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Recent declines in loggerhead shrike {Lamius fudovicianus) populations have
prompted studies of the nesting ecology and habitat associations of shrikes
throughout their range, but there is a paucity of information on shrikes nesting in
shrubsteppe plant communities. Therefore, I studied nesting success and habitat
relationships of loggerhead shrikes in shrubsteppe communities in southcentral
Washington during the spring and summer of 1988 and 1989. Loggerbead shrikes
were present at Hanford year-round but most were migratory, arriving by March
and departing by September, Numbers of adults and juveniles peaked in May and
July, respectively, Nesting was initiated in March and continued through August. In
}988; clutch initiations peaked in early May with a secondary peak in mid-June; in
1989 2 single peak occurred in mid-April. Fledgling shrikes were first seen on 6
May in 1988 and 7 May in 1989, The Mayfield estimate of nest survival from egg
laying to fledging was 57% (N = 39). Of 207 nesting pairs, 2 minimum of 19%
renested from 1 - 3 times following nest failures, at least 5% fledged two broods in
one nesting season, and 85% eventually produced fledglings. The major cause of

nest fatture was depredation by gopher snakes (Pituophis melanoleucus; 52%;



N = 21}, black-billed magpies {Pica pice) and comamon ravens {(Corvus corax; 33%),

and coyotes {Canis latrans; 14%}‘ Average clutch size was 5.9 £ 0.2 [SE] eggs

{M = 358} 5.1 03 (N = 17) young fledged per successful nest; and 2.3 * 0.2 young

survived per brood at two weeks post-fledging (N = 40). Ninety-six percent of 113
territories occupied by shrikes in 1988 were recccupied in 1989.

Shrikes nested only in shrub-dominated plant communities and were rare or

aheent in grasslands, riparian zones, and areas dominated by exotic plants and

rabbitbrush (Chrysothamnus spp.). Deusities were highest in mixed shrub, lowland

sagebrush, and bitterbrush communities (3.5, 3.4, and 2.1 pairs/ kmz, respectively},
and lower in upland sagebrush (0.6 pairs/ E{mz) and rabbitbrush communities,

Mesting territories (N = 297) were characterized by a mosaic of patches of tall,

robust shrubs and openings of grassland or sand dunes. Mixed shrub and lowland

sagebrush communities had greater interspersion of shrub patches and openings

than did other comnmnities. Shrike density was apparently limited by the scarcity of

..... shrub patches in the bitterbrush community and by the lack of openings in the

upland sagebrush community. Nesting in the rabbitbrush commmunity was restricted

to small patches of big sagebrush {drfemisia tridentata) interspersed among the

dominant rabbitbrush. Shrikes were most abundant in areas of flat topography,

deep soils, and relatively high horizontal and vertical structural diversity, Such

diversity occurred only in late seral big sagebrush and bitterbrush communities that

had been patchily burned. Shrike nest sites had greater canopy cover of tall shrubs
{big sagebrush; antelope bitterbrush, Purshia tridentata; spiny hopsage, Grayia
spinosa; and mock orange, Philadelphus lewisit), less anmual grass cover, and taller

shrubs than did non-nest sites. Shrubs containing shrike nests were 1aller, larger,

and closer to an edge than were non-nest shrubs. Nest shrubs were frequently part

of a continucus chump formed by other shrubs and wind-lodged tumbleweeds

{Salsola kali}. Shrikes preferved big sagebrush and antelope bitterbrush for nest



shrubs, used mock orange in proportion to its availability, and avoided spiny
hopsage, gray rabbitbrush (Chrysothamnus nouseosus), and green rabbitbrush
{Chrysothamnus vicidifiorus), Of 313 nests located, 97% were in shrubs, 2% were in
trees, and 1% were in wind-lodged tumbleweeds and vines, The probability of
fledging was greater in nests which were better concealed from view than in more
visible nests. Shrikes selected tall, dense, live shrubs for roosts; slightly shorter live
shrubs for nest substrates; and dead shrubs for perches. Shrubs used for any of

these purposes were taller than the mean shrub height within 50 m of the nest.
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REPRODUCTIVE SUCCESS AND NESTING HABITAT
OF LOGGERHEAD SHRIKES IN SHRUBSTEPPE COMMUNITIES

General Introduction

"The loggerhead shrike (Lanius hudovicianus) is predatory passerine that
inhabits open country with interspersed shrubs or trees {Miller 1931, American
Ornithologist’s Union 1983}, Shrikes are dietary generalists, preying on a wide
variety of species such as grasshoppers, beetles, mice, lizards, songbirds, and small
snakes (Miller 1931}, Shrikes hunt from perches in areas of low ground cover,
where prey detection is presumably increased {Smith 1973, Craig 1978, Mills 1979,
Morrison 1980, Kridelbaugh 1982). In the breeding season, most prey are captured
within 65 m of the nest, which is placed in a dense shrub or small tree {Miller 1831).
Bhrikes are associated with edge habitats (McNicholl 1986} where perches and zzes;is
are loeated near open spaces for foraging.

Although loggerhead shrikes now occur from southern Canada to northern
Mexico and from the Atlantic to the Pacific coast (Miller 1931, Bent 1?5“@}, their
habitat requirements probably caused them to be rare in the fore:szeé areas of
eastern North America and in the prairie regions of the Midwest prior to
Euroamerican settlement (Fraser and Luukkonen 1986). Fraser and Luukkonen
{1986: 936) hypothesized that historically shrikes "reached their greatest numbers in
the brushlands and deserts of the southwestern and south-central United States,
where they still are relatively abundant.”

Loggerhead shrike populations throughout North America have declined
3.7% anmually between 1965 and 1979 (Bystrack 1981, Morrison 1981, Robbins et al.

1986}. Declines have been most severe in the eastern United States {Bystrack 1981,




Morrison 1981, Robbins et al. 1986), where shrikes are listed as threatened or
endangered in several states (Brooks and Temple 1986, Fraser and Luukkonen
1986} The main factor limiting shrike populations is not clear (Fraser and
Laukkonen 1986, Tyler 1992}, although habitat loss (Graber et al. 1973,
Kridelbaugh 1982, Siegel 1980, Luukkonen and Fraser 1987, Gawlick and Bildstein
1990, Scott and Morrison 1990}, pesticide contamination {Erdman' 1978, Busbee
1977, Anderson and Duzan 1978, Morrison 1979, McNicholl 1986, Blumton et al.
1990}, imerspecific competition (Robbins et al. 1986), roadkill mortality (Novak
1989}, and overwintering mortality (Blumton 1990, Brooks and Temple 1990a) have
been proposed as potential causes. In order to determine the cause of the declines
there have been numerous studies of the nesting ecology and babitat associations of
shrikes in areas where their populations have declined {(Graber et al. 1973,
Anderson and Duzan 1978, Siegel 1980, Kridelbaugh 1982, Luukkonen and Fraser
1987, Scott 1987, Brooks and Temple 1990s and 1990b, Novak 1989, Blumton 1990,
(Gawiick and Bildstein 1590, Tyler 1992). There have been few studies of stable
shrike populations (Miller 1931, Porter et al. 1975, Bohall-Wood 1987}, and thére is
& paucity of information on shrikes in shrubsteppe communities.

Oue of the 11 subspecies of loggerhead shrikes, L. [ gambeli Ridgway or the
California shrike, océurs in the shrubsteppe of eastern Washington (Miller 1931).
Little is known of the current status of this subspecies, although Breeding Bird
Surveys show a 4.4% anmual decline between 1968 and 1989 in breeding populations
of shrikes in the Columbia Basin, and a 11.4% annual decline in Washington State
between 1980 and 1989 (. Bystrack pers. comm, 1991). As a result of this
perceived population decline the U. §. Fish and Wildlife Service (1991} is reviewing
the species for designation as threatened or endangered, and the Washington
Department of Wildlife (1987) has proposed the species be classified as sensitive.

in the spring and summer of 1988 and 1989 I studied loggerhead shrikes in




shrubsteppe communities of southcentral Washington. The purpose of my study was
to provide information on the abundance, productivity, and habitat relationships of
shrikes in shrubsteppe communities that have been minimally altered since
Eurcamerican settlement. Information gathersd on shz;ikas nesting in their historic
habitat may lluminate reasons for their declines elsewhere. Specifically my
objectives were to: .
1} Describe the breeding chronology and reproductive success of loggerhead
shrikes.
2} Determine shrike density in various plant communities during the nesting
Season.
3} Investigate nest site selection by shrikes in shrub-dominated plant
coppmunities.
This thesis is written in two chapters to facilitate publication as manuscripts.
Chapter One presents research on the first objective above, while Chapter Two
concerns the second and third objectives. The Literature Cited section contzins

refersnces for both chapters.



CHAPTER 1. NESTING CHRONQLOGY AND REPRODUCTIVE SUCCESS
OF LOGGERHEAD SHRIKES IN SHRUBSTEPPE COMMUNITIES

Ixtroduction

Loggerhead shrike (Lanius hudovicianus) populations have declined
throughout North America (Bystrack 1981, Morrison 1981, Robbins ot al. 1986),
prowpting the U. S. Fish and Wildlife Service (1991} to list the specics as a
candidate for threatened or endangered status. There have been numerous studies
of shrike reproductive ecology in ecosystems that have been highly modified by
farming and intensive lvestock grazing {Graber et al. 1973, Porter et al. 1875,
Anderson and Duzan 1978, Siegel 1980, Kridelbaugh 1982, Bohall-Wood 1987,
$uukkonen and Frazer 1987, Brooks and Temple 19902, Novak 1989, Blumton
1990, Gawlick and Bildstein 1990, Tvler 1992) or the introduction and dominance of
exotic species (Scott 1987). There have been few studies of shrike populations in
relatively undisturbed plant communities (Miller 1931, Wiens 1973, Wiens and
Rotenberry 1981}, and there remains a paucity of information on shrikes nesting in
shrubsteppe communities. The purpose of this study was to describe the breeding
chronology and reproductive success of loggerhead shrikes in shrubsteppe

commuunities of southcentral Washington.

Study Area

The Hanford Site of southcentral Washington (Figure 1) was purchased by

the federal government in 1943 and has since been operated by the Department of
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Energy for the production of nuclear materials. Most human activity is restricted to
z few widely-spaced industrial complexes and the intervening land consists of
shrubsteppe vegetation that has heen free from lvestock grazing, agriculture, and

public access for about 45 years (Rickard and Poole 1989). The current distribution

of plant communities at Hanford is probably similar to that of pre-Eurcamerican

times (Daubenmire 1970).

i restricted my study to 8§30 km? of the Hanford Site lying south and west of
the Columbia River (Figure 1), Elevations range from 190 m near the Colurbia
River 10 1060 m on Rattlesnake Mountain, and most of the topography is flat to
gently rolling. The climate is arid with hot summers and moderately cold winters,
Frecipitation falls mostly between October and May, with 2 mean of 16 ¢m per year
(Rickard 1988). The study area lies within the big sagebrush (Artemisia
sridernara)/bluebunch wheatgrass (Agropyron spicatum) vegetation zone
{Laubenmire 1970). The dominant plant communities are upland sagebrush
{Artemizia iridentaa { Agropyron spicatum-Poa sandbergii), lowland sagebrush
{Arternisia tridentata | Poa sandbergii-Bromus tectorum), bitterbrush (Purshia
tridenteta/ Oryzopsis hymenoides-Stipa comata), and mixed shrub (drtemisia
tridentata-Purshia tridentata { Pea sandbergli-Oryzopsis kymenoides-Stipa comata) (see

Chapter 2 and Appendix 1 for community descriptions).

