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LANDSCAPE AND FINE SCALE HABITAT ASSOCIATIONS OF THE 
LOGGERHEAD SHRIKE 

HEIDI L. MICI-IAELS’ AND JACK E CULLY, JR.‘,* 

ABSTRACT-This study was conducted to determine landscape and fine-scale vegetative variables associated 
with breeding Loggerhead Shrikes (Lanius ludovicianus) on Fort Riley Military Reservation, Kansas. Because 
Fort Riley is an Army training site, the influences of training disturbance to the vegetation, and range manage- 
ment practices on bird habitat patterns were also investigated. Breeding birds were surveyed in 1995 and 1996 
using point counts. Survey plots were identified, a priori, at the landscape scale as either grassland, Savannah, 
or woodland edge according to cover by woody vegetation. In 1996, fine-scale habitat at survey points and at 
bird use sites was measured and a principal components analysis used to characterize the fine-scale herbaceous 
vegetation structure. A military disturbance index was developed to quantify the severity of vehicle disturbance 
to the vegetation at survey and bird use sites. Shrikes were associated with Savannah habitat at the landscape 
scale. Sites used by Loggerhead Shrikes were characterized at the fine-scale by tall, sparse, structurally hetero- 
geneous herbaceous vegetation with high standing dead plant cover and low litter cover. At the fine-scale, tree 
and shrub density did not differ between sites used and not used by shrikes. Used sites did not differ from 
survey sites with respect to military training disturbance, hay harvest, or the number of years since a site was 
last burned. Our results in this study suggest that the shifting mosaic of vegetation on Fort Riley resulting from 
training and range management practices maintains adequate habitat for breeding shrikes. Received 25 Sept. 

1997, &cepted 18 June 1998. _ 

Declines in numbers of Loggerhead Shrikes 
(Lunius ludovicianus) have been reported for 
most areas of the United States and for west- 
em Canada (Arbib 1976, 1977, 1978, 1979; 
Cade and Woods 1997; Kridelbaugh 1981; 
Morrison 1981; Telfer 1992). In Kansas, the 
Loggerhead Shrike is designated as a “Spe- 
cies in Need of Conservation” (Kansas De- 
partment of Wildlife and Parks 1986). While 
reasons for the continued decline of Logger- 
head Shrike populations remain unclear, loss 
of breeding and/or wintering habitat is a prob- 
able cause (Kridelbaugh 1981, Smith and 
Kruse 1992). 

Shrikes in the eastern U.S. are associated 
with pastures of relatively short vegetation 
that offer adequate foraging and perching sites 
such as utility wires or isolated trees (Bohall- 
Wood 1987, Brooks and Temple 1990, Smith 
and Kruse 1992, Telfer 1992, Yosef and 
Grubb 1993). Management recommendations 
resulting from these studies have been to pro- 
vide short grassy habitat interspersed with 
scattered elevated perches. These recommen- 
dations may not be applicable to shrikes 
breeding in non-agricultural systems. 

I Kansas Cooperative Fish and Wildlife Research 
Unit, U.S. Geological Survey, Biological Resources 
Division, 204 Leasure Hall, Kansas State Univ., Mar- 
hattan, KS 66506. 
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The structure of herbaceous vegetation in 
areas of extensive agriculture and grazing is 
relatively simple and homogenous. As a re- 
sult, quantification of habitat in the above 
studies was restricted to percent cover of 
broad habitat types such as pastures or row- 
crops (Bohall-Wood 1987, Brooks and Temple 
1990). Native grasslands exhibit greater struc- 
tural heterogeneity, and shrikes breeding in 
these areas may reveal different or more com- 
plex habitat association patterns (Prescott and 
Collister 1993, Chavez-Ramirez et al. 1994). 
Native grassland may provide suitable and ad- 
equate perch sites for foraging shrikes in the 
absence of powerlines, fences, or other artifi- 
cial perching substrates (Chavez-Ramirez et 
al. 1994). 

