grazing. Moderately-grazed
ranges are intermediate between this patchy condition and the uniform
appearance of heavily-grazed pastures. Giezentanner (1970) studied
the effect of these grazing patterns on the distribution and abundance

of grassland birds.

Study Plot Descriptions

Giezentanner established one, &8.1-ha plot for avian census in
each of the six different grazing treatment pastures. FEach plot
measured 200 x 400 m (660 x 1320 ft) and was marked with a numbered

grid pattern, To form the grid, 66, 12.7-ecm (5-in) square steel
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plates with welded stakes were driven into the ground at 40 m (132 ft,
2 chain) intervals around the perimeter and throughout the interior of
the plot. This subdivided a plot into 50 squares, each about 0,16 ha
(0.40 A). The location of each plate was marked by small engineering
flags for ease of orientation within the plot. Each plate was also
painted with the north-south and east-west line numbers so that the
exact position of that particular intersection within the grid could
always be known.

Those same six census plots were used by the author in the
present study. They were used exactly as laid out by their originator;
only reflagging was necessary to bring them back to their original
standards. Giezentanner (1970) gave a thorough description of the
vegetation and topography of each of these original census plots. To
avoid duplication, only a tabular recapitulation is given for complete-
ness (Table 1), |

In April 1972, four new 8. 2-ha census plots were established in
the heavily summer-grazed pasture, as it was considered most repre-
sentative of the region as a whole. They were created to provide addi-
tional information about the breeding population on this typical short-
grass prairie area, especially increased precision of estimating the
breeding density. The new plots, called 1A through 1D, were surveyed
with a staff compass and two-chain tape and marked and labeled like
the original plots. The location and orientatior of these additional

plots within the pasture is shown in Fig. 2.
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Z

Plot 1D

Plot 1A

Plot 1

Fig. 2. Location and orientation of newly established replicate
plots in 23E,
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Enough similarities existed between the new plots and Plot 1,
the original plot in the heavily summer-grazed pasture (23E), that they
were deemed replicates and the data were treated accordingly,
Although no quantitative vegetation analysis was performed, it was
apparent that all plots in 23E were dominated by blue grama, buffalo
grass and plains prickly pear. Little lifter was present. Midgrasses
were generally absent, and forbs were mostly widely scattered,
although a dense patch of silky crazyweed approximately 0. 4 ha in
extent occurred near the middle of Plot 1B. Shrubs were absent,
Most palatable plants were grazed to a height of 2.5 to 5.1 cm. It was
also apparent that the northwestern part of Plot 1A and the northern
half of Plot 1C had much densier stands of prickly pear than elsewhere
in the pasture. Consequences of these were important in nest searches
and will be discussed later. Elevation extremes only varied 23,5 m
within this 129.9-ha (320-A) pasture. Topography of the new plots is

shown in detail in Figs. 3 and 4.

Roadside Route Description

As mentioned earlier, the 50-stop, 39.4-km roadside census
route extended through the CPER and into the Pawnee National Grass-
land. While most stops were at shortgrass prairie localities, a
variety of other habitats were also encountered that were not found
on the systematically selected census plots. Included in these diverse

situations were windbreaks, dry and irrigated croplands and inhabited
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-

Fig. 3.

Topography of two new replicate plots in 23E, Pawnee Site,
Top - Plot 1B, Bottom - Plot 1A. Scale is 1''=240', contour
interval is 2' and north is toward the top of the page.
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Fig. 4. Topography of two new replicate plots in 23E, Pawnee Site.

Top - Plot 1D. Bottom - Plot 1C. Scale is 1''=240', contour
interval is 2' and north is toward the top of the page,
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and abandoned buildings. In addition, the roadway and its related
features were a unique habitat in their own right. A summary of a

qualitative assessment of the vegetation found along the route is

presented in Tahle 2.



19

Table 2. Summary of qualitative assessment of vegetative types on
the 50-stop, 39.4-kmn roadside census route, Pawnee
National Grassland.

Type of Vegetation Dominant ot Stopslncidental
Shortgrass 38 8
Shortgrass with brush 11 2
Midgrass -- 7
Midgrass with brush -- 1
Agricultural field crops -- 5
Wind breaks 1 2

Buildings -- 7




CHAPTER III

METHODS AND MATERIALS

Plot Count Techniques

The original six census plots were counted weekly during the
1972 and 1973 breeding seasons. The new replicates and Plot 1 were
censused weekly from the establishment of the new plots at the end of
April to the end of the breeding season in 1972 and throughout the 1973
season. Each count of a plot consisted of walking the length of the
plot twice along standard traverses that brought all areas of the plot
within at least 50 m of the observer., All birds observed were recorded
with the appropriate notation on a standardized form (Appendix A).
Observations \#ere made with 7 x 35, wide-angle binoculars,

A count of the original plots took one morning as did a count of
the replicates in 23E. The former were counted in nurnerical order,
while the sequence of Survey was randomized for the latter, Attempts
were made to begin counting at sunrise in order to c.onduct as much of
the census as possible during the time of the birds' maximum activity.
A survey of a single plot took approximately 25 to 30 minutes, indji-
cating a speed of traverse of about 30-36 m per minute.

Data gathered from this basic procedure were analyzed in several

ways as follows.
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Total Count Method

Weekly counting of the plots permitted determination of the mean
number of birds seen on these areas during the breeding season.
Therefore, these figures represented a gross estimate of the breeding

density,

Flushing Method

This technique, which was first described by Wiens (1969), was
employed in this study only in 1973, Its basic premise was that the
holder of a territory will remain within its territory despite continual
disturbance., A singing individual was located and approached until it
flushed from the singing site. This location, the flight path and
landing site were recorded on a large scale map of the area. This
procedure was repeated until a minimum of 20 consecutive flush
points had been plotted. Approximate boundaries were then drawn
around the points and flight paths to delineate the individual's territory.
Birds which left the immediate area shortly after the initial flush were
assumed to be non-territorial. Repeating the process on all birds
exhibiting territorial behavior within a plot gave an estimation of the

plot's density. A diagrammatic example is illustrated in Fig. 5,

Ratio Method

A combination of the two preceding techniques was termed the

ratio method. This technique was originally utilized for 1968 and 1971
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8 — Alighting Site

T——— — Flight Path

— — Approximate Territorial Boundary

Fig. 5. Diagrammatic example of mapping territories with the

flushing method. Data are from field work of lark bunting
territories in Plot 6 on 4 June 1973.
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data (R. A. Ryder pers. comm, ) and was employed for comparative
purposes in 1972 and 1973, It was based on a simple ratio of the mean
total population of a plot to the breeding density of that plot as deter-
mined by the flushing method. The base ratio for the comparisons
was that of 1970 data when extensive use was made of the flushing
method in each of the original census plots, Comparison of the base
ratio to data of years when only the mean total population of a plot

was known gave an estimate of the breeding density for that plot during

the given year.