Methods

1 observed the behavior of adult shrikes to determine their breeding status
{single or paired), nesting chronology, and probable nest location (Miller 1931,
Kridelbaugh 1982, Scott 1987). Afier 5 - 20 minutes of observation I searched the

area on foot 10 locate nests, I recorded the mumber of eggs and young in the nest




and the stage of development of young {Miller 1931), To reduce the chance of my
visits influencing reproductive suceess {Scott 1987), I minimized the number and
duration of nest visits, avoided nest visits when black-billed magpies (Pica pica) or
common ravens {Corvus corax) were present, followed circuitous rather than direct
rautes to nest shrubs, and did not physically mark the location of nests. I usually
made three visits per nest: one to confirm the nest and record the nesting stage, a
second near the suspected haiching date, and 3 final visit to determine the number
of young fledged. Between nest checks I observed adults at active nest sites {those
with sither eggs or young) to detect bebavioral changes associated with nest fallure
{Miller 1931). When a nest failed I searched the nest area for indicators of the
cause of failure. I the nest was depredated I identified the probabile species of
predator by the condition of the nest and nest shrub and by the presence of tracks,
fur, or feathers near the nest.

i determined nest initiation dates by direct observation or by back-dating
from hatching or fledging dates. In back-dating, I allowed § days for egg laving, 17
days for incubation (which begins with laying of the penultimate egg), and 19 days
for the nesiling period (Miller 1931, Porter et al. 1975, Blumton 1990). In
caleulating the number of eggs per cluteh, I included only nests that I found prior o
or during egg laying and that I checked again less than three days after clutch
compietion. I based the mumber of young fledged on the number of young present
in the nest at 16 - 18 days post-hatching, plus any fledglings I noted in nearby shrubs
and trees. I determined the number of fledglings surviving at 2 weeks post-fledging

by repeatedly flushing and counting the young at nest sites.

statistical Methods

f used the Mayfield-40% method (Mayfield 1961, 1975; Johnson 1979) to

calculate survival probabilities of nests. The 40% method minimizes the positive




bias in survival rates produced by infrequent nest checks {Johnson 1979} I used
program MICROMORT (Heisey and Fuller 1983) to perform calculations. 1
divided the nesting cycle into incubation {egg-laying through hatching) and nestling
{hatching through Hedging) stages, and assumed all nests within each stage had
eqgual survival probabilities (Heisey and Fuller 1985). 1 used likelibood ratio tests to
test the assumption that daily survival rates were constant within the two nesting
stages and to test for differences in survival rates between the two stages {White
1983, Heisey and Fuller 1985}, T used 2 £ test to determine if nest survival rates
differed between vears (MICROMORT User's Guide}. Results are reportedas¥ ¢
standard error. used a 2 x 2 contingency table 1o compare reproductive success of

shrike nests that were less than versus greater than one km from raven nests,

Hesuilts

Nesting Chronology

Loggerhead shrikes were present at the Hanford Site throughout the vear,
although numbers were low and variable from September through February, The
majority of loggerhead shrikes at Hanford were migratory, arriving by March and
departing by September (Figare 2). The total number of shrikes observed during
driving transects {(see Chapter 2) peaked in July, but the number of adults peaked in
May (Figure 3). Shrike abundance declined after July, and by September very few
shrikes remained at Hanford {(Figure 3).

Shrikes initiated nesting in March (Figure 4). The earliest date of egg laying
was 26 March 1988 and 28 March 1989, and I saw fledglings first on 6 May 1988 and
7 May 1985, In 1988, the period of clutch initiation was prolonged with peaks in

early May and mid-June; the last clutch was initiated in mid-July (N = 35 broods).
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In 1989, clutch initiation peaked in mid-April and continued until early June
{N = 53 broods). Ninety-six percent of 113 territories occupied by shrikes in 1988

were reoccupied in 1989,

roductive Success

Completed clutches contained a mean of 5.9 ¢ 0.2 eggs (N = 35) and 98% of
615 eggs that survived to time of haiching successfully hatched. Eleven percent of
104 clutches that hatched contained at least one egg that failed to hatch. An
average of 5.1 & 0.3 young fledged per successful mest (N = 17} and 2.3 ¢ 0.2 young
ware alive per brood at two weeks post-fledging (30 - 33 days post-hatching;

N = 48}

The Mayfield estimate of nest survival was 37% for both years combined
{Table 1}, Nest survival was significamly higher in 198% (64%) than in 1988 {51%;
z statistic = 10.0, P < 0.01). Nest survival rates were greater during the nestling
perind than during incubation for each of the two years, although the difference was
not significant when data from both vears were combined (likelihood ratio test,
P> {10}

Shrikes commonly renested following nest failure: 14% (N = 89) and 24%
{IN = 118) of pairs made at least two nest attempts in 1988 and 1989, réspectiveiy.
Two percent and 8% of pairs successfully raised two broods in 1988 and 1989,
respectively. Because these are known rates, the actual rates of renesting and
double-brooding were likely greater. As a result of renesting, 76% and 90% of
nesting pairs eventually fledged young in 1988 and 1989, respectively. The rate of
nesting success per pair did not differ between years {}52 = 1.0L P = 0.31).

Of 29 failed nests, 93% were depredated and 7% were abandoned. Gopher
snakes (Pituophis melannlzucus), corvids (black-billed magpies and common

ravens}, and covotes {(Canis latranss depredated 529, 33%, and 14% of nests
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{N = 21}, respectively. Shrike nests within 1 km of active raven nests falled more
often {519, N = 49) than did nests located farther from ravens (23%, N = 114;
......... X2 = 12.7; P < 0.001). The entire brood was lost in all depredations. Isaw no

evidence of brood reduction by casnibalisim and none of the 66 shrikes (13 adults,

53 nestlings and fedglings) | handled were emaciated.

Dhiscussion

Nesting Chronology
Loggerhead shrikes that breed north of California are largely migratory and

winter in areas with fewer than 10 days of snow cover annually {Miller 1931}, 1

observed both loggerbead and northern {Lanius excubitor) shrikes at Hanford in the

” winter but the near absence of shrikes in September and in early February may

g indicate that the loggerhead shrikes at Hanford ip winter are migrants, while
Hanlord's breeding population winters elsewhers,

- Shrikes in southern Washington initiated clutches in late March rather than

inn April, as reported by Miller (1931} for this ;area. Egg laying dates in Virginia

{Luukkonen and Fraser 1987), Missouri (Kridelbaugh 1982), and on San Clemente

island {Scott 1987) were bimodal with peaks four to six weeks apart, and shrikes

often produced two broods per year in these areas. The only population in which

double-brooding was not reported was in Colorado, where there was ounly one peak

in egg laying dates (Porter et al. 1975} Most shrike pairs at Hanford produced only

one brood, and the distribution of egg laying dates was only weakly bimodal, due
,,,,,,,,, primarily to renesting in 1988,
The difference in peak dates of clutch initiation between years may have

been due to weather; spring rains came about one month later in 1988 than in 1988,
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and this may have delayed nest initiation, Blumton (1990) tound that rain was an

important influence on the onset of nesting in Virginia,

Reproductive Success

The mean clutch size {5.9) and the number of young fledged per successiul
nest {5.1) at Hanford represented the second highest rates reported in this and 12
gther studies {Graber et al. 1973, Porter et al. 1975, Anderson and Duzan 1978,
Siegel 1980, Kridelbaugh 1982, Luukkonen and Fraser 1987, Scott 1987, Novak
1988, Gawlick and Bildstein 1990, Brooks and Temple 1990s, Blumton 1990, Tyler
1892). Cluich size (6.4) and number fledped per successful nest (54} were higher
only in Colorado (Porter et al. 1975). Loggerhead shrikes sxhibit a latitudinal cline
in chutch size and incidence of double-broodedness; smaller clutches and a higher
incidence of double-broodedness are more frequent at lower latitudes (Kridelbaugh
1982}, Although Hanford is higher in latitude than Colorado, shrikes at Hanford
had smaller clutches and a higher incidence of double-broodedness. This apparent
incongruity may be due to the higher elevation of the Colorado study site (1430 m;
Wiens 1973) as compared 1o 250 m at Hanford.

Hatchability of eggs (98%) at Hanford exceeded rates reported for shrikes in
other studies (83% in Hlinois, Anderson and Duzan 1978; 93% in Missouri,
Kridelbaugh 1982; 91% in Virginia, Luukkones and Fraser 1987; 81% in Oklaboma,
Tyler 1992} and for passerines in general (91%; Koenig 1982}

Juvenile shrikes are dependent on their parents for 3 - 4 weeks post-fledging,
and young shrikes fly very poorly and are highly vulnerable 1o depredation after
fledging (Miller 1931, Smith 1972, Scott 1987, Luukkonen and Fraser 1987). The
time of greatest mortality for juvenile &érikes is during this post-fledging period, so
estimates of reproductive success based solely on fledging rates may be positively

biased (Scott 1987, Novak 1989). Post-fledging mortality limited population growth
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in New York (Novak 1989), but survival after this period is apparently very high.

Bhumion (1990) attached radiotransmitters to 17 fledgling shrikes and observed

100% survival between 40 and 88 days of age. In Virginia (Luukkonen and Fraser

1987} and on San Clemente Island (Scott 1987, Scott and Morrison 1990}, 34% and
40% of fledglings disappeared prior to independence, respectively. At Hanford,

55% of young fledged were lost prior to independence, but the nmumber of young

surviving to independence (2.3 4.2 young/brood fledged) was still similar to that

observed in Virginia (2.6 £ 0.2 young/brood fledged; Loukkonen and Fraser 1987)

and significantly (P < 0.05) greater than that observed on San Clemente Island,
California (1.7 £ 8.1 young/brood fledged; Scott 1987). Similar to Luukkonen and

Fraser (1987} and Scott (1987), 1 assumed that most of the brood reduction was due

to mortality rather than to early dispersal of young, The appropriateness of this

assumption is supported by Blumion’s {1999) finding that voung shrikes remained in

nest areas an average of 59 days after fledging. However, the low number of young 1
detected in the posi-fledging period may have been influenced by difficalty in

finding fledglings in the shrubby environment,

The median rate of nesting success in the 12 studies listed above was 629,
with & range of 43% (Siegel 1980} to B0 (Graber et al. 1973). The Mayfield

estimate of nest survival at Hanford (579} is well within this range, and the 9%

confidence Hmits (44% - 74%) He within the range of mean nesting success rates

reporied elsewhere.
Depredation was the major cause of nest failure at Hanford and in several
other studies (Porter et al. 1975, Siegel 1980, Luukkonen and Fraser 1987, Scott

1987, Scott and Morrison 1990). Corvids depredated shrike nests in Colorado
_________ {Porter et al. 1975}, Alabama (Siegel 1980), Virginiz (Luukkonen and Fraser 1987),
San Clemente Island (Scott 1987), and New York {Novak 1989). At Hanford, shrike

nests that were within 1 km of raven nests were about twice as Hkely to fail as were



nests more distant from ravens, Snakes were the likely predators of shrike nests in

Alabama (Siegel 1980), Missouri {Kridelbaugh 1982}, Virginia (Luukkonen and
Fraser 1987}, and South Carolina {Gawlik and Bildstein 1990). Rotenberry and

Wiens {1989) found that depredation was & major factor in reducing reproductive
success of passerines in shrubsteppe communities and noted that snakes were the

principal nest predators in southeentral Washington.

