South Dakota State University
Open PRAIRIE: Open Public Research Access Institutional

Repository and Information Exchange

Electronic Theses and Dissertations

1978

Bird Utilization of Woodland Habitat in the Eastern Quarter of
South Dakota

John M. Emmerich

Follow this and additional works at: https://openprairie.sdstate.edu/etd

b Part of the Natural Resources and Conservation Commons

Recommended Citation

Emmerich, John M., "Bird Utilization of Woodland Habitat in the Eastern Quarter of South Dakota" (1978).
Electronic Theses and Dissertations. 83.

https://openprairie.sdstate.edu/etd/83

This Thesis - Open Access is brought to you for free and open access by Open PRAIRIE: Open Public Research
Access Institutional Repository and Information Exchange. It has been accepted for inclusion in Electronic Theses
and Dissertations by an authorized administrator of Open PRAIRIE: Open Public Research Access Institutional
Repository and Information Exchange. For more information, please contact michael.biondo@sdstate.edu.


https://openprairie.sdstate.edu/
https://openprairie.sdstate.edu/
https://openprairie.sdstate.edu/etd
https://openprairie.sdstate.edu/etd?utm_source=openprairie.sdstate.edu%2Fetd%2F83&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/168?utm_source=openprairie.sdstate.edu%2Fetd%2F83&utm_medium=PDF&utm_campaign=PDFCoverPages
https://openprairie.sdstate.edu/etd/83?utm_source=openprairie.sdstate.edu%2Fetd%2F83&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:michael.biondo@sdstate.edu

o

Y

W rEX OF

OF VWCODLAND EABITAT

[~
=]

OUTH DAXCTA

JOEN M. EMMERICH

A thesis subnilcted
in partial fulfillment of tha recuirements Zor tha
degrea Master «f Sc¢ience, Major in
Wildlife and Fisheries Sciencs
(WilaliZ: Opticn)
South Dakota Sitats



BIRD UTILIZATION OF WCODLAND HABITAT

IN THE EASTERN QUARTER OF SOUTH DaKOTA

~ -

Jr
]
[t

This thes s approved as a creditabkle and independarnt

investigation by a candidate for the degree, Master o

Sciencs, znd is acceptable as meeting the thesis recuiremernts

for this degres, but without implying that the conciusions
reached by the candidate are necessarily the coaclusions o

the major department.

=0
=

esie A¥viser

CAAYLES i3, WTB8LET, HE&G Y uETE
Department of Wildiife v
and Fisherizs Sciancas

gul a. vohs/ ' / Bate



ACKNOWLEDGMENTS

I wish to express iy sincere gratitude to P. A. YVoEs
for his advice and encouragement throughout this study.

W. L. Tucker, Agricuvltural Experiment Station

analvsis, and interpretation of the statistics used in this

-+

study. I also thanXk Profaessers L. D, Flake and J. T. Ratti

Fh

for their use

Bailey is thianked for tyming tais manascript.

South Dakota Agriculiural Experimeant Station, Prolazcts

~J

11€-654 and 7116-735.



VIOODLAND HARITAT UTILIZATION BY BIRDS

IN THE EASTEPN QUARTER QOF SOUTH DAROTA

eastern quarter of South Deakcota was stndied during ihe

spring migration, respreductive, and winter sazsonz. The

relative impcrtance of these three habitats and multi-row

shelterbelt nehitat was evaluated using pixd specie:s
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delineatel distinctive vecetaticon ccver typ

the three hzakitats stedied. Bird communitiez zsscciatced with

each ccvar type wera tabulated for corparison purposes and

pradiction capabilitiec, Multipie xegressicn analysis

predicted physica
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type that correlatad with B3D, pooulation density, and
density cf common nesting and winteripg sirds.

Maintenance of BSD at prasent lavels i weodlands o

eastern quarter cf South Dakota is dependient primarily upso

pressrvation of rigarian wocdlans habicat, and secondly

claim hzbitat., 3Shelterbelt and windtbreax habtitats supporzed

bird diversiries lower (p « 0.L3) thzn rigarien wccdland

< =V 5 1o ny 2 3 =11 . . = 39 S v en -
trae claim hakitats during 611 seasons stuaied, but seow



ignificantly hisgsher (¢ < 0.05 level) population denzitie
during all ssasons exgept winter. Single-row windbirea:

were not suitable for supporiing winter sird pepu
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parse stands of :trees (X = 32.2 trees 0.4 La) wich
occasional shrubs (X = 34.D m3/0.4 ka} suppcrted zll hut
one of the bird species associated with dense tree stand:
(x = 144.2 treez/2.% ha) with & moderetely developed shrub
layer (x = 678.2 m~,70.4 ha} in riparian woodlands during :x
reproductive seascn. Tlimination of the shrub layer and

loss of tree vigor, however, causad a decrease in number ¢
species using tree claim nakitet. Unique transisnts occurred

in tree claims with dense tre2e stands (X =

N

16.0 trees/0.4 ha)
and devaloped shrub lavers (X = 1082,6 m3/0.4 ha) and in the
denser riparian wocdland study plots during spring migration.
Maintaining maximum bird diversity in riparian woocdlaid
habitat during spring micration and reproductive seasons was
most dependant cn the area of habitat present. Minimem pinc
sizes of 6.0 ha and 5.9 ha were predictad to support 95% of

the rmaximem BSD supnorted by riparian wcodland liabita
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the spring migraticon and rep
Popularcion densities incrzased with increasing canopy
cover, grcund cover, and shrui

sh volume during the repreductive

season in riparian woodland habitat. R2oth copulacion densizy

-

and BSD increazsed nore in respcnse te incrsasing trea densit
and shrubd velume during spring migration than during the

repreductive season. During ths winutcr season, BESD had



pcsitive correlations with the proximity of farm buildings ard
corn stubble and density of cctionwocds and green ash.

ree claims composed of tall trees, short trzes, and a
shrub layer were most suitable for achieving a balance bhatwee:n
maximem bird diversity and maximum bird deasity during tha
seasons studied. The proximity of farm buildings had a
positive corralaticn with BSD curing the winter season in
tree clazim habitat. Diversity and density of birds can ke
maximized in windbreaks by presence of tall, furll cancpy trees
trees with an accompanying layer of shrubs between or under
fhe trees.

The nost proninent biréd species during nesting s=2s2n

included Mourning Dove, Blue Jay, American Robir, and
Northern Oriole in riparian woodland habitat; Cemmon Flicker,
Rmerican Robin, Brown Tnrasher, Common Grackle, and Starling
in tree claim habitat; Red-winged Blackbird, Mourning dove,
Brown Thrasher, Eastern Kingbird, and Black-zillsd Cuckoo in
windbreak habitat. The White-breasted Nuthatch, Downy
Wocdpecker, Hairy Woodpeckar, and RBlack-cappad Chickades
were mest proninent Juring winter in ripariarn woodland

nebitat. Habitzi re

2

wiremer+ts for each species for tne

appropriate seascn ware discussed.
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INTRODUCTION

The objectives of this study veres as

n
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guantify and

WQ

ualify the bird communities utilizing riparian
woodlend, tres claim, and single-row windbreek hakitat types
in the eaztern quarter of Scuth Daxcta during the spring
migratcry, reproductive, and winter seasons; (2) to avaluate
the relative importance of riparian wocdlands, trsg claims
single~row windbreaks, and muiti-rcw shelterbelts using bixd
species divsrsity (BSD), bird populaticn density, and
habitat prefersnces of individual bird species; (3) to
identifyv the vegetative and physical features of rigparian

woodlands, tree claims, and single-row windzrsaks that

}.l.

exhibited cvorrelation with bird species diversity, birxd
populaticn density, and densities of individual bird species.
Infeorination éoncerning the zffects of managing, ramoval, or
adding wcoilands on birds will be augumented by the
quantitative <ata presented. Quantitative informatien
describing the relationships of variocus woodland habitats
ard supportad bird populatizons, and the relative impertance

of artificially establish=d wcedlznd habitats and naturzl
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of woodpeckers and nuthatches alcng tha Missouri Xiver by

~y

Smith {1971).

The Timber Culture act of 1373 arn3d South Dakota's

tree-planting bounty laws of 1890 and 1520 were ithe initial
monetary incentives for planting 9.4-15.0 ha tracts of
trees, called tree claims, on the prairies of South Dakctka.

The passage2 of The Prairie States Forestry Project in 1935

resulted in the subseguent planting of 32,000 kn of
nulti-row shelterbelts in € of the Great Plains Statas
including South Dakota. Numerous m:iles of single-rcw
windbreaks have been added to this inventery in the past 26
years. These tree claims, milti-row shelterbeltsg,
single-row windbreaks, and naturally occurring riparian
woodlands comprise almest all the woodland habitat in the
eastern gquarter of South Dakota. Approximately 150 kird
species are associated with these woodlands. An estiratsd
3,260,000 trees are planted per year in Soutn Dakota. The
number of farmsteac¢ windbreaks is declining while the number

of single-rcw windbreaks is increasing {Criffith 1976).

L’
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Acreage of riparian woodlands and tree clains

reduced. The reduction is due primarily to more intenszive

s ing

agricultural practices. The agricultural %o rcnagricaltural

[ ]

land-use ratio <cf 28:72% in 1944 has changed £o 48:52% 1in

1974 alorg an unchanrnelized mortion of the Missouri River in

southeastern South Dakota (F. L. Zinder, pers. comm.}. The



greatest rercentage increass in the conver<ion of risarian
woodlands to agcicultural land-use {4.14%) occurred ketween

1969 angd 1974.
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General Description

rt
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0

As defined for £tuady, the eastern guarter of South
Dakota is located in the northzastern porticn of *he Northa
Anerican SGreat Plains and lies east of 98° 43' W Longitude.
Agriculture prevails as the rajcr land-use in +he 5,731,923
ha area. The percentage of land in cultivated crops varies
from 40 along the western border to 70 in the southeastern
cornar (Westin et al., 1867). Small grains and flax ara ths
main cuitivated crops in the north, wihiile more diversified
fariring that includes feed grains occurs in the ssuth,
Processing agricultural products dominates South Dakota's

industrial activity.
Climate

A continzsntal climate with extremes of summer heat,
winter cold, and rzpid fluctuations of temperature occurs
on the study area. Avarage 2nnual precigpitation ranges from
55.9 cm to 55.0 cm in the southesastern porticn to 23.3 cm in

the northwestern portion. M
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thundershovwers in the spring and =arly summer. liinter
snowfsll rangas £xom 53.3 cm te 105.4 cm. Perindic

deviations

n

ubstantially celow the average annuzal mean

precipitaticon ccocur. In 1976, a severe drougnt

year, annual precipitaticn in the northern portion i the



area averaced 23.0 cm, or 29.5 cm below the average annual
mean. Precipitation recorded in the southern part was 37.0
cm, or 23.5 cm below the annual mean. In 1577, annual
precipitation totaled 74.2 cm. Average annhual temperatures
range from 6.1°C in the north to 8.7°C in the south. Mean
temperatures cf -8.3°C in Deacember and 18.6°C in June scccur
in the north. A mean of -5.1°C in December and 25.6°C in
June occur in the scuth (Climatological Data 19761}.
Prevailing winter winds flow frcm the northwest, while
warmer se2soa winds flow from the southeast (Zpuhlier et al.
1971). The annual average surface wind speed is 18 km per
heur. Evaporation exceeds precipitacion throughoui the area
with apprcximately 0% of the evaporation occurring from ay
to October. The growing season varies from 130 days in the

north to 154 days in the south.

Physiograohy

0

leistocene glaciation was the principal facter that
determinad thez deminant land features of the study area.

Glacial ice entered the state from the northeast cor ncrtn
and flowed south and west. Ice covered the entire eastern
guarter of the state and produced the present soil parzat
materials of primarily glacial £ill, glacial outwash, and

glacial lake deposits (Westia et al. 1257).



Two dominant relief forms resulted from the glacial
actiQity within the study area; the Coteau des Prairies and
the James River Lowiand (Westin et al. 1967). The southern
border of both regions is formed by the Missouri River. The
Coteau des Prairies is a glacial highland occurying
approximately the eastern half of the study area. It slcp=as
gently to the south and west with its eastern and western
edges forning steep escarpments at the northern end.
Elevations range from 610 m above m=2an sea level in the
north to 490 m in the scuth. The topography is undulating
in the north and gently undulating in the south. The Big
Sioux River drains the southern part of this region and
enters the Missouri River along the southern horder of the
state. A closed drainage system containing a high density
of shallow lakes and marshes occurs in the northern part of
the region.

The James River Lewland is a gently undulating plain of
lower elevation (395-420 m) than the Coteau des Prairies and
ccupies the western half of the study area. The northern
portion, known as the Lake Dakota Plain, is nearly level.

The James River drains this entire region from north to
south and enters the Missouri River on the southern border
of the state.

All scils are classified in thz Chernczam Zonal Group
(Westin et al. 13%67). Soils wvary from silty sands &2 clay
loams with highest orgarnic mather content and nitrogesn



content occurring in soils of *he northeast. The lowss
organic matter content and rnitrcgen content occursg in the

s0ilz ¢f the southwest.
Vegetation

Eastern Scuth Dakota lies in the transitional vegstation

one betwsen tall grass prairie to the east and mixed grass

prairie to the west. Dominant native grasses consict of hig

bluasstem (Andrcpogon gesrardii), little bluestem (Andropogen

sceparicvs), indiangrass (Sorchastrum nutans), and switchgrass

(Panicum virgatum) with the additicn ¢f western wheatyrass

(Agreoyron smithii), porcupine grass (Stiea soartea), and

prairie dropseed (8Sporcbolus cryptandrus) as one moves from

east to west (Johnson and Nichols 1970). Introduced broxa
grasses (Bromus spp.) presently cominate in many roadside
ditches, tree claims, multi-row shelterbelts, anéd singlz-row
windbreaxs. 3oth bluegrasses (fca spp.) and brome grasses

are commorn in many pastures. Principal ferbs ara leadplant

o

(aAmcrpha canescens), grcundplum milkveich (Astragalus

crassicargus), American liccorice !{Glveycrhiza lepidata),

—,4

white and purple prairi>-clover (Fetalnsteonn s3p.), thz

scurfpeas (fsoralea spp.}, wild onion (Allium sop.), black

colunniferal {(Jchnson and Nichols 1370). Giant ragwaed

. - . s
(Ambrozia tridida), stianging nalit




thistles (Carduus spp. and Cirsium spp.), and wild henmnp

(Cannibis sativa) predominate in many disturbed sites

lacking grass cover.

The original, unbroken, native prairie has been replaced
by a mosaic of vegetation types (Westin et al. 1967). Frea
1961 to 1965, the percentage of land area in row crops was 25
in the northwestern portion of the study arsa and 60 in the
southwestern portion. The percentage of land area in
pasture, alfalfa hay, and wild hay was 60, 5, and 10
respectively in the southeast portion of the study area.

Woodland habitats consisting of tree claims, multi-row
shelterbelts, and single-row windbreaks are dotted akout
the uplands; and forested ravines occur along the steep,
eastern slope of the Coteau des Prairies. Northern
floodplain forest occurs along the Big Sioux, Jamss,
Vermillion, and Missouri rivers. Approzimately 2.6% cf the

study area is forested (Choate and Spencer 1569).

Stucy Plots

Single~-row windbrezks, hereafter referred to as
windbreaks, were defined as any single row of trees, or
shrubs, or compination of trec¢s and shrubs at least 100 m
in length and 2 m in height. The term shelterbelt refers to
multiple, linear rows af trees ond/or shrubs., The vegetative
composition of windbreaks was prinaril:: of cne spacies. The

most commonliy occurring species ware Sibsrian elm (Ulmus

b



pumila), green ash (Fraxinus pennsvlvanicus), and cottonwozd

(Populus spp.). A combiration of two speciss such as green

ash and caragana (Caragana arborescenc) or green ash and

Tatarian honeysuckle (Lonicera tatarica) did occur

secondarily ip wirdbreaks.

The vegetative ccmposition of the study plots used for
evaluating windbreak nhabitat wvaried. Plct S1 was composed
of mature (30 years old) cottcnwcod with an occasional

peachleaf willow (Salix amvgcaloides) ané¢ an intermittent

American plum (Prunus americana) and cowmmon chokecherry

(Pxrunus virginiana) shrub understcry. Plot S3 was 20 years

0ld and equally composed of boxelder (Acer negundo) and

Siberian elm. Plot S4 was composed of mature (>80 years
©1d) green ash with no shrub understory. Plots S6 and 57
were 8 years old and ccmposed of alternating green ash and
caragana. Plot S12 was 32 years old and composed

of Siberizn elm, green ash, American elm (Ulmus americansj,

common chokecherry, American plum, Tatarian honeysuckle, and

an occasionrnal snowberry (Symphoricarpos albus). Plot 514

was composad of mature (> 80 years old) green ash with
cccasional common chokecherry understory and tree foliage
that extended to the ground. Plot S17 was 6 years old and

cempozed of alternating gra

i

rn ash and Tatarian honeysuckle.
Plote &5, S11, 513, S15, S$14, and 513 were Siberian elm and
ranged from 5 to 11 years of age. Averaqge plcht langth was

684 m (range 289-753 m).

9



Riparian woodland hLabiltat was defiued for this sg:tudy as
a strip of woodlands at least 20 m wide and running 250 m
parallel to the shore of a permanrent stream. Plots Rl, Rla,
R2, R4, R7, R8, R9, R12, Rl3, R1l4, R15, and Rl8 were located
along the Big Sioux, James, and Vermillion rivers. A& mixed
climax associetion of green ash, boxelder, slippery elm

(Ulmus rubra), and american elm with an occasional bur oak

(Quercus macrocarpa), silver mapie (Acer sacchariaum),

peachleaf willow, hackberry (Celtis occidentalicg), and

cottonwood predominated along these three rivers. Conmen
shrubs include gooseberry (Ribes spp.), snowberry, common
chokecherry, wild rose (Rosa spp.), poiscn ivy {(Rhus
radicans), and American plum. Plots RS and R6 were located
along the Misscuri River wnere successional associaticns of
cottonwood and willow (Salix spp.) or cottonwoccd and dogweod
(Cornus spp.) intermixed with other occasional tree species

predominate Virginia creeper (Parthenocissus insarta) and

riverbank grape (Vitis riparia) occurred freguently along

all four river systems. Average zleot size was 2.9 ha
(range 0.7-8.7 ha).
Tree claim nabitat was defined as any stand of trees

2.1 ha or larger in size, sguare or rectangular in shage,
1

3
Q
o

acking the multi-row sheslterbalt configuratio
individual rows of szparate tres and shrub species, and

with evidence from owner recollection, tree age, and



lccation, of an initial human establishment betwesen 18§73
and 1935, DPlots T3, T4, T6, TR, T12, T17, and 7122 were

composed predominantly of greea ash. DI’lots 77, U1l6, and
T18 were co-dominated by green ash and boxeider, and T2,
TS, T16, and T19 were composed of a mixed association of
green ash, boxelder, slippery elm, and Ame:rican elm with
occasional cottonwoods and silver maples. Common shrubs
included American plum, commcn chokecherry, Tatarian

honeysuckle, and European buckthcrn (XRnamnus catharticza).