§pot-mapping_Method

All 1972 and 1973 plot census data were also analyzed by the
mapping method., Also called spot-mapping or territorial mapping,
this procedure is recommended for worldwide use by the International
Bird Census Committee (Williamson 1969, Svensson 1970),

It requires a series of visits to the area during the breeding
season with subsequent recording of the location of each singing male
noted, known as a registration, on a map of the plot for each trip.
Other indications of territoriality, e.g., aggressive interactione or
food carrying, are also recorded. At the end of the season, a com-
posite map with all registrations is compiled for each species. In
theory, registrations should produce a cluster of points where a
territory was iocated. Stray points not in clusters are assumed to

represent transients or territorial birds away from their territories.
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In either case, they are considered surplus and are not used in further
calculations. An example of a composite map for McCown's longspur
is shown in Fig. 6,

Because of certain characteristics of the species involved,
basing estimates only on registrations would have greatly underesti-
mated the populations. Therefore, observations, or the mere presence
of a bird, served as an aid to help confirm territories indicated by
registrations. An extreme example of the increased subjectivity this
system introduced into the drawing of territorial boundaries can be
seen in Fig. 7.

Certain factors are capable of exerting varying degrees of
influence on the accuracy of this census technique. To study this,
detailed field tests were conducted in 1972, Factors which were
tested included width of census. strip, speed of traverse, observer
variation, time of day, weather and species effectivity., For the first
three factors, tests were made by comparing census fesults based on
the standard width, speed, procedure, etc., with an experimentally
varied value as follows.

To determine the effect of increasing or decreasing the strip
width, four counts of Plot I and two counts of Plot 1B were made.
Each count consisted of censusing a plot in one morning using three
different width'strips—-SO,_ 100 (standard) and 200 m. Tc test speed

of traverse, four counts of Plot 1 and one of Plot 1B were conducted.
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Figure 7. One example out of several possibilitiss of a composite map for the
horned lark based on the weekly censuses of Plot 1, 23 E 1972, Each

sguare of the plot was 40m on a side.
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Here each count involved two surveys, one at the standard speed of
approximately 35 m per minute and one twice that speed. For observer
variation, two other ornithologists familiar with the avifauna censused
a total of six plots with the author. Surveys were made simultaneously
with the observers approximately 300 m behind each other. In each
case a concentrated effort was made to maintain all other factors
except the one being tested as constant as possible,

Effects of time of day were assessed by conducting dawn-to-dusk
surveys on 3 June 1972. Plots 1 and 1B were each counted every 2
hours, beginning one-half hour before sunrise. Data were separated
into registrations and nonvocal and vocal observations to illustrate
the temporal peaks of each. Variations in survey results because of
adverse weather conditions were analyzed by comparing the inclement
weather data with the nearest fair weather census for that plot. A
total of 19 poor weather counts were made on plots in 23E.

Species effectivity was computed by determining the number of
surveys on which a known territory holder was recorded as a regis-
tration and dividing that figure by the total number of surveys made

while the territory in question was occupied.

Nest Site Selectivity

It was thought that variation in slope might explain some of the
differences in numbers of birds found on the plots in 23E, To test

this, an analysis was conducted as follows.
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The boundaries of all plots in 23E were located and drawn on a
large scale (1'"=40") topographic (contour interval = 2') map of the
pasture. The 5 x 10 grid system of each plot was also drawn in, so
each 8.1-ha plot was broken down into 50, 0.16-ha squares. The
number of contour lines in each square of plots 1, 1B and 1D, which
were thoroughly searched for nests, was counted, and the number of
squares containing a certain number of lines was totaled. Next, sites
of all horned lark and MecCown's longspur nests found on these plots
were located, and the number of contour lines in squares containing
nests was again counted, and the squares totaled. These totals per-
mitted determination of expected and observed number of nests for a
given number of contour lines per square, thus allowing use of a chi-

square goodness-of-fit test.

Emlen Transect Count Methad

This method, developed by J. T. Emlen (1971), was the only
strip census used during the study. The original procedure consisted
of walking a straight traverse of known length and recording the per-
pendicular distances from the traverse at which all birds were first
noted. These distances were estimated to the nearest 10 feet for the
first 100 feet from the traverse and from there recorded as being
between 100 and 200 or 200 to 412 feet, The length of the traverse
and width of the strip were arbitrary, but a strip 824 feet wide and one

mile long conveniently encompassed 100 acres.



29

The basic assumption was that no birds are overlooked in the
50-foot basal strip on either side of the traverse. Therefore, numbers
of each species seen within the first five strips were considered
abéolute (but see p. 74) and averaged to determine the ""basal plateau''.
This level was then extrapolated to the boundary limits of the strip to
estimate the total number of sightings theoretically possible during the
census. Division of the observed sightings of a species by the total
potential sightings yielded a "'coefficient of detectability". This value
repregented the average proportion of the population seen on a transect.
To obtain a density estimate, the observer need only divide the number
recorded per mile by the coefficient of detectability.

Preliminary field tests of this method in 1972 showed the above
dimensions of the strips to be inadequate for use on the shortgrass
prairie for reasons discussed later. The dimensions used in 1973
were, on either side of the observer, a basal strip of 40 m, then 40
to 80 m and 80 to 140 m with a transect length of 1200 m, Total area
encompassed was approximately 34 ha, All censuses were made in a
north-south direction in 23E so the flags marking grid intersections of
Plots 1 through 1D could be used as an aid in estimating distances of

birds from the traverse.