Shrike productivity was apparently lumited by food availability in agriculiural

areas of Virginia, where adults resorted to cannibalism of nestlings in an apparent

attempt to reduce brood size (Luukkonen and Fraser 1987, Blumton 1980}, 1 found
no evidence that lack of food limited shrike reproductive success at Hanford as 1

observed no cases of cannibalism or starvation. The average chutch size exceeded

the average number of young fledged by 0.8 individuals, and this difference can be
accounted for by the hatchability rate of eggs.

The rate of territory recccupancy at Hanford (969%) was much higher than
,,,,, .. that reported for populations in Mionesota {47%, Brooks and Temple 1990a),
Missouri {84%, Kridelbaugh 1982}, Oklahoma (13%, Tyler 1992}, and San

Clemente Island, California (mean of 65%, declining from 90% 10 30% over

4 years; boeott and Morrison 1990). The high rate of territory reoccupancy at

Hanford may indicate high survival rates of adults or a shortage of suitable nest sites
......... (see Chapter 2).
Nesting success for shrikes at Hanford exceeded the average rate for
ternperate zone passerines {47%, Ricklefs 1973), and other authors have concluded
that poor reproductive success was not responsible for the widespread decline in

shrike populations {Kridetbaugh 1982, Luukkonen and Fraser 1987, Brooks and

Temple 1990a). The lack of mortality data prohibit complete assessment of the
status of shrikes at Hanford, but repreductive success was comparable to that found

in pther recent studies. All but one (Porter et al. 1975) of the studies were of
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declining populations, however, and speculation on the status of shrikes at Hanford

based on these comparisons may not be appropriate.
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CHAPTER 2. HABITAT SELECTION BY LOGGERHEAD SHRIKES
IN SHRUBSTEPPE COMMUNITIES OF WASHINGTON

Introduction

Loggerhead shrikes inhabit a diversity of landscapes including croplands,
pasturelands, desert scrublands, shrubsteppe, and open parklands {Atkinson 1901,
Miller 1931, Bent 1950, Graber et al. 19?3, Wiens 1973, Porter et al. 1975, Craig
1978, Bildstein and Grubb 1980, Wiens and Rotenberry 1981, Kridelbaugh 1982,
Fraser and Luukkonen 1986, Bohall-Wood 1987, Luukkonen and Fraser 1987,
Novak 1989, Gawlick and Bildstein 1990, Brooks and Temple 1990b, Blunyton 1990,
Tyler 1892). Characteristics of shrike breeding habitat have been quantified in the
pasturelands and croplands of Colorado (Porter et al. 1975}, Alabama (Siegel 1980),
Missouri (Kridelbaugh 1982, 1983), Virginia (Luukkonen and Fraser 1987), South
Caroling {Gawlick and Bildstein 1990}, and Minuvesota (Brooks and Temple 1950b);
and on San Clemente Island, California (Scott 1987}, which has been highly altered
by exotic plants and feral herbivores. Quantitative descriptions of shrike nesting
habitat in mostly unaltered commuaities are sparse {Wiens 1973, Wiens and
Rotenberry 1981).

The purpose of this study was to describe characteristics of shrike nesting
habitat in native shrubsteppe communities in southcentral Washington, | examined
habitat selection by shrikes at three spatial scales. As the coarsest scale, I examined
selection between plant communities by determining shrike densities in major plant
communities. I then examined selection within commumnities by comparing
characteristics of nest sites 1o those of nearby, randomly chosen, unused sites. At

the finest scale, I compared characteristics of shrubs used by shrikes for nesting,



28

roosting, or perching to other shrubs in the immediate nest area. Specifically, I
1ested the hypotheses that;
1. Shrike densities were not different among the major plant communities.
2. Shrike nest sites and nest shrubs were not different in structure or species
composition from unused sites and shrubs;
3. Nests from which young fledged were not different structurally from failed
nests; and
4. Shrubs used by shrikes for nesting, roosting, or perching were different

from shrubs available within 50 m of the nest.

Study Area

The Hanford Site of southcentral Washington (Figare 1) has been operated
by the Department of Energy for the production of nuclear materials since 1943,
Prior to federal purchase, livestock grazing and some irrigated farming occurred
along the Columbia River and the upland streams. Human activity now centers
around a few industrial complexes, and most of Hanford's 1470 k2 consists of
native shrabsteppe vegetation that has been free from livestock grazing, agriculture,
and public access for about 45 years (Rickard and Poole 1989). The current density
and distribution of shrubs at Hanford is probably similar to that of pre-
Burcamerican times (Daubennyire 1970}, although understory vegetation across
much of the site is now dominated by exotic annuals, especially cheatgrass (Bromus
sectorunty. Much of Hanford is arable when irrigated (Hajek 1966}, and most
similar fand in the Columbia Basin was converted to agriculture by the early 1900’s
{Dobler and Eby 1990). As a result, Hanford is the largest block of shrubsteppe

remaining in Washington with vegetation stracture similar 10 that of pre-
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Hurpamerican times.

1 restricted my study to 830 km? of the Hanford Site lying south and west of
the Columbiz River. Elevations range from 196 m near the Columbia River to
1060 m on Rattlesnake Mountain. With the exceptions of Gable Butte and Gable
Mountain (Figure 1), the topography of the Hanford Site is flat to gently rolling.
Precipitation averages 16 cm per year, most of which falls between October and
May {Rickard 1988). The climate is arid with hot summers and moderately cold
winters {Rickard 1988). The study area les within the big sagebrush {(4rtemisia
sridersara}/vluebunch wheatgrass {Agropyron spicatum) vegetation zone
{Daubenmire 1570}, I classified the vegetation of the study area into nine plant
communities based on present dominant plant species, topography, and soil texture.
Appendix 1 contains quantitative cormnunity descriptions. I define a “plant
sommunity” as a distinet aggregation of plasts that oceur together in 2 specific
environment,

Llpland Sagebrush: Stands of Wyoming big sagebrush (4. &. wyomingensis)
with an understory of bluchunch wheatgrass and Sandberg’s bluegrass (Pog
sandbergiiy occur on silt loam soils (Wildung 1977) above 250 m in elevation. Shrub
cover ranges from 20 to 40%, and shrub height averages about 1 m. There is little
interspersion of shrubs and openings, due primarily to the stand-replacing nature of
wildfire in this community of continuous fuels and upsloping topography.

Mesi

30 Alluvial fans in Bobeat Canyon and Saively Basin (Figure 1)

support mesic vegetation dominated by widely-spaced mock orange (Philadelphiss
fewesii} shrubs. Dense stands of cheatgrass dominate the understory.

Lowland Sagebrush: A mixture of Wyoming big sagebrush and the slightly
taller and more robust Basin big sagehrésh {A. & tridertara) dominate the lowland
sagebrush community. Shrub cover averages 15 - 20%, shrub heights average about

1.2 m, and cheatgrass and Sandberg’s bluegrass dominate the understory. Soils
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range from silt loams to loany sands (Wildung 1977) and the topography is mostly
tevel Wildfires have created a mosaic of shrub patches and grassy openings with a
high degree of interspersion in this community.

Ritterbrush: The east central portion of the study area (Figure 1) is a mosaic
of active sand dunes up to 12 m in height, grass-dominated dune troughs, and sermi-
stabilized dunes dominated by antelope bitterbrush (Purshia sideruara). A sparse
snderstory of perennial grasses {Indian ricegrass, Oryzopsis hymenoides; needle-and-
thread, Stipa comata; and prairie junegrass, Koeleria crisiara) and forbs {evening
primrose, Oenothera pallide, Franklin's sandwort, Arengria frankiinii, and gray
cryprantha, Cryptantha leucocephela) necurs on semi-stabilized dunes. Wildfires
have killed most shrubs in the dune troughs, resulting in dominance by Sandberg’s
bluegrass, cheatgrass, and needle-and-thread,

Mixed Shrub: The topography, soils, and vegetation of the mixed shrub
community are intermediate between characteristics of the lowland sagebrush and
bitterbrush communities. Varying proportions of big sagebrush {(mostly 4. ¢
tridentata), bitterbrush, spiny hopsage {Grayia spinosa), gray rabbitbrush
(Chrysothamnus nauseosus), and green rabbitbrush (C vicidifiorus} comprise the
shrub layer, and the understory is dominated by cheatgrass, needle-and-thread,
Sandberg’s biuegr&ss, and Indian ricegrass. Shrub cover ranges from 5 to 15%, and
average shmb height is about 1.5 m. In this community wildfire has produced a
mosaic of shrub patches and grassy or sandy openings.

Rabbitbrush: Oldfields and other mechanically disturbed areas have
revegetated with gray and green rabbitbrush, cheatgrass, and weedy annual forbs.
Small plantings of black locust (Rebinia pseudo-acacia), Siberian elm (Ul spp.),

and frait trees persist at scattered homesteads associated with the oldfields.

wod: Greasewoud (Swronbatus vermiculaius) 15 restricted to one

alkaling flat of less than 7 km? near Rattlesnake Creek {Figure 1). Shrub density is
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about 25% and the very sparse understory is dominated by saltgrass (Distichiis
sericer)y and cheatgrass.

ian: Riparian vegetation ocours in a narrow band along streams in

Bobeat Canyon and Snively Basin, and along Rattlesnake Creek and the Columbia
River (Figure 1). Black cottonwood (Populus trichocarpa), willow {Salix spp.},
elderberry {Sambucus cendea), red-osier dogwood {Cormus stolonifera), chokecherry
{Prunus virginiana), serviceberry (Amelanchier ainifolia), and golden currant (Ribes
aurewm) crowd the edges of the upland streams, and the understory is dominated by
‘‘‘‘‘‘‘‘ cheatgrass. Riparian vegetation along the Columbia River is sparse due to water
fluctuations and flood scouring, and is dominated by black cottonwood, silver poplar
{(Poputus sp.), bawthorn (Cratacgus douglasit), and mulberty (Morus alba).
Grassland: Wildfire has eliminated shrubs from much of Hanford, resulting
in seral grassland communities. Dorinant grasses include bluebunch wheatgrass on

silty sites, and Indian ricegrass, needie-and-thread, and prairie junegrass on sandy

sites. Sandberg’s bluegrass and cheatgrass are common throughout. Rabbitbrush is

the first shrub species to recolonize burned areas {Daubenmire 1970} and &t occurs

sporadically in small patches throughout the grassland community.