Average plot size was 3.7 ha (range 2.1i--4.€ ha). Tota

§-=4

tree Gensity, shrudb layer develcpment, and herb laver
composition varied substantiaily depending c¢cn past land
use, especizally grazing, in both tree c¢laims and riparian

wosodlands. Values for each variable used o descrike the

vegetative and physical fzatures of each study plot (Tables

1, 2) are summarized in Appendix A,

11



METHODS AND MATERIALS
Study Plot Selection

Fourteen windbreak, 14 riparian woodland, and 14
claim study plots were selected for study (Fig. 1)
Riparian woodland study vlotis were selected by assigning a
unigue numnber toc each 1.

€ km section encomiassing a vercicn

of the Big Sioux, James, and Vermillion river

n

or thoss
portions of the Missouri River Letween Fort Randall Dam and
Lewis and Clark Lake and downstream from Gavins Point pam
and selecting fourteen 1.6 km scctions frcm among a1l
possikle 1.6 km sections using z table of random nuibers,
The actual site studied within each section was choszn on
the basis of its homogenous physiogncmy and extensiveness
Thirty-six windbreaks and 22 tree claims were located within
the study area by close inspecticn of ¥NASA High altitude
Color I.R. Film (scale 2.5 cm = 1.6 km), okbtained from ths

Remote Sensing Institute, Scuth Dakota State University,

Brookings. Film was available for approximately 53% of the

P.

study area {(Fig. l). Fourteen study plots for each of these
two hakitat types were randomly selected foom among these
located., Veagetative composition and avian populaticas of
the study plots seliected for sampling were .assumed

representative of thesa three habitat types in the easte:rn

quarter of South LCakota.
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Vegetation Analysis

In riparian woedland and tree claim study plots,
vegetation measurements were made in each ¢f & series oI
randomly located 0.94 ha circles. Sets of paired nunters
conposed of distance znd tearing values were sslected from

a table of random numbers. ¥Trc
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northeast corner of each study plef, the first distance zad
bearing was utilized tc locate the center c¢f the first 0.%4
ha circle within the plot. The center of the second G.03
ha circie was located by walking the second randomly
determined distance and bearing frorm the center cf the first
0.04 ha circle. The process vas rspeated until all plois
were sclected or when the sequeace of distance and bearing
corrbinations had to bhe modified bzscausse plot size and shape
restricted the lccation cf t
rpropriate bearing in the random listing was used to
continue the selecticn. Adequate sampling was determined

to have cccurrad when the estimaceld trs

>

6.4 ha,

[{{]

density pe

[l
(3

determined frowm each of the last two (.04 ha circles,
differed by less than 10% in low denszitvy plots or bv less

than 25 trees in high dernsity plots (James and Shugart

Within each 0.04 ha circle, a Braunion pocket tranmsit

It
{r

was used to estimate maxinum tree height and shrub hsight,

a merer stick was used for measuring nmaxinmun cerb ne

o

]
3
t
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and two density board readings (Giles 1571) were taken
across the circle; one along the north and south axis and
onc aleng thes east and west axis. Each of these four
measurements were averaged over all 0.24 ha circles zamplad
within each study plct. D3H was measured for esch tree
within the 6.04 ha circles using a Biltmcre "reach szick"
Percent ground cocver, percent cancpy cover, itotal tres
density, tree species densities, and shrub stem dencsity
(stems < 7.7 cm DBH) were detarmined for each siudy plot
using the methods described by James and Shugart (1975)

Tree and shruby vclumes were calculated 3ia each $.04 h

¢
-

rcliz using the method and HTVOL Zrogram developed by

fos

]

¥
~

Mawsor., Thomas, and DeGrafi {unoubl. manuscrint, Univ. of
Mass., Amhersi) with one program modification. A relativa
~density classification of one to five was assigned tc¢ each
tree or shrub clump whose voliume was estimated. 2 ore
corresponded to maximum density, two to 80% of maximun,
three to 6§G% ¢f maximum, £four to 40% of maximum, and fivs Lo

20% of nmaxiruvm. Calculata? reclumecs rere rocuced in

Volume measurements from all J.04 ha circles sampled within
each study plot were usad to ostimate the tcotal tree volume
ard shrub veclume per 5.4 ha. Any tree with more than half
o

of its basel arez within a circle was inciuded for

measurements of DBH, voiune, auvd density.
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In order to measure the degrse of opennass within eacn
study plot, each 0.04 ha circle was divided into quarters
and the number of guarters occupied by trees was reccrded.
The percentage of total guarters void of trees was usad to
reflect the degree of cpenness.

The uniform physiogneny of windbreaks zllicwed
representative measurements to be taken in twe 40 m lengths
of each windbreak. The first 40 m lengtbh was located 13.5
m from the most accessible end of each windbreak, and the
second 40 m iength was located 1060.5 m from the same end.
The exact location ¢f a 40 m lenuth was occasionally
shifted to avoid isclated sections of dead or stunted trees.
Field measurements were the same as those described for the
riparian woodland and tree claim sampling procedures, with
the following exceptions: an estimate of relative ster

density was obtained by counting the number of stems

ja
$a-
¢t

with cutstretched arms while walking four transects, 1

e
=

apart, perpsandicularly through the windbreak in eaczh ©

(2]
r
lag

two lengths sampled; one density board rzading was taken

.
.

alcng ezch transect rcute b

be

s2ading the becard through the

windbrealk frnm a distarce

O
rn
'd
(]
4
'U

cent canopy cover and
percant ground cover wers not measured., Relative stem

density was expressed as number of stems par transect, and

the density noardé readings were enpressad s tiie average of
a2il a2ight rezdings taken pex windbreak,
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The distance of each study plot from water (PW) and

buildin

)

5 (FiK) was measured in all three habitat types and
categorized as follows: (1) less than 1,/4 mile; (2) less
than 1/2 mile but greater than 1/4 mile; (3) greater than
1/2 mnile. For purposes of multiple regression these
categeries were coded as two dummy (dichotomcus) variables:
(1) whether the distance category was [l] or was not [0]
less than 1/4 mile for water [PW4] or buildings [PH4]; (2}
whether the distance category was [1] cr was rot [0] less
than 1/2 mile for water [PW2] or buildings [PE2] (Blaloc:
1972).

The presence of twc vegetation categories,
pasture/alfalfa and cultivated grains, was recorded when

either or both were adlacent to a study plot. A values ci
one to four was assigned for esach of the two vegetation
categories according to the nurmber of plot sides that were

adjacent to these two categecries. Plot area or length, as

appropriate, was determined by rpacing. A plant species

C

SD

e

diversity ( index was calculated using the

Shannon-wWeaver (1963) fcrmula:

1
-

s
H' = -3 p; log p;
in

vhere p; is the préportion of total trea2 snd shirub foliage:
volume representeé by the ith cpecies (L = 3,2,3,...,8) of

tree or shrubh. An incre:
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of trecs., A mininum of &we noves was ghtained firom tress
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within each sampling sits within each study cleot. Mavinmen
plot age was determined by the cldest core sarmple obiaineds,
All variables describing vegetative and physical featurss
{independent variables) determined from field measurements
are summarized in Tables 1 and 2.

Methods selecied for vegetation analysis were evzluated
during June 197¢. The sampling intensity achieved using
the 0.04 ha circles was not adeguate for estimating tree
foliage volume when the sample included ccttonwoed trees

that occurred only once or twice in a study plet.

Cottonwocds have relatively large foliage volume as compared

to green azh. 1If only one cottonwood occurred on a study
plot, and was included in the sample, the density estimate

for cottonwocds was too high and the cottonweod's ifoliag

w

volune had a large escalating effect on the estimated trese
foliage volume for the plct. A correction factor was
calculated by dividing the apparent density of the cottonwond
estimated from the sample by the actual density of the
cottonwecd determined btv surveying the entire plot. Thsa
cottonwoed's volume was then divided bv the correction
factor. Independent wvariahles used in final analysis werc
obtained from field measursments . made during each visit to

census birds in May and June 1577,



TABLE 1.

Twenty- eight independent variables calculated for each

riparian woodland and tree claim study plct.

F -
[t

Variatles Muemonic
Percent cannpy covar “ClC
Percent ground cover PCCC
Density of trees 7.7-22.9 <z DRE {1/C.4 ha) o739
Density of tr:zes 22,.9-23.1 ¢ 5222 (3/C.4 ha) DTS
Denéity of trees > 28,1 cnm DBH (2/0.4 ha) DT>5
Densisy of dead trees > 15.2 cn DBH (8#/C.4 ha) pbeTs
Tree fcliage volume (m3/0.4 ha) TevT
shrub? foliage volume (z3/0.4 ha) SFVT
Total tree density (¥/0.4 ha) TTD
Average dersity board readéing (0-21) oo
Plant species diversity P52
Plot =2rea (ha) SI2E
Averaqge maximum canopy height (m) e
Average maximum shrub? height (m) sy
Average masimum herb height (m) BR
Presence cf cultivated grains (1-4) CROP
Prcsence of pasture or alfalfa {(1-4) PAST
Proximity of water < 1/4 mile (0-1) PW{
Proxinity of water < 1/2 =ile (0-~1} ) PW2
Proxirity of buildings < 1/4 mile (3-1) PHS
Proximity of buildings < 1/2 mile (0-1) PH2
Stem density (3/9.4 ha) STEM
Degree of interiour cpenpass () OPEN
Percent dancsity grean ash PCGA
Percent density cottonwoad pCCw
Percent dansity American ov slipgery elm PCA®
Percent denzity boxelder PCBC
Shrub ard trae foliage voluma (m3,0.4 ha) TFVL

aany shrub or tree sapling < 7,7 cm 204,



TABLE 2. Twenty-two indzpendent variables calculated for each

single-row windbreak study plot.

Variables

Mnemenic
Tree foliage volune (m3/m) - TFVT
Shrub® foliage volume (n/m) SFVT
Number of treas 7.6-13.2 cm DBH (&/ir) NT36
umber of trees 15.3-22.9 cm DBH (§/m) NT69
Bunber of trecs > 22.9 cn D3EH (3/x) ‘ NT>9
Average density board reading (0-21} ot
Average maximum canory height (m) CH
Averzge maximum shrub™ height (m}) sH
Average maximum herb height (m) HE
Leagth (m) , LENG
Flant species diversity PSD
Presance of cultivated graias {(1-4) . CRrOP
Presence of pasture or alfalfa (1-4) PAST
Number of shrvb® species ) sSsPbT
Nunpber of tree species TSPT
Proxinity of water < 1/4 mile (0-1) PW4
Proximity of water < 1/2 mile (C-1) PW2
Proximity of buildings < 1/4 mile (0-1) pnd
Proximity of buildings < 1/2 mile (0-1) a2
Sten &ensity (3/transect) STEM
Average distance between each plantiag (w) SBE2
Shrub and tree foliage volure (n3/n) . TFVL

aAny shrub or tree sapling < 7.7 cm DBH.
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Avifauna

1

The Emlen (1971) transact nethcd was used Zo;

¥

estirmating bird densities dvring all census psriods in

riparian weodland and tree claim stuady plots.‘ Trans=cts in

the riparian woodland study plcocts ran rerpeidicular to the
stream channel to minimize censusing biasz that may have teen

3 Dar
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induced by linear distribution patterns orf bird
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the stream. Transects in tree claims crisscrossed at right
angles. Emlen's method was adopted kecause of its
'ef&1c1en"v and applicability for all seasons cf the year.
Each study plot was visited once during each of tha
three census periods. Because the size of 2ll study nlots
was less than 20 ha, multiple transzcts were required f{sor
proper agplication of the Emlen method (Emlen 1371i). During
Juna 1975, two transects were conducted 2uring each study
plot visit, tut a high degree of variaticn in density
estimates amcng fairly similar plots indicated iInsuificient
sampling intensity. Also, two transects were nct sufficient
to detect several cf the infreguently occurring birc
species. In the 1976 winter census, and the 1377 spring
migratory and reproductive censuses, four transects ware
conducted in each plot during each plot wvisit. A tims lag
of approximately 30 to 45 minutes bstween the initiaticn ¢f

each tran

(M gsest minimized disturbance induced by pres=iace ot
the investioator. Chservations made in each study plot
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during the analysis of vegetation in 1977 indicated that
four transects were adequate to detect most of the
infrequently occurring bird sgecies. The degreze of
variaticn in estimates of density among similar plots was
also substantialiy reduced using four transects.

The method recommended by Emlen to adjust the density
estimates for each species to account fer variable
conspicuousness required comparing results of two or more

different cansus techniques (Emlen 1971}. This adjustment

was not empiovyad since conly one census technigue could he

-t

accomplisiied with the time and manpower available. Eouse
Wren territories, however, were mapped for 82% of the
riparian woodland and tree claim study plots in an eifort

to evaluate the effect of nonadjustment for conspicuousness.
The number of territories was determinad by locating zail
singing malss within each piot during the 1977 reproductive
census veriod. Comparing the wren densityv estimates
obtained from both methods indicated that the Emlen transect
methed using IZouur transects provided an accurate estimate

of the House Wren's relative densities, but underestimated
the House Wren's actual densities by approximately 11,3%
(range +20 to -39%, SD 11.6). Estimates of bird densicv for
riparian wocdland and tree claim habitat were considered
minimum estimates of the actuzl bird deonsities present.

Estimates of bird density in =2acih of thesa two habitars were



between the 1977 spring migratory and the 1977 reproducktive
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standardized by expresszing the densities for r regression
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mum plct arsa (arz2a of the

smallast plet in zach habitat) and were exsressed ac iird

n

per 42 ha for tabulated results.
Density estimates for the American Pobin, Blue Jay .
House Wren, !icurning Dove, Common Grackle, Stariing,

Red-headed Woodpecker, Hairy Woodpecker, Ecuse Sparrow, and

bird species detected during the study) were judged similar

census pericds. The density estimates fcr each specizs from
the two census periods were averaged. The resulting averaage
was used to rerresent the density of these 10 species for
both the 1977 spring migratory and the 1977 reproductive
census periods. Each hawk, owl, Common Crow, Belted
Kingfisher, Balid Eagle, and Merriam's Turkey detected whils
censusing was represented by a standard density of 0.1 bixd
per hectare since their larga territory requirements made
any density estimate within the study plets meaningless.
This procedure allowec inclusion of these bixds in diversity
estimates and caused minimal =2fiects wn estimation of
population density for each plot.
Eird densitier in windhreaks were Adeternined by walkirg
parallel to the row cf trees, approximately 5> m from tie

outside foliage, and making total counts. In June 1976,
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only those birds detected while walking alcng one side cf the
windbreak were recorded. During the 1975 winter, 1977 epring
migratory, and 1977 reproductive census pericis, any bird
detected while walking along one side was recoxrded. In

addition, while walking along the other side in the

m

osocsite
directicn, initial density ecstimates were #valuated andé any
additional hirds detected were recorded. The increased
sampling intensity for windbreaks balanced the greater
sampling effort in tree claim and riparian woodland habitats

during the same census pericds., Estimates of hiwd density

o3

were standardized for regression analysis by expressing the
densities as birds per minimum plot length (length of the
shortest windbreak). Estimates of density were expressed as
birds per 40 ha in tabulated results. Each windbreak was
censused once during each of the three census periods.

Inconsistency in census results due to internittent

b

e

rd inactivity was minimized kv condicting censuses witnin

set climatic parameters and time pericds Censuses during

-

the spring migratory and reprcductive periods ware ccrducted
between 0€:00-09:22, and from 13:00-21:00. Morning councs

were conduct=d only when wind specds wer2 < 12.0 km rer hcur
and whan no rain had vccurred during or 1 hsour prior
censusing. Evening counts w=zie conducted only under calm,

clear conditions. Winter censuses were conducted throughou«
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the day when wind speeds were < 24 km per hour and when
no precipitation was falling.

The winter bird carsus was conducted from 18-23
December 1975, whan orly winter residents remained in ths
study plots. The spring migratory bird census was coaductaed
from 8-28 May 1977, when spring transients were balieved
most abundant in the study plots. Species detected only
during the spring migration census period were cliassified
as transients. Selection of the migratory period was
determined from reviewing migration records reported by
Houston (1971, 1672) and Reynaud (1973). The reproductivs
bird census was conducted from 31 May-25 June 1976 and Irowm
1-21 June 1377. ©Cnly resident, nestinag bird species weie
present in the study plots during these dates. Due to the
change in sampling intensity, the data from the 1976
reproductive period were used only qualitatively for
indicating the presence of species not cetected during the

1977 reproductive census period.
Diversity Estimates

Bird specias Giversity (BSD} was cailculated fcor each
study plot in crder :to evaluate the suitability of each plet
ia terms of the variety of Lirds that each suprorted. The
Shannorn-eaver formule (Shannon and Weaver 1963) used in

mest 5SD calculations is:
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where p; is the proportion c¢f irdividuals in the ith spec:

es

(i =1,2,2,...,8). Poole (1974) points cut that eguation A
is a biased estimate of H' and that the expected value to
H' is best represanted by:

s
H' = -lei log py - ((s-1)/2m) (B)

(e

where S is the tctal number of species (species richness)
detected ard N is the bird population estimate. Eguaticn

B was used for all BSD calculations.
Habitat Eveluation

TLe relative importance of riparian wocdland, tres
claim, windbreak, and shelterbelt habitats was evaluated
according to the following criteria: (1) the number ¢f hird
species supported by each habita%; (2) the number of bird
species which preferred each habitat; (3) the BSD and ths
average populiaticn densities supported by each habitat,

Tre term unigue w2s used to denote bird species which

()

cccurred in a minimuom of two study plots in ore habitat type
and not another. Preferred habitat was defined as that
habitat which supportsd- -the highest mean density (average
density per all plots sampled within one habitat type) and

tnhe highest percentage freguancy cf coccurrance of an



type yet occurred most freguently in another habitat tvpe

both habitats were usuaily considered preferred. 1In case ¢

kn

indecision the final decision was based on percent
frequency of occurrenice. Perceat frequency of occcurrance
was considered a better predictor of habitat preferaernce
because there was a large difference in average plot size
Table 2) among hakitat typzs ard averacge rplot size was
inversely related to population density. Mean density was
calculated for all bird species that occurred in two or
more study plots in one hakitat type during one census
pericd., Data for shelterbelt habitat were cbtained from
14 shelterbelts randomly selected from a possible 69
shelterbelf study plects censused in eastern Scuth Dakota
by Martin (unpubl. Masters Thesis, Brookings, South Dzkota}.
Orthogonal t-tests were used to test for significant
statistical differences in BSD and average bird populzticn
densit.ies supported by the four habitats. Populatien
density for each study plot was =2xpressed as birds per
984.2 n? (minimum shelterbelt plot size) for the

orthogcnal t-tests.



Maltivariate Analysis

Cluster analysis was used to grcup situdy plets within
each habitat type according to similarities in vegetativs
cover type. The analytical procadure for the vegetative
clustering was as follows:

1. A row by column macrix was prepared with the
habitat variables c¢f Tables 1 and 2 (except SIZ2E, LENG,
CRO?, PAST, PW, PH, and TFVYL) as cclumns and study glots
as rows.

2. Hahitat variables were stard=zrdized Ly catting
the maximum value in each ccluma equél to 100 and scaling
all other values accordingly.

3. An initial matrix of similarity was computed
between all possible combinations of study plots using

Horn's measurement of overlap (Horn 1966):
> S 2, & 2
C=2(=x;7i) /(=2 %" + 2 vi°)

i=1 i=1 i=1

where out ¢f a total of S habitat variables, variable i is
represented x; times in plot x, and variable i is
represented y; times in plot yo.