Roadside Census

First developed by Nice and Nice (1921), the procedure of

censusing birds via roadside observations was made into a viable avian



30

census method by Howell (1951), The procedure employed for the
50-stop, 39.4-km roadside census in this study was that of the North
American Breeding Bird Survey, as described by its originators,

C. 5. Robbins and W. T. Van Velzen (1967). Censuses had been con-
ducted periodically along the route since July, 1968, and were continued
during this study.

The procedure involved recording all birds heard at a designated
stop and all birds seen within a 0,40-km radius of the stop. Stops
were located 0.8 km apart along the predetermined route. Counts of
routes in the Breeding Bird Survey begin promptly at one-half hour
before local sunrise and are only made annually. Counts of the Pawnee
route, which is not an official part of the Survey, were begun at sun-
rise and made weekly during the breeding season and monthly during
the remainder of the year.

For reasons to be discussed, it was deemed de_,sirable to attempt
to correlate plot counts and roadside counts. With this goal in mind,
data from the 1972 breeding season were submitted to the Colorado
State University Computer Center for analysis by one of the statistical
library programs, STAT 38R, Stepwise Multiple Regression,

In this program, independent variables are entered into the
desired regression equation in an ordered fashion with the variable that
makes the greatest reduction in the error sum of squares, and thus has

the highest partial correlation, entered first. Any variable can be
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forced into the equation regardless of whether or not it is significant,
if certain default operations are deleted.

Accurate densities necessary for comparisons were available
only for species which nested on the census plots in sufficient numbers.
These included the horned lark, lark bunting, McCown's longspur,
western meadowlark and Brewer's sparrow. Total numbers of these
species seen during the weekly censuses of the six original plots
constituted the dependent variables. There were seven independent
variables: corresponding totals for each species from the weekly
roadside counts and temperatures, wind velocities and cloud covers
(based on Weather Bureau code numbers) at the start and end of each
weekly plot count.

To check if the roadside was also being influenced by these
weather factors, the procedure was reversed. The roadside counts
were then taken to be the dependent variables with the independent
ones being the plot counts and the temperatures, wind velocities and

cloud covers at the start and end of each weekly roadside survey.

Nest Searching

All nest searches on the census plots were made while on foot,
without the aid of any flushing devices., Such searches were made
systematically or randomly. Systematic searches involved checking
each of the 50, 0.16-ha squares of a plot in strips of 2-3 muntil the

entire square was covered. Location and status of each nest were
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noted and recorded on standardized forms (Append.ik B). Later, data
were transferred to other forms (Appendix C) for inclusion in the North
American Nest Record Card Program of the Laboratory of Ornithology
at Cornell University.

To have an absolute base for comparison of different census
techniques, several plots in 23E were systematically searched in 1972
and 1973. Plot 1 was searched a total of four times and Plots 1B and
1D twice each. Plots 1A and 1C were not systematically searched
because of the aforementioned large, dense stands of cacti in them
which would probably have caused the overlooking of some nests.
Finding of nests in the other plots in 23E was believed to be complete
due to the shortness and sparcity of the vegetation.

Plot 2 was searched once in both 1972 and 1973 to provide density
figures for species nesting there, especially the lark bunting. The
dense, tall vegetation of that plot no doubt caused the unavoidable over-
loocking of sorne ﬁests. All shrubs in Plots 3, 4, 5 and 6 were checked

once each year to ascertain Brewer's sparrow breeding densities,

Trapping and Banding

A grid of 124 Sherman small mammal traps baited with molasses-
rolled oats was set in a 40-m interval on and around Plots 1 and 1A,
The grid was checked at least once a day for 10 days in 1972 and 1973,

The area encompassed by the grid, including a 20-m wide buffer strip,
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was 20, 2 ha. Sofne additional trapping was also done with several
2-, 2- and 5-cell Potter traps.,

All birds captured except western meadowlarks were individually
color-banded in addition to the standard U, S. Fish and Wildlife Service
leg band. Many other birds were caught in similar traps operated by
IBP personnel engaged in small mammal studies. These birds were
also individually color-banded, Additionally, all young fledged from
known nests in 23E were banded.

It was originally hoped the individually marked birds would form
the basis for a mark-recapture population estimation following Hewitt's
visual ""recapture'' scheme. However, numerous difficulties caused
the abandonment of this attempt. Retrapped birds did allow the use of
the Petersen (1896) or Lincoln (1930) index and the Schnabel (1938)
index for estimating population size,

The Petersen technique is based on a simple ratio of marked to
unmarked in the population is as marked to unmarked is in the sample,
or catch, The Schnabel technique is more complicated and is based on

curmulative totals of recaptures.

Productivity Studies

During this study, certain data on avian productivity were col-
lected for the IBP. This work pPrimarily concerned the location of as
many active nests of non-raptors as possible, especially of the domi-

nant members of the prairie avifauna, and the subsequent rechecking
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of the nests throughout the breeding season., This permitted calcula-
tion of various reproductive parameters, €.g., mean clutch size,
fledging success, etc., which were needed as modular input, Data on
growth rates and on nesting phenology were also collected. However,
for the sake of continuity, data unrelated to densities are not presented.
The interested reader is referred to Strong (1971}, Strong and Ryder

{1971} and Porter and Ryder (in press) for presentation and discussion

of non-raptorial productivity data gathered on the Pawnee Site.



CHAPTER 1V

RESULTS AND DISCUSSION

Density Determinations

Data gathered during the weekly counts of the 10 census plots
allowed calculation of densities in three ways--total counts, ratio and
spot-mapping methods. Systematic nest searches also provided
nesting densities of plots so covered. Estimates derived from the
total count procedure (Tables 3, 4) obviously contained elements of
both the floating and stationary populations and could not be considered
a valid estimate of the breeding population. This procedure also
failed to discriminate individual territories which might have been
checked and collaborated by another technique. However, it was the
only method used from which a separate estimate of the floating popu-
lation could be calculated.