Methods

MNest Site Distribution

To determine the distribution of shrike nest sites at Hanford, 1 conducted

surveys by driving slowly (8 - 20 km/hr) along nearly all roads between March and
......... June. I mapped the location and recorded the age {adult or fledgling) and behavior

of all chrikes. I verified that shrikes had established a breeding territory by

phserving territorial or nesting behavior, by observing adults in the same location
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for three or more times, or by locating active nests.

Shrike Density
Diriving Transgcts. I established a 134 km vehicular transect across the study

area to determine shrike densities in the major plant communities. The route

raversed eight of the mine plant comuunities; the upland mesic COmUnunty was
restricted to two small disjunct patches and was not included in the route. 1
completed the transect once 2 month between April and August, 1989, Another
ohserver and 1 traveled the route at % - 20 km per hour between dawn and noon, and
recorded the number, age, location, and perpendicular distance {measured with 2
rangefinder) from the transect line {the road) of all shrikes. Shrikes were active
throughout the morning hours at temperatures below 85 - 90° F but sought shade
and were less active at higher temperatures {Miller and Stebbins 1964, Craig 1978,
pers. obs.), 5o | discontinued transects when temperatures reached 85° F. The
entire {ransect route required two mornings, which I did on consecutive days.
Walking Trapsects. Density estimates obtained from the driving transect
were potentially biased by the non-randon location of the roads and by the
presence of preferred shrike habitat (utility lines and édge habitat) along the roads.
n Qrém te obtain unbiased density estimates, I walked variable width line transects
{Fmlen 1971) in the upland sagebrush, lowland sagebrush, bitterbrush, and mixed
shrub communities. I established five tosix 3 km? sarapling plots in each plant
compunity, These plot sizes were large in comparison to the area covered by each
plant community, so random selection of plot locations was impractical. Instead, 1
spaced the sample plots as evenly as pessible across the stady area o account for
maxioum within-community variation, Within each plet, I flagged two paraliel
Hnes, 3 km long and 650 m apart, to serve as transect lines. The distance between

the paired transect ines was adequate 1o prevent double-sampling of birds between
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tines. I walked each transect line between dawn and mid-morning once in April and
agein in June of 1989, 1 recorded the location, age, and behavior of each shrike
seen or heard, and the sighting distance and angle from myself to the bird (Burnham
et al. 1980). I measured sighting distance with a rangefinder and sighting angle with
a sighting compass.

Plot Searches. To evaluate the efficacy of the line transect methods, |
thoroughly searched each sample plot (3 km long and 1 km wide, centered on the
paired transect lines) for shrikes at 3 - 4 week intervals between April and mid-June.
I watched each shrike for 15 - 30 minutes and mapped either its center of activity or
nest location {when I found it) on U.S.G.8. 7.5 minute topographic maps. 1
caleulated density by dividing the number of territorial pairs which bad nests or
centers of activity within the boundaries of the sample plot by the area of the plot.
In estimating density, I did not inchude shrikes which were in the plot but which
were apparently nesting outside the plot. I shrikes were absent from 2 previously
wdentified center of activity on later surveys, but a pair bad become established
within 250 m of the original point, I considered it to be g shift within a territory, and
i tallied one pair. If the distance was greater, I recorded the locations as two
separate territories. This criterion was based on 34 hours of intensive, systematic
observations of five nesting pairs thmugh@m: the nesting ¢ycle in 1988. I found that
shrikes remained within 210 m of their nest site 98% of the time (N = 1339

observations) and defended mean areas of 13.9 £ 2.0 ha against conspecifics {Odum

and Kuenzler 1855},

i guantified structural and vegetational characteristics {Table 2) af 95 nest
and 83 nop-nest sites during 1988 and 1989. 1 determined the location of non-nest

sites by walking 200 m from the nest shrub in 3 randomly determined direction
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Takle 2. Variables measured 1o compare iaggerhcad shrike nest sites {0 nop-nesting

areas in the Columbia Basin, Washington, 1988-89.2
Yarialle Dascrigtion

Asausl grass cover Pervont canopy cover of groups of similer plent spesies, as measured by systematic

Parennish grass cover point intercept sampling (Pieper 1973); all dead plant material was considered

Annust forb cover titter, coyplogsm-covered surfaces were congidered bareground

Peronuial facb cover

Loy cover

Barmproud

Shrud covers tail species Percert canopy cover of shreb groups, as derermined by line intsrerps sampling
short speciss {Pieper 1973} live shrubs wore sategorized a5 tall (dremiste widenrata, Prrshia
dead shrubs® eridenstata, Philaceiphns lwest, and Grayia spinosa) or short (Cisysmbamnss

naussasss and O, vicidilorus) species,
Eleight of shyebs: Hve Avernge height {m) of shrubs intercepied by the four Hm fine waasects

dead

£V of density oF 1R shrubs

CoefSoient of variaton {(mean standard deviation} x 100} of the suatber of shyubs

short shrubs intersepted along the four 30 m live transecls. Tall spevies wore Aremisia wideniata,
dead shrubs® Purshia sideseasn, Priledeiphus bwest, 3ud Grayia spinusa. Shogt spanies swere
Cheysarharnmes nausseosus and O vicidifiorus. '
LV in height of shrabs: five Coefficient of varistion {{mean/staodard deviation) x 100} of the heights of shrubs
dead intersepted alony the four Him fine tranyects

Werticad density: < 200m

Number of contacts betessn plants and & thin vertics! rod (Wiens 1978); date were

26-50em ealiected indnservaly of 16 o, thon grouped for saslysis
> S
Pollage beight divessity and Bhanoon-Weaver indices (Plslon 1975, p. 7-17) of diversity sad svenness of

EVEHRERS

vegetation Beights a8 computed from vertical density date in 10 om intervals

Spesies tichauss, evenness, and
Shesity

Shamson-Wesvsr indices {Riciou 1978, p. 717} of tchasss peenness, and diversity of
plant gpecies eacounteed dong the R Hne transcts

Numiber of steras

Number of main stems of the shrub that arise from the ground

Shrub height Distance {om) from groumd 3o the highest point of the shrb

Chosp huight Dristance {om] from grovsnd 1o the highest point of the wepetation adijacent to and
rouching the focal shrals

Shrub vt 4?&3,/3, where £ i the mean of shrub height, maxium width of the sloub, 2ad

distance sorons the shiub perpendivulsr 10 the makimum width; unit of measure is
3
223
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Table 2 (continued)

Variable Description
Chummp voiume SEE 13, where 1 s the mean of clunp heigh, maxmum width of the dump, and
distance soross e vivamp porpandicuiarto te madmun width; unlk of measurs is
fasd mz
% daadwaod® Cruler astimate of the pescant of the shrul that was dead (mesn of bsegvations
i, made from four directions)
Dissance o wige®

Distance {m) fo nesrsst abrupt change in topugraphy or vegetation

Dristance 4o soadt

THstance (1) 10 tearest voad

Slape Peroont siops of the ground #t the shrub, as mussured by % sighting clincmerer
Agpt Compass bessing wher fackag downbill in the dimetion of greatest stops, a8
preasured with 2 sighting sompass
- Nest conorshaent Ciptical eatimate of the pervent of the nest obseured from view at & distance of W m

and 2 height of T m; the valse seported is the mean of ostimates made from four
sides of the shreb

Alwre-nast cpnopy closure Phistographs were tsken with 8 35 mm camera with 2 wide angle lens facing wpwerd
from the nast cup; dides were projected over @ 100 dot grid 1o quantify the percont

o of canopy closure sbove the nest

Mt to wop of shoud® Distance {em) from the nest tup to the taliest point of the shrub
o et to grovnd {Shasb Baighth - {owst to 1op of shrub)

Hest to stem® Distance {om) from the aest rim to the nearest maix supporting branch of the shrub
Eistance o sheub/prass wgcﬁ_ Distsnce {m) 1o the ssarest interfure of shrub- and grass-dominated plant

Lorssuties

& The fg'mai six varlables were used unly 1o characterize neuls from widch young fedped versus those in which aesting was
wsgwoessful,

B yariable wes trnsformed Jogia(X + 1)) for statistizal snsiyses.
o © Wariabie was transformed {X{}5> for statictizal analyses.
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This distance was selected to maximize the chance that the non-nest site was
accessible to the nesting pair but not used (Miller 1931, Kridelbaugh 1982, pers.
obs.). Iecentered the plot on the shrub or tree that was closest to this random point
and large enough to support a shrike nest. 1 searched the area within 100 m of the
random point for shrike nests; if I found a nest, I rejected the point and randomly
selected anotber, |

I made measurements at two spatial scales. At the coarser scale, I guantified
ground cover by plant species or cover type within a 50 m radius of nest and non-
nest shrubs (Table 2. I established four 50 m line transsgets radiating outward from
the focal shrub. The direction of the first line was determined randomly and the
remaining lines were positioned at 907, 180°, and 270° 1o the first. Along the
transects I recorded shrub intercept {Canfield 1941, Pieper 1973} by species and
condidon (live or dead). At S m intervals {40 locations per plot), 1 quantified
ground cover by point intercept {400 points per plot) {Pieper 1973) and guantified
vertical density of vegetation by counting the number of plant contacts with 2 6 mm
diameter vertical rod {Wiens 1973}, In the field I recorded the contacts in 13 om
intervals, but for analysis I combined intervals that corresponded to vegetation
clagses; the interval of <20 cm corresponded to short grasses {cheatgrass and
bluegrass) and forbs; the 20 and 50 co interval o rabbitbrush and taller
umchgrasses and forbs; and the > 50 om interval to tall shrubs.

At the finer scale, I compared characteristics of the nest shrub to those of the
central shrob at the pon-nest site. I recorded the species, percent decadence, and
structural attributes of the shrubs, as well as slope, aspect, and distance to the
nearest edge and road {Table 2. To compare characteristics of nests from which
voung were fledged to those that failed, 1 recorded nest concealment, above-nest

canopy closure, and the placement of the nest in the supporting shrub {Table 2}.



t Sites. The assumptions of line transect sampling are that
animals on the transect line are always detecied, animals do not move before
detection, animals are not counted more than once, and the éétecﬁsﬁ of each
individual is an independent evert {Burnham et al. 1980). The open, low vegetation
allowed me to easily detect shrikes that were on or near the line, and to detect
individuals at a sufficient distance so that the birds rarely moved in response to my
presence prior to detection. The distance between transect lines, the high visibility,
and the relative scarcity of shrikes insured that I did not count individuals more than
once. To satisfy the assumption that detections of individuals are independent, I
report the density of shrike family groups rather than of individual shrikes
{Burnham et al. 1980).

The number of individuals in 2 group can influence the probability that the
group will be detected, leading to inaccurate density estimates (Drummer et al.
19903, To evaluate this factor, I examined the Pearson correlation coetficients of
group size versus the perpendicalar distance to groups. Group size was not highly
sorrelated to detection distance for either the walking {r = <0034, P = §.64) or
driving {r = -0.042, P = 0.60) transects.