4. The initial similarity matrix was then subjected

0

to cluster analysis by the unweighted pair-group method

discussed L Sneath and Sokal (1973;.

a rlot visit was defined as a bird ccamunity. 2ird
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communities Ifrom borh the 1276 and 1377 reproductive period
censuses were compared among ail plots occurring within 2
distinctive wvegetaticn cover type. Similar comparisons

were made for the 1976 winter and 1877 spring migratory
census periods. All bird species that occurred in a minimum
of 25% of the bird communities compared were grouped intc a
composite cemmunity. These composite communities were
compiled to serve as predictive comnunities xepresentative
of the vagetation ccver types defined by the cluster
procedure. .

Multiple, step-wise regression analysis was used to
tast for ceorrelations betwean the set of independent
variables in Tables 1 and 2 (except PAST which is a perfect
reciprocal of CROP) and the following dependent variables:
BSD, stardardized population dansity, starndardizzd winter
densities of the White-brezsted Nuthatch, Downy Woodpecker,
Bairy woodzecker, and Black-capped Chickadee in riparian

woodlané habitat, 2nd standzrdized dencities of those bir

') f
m

which occurrei most freguently in the study during the
reprcductive season. These species included the Mourning
Dove, Blue Jay, American Robin, and Mcrtherr Cricle in
riparian wocdland nabitat; the Common Flicker, American

- Robin, Commron Grackie, Starling, and EBrown Thrasher in
tree claim habitat; and the Brown Thrasher, Eastern
Xirgbird, Red-winged Blackbird, Mourning Dove, and

Black=hilled Cuckoo in windbreaks.



Multiple, step-wise regression anslysis allewad

determination of which set of indeger

.J

dent variables, take:

together, was the best sredicter of the dependent variable

{Ln

being tested. Coefficients of determination, regres:

u‘)
O

coefficients, standardizeld regression coefficients, and
simple correlaticn coefficients were calculated by the
multiple regressicn program emploved. Independent variables
within each habitat type were tested with each habitat's
respective dependent variables. The analvsis was
accomplished using South Dakota State University's computer
facility and programs contained in the SPSS program packag2
(Mie et al. 1%75).

Standardized regression coefficients (Beta) wers used
to indicate the direction cf influences, whether positive
or negative, and the relative importance of the influsnccs
of the independent wvariables incorporzted into the regressicn
equations. Thea Beta value £cr a particular variable reflects

)

n +he regression eguaticn

bde

the variabla's relative influence
whan the erffects cf ail other variabies within the sane

regression gguation are rkeld corstant. This condition can

*

be satisfied only when the indenenden+t variabples are ires

o
14

intercorrzlations. Many of the independent variables
usad in the multiple recrassica aralysis ware highis

>lated

P
]
ot
T
'
2]
8}
H
4]
ﬂ\

v

s indicatad in Appendix D. Because of



:hese intercorrelations caution is warrantad in interpreting
:he Beta values. Unstandardized regression coefficiants
B} were tzbulatsé to provide prediction capahilities.



RESULTS AND DISCUSSION

m

Reproductive Szaszon

Avian Ccnmunities.

bird speciesz (%7) followed, in descending order, by tree

e

Riparian woodlands supportea the mou:

claims (41), windbreaks (36), and shelterbelts (29) during tihe

1976 and 3377 reproductive seasons (Table 3).

and Mourning Dcve were the two most freguently cccurring

species in bath riparian woodland and tree claim habitat.

The Mourning Dove was the sixth most freguently occurring

species in windbreak habitat.

The Mourning Dove, American

Robin, and Cecrmon Grackle occurvred in 109% of the studv plot

i
[

in shelteribelt habitat. The five mos
species in windbreak habitat, in order
were Vesper Sparrow, Dastern Xingbird,
Thrasher and American Robin,

2lthcugh many of the bird species
habitat
habitat preforences

species

Twenty-two, 13, 10, and 9 bird species

for riparian woodland, tree claim, shelterbelt, and

types, some of these species exhibited

{indicated by a "p" superscript).

were asscciated only with one cr two

frequentliy occurring

of decreasing frequency

Orchard Oricie, Brown

bt

ware comnch to a
Other

indicated prefesrences

windbrea

Clay-colored

mirimun cf

ju

tnat wera

The Bouse Wre

-
. s

-
o

Pk
“.a

|4

[



TAELE 2. Mean densitics and percert Zrecquearcices of tivds ebserved in four woecdland habizass of the

eastern quarter of Jouth Dakota during the 19?7 rees:vdictive season.

Habazas

Sinfgle-row Nelni-row
Riparlan woadland Tree claim windkrcax shelzarbelt
Species o? £ o . o eP 2! >
Red-tailed Hawk ?¢ 2;P
Swainson's !tawk aP
Aaerican Kestzzl 7
Bobwhite Quail 7
Killdeer ¢.6 21t
Anerican Woodcock 7
Moarning Dove 76.4 109 86,2 160 131.4 71 864.7 :0%¥
Yellow-billed Cuckoo 7¢
Black-billed Cuckuo 10.6 50 12.0  100P 160.0 s7P 11.¢ 39
Szreech Owl ¢
Great Hornad Owl 21 1P ?
Belted Ringfisner 149
Coomon Flizker 3.6 100° 28.2  10cP 27.2 38 s.2 M
Red-bellied weodtecker ?
Red-hezded MWoodpecksr il.s M? 6.6 867 8.0 14 11
Yellow-beliied 3Sapsucker 7
Bairy Weed eckes 12.6 3% 15.2 93P 7
v 2.2 18P 12.6 64 7 1.6 2
2 7.0 64 14.0 50 283, 93® s8.1 54,
2 ? 4.6 21 2.0 21 92.9 873
Great Crestced Flycatcher 1.8 36° 4.2 0
Empidonax Flyzatcher ?,,
Bastezrs oo Pevae 6.0 43¢ 1 ? 14
Rough-winjed Swallew 3¢
Blue Jay 17.6 93 23,4 100F 5.8 23 8.7 14
Comon Crow aF
Plack-ccpped Chickalee 37.8 79P 29.4 71 7. 17.4 4
White-breasted Nuthatch 16.0 722 3.6 14 A
House Wrea 147.2 150° 1c6.0 100P 38.90 143 29.9 43
cay Catbird 10.2 50 0.8 14 4.8 11° 0
Brown Thrasner 3.0 57 12.2 8§ 102.2 19 6€.3 79fF
Americaa ?abin 49.2 93 24.6 53 66.6 73 <32.0 100°
Hood Thrush 1
Olive-backed Thrush 7 p
Bastern Bluebird 10.6 1P 14
Starling 29.4 79 56.3  79P 7 ac
Bell's Vireo 7
Red-eyed Vireo 1.2 14° 7
Philadeighia Viras 1.3 14F 7°
Warblirg Vireo 12.2 '."'v? 7
Yellow Warbler 5.4 14¢ 7 7
Common Yellowthroac 20.6 57 8.0 7 43.6 SO a4 NnF
Mourning Wrchlar 7:
Wilson'’s Warbler 7c
Carada wWarbler 7 >
Botise Sgarrcw 3.6 59 3l.6 64 20.6 22 $77.7 3Gc
Wastern Headawlatk i.2 147 :
fed-winjed Blonkbird 22.3 16 0.6 29 301.2 647 95.8 335
Corzon Grackle 27.9 H 37.3 9) 74.2 57 $43.6 10C
Broen-talad Cowbird 25-.4 1P $.4 50 43.0 43 3.3 35
Cechard Or:ole 15.2 27 3.2 36 72.4 as® g7.0 71°
Borthern Jriola 35.8 33° 1.2 ‘_‘*?c 24.6 29 21
fcarlet Tarager ?
Cazdinal 1.4 WF
Rose-breastsd Groskeak 3.9 32 1.4 21 7 7.
Black-heided Srasheii ™ 7
Bluye Crosbeax 7
Indigo Eurting i 4 3sF 4.2 6 1 s
Arerican Geldfinch 3.6 54 2. 21 44.4 4] 78.¢ 71
Dicsiszcl : t1.s  29° ?
Rufcus+-s1dcd Townee ? 5
vesper Sgarrcs 4.5 [ x] 293.4 b
tars Sparrcw 17.3 4P
Clay-cclnred Smarvew . p 37.4 36
Pield Sporrew 77 7
fcze Spariow kb
Sang g,—.-of:cv 33.2 37 13.8  eg? 4.2 °

o
o
.
s O»



TALLE 3. (Continued)

1)
=

lizbitat
single~row thilsie o,

Riparian woodiland Tree ¢laia windbroak sheirertale
Hunber of apecies 57 41 €6 29
Nuzber of specics
preferring cach habitat 22 13 9 12
Avg. population density’
{birds/40 ha) 846.2 553.4 1352.5 dios.s
Avg. plot size (ha} 2.9 3.6 0.5 1.2

;Hcan density (birzds/40 ha) based cn 1977 ceasus resuits.
Parcent freduancy of ogcurrence based cn 1975 and 1377 cernsuc results.

Cpesactad orly curing the 1376 reprcductive seascn census period.

Ppreferred habitat.
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associated with shelterbelt and windbreak habitats but not
associated with riparian woodland and tres claim habitats.
These species, however, do not require woody vegetaticn fcr
nesting (Austin 1968). All other species occurring in a
minimum of two shelterbelt or windbreak study plcots were
associated with riparian woodland and/or tree claim habitat,

The Swainson's Hawk, Common Crow, Red-eyed Vireo, &nd
Vesper Sparrow were the onlv species that cccurred in a
minimum of two tree claim study plots and that did not cccur
in riparian woodland habitat. The Vesper Sparrow is the
only member of *tLis group not requiring voody vegetation for
nesting (Sutton 196{, Wiens 1969) .

All birds of prey and the Common Crow indiczted a
preference for tree claim habitat dﬁring all seasons of the
year (Tables 3, 4, ard 3). The large, block-like shapas and
high tree dersity of tres claims relative to riparian
woodlands, shelterbelts, and windbrzaks offered more
seclusicen for breeding raptors and crows, as well as
breeding cr rov=ging cwis. The only riparian wocdland
study pict (R5) that supported raptors was largs (8.7 ha}
end had a high tree densiiv (72 trzes/0.4 ha). The only
riparian woodland study plots which supgported Great Horned
Owls (RlA, R3, RS} were large (X = 5.3 ha), although toral
tree density varied frcom 28-72 troes/0.4 hectares.

Horned Owl wag dztected in a small (1.9 hz! r

e
‘1'

pari

weodland plot (R1l), but the s-udy plok was surrounded by

+



more than & ha of open-riparian wocdlands. The apparent
tree claim habitat preferences of birds of prey and Ccmmen
Crow were believed related to plot size and tree dansity.
The habitat preference of the Great Horned Owl appeared
related to plot size.

Bird Populaticn Density. Shelterbelts supported tha

highest average bird density (3305.5 birds,/40 ha) Ioliowed,
in descending order, by windbreaks (1852.6 birds/40 ha),
riparian wocdlands (846.2 bir2s/40 ha), and tree claims
(559.4‘birds/40 ha) during the reproductive season (Table
3). Differeinces amdng habitats were highly sigaificant

-

(Table 6). Densities for shelterbelt and windbreak hablizis

P,

were expressed as bird

-

el un

4]
";

t area solely for comparison

purposes. It must be emphasized that the densities expressed
for these two habitats in Tables 3, 4, and 5 can only be
supported in shelterbelts or windbreaks that are not in

close proximity. Forty, 1l ha windbreaks contained in a

contiguous 4J ha area are no longer windbreak habitats, but

-

would resemble cne plock of wocdland habitat and would
probably support bird densities similar tc the densities
reported for tree claim habitat,

Average pcopulation density was inversely relatad to
the average plot size for each habitat. Windbreak habitaz
however, had the simallest average plot size, yest suprorted

~

fewer bpirds than shelterbel: habitat (Table 3) This
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average population density and averace plot size was mainly
attributed to the drop in mean densities of the Mourning
Dove, American Robin, House Sparrow, and Common Grackla in
windbreak habitat. Windbreaks were not as attractive zs
shelterbelts to these four species. The differences in
percent freguency of occurrence between sha2lterbelt habitat
and windtreak habitat (Table 2) for these species support
this ccncept. The closer proximity of shelterbelt habitat
to farm yards, as compared to the proximity of windbreak
habitat to farm yards, also contributed to the higher mean
density of House Sparrows in shelterkeit habitat.

The inverse relationship betwsen the average plot size
of the habitats and population densities appezred to be a
function of plot size and its influence cn two factcrs:
(1) the totzl number of bird species within a habitat tvpe
that forage in adjacent treeless fields, and (2) the extent
with which each of the species forages in these adjacent
fields. Extent is defined as the area utilized in adjacent
fi=lds relative to the aresa utilized in the woodland hanitat.

If the differences in avarage ropulation densities

among habitats were duvue solely to the differences in plot
size and ics influence ca the fnraging location of birds,
ther population d=nsities woul2 nct differ among habitats If
the plots were the same size. Average population densities
of six riparian woodland and six tree claim plots of

comparable sizoe vere not different ac the p <€ 0.0°% level



(p = 0.335), in contrast to the difference (p = 0.004)
obtained when all plots were compared (Table 6). Beechzsr
(1942) also found that population cdensity was higher in
smaller woodland tracts relative to larger tracts. Kendeigh
(1944) and Johnston (1970) found bird densities increased
when smaller woodland tracts were created by opening a
previously closed forest.

During the reproductiva season the bird populaticn
densities supported by shelterbelt, windbreak, riparian
woodland, and tree claim habitats were a minimum of 100%
hisher than the average population densities reported by
Hicks (1935), Damback (1941), and Kendeigh (1944) for larger
blocks of deciduous woodlands in the eastern United States.
The higher population densities supported by the woodland
habitats in the eastern quarter of South Dakota were probably
due to their proximity to large areas of prairie and
agricultural larnd.

Carothers et al. (1974) found that dense bird
populaticns in narrow riparian woodlands o Arizona could
be attributed to fcur facters: (1) relatively few cliass A
territcries (Nice 1341), (2) relative prcductivity of
adjacent hebitats such as cropland, second growth fields,
and pastures, {(3) relative absence of nesting bird
species in the adjacent habitats resultinc in the absence
of intra and/or interspecific competition for the focd in

the edjacent habitat, and (4) large body size of the kirxds
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making it energetically feasible to fly long distances for
food. Factors (2) and (3) seem applicable to this study
because of the agricultural nature cf eastern South Dakota.
Also, large bird species such as the Mourning Dove, Eastern
Kingbird, Brown Thrasher, American Robin, Common Grackle,
Brown-headeé Cowbird, and Orchard Oricle obszarvad

foraging in adjacent habitat occurred in high mean
densities, especially in the shelterbelt and windbreak
habitats {Table 3). The House Sparrow, Dickcissel, Vasper
Sparrow, and Clay-colored Sparrow, althiough smaller in size,
were also observed foraging in adjacent habitat and occurred
in high densities. The Comrmon Flicker and Starling were twc
large species occurring at high densities in tree claim and
riparian wocdland habitat, and were observed foraging in
trecless fields adjacent to woodlands.

BSD. The difference in bird species diversity between
windbreak arnd shelterbzl: habkitat was nonsignificant at the
p < 0.05 level (p = 0.725). The Jifference in bird species
diversity between tree claim and riparian woodland habitat
was also nonsignificant at the p< 0.05 level (p = 0.188).
The BSD pooled mean for windbreak and shelterbelt habitats
was, howevax, lower (p = 0.001) than the podled mean of BSD
for tree claim and ricarian woodland habitats {Table 6) .

The significantly lower 35D values for windbreak and
shelterbeit habitats were probably related to small plot

size and relatively simple vegetation structure. Work by

k(=]



Galli (1974), and results of regression regorted in this
study, indicated a significant, positive correlatiocn Latyean
plot size aand BSD. Work by MacArthur and MacArthur (1951),
MacArthur (1364), Karr (1963), and Karr and Roth (1971)
showed significant, pesitive correlations ketween B3D and
vertical vegetation complexity measured as foliage height
diversity (FHD)}. MacArthur (1964) concluded that vertical
complexity was sufficient to account for changes ia BSD
among small homogenous woodlands. Horizontal diversity cr
"patchiness", however, has bean shown to be an additional
predictor of BSD for series of similar habitats such as
shrublands (Roth 1976). Roth also fourd that closed-~canopy
forests were lass patchy and supported a lower BSD than
forests with broken canopies. Winédbreaks and shelterbelis had
minimal "patchiness". Tree claims had minimal "patchiness"
as indicated by an average interior openness of 5,5% and a
70.0% average canopy coverage. Riparian woodlands had
consideratle "patchiness" as suggested by an average
openness value of 46.2% and a 46,0% averaga canopy coverage.
A herb, shrub, and trea layer were present in all habitat
types, but the shrub and tree layers were reduced tc one
layer in all windbreak study plcts except three {(Rl, R12, ard
RY4), Also, tall, rank weeds that tended Lo increase vertical
complexity were found only in riparian woocdiand habitat.

Plct size and vegetative ceomplexity increased in trse

claim and riparian wocéland habitats when contrasted to
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windbreaks and shelterbelts and were believed responsible for

the significantly higher BSD values for the former types.

The concept of a direct relationship between vegetation

complexity and BSD appeared applicable tc the riparian
wvocdland and tree claim habitats if plo:t sizes are comparable.

Riparian wccdland habitat supported a higher BSD (p £.229)

thar tree claim habitat when the influence of plect size was

reduced (Table 6).

Spring Migration Season

Avian Communities. Riparian weodlands supported the

most transient species (25) followed, in descending order,
by tree claims (18), shelterbelts (16), and windbreaks (12)
during the 1977 spring migration seascn (Table 4). The
Tennessee Warbler and Blackpoll Warbler were the two most
frequently occurring transients in riparian woodland habitat.
The Olive-backed Thrush, Empidonax Flycatcher, Tennessee
Warbler, and Blackpoll Warbler, in that order, were the four
most frequently occurring transients in tree claim habitat.
The Chipvring Sparrow, Empidcnax Flycatcher, and Yellow
Warbler were the three mcst frequently occurring transients
in shelterbeit habitat. The Enpidonax Flycatcher was the
most freguently occurring transient in windbreak habitat.
Eleven, 12, 3, and 3 sveries indicazed preferences for
riparias woodland, tree <clain, ochelierbelt, and windb;eak

habitat, respectively (lable £);. The Red~egved Vireo,



TABLE 4. Mcan donsities and percent frequencics of transient® birds obscrved in four weod;znd

tabitats of the ecastern quarter of South Dakozc during the 1377 sgring migration scason.