The structure of herbaceous vegetation 
within a grassland may be very different de- 
pending on how often it is disturbed by bum- 
ing, grazing, or, in the case of Fort Riley, by 
military vehicles. Unburned tallgrass prairie is 
structurally heterogeneous because of the in- 
terspersion of standing dead vegetation, forbs, 
and woody vegetation. Cover and depth of re- 
sidual litter can be quite high in unburned 
prairie. Annual fire in the absence of grazing 
tends to favor dense, homogenous cover by 
warm season grasses (Gibson 1989), but pe- 
riodic early spring burns such as those imple- 
mented on Fort Riley eliminate litter and in- 

474 



Michaels and Gully . SHRIKE HABITAT IN TALLGRASS PRAIRIE 

a 

475 

3.7 3.7 7.4 Kllomms 

FIG. 1. Location of Fort Riley Military Reservation, Kansas, USA (A). Location of areas of restricted public 
access at Fort Riley Military Reservation, Kansas, USA (B). Access is limited in the Multipurpose Range 
Complex, shaded area in northwest, and is never available in the Impact Zone, the shaded area in the center of 
the fort. The shaded areas in the south are containment areas. We placed the census points (circles) in tallgrass 
prairie habitat where access was most available. 

crease cover by perennial forbs (Anderson et 
al. 1970). Military disturbance has been 
shown to increase bare ground and cover by 
annual and warm season forbs (Johnson 1982, 
Shaw and Diersing 1990), contributing to an 
increase in structural heterogeneity. 

This study was developed with three major 
objectives: (1) to determine the habitat asso- 
ciated with breeding Loggerhead Shrikes in 
tallgrass prairie at both the fine-scale (the 
scale of habitat within individual territories) 
and the landscape scale (the scale of the study 
area); (2) to determine if a relationship exists 

between the intensity of military training dis- 
turbance to the vegetation and habitat associ- 
ated with Loggerhead Shrikes; and (3) to pro- 
vide recommendations for the proactive man- 
agement of shrikes at Fort Riley Military Res- 
ervation. 

STUDY AREA AND METHODS 
Fort Riley, located in Riley and Geary counties in 

the Flint Hills of northeastern Kansas (Lat 39” 15’ N, 
Long 97” 55’ E; Fig. l), is a 40,273 ha permanent U.S. 
Army Forces Command Reservation and is the site of 
ongoing military training. Training operations include 
field maneuvers, combat vehicle operations, mortar 
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and artillery fire, small arms fire, and aircraft flights 
(U.S. Army 1994). A 6480 ha Impact Area is off limits 
to maneuver training, public use, and most manage- 
ment activities at all times (Fig. 1). The Multipurpose 
Range Complex (MPRC) and the adjacent danger fan 
are closed to training and public use during live fire 
exercises. The remaining 4960 ha of training grounds 
that lie outside the MPRC and the danger fan are gen- 
erally open throughout the year except during large 
scale training maneuvers held for several weeks in the 
spring and fall. 

The Flint Hills extend from northeastern Kansas 
south to northeastern Oklahoma. Row crop agriculture 
is limited in the Flint Hills because of extensive lime- 
stone breaks and a shallow, rocky soil (Zimmerman 
1985); most of the region is used as pasture. Landcover 
on Fort Riley includes native grassland and non-native 
planted grassland, open Savannah, and wooded riparian 
lowlands (U.S. Army 1994). Pre-settlement grasslands 
in this region were comprised primarily of tallgrass 
prairie species interspersed in places with some mixed- 
grass prairie species (Kuchler 1974). Land uses and 
management prior to acquisition by the Army included 
agriculture, domestic livestock grazing, and fire sup- 
pression. Today, grasslands on Fort Riley experience 
varying levels of military disturbance. Mature riparian 
forest with shrubby edge occurs along lowland inter- 
mittent and perennial streams, and isolated patches of 
both trees and shrubs occur along intermittent drain- 
ages within the grasslands. Common woody species 
include rough-leaved dogwood (Comus drummondi), 

plum (Prunus americana), smooth sumac (Rhus gla- 

bra), eastern red cedar (Juniperus virginiana), red 
mulberry (Morus rubra), osage orange (Maclura pom- 

ifera), and honey locust (Gleditsiu triancanthos). 

Management history-Grazing is not permitted on 
Fort Riley; much of the area is hayed each year in 
conjunction with a hay lease program involving local 
landowners. Haying generally occurs in July on upland 
grassland sites that contain few trees and shrubs. Rec- 
ords are not kept as to which locations are hayed in a 
given year. Areas of the study site that were hayed 
during July 1995 and 1996 were recorded during this 
study. 