The main impetus of the study concerned the accurate assess-
ment of the breeding, or stationary, population. To this end, it was
necessary to compare estimates of the different methods (Tables 5, 6,
7, 8). To show the exact relationship between census results and
actual breeding populations, intensive systematic nest searches were
conducted as listed (see P. 32). Random searches and routine census

work resulted in finding additional nests. All together, 92 nests of
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seven species were found on the 10 plots in 1972 and 106 nests of
six species in 1973,

Tables 5, 6, 7 and 8 show a wide discrepancy among results of
the different methods. With few exceptions, the ratio technique had
the lowest estimate for all species in 1972; however, the results were
more mixed in 1973, Notable divergences occurred for lark buntings
on Plot 2 in 1972, Brewer's sparrow on Plots 3 and 6 in 1972 and
McCown's longspurs on Plot 1 in 1973,

The best comparison of the techniques (Table 9) was from inten-
sively searched plots, which provided as near an absolute base as
possible. The great amount of time and effort required to search a
plot precluded this method from being an extensive census procedure,
Data from these searches were adjusted (see M+N columns of Tables 5,
6, 7, 8) where the mapping method indicated territories contained
more than one nest or where nests were apparently overlooked. This
latter case may have resulted in some territorial but nonbreeding
males being counted as representing a breeding pair, However, this
source of error was probably minor and is present in most studies of
breeding density,

Table 9 indicated the mapping method was more accurate than
the ratio method in three of the four species. The mapping procedure
was 41 percent more efficient for McCown's, 19 percent for horned

larks and 4 percent for lark buntings. For Brewer's sparrow, close
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Table 9. Comparison of breeding densities as estimated by the ratio
(R), mapping (M) and mapping and nest searching {M+N)
methods, Pawnee Site, 1972-73. Values are from plots
thoroughly searched [or nests (see text).

Species R] Ml M-I-N1
Horned Lark 25.0 32.0 37.5
Lark Bunting 8.5 9.0 14.0
McCown's Longspur 15.2 28.0 31.5
Brewer's Sparrow 18.0 I3.5 22.0

1Tota.l breeding pairs.
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inspection of Table 5 revealed that the apparent greater accuracy by
the ratio method was actually the result of a cancelling of large errors
in 1972. That year Plot 3 was greatly overestimated, while Plot 6 was
underestimated.,

Modular input densities were, therefore, based on results of
nest searching and mapping combined. The 2-year, 10-plot average
breeding densities were horned larks - 51.9 pr/100 ha (86.5 pr/100 ha},
McCown's longspurs - 28.4 (67.9), lark buntings - 27,2 (105.0),
Brewer's sparrows - 13,6 (80, 3), western meadowlarks - 4,9 (12, 4),
mountain plovers - 2.5 (6, 2) and mourning doves 2.5 (18.5). The
figures in parenthesis were the maximum density observed, calculated
from the optimurln plot. for that species. Average breeding density
for the combined species was 131.0 pr/100 ha. The total density for
the avian community is well within the range reported from other
grassland studies across North America (Table 10).

As compared to the base population, the mapping method by
itself was a good estimator of horned lark and McCown's densities,
accounting for 85 and 89 percent of the respective populations. How-
ever, the procedure recorded only 64 and 61 percent of the populations
for lark buntings and Brewer's sparrows, respectively. Plots con-
taining the greatest densities of the former two species were consis-
tently censused earlier in the morning than plots having the greatest

densities of the latter two species. Thus, time of day and its effect
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on the birds' activity may have affected the results. Inconspicuousness
of Brewer's sparrows in the shrubby pastures they inhabited no doubt
contributed to underestimating their numbers.

As mentioned previously, the base year for the ratio method
was 1970 when Giezentanner (1970) made extensive use of the flushing
method to determine the breeding bird/total count ratio. The short-
comings of the ratio technique were illustrated above. This could
have been due to 1) incorrect ratio of breeding bird/total count for
the base year, 2) yearly changes in the ratio, or 3) inaccuracy in the
flushing method.

The first possible reason could not be assessed during the
present study. That the second might have been quite important can
be seen by comparing ratios from Tables 3 and 5 versus those of
Tables 4 and 7. For exampie, horned lark and McCown's ratios for
Plot 1 were 0.403 versus 0,556 and 0. 606 versus 0, 833, respectively.
Field testing of the third possibility, the flushing method, was made in
June, 1973,

None of the seven horned larks and only one of the nine McGown's
engaged in territorial behavior at the time of approach fulfilled the
criterion of 20 consecutive flushes within the immediate area of the
site of the initial flush. It is difficult to believe that only one out of
16 of these birds exhibiting territorial behavior was actually breeding
on the area surveyed. However, half the male lark buntings tested

showed strong affiliation to the area near the initial flush site.



50

Other investigators have also reported variable results with
the method. As above, Creighton (pers, comm. ), working on the
same study area, noted little success with McCown's and a high degree
of success with lark buntings. However, he also reported a high rate
of success for horned larks when delineating their territories in April.
Ells (pers. comm. ) found the technique to be fruitless for lark buntings
as well as horned larks, Thus, valid results seemed to have been as
much dependent on the investigator applying the technique as they do
on the species to which they are applied. For this study, the method
proved invalid.

The overall results indicated that the mapping method provided
the best assessment of the breeding population. The author feels even
its accuracy would have been increased if all counts were conducted
within 30 minutes (+ or -) of sunrise and limited to a shorter period of
the breeding season, e.g., 2 or 3 weeks, when the species were most
actively advertising their territories. This same conclusion has been

reached by others (Bell et al. 1973),

Between Plot Variation

One-way analysis of variance was applied to total numbers seen
of the primary breeding species on plots used for nesting (>0, 5 pr/plot)
by that species. McCown's, Brewer's, meadowlarks and mountain
pPlovers all showed no significant differences in 1972 at the standard

0.05 probability level. Results were identical in 1973 for the latter
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three; however, differences in long spur numbers were highly significant
{(p<0.005)., This divergence was the consequence of including Plots 4
and 5 (see Table 7) in the 1973 analysis. The contrasting results
pointed out that habitat alone did not determine the density of McCown's,
as the numbers seen were high in both lightly- and heavily-grazed
summer-use pastures or low or absent in the moderately-grazed
summer-use pasture,

Lark bunting populations on Plots 2 through 6 were statistically
different in 1972 (p < 0.05) but not in 1973 (p= 0.096). Similarly,
horned lark numbers on Plots 1 through 1D were unequal (p < 0, 05) in
1972 and not (p > 0, 25) the next year. However, in both years horned
larks had highly significant (p < 0, 005} differences in numbers seen on
Plots 1 through 6,

Significance in the above comparisons inferred that some plots
used for nesting by a species were utilized less than others. Non-
significance inferred that if a plot was suitable at all for nesting, it
was used to the same degree as any other suitable plot. These analyses
and their input data allowed determination of nesting habitat preferences.