-
L

o

Hablizax
i Single~row Multi-Tow
Riparlaa woodland Trec claix windbreak shalteraels

Specics ® §° o° rS o®  &C o® gt
Swalnson's Hawk®, 7 149:P
Yerriam's Turkey® ?
Wood Duck 1.8 145 a
Bairy icedpeckar 8.4 6:3P 1.6  s7°°P ?
Expidonax Flycatcher 27.0 579:P 18.6  64P 711.4¢ 21 31.9 43
Bro~n Creaeper ?
Rinter Wren 7d
Olivc-béck;d ~hecush 23.6 43 37.8 733 28.0 lld 11.4 7
Red-eyed Virco 1 5.6  43°° 7
Warbling Vizco 13.4  3s%P 3.6 36 17.0 144
Black-and-wnite Warbler ? 7 ?
Tennessea Warbler 29.4 577 16.6 537 22.2 14 4.5 29
Orange-crowned Warbler 2.6 14°
Maehville Warkler 2, 2.2 4P 4 7
Yellow Warbler 1l.4  29°¢P 5.8 3s° 5.6 2n9° 25.1 P
Magnolia flarbler 7
Cape May Warbler ?
Yellow-runped Harbler 1.8 4 11.5 o
Black-thrcated-grasn uarslar 7
Chestnus~sided Waroler 1.8 14P
Blackpoll Warbier 10.2 36 12.2 43P
Ovenbird 0 4P 2.8 14P 8.2 14P
Borthern Waterzhrush 7.6 147
Yellow-kbreasted Chat ?
Wilson's wartler 7 ?
Canada wartler 7
Arorican sadarare 7 7.6  29° 7
Rufous-zidsd Jcwhee 1°
Chipolng Sparzow 7 9.4 14 21.4 14, €3.8 437
€lay-cclzzed Sparzow 6.0 14 320.0 s0°'F 17,4 2
Korris' Sparrow 5.6 14P
wWhite-crowned £3arTow 7 7
Lincoln Sparysw 2.6 1¢°
Nunber of species 23S 18 10 36
Kunker cf specics
preferring 2ach nabitat 11 12 3 3
Avg. population density
(bicds/50 Na}d 901.9 703.8 2995.8 2389.2

8cccurring only daring the spring xigratica sensus gericd.

buoan deasicy (birds/ 10 nal.
Cparcens fraguency oI cccurTence

Spring =:3zaricn r2s53i%s {or spe
Insluded for Sompecsison a=chg na

tabita:z types.

b

azed &a 1977 census results.

€111 gpscies waich occurred during the soring mijratisn cengus period.

fenovn to ness 1n swudy area,
the reprcduznive cansus period.
Prreferred habitat.

rncluded wirs transiuvats because the spucies was nct dete

wnizh were observed curing the repzoduszive ceasus pericd.
types, wnan the Species was trangisnt ia one or core

cted during
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Anerican Pedstart, and Blackpoll Warbler indicated a
preference for tree claim habitat. The Empidonax Flyczatcher
showed no apparent habitat preference. Although trze claim
habitat supported fewer total species than riparian woodland
habitat, more transient species preferred tree claim habitat
during the spring migration season.

No unique species occurred in shelterbelt or windbreak
habitats. The Chestnut-sided Warbler was the only species
that occurred in a minimum of two tree claim study plots and
not in riparian woocdland habitat (Table 4).

Bird Population Dencsity. Windbreak habitat suppeortad

the highest average bird density (2905.8 birds/49 ha)
followed, in descending order, by shelterbelts (2389.2
birds/40 ha), riparian woodlands (901.0 birds/40 ha), and
tree claims (703.8 birds/40 ha) (Table 4). The oaly
differance (p = 0.001), however, was between the pooled mean
of populatior density for shelterbelt and windbreak habitats
ahd the pocled mean cf population density for tree claim and
riparian wocedland habitats (Table 6). Average population
density during spring migration was inversely related to
average plot size fcr each habitat and paralleled the findings
during the reproductive season.

Average population densities were greater during
migration than for the reproductive s=2ason in all habitats

except shelterbelts. Higher average population densities



vere expected because of the presence of beth transients and
nesting species during the spring migration season.

The date of census initiation in shelterbelt habkita: wa

in

earlier than in the other three habitat types during the 1977
.migration census pericd. Many transients were not in the
state during the early pcrtion of the shelterbelt census
period (T. E. Martin, pers. comm.). The earlier census
initiation was the probable cause for the drop in average
population density for shelterbelt habitat and *the
nonsighificant difference (p = 0.801) in average pcpulation
densities between windbreak and shelterbelt habitats.

Average population density was not significantly
different between tree claim and riparian wcodland habitats
at the p < 0.05 level (p = 0.164), unlike the significant
difference which existed during the reprocductive season. The
difference in population densities between tree claims andg
riparian wocdlands was smaller during spring migration
because tree claims were more attractive to transients.

BSD. The difference in BED betweea windbrezkx and
shelterbelt habitats was not significant at the p < 0.05
level (p = 0.812). The difference in 3SD between tree claim
and riparian woodland habitats was also ronsignificantc
{c = 0.498). The 5SD pooled mean for windbreak and
shelterbelt habitats was, hcwever, lcwer (p = C.001) than
the BSD poeled mean for tree claim and riparian wocdland

habitats (Table 6). Tiaez lower B3D values for windbreak and
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2.

shelterbelt habitats relative to tree claim and riparian
woodland habitats were probablv due to small plot size and
simple vegetative structure.

The nonsignificant difference in BSD between tree claim
and riparian wcodland habitats paralleled results of the
reproductive season, but mean BSD for tree claim habitat
(2.600) was larger than mean BSD for riparian wocdland
habitat (2.512) during spring migration. During the
reproductive season the mean B5D was larger in riparian
wocdland habitat. BSD between six tree claim and six
riparian woodland study plots of comparable size was not
significantly different at the p < 0.05 level (p = 0.483).

This was a reversal of the results from the reproductive season

Winter Season

Avian Communities. Riparian woodlands supported the
most bird species (14) followed, in descending crder, by
tree clairs (10), shalterbelts (9), and windbreaks (2)
{Table 3). Tha Black-capped Chickadee and White-breasted
Muthatch were the first and second most frequently occurring

and akbundant speci

®

s, respectivaly, in bhoth riparian
woodland and tree claim habitats. The Hairy and Downy
Woodpeckers cceourred frequently in both riparian wocdland

and tree c¢lzaim hapitats. The House Sparrow was the most

freguantly occurring and abundant species in shelterbe

b

habitzt. The Downy Woodpecker and Black-capred Chickadee



TABLE 5. Mcan densities and percent frequencics of birds observel in four weodland habitats of the

eastern quarter of Scuth Dakota ducing the 1976 winter scason.

Habitat
. Singlec~-row Multi-row

Riparian woodland Tree clainm windbreak saelterdeit
Species p* ¢P p? o pd fP° p® f°
Bald Eagle 7
Mourning Dove 7
Great Hcrned Owl 2 6P 14
Corson Flicker 3.0 14P
Batry Woodpecker 14.4  57° 4.3 43
Powny Wocdpecker 15.2 s7P 14.8 c4P 7 2.0 14
Slue Jay ? 9.6 4P
Cozron Crow 7
Black-cazped Chickadee 54.6 57° 21.8 4z 7 29.0 14
White-breasted Nuthatch 12.4 57° 15.4 64P
Anerican Robin 7
Bohenian waxwiag ?
Starling 3.4 21 10.2 6P
House Spacrow 8.0 29 16.2 2P : 194.3 6P
Red-winged Blackbi-d ?
Cardinal 1:
Dack-eyed Junco 13.4 147 7 8.7 14,
Tree Sgarrow 139.3 36°
HBarris' Spartow 7
Number of species u 10 2 9
Hunber of spacies
prefersing cach habitat 6 4 0 3
Avg. population densit
(ﬁrdzw ha) Y 150.2 85.6 15.4 586.2

8yoan density (birds/4d hai.
erceat fraguency of ocgurrence.
Ppreferred habitat.
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were the only two species observed in windbreak habitat and
occurred in only one plot.

Six, 4, 3, and 0 species indicated preferences for
riparian woodland, tree claim, shelterbelt, and windbreak
habitats, respectively (Table 5). The Common Flicker, Hairy
Woodpecker, Black-capped Chickadee, and Dark-eyed Junco
indicated a preference for riparian woodland habitat, while
the Great Eorned Owl and Starling indicated a preference for
tree claim habitat. The Downy Woodpecker and White-breasted
Nuthatch indicated a similar preference for both riparian
woodland and tree claim habitats. The Blue Jay, House
Sparrow, and Tree Sparrow indicated a preference for
shelterbelt habitat (Table 5).

The Common Flicker was the only species unique to
riparian woodland habitat. The Blue Jay and Tree Sparrow
were unique to shelterbelt habitat.

Bird Population Density. Shelterbelts supported the

highest average bird density (586.2 birds/ 40 ha) followed,
in descending order, by riparian woodlands (150.2 birds/40

ha), tree claims (86.6 birds/40 ha), and windbreaks (1l5.4

birds/40 ha) (Table 5). Average densities of birds in tree
claim and riparian woodland habitats werz not significantly
different at the p < 0.05 level (p = 0.282). do t-test was
possible between windbreaks ana shelterbelts. The average

bird density in shelterbelts was highar (p = 0.018) than the
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pooled density for tree claim and riparian woodland habitats
(Table 6).

Windbreak habitat was not suitable for supporting
wintering birds. Tree claim and riparian woodland habitats
were equally suitable for supporting the more common
wintering species. Although cshelterbelts supported the
highest average bird density, Housz Sparrows comprised 33%
of this density.

BSD. No t-test was possible between windbreaks and
shelterbelts. The difference in BSD between tree claim andé
riparian wcodland habitats was not significant at the
p< 0.05 level (p = 0.958)., Also, the mean BSD associated
with six tree claim study plots was not different (p = 0.970C)
from the ﬁean BSD associated with six riparian woodland
study plots of comparable size. The BSD pooled mean fcr
tree claim and riparian woodland habitats was, however,
higher (p = 0.005) than the poole@ mean of BSD for
shelterbelts (Table 6).

In terms of overalil habitst, riparian woodlands
supported the most bird species during the winter season.
The presence of cpen water, wintering waterfowl, and
available fish was the prchable reason ths Bald Eagle was
attracted tc riparian wcodland habitat and not the other
threce habita*t types. The Cardinal and Harris' Sparrcw were
vrebaziy attracted to riparian woodland habitat because cf

the presence of tall, rank weeds.



TARLE &, Orthégonol t-tastn for nignificont differances in bird population densities and bird speciee diversities supported by four woodland

habitats in the eantorn quarter of South Dakota.

Scason
Wintar 1976 Spring migration 1977 Reproeductave 1477
Signi- Signi- Signi- Signi~ Signi- Signi=
Sanple ficance UPooled ficance ficance Pooled ficance ficanca Pooled ficance
Habitat size  Mean SD lovel moan SD leovel Menhn 8D 1level mean 8D levael Mean 8D lavel mean SD  level
Nird specien dlveralty‘
Single-row 14 0.028 0.103 1.761 0.586 1.74% e.61c
. )0.812  1.7¢é 0.542 20.725  1.711 0.49
Multi-row 14 0.352 0.512 1.811 0.515 1.677 0,365
0.005 0.001 0,001
Treu Clain 14 0.86¢ 0,357 2.600 0.228 2,336 0.148
Yo.938  0.869 0.530 )0.498  2.556 0.33% de.res 2,397 0.7%7
Riparian 14 0.875 0,675 2.512 0.42 2.455 0.331
bird population dennityb
Slnglo-row 14 0.043 o0.160 7.150 6.1306 4.706 2.4
)0.511 6.514 5.048, )o.oao C.461 .97
Hulti-row 14 1.44) 1,592 5.879 3.50S . 8.1316 6.273
0.018 0.001 0.001
Tree claim 34 0.214 0.175 1.743 0.723 1,386 f.464
Yo.202 0,292 6.375 J0.164  1.986 0.91 Y0.006  1.733 0.67%
Riparian 14 0.371 0.4%8 2.229 1.937 2.09) 0.438
bird specles divegalty®’©
© Trea clalm 6 0.942 0.207 2.543 0,210 2.234 0,149
Yo.970 0.483 ) 0.020
Pipurtion [ 0.95% 0.799 2,626 0.185 2.591 0,221
Bird population denalty®/C
Trea cloin 6 0.250 0.187 1.883 0.995 1.8%7 0.542
Yo.s96 Yo.ese Y0.336
Rizacian [ 0.400 0.629 1.817 0.712 1.73) 0.697
Yinannon-Heaver tndex. 2
Nusnmer of Lirde/934.2 m4, . .
Cyrres clalm and rlparian woodlanad atudy plute of comparable sice (T16, K18, 76, RS, T4, R7, T18, R8, ¥22, R14, T}, R12).
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Results of vegetation cluster anal fex each hebitat

l(:
n
[YN
0]

type zre presented in tiiree thznograms

-~

Figs. 2, 3, ard 4).

e
L

Study plots are listed orn the horizontsl axis of the

phencgrams while the vertical axis represents the parcentage

similarity of the vagetation characteristics within the

7}

study plot. The 70% level of simiiarity was

chosen for analysis of the phenograms. This level,
represented bty the horizontal dotted line on each phenosram,
separates each habitat type into the same numkar of
distinctive clusters as vertical lines intarsected. Each
cluster, which contains those study plots with vegatation
characteristics 70% similar or greater, racresents cne
vegetation cover type.

Riparian Woocdland Hapitat. Threz distinct clusters

(cover types) labeled A, B, and C were delireated in riparian
woodland habitat (Fig. 2). Cover type A was parklike and
characterized by sparse stands cfZ mixed dscidudus trees and
shrubs., Cover *ype was cnaxacterized by a dense stand ol

cotrtonwoodd trees and a dense ah

eltheougihi type C supported the fowast species. Thirty-threa,
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FIGURE 2. Phenogram of vegetation cover types resulting from vegetation cluster
analysis of 19 vegetation variables measured in riparian woodland habitat. The
phenogram was analyzed at the 70% level of similarity (-~--). The three cover

types delineated are describeé in Table 7.



TADLE 7. Vegetation and physical variables used to describe the riparian woodiand

vegetation cover types (Fig. 2).

Cover type
Vegetation A B C
and physical
variables Range Mean Range Mean Range - Mean
Total tree 23.0- 72.0~- 95.0-
density (#/C.4 ha) 46.0 3z2.2 111.0 91.5 180.0 144.2
Tree fcliage 3178.0~ 4697.0~ 4318.0-
volume (m3/0.4 ha) $204.0 9655.0 6521.0
Shrub fol%age 1.0~ 2788.C- 15.0-
volume (m2/0.4 ha) 220.0 5331.0 1440.90
Canopy 14.1- 21.6- 17.6G-
height (W) 18.3 15.6 23.8 22.7 19.3 17.7
Herb 0.3- : 0.8~ 0.1~
Plot 0.7~ 3.6- 0.9-
sizeP (ha) 5.3 2.8 8.7 6.2 2.9 1.7
Dominant green ash, elma, green ash, elma,
tree species and boxelder cottonwood and boxelder

8s1ippery and 2nerican.
bAverage pilot size of all study plots included in a cover type.

Zs
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35, and 26 species were associated with types A, B, and C,
respectively (Table 2). Cover type B supported eight uaique
species, while Xilideer, Belted Kinufisher, and Westarn
Meadowlarkx were the only species unique to type A, The
Eastern Bluebird was the only species unique to the denss

tree habitat of cover type C. Six scecies were associata:

-

¢
»de

in common with the sparse trees hatitat of cover type A and
moderately dense tree haktitat of tvpe B and not with type C.
No species were associated in common with the moderately
dense tree habitat of type B and the dense tree habitat of
type C and not with cover type 2.

Cover type B was composed of two study plots lcecated
along the extensive Missouri River floodplain in southeastern
South Dakota. Thes2 plots were sufficiently extensive to be
similar to the deciduous forests of the eastern United
States. Thesse two study plots supported the highest tree
foliage volume and shrub foliage volume of all the study
plots analiyzed in riparian weccdland habitat (Table 7). The
eight unigque species associated with cover typa 8 probably
occurred hecavse of the location, size, and vertical
vegetation complexity of the two study plots comprising this
cover tyvpe.

The small, average plct size ¢f cover type C relative
to boih types A and B (Tabie 7) pessibly influenced the
number of bird species associated with type C. MacArthur

ané Macarthur (1261i) pointed cut that the nurmber of bird



TABLE 8. Bizéd cormurities®

reproductive scason.

LN
e

associated with three riparian woodland cover types duriny wne 2377

Cover type A (1)b

L
Cover tyse B (2)

Cover type € (%;@

Killdeer (43)€

Movrning Dove (100)
Black-billed Cuckoc (43)
Great Horned Owl (23}
Belted Fingfisher (23)
Common Flicker (108}
Red-headed Woodgecker (86)
Rairy Weoodpecwker (57)
Downy Woodpecker (71)

Eastera Kiagbird (71)

Great Crested Flycatcher (41)
Bastern Wood rewece (57)

Blue Jay (10J)

Black-capped Chickadee (71)
White-breasced Nutnatch (71)
Bouse Wren (i00)

Gray CatSird (43)

Brown Thrasher {71}

Anerican Pobin (S6)

Starling (71)

Common Yellocwushreat (71)

bouse Sparrew (370

Western Meaduwlark (29)

Red-winged Blackbird (537)

Cormon Grackle (S7)
rown-headed Ccwdird (71

Orchard Criole (71)

Morthern Oriole (88)

Cardinal (23)

Rose-breastad Grosbeak (71}

Indigo Bunting (43)
Aoericana Goldfinch (57)

song Sparrow (57)

Rumber of
species kR
Uniqued

spacies 3

Red-taliled Rawk (50)

American Wccdeock (59)
Mourring Dove (120}
Black-billed Cuckos (10C)
Great Horned Owl (50).

Cormmon Flicker (1€9)
Red-hcaded Woedgecker (16G0)
Bairy Wocdpecker (193}
Powny ticcdgarker (169)
Ped-bellied Loccdrecker (350)
Eastern Kinghird (109)
Great Crestai Tlycatche:
Tastern Wocd Pewce (100}
3lue Jay (1359)
Black~capred Chickadee (198)
thite-treasted Nuthasch (130)
House Wren (1C0}

Gray Catbird (i¢0)

Brown Thrashezr (119)

Anmerican Robin (100)

(190}

Bell's Virco (50)
Philadelphia Vir2o (30}
wWarbling Vireo {100)
Coemon Yellowihroar (39)
Eouse Spavrrov ({50)

Red-winged Blackbicd (50)

Brown-headed Cowbird (100)
Crchard Criola (100)
Rorthern Srisle (1)0)
Cardinal (33;

Rosa-breastad Crosbeax (100)
Black~headed Groskaeax (5C)
Indigo Buntiag (50)

American Golifinca (103)
Rufous-sided Towaze ({30)

a3

Mouraing Dove {82)
Black-biiled Cuckso (490)

Cozmon Flicker (120)
Red -headed wocdpecker (43)
Haizy Woodpecior (60)
Cowny Woodpecker (30)

Castern Xingbird (€9)
Sreat Creszed Fiycatcher (59}

Blue Jay (80)

Black-capped Chickadea (82
Shite-breasted Nuthacch (59)
Bouse Wren (100)

Sray Catbird (40)

American Rcbin {100)
Bastern Bluebird (40)
Starling (69)

Corrwon Yellowthroat (40)
Bouse Sparrow (10)

Cormon Grackle (62)
Brewn~hesded Cowbird (462}
Orchard Oricle (49}
Worthern Oricle (69)
Cardinal (42}

acse-preasted Groabeax (103)

American Goldfinch (é8)

Song Sparrov (60}

8,11 bird; ozcurring in 253 or morz cf the icudy Dlot3 composing each cover type.
umber of stucy plois in cach covar tyrz. . ‘
Cpercent frequency of occurresce taseaq on 1376 and 1377 ceasud results.
3irds associated with oniy ¢n2? ccvar type.



species increases as size of the area censused increases.
Galli (1974) demonstrated this relationship statistically.
Additional research using study plots of equeal size is
reqguired to substantiate that dense tree stands with heavy

shrub understories do not sunport uniqus bird species a

4]

compared to those spacies suppeorted by parklike, riparian
woodland habitat during the reprcductive season in the arsa
cf study.