Fort Riley’s prescribed bum program operates from 
March through May (U.S. Army 1994). Approximately 
one-third of the Reservation is burned each year on a 
rotational basis, creating a planned bum interval of 
about three years for most areas. Training related wild- 
fires occur throughout the year; consequently both the 
area burned and the frequency of burning in a given 
location can vary widely from year to year. The Fort 
Riley Natural Resources Office maintains records of 
all planned burns and most wildfires. This information 
was used to determine the burn history of the study 
area during the period 1992-1996. 

Bird surveys.-In 1995, permanent bird survey 
points (n = 119) were located at approximately 500 m 
intervals along transects 5-7 km in length. All survey 
points were placed outside of areas of restricted access 
such as the MPRC and the danger fan. Each survey 

point was marked with flagged fence posts; Universal 
Transverse Mercator (UTM) coordinates were recorded 
using a Global Positioning System (GPS) unit. 

From May-August, 1995, and from March-July, 
1996, we made eight timed monthly surveys at each 
survey point using a modified variable circular-plot 
method (Reynolds et al. 1980) to locate breeding 
shrikes. The UTM coordinates of the specific location 
of each shrike use site was recorded. Each transect was 
surveyed beginning at first light and was completed by 
three hours after sunrise. Surveys were not conducted 
during heavy fog, rain, or when wind speeds exceeded 
20 km/hr. In order to minimize sampling bias, the order 
in which transects were surveyed each month and the 
starting point and direction in which points were sam- 
pled along the transect were varied randomly. Because 
breeding shrikes were found to be relatively scarce on 
Fort Riley during the 1995 field season, in 1996 UTM 
coordinates were also recorded for birds found during 
the course of other field work. The date each bird was 
observed, the activity of the bird, and the type of perch 
being used (e.g., tree, shrub) when the bird was first 
located were recorded. 

Landscape scale habitat.-For landscape scale anal- 
ysis, the habitat within a 250 m radius of each survey 
point (a 19.6 ha plot) was identified, a priori, as either 
grassland (n = 35), Savannah (n = 44), or woodland 
edge (n = 40) according to the amount of cover by 
woody vegetation. The habitat class for a point was 
determined using a tree cover map developed by Kan- 
sas Biological Survey (KBS; Lauver et al. 1996) and 
on-site visual estimations. Grassland plots contained 
15 or fewer isolated shrubs (<4 m in height) or trees 
(>4 m in height) or one copse 20 m in diameter. Sa- 
vannah plots contained more than 15 shrubs or trees 
and did not contain continuous, wooded riparian hab- 
itat. Woodland edge points were located within 100 m 
of extensive, wooded riparian habitat that ran through 
the plot. The landscape habitat category of specific 
shrike locations (use sites) was determined using the 
same methods as for the survey points. 

Use sites and survey sites were grouped into five 
bum treatments, based on the year the site was last 
burned, and two hay treatments, based on whether or 
not the site was hayed in 1995. A x2 analysis was 
conducted to determine if the observed frequencies of 
shrike use sites differed from a random distribution 
among the three habitat types, among the burn treat- 
ments, and among the hay treatments. 

Fine scale vegetative structure.-Fine scale vege- 
tation was sampled at use sites and survey sites during 
the spring and summer of 1996. Using a table of ran- 
dom digits, sampling plots were permanently located 
at a random distance (within 200 m) and direction 
from each survey point. Vegetation sampling plots 
were also centered around use sites in order to describe 
shrike fine-scale habitat. The density of shrubs (<4 m 
in height) and trees (>4 m in height) was measured 
within the sampling plot. Four meters height was se- 
lected because that was the minimum height a tree 
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could be detected using the remote sensing techniques 
employed by KBS (Lauver et al. 1996). 