Horned larks and mountain plovers preferred hea.vily-grazed
pastures, while lark buntings and western meadowlarks preferred
moderately- or lightly-grazed ones. The apparent contrast of McCown's
habitats was noted earlier; however, roadside censuses and general
observations indicated a strong preference for heavily-grazed pastures.

Brewer's sparrows nested only in areas containing saltbush,
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Density Indices

During banding operations on and around Plots 1 and 1A, 47
captures were made of four avian species in 1972, Horned larks
accounted for over 70 percent of these captures and were the only
species caught in large enough numbers to allow estimations of popu-
lation size from recapture rates. Data from 1973 were considered
insufficient for valid calculation.

During the 10 trap dates, 24 recaptures were included in the 47
captures. Although numbers were small, it was still possible to
compute the size of the population using the Schnabel (1938) procedure.
The final estimate was 26. 8 birds on the grid, or 130.9 birds/100 ha.

Another index of population size was obtained by viewing the last
day's catch as input for the Petersen (1896) estimation technique.
Ideally, all marking should have taken place at one time, but so few
birds were caught each day that this was impossible, The estimate
from this method was 28. 4 birds, or 140.0 birds/100 ha.

The average of all horned larks seen on Plots 1 and 1A in 1972
was 11.75 birds, or 145,1 birds/100 ha. Considering the small sample
size and inherent problems of indices, their results compared favor-
ably with this direct count. The three estimates of total population
were naturally higher than the estimated stationary population for

these two plots, 117.2 birds/100 ha. The difference between the total
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and stationary populations, 27.9 birds/100 ha, was an estimate of

the average floating population of horned larks on these plots.

Nest Site Selectivity

It was previously noted that differences occurred among the
breeding and total populations of the five plots in the heavily summer-
grazed pasture, 23E. Since this pasture appeared to have fairly
uniform vegetation throughout, it was thought that variations in slope
might explain some of the differences in bird numbers. To test this,
an analysis of 1972 and 1973 data was conducted (see p. 27). Results
of this test are given (Table 11).

According to this analysis, neither species showed selection
for or against various degrees of slope at standard significance levels.
This was contrary to the general impression the author received from
his field work, which indicated a definite preference by both species
for flatter areas,- especially by McCowns' for ridgetops. The chi-
square values did increase for both species when the 2 years of data
were pooled, possibly indicating that a larger sample size may yet

reveal a statistically significant relationship.

Accuracy of the Mapping Method

Composite mapping of the location of territorial singing males
has become the most widespread method of censusing pas8erines in

the breeding season. Originally proposed by Alexander and Alexander
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(1909), it was first used in this country by Williams {1936). It is now
the recommended technique of the International Bird Census Committee
(Svensson 1970). It is currently used for national censuses in many
countries, including the Common Birds Census of Great Britain

(Batten 1971), as well as the American Birds annual breeding census

in this country. As with any census method, though, it has short-
comings. Critical evaluations by Enemar (1959) and Hogstad {1967)
among others have shown various factors are capable of influencing
the results, The following discussion attempts to explain the reason
for the degree of these influences on the.accuracy of censusing breed-
ing passerines on the shortgrass prairie. Test procedures are out-

lined in Methods and Materials.

1. Strip Width

Some general conclusions were apparent from Table 12. As was
expected, ‘the greater the transect width, the fewer the birds cbserved
per plot. For the two primary species and the total, the number
recorded in the 200 m strip was, with one exception, less than the
number seen in one of the narrower strips. Table 13 compares the
three widths based only on sightings of territorial male McCown's
longspurs. Out of 18 trials, seven birds were not recorded on all
three width strips for that count. Of these seven incompiete sightings,
five were cases of the bird being recorded on the 80- and 100-m strips,

but not on the 200-m.
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The widest census strip clearly caused unnecessary omissions,
even for conspicuous aerial singers. Since no territorial birds were
missed whether the strip was 80 or 100 m, other factors must have
caused the differences in Table 12. Use of a 80-m strip required
three traverses and thus increased the chance of a bird passing over
the plot and being recorded. Similarly, having only one traverse
explained some, but not all, of the reduced observations with the
200-m strip. Probably a more important reason for the increased
sightings with the 80-m strip was duplication. Obviously, the smaller
the strip, the easier it was for a bird to be recorded in adjoining
strips. Considering the layout of the plots and the species involved,

a 100-m strip appeared best.

2. Speed of Traverse

At least within the range tested, speed of traverse had little
effect on registering territorial birds (Table 14). OQut of 13 sightings
of territorial male longspurs, 11 birds were seen at both speeds for
that plot. While the relationship was not so precise, the tendency
toward similarity was still evident when all longspurs were considered,
probably because territorial birds comprised most of the sightings
(Table 15). However, Table 15 also revealed a consistently lower
number of horned larks, and thus total birds, observed when the speed

was doubled. Non-displaying birds made up almost all of the horned
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Table 14. Effects of varying speed of traverse on registrations of
McCown's longspurs, Pawnee 1972,

Plot Date Location 30 m/min 60 m/ min

1 June 2 2/1
7/2
7/4

! June 10 Co7/4

1 June 11 7/4
6/4
571

1 June 27 6/3
5/1
8/5

1B June 11 1/4
3/0
4/4

R R

RKLROR KX M RMH X X

KR

X = registration.
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lark sightings. These non-displayers were naturally less conspicuous
and thus easier to overlook as speed of traverse increased. Apparently,
either speed was adequate for determining territories but the slower
one allowed a more accurate assessment of the floating population

which was necessary for total biomass calculations.