The bird pcpulations aszociated with cover tyres A, B,
and C during spring migraticn ccntzined many cof the sane
species. Thirty, 34, and 23 specias were associated with
cover types A, B, and C, respsctively (Table 9). The fawssrt
species for the spring migration s2ason were associated with
cover type C, paralleling the reproductive season findings.
No unique species were asscciatesd with type C durirng the
spring migration season. The mocderately dense iree habitat
of cover type B and the dense habita: of cover type C,
however, supported four species in comaon--the Warbkling
Vireo, Yellow Warbler, Gray Catbird, and Blackpoll Warbler.
These species were not associated with cover type A. Four
unique species were associated with type A, and eight were
associated with type B. Although the Eastern Wood Pewee,
Orchard Oriole, and Indigo Bunting appeared to be associated

with only cover type B, they were also associat=d with one

(29

uctive

or both of the ¢other two types during the reprc



SABLE 9. Bird comamunities®

spring migration season.

(&)
[=)Y

associated with three riparian woodland zover types during the 1977

Cover type A (7:=

Cover type B ()%

Cover typc € (5)°

Rilldeer (29)

Kouraing Cove (8%)

Comnon Flicker (7))
Red-headod Woodpesker (71)
Hairy Woodnocker (56)
Downy hWcodpecker (32
Eastern Xinasbizd (23)

Greaz Crested Flycatcher (29)

Blue Jay (57)

Biack-cavped Chickadee (41
Fhitee-breasted XNuthatch (43)
Bouse Kren (190)

Brown Thrasher (71}
Asarican Rcbin (7!)
Olive-backed Thrush (29)
Starling (71)

Tennessee Warbler (43)

Comnon Yellowthrozt {23%)
Bouse Sparzcw (71)
Red~winged Blackbird (29)
Comxmon Grackla (43)
Brown-headed Cowdird (85)

Borthern Oricle (57)
Rosc-breasted Grosbeak (37)

Amerlcan Goldfinch (29
Chipping Sgarrow (29)
Barris' Sparvow (29}
Lincoln Sparrov (23}
Sorg SparTow (43)

Bumber of
species o
Uniqued

species 4

swainson's tiavk ($0)€
Rerriama’s Turkey (507

Mourning Dove ({109}

Common Flicker (138
Red-headed wWocdnesxer (100)
Hairy Wenduecker (39)

Downy Woodgecker (30}
Bastern Kingbicd (i09)
Expidonax Flvcatcher (100)
Greas Crestad Flycatchar (30)
Eastern wood Pewce (30)

Blue Say (139)

3ilack-cazped Chickadee (100)
white-breaszed Nuthawch (50)
House Wren (120)

Gray Catbird (102)

Erown Thrasher (139)
American Robin (10)
Olive-backed Thrusa (S0)

Warbling Vireo (199}
Tennessee Warbler (100)
Yollow Warbler (30)
Yellow-runped warbler (S0)
Blackpoll Warasler (53)
Ovarbird (50}

Conman Yellowthroat {50;

Red-winged Blacktird (5C)

Brown-headed Cowbird (139)
Orchard Oricle (1L0)
Nershern Orisle (1333
Rcse-breasted Grasteax (139)
Black-headed Grosdeakx (50)
Indlgo Bunting (50)

Cripping Sparrcw (50}

M

Mourning Dove (109)

Red-hcaded “codpecrer (£Q)
Hairy Woodpecker (20)
Downy Woodpecker (39)

Empidonax Flycatcher (50)

Blue Jay (30)

Black-capped Chickaee (30)
white-brsagted Nuthazeh (14)
RAouse Wren (100)

Gray Catbird (60)

Azerican Robin (60)
Olive-backed Thrush (57)
Starling (§2}

wWarbling Vireos {47!
Tennessee warbler (6%)
Yellow warbler (40}

Blackpoll warbler (60!

Bouse Sparrow {§J)

Caonon Grackle (5C%
Brown-headed Cownizd (6G)

Sortharn Criasle (100)
Rose-breasced Srosbeak (1G0)

Song Sparzow (463)

23

4511 birds cccurring in 25% or more of the stuly plots composing each cover type.
mber of study plots in each cover type.

Cpersant freguency of occurrence.

d3:irds asscciated with only ona ccver type.



season (Table €). The sparse treze habitat of cover tyoe a
and the mcderately dense tree habitat of cover type
supporté& geven species not found in cover type C.
The winter bird communities associated with cover tyces
A, B, and C contained three species in ccmmon (Table 10).
Cover type B supported severil unique species in winter and
paralleled the uniqueness that aiso occurred durinc the
reprcductive and spring migraticn seasors. The Eouse
Sparrow, Starling, and Dark-eyed Junco were wintering oniy
in type A, while the Black-capped Chickacdee was found only
in the dense tree habitats of cover types 3 and C.
Parklike stands of trees with a few cshrubs appear to
support bird communities similar to or even with more bird
species than the communities associated with dense tree

stands containing moderate to dense shrub layers in

riparian woodliand habitat during the reproductive sezson.

-—

The only species listed in Table 8 that were considered
"interior" species by Kendeigh (1944) are the Red-bellied
Woodpacker, Black-capped Chickades, White-hreasted Nuthatch,
Hairy wcolpecker, ané Downy Woodpecker. The Red-beallied
wWooclpecker was the only svecies identified during the study
as being restricted to a large, dense tract of wcodlands.
Nearly all the species resrcducing in the eastern quarter of
South Dakcta werz edge species and apparently uvtiiized

parkxlike habitzt (covar tyze A) or maderately Jdense tree



TASLE 10. Bird commurities® assoclated with three riparian woedland ccver types during the 1976

vinter secason,

Ccver type & (m® Cover tyge 8 ()P Cover type € CS)b

pald Eagle {530)°

Great Horned Owi (23} Great Horned Owl (59)
Common Flicker (50)
Balry Wozdpecker (5h) Hairy Wecodneckeor (30) Nairy Woodpecker (60)
Downy Woodpecker (43} Downy Woadpecker {50) Douny Woodpecker (30!
, 8lack-capped Chickadee (52) Rlack-capped ChickzZdee {100)
White-breasted Nuthatch (43) White-breasted Hushatch {(50) thite-breasted Nuthatch (50)

Starling (25)
House Sparrow (56}
dark-cyed Sunco (29)
Tree Sparrow (50}

Nurber of

species 7 8 4
Un.lqued

gpecies 3 3

8511 birds occurring in 251 or more of the study plots codposing eack covas type.
uzbor of study plets in each cover type.

Cpercent froguency of cccurrence.

dBlrds zsaosliated witli only one cover type.

20



habitat (cover type B) as readily as dense trea habitatl

(cover type ().

suppcrted unicque species only when traansients such as the
Gvenbird and Blackpoll Warbler were present during spring
migration. The seral cottonwood-dogwood habitat of cover
type B was an exception. Several bird species were
associated only with cover type B during all taree census
periods. The southeasterly lccation of cover type 5 within
the state, extensiveness, and vegetativs complexity were
factors that may be related to the uniqueness of this

community.

Tree Claim Eabitat. Two distinct clusters (cover types)

labeled D and E were delineated in tree claim habitat (Fig.
3). Cover type D was heavily utilized for grazing, and)was
characterized by numerous dead trees, low tree foliage
volume, and no or virtually no shrubs. Cover type E
contained stuldy plots which were lightly grazed, or not
grazed, and were characterized by dense tree stands and a
sparse to dense shrub layer (Table 11).

Cover type E suprortad 292 spocies and eight were unigue
during the reprodactiva sesascn. Ccover typve D supportad 24
species including three that were unizue (Table 12). The
more open cover tvpe D was attractive to the Western
Kingbird, Eastzra Bluekird, arnd Zastern Wced Pewee, but was

not attractive %o the Indigo Bunting, Crchard Orioie,

I 4
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FIGURE 3. Phenogram of vegetation cover types resulting from vegetation cluster
analysis of 19 vegetation variables measured in tree claim habitat. <The phenogram
was analyzed at the 70% level of similarity (---). The two cover types delincated

are Jdezcribed in Table 1ll.



TARLE 1). Vegaetavion and physical variables used to describe the tree claim

vegetation cover types (l'ig. 3).

Cover type
Vegetation D E
and physical
variables Range Mean Range Mean
Total ‘tree 90.0~ 177.0-
density (4#/0.4 ha) 132.0 112.0 284.0 216.0
Tree foliage 1594.0~ 4156.0~

volume (m3/0.4 ha)

3150.0 2213.0

7060.0 5800.0

Shrub foljiaqe 0.0~ 22.0-
volunme (m-'/0.4 ha) 10.0 3.7 3327.0 1082.6
Cancpy 13.8~ 13.7-
height (m} 15.5 14.8 23.1 17.2
tlerh 0.5~ 0.3~
height (m) 0.7 C.6 1.3 0.7
Plotb 3.4~ 2.1~
size” (ha) 4.3 3.8 4.6 3.7

Dominant
tree species

green ash

green ash, elma,
and boxelder

aSl.i.ppery'and American.
‘Average plot size of all study plots included in a cover type.

13



TABLE 12. Bird cumsuasities? associated with ¢wo tree claim cover

types during the 1977 reproluccive saacen,

™

.

Cover type O (3)®

Covar trpe E (ll}b

Mourning Dove (109)
Black-billel Cuckco (100}
Creat Horned Cwl (65)
Common Flicrer (1{0)
Red~hecaded Foodrecker {100}
Hairy Woodgeciker (120)
Downy Voodpacker (66)
Rastern Kingbird {19Q)
Western Kingbaird (6¢)

Eastern Yicod Powee (33)
Blue Jay (100)

Black-capoad Chickadee (31)
House Wren (100)

Brown Thrasher (1C9)
American Robin (120)
Eastern Bluenird (66)
Starling (122)

Cenmon Yellowthroat (66)
House Sparrow (100)

Common Grackle (19C)
Brown-headed Cowbird (100)

Northern Oriole (§6)

Vesper Sparrow (31)
Song Sparrow {100)

Number of
species 24
Unlqued

species 3

Red-tailed Hawk (27)°€
Svainsoa's Hawk (27)
Mourning Cove (103)
Black-billed Cuckco (100)
Great Horned Owl (73)
Conzmon Plicker (100)
Red-headed wWoodzecker (62)
Bairy VWeoloecker (915
Downy Woodgecker (71)
Bastern Xingbixd (36)

Great Crested Flycatcher (54)

Blue Jay (100}

Cortmon Crow (27)
Black~capped Chickadee (82)
House Wren (100)

Brown Thrasher (82)
Arnerican Robin (91)

Starling (72?)

Common Yellowthroat (32)
House Sparvrow (71)
Cormon Grackle (91}
Brown-headead Cowibird (1§)
Orchard Oriolz {36)
Northern Oriole (35)
Rose-breasted Grosheak (27
Indigo Buntinag (i5)
Anerican Goléfinch (27)
Vaspar Sparrcw (43)

Song Sparrzw (82)

- 29

2a11 birds occurring in 25% or msre of the study plocs composing

each cover tyre.

byumber o szudy rlots in each cover type.
Cpercent freguency of cccurrence tased on 1576 and 1977 cansus

resiults,

dBirds associated with only cne cover type.
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Great-crested Flycatcher, American Goldfirnch, Rose-breasted
Grosheak, Ccnmon Crcw, Red-tailed Hawk, and Swainson's Eawk.
The loss of all saplings and shrubs was the probable reason
that cover type D did not support Indigc Bunting and
Rose-breasted Grosbeak as their habitat requirements (Bond
1957, Taber and Johnston in Austin 1968:81, and Austin
1968:36) would suggest. The other six species were prokably
not found in 25% or more of the study plots in cover typa D
because the proper combination of vegetative structure and
food requirements was not present.

Thirty-£fiva species were associated with cover tyge D
during spring migration, and 33 species were associated with
cover type E (Table 13). The Eastern Bluebird, Western
Kihgbird, and Eastern Wood Pewee were unique to cover type
D. Although the Vesper Sparrcw appeared unique to this
cover type during migration, it also associated with cover
type E during the reproductive season. The Common Crow was
unique to cover type E during both migratory and reprscductive
seasons. 7The same numbar of transient species was associated
with both cover types during migration, although two of the
transients in each cover type wer:2 unique.

Five species were associated with cover type D, and
four species were associated with cover tvpe E during the
winter seascn (Table 14). The Stariing and House Sparrow
wera associated conly with cover type D. Cover type D

contained a higher density of dead and dying trees relative
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TABLE 13. Bird coxmunities® associzted with two tree claim

cover types during thz 1977 sonring aigration seascn.

Cover type D (3)b

Cover type E (ll)b

Mourning Dcve (100)€
Black~billed Cuckoo (23)
Great Horred Owl (£5)
Common Flicker (1C0)
Red-headed Wooizeckxexr (100)
Hairy Woodpecrker (6¢)
Downy ticodcecker (23)
Eastern Kinqgbird (66)
wWestern Xinzoird (33)
Empidonax Flyvcatcher (63)
Fastern ¥Wood Pewee (33)
Blue Jay {(66)

Black-capped Chickad=e (33)
Bouse virea (1i09)

Gray Catbird (33)

Brown Thrasher (100)
American Robin (1CQ)
Olive-backed Thrush (33)
Eastern Bluebird (33)
Starling (i00)

Red-eyed Vireo (5€)
Warbling Virso (596)
Tennessee Warbler (33)

Chestnut-sided Warbler (33)
Blackpoll Warbler (33)

House Sparrow (100)
Red-winged 3lackpird (233)
Common Grackle (€6)
Brown-headed Cowbird (66)
Orchard Orioie (33)
Northern Criole (€d)
Rose-hreasted Grosheak .(33)
Vesper Sparrow (33)
Chipping Sparrow (33)

Song Sparzow (130)

Number of
species 3s
Uniqued

species 4

Mourning Dove (100)
Black-biileé Cuckeco (3¢)
Great Horned Owl (43)
Common Flicker (73)
Red~-hcaded wWoodlpeckar (34)
Hairy Wocdpecker (553)
Dewny tinodzecker (3%)
Eastern Kingbirc (S3)

tmpidonax Flycatchar (64)

Blue Jay (91)

Common Crow (27)
Black-cappad Chicitzadee (64)
Hlouse wWren (100)

Gray Catbird (55)

Brown Thrasher (73)
Arerican Rebkin (64)
Olive-backed Thrush {91)

Starling (73)

Rad-eyed Vireo (36)
Warbling Vireo (27)
Tennessee Warbler (34)
Yellow Warbler (45)

Blackpoll tarbler (45)
Comon Yellowthroat (35)
Mmerican Redstart (38)
House Sparrow (54)
Red-winged Blackbird (27)
Commen Grackle (391)
Brown-hesaded Cowbird (353)
Orchard Criole {27)
Northern Orioie (53)
Rose~breasted Grosbeakx (64)

Song Sparrow (45;

33

3A11 birds occurring in 25% or more of the study piots ccmposing

each cover type.

byumber of study plats in each cover type.

Percent freguency ol occurrence.

dpirds associated with only ane ccvey tyre.



TABLE 14. Bird communities® associated with two tree clainm cover

types during the 1978 winter season.

<]}
wut

Cover type D (3)° Cover type E (11)b
Great Horned Owl !160)° Great Horned Owl (73)
HRairy Vicodpecker (109) Hairy Woodpecker {27}
Downy Woodpechker (82)
HWhite~-hreasted Nuthatch (66) White-braasted Nuthatch (64)

Starling (1090)
House Sparzrow (33}

Number cf

species S 4
Uniqued

species 2 1

8p11 birds occurring in 25% cr mcre of the study plots composing
each cover type.
byumber of study plots in each cover type.
Cpercent frequency of occurrence.
Birds associated with only one cover type.
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to cover type E. These trees provided abundant roostirg
cavities for flocks of Starlings and House Sparrowvs.

The number of bird species associated with tresz claim
habitat during the reproductive season in the eastern
quarter of South Dakota decreased when the habitat was
managed so intensely for gfazing that the shrub layer was
eliminated and tree vigor, as reflected by low tree foliage
volume, was reduced.

Analysis of the data for riparian woodland suggested
that parklike tree hakitat with occasional shrubs experienzed
no loss in number of bird species relative to dense tree
stands with dense understories, Datz from tree claim,
however, indicated that a loss in nunber of bird species did
occur when the shrub layer was eliminated ard tree vigor
reduced, even when tree density remained relatively high
(x = 112 trees/0.4 ha). Strong, positive ccrrelations
between BSD and the presence of different vegetation layers,

expressed as rED (MacArthur and MacArthur 1961, Karr 1923,

3
&

[\1]
3
™

Willson 1974), suggested that maintzining a shrub laver
asscciated with a wocodland habitat helped maximize BS3D.

Single~row Windbreak Habitat. Four distinct clusters

(cover types) labeled F, G, H, and I were delineated in
windbreak habitat (Fig. 4). Cover tyse I represented a
sample size of one and was consolidated with the most similar
cover tyve H. This cconsclidated cover type was designated

HI. Cover type F represented rnew windbreaks whare nhizight of
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FIGURE 4. Phounogram of vegetation cover types resulting from vegetation cluster
analysis of 15 vegetation variables measured in single-~row windbreakx hehitat. The
phanogram was analyzed at the 70% level of similarity {(~--). 7The three cover typecs .

I’ G, and HI {(combined because of the sample size of 1 for I) are described in Table 15.
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TABLE 15. Vegetation and physical variables used to describe the single-row

winchreak vegetation cover types (Fig. 4).

Cover type
Vegetation F G HI
and physical
variables Range Mean Range Mean Range Mean
Tree foliage 0.3- 8.3~
volume (m3/m) 6.5 3.5 36.4 22.1
Shrub foliage 0.9~ 0.0- 0.0~
volume (m3/m) 1.4 1.1 2.0 1.4 6.3 1.9
Canopy 2,4- 4.8~ 9.6-
height (m) 3.2 2.8 7.6 6.3 19.0 13.9
lerb 0.1- 0.3- 0.5~
height (m} 0.3 0.2 0.7 0.4 1.0 0.8
Length® 259.0-~ 753.0- 363.0-
() 784.0 521.5 793.0 785.9 762.0 568.6
Dominant Siberian elm or Siberian elm or green ash or
tree species green ash green ash cottonwood

aAvcraqe length of all study plots included in a cover type.
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trees was more characteristic of shrub rows than trea rows.
Cover type G represented windbreaks intermediate in hesight
ané with continuous foliage volume from the ground t¢ the
top of the trees. Cover type HI represented tall, mature
windbreaks with a sparse to dense shrub understory (Table
15).

The reproductive bird ccmmunities associated with cover
types F, G, and HI contained many of the same species, but
there was a noticeable increase in the number of species
that progressed frcm type F to G to HI. Five, 14, and 21
species were associated with types F, G, and HI, respectively
(Table 16). YNeo unique species were associated with type G.
The Dickcissel was the only species unigue to type F. Eight
unique species were associated with type HMI; 10 species were
associated with types G and EI and not with type F.