I used Program TRANSECT (Burnham et al. 1980} to compute estimates of
density from driving and walking transects. Program TRANSECT requires at least
40 detections for precise estimation of the effective area sampled {Burnham et al.
1980; 37). 1detected fewer than 40 family groups in some plant communities so |
used a linear regression technigue {McCracken and Ramsey, unpubl,; Appendix 2)
that facilitated the pooling of data from all ransects to derive estimates of the
effective area sampled. Data from walking and driving transects were analyred

separately although the procedures used were similar {Appendix 2).

. 1tested continuous variables for normality {(SAS
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Institute, Inc. 1987, pg. 3503 and wansformed (logip(X +1) or square root} variables
as necessary to improve normality. Stepwise discriminant analysis (SAS Institute,
Ine. 1987) was used to select the subset of variables which best separated used from

non-used sites. All variahles selected by the stepwise procedure were retained until

the probability of the partial multivariate F-ratio exceeded (.05 for the next variable

10 be included in the model. To test the performance of the models, I used
discriminant function analysis with prior probabilities of group membership based
on group sample sizes. Group sample sizes were at least four times greater than the
aumber of variables in the model in all analyses. Where sample sizes permitted, the
discriminant model was developed with a subset of the data and tested on the
remainder of the data. The accuracy of discriminant functions in separating groups
was evatuated by plotting the discriminant scores in canonical space, with the valne
of Witks’ Lambda chi-square statistic, and by rates of correct classification of group
membership by crossvalidation (SAS Institute, Inc. 1987). T-tests based on group
sample sizes were used to compare the observed classification accuracy to the
accuracy expected by chance {Hair ot al. 1987; 88). The average squared canonical
sorrelation was used to assess the proportion of between-group variance that was
explained by the discriminant function (Hair et al. 1987). The relative contribution
of each variable in separating the groups was based on their standardized
discriminant function coefficients and their order of inclusion into the model.

For categorical variables, I used Boferroni 5% confidence intervals to
compare use to avatlability (Neu et al. 1974). In interpreting the results of this
technique I refer to "preference” when the proportion of use exceeded the percent
availability and 1o "avoidance” when availability exceeded use.

1 used one way analysis of variance and Student-Newman-Keuls mean
comparison tests to compare heights of shrubs used for nesting, perching, or

roosting to other shrubs available at nest sites, Because sample sizes in groups were
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not equal, I used multiple comparisons based on the sample size of each group for

mean comparison tests (Gibbons 1976). Results are reported as X ¢ standard error.

Results

Nest Site Distribution

1 located a total of 297 cecupied nesting territories: 46% in lowland
sagebrush, 32% in mixed shrub, 15% in bitterbrush, 3% in upland sagebrush, and
1% in each of the upland mesic and rabbitbrash communities. In ol plant
rommunities shrike territories were characterized by a mosaic of patches of tall,
robust shrubs and openings of grassland or sand dunes. Nest sites in the rabbitbrush
comrnunity were restricted to small patches of sagebrush interspersed among the

more abundant rabbitbrush,

Shrike Density

Driving Tramsects. Shrikes were present in all shrub-dominated comununities
gxeept greasewood, but no shrtkes were detected in the ripanian or grassland
comununities {Table 3. Small sample sizes, large variances, and lack of replicates
resuited in low power of statistical tests, but there appeared 10 be some meaningful
differences in shrike densities between compmmnities. Mixed shrub, bitterbrush, and
lowland sagebrush communities had similar and the highest shoike deasities (2.2,
1.8, and 1.5 groups /kmz? respectivelyy; upland sagebrush and rabbitbrush
communities had fewer shrikes (.8 and 0.7 groups ;‘kmz, respectively); and
greasewoond, riparian, and grassland communities had no shrikes,

Walking Transects. Shrike density was more variable and appeared 1o be

greater in April than in June (Table 33 This was probably due t0 actual change in
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Table 3. Density® of loggerhead shrike groups? in shrubsteppe communities of
the Columbia Basin, Washington, 1989,

Total Mumber of Mugmber of 935%
PLANT COMMUNITY Trassect Groups Groups Confidence
Burvsy Method Length {(km) Detected Per kno? Intarval
BITTERBRUSH:
plet seanch 28 i85 15-22
walking franseel:
""""" Aprit 300 18 33 11-53
Inne 3Bo % 21 8439-~32
driving trangect 283 12 19 04-34
MIOED SHRUR:
plot search 43 2.7 22-32
walking trassect:
Aprd 368 39 21 58-13.1
Jume 8.8 25 3.5 15-54
driving transert 3628 47 22 8.7-37
LOWLAND SAGEBRUSH: ' :
plot sgarch 58 28 23-33
velking transeet:
Apri 360 30 53 2.5-8.1
Jung 3648 £ 3.4 25438
,,,,,,,,, driving transect 2838 66 35 g5.24
UPLAND SAGEBRUSH:
plot search 8 8.5 §4- 11
walhing transect:
Apri 300 4 248 80 - 44
June 38 2 3.6 00-14
driving transect 300 & 8.4 §4-12
RABBITBRUSH:
driving transect 420 7 8.4 80331
GREASEWOOD/RIPARIAN:
driving transcel 85 g 0.0 -
GRASSLAND:
deiving fransect 238.5 G 8.0 -

2 Density astimates were based on the Fourier Serics Estimator of Program TRANSECT {Utab
Coop. Wildl. Res. Unit 1988) and on the unpublished method of MoCracken and Ramsey (see
Appendin 23

& Shrike groups wers composed of from one to seven shrikes which interacted as a family groug.
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densities rather than to anomalies in surveys, because in April shrikes were detected

in areas where no birds were seen subsequently. In June, shrike densities were

greatest in mixed shrub and lowland sagebrush communities (3.5 and 3.4

Zroups jkmz, respectively), intermediate in bitterbrush (2.1 groups/ kmz}, and lowest
o in upland sagebrush (0.6 groups/ kmz}, Shrike density was significantly (P < 0.05)
iower in the upland sagebrush community than in the mixed shrub and lowland
sagebrush communities in June.

Plot Searches. Shrike densities were similar in lowland sagebrush
{38 groups/ km?’}, mixed shrub (2.7 groups/ kmz}g and bitterbrush (1.9 groups /kmz)
comumunities, while shrike density was significantly lower in the upland sagebrush
community (0.5 groups/km?; F = 16.59, P < 0.0001; Table 3).

Mest Site Selecti

When data from all plant communities were combined, the variables that

......... distinguished shrike nest sites from non-nest sites were shrub cover, annual grass
cover, and shrub heights {Table 4). Nest sites had greater canopy cover of

sagebrush, bitterbrush, and mock orange; taller shrubs; and less annual grass cover
than did non-nest sites. The variables of species evenness and cover of cryptogams
and bareground were not selected by the stepwise procedure, but were inversely

_________ correlated {r = 0.71 and -0.74, respectively) to the included variable of annual grass
eover. The model correctly classified 87% of all observations and explained 56% of

the variance between groups {Table 4). The accuracy of this model was supported
by & diseriminant model constructed from 35 nest and 35 non-nest sites measured in
1988. The stepwise procedure selected the variables of cover of tall shrubs, height
of live shrubs, and height of dead shmbs; The resultant model corractly classified
RE% of 70 randomly selected observations from 1989, which exceeded the chance

classification rate by 38%.
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Table 4. Results of stepwise discriminant analysis to compare characteristics of
loggerhead shrike nest sites to areas without nests in Washington, 1988-89,

Standardized
Mest Sites Nos-nest Sites Diseriminant
PLANT COMMUNITY - - Fanction
Varable 4 95% 3 X 95% 1 Confficient
ALL PLANT COMMUNITIES:
Hisrub cover: 1l species’ 59 5364 %4 8.6~08 0822
Hleight of Tive slhrebs (om) 1211 1355~ 1267 8.6 552773 0757
Height of dead shrubs {cm) 89 $35-666 A 582 - 86.1 8,254
Annual prass sover (%) 12.6° 105 - 148 158 163~217 .43
N 58 83
9% Corputly Classifiea® 4.7 B3
BICTERBRUSH:
Shrut opver: tall speciesT 55+ 47-85 o5 8.00-8.01 0.7
Hioight of live shrubs {om) 1217 LT 1LY 63 320~ 618 133
LV of density of shost shrebs 919 TLE~ 1142 528 34.3 - 908 £
£V of height of Bue shrubs By 415~ 938 175 08~ 243 1498
CV of density of 1 shrabs g19 418- 54,1 505 0.0~ %15 D543
Shirab vover: short spocies 19 15-23 a4 4308 4572
£ ® %
% Cormetly Classified?® 18 233
SMIXED SHRUB:
St tover: falf specics’ 51* 43-62 2.3 9204 1.15%
Haight of live shrubs (om) 133 1388- 137 %3 615 ~908 1412
Persanial forb cover {%) 32 2448 43 2364 H5%
Vetival density: > ot s5 38.13 1 45-17 Q599
Rarsgroand (%) 1 9.4 368 273 241 - 304 aam
» w0 %
% Coszectly Classifeed® 26,7 885
LOWLAND SAGEBRUSH:
St cover: il specias? $3° 7B« 118 12 1658 0923
OV of density of short shrabs 595° 316575 184 14 354 6477
$isight of ve sheubs {om) 18,7+ 083 - 1233 778 647 - 318 8507
N & 28
% Correctly Classifiea® 05 7L4

® The total compeet classification rate {87.1%) excesded she proportional chance ciassification rate (30.2%, P < 5001, Hair
=t 3k 1987 the model explained $8.1% of the varance betwoss groups.

# 'Pre total oxrrent classification vats (92.695) excended the propnrtional chance classification rate (30.6%, P < 0003, Halr
sl 1987); the mode] explained BL.1% of the vatiance betwien groups.

©Pros tonsl coretst classification vate (§7.595) exceesed the progartional chance classification tate (30.3%, F < 0001, Hair
stak 1587y she model suplained 70.1% of the variance betwees groups.

% Thos sotat cormmet classification rate {81870} excerded the proportional chance classification rate (38.1%, ¥ < 6003, Hair
et af, 1987 the model explained 53.6% of the variznce betwean gronps,

* "The muans of nest 3reas and non-nest s Hifered soivariately (Foest, P < 85,

¥ Variabls was iog1g iansionned and medians are prosented in fiau of means.

.
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Tiata were also analyzed for each plant community separately, and
differences between nest and random sites were found {Table 4). Shrub cover and
height of live shrubs were important variables; greater shrub cover and taller shrubs
were characteristics of nest sites. Additional variables that were selected varied by
mm;zmity. In the bitterbrush comamunity, nest sites had more rabbitbrush and
greater variability in the density and beight of shrubs than did non-nest sites. In the
mixed shrub community, nest sites had more hareground, more vegetation at heights
abeove 50 om, and less perennial forb cover than did non-nest sites. In the lowland
sagebrush community, rabbitbrush density was more variable at nest than non-nest
sites. All of the community specific maodels correctly classified more than 80% of
the obssrvations (Table 4}

Nest sites also differed from non-nest sites in the species composition and
condition of shrubs within 50 m of the nest (Figure §), Nest sites had more live
sagebrush, bitterbrush, and bopsage; and less gray rabbitbrush and dead bitterbrush,
than did non-nest sites. All other categories were used in proportion to their

availability.