A point-intercept method was developed (modified 
from Rotenberry and Wiens 1980) to sample the struc- 
ture of the herbaceous vegetation at 100 randomly lo- 
cated sampling points within the plot. At each of the 
100 points within the plot, a 6 mm diameter rod 
marked in 10 cm intervals was dropped vertically 
through the vegetation. At each sampling point, the 
number of contacts of vegetation within each deci- 
meter of the sampling rod was recorded according to 
the physiognomic class of the vegetation (live grasses, 
live forbs, standing dead vegetation). These samples 
were used to calculate measures of herbaceous vege- 
tative cover and vertical and horizontal vegetative 
structure. Percent cover by each physiognomic class 
present at a site was calculated from the frequency of 
occurrence of each class at all 100 sampling points. 
Total vegetative cover was estimated as the proportion 
of points with at least one of the physiognomic classes 
of vegetation. Percent cover of litter was calculated as 
the proportion of sampling points with litter. When lit- 
ter was present, its depth (cm) was measured and re- 
corded. The maximum height of the vegetation con- 
tacting the rod at each sampling point was also re- 
corded. The vertical density of the vegetation was cal- 
culated as the mean number of contacts of vegetation 
with the sampling rod. Two heterogeneity measures 
were calculated. The first was the coefficient of vari- 
ation of the maximum height of the vegetation across 
the sampling plot. The second was the coefficient of 
variation of the vertical density of the vegetation 
across the sampling plot. Physiognomic cover diversity 
was calculated after Wiens and Rotenberry (1981) us- 
ing Hill’s (1973) reciprocal of Simpson’s (1949) di- 
versity index as 

P = 16 p:, 

where P is the physiognomic cover diversity index, 
and p, is the proportional coverage of the ith physiog- 
nomic class. This index indicates the equivalent to the 
number of physiognomic vegetation classes if all were 
equally abundant. 

The severity of military disturbance to the vegeta- 
tion was also identified at the fine scale. If vehicle 
tracks were intercepted by the sampling rod, the sam- 
pling point was given a score indicating the intensity 
of damage to the vegetation: 0 (no disturbance), 1 
(crushed vegetation, little soil disturbance), 2 (exten- 
sive disruption of the soil, little remaining vegetation), 
or 3 (permanent gravel road). A military disturbance 
index was calculated for each site as the sum of the 
disturbance scores for all 100 sampling points within 
the plot. 

Principal components analysis.-The spring 1996 
fine-scale herbaceous vegetation data describing the 
bird survey points represent the range of values for the 
vegetative structure available to shrikes during the pe- 
riod of peak territory establishment (Tyler 1992). For 
this reason, these data were used as the baseline data 
for all comparisons. Because measures of vegetative 

structure are highly correlated with one another (James 
197 1, Wiens and Rotenberry 198 l), a principal com- 
ponents analysis (PCA) was conducted on the spring 
data to identify the patterns of covariation among the 
herbaceous vegetation variables. Principal components 
analysis has the advantage of reducing a large number 
of covarying variables to a smaller number of orthog- 
onal components that maximize the variance account- 
ed for in the data (Rotenbetry and Wiens 1980, Gauch 
1982). Habitat data from the shrike use site were ap- 
plied to the early or late spring principal components 
to ordinate shrike use sites in the principal component 
space defined by the census points. By plotting shrike 
use site vegetation data in the principal component 
space defined by the spring survey point vegetation 
data, comparisons of the principal component scores 
using analysis of variance (ANOVA) could be made 
between use sites and survey sites in order to detect 
patterns of bird-habitat associations. Spring vegetation 
was sampled in early April and late May because a 
reservation-wide training exercise restricted access to 
the study site during late April and early May. A series 
of ANOVAs conducted on the principal component 
scores for sites sampled before and after the start of 
the growing season showed significant changes in each 
of the principal components, indicating that the date 
the data were collected may influence comparisons of 
vegetative structure among treatment groups. For this 
reason, the spring 1996 sampling period was treated 
as two separate sampling periods (early and late), and 
the principal component scores were grouped accord- 
ingly for further analysis. 

All variables expressed as percentages were trans- 
formed using the arcsine square root transformation 
(Zar 1984) prior to analysis. Data are presented as 
mean (.Q C standard error (SE). Significance was es- 
tablished at P = 0.05 for all comparisons. 