The spring migration bird communities associated with
cover types F, G, and HI were nearly identical to the bird
communities asscciated with these types during the
reproductive season. Five, 16, and 19 species were
associated with types F, G, and HI, respectively (Table 17).
Two unique species, the Yellow Warbler anc¢ Tennessee Warbler,
were associatad with type G. Alchough the Blue Jay, American
Goldfinch, and Black-kiiled Cwckoo appeared to be associated
only with type G, these thres species alzo used type HI
during the reprecductive seascn. Although eight svecies

appeared =& b2 associated orly with typz HI, only saven were



TABLE 16. 0ird communities® associated with th.ce single-row windbreak cover types duriay

tke 1977 reproductive season.

Cover type F (2)7

Cover type G (7)b

Cover type HI (5)®

Eastern Kingbird (1920)

Red-winged Blackbird (50)

Dickeiszel (100)
Vasper Sparrow (194}

Clay~-colozed Sparrow (100)

Mourning Dove (363 €
Black=billed Cuckoo (57)

Fastern Kingbird (86)

Brewn Thrashe: (120)
American Robin (86)
Comzon Yellowzhroat [43)
Red-winged Blackdird (71)
Common Grackle (71)
Brown-hraded Couwbizrd (23)
Orchard Criole [42)
Northern Orioies (29)
American Soldiinch (43)

Vesper Sparrow (100}

Clay-colored Sparrow (29)

Mcurning Cave (890}
Blackebilled Cuckco (89;
Common Flicker (8J)
Red-headed woodpecxer (49)
Eastern Kingbird (100)
Western Kingbird (40)
Blue Jay (80;

Rouse biren (40)

Gray Catbird (40}

Brown Thrashar (30}
American Reoin (1C0)
Common Yellowthreac (39d)
Red-winged Biackbird (59)
Comron Grackle (359}
Bzawn-h2adnd Cowdird (39)
Orzchard Oriole (1G0)
Ncrthern Griole (3d)
American Geldfineh (69)

Vesper Sparrow (87)
Lark Sparrow (40)

Song Sparrow {60}

Nunher of

species 5 14 21
Dniquod

species 1 8
a

umber of study plcts in each cover type.
Parcent freguency of occurrence based on 1575 and 1577 census resulcs.
Birds assuciaied with only orne caver tygce.

bﬁll birds oczurring in 2538% or more of the study plots composing each cover type.
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TABLE 17. Bird ccmmuaities® asscciated with three single-row windbreak cover tyyes during the

1977 spring migratioa seascm.

Cover type F (Zlb

Cover type G (7)b

Cover type 41 (537

Bastern Ringbird (50)

Red-wirged Blackbird (100)

Dickesissel (100)
Yesper Sparrow (3Q)
Clay-coslored Sparrew (100)

Rusoer of

specics 5 -
Uniqued

specics 1

Mpurning Cove (7!\c
Black-billed cuckoo (33)

Bastern Kingbird (71)
Blue Jay (23)

Brown Thrashar (56}
Anerican Robin {(35)
Tenn2ssec wWarbler (29)
Yellow Warblar (23)
Common Yellowthroat (29)
Red-winged 3lacibizd (59)
Comron Grackle (43)
Brown-headed Cowbird (71)
Orxchard Oriocie (53)

American Goldfinch (29)

Vesper Sparrow (66)
Clay-colored Sparrow (413}

16

Hourning Dove (8¢)

Common Flicker (63)
Red-headed Wosdrecker (437
Bastern Xinabird (4C)
BEmpidorax Flycatcher (40)

House Wren (49)
Black-capped Chickacdee (402)
Gray Castbird (43 .
Brown Thrasher ({60)
Aserican Rebin {49)

camon Yellewthroat (492}
Red-winced dlacrkdirzd (6C)
Cemson Grackle (587)
3rown-~headed Cowbird (62)
Orghard Oriole (40)
Korthern Ociole (6%)

Vegper Sparrew (60)
Clay-coalazad Sparrow (49)
Song Sparrow {30

13

8,11 birds occurring in 233 or more of the study plots codposing eaca cover type.
unber of study olots in each cover tyce.

Coercent frecuency oI ccQurrence.

Birds associated with oniy cne cover rype.
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considered unique. The Northern Oriocle alsc used cover tyge
G during the reproductive season. The Tennessee Warbler,
Yellow Warbler, and Empidonax Flycatcher weres the oniy
transients occurring in 25% or more of the study plots
within a cover type.

The substantial difference in the number of bird
species associated with the three cover types during both
reproductive and spring migration seasons was indicative of
the substantial difference in vegetation represented by each
cover type. Cover type F was essentially a shrub habitat,
and the marked increase in bird species associated with cover
types G and HI was similar to the rapid increase in BSD that
occurred from a shrub to a shrub and tree habitat reported
by Karr and Roth (1971), and Willson (1974). Willson
pointed out that the addition of bird species is greatest
when the tres layer is begun.

Windbreaks were not utilized by transients as much as
tree claim and riparian woodland habitat during the spring
migration season. Unlike riparian woodland and tree claim
habitats, windbreak habitat supported nearly identical bird
communities in both the reproductive and spring migration

seasons. Windbreaks did not support winter bird communities.
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Multiple Regression Analysis

Bird Svecies Diversity and Population Density, Rinarian

e

Woodland Habitat. Two variables accounted for 83% (Rg) of

the variaticn in BSD in riparian woodlands during the
reproductive season (Table 18). Log transformation of plot
area accounted for nearly all this variation. Bird species
diversity increased most rapidly with increasing plot size
from 0.0-1.0 ha and increased at a gradually decreasing
rate from 1.0-8.7 ha (Fig. 3). 2Although BSD declined most
rapidly when plot size was 1.0 ha or less, a minimun plot
size of 5.9 ha was required to support 95% of the maximum
BSD predicted within the set of dazta points (8.7 ha was the
maximum plot size).

The positive correlaticn between the log transformation
of plot size and BSD parailels the correlations between vlot
size and BSD reportazd by Gzlli (1374) for woodland habitat.
Although area may account for much of the variation in 3SD,

its influence is related to other factors including habitat

o£1

diversity, which in turn is correlated with specie

1]

diversity
(MacAarthur and Wilson 1357). Significant correlaticns

between various vegetative variakles and BSD were apparently
masked by the large wvariation in sige of the riparian woodliand

study piots and the overriding influsnce of this variation on

BSD during the regroductive ceasoun.



TABLE 18. Popsults of stepwine forward multiple regressicn analyzis of bivd species divereity in
riparian woodland habitat including all indopendent variahles accounting for significant varlation

at the p < 0.10 level (N = 14).

. Regression Cocfficlient of tandardized
Independent coefficient determjination 2 reqression
varlable (B) {R4) N increase cocfticient (Beta)

Reproductive season 1977

Log transformaticn of plot area: 0.434 0.710 0.710" 0.932
Density of trees 7.7-22.5 cm DBH 0.577 0.827 0.117 0.353
Y intercept 1.982

Spring migration secason 1977

lcg transformation of plot area 0.669 0.538 0.538_ 1,153
Percent cannpy cover 1,008 0.749 0.211 0.452
Average mazimem canopy heicht -0.164 0.791 0.041 ~1.059
Density of doad trees » 15.2 cm DBR ~-0.013 0.836 ] 0.045 -0.064
Shrub foliace volume 0.001 0,077 0.041 0.227
Presence of cultivated arains 0,241 0.4890 0.014 0.440
Percent density gecen ash 0.108 0.922 0.032 0.078
Density of trees 7.7-22.9 com DBY G.0z27 0.913 0.011 1.329
Degree: of 1nwerior openncss 1.602 G.979 0.045 0.835
Y iaterueent 2,736

Winter season 1976

Prascnce of cultivated grains 0.613 0.44S 0.445" 0.704
Proximity of bulldings < 1/4 mile 0.591 0.502 0.137 0.372
Y intercept 0.9042

'Inlttal varlable significant at tho p < 0.05 level.



‘ Y =2144+0.392(Log, X)
L / R=0.709, p<0.001
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FIGURE 5. BSD-area curve for riparian wocdland habitat during the 1977

reproductive seasen using the log, transformation of plot size.
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Only one vegetaiinn variable {(density of trees 7.7-12.9
cn DéH) accounted for variation in BSD during the
reproductive season (Table 18). The intermediate canony
and lowar fcliage provided by trees in the 7.7-12.9 cm 553
size class may have attracted birds not selecting for larger
trees.

Nine variables accounted for 983 (22) of the variation
in BSD in riparian woodlands during the spring migration
seascn (Table 18). The tctal veriation irn ESD accounted for
by log transformation of plot area was less during spring
migration while shrub foliage volume, percent canopy cover,
percent cdensity green ash, and cdensity of trees 7.7-22.92 onm
DBH accounted for considerable variation in BSD during
spring migration as compared to the reproductive seascon.
Bird species diversity increased more in response to
increazing tree density and shrub density during the soring
migration season than during the reproductive sezson. The
positive influence of degree of interior openness on spring
migration BSC (Table 18) was not consistent with this
conclusion. The relationship between spring migraticen BSD
and degree cf interior openness may not be positive. Decree
of intericr openness was interccrrelated with percent canopy
covey (r = -0.73, p< 0.95).

The BSD-area curve for the spring migraticn season is

presented in Figure 6. A minimum plot size of 6.0 ha



4
® . .
: . »
_ :
(@)
V)
a
‘).-
}.....
(V2]
o
1l
>
= T Y =2166 + 0.421(Log, X)
L‘ﬂ ) R2:0.538, p<0.003, N=14
— ’ V Meaximum plot size (B.7 ha)
S 10 !
o -] -=-4--95° cf maximum BSD predicted
N q ' within the set of data poinis
()
x
m
\A
v ] ¢ | v ¢ ’ [ v .

v L 4 v . v [ v [

00 1.0 20 30 4.0 5.0 6.0 7.0 8.0 8.0
PLOT SIZE (ha)

FIGURE 6. BSD-area curve for riparian woodiand hebita® during the 1977

spring migration season using the log, transformation of plot size.

100

Ll



was required to support 95% of the maximum BSD predicted
within the set of data pcints. The small sample size (N =
14) involved in both Figs. 5 and 6 warrants further
evaluation of minimum plot size.

The significant correlations between winter 3SD and
presence of cultivated grains and farm houses within 1/4
mile of the study plot (Table 18) were probably due to
availabity of fcod and water. Eight of 1l grain fields
adjacent to the study plots during the winter census pericd
contained corn stalks. Both Downy Wocdpeckers and
Black-cappea Chickadees foraged on corn stubble, and one
Downy Wcodpecker was observed eating insect larva gleaned
from the pith of corn stubble. Waste grain and water were
available near farm buildings.

Five variables accounted for 75% (R2) cf the variation
in standardized bird population density (SBD) in riparian
woodlands @uring the reproductive season (Table 13). The
negative Beta values for plot area during both the
reproductive and spring migraticrn seasons (Table 19) suggest
that smaller piot sizes svupperted higher bird densities and
supported the previous observation that higher bird densities
occurred in windbreaks and shelterbelts when compared tc
larger tree ciaims and riparian woodlands. The riparian
woodland s:tudy plots, however, were seqments of a continucus
woodland habitaz. Part of th2 necative correlation ketween

plct area and S3D may have heen due to the census of a



TABLY 19. Resulte of stepwise forward multiple regression analysis of standardized bird population

denaity° in riparian woodland habitat including all independent variables accounting for significent

variation at tha p < 0,10 level (N = 14).

Independent

Regression Coefficient of
cocfficient determination

Stardardi:zed
regression

variahle (D) (R2) R* Ilncrease coefficient !Beta)

Reproductive season 1977
Plot arca -1.113 0.281 0.281 -0.508
Density of trees > 38.1 om DBH -0.008 0.440 0.159 -0.039
Porcent’ ground cover 19.739 0.534 0,094 d.751
Percent canopy cover 15.248 0.701 ©.167" 0.612
Shrub foliiage volume 0.001 0.7085 0.045 0.354

Y intercept ~5.314

Spring i jration season 1977
Total trce density 6.0%S 0.301 0.301" 0.596
Proximity of buildingn < 1/4 mile ~-8.292 0.471 0.169 -0.490
Plot arca -1.262 0.598 0.127 ~-0.378

Y inteccept 14,811 '

Winter scason 1976
Pragence of cultivated grains 5.769 C.361 0.341 1.305
Percent densicy green ash 14.420 0.759 0.398 1,280
Deagree of interior openness -9.670 0.777 c.0)9 ~0.624
Total tree density -0.015 0.721 ¢.013 -0.25%4
Percant. denaity cottonwood 12,751 0.P19 0.028* 1.343
Avecage maximum canopy height -1.396 0.929 0.110 -1.118

16.1863

Y intercept

nirdu/0.7 ha.

*Tnitial variable signlficant at the p < 0.0% lovel,
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higher percentage of birds with partial territories within
the smaller plots as coinpared to the larger study plots.
This bias would inflate the standardized cCensity estimates
for the smaller study plots. Although I fezl there was
minimal bias induced, caution is warranted in interpreting
the results of multiple regression analvsis involving
standardized bird population densitiez during the
reproductive and spring migration seasons.

During the reproductive season, S$BD increased with
increasing percent ground cover, percant canopy cover, and
shrub foliage volume (Table 13). Presence of a dense
herbaceous layer, sufficient tree density to provide a
noderate cancpy ccver, and shrubs were important for
supporting the most dense bird populations during the
reproductive season in the area studied.

Only 60% (R2) cf the variation in SBD was accounted for
during the spring migration season. A large portion of the
variation was probably unaccounted for because the total
bird density supported by each study pliot during the spring
migration season was not solely related to the habitat
features present. The census period covered 3 waeks yet
the actual spring migretion appeared most pronocunced during
a 1 week pericd. Bird density on a study plot was influenced
by the stave of migraticr at the time the plot was censused.

| Total tree dencsity accounted for 50% cf the total
variation accounted for in SBD during spring migration, yet
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did not enter the regression equation for SBD during the
reprodiciive season (Table 19!. The increase in explanatcry
power of total tree density during the spring migraticn
season was probably due to the attractiveness of dense tres
stands to spring transients such as the Ovenbird, Red-eved

- e

Vireo, Blackpcll Warbler, Tennessee Warbler, and Olive-backed

w

Thrush.

Six variables accounted for 93% (R%) of the variaticn
in winter SBD in riparian woodlands. The proximity of
cultivated grains, percent density of cctitcnwoods, and percent
density cf green ash were positively c¢orreleated with winter
SBD (Table 19}. A moderatsly dense stand of cottonwocds and
green ash trees adjacent to corn stubble appears to have
provided the best available habitat for wintering birds.

Bird Species Diversity and Population Densitv, Tree

Claim Habite:t. Two variables accounted for 81% (Rz) of the

variation in ESD in tree claim habitat during the reproductiive
season (Table 20). DBird species diversity Increased with
increzsing cancpy height and appeared to be negatively
influenced by tall shrubs.

Durirg =he spring migration season seven varizbles
accounted for 23% (RZ) of the variation in BSD in tree claims
(Table 20). Migration BSD increased with increasing cancpy
height, percent densiity cottcawcods, and pascent density

boxelders, and when buildings were within 1/4 mile cf che



TABLE 20. Results of stepwise forward muitiple regression analysis of bird spacles diversity in

trone claim habitat including all independent variables accounting for significant variation at the

p < 0.10 level (N = 14).

Reqgreaaion Cocfficicent of tandardized
Independent coefficient dctermination regression
variable (D) (t2) RZ increase coafficicent (Beta)

Reproductive season 1977

Average maximum canopy height 0.047 0.602 0.€602 0.919
Average maximum shrub height -0.048 n.812 0.210* ~-0.460
Y intercept 1,662

Spring migration season 1977

Proximity ¢f bufldings < 1/4 mile 0.187 0.529 ' 0.529 0.426
forcent density cottonwood 3.746 0.705 c.177 : 0.247
Pavcent denaity boxolder 0.143 0.762 0.056 0.120
Average maximum canopy height 0.018 0.804 0.043 0.471
Presonce of cultivated grains -0.079 n.342 0.039 ~0.301
Oegree of interior onenness -1,783 0.866) 0.020 -0.473
Averase maximun shrub heiaht ~0.027 ¢.912 0.069 -0.56G8
Y intercopt 2.407 .

Winter scason 1976

Proximicy of bulldings < 1/2 mile 0.211 0.354 0.354 0.294

Preccuce of cultlivated grains ~0.181 0.475 0.121 -0,427

Fercent density elm 4.240 : 0.640 0.145* 1.658

Percent denaity boxelder 3.577 0.794 0.064 1,421

Perceat density green ash 2,914 0.778 0.075 2,011
T intercept -1.736

*raitial variable siguiflcant at the p < U.05 level.

I d
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study wlot, Migration BED apparantly decreased when tall
shrubs and intericr openings in the tree stand were present.

During the winter season, five variables accounted for
78% (R2) of the variation in BSD in tree claim habitat
(Table 20). Proximity of buildings < 1/2 mile
accounted for 35% of the variation in winter 83D. Winter
BSD increased with increasing percent density of elms,
percent density of boxelders, percent density of green ash,
and when buildings were within 1/2 mile of the woodlands.
The negative Beta value for presence of cultivated grains
(Table 20) during the winter season ccntradicts the
indicated relationship between presence of cultivated grains
and BSD in riparian woodlands {(Table 18). The greater trze
density of tree claim habitat, as compares to riparian
woodland habital (Appendix A, Tables 1, 2) may have provided
sufficient foraging sites for the birds wintering in tree
claims. The small Beta value for presence of small grains
relative to the Beta values for percent density creen ash,
percent density boxelder, and percent density elm (Table 20)
supports this hypothesis.

Five variabtles accounted for 86% (R?) of the variation
in 83D in tree <laims during the repreoductive season (Table
21). Density of birds incrzas=d with increasing shrub -
foliage volume, with decreasing tree heignt, and when a patcay,

horizontal distributicen cf trees was present. Five variables

n

azcounted fovr 75% (ﬂz) ¢cf the wariation in SBC in tree clainms

3]



TABLE 21, Results of stepw!se forward multiple regression analysls of standardized bird ropulation
densitya in tree claim habitat including all independent variables accounting for significant

varjation at the p < 0.20 level (N = 14).

Regreasion Coefficient of Standardized
Independent coefficlent determination 2 reqgression
variable (D) (=€) R™ increase coefficicnt (Deta)

Reproductive season 1977

Shrub £oliage volume 0.003 0.164 0.164 0.339

Dcqree of interior openness 127.124 0.304 0.13¢° 0.762

Average dansity hoard rending 2.052 0.413 G.110 1.045

Average maximum canupy heiqght -4.268 0.611 0.198 -1.211

Percent density elm 53.305 0.863 0.252" 0.736
Y intercept 66,7171

Spring migration season 1977

Shrub foliage volume 0.031 0.219 0.219 2.084

Piot area ~9.272 0.340 c.121 -0.451

Stem densley : -0.190 0.102 0.062 -3.112

Average density board reading 5.862 0.556 0.154 2.015

Tree foliage vdalume -0.006 0.751 0.126 -0.746
Y interecept - 65.993

%pirds/2.1 ha,
"initial variable significant at the p < 0.05 level.

4]
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during the spring migration season (Table 21). Densitv of
birds incrcased with increasing shrub foliage volume and
understory density during spring migration. Although tres
foliage volume appeared to have a negative influence on SED,
Ohmart and Anderson (aAnn. Report, No. 4-10-01-01-310, Ariz.
State Univ., Tempe) reported positive correlations between
total tree and shrub foliage voluine and bird population
density in woodland habitat along the Cclorado Rivar in
Arizona.