Pest Shrub Selection

The discriminant model to distinguish between nest shrubs and non-nest
shrubs contained the variables of the height and volume of the shrub clump, number
of matn stems, and proximity of the shrub to an edge (Table 5). Nest shrubs were
taller, had greater volume and fewer main stems, and were closer to an edge than
were non-nest shrubs. The model correctly classified 92% of observations and
explained 62% of the variance between groups.

Discriminant models for the separate plant communities contained
combvinations of the variables similar o those selected for the combined data set

{Table 5. All of the community specific models correctly classified at least 90% of
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Table 5. Results of stepwise discriminant analysis to compare characteristics of
- shrubs with loggerhead shrike nests to shrubs without nests in Washington, 1988-89.

Standardized
Mest Shruds Mon-nest Shrubs Drizcriminant
PLANT COMMUDITY ‘ . Penstion
,,,,, YVariatie X 95%% CX X W% C3 Coeflivient
ALL PLAME COMMUNITIES:
St hedght (om) 185 1%.2- 1538 93 F24 - 1062 0705
Thistance to edge (m)T 16 2.6-35 380 279~518 8433
Clomp voiume (moy 14.4° 127 164 13 1115 D674
Number of stemsT 58 4555 60 50-73 6.320
Chumyp hoight {em) 140.7* 1345 - 1468 ns 859971 8191
N 238 5
9% Corvectly Classified? 8s . £4.7
BITTREBRUSHE:
Ctamnp vedome ()T 345 22307 28 2038 0.84%
Sterh hekght (om) 195.6% 1988 - 2023 1935 ¥5.3 . 1186 9795
Distenes 1o edge () 3.0 24-37 468 65-938 D42
M % %
% Correctly Classified? %4 882
MINED SHEUS:
Clsmg votus (a)T 133 13- 153 0.8 85-18 8762
Distance to edge ()t 2.8* 16-25 62 WTF-625 3423
Shrut vntume ()T 74* 54 BE 8B 87-18 795
Nunsber of stoms’ 58 4454 54 33-65 460
N 7 26
% Covrootly Classified® 233 544
LOWLAND SAGEBRUSH:
........ Strub height {om) 168,47 1595 - 1693 ¥i §0.8-96.7 1.397
""" Stirub volume ()T 51% 45-56 0.7 8.6~09 0551
Distance to edge (m)T 25 19-33 8 219694 - 0261
N % %
g %% Corvectly Classified® 287 8.7

% The total correet classification rate {92.3%} exceadud the proportiosal chancs classification rate (61.2%, P <« 0.001, Hair
G £¢.35. 1987, the model explained 62.1% of the vasiancy betvmnn groups. ‘
B ‘Ihe totat sorrect classifiestion rate {3447 exceeded the proportionat chance classification rate {64.4%, P < 04X, Hair
et 4. 1987 the model eaplatued 69.4% of the varianos botwoen groups.
- S total corvect classification rate (9087 exconted the propurtiona) chance classification rate {(61.0%, P < 0.001, Hair
ztad. 19875 the model explained 65.996 of the variance berween LYoups.
% T 1008 cotrest classification mate {96295} exceaded the proportional chases classification rate (60.5%, P < 0.001, Hair
et 1987 the modet euplained 74.7% of the veeirnce between £ou,
* The smeans of aest shrubs and non-nest shrubs differed univatiately (Faest, P < 8053
¥ Vasiable was log1n transiormed and medians are presoated in fiss of means.
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observations and explained more than 65% of the variance between groups.

Shrikes were also selective in the species of the nest shrub, preferring big
sagebrush and bitterbrush and avoiding spiny hopsage, gray rabbithrush, and green
rabbitbrush (Figure 6). In the mixed shrub community where both sagebrush and
bitterbrush were available, shrikes preferred sagebrush but used bitterbrush in
proportion to its availability (Figure 6} |

A discriminant model comparing characteristics of successful and failed nests
contained the variables of nest concealment, distance to edge, and clump volume
{Table 6). Successful nests were better concealed from view than were failed nests.
Inclusion of the other two variables in the model appeared to be spurious because
neither their medians (univariate F test, P > (.10} nor their variances {test of
homogeneity of covariance matrices for distance to edge: X2 = G007, P = 0.93; for
chump volume, X2 = 0.68, P = 0.41) differed between groups. Overall performance
of the model was poor; it correctly classified 72% of observations and explained only
20% of the between-group variability (Table 6). The model correctly classified 89%

of suzcessful nests, but oaly 29% of failed nests. Nesting success was izzdepéndem of

the species of nest shrub (for big sagebrush, bitterbrush, and all other specics
combined; X% = 0.17, P = 0.68).

For nesting, shrikes preferred live bitterbrush; avoided rabbitbrush and dead
sagebrush; and used other species and condition classes in propertion to their
availability {XZ = 337.2, P < 0.001) (Figure 7), For roosting, shrikes preferred live
bitterbrush; used lve sagebrush and dead bitterbrush in proportion to their
availgbility; and avoided all other categories (Xz = 593, P < 0.001}. For perching,
shrikes preferred bitterbrush and dead sagebrush; used live sagebrush in proporiion
o its availability; and avoided rabbitbrush (X2 = 203.1, P < 0.001),
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Figurs 8. Species composition of shrubs with loggerbead shrike nests {black bars)
compared to shrubs without nests {crosshatched bars) in three shrubsteppe
communities in Washington, 1988-89, Selection {+} and avoidance {~) of categories
were determined by Bonferroni 95% copfidence intervals (Neu ¢t al. 1974),

ARTR = big sagebrush; PUTR = bitterbrusl; GRSP = spiny hopsage;

CHNA = gray rabbitbrush; CHVI = green rabbitbrush,
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Table 6. Results of stepwise discriminant analysis to compare characteristics of
loggerhead shrike nest shrabs with successful nesting attempts to those with failed

nesting attempts in Washington, 1988-89.

Sncrnssfid Failed Stamdardized
Nests Nests THseriminant
: Function
Varishie X $5% CI b4 5% 1 Coelficient
Nest sonosaiment (%) 363* 836 - 912 5% 5L1-785 1166
DHstanve 1o shrub/grass
esdge ()T 24 15-26 28 1332 4508
Cromp voinme (m)T - 134 105~ 1873 162 114~230 8511
N % - s
9% Cogvectly Classified® 889 R4

# The totel correct classification yate {72.09%) sxceeded the pmportions) thance dlassification rate {89.7%, P < .06,

| Hiretst 1987, and the modsl explained 203% of the variancs beiwess groups.
= The sezans of succsssiul and failed aests diffeved unbvarietsdy (Paest, P < 8.05).
¥ Variahic was fogn transformed and susiisos as prosented in Hew of means.
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Mean heights of shrubs by species and condition class in nest areas were:
tive bitterbrush, 156.2 £ 2.5 cm (N = 40{)); dead bitterbrush, 93.6 t 43 cm
{M = 111); Hve sagebrush, 1106 ¢ 1.1 em (N = 1737); dead sagebrush, 67.1 £ 1.6 cm
{N = 407}; live mock orange, 1503 £ 62 cm (N = 11); live spiny hopsage,

795 £ 3.4 om (N = 46); dead spiny hopsage, 61.0 (N = 1); live gray rabbitbrush,

66,5 ¢ 1.5 cm (N = 281); dead gray rabbitbrush, 44.8 £ 2.4 cm (N = 59); live green
rabbitbrush, 63.3 £ 1.2 an (N = 227); and dead green rabbitbrush, 488 £ 22 em
{MN = 51}, The mean height of all shrubs in the nest area, exclusive of nest shrubs,
was 818 ¢ 08 cm (N = 3046).

Mean heights of shrubs used by shrikes for nesting (178.4 £ 2.2 cm; N = 243},
roosting {2104 £ 6.2 ¢y N = 44), and perching {168.3 £ 4.2 cm; N = 430) differed
from one another, and all were taller than the mean height of shrubs gvailable in the

nest area {Student-Newman-Keuls means comparison, P < .05}

Discussion

Efficacy of Survey Technigues

Density estinates varied by survey method, so the choice of the most
efficient survey technique for future studies will depend upon available time and
staff, amount of land to be surveyed, and the desired precision of the density
sstimate {Table 7). Driving transects vielded estimates of acceptable accuracy bt
high variability per number of detections, making this techuigue most suitable for
detecting presence/absence or relative sbundance of shrikes (Table 7). Density
gstimates based on driving transects may have been biased by the presence of the
road self and of uiility lines that paralicled the roads, creating edge habitat with

Hmitless tall perches favored by foraging shrikes (pers. obs.). Variability was lower
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per number of detections for walking transects than for driving transects, but
walling transeets were more time consuming (Table 3). Density estimates from the
June walking transects were guite similar 1o the "true” density as determined by plot
searches, whereas data from the April transects produced inflated and imprecise
density estimates {Table 3). Plot searches were time intensive {Table 7}, but they
were efficient when it was necessary to collect data on other population

characteristics such as nesting status and reproductive success,

Shrike Density

1 believe that plant communities at Hanford were at or near maximum shrike
capacity during this study. This conclusion is based on the extremely high rate of
territory reoccupancy (95%), the rather uniform distance between nest sites in
homogeneous communities, the surplus of shrikes seen in April that apparently
failed w establish nesting tervitories, and the overflow of nesting shrikes into
suboptimal nest sites such as seral grassiands. Shrikes nested in tumbleweeds
{Salsola kaliy surrounding dead shrubs in these areas, but nests fai{eé to produce
young and were abandoned after one nesting attempt.

Shrike densities at Hanford are among the highest recorded to date. Based
on the number of individuals {rather than shrike groups) detected in June walking
transects, shrike densities were 8.2, 7.0, 6.1, and 0.8 individuals/ km? in the mixed
shrub, lowland sagebrash, bitterbrush, and upland sagebrush communities,
respectively, Shrike density in mixed shrub, lowland sagebrush, and bitterbrush
communities exceeded densities reported for Great Basin shrubsteppe
{1-5 individuals/ kmz, Wiens and Rotenberry 1981) and the desert grasslands of
New Mexico (4.7 individuals /km?; Wiens 1973),

The average nearest neightbor distance between simultaneously occupied

shrike nests is also indicative of nesting deosity. This distance was 5457+ 794 min
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Virginda (N = §; Luukkounen and Fraser 1987), 842.9 m on San Clemente Island
{3%:&-1& 1987), and 610 m in the lowland sagebrush and mixed shrub communities in
this study. 1 conclude that shrike densities at Hanford were roughly comparable to
the maxirnum densities observed in Virginia, and probably greater than densities on
San Clemente Island. An essential difference between Hanford and the other study
sites, however, was that rost shrike territories at Hanford were contiguous with
other territories and the study area appeared completely stocked with nesting pairs.
in Virginia (Luukkonen and Fraser 1987} and on San Clemente Island {Scott 1987},
most territories were not contiguous and there appeared to be a surplus of suitable
nesting sites.