The Shapiro-Wilk test (SAS Inst., Inc. 1992) was 
used to test the univariate assumption that the data are 
normally distributed, and Levene’s test was used to test 
the univariate assumption that the treatment group var- 
iances were equal. For those comparisons for which 
the treatment variances were unequal, the SATTERTH 
option within the PROC MIXED procedure in SAS 
(SAS Inst., Inc. 1992) was employed to calculate ap- 
propriate degrees of freedom and fit the unequal vari- 
ance model. If the Satterthwaite method did not change 
the results of the ANOVA, the test was assumed to be 
robust despite the heterogeneous variances, and the 
original data were retained. If, by fitting the unequal 
variance model, the results of the ANOVA changed, 
the test was conducted using the new degrees of free- 
dom. Statistical analyses were performed using SAS 
(Version 6.11) software on an IBM compatible com- 
puter. 

RESULTS 

Landscape scale.-Seven hike use sites 
were located in 1995 and 12 use sites were 
located in 1996. All birds were observed dur- 



478 

$ 10 - 

.% 
fn 

5 a- 

k 

e 6 

z' 4- 

2- 

THE WILSON BULLETIN - Vol. 110, No. 4, December 1998 

Grassland Savannah Woodland Edge 

Landscape level habitat types 
FIG. 2. Distribution of pooled 1995 and 1996 Loggerhead Shrike use sites (n = 19) among landscape level 

habitat types, fort Riley Military Reservation, Kansas (x2 = 10.17, 2 df, P = 0.0062). 

ing the breeding season and were assumed to 
be independent breeding individuals based on 
territorial behavior and the large distance 
(usually >l km) between locations. Six of 
seven shrike observations in 1995, and 4 of 
12 in 1996 were made at survey points. In 
1995, we observed shrikes twice at one point 
on different surveys (counted as one bird), and 
in 1996, two birds were seen twice at the same 
point (also each counted as one bird). We lo- 
cated nests for two of the sightings in 1995 
and six in 1996; thus we documented breeding 
for 8 of 19 birds by locating nests. Shrikes 
were most often observed foraging (n = 14). 
Shrikes were significantly associated with sa- 
vannah habitat at the landscape scale (x2 = 
10.17, 2 df, P = 0.0062; Fig. 2). 

Approximately 30% of the study area was 
hayed in 1995 (33 of 104 sites). In 1996, 
shrikes selected sites randomly with respect to 
hay treatment (n = 12, x2 = 0.05, 1 df, P > 
0.05). Four of the seven Loggerhead Shrike 
use sites located in 1995 were at sites burned 
two years earlier (in 1993). The other three 
use sites located in 1995 were burned three 
years before (in 1992). The majority of 

shrikes located in 1996 (n = 12) selected sites 
that were either burned in 1996 (n = 5) or last 
burned in 1993 (n = 5). This distribution was 
not significantly different from random with 
respect to the number of years since the site 
was last burned (x2 = 4.45, 4 df, P > 0.05). 

Fine scale.-In 1996, vegetation sampling 
plots were centered on 12 Loggerhead Shrike 
use sites. Ten of the 12 sites were located and 
sampled during the early part of the spring 
sampling period and were therefore compared 
to early spring survey sites sampled before the 
middle of May (n = 54). 

The PCA of the spring 1996 fine-scale her- 
baceous vegetation data resulted in three prin- 
cipal components with eigenvalues greater 
than one (Table 1). Together, these compo- 
nents accounted for 84.0% of the total vari- 
ance present in the data. High values of the 
first principal component (PCl) represent in- 
creasing total vegetative cover and vertical 
density, increasing cover by litter, and de- 
creasing heterogeneity. High values of PC1 
are representative of undisturbed tallgrass 
prairie, whereas low values of PC1 indicate 
high vertical and horizontal heterogeneity. 
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TABLE 1. Eigenvectors of fine scale vegetative 
variables for the first three principal components de- 
termined by a PCA of spring 1996 bird survey site 
herbaceous vegetation data. Values next to the habitat 
variables under PCI, PC2, and PC3 are factor load- 
ings. Only loadings with values > (0.301 are included. 