3. Time of Day

It is well known among professional and amateur ornithologists
alike that non-nocturnal singing birds show a peak in singing intensity
shortly after dawn (e. g., see Winterbottom 1972), To illustrate this
phenomenon on the Pawnee, censuses were made in 23E throughout
the day on 3 June 1972 from 0500 until 1800. Several attempts to
repeat the procedure had to be cancelled because of adverse weather
conditions.

Combined results of all censuses generally paralleled the expected
pattern, although species differences became apparent (Fig. 8). Both
singing and calling were greatest in the first period which included
counts beginning 30 minutes before and ending 30 minutes after sunrise.
Horned larks and McCown's longspurs accounted for all 34 registra-
tions. In the first period there were 11 registrations, 32 percent of
the total, including 53 percent of all horned lark registrations. The
early peak of singing was then attributable primarily to horned larks.

Although not documented, field work suggested the interval between
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song flights for the longspur increased greatly after early morning.
Observations peaked in the second period and were higher in the
morning than in the afternoon.

The results indicated the optimal time for conducting a census,
Territorialism iﬁ both species was best assessed very early in the
morning (sunrise + 30 min), although McCown's longspurs continued
to display throughout the day to some degree. Also, mornings were

much better for estirnating the floating population.

4, Observer Variation

Observer variation and bias are factors common to any investiga -
tion involving humans. In a long-term study, such as the IBP efforts,
it is important to know if any serious discrepancies existed among
observers. To discover if different observers obtained markedly
different results from the same area, three project ornithologists
simultaneously censused six plots in two mornings., Overall totals
by species are given in Table 16,

While no distinct trends were evident, some personal tendencies
appeared. Observer C, the last to census the plot in each case,
usually recorded the most birds. Observer A, the first to survey the
plot, noted fewer longspurs, while Observer B saw fewer horned
larks. However, Table 16 included observations as well as registra-

tions, so it was strongly affected by birds entering and leaving the



64

11 I r4 8 o)

¥1 2z L g =

Z1 1 ¥ L \'4 g1

81 T 9 11 8)

91 4 g 6 d

22 0 0t A \'4 Vi

L1 Z L 6 o)

L1 Z L 8 q

22 I 4 L1 v 9 Ainf 1

22 ¥ L 11 D _

12 2z 21 L d

81 rA 9 01 v g1

92 € 8 ST D

92 I 8 L1 q

61 9 ¥ 6 v VI

$2 £ g 91 o)

81 v4 ¥ Z1 g

61 0 ¥ G1 \'4 91 aunf I
1e310 L so1oadg 19yl inds3uor] s, Um0 OW jJer] psuioy IB8A195q0D a1ed }01d

"Z2L61 92umeqg

'dg2 Ul 8A5A4NS SNOSUB}|NWIIS UT SIDAIAS]O 98Iy} Aq pepliodai sSuipydts (€303 jo uostaedwor 91 2]qe],



65

plot during the census. Table 17 avoided most of this problem by
considering only territorial birds. Of the 26 longspurs, 14 were
recorded by all three observers. Seven of the remaining 12 involved
birds known not to be present on the plot during the entire census or
those with territories extending beyond the plot boundaries. It was
possible that some of the other five cases may have involved birds
that left the plot unknown to the observers.

In any case, agreement among the observers was about 74 per-
cent, signifying adequate coverage by each. Enemar (1962) in a
similar experiment involving six ornithologists surveying a wooded

area found the agreement was an almost identical 75 percent.

5. Weather

Nineteen counts were made of plots in 23E during inclement
weather to illustrate the problems of censusing under these conditions.
Ten counts were made on overcast mornings, five on raining or snowing
mornings, and one each on a foggy and a windy morning. Results of
two counts will not be discussed as no comparative, fair-morning
census could be taken within a few days of the poor weather count.

The comparison of the inclement weather censuses with the
nearest fair weather census can be found in Table 18. Precipitation,
especially snow, caused the greatest discrepancy.in survey results.

The snows of April 14 and 26 drove all passerines (but not mountain

plovers) from the plots, thus requiring reestablishment of territories
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Table 17. Comparison of sightings of territorial male McCown's
longspurs as recorded by three observers in simultaneous
surveys in 23E, Pawnee 1972,

Liocation of Observer Observer Observer

Plot Date Bird in Plot A B C

1 June 16 9/3

1A June 16 2/1
7/3

10/3
WML

1B June 16 3/2
3/5
1/3
2/4

1 July 6 7/0
4/2

1/4

0/0

2/2

4/4

WML

MRS X XK X

1A July 6 5/4
1/4

6/0

10/1

7/3

1B July 6 8/2
474
9/1
2/3
3/5

PN MR R R MM MMM MM MK M XK

MM R R K KM X ER KM NN

S R A e T L I R
vl

*

X = registration

X = observation

WML = Western Meadowlark

* = Bird known to be absent from plot or having a territory
extending beyond plot boundaries.
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after the storm. The lone horned lark recorded on April 14 merely .
flew over the plot but did not land. In general, numbers of horned
larks observed appeared more easily depressed than those of McCown's
loﬁgspurs, except perhaps during windy conditions. Only half as many
larks were seen on overcast mornings as compared to fair mornings,
while the similar number was almost 60 percent for the longspur.
Figures were 36 and 71 percent, respectively, for rainy mornings,

Registrations as well as observations decreased during poor
weather. Only on 10 out of the 22 trials of Table 19 was a particular
longspur recorded as a registration on both the fair and inclement
weather censuses. Similar registrations occurred 53 percent of the
time on overcast days but only 33 percent on windy days and 25 percent
on rainy days.

For both species, fair weather mornings permitted a much more

accurate estimation of the breeding and the floating populations.

6. Species Effectivity

The main premise of the preceding d.iscussion_s is that when an
observer surveys an area under favorable conditions, territorial
birds will make their presence known by singing. However, several
factors can lead to chance omissions of birds which are territorial.
For example, they may simply not be on the study area at the time of
the survey or may remain outside their territory and be dismissed as

a surplus registration, Lengthy pauses in singing of some individuals
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can also lead to oversights. Enemar (1959) pointed out that birds with
territories further from the path of traverse are less likely to be
recorded, as passing through a territory induces the holder to more
readily proclaim his presence. Then, too, males are known to sing
more frequently and defend their territory more aggressively earlier
in the nesting cycle. Perhaps most importantly, different species
inherently have different singing intensities,

Colquhoun (1940) employed ''coefficients of relative conspicuous-
ness'' to compensate for the differences in the ease of recording
different species. Kendeigh (1944) also dealt with the conspicuousness
problem in his classical work on measuring bird populations. Later,
Enemar (1959) introduced the term "species effectivity" which he
defined as ''the percentage of the stationary population (of one species)
which will be registered on the average at each standard survey."