The positive influence of shrub foliage vclume on SBD
and the negative influence of shrub height on BSD suggests
there is an inverse relationship between diversity and
density. The negative influence of canopy height on SBD
and the positive iniluence of canopy height on BSD further
suggests an inverse relationship between diversity and
density. Green ash and boxelder were short trees relative
to the American/slippery elm, cottonwocd, and silver maple,
and both had positive correlaticns with the density of
Starlings (Table 25). Planting or maintaining tall tree
species to favor BSD will probably have a depressing effect
on bird population density, but part of the lost density
will be Starlings. Starlings wer2 never cbserved on the
two riparian woodland study plotz along the Missouri River.

These twc plots supported very few green ash or boxelcsr,
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Tree claims composed of a mixture of tall trees
(cottonwcod, c¢lm, and silver maple) and short trees {green
ash and boxelder) were probably most suitable for achieving
a balance betwegen maximum bird diversity and maximum bird

dencity for all seasons studied, As percent composition of

tall trees increased, the tree claim became more suitabl

(1

for supporting maximum diversity. As percent composition

of short trees increased, and shrub foliage volume increased,
the tree claim became more suitable for supporting maximum
density.

Bird Svecies Diversity and Pcpulation Density,

Single-row Windbreak Habitat. Four variables accounted for

94% (Rz) of the variation in BSD in windbreaks during the
reproductive season (Table 22). Bird species diversity
increased with increasing canopy height, tree foliage
volume, and shrub height during the reproductive season.

Ten variables accounted for 99% (R2) of the variation in 2SD
during the spring migration seascn. Bird species diversity
increased with increasing shrub and tree foliage volume.
number of shrub and tree species, and when water and
cultivated grains were close to the windbreak during spring
migration. The correlations ¢i nutber ¢f tree species and

number of shrub species with BSD during spring migration and

not during the reproductive seascn indicated that windbrezks

composec cf several species Of shrubs ani trees supported more



TABLE 22, Results of stepwise forward multiple regression analyeis of bird species diversity in
uingle-rod windbreskx hebitat including all incdependent variables accounting for significant

variation at the p < 0.10 level (N = 14).

Regression Cocfficient of Standardized
Independent cecefficient  determination 2 regression
variable (B) (R2) R* lncrease coefficient (Beta)

Reproductive season 1977

Average maximum canopy height 0.066 0.651 0.651 0.6G0

Average maximum shrub height 0.021 0.765 0.114 0.580

Preacnco of cultivated graina -0.216 0.873 0.109" -4,298

Tree follage volume 0.032 0.938 0.062 0.620
Y intercept 0.390

S8pringy migration seasor 1977

Average maxinmum canopy height -0.020 0.416 0.4i6 ~0.189
Proximity of water < 1/2 mile ~0.231 0¢.580 0.163 -0.185
Number of trecsa 15.3-~22.9 cm DBH -0.044 0.659 0,079 -0.505
Shrub and tree foliage volume 0.036 0.776 0.117 0.756
Proximity of water < 1/4 mile ' 0.213 0.863 0.086 0.132
Presence of cultivated grains 0.059 0.881 0.08 0.084
Humber ot shrud species 0.6839 0.887 0.006‘ 1,197
Flant specles diversity -2.304 0.9253 0.067 ~1.633
uaber of tree species 0.859 0.958 V.005 1.1307
Shrub foliage volune -C.l68 0.990 0.032 -0.458
Y iutercept 0.579

*Inftial variable zignificant at the p < 0.05 lovel.



bird species during spring migration than during thle
reprcductive cseason.

Four variables accounted for ¢5% (R2) of the variztion
in 83D in windbreaks during the reprocductive season {Tatle
23). BRird density increased with increasing shrub and tree
foliage volume, and number of tree species. The nagative
Beta value for presence of cultivated grains reflected a
positive Beta value for presence of pasture/alfalfa,
because these two variables were 100% reciprocal. Ths
highest density of Red-winged Rlackbirds was observed in
windbreaks adjacent to alfalfa fields. The Rad-winged
Blackbirds nested initially in the alfalfa fields, but would
renest in the windbreaks after the first alfalfa cutting.

A maximum of five active nests was located in a half-mile
long windbreak after the first alfalfa cutting. Most nests
were observed in windbreaks with a canopy height of 7 n or
less.

During the spring migration seascn, eight variables
accounted for 943 (R2) of the variation in SBD in windbreaks
(Table 23). Bird densities increased with increasing tree
fcliage volwre, stem density, number of :rea and shrub

species, and vhen water and alfalfe ficlds werxe close to

the windbreak.
Interpretaticn of the results of regressica for
windbreak habitat indicated that diversity and Zensity of

birds can be maximized in windbreaks by preseaze of tall,

Ar e



TABLE 23. Resulta of stepwinc forward multiple reqression analysis of standardized bird population

density® in single-row windbreak habitat including all incdependent variables accounting for

siqnificant variation at the p < 0.10 level (N = 14;.

Independont
variable

Regression Coefficient of

coefficient determination
(B) (R?)

R2 increase

Standarcdized
regression
coeffijcient (Beta)

Shrub nnd tyee foliage volume
Proximity of water < 1/4 mile
Presence of cultivated grains
Numb:at of trec specles

Y intercept

Presenca of culcivated graing
Tree foliage volume
Stem densicy
Proximity of water < 1/2 mile
Length ’
Nunber of trea specles
Plant specics diversity
Nunher of shrub species

Y intercept

Reproductive season 1977

0.637 0.681
~10.G6A8 0.8213
-2,295 0.894
2.084 0.951
4.048

8pring migration season 1977

~5.943 0.251
0.163 0.490
0.701 0.722
1.6460 0.611

-0.020 0.044
5.662 0.85)

=-21.599 ¢.908
4.429 0.941
13.504

0.601
0.142
0.071
0.056"

0.251
0.239
0.232
2.09¢
0.032
0.003
0.n057
0.033

1.123
-0.559
~0.278

0.268

~0.589
0.229
0.525
0.092
-0.443
0.595
-1.056
0.531

Mirds/259,1 m.

*1nitial variable significant at the p < 0.05 level.

658
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full canopy trees, ard by presence of shrub fcilage or tree
branches within 1 = of the grourd. Cottonwsed, creen ash,

and hackberry will provicde the kest tzll, full canopy
selection for eastexn South Dakcta (P. E. Ccllins, pers.
comm., Breookings, South Dakota). Presence cf all thr
in the sawme windbreakX woulé be most beneficial cduring the
spring migration season when transient birds are present.
Variaticn in spacing between tress and/or sarubs in windbreaks
did not affect either diversity or density of birds.

The green ash/caragana windbreak encountered éuring
the study was a favorable design becsuse it providad foliage
close to the ground; a full, tall cancpyv at maturity; and
increased plant diversity. Fowever, few birds nested in
caragana. Caragana had many upright stexms radiating from
a central point near the ground and lacked elevated crctchas
for support of nests. The form of branching of young
siberizn elm, common chokecherry, American plum, and
Tatarian honevsuckle supported nests and are suggested to

replaca caragana in windbreak plantings.

Common Nesting 3irds, Rivarian Wecdland Habitat.

Jdensity of Mourning Doves increased with increasing parcent
rancpy cover, shrub height, and shrub foliiage volume, and

lecreaszd with increasing density of trees > 22.2 cm DBE,

average idensity beard reading, and cancpy height (Table 23)
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TALLE 23, Results of stepwise forward awultiple rearession analysis of comaon birds assoziated wvitn

tiparian woadlarw! habkitot during the 1977 renroductive secasen including all independent variables

accounting for significaant variation

at the p < 0.10 level (N = 148),

Independent
variable

Regressicn Ccefiicient of
coecfficicens dc:ern%n::xon
{8) (R€)

®? increase

Standardized
regression
coefficicnt

{Bceal

Pezcent dansity boxeldor
Density of trees > 39.1 cn DBH
Percent canopy cover
Averaje density brard reading
Average maximunm shruh heighe
Percent deasity grean ash
Average maxinum casery height
vcnsity of tress 22.9-33.1 en DBH
Percent ground vcovar
Shrub fcliage volumc

Y intercept

Shrub foliage volurme
Percent ground cever
Proxinity 3¢ buildings < 1/4 mile
Average rmaximuwa shrupd heicht
Average maxizmun herb heighc

Y intercept

Average density hoard reading
Percent cdensity Green agh
Piant species diversity
Sarub follage voluna
Percent canozy covaer
Perceat ground cover
Density of trees > 3.1 ¢ DBH
Percent density eln

Y intercept

Percent density cottonwood
Y intercoit

Mourning Dove

-1.612 €.373
-0.061} 0.492
12,575 0.571
-0.141 0.542
3.1835 0.774
=1,047 0.836
-0.358 0.897
~-3.039 0.930
2.747 0.947
9,001 0.989
3.096
Blue Jay

0.001 0.478
-0.648 ' 0.632
-0.116 0.747
0.136 0.8131
~0.333 0.905
0.739

American Robin

-0.1€$ 0.336
-0.€00 0.555
-0.539 0.6G7
0.001 0.638
€.759 0.666
4.415 0.782
~0.044 0.900
1.369 0.959
-2.732

Hocthern Oriole

1.096 0.379
0.406

0.373
0.119
0.075
0.0n1
0.133
0.051
0.06}
0.033
0.017
0.042*

0.336
0.229
0.042
0.031
0.028
0.116,
0.118
0.059

0.329°

-0.2¢3
~-1.115
2.523
-1.013
0.330
=0.334
=-1.929
-0.75%
0.529
0.617

0.09s
«0.433
=0.172
0.897
-0.539

-1.923
-0.276
-0.312
1.309
1.943
1.206
-1.187
0.33¢6

0.616

®tnitial variable sigaificant at the p ¢ 0.05 level.



Yourning Doves selected stands of small trees with a shrub
understory for nesting. Percent canopy cover was
intercorrelated (r = 0.82, p < 0.05) with density of small
trees (7.7-22.2 cm DBH) and with tctal tree density (r = 0.%6,
p < 0.05).
Two variables associated with shrubs (shrub foliagas
volure and shrub height) acccunted for over 50% of the
variation acccurtad for in the density of Blue Jave. ‘The
presence of shrub layer was important to Blue Jays selecting
a nest site in riparian woodlands. Anderson and Shugart
(1974) found that Blue Jays in eastern Tennessee rrefer
woodlands with both a dense uncderstory and a well cdeveloped
canogy.
The results of regression for the American Robin indicated
that American Robin density increased with increasing
canopy cover, percent grocund cover, and presence of snmall
trees. A sparse shrub understeory was more precdictive of
high American Rebin density tkan a dense shrub layer. The
Rnerican Robin evaluated the tree, snrub, ané herh layers
before selecting a nesting site in riparian woodland hsbitat.
Percent density of cottonwonés was tihe only variable
that correlate?d {r < 0,10) with increasing dencity of
Morthexn Orioles. " Bend (1957) found Nortaern Orzicles most
abundant in pioneer vegetaticn types, ané James' (1971)
ordinaticn workx depicted the Northern 2riole habiat as

consisting of large trees and a shrub understory. Cottonwood
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trees were the largest trees in the eastern gquarter of 3outh
Dakota and were dominant in pionesr stands of riparian
wocdland habitat. This pioneer riparian habitat was kbest
developed in the study area along these portions of the
Missouri River which have not been inundated by reserxvoir
water. The two study plots along the Missouri River supgcrtad
the highest densities cf Northern Oriocles.

Commmon Nesting Birds, Tree Claim Habitat. The Ccmmon

Flicker occurred most abundantly in tree claims with =z
"patchy" distribution of trees, presence of moderately large
trees (22.9-38.1 cm DBH), and a shrub understory (Table 25).
The negative Beta value for presence of cultivated grains
suggested that pastureland adjacent to tree claims had a
positive influence on the density of Common Flickers using
the tree claim. Anderson and Shugart (1974) found a

positive coerrelation between large trees and the presence

of Common Flickers.

American Robins selected tree claims which were close to
water and cultivated grains during the reproductive season.
Tyler (in Bent 1961a:14) stated that American Robins were
flexible in the type of vegetative substrate selected for
nest sites. Apparently vegetative composition was not as
important tc American Robins searching for nest sites in tree
claim habitat as the presence oi adjacert water and cropland.

Common Grackle density increased with increasing plot

[V
Fe

arsa, int

o

rior openings within thz2 tree stand, percent

composition of short treaeg, and stem density. Tree claims
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TABLE 25. FRosults of silepvwise forward multiple regression analysis of common birds asseciated with

tree cla'm habitit uring the 1977 repreductive scason including all independent variables accounting

for significan: var..tion at the p < 6.10 level (N = 14),
Regressicn Coefficicrn: of Standardized
Indnpeadent coe!figicnt determination 2 regression
varfabie (B} (R€) R® Increase cocfficicat (3eta)

Density of srees 22.9-18.1 ca DaH
Tree foliase volure
Plent species drverzity
Prascnce of culsivazed crains
Proxinity of ~vater « 172 nile
Parcent density vastonwoad
Averase donsity rcexsd reasding
Degree 5 interior opcnncess

Y intercep:

Proxinity of water < 1/4 aile

Presence of zultivated grains

Perccnt density bhoxaider

Percent density cotenwood

Average caxizuna caropy height
Y intercept

Daasity of dead treea > 15.2 co bDRA

Plot area

Averagz maxiaum canogy height

Stea density

Percent density eln

Degree of intericrs ogenness

Proxinity of water < 1/4 nile
Y intercept

Percent density toxelder
Proximity of builaings < 1/2 mile
Percent canocy cover
Percent <density elxn
Proximity of buildings < 1/4 mile
Percent density green ash
Average densitzy board reading
Total tree density

Y intercept

Skrud ard trae foliage volume
Percent caunpy cover
Averige dansity board reading
Shrub fol:zce volure
Percent density coattanwocd

Y intercazt

Cozmon Plicker

0.053
=-0.001
1.002
-1.103
-1.813
~56.541
J.214
2.959
2.704

0.324
0.527
0.646
0.716
0.794
0.840
0.909
0.948

American Robin

2.757
J.664
1.764
43.970
-0.17¢
0.137

0.521
0.675
0.748
0.810
0.8343

Co=mon Grackle

-0.092
1.070
«0.755
0.00€
7.139
15.759
=1.371
9.551

Starling

35.225
3.050
-8.123
46.416
-4.010
39.305
0.566
-0.029
-28.980

0.219
0.333
9.593
0.7430
0.807
0.859
0.932

0.229
0.324
0.50)
0.820
0.699
0.737
0.855
0.979

Brown Thzasher

0.091
-3.169
-0.159

a0.001

-46.351
0.577

0.238
0.177
0.669
0.754
J3.340

0.324
0.203
0.119
0.071
0.077
0.047
0.063"
0.039

0.521,
0.158
0.073
0.062
0.073

0.219
0.164
0.210
0.147
0.067
0.952
0.073

Q.229
0.195
0.C78
0.117
0.080
0.033
0.117,
0.125

0.238
0.238
0.13)
0.035
0.i36"

0.676
-0.901
0.404
-3.721
-0.704
-0.641
0.830
0.364

1.095
0.444
0.262
0.239
-0.3725

-0.414
0.457
-1.258
0.803
0.534
0.560
=-0.413

3.218
0.729
-0.728
3.082
-0.391
4.614
1.345
-0.752

1.891
«0.777
-1.664

1.342
-0.30%

®rnitial variable significans at the p < 0.05 leavel.



composed of short trees and a dense shrub understery
supported the highest densities of Commcn Grackles during
the reproductive season.

Starling density increased with increasing percent
composition of green ash, boxelder, ancé elm, and with
increasing understory density. The proximity of farm
houses within 1/2 mile of a tree claim also had
positive influence on the density of Starlings. Stariings
were species specific in their habitat selection. Tﬁis was
probably duz to the abundant natural cavities and vacant
wocdpecker holes in green ash -and boxelder.

The presence of a shrub layver and tree foliage were
important to 3rown Thrashers selecting a nest site in trece
claim habitat. Brown Thrasher density increased during the
reproductive season with increasing shrub and tree foliage
volumre.

Common Nesting Birds, Single-rcw Windbreak Habitat.

Red-wingad Blackbird density increased with increasing
windbreak length and diversity, and when foliage was within
1.8 m of the ground (Table 26). 1In addition, the density
of this speciass increascd when alfalfa fields were adjacent to
th2 windbreak, as indicated by the necative Beta value for
presence of cultivated graimns.

Botih large, full canopy trees, such as green ash, and
small, cdense irees, such as young Siberian elm viere selected

fer nesting by Mourniang Doves in windbreak nabitat.
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TABLE 26. Results of stepwise forward multiple reqressicn analysis of common birds asseclated wish
single-row windbrecak habitat during the 1977 reprodustive scason 1ucluding all indepeadent variahlou

szcounting fer significant variation at the p < 0.10 level (N = 14).

Regression Coefficient of Srandardized
Independant cocificient determination reqression
variable (B) (R%) 82 {ncrease czeffisiant (31t
Red-winged Blackbird
Presence of cultivated grain -0.939 0.396 0.395 ~G.727
Average density bocard readin .152 0.567 0.172 %.513
Average maxirmum shrub height -0.088 0.686 G.119 =-1.,39%
Nurder of shrub specties 0.535 .744 0.058 0.342
Bunber of trae sgecies 1.091 2.727 0.013 0.E33
Proxiaity of water < 1/4 aile ~-3,321 0.8¢€5 0.c88 ~1.1€3
Length 0.0C3 0.9508 0.0:2 0,357
Plant species cdiversity -2.59%4 0.99: 0.083" -3.399
Y intercept 0.080
Mcuraing Dove
Tree foliage volume 0.001 0.232 0.232 0.915
Yumber of trees > 22.9 ca DaH 0.019 0.488 0.256 0.232
Average density beard reading 0.208 0.639% 0.152 1.204
Shrub fol:izy2 volunme -0.183 €.751 0.112 ~5.433
Fumber o :i2es 7.6-13.2 cm DEE 0.038 0.533 0.182° 1.046
Average maxinaur. shrub heigat -0.045 0.96¢6 0.033 ~i..23
Y intercept =1.312
Brewn Thrashker
Bumber of irees 15.3-22.3 ca CBY 0.035 0.304 0,304 0.629
Average maximun shrub height 0.018 0.652 0.349" 0.847
sree foliaze volute 0.014 0.751 0.099 0.445
¥ intercept -0.513
Bastern Ringbird
Benber of tree scesies 1.30% €.269 0.269 1.9¢9
Lengch «0.003 0.405 0.136 -i.108
Plant syecias diversity -2.312 C.554 0.149 ~1.649
Presence Sf culsivarad grains -0.265 0.725 0.171 -0.333
Hunber of treoes 13.3-22.9 ca D3 -0.083 0.77? 0.052 ~0.793
Average maximun $nfun height -0.3131 0.822 0.045 -0.910
Sarub and tre2 foliage volume «0.033 0.865 0.04), -0.253
8tea densaty 0.050 0.953 0.088 0.545
Y intercept 3.%00
Black~billed Cuckoo
fumber of trees 15.3-22.9 cm DBOE - 0.0135 0.533 0.553 0.25%8
Rumber of truas 7.6-15.2 ca DBH 0.011 0.690 0.137 0.296
Proximity =f buildings < L/4 mile 0.002 0.773 0.08) 0.001
Proxinity of wazer < /4 =rile -1.149 0.828 0.055, -0.5-‘)§
ghruk and tree Zoliage voiame 0.045 0.92¢6 0.937 0.805
Surud foliaze volune -0.11) 0.963 3.037 ~0.262

Y intercape 0.027

®ynittal vaziable significant at the p < 0.05 level.