Variable PC1 PC2 PC3 

Eigenvalue 6.11 3.15 1.66 
Variance explained 47% 24% 13% 
Cumulative variance 47% 71% 84% 

Cover 

Vegetation cover 
Standing dead cover 
Live grass cover 
Live forb cover 
Litter cover 
Physiognomic diversity 

Vertical structure 

Litter depth 
Contacts in first deci- 

meter 
Total hits 
Maximum vegetation 

height 

Heterogeneity indices 

Horizontal heterogene- 
ity 

Vertical heterogeneity 

Military disturbance 

0.393 
0.374 

-0.358 
-0.336 

0.302 
0.633 

0.381 

0.454 

-0.401 

0.330 

-0.379 
-0.359 

0.588 

High values of the second principal compo- 
nent (PC2) represent increasing cover of 
standing dead vegetation, increasing maxi- 
mum height of vegetation, increasing litter 
depth, and decreasing cover of live grass and 
live forbs, especially within 10 cm of the 
ground. Sites scoring highest on PC2 were 
those that had not been burned for three or 
more years, whereas sites with low PC2 scores 
generally were sites burned in 1996. High val- 

ues of the third principal component (PC3) 
represent increasing physiognomic coverage 
diversity and increasing severity of military 
disturbance. 

There was no significant difference at the 
fine-scale in the density of shrubs (F = 3.65, 
1, 63 df, P > 0.05) or trees (F = 0.68, 1, 63 
df, P > 0.05) among shrike use sites and sur- 
vey sites (Table 2). The mean value of PC1 
(vegetative cover and density, litter cover, and 
structural homogeneity) for shrike use sites 
was significantly lower than the mean value 
of PC1 for survey sites (F = 7.43, 1, 63 df, 
P = 0.0083), indicating selection of habitat 
with above average horizontal and vertical 
heterogeneity. 

Levene’s test was significant for heteroge- 
neous variances of PC2 scores between shrike 
use sites and survey sites (P = 0.0439). When 
the appropriate degrees of freedom were es- 
timated (SATTERTH; SAS Inst., Inc. 1992), 
the initial results of the ANOVA changed, so 
the Satterthwaite estimates were retained (Ta- 
ble 2). Mean PC2 scores (litter depth, and 
height and cover by standing dead vegetation) 
for shrike use sites were significantly higher 
than those for the survey sites (Table 2). Mean 
PC3 scores (physiognomic cover diversity and 
disturbance index) did not differ between 
shrike use sites and survey sites (F = 0.14, 1, 
65 df, P > 0.05; Table 2). 

Military track disturbance.-No significant 
differences existed between Loggerhead 
Shrike use sites and survey sites with regard 
to military disturbance (F = 2.06, 1, 63 df, P 
> 0.05). The statistical power of this test was 
low (0.35) however, meaning that the failure 
to reject the null hypothesis when the alter- 
native hypothesis is true is expected to occur 
with a 65% probability (Dallal 1988). This 

TABLE 2. Loggerhead shrike use site means and site F-test P-values for early spring 1996 fine scale 
vegetative variables measured at Fort Riley Military Reservation, Kansas. 

Vegetative variable 
Early spnng survey Loggerhead Shrike use 

sites (n = 54) sites (n = 10) P-Vk3lU.E 

Number of shrubs 10.98 2 2.25 20.92 ? 4.69 >0.05 
Number of trees 6.92 + 1.61 10.00 IT 3.36 >0.05 
Principal component 1 -1.37 r 0.34 -3.52 2 0.71 0.0083 
Principal component 2 0.73 ? 0.28a 2.19 2 0.29’ 0.0010~ 
Principal component 3 0.12 2 0.19 0.28 2 0.40 >0.05 

a Unequal variance estimates. 
b P-value is the result of using unequal variance estimates. Difference of LS Means = -1.46, and SE of the difference = 0.40. 
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means that it is inappropriate to use these re- 
sults to argue that disturbance does not affect 
Loggerhead Shrikes. We merely have not 
shown that disturbance does affect them. This 
means that shrike use sites are typical, with 
respect to disturbance, of the rest of the grass- 
land that we surveyed. The average survey 
point had a disturbance score of 35 (k28.7 
SD, range O-204), similar to our disturbance 
scores for the sites used by shrikes. 

DISCUSSION 

The scale at which an ecological study is 
conducted is an important factor in the inter- 
pretation and understanding of the patterns 
observed (Forman 1995, Wiens et al. 1987, 
Wiens 1989). For example, the presence of 
several shrubsteppe bird species have been 
correlated with different vegetative character- 
istics at the regional and local scales of study 
(Wiens et al. 1987). We investigated Logger- 
head Shrike habitat associations at both a 
landscape scale defined by macrohabitat types 
and at a finer scale within individual territo- 
ries. Analysis at these two scales resulted in 
different patterns of woody vegetation asso- 
ciated with breeding locations used by shrikes. 