The reciprocal of species effectivity is the ""measuring error', or the
average percentage overloocked on each survey. The level of effectivity
is highly important in determining the degree of confidence in results.
For instance, densities based solely upon registrations for horned
larks, which had low effectivity in this study, cannot be accurate.

Calculation of species effectivity was based upon the potential
number of registrations that can be expected for that species (see
P. 27). Following this procedure, an analysis was made of the effec-

tivity of the species breeding on the plots (Table 20).
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Table 20. Species effectivity for some common birds on the Pawnee

Site, 1972.
. No. of No. of No. of Spec?e.s
Species Stationary Trials Registrations Effectivity
Males g (%)
McCown's Longspur 22 331 146 44
Lark Bunting 20 152 84 55

Western Meadowlark 5 35 18 51
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The first question concerning the results is why the omission of
horned larks, Brewer's sparrows, mountain plovers and mourning
doves, all of which nested in at least one of the plots, Problems asso-
ciated with censusing the former two, including time of day and habitat,
have already been mentioned. Their effectivity as measured, about
10-15 percent for both, was not considered valid and was, therefore,
omitted. Lack of song and te rritory size in relation to plot size {2:1)
invalidated any estimation of plover effectivity as did absence of ter-
ritorial advertisement and low density in mourning doves.

Lark buntings had the highest effectivity of the three species
adequately measured, 55 percent. The overall figures for the western
meadowlark and McCown's longspur were 51 and 44 percent, respec -
tively. Variation among individuals for all three was quite high, e.g.,
ranging from 30 to 100 percent among lark buntings. On the average
survey, about half of the territories went unnoticed for these species.
This was a dramatic illustration of the need for multiple surveys.
These effectivity figures are at the low end of the 50-70 percent range
Enemar (1959) found for some common forest birds. Additional years
of data are necessary to determine if this low effectivity as measured

is the true picture for the prairie avifauna,

Emlen Transect Count Method

The Emlen transect count method (1971) was employed during

the 1973 breeding season after preliminary field tests in 1972. These
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tests indicated that birds tended to move away from the basal strip

as the observer approached, often giving the second strip a greater
number than the basal strip. This phenomenon led to the rejection of
Emlen's original dimensions and partially to the establishment of those
used.,

The technique gave an independent estimate of the breeding popu-
lation in 23E, as the area surveyed during the running of the transect
included most of plots 1 through 1D. Three trials of the method yielded
the results in Table 21.

The Emlen method estimated a population larger than the total
count method for both horned larks and McCown's longspurs, the only
two species present in number in 23E. The difference of the estimates
was negligible for longspurs; however, it amounted to aimost two birds
per plot for horned larks. Also, if Emlen's technique were followed
exactly, the differences would have been even greater as a ""basal
detectability adjustment' on the order of 1.5 is applied to increase the
"basal plateau'' to compensate for birds overlooked in the basal strip.
It was believed that the shortness and sparsity of the vegetation in 23E
allowed observation of all non-incubating birds within the basal strip,
and therefore, the adjustment was deemed unwarranted. Incubating
birds were probably equally overlooked by all methods except syste-

matic searching for nests.
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The reason for the resulting discrepancy in horned lark numbers
was not readily apparent. It would seem that densities derived from
plot counts would have been larger, for the possibility of recording a
bird more than once was greater in a plot than on a transect. It may
have been that time of conducting the census, rather than the technique,
was more important (see Fig. 8). Emlen transect counts lasted from
sunrise to sunrise + 50 minutes, while plot counts in 23E lasted from
sunrise to sunrise + 100-120 minutes. With more singing birds in
the population, the probability of recording a sighting toward the
extremes of the transect boundaries was increased. The later-ending
plot counts did not have this advantage but also did not have such
relatively great distances between boundaries. Anotherr possible
cause of the discrepancy was overlooking birds during plot counts as
the maximum distance between the observer and the plot boundaries
{50 m) was greater than one-half the width of the basal strip of the
transect (40 m). However, the problems associated with reducing the
observation distance while counting the plots have been previously
discussed (see p. 57).

In the above discussion, only the total population was considered,
although the Emlen technique can also estimate breeding densities if,
at the time of recording, singing individuals are so designated.
Although this was done during the study, too few singing birds were

noted to permit computations. This may have been due to the relatively
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low density inherent with grassland avifaunas (e. g., only four male
longspurs would have had territories in the basal strip based on 1973
mapping densities) coupled with low species effectivity, The Emlen
method does not enable the locating of individual territories which
might be confirmed by other census methods.

In summary, the Emlen method could not be said to be better or
worse than the total count method, from which the spot-mapping densi-
ties were derived. In addition to the above arguments, the greater
efficiency of the transect procedure added much to its value. For the
purposes of this study, the Emlen transect count served as a well-
founded check which showed that the technique of the primary census

methods furnished acceptable data,

Roadside Census

Weekly censuses along the 50-stop, 39.4-km roadside route
were made during the breeding seasons in 1972 and 1973, Compared
to plot counts, these censuses covered a much larger area surveyed
per unit effort expended. However, this advantage was due to a less
intense coverage. If this latter fact did not cause the results acquired
from the roadside counts to differ greatly from those of the presumably
more accurate plot counts, then the roadside would be preferred as
accuracy in sampling increases as more of the population is sampled.
Additionally, the roadside technique yielded data on seasons of

occupancy and time of migration of species rarely found on the plots.
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If both the above census techniques were accurately measuring
the same population, there should have been a correlation between
the weekly counts of each technique. To determine if this was so, data
from the 1972 breeding season were submitted to the af‘orementioned
statistical library program, STAT 38R, Stepwise Multiple Regression.
Results of the first run, with numbers from the plot counts as depen-
dent variables and numbers from the roadside counts and weather data
gathered during plot counts as independent variables, are in Table 22,
In the second run (Table 23), the dependent and independent variables
were reversed,