Shrike densities in this study far exceeded densities clsewhere in Washington
shrubsteppe. The Washington Department of Wildiife censused breeding birds
along variable width line transects at 55 randomly selected shrubsteppe sites in
eastern Washington from 1988 to 1990 (F. Dobler, pers. comm. 1891}, Twenty-
seven shrikes were detected in this study, for a linear density of 0.1 shrikes per km
{F. Dobler, pers. comum. 1991} Using the sawe field methods I detected an average
of 1.9 and 1.2 shrikes per km in April and June, respectively, in the mixed shrub,
twland sagebrush, and bitterbrush communities. Only in the upland sagebrush
community was shrike density (0.1 shrikes per km) similar to that observed by
Pobler. These data indicate that shrike densities in the mixed shrub, lowland
sagebrush, and bitterbrush communities at Hanford were about 12 - 19 times greater
than in the remainder of eastern Washington. The difference in shrike density may
be related to habitat strocture and species composition. Nearly all shrubsteppe in
areas of flat topography and deep soil was émveried to agricuiture in the early
190(s, and most of the shrubsteppe pow remaining in Washington is limited to
rocky or steep sites where farming is impractical (Dobler and Eby 1990). Steep

slopes, rocky sites, and shallow soils support upland shrub communities little used by
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shrikes at Hanford, and most remnant patches of shrubsteppe in Washington have

heen modified by fire suppression, livestock grazing, introduction of exotic spedies,

and habitat fragmentation.

A common assumption is that "individual organisms select particular habitats
because they therchy enhance their fitness” {Rosenzweig 1985: 318). For shrikes the
choice of nesting habitat is critical because the nesting site must contain suitable
nest and perch sites, adeguate foraging area, and enough prey 1o sustain the aduits
and brood throughout the nesting cycle. Throughout their range, shrikes have been
consistently associated with open habitats, foraging areas with low ground cover,
slevated perch sites, and dense trees or shrubs for nesting {see Brooks and Temple
1890b}. Selection of nest sites in habitats with these components presumably
increases the fitness of the nesting shrikes.

Shrikes rely on a broad variety of plant communities to satisfy these basic
habitat requirements. In the eastern and midwestern United States shrikes forage
in grazed pastares, mowed hayfields, lawns, and cultivated fields, and nest in
isolated trees or hedgerows (Graber et al. 1973, Kridelbaugh 1982, Bohall-Wood
1987, Ln&kkaneﬁ an Fraser 1987, Novak 1989, Gawlick and Bildstein 1990, Brooks
and Temple 1990b, Blumton 1990, Tyvler 1992). In the unfarmed, ungrazed
s%zm?:}ste;}pé communities of this study, tall shrubs provide perch and nest sites while
grassy and sandy openings provide open areas of low cover for foraging. Shrikes
were most abundant in commmandties with high interspersion of shrub patches and
grassy or sandy openings. Shrikes were absent from grasslands, which had abundant
foraging area but lacked nest and perch sites; and there were few shrikes in the
apland sagebrash community where there was an abundance of shrubs for perching

and nesting but few open areas for foraging. In the bitterbrush community shrikes
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nested in nearly every sizeable shrub patch, indicating that shrike density was
probably limited by the availability of shrob patches.

Shrikes were uncommon or absent, however, in several comprunities that
contained the basic habitat slements. The scarcity of shrikes in the rabbitbrush
compmunity may have been reluted to the relatively dense ground cover of cheatgrass
in this community, because prey are less vulnerable to capture by raptors in areas of
dense ground cover {Bechard 1982, Janes 1988, Toland 1987, Preston 1990},
Another possible cause is the lack of suitable perch and nest sites. Although
rabbitbrush appears similar to big sagebrash, most rabbitbrush shrubs were shorter
than the mean height of nest and perch shrubs, and the lack of horizontal branching
in rabbitbrush made it (oo unstable to support nests or perching shrikes. Similarly,
Wiens and Rotenberry (1981) found that shrike density was inversely related to
cover of gray rabbitbrush.

Shrikes were absent from the riparian community and from all shrub-
dominated communities within about 500 m of water. The habitat structure of these
communities appeared suitable for shrikes, and other studies (Miller 1931, Porter et
al. 1975, Luukkonen and Fraser 1987, Scott 1987) have noted that shrikes commonly
nest in trees along streamcourses. At Hanford, most of the black-billed magpies,
common ravens, and American crows {Corvis brachyrhynchos) nested and foraged
near water, and it is possible that shrikes avoided areas near water because of high
corvid density. Corvids were a major predator of shrike eggs and nestlings in this
study (Chapter 1}; shrike nests within 1 kun of raven nests were twice as likely to fail
as more distant nests (Chapter 1}; and corvids probably preved on newly fledged
young (Scott 1987). Shrikes vigorcusly mobbed muagpies whenever I saw both
species, and I saw adult shrikes dive into shrabs when ravens called or flew
overbead. Although I found shrike nests in trees in upland areas, no shrikes used

tree nests during my study. Tree groves in uplands nearly always contained active
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migpie or raven nests, and frequently nests of both species. Shrikes nested in
shrubs near these trees, but used the trees for perches extensively only after the
voung had become accomplished fliers. It is also possible that shrike abundance

near water was limited by competitive interactions with corvids, which, like shrikes,

are dietary generalists.

Many researchers have found correlations between the physiognomy and
floristic compusition of plant commuugities and habitat selection patterns by birds
{seec Wiens and Rotenberry 1981, Cody 1988, Knopf et al. 1990), although other
cues such s intraspecific population deusity, interspecific interactions, and nest site
fidelity may also influence the selection of nesting habitat {Wiens 1985). At
Hanford, shrikes inhabited a variety of plant corununitiss with differing species
composition but similar structure. Rotenberry {1985: 213) concluded that "while
birds may be differentiating between gross habitat types on the basis of
physiognomy, further refinements of their distributions within the proper habitat
ype may occur with reference to plant taxonomic composition.” Shrikes, however,
apparently respond more to habital structure than to foristics even on 2 local scale,
and they thereby expand their options for suitable nesting habitat and can occupy

broader geographic ranges {Lauro and Burger 1989).

Shrike nest sites in this study were characterized by a mosaic of patches of
tall, robust shrubs-with interspersed openings of grass or sand that had sparse, low
vegetation. Because shrikes nested near the edge of shrub patches, nest sites were
more stracturally complex than unused sites. In nest areas, shrub paiches had a
multi-tayered canopy dominated by big sagebrush and bitterbrush, an understory of
native grasses, and about 40% bareground. Although the total vertical density at

nest sites and non-nest sites was similar, shrike nest sites had greater cover of tall
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shrubs and less ground cover than did unused sites. The shrub patches used by
shrikes occurred on flat lands with deep soils and were in late seral condition
{Daubeumire 1970},

Nearly all the soils of the Hanford Site are suitable for shrub growth, and
ondy through the action of fire has a mosaic of grassy openings and shrub patches
been created (W, H. Rickard, pers. comum, 1988). Sand dunes and blowouts create
additional openings in the bitterbrush and mized shrub communities. Openings at
nest sites had more bareground, greater cover of native bunchgrasses, and less cover
of cheatgrass than did unused sites. Openings that were dominated by swards of
cheatgrass were rarely used by shrikes.

Most ather studies of shrike habitat have found that shrike nest sites are
characterized by a predominance of grassy cover, with at least a few trees or shrubs
present for zzesting (Miller 1931, Porter et al. 1975, Siegel 1980, Kridelbaugh 1982,
Luukkonen and Fraser 1987, Gawlik and Bildstein 1990, Brooks and Temple 1990,
Blumton 1990). In croplands, agricultural practices create an abundance of
openings, 3o this is the first study to identify the importance of fire in maintaining
open foraging habitat for shrikes.

In Great Basin shrubsteppe, shrikes were associated with areas of rugged
topography, bigh cover of rocks and shrubs, high shrub species diversity, and tall
shrul beights (Wiens and Rotenberry 1981). Shrike density was positively
correlated with amount of sagebrush and negatively correlated with amount of gray
rabbitbrush (Wiens and Rotenberry 1981), Similarly, nest sites in this study had
more bareground, greater shrub cover, taller shrubs, greater cover of sagebrush, and
tess eover of rabbitbrush than non-nest sites.

Selection for shrub species and condition may reflect the suitability of shrabs
for nesting and perching. Dominant shrub species at nest sites were tall, with

branching structure adequate to support perching shrikes and nests. The taxa,



50

abundance, and vulnerability of prey may also vary with different floristic
composition and shrub densities (Rotenberry 1985). For example, favored shrike
prey such as grasshoppers, lizards, and small mamemals were more abundant in
sagebrush and bitterbrush communities than in grassland and rabbitbrush

communities at Hanford (Sheldon and Rogers 1978, Marr et al. 1988).

Habitat Selection Within Nest Sites

A wide variety of plants have been used for nest substrates by shrikes, and
the degree of cover and nest concealment provided by a plant appears to be
nnporiant in nest site selection (Porter et al. 1975, Luukkonen and Fraser 1987},
Miller {1931) reported that California shrikes frequently nested in shrubs, but all
subsequent authors have repaﬁed that shrikes nested predominantly in trees
{Graber et al. 1973, Porter et al, 1975, Siegel 1980, Kridelbaugh 1982, Scott 1987,
Luukkonen and Fraser 1987, Gawlik and Bildstein 1990, Brooks and Temple
19900}, The importance of cover in selection of nest substrates was demonstrated in
this study: 1) although shrikes selected shrubs that were taller and more robust than
average for nesting, they did not use the much taller, less densely-foliaged, trees;
2} nests were often placed in shrubs surrounded by other shrubs or wind-lodged
tumbleweeds which extended the cover surrounding a nest; and 3) nesting success
was highest in shrubs with dense foliage concealing the nest. Luukkonen and Fraser
{1987} found that shrikes preferred trees with vines or other nest-concealing
vegetation for nesting, and Gawlick and Bildstein {1990} obhserved increased success
of nests placed in dense evergreen trees.