At the landscape scale, shrikes at Fort Riley 
were associated with savannah habitat, sug- 
gesting that at this scale shrikes select sites in 
the tallgrass prairie with scattered woody veg- 
etation. This pattern of selection is similar to 
that found for shrikes elsewhere in the United 
States. It supports the hypothesis that the 
availability of nesting sites is an important 
factor in habitat selection by breeding shrikes 
(Brooks and Temple 1990, Yosef and Grubb 
1994). 

At the fine-scale, shrike habitat at Fort 
Riley did not differ in either mean shrub den- 
sity or mean tree density from random survey 
sites. Since the majority of the birds (70%) 
observed at use sites were foraging, these re- 
sults suggest that the density of woody vege- 
tation at the finer scale may be unimportant to 
foraging Loggerhead Shrikes. While the ma- 
jority of shrikes in this study were first seen 
perched on woody vegetation, this may be be- 
cause they are more easily seen perched at 
these heights. During further observation, 
birds were often seen perched on prairie grass- 
es and forbs ranging in height from OS-2 m. 
In contrast to homogeneous pastureland, the 

structural heterogeneity of tallgrass prairie 
provides shrikes with perching and foraging 
substrates other than offered by woody vege- 
tation (Chavez-Ramirez et al. 1994). 

The importance of vegetative structural het- 
erogeneity to shrikes is shown by the fact that 
shrikes used sites at Fort Riley that had sig- 
nificantly greater structural heterogeneity (low 
values of PCl) than did random sites. Shrikes 
also used sites with lower total vegetative cov- 
er, lower litter cover, and more bare ground 
(low values of PCl); taller vegetation, stand- 
ing dead vegetation, and deeper litter (high 
values of PC2) than random sites. These re- 
sults suggest that structurally heterogeneous 
native prairie that has tall vegetation inter- 
spersed with areas of bare ground may pro- 
vide shrikes with adequate foraging habitat at 
the fine-scale. 

Shrikes used sites with high structural het- 
erogeneity despite the fact that they did not 
differ from random with respect to bum his- 
tory, haying the year before, or the military 
vehicle track disturbance index. We predicted 
that shrikes would be associated with high 
vegetative structural heterogeneity, and that 
the heterogeneity would be associated with 
greater military vehicle track disturbance. It is 
reasonable to expect that even moderate levels 
of military vehicle track disturbance to the 
vegetation are capable of creating the struc- 
turally heterogeneous ground cover selected 
by shrikes at Fort Riley. 

It is possible that vehicular disturbance to 
the vegetation may help sustain scattered 
woody vegetation at the landscape scale for 
breeding shrikes. Military vehicle activity, 
crushing vegetation, creating bare patches, 
and soil compaction, may have indirect effects 
on the vegetation at Fort Riley because of in- 
teractions with hay harvest and fire. For ex- 
ample, at Konza Prairie Research Natural 
Area, a Long Term Ecological Research site, 
annual and 2-yr burn intervals in watersheds 
without vehicle track disturbance eliminate 
woody vegetation and most forbs, yielding a 
structurally simple plant cover of mostly 
warm-season grasses without vertical and hor- 
izontal habitat variability like that at Fort 
Riley. Despite the burning of most areas of 
Fort Riley every 2-4 years, many scattered, 
isolated trees and hedgerows exist at the land- 
scape scale and represent potential nesting 
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habitat for Loggerhead Shrikes (Lauver et al. 
1996). By fragmenting patches of herbaceous 
vegetation and reducing soil drainage through 
compacting, vehicular disturbance may indi- 
rectly reduce the intensity of fire in localized 
areas, thus reducing the fire-caused destruc- 
tion of established woody vegetation. 

The results from this study show that 
shrikes at Fort Riley are associated with scat- 
tered trees and shrubs at the landscape scale 
and with structurally heterogeneous herba- 
ceous vegetation at the fine-scale. Military 
training may have both short and long term 
roles in maintaining shrike habitat at both 
scales. In order to better understand the rela- 
tionship between training and habitat condi- 
tions, the long term effects of training distur- 
bance to shrike habitat at Fort Riley need to 
be studied. 
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