The most readily apparent result of the first test was the sur-
prisingly low correla;,tion between the plot and roadside censuses of a
given species. For the five species, only the lark bunting censuses
showed a significant (p = 0.006) correlation, Numbers of McCown's
longspurs seen during plot counts were significanély (p < 0.050) cor-
related with the starting temperature and starting cloud cover of these
counts. Brewer's gparrow numbers also showed some relationship
(p = 0.087) with the starting cloud cover and a significant (p = 0. 014)
correlation with the starting wind velocity. Numbers of horned larks
and meadowlarks had no correlation (p > 0.130) to any of the indepen-
dent variables of the first test. Test two results were similar,
although then McCown's censuses were significantly (p < 0. 05)

correlated,
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Reasons for the lack of correlation among variables were not
easily discernible. The occasional scarcity of meadowlarks during
plots counts, e.g., only one seen on six plots on June 19, probably
contributed to the low percentage of its variation that was accounted
for by regression, This may have been partially true for Brewer's
sparrow, also. However, this was certainly not true of the other
three species. Also, it was expected that wind velocities would exert
a greater effect on aerial singers, such as lark buntings or McCown's
longspurs, than on perch singers like the Brewer's sparrow. However,
the opposite was true. Lack of significance in this case was probably
caused by fhe cessation of either census when wind velocities became
extreme (usually 23 kmph or more).

Apparently, unknown or unmeasured factors, possibly concerning
the observer or the phenology of the breeding season, determined the
relationship between the two counts. It should be pointed out that the
roadside area is a unique habitat with numerous singing perches and
other features not found in the plots_. Wallace (1970), using a more
sophisticatedranalysis with seven climate-related variables and time
of day, failed to find any significant relationship between these variables
and numbers of birds recorded on roadside counts. To the contrary,
Klonglan (1955} found significant correlations between five of six
weather variables and time of day and numbers of ring -necked pheasants

(Phasianus colchicus) seen on roadside censuses,
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As part of the phenological aspect of the problem, it was known
that lark buntings and Brewer's sparrows did not arrive on the Pawnee
until after the breeding seasons for the area as a whole had already
begun. Both of these species tended to remain in flocks near the roads
for a time after their arrival before dispersing into their individual
territories in the pastures. Therefore, it was suspected that counts
made during this period prior to territorial establishment were strongly
influenced by chance encounters with flocks and thus subject to unnec-
essarily large fluctuations when compared to later counts. ZFor this
reason, two data points collected during this time were omitted for
both species, and test one was rerun.

The resulting values of the rerun (Table 24) were quite different
in each case., The simple r-squared value for the lark bunting counts
more than doubled from 0.42441 to 0.96658, indicating the roadside
count alone was a fairly accurate predictor of the plot counts during
the 1372 breeding season of this species. However, the contribution
of the counts toward the rnultipl-e r-squared value increased little for
the Brewer's sparrow, although some weather variable's contributions
did show a substantial increase., Thus the decision to delete data
points during migration for the reason stated appeared valid for the
lark bunting, but only partially so, if at all, for the Brewer's sparrow.

In light of the general lack of correlation between the weekly

roadside and plot counts, it seemed questionable if the roadside was a
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useful technique. Therefore, it would be worthwhile to determine if
the roadside procedure as used in this study was capable of reflecting
even the direction (+ or -) of population fluctuations and at least the
general magnitude of these changes., Table 25 permits an assessment
of this.

In each of the five comparisons, the direction of change is
accurately indicated by the roadside method. For horned larks. lark
buntings and Brewer's sparrows the magnitude of the change is also
closely mirrored. Only for McCown's longspurs and meadowlarks did
the fluctuations in population size differ to any large degree between
the methods, and then it was only by 12 percent at most.

Therefore, the roadside census was reasonably accurate in
portraying year-to-year changes. However, it should be recalled that
one of the main points of the study was the accuracy of densities,
figures necessary for input into the grassland model. Incomplete
coverage at numerous stops along the roadside route, due to inability
to see the prescribed 0.4 km in all directions and other factors,
precluded the conversion of numbers of birds seen along the route into

actual densities, necessitating reliance on plot methods,

Factors Affecting Population Fluctuations

After verifying the occurrence of population fluctuations, the
logical question is what are the causative factors. In an effort to

determine some of these, possible relationships between bird numbers
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and three weather variables- -average monthly maximum and minimum
air temperatures and total monthly precipitation (Figs. 9, 10, 11)--
were graphically analyzed. Roadside counts of Giezentanner (1970)
and Strong (unpub. )} along with the present study furnished comparable
population data for periods 1969 through 1973 (Fig, 12)., Weather data
for the Pawnee were available from personnel of the CPER and IBP,

Assuming that population patterns in Fig. 12 were responses to
changing climatic conditions, it was obvious that different species
were not affected to the same degree, if at all, by the same weather
factors. No two species showed increases or decreases that coincided
for all five years. However, some tendencies were noticeable, such
as the sharp declines of both lark buntings and meadowlarks and the
mirror image of McCown's longspurs and Brewer's sparrows. Sus-
pecting amount of precipitation to be especially critical, this factor
was also viewed on a seasonal basis (Fig. 13). Again, no cause-effect
relationships were clear.

Admittedly, such casual analyses might have failed where
computerized statistical programs might have revealed significant but
hidden correlations. Factors pertaining to the winter range further
confound the problem when dealing with migratory species such as
these. Certainly, lack of positive results in this instance did not
indicate a non-relationship. Francis (1967), working with a non-

migratory species, found climatic parameters, e.g., soil moisture,
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to be highly accurate for predicting population changes. Working on a

much larger scale, Wiens (MS) aptly demonstrated the effect of long

term climatic variations on bird population,
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For a further discussion of this appendix, see Appendix I on
pages 58-62 of US/IBP Grassland Biome Technical Report No. 171

(Ryder 1972).
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For a further discussion of this appendix, see Appendix I on
pages 71-77 of US/IBP Grassland Biome Technical Report No. 252

(Porter and Ryder 1974).
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APPENDIX C
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