Plants containing shrike nests at Hanford were the shortest reported, but
heights were similar to those reported for four-wing saltbush (4#riplex canescens}
nest shrubs in Colorado (0.76 m, Porter et al. 1975). Median nest height in other
studies was 2.8 m (range of 2.0 - 5.5 m; Porter et al. 1975, Siegel 1980, Kridelbaugh



1982, Scott 1987, Luukkonen and Fraser 1987, Gawlik and Bildstein 1990, Brooks
amé Temple 1990b), compared o 1.8 m at Hanford.
The proximity of the nest shrub to an edge was important in nest shrub
selection at Hanford. This characteristic has not been noted in studies in
,,,,,,, agricultural areas (Porter et al. 1975, Siegel 1980, Kridelbaugh 1982, Luukkonen
and Fraser 1987, Gawlik and Bildstein 1990, Brooks and Temple 1990b, Blumton
19903, probably because nearly all irees and shrubs in agricultural areas occur at the
edge of openings. Shrikes obtain most of their food within 63 m of the nest {(Miller
.... 1931} and the close proximity of nest shrubs to an opening facilitates foraging near
‘‘‘‘‘‘‘‘‘ the nest site. In Virginia (Luukkonen and Fraser 1987} and South Carolina
{{3awlick and Bildstein 1990) shrike nesting success was higher in nests located near
optimal foraging habitat.
In comparison 1o other shrubs in the nest area, nest shrubs were tall with
dense cover concealing the nest and with lateral branching structure adeguate to
_________ support a nest. These characteristics were best satisfied by live sagebrush,
bitterbrush, and mock orange. In general, rabbitbrush was short and had few lateral
branches, while dead shrubs of all species lacked dense cover. Roost shrubs were
typically the largest, densest shrubs in the nest area, with a nearly impenetrable
""""" cover of tumbleweeds and branches beneath the shrub. Shrubs used as perches
..... were tall and provided an unobstructed view of the ground nearby. These shrubs
mexirnized the foraging ares visible to the perched shrike and likely increased
| foraging success {Craig 1978, Mills 1979). The desirability of dead shrubs as perches
may adso have been related to the abundance of broken, leafless branches which

shrikes favored for impaling and dismembering prey {pers. obs.).
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Conclusions and Management Recommendations

Optimal shrike habitat in this study consisted of late seral or climax stands of
big sagebrush or bitterbrush that had been partially burned, producing a mosaic of
openings and patches of tall, robust shrubs. High horizontal and vertical struoctural
complexity were important characteristics of shrike nest sites, and nearly gli shrike
territories were located on flat or gently rolling ground with deep, fertile soils.

At present, shrike density is about 12 - 19 times greater at Hanford than in
the remainder of eastern Washington {Chapter 2). Nesting habitat at Hanford
appeared to be saturated with shrikes, while remnant shrubsteppe patches
throughout eastern Washington support vastly reduced numbers of shrikes, probably
35 a result of altered habitat structure and species composition. Since the time of
Euroamerican settlement, shrike abundance has likely declined at a drastic rate
similar to that of the loss of native shrubsteppe communities on flat ground and
deep soils. At present, shrike populations are declining at a rate of 4.4% per year in
the Columbia Basin (Sam Droege, pers. comm., 1988), and populations will
continue to decline as native shrubsteppe is lost or modified. I found no evidence of
low reproductive success which might explain the observed decline in shrike
populations in the Columbia Basin (Chapter 1).

In response to these conclusions, I urge the following actions be taken:

1. Surveys to document the distribution of shrikes in eastern Washington
shouid be conducted. In particular, surveys should determuine which plant
comumumities are used by shrikes and the extent 1o which shrikes coexist with
ivestock grazing, irrigated and dryland agriculture, recreational activities {especially
off-road vehicle use), and housing developments.

2. Shrike densities in various plant communities and in areas of different

land management should be determined.




3. Data on reproductive success and survival will be required to determine
shrike status and evaluate habitat quality. The importance of a plant community in
maintaining a species is dependent on the survival and reproduction of the specigs
in that comymunity, and without such data, the possibility that certain habitats are
acting as population sinks cannot be ruled out (Van Horne 1983},

4. Until more is known of the distribution and status of shrikes elsewhere, it
would not be prudent to alter shrubsteppe communities with an abundance of
shrikes, such as the Hanford Site.

5. Pilot projects in the restoration of degraded shrubsteppe sites and the
management of intact sites should be undertaken in the Columbia Basin, Fence
tines, field corners, and acreage in conservation reserve programs may provide sites
for initial research.

Human-induced perturbation of shrubsteppe communities leads to
retrogressive succession, which transforms the diverse native vegetation into a
simpler array of communities dominated by exotic species (Daubenmire 1970,
Franklin and Dyrness 1973}, As the structural complexity and species diversity of
pristine shrubsteppe communities is lost, the animal community is simplified and
impoverished. This study has demonstrated the importance of a structurally
complex shrubsteppe ecosystem to nesting loggerhead shrikes, Only by maintaining
the physiognomy, processes, and species composition characteristic of native
shrubsteppe commmnities can we hope to preserve healthy populations of shrikes in®

Washington.
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APPENDIX 2. ANALYTICAL METHODS USED TO CALCULATE
SHRIKE DENSITY

The methods presented here were developed and eraployed by Marti
MacCracken and Pred Ramsey of the Statistics Department of Oregon State
Universit University,

Perpendicular distances of birds from the transect line were logy
transformed to improve conformity to the normal distribution. The frequency
distributions of the perpendicular distances were examined and outliers (i.e., birds
that were detected much farther from the line than were the majority of birds)
discarded. Scatterplots of perpendicular distances versus the variables of month of
survey, plant community, and shrike age were examined to determine if the number
of shrikes detected was related to these variables. For walking transects, the
number of shrikes detected appeared to be related to the month of survey and 1o
plant community; for driving transects, only plant comumunity emerged as a possible
explanatory variable. Linear regression was used to derive least squares estimates

of the regression coefficients for the equation:

logiy {z) = Bg + Aymonth + fopel + Bapc2 + Bqped,

where z = perpendicular distance; month = § for April surveys and momb = 1 for
June surveys; pel = O if plant community = upland sagebrush and pcl = 1 if not;
pel = G if plant community = lowland sagebrush and pe2 = 1if not; pe3 = ¢ if plam
mmmmzity = bitterbrush and pc3 = 1if not. The equation above was used for

walking transect data. For driving transects, the equation was:

login (2) = B + 81pcl + Bape2 + f3pe3 + Baped,
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where pod = Oif plant comzﬁunizy = rabbitbrush and ped = 1 if not. In both
eguations, dummy variables were used to account for the effect that explanatory
variables (month and plant community for walking transects; plant community for
'ﬁriviﬁg ransects) produced upon the number of birds detected. At this point, the
least squares estimates for 81 - B4 were unbiased for estimating the effective width
of the transect, but 8 was not.

The regression coefficients were then used to adjust all the data from walking
transects to the month of April and the mixed shrub plant community with the
equation:

Zadjusted = A8y + Bymonth + fopel + fapel + B4pe3)y
13ata from driving transects were adjusted 1o the mixed shrub community using the

eguation

Zadjusted = ABg + Bypel + Bope2 + f3pe3 + Byped))

The adjusted data were pooled and submitted to Program TRANSECT w0
obtain an estimate of the effective area sampled based on the Fourier Series

estimator. The Fourier series estimator is a robust nonparametric procedure that is

- appropriate for small sample sizes (Burnham et al. 1980). Chi-square goodness-of-

fit tests indicated that this estimator was appropriate for data from both the walking
{LXZ = 7.82, 13 L P = 0.85) and driving {XZ = 10,33, 8df, P = 0.23) transects.

The estimate of effective area sampled was converted to effective transect

width by the eguation:




65

effective area sampled

effective transect width =
2 x transect length

The effective transect width for each plant community and month for walking

transects was then computed with the equation:
EWpc, month = EWpaoted(#170nth + Azpel + £3pe2 + f4pc3)
and for driving transects with the equation:

EW?C, month = Ew?ﬁeied(’g 1PCL ¥ BopeZ + £3pc3 + fypcd) ’
where EWpe month = effective width for each combination of month and plant
community; and EWpggjeq = effective width from the pooled data.

These month- and community-specific effective transect widths were then

used to obtain density estimates by the equation:

number of shrikes detected

density = .
(2 x effective width x length of transect surveyed)

The standard errors of the density estimates were obtained by baotstrap.,
The regression equation used to adjust the perpendicular distances for

pooling of data from the driving transects was:

logiy (2) = 3439 + 0.641pet + 0.219pc2 + 0.525pc3 + 0.396pc4,
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and the Fourier series estimate of the total effective area sampled was 65.37 ha.

‘The regression equation used to adjust the perpendicular distances for

poeling of data from walking transects was:

login {2} = 3.366 + 0.519month + -0.593pcl + 0.277pc2 + 0.424pc3,

and the Fourier series estimate of the total effective area sampled was 59.65 ha.




APPENDIX 3. MEANS AND) STANDARD ERRORS FOR VARIABLES
MEASURED AT SHRIKE NEST SITES AND NON-NEST SITES
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Table A.2. Means, standard errors, and univariate P values of variables measured at
95 loggerhead shrike nest sites and 83 areas without nests in Washington, 1988-89.

Mest Sites Non-nest Sites

AAAAAAAAAA Yariable X SE X SE P Value
Anpual grass cover (%) 12.6 1.1 19.0 1.4 0.0004

Perennial grass cover (%) 1.6 8.7 11.1 38 064
Annual forb cover (%) 3.2 0.4 4.6 43 0.0
Litter cover (% 26.3 0.9 274 0.9 036

Bareground (% 386 28 250 19 00007

shrub cover: tall species (%) 7.3 0.4 2.2 3.4 4.0012
Shrub cover: short species (%) 1.1 8.2 1.1 0.3 0588
Shrub cover: dead shrubs (%) 1.5 .2 1.5 82 0922

Height of live shrubs {(cm) iZ21.1 2.5 68,6 42 0.0001
Height of dead shrubs (em) 60,80 33 581 40 07
'V in density of tall shrubs 48.7 2.5 574 75 0.03b
CV in density of short shrubs 705 7.5 43.1 70 0.006P
CV in density of dead shrubs 94.3 6.4 63.9 70 0.008P
CV in height of live shrubs 374 15 223 28 00001
£V in height of dead shrubs 28.8 20 23.8 2.1 008
Vertical density < 20 em 916 8.3 1118 52 0.0022
Yertical density 20-50 em 24.1 1.7 21.1 1.8 0132
Vertical density > S0 em 118 1.2 4.9 4.8 0.0001°
Foliage helght diversity 0.6 0.0 0.5 00 0.0001
Foliage height evenness 2.7 0.0 0.6 8.8 014
Species richness 82 3.4 82 3.4 (.98

_________ Species evenness {.6 0.0 0.6 0.6 019

' Species diversity 0.6 6.0 3.6 8.0 044

*F value for transformed (log;o(X + 1)) data.
B value for transformed (X%} data.
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Table A.3. Means, standard errors, and univariate P values of vm‘atgies measured at
238 shrubs with loggerhead shrike nests and 85 shrubs without nests in Washington,
1988-89,

Nest Shrubs Non-nest Shrubs

Yariable X SE X SE P Value
Shruly height (cm) 178.5 2.2 593 35 0.0001
Champ height {om) 140.7 31 91.5 29 0.0001
Shrub volume {mﬁg 159 1.2 2.5 87 000012
Clump volume {m”} 275 2.6 28 87 00001®
Mumber of steras 9.6 0.8 12.3 15 018
% deadwood 301 1.5 44,1 4.6 0282
Distance to edge ém? 9.8 1.0 51.2 57 000018
Distanvce to road (m 1087 2.0 129.6 13.9 023
Slope (%) 1.1 0.2 1.9 8.7 018

* P value for transformed (log;of X + 1)) data,