Shrubs apparently had a negative influence on the density of
Mourning Doves nesting in windbreaks.

The presence of tall shrubs had a positive ccrrelation
with density of Brown Thrashers. The number of trees
15.3-22.9 cn D3H, and shrub foliage volume had additional
positive affects on the density of Brown Thrashers. Brown
Thrashers were observed nesting in tall shrubs, such as
comuon chokecherry, in the branches of a mature green ash
that were within 1 m of the grcund, and in windbreals
composed of Siberian elm in the 7.6-22.9 cm D3H size
class., Foliage close to the ground was probably the
veyetation foature most attractive to Brown Thrashers
nesting in windbreaks.

The six negative Beta values, and the apparent
contradictory influences of several of the variables in
the regression equation for the Eastern Kingbird made it

difficult to clearly interpret the results. The Eastern

ct

Kingbird apparently selected nesting habhitat based on
numerous habitat featurses, such as vegetaticn diversity,
the presence of pasture/alfzlfa, shrub height, and total
foliage volunz instead cf one cr twc distinctive features.
This kird may also be selecting nesting habitat based on
habitat features nct measured in the study.

The prezence of Siberian &lm in the 7.6-22.9 cm DBU
siz2 class accounted for 53% (k%) of the density of the

1jack-hillad Cuckoon. These Dirds nested in Siberian =irn

2]



within 2 in of the ground. Siberian elm provided two
vegetative characteristics (numerous crotches and dense
foliage close to the ground) that are selected for by nesting
Black-biiled Cuckoos (Bent 19€4b:71). Cuckocs were observed
during the study in windbreaks composed of mature green ash,
although nests were not located in these trees.

Common Wintering Birds, Riparian Woodland Habitat.

The density of trees 22.9-38.1 cm DBH and > 38.1 cm DB ware
important to the White-breasted Nutchatch selecting winter
habitat (Table 27). The positive Beta value for degree of
interior openness sucgested that interior openings within
riparian woodlands was also attractive to the White-breasted
Nuthatch. Intercorrelations between the degree of interior
openness and density of trees 22.9-38.1 ¢m DBH (r = -0.80,

p < 0.05) and between the degrez of interior openness and
density of trees > 38.1 cm DEH (r = ~-0.50, p << 0.10) recucad
the surety of the prediction, however. Smith (1971) found
that the White-breasted Nuthatch preferred dense stands of
tre=s during the winter.

Downy Wweedpecker density increased with increasing
density of trees > 38.1 cm DBH in riparisn woodlands. Smith
(1971) found the Downy Woodpeckar most frequently during the
winter ‘in riparian woodlands with a dogwood understory.
Samith's findings contradicted the negative relationship
between stem density and the density of the Downy Woodpacker

as indicated in Takle 27. Riparian woodlands containing
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TABLE 27. Results of stepwise forward rultisle resressicn analysis of germon bSiftds assoziatad with
riparian weodliand habicat dur:ing the 1976 winter season incleding all independent variaties acscunting

for significant variation at the p < 0.10 level (N = 14).

Ragressicn coeifizieny of Standardized
Irdependant cocfficient deterninacion regressiarn,
variabie (D) (R2) R? incresse ccellicicne (Feova)

White-breasted Huthatch

Density of trees > 38.) cm OBH 0.022 0.401 0.481 0.762
Censity of toees 22.9-39.1 o= D8 0.033 0.612 0.130 1.133
Degrie of interisr srenness 1.505 0.769 0.158"° 0.820
Average maximum ccanogy heigat ~0.072 0.817 0.047 ~G.383
Presence of cultivated grains 0.273 c.899 0.082 8.413

Y intercept =0.777
‘ Downy HWrodpecker
.1 co D3H 0.011 ' 9.730 0.799 0.43)

Density of trees > 33

Percent dens:ity cztianwsed «0,.559 0.824 0.934 -0.4384
Proxli=ity ~f buildings < 1/4 mile =-0.404 0.869 0.045 -9.415
Percent dansizy eln -0.58) 0.908 ¢.032 -0,3263
Degree of iaterics cpanness ~1.078 0.925 0.017 «3.57)
Dangity of traes 22.3-33.1 c3 D3H -£.008 0.981 0.017 -0.340
Average maxiaws canory heighe 0.073 0.972 0.010, 0.439
Stcm deasity -0.001 9.389 0.018 -5.3:8

¥ intercep: -0,394

Ra.ry Woodpeuker

Density of deald treas » 15.2 == D3H 0.04C 9,413 0.41) 1,197
Prescnee of cultivated graias 9.15) 0.650 €.237 - 0.354
Ploc erea ~0.809 0.847 0.197 -0.402

Density of trees 22,.%-35.1 oo O:EH -9.113 9.972 9.032 -0,618
Density of trees > 3&.1 ca LSH 0,924 0.965 0.658° 0,454
Y iatercept ~0.933

Black-capped Chickadae

Density of trzec » 3F.. ca DBH 0.029 0.533 2.533 0.359

Perceat dansisv gres=n ath 2.339 9.61) 0.981, 3.556

Presence of cultivatea erains 1.93% Q.792 0.173 0.368
Y intezcept ~2.385

*Inttial viriable significant at tne p < 0.05 level.
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treas with a2 TEH greater then 38.1 cm waere moast suitable €or

)

urlny the winter, The bresence ¢f 2
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the Downy Wcodpecker
shrﬁb understory may alszo be beneficial £or the Downy
Wnodpecker.

Hairy Woodpecker density increased with increasing
density of desad trees > 15.2 cm DBH and éensity cf trees
=>38.1 cm DBH in riparian woodlands. Smith (1971) cbherved
the Hairyv Yccdpecker more often on deaé substrate than the
Dcevmy Woodpecker or White-breastad Nuthatch., Cropland
adjacent to riparxian wecodlands indicated a pesitive influesnce
on the density of ths Hairy Wcodpecker.

Density of trees > 33.1 cm DBE had the greatest positive
correlation with density of the Black-capped Chickadse. The
positive Beta values for percent density of green ash, and
presence cf cultivated grains suggested that a riparian

"

voodland cormposed of green ash trees and adjacent to crepland

'—.l

was mest suitable for the Black-capned Chickadee during the
The correlations betwaen density of trees in the 22.9 om

tc > 38,1 ¢n DRH size class and the dansities of all four

winter pird species suggest that cld, mature stands of

riparian woodlands were most suitabls as winter habitat for

=

the White-breasted Nutratch, the Doway Woodpecker, and the
Black-capped Chnickadee, The presence cf d=2ad trees wouid

nake2 this type cf habiitat suitable for

rt

he Hairy YWoodzecoker.



The different foraging strategies employed by th

White-breasted Nuthatch, Dewny Woodpecker, Hairy WooldpezXer

and Black-capped Chickadee allcwed these four species te

abitat with minimum

-t

=T
.

i
r

explcit the szame mature woed

L]

competiticn., Smith (1971) and Kisiel (1972) fcund the
Hairy Woodpecrker foraged more on secondary limbs and larcar
branches tran the Dcwny Woccpecker. The Doway Vocdpecker
foraged more on small kranciies and saplings. Smith alsc
reported that the White-breastes Nuthatch foraged on tres
trunks and major lirmhs. The presence of grain stubbls
(orobably corn) had a positive influence on the density of
three of these bird species and on the overall S8D during

winter,



SUMMARY AND CONLCLUSIONS

Bird species diversity in riparian woodland habitaz

fv
U

not sicnificantly higher than BSD in the block-like tree
claim habitat during the spring migration (p = 0.498),
reproductive (p = 0.18%) and winter seasons (p = 0.9352) at
the p <€ 0.05 lsvel. BSD in multi-row shelterbelt habitat
was nct significantly higher than BSD in single-row windbreax
habitat durirg the spring migration (p = 0.812) and
reproductive (p = 0.725) secasons at the p <€ 0.05 level.

Windbreaks were not suitable Ic¢r supporting winter bird

th
"

populations. The pcoled ESD for riparian woodland and tree
claim habitats was higher than ihe pooled 33D for shelterbelr
and windbrezak nhabitats during the spring migration

(p = 0.C91) and reproductive seasons (p = 0.00l). The

pooied BSD for riparian wcodland and tree claim habitats was

also higher (p = 0.995) than BSD in sheltarbelt habitat

during the winter seascn, Tree claim liabitat was prefsrred
by the rmost trarsients durirng spring micraticn. Tha largest

"‘l

numbers of bird species, howsvear, wars observed in riparian
woodland habitat during all sesascns siudied.

Riparian wecdland havitat supported all bird species

the Swainson's Hawk, Comnmern. Crow, ani Rad-eved Viren, which

occurred in tree claim habitat during the reproductive

{t
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Dickcissel, tark Sparrew, and Clay-colored Sparrow also
occarrel in cone or moere habitat types but not riparian

wocdland; nowaver, these four srecies do not need woody

<
D
O
L7
T

aticn for nesting.

Shaliterbelt and windbreak hLabitats supportad bird
densities higher (p = 0.001) then rivarian wocdland or tree
claim habitats during the spring migraticn and reproductive
seasonrs. Rapidly fluctuvating bird populations and different
census iritiztion times among hapitat types during spring
migraticon reduced the surety of the conclusions for populatisn
Censity during this season. The differences in densities
among habitat types were judged to be a function of plot size
anc the reletionship of piot size to the foraging activities
of birds. Population density was inversely related to the
average plct size of each habitat type during spring migraticn
and reprcductive szasons. All four aabitats supported
population deansities at least 100% higher than demsities
reported in +he literature for nesting birds in wcedlands cf

iarger area in the eastern United States. The high densities

(1

in the area of study were probablv due to the scattered

L 1Y

distribution of the weosdland hebitats in a regiosn ceomposad o
over 97% agricultural and prairie land.
Shelterbealt habitat supported sopulation densities

higher {(p = 0.018) than treec claim cor riparian weodland

.
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habitats during the winter season. House Sparrows, howaver,

comprised 33% of the density supported by chalterbelts during
the winter and only 1% and 18% in riparian woodland and tree

claim habitats, respectfully. Although tree claim habitzt

supportad a lower populaticn density than riparian woodland

hakitat during all seasons studiesd, the only difference

Yo

significant at the p < 0.305 level was during the
reproductive s2asomn.

Maintenance of BSD at present levels in woodlands cf
the eaxstern quarter of South Dakcta is devendent primarily
upon preservaticn of riparian woodland habitat, and seccndarily
tree claim habitat. Shelterbelt and windbreak hakitats
supported bird diversities lower than riparian woodlands or
tree claims, but supported higher population densities.

Birds occurring in more than 253% of the study plots were
listed for each distinctive cover type within each habitat
studied. These results prcocvide the land owner and/or rescurce
manager the capability to predict the bird communities that
wiil be supported under the dififsrent land management

practices influencing compositvior of vegetation in woodland

hakitat.

Bird cominunities asscciated with different vegetative
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v habitats had
considerable coverlan in hird species cnmnosition. Sparsa
stancs of tress (R = 32.2 kr=es/ 2.4 ha) with occasional

shruhes (& = 54.90 m3/0.4 ha) zunzorted all but cne ¢ the
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bird species associated with dence tree stands

(X = 144.2 trees/0.4 na) with a modsrately developed shrub
layer (X = 678.8 m3/0.4 ha) in riparian woodlands durirg

the reproductive season. Eliminaticn of the shrub layer and
loss of treze vigor, however, caused a decrease in number of
species using tree claim habitat. Unique transients occurred
in tree claims with dense tree stands (X = 216.C trees/C.4 ha)
and developed shrub layers (x = 1082.6 m3/0.4 ha) and in the
denser riparian woodland study plots during spring migration.

Species composition of bird communities associated with
the cover typas in windbreak habitat differed substantially.
This difference in composition reflected the greater
difference in vegetative compesition of each cover tyre in
windbreak habitat as compared to riparian woodland and tree
claim habitats.

Maintenance of maximum bird diversity in riparian woocdiznd
habitat during the spring migration and reproductive seasons
was most dependent on the area of habhitat present. The log
transformaticn of plot area accounted for 54% of the
varizaticn in BSD during spring migration and 71% of the
variation in BSD during the reproductive season. Minimum

plot sizes of 6.0 ha and 5.5 ha are predicted to support 95%

]
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£C suppovted Dy rigarian woodiand habitat
during the spring migration aad reprcductive seascns,

respactfully.
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Population densities increased with increasing canopy
cover, ground cover, and shrub veolume during the reprcduc:iive
season in riparian wcodland habitat. Both population density
and BSD increased more in response to increasing tree density
and shrub volume during spring migration than during the
reproductiva season. During the winter season, BSD had a
positive correlation with the proximity of farm buildings and
corn stubble, and density had a positive correlaticn with
proximity of corn stubble and percent density of ccttonwoods
and green ash.

Tree claims composed of tall trees (cottonwood, elms,
and silver wmazle), short trees (green ash and becxelder!, and
a shrub layer were most suitable for achieving a balance
between maximum bird diversity and maximum bird density in
the area and during the seasons studied. The proximity of
farm buildings had a positive ccrrelation with 2SD during
winter in tree c¢laim habitat.

Diversity and density of birds can ke maximized in
windbroaks by presence cf tall, full canopy trees 2nd by
presenca of shruabs that can be planted initially between the
trees or undzrplanted when the initial tree planting is well
establisned. Cottorwocd, grzen ash, and hackberry will
provide the best tall, full cancpy s=lzction f£or the area
of study. <Common choXecherry, American plum, and Tatarian
honeysuckle are acceptabrle shrubs for the sastern guartiar

of South Dakrte.
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In riparian woodlans habhitat, Mcurning Pove Zensit
increasaed during the reproduczive seascn vith increas
pefcent cancpy cover and shrub volume. The Blue Jay zelazcted
nesting habitat with a shruk laver present while the Amevican
Robin evaluated the tree, shrub, and herb layers kefore
selecting & nest site. The Northern Oriole had a positive
correlation with the presence of cottonwood trees.,

The Ccormon Flicker nested in tree claims adiacent to

pastureland and containing trees 22.9-38.1 cm DBH, and with

v

a "patchy"” tree distribution. The American Robin nestad in

tree claim

n

clese to water and cultivated grains. The

—y

presence ¢i both {ree foliage and shrubs was important to
nesting Brown Thrashers and Common Grackles. Commen Grackles
glso selected larger tree claims, and their density increased
with decreasing canopy height. The Starling was associated
with tree claims containing green ash, boxelder, and eln.
Farm puildings within 1/2 mile of a tree claim haé an
additional positivs coxrelation with Starling density.

The Rad-winged Blackbird nested in windbreaks adjacent

to al<zlfa, and their density increas
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windbreak length andé diversity. The Mourning Dove selected
full cancpy traes (green ash} and small dense treazs (Siberian
2lm; for nesting. The Brown Thrasher and Black-bkilled Cuckec

nested in windbreaks with foliage close to the ground.

Pature stands of

1

iparian weedlands centaininpg trees

-
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suitable zs winter habitat for the White-breasted Muthatch,
Dovny Vloodpecker, and Black-capped Chickadee. The preseace
of dead trees > 15.2 cm DBH made this type of habitat

suitable for the Hairy %oodpecker.
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APPENDIX A
Calculaced independent variables used to describe the

physical and vegetative features of each study plot.

g

18]}



TALLE 1. Summary of physical and vequtatlon variablos calculated in riparian woolland lLiabitat.

Flate Independent Variatla
PCCC 0TI LTS5 TEVT TTD PSD cH nH PAST PH OPEN PCCH PCBO

PCCC DT9S D76 SFVT DC SIZE sH CROP 47: 412 STEM® FCGAR PCAE TrvL®
n sit5)d 56 73 19 10 36 J 9655 2789 72 19 0.68 B.7 23,8 3.4 1.4 2 0 0:0 40T 5% 2 98 0 0 124
R $:40} 47 55 48 30 le 8 4697 5331 111 20 1.04 3.6 21,6 4.8 0.8 1 1 010 )62 25 1) 100 [ 0 lov
RIA(HO) "4 90 2 J 22 1 3374 24 28 1) 0.52 3.8 16.4 4.0 1.4 2 0 0:0 0 54 75 0 12 12 N
Ri8(70) 49 7 2 5 30 S 6619 10 43 3 0.85 2.2 15.9 1.5 0.5 2 0 1:1 3 54 28 Q 0 35 €S
P14(75) 63 78 ') 47 17 6 4743 814 160 15 1.58 0.9 17.0 3.5 1.7 1 1 1:1 175 8 52 0 3 38 %6
rYION 75 9S 56 33 80 3 5766 29 180 10 0.3 1.1 19.3 2.0 1.1 2 6 040 13 8 85 0 7 7 S8
R 716)) 59 o 42 40 28 14 4)48 15 140 2 0.47 2.9 17.3 0.0 0.1 0 2 111 10 13 83 9 17 (] 43
R 9{50) 21 Bo 8 8 S 2 179 2 2) 1 0.40 1l.0 14,1 0.6 0.5 0 2 0:0 2 (] 66 0 0 0 32
R15(83) 24 99 6 10 16 q 3406 220 42 10 0,32 0,7 15.6 1.6 0.9 0 2 010 20 70 9% 0 0 [1] 36
P 2(97) 29 88 0 0 1@ 2 9204 107 20 6 1.1 5.3 18.3 1.9 0.8 2 0 0:l 41 65 44 4 2) 4 92
R 8{1l0) EL I ) | 6 14 2 4 6u17 14 46 1 1.14 3.5 14,7 0.6 0.3 1 1 0sl s 45 21 ¢ $5 20 ]
R 1(20) 66 S22 42 SO 20 10 6521 1440 146 11 0.92 1.9 17.1 3.9 0.7 1 0:0 202 3% 70 0 20 [ 80
A12(9%5) 15 83 0 0 20 4 4871 1 24 1 0.71 3.3 14,5 0.5 0.3 1 1 0:0 5 50 41 n <0 1] 49
R 4i103) (1] 73 37 1e 35 5 5662 1096 9% 15 0.89 1.6 17.9 5.1 0.9 1 1 010 247 19 53 L 0 47 68
Avarage 45 77 22 20 27 ? 5633 849 81 9 0.79 2.9 17.4 2.4 0.8 107 40 51 1a 13 12 63

;&11 values x 102,
Marinum piotr. age £ % yearxs,

G



TABLE 2, Summary of physical and vegetation variables calculated in tree claim habitae.
?lct Independent Variable
rcee DT39 0TS TEVT 1T PSD ci K PAST i o OPEN PCCwW PCDO .
PCGe DTS DDT6 fer oC S12E s CROP 47: 412 STEM PCGA PCAL TEVL
T40OU® @31 83 135 S3I 18 8 5232 1063 233 14 1.18 2.6 18.6 3.6 0.7 4 o 0:0 11 245 o 92 1 e € 63
T 2(9%) 83 €8 93 58 46 10 6%09 S57 226 13 1.49 4,3 21,6 3,2 0.7 3 1 151 1:1 1S 4 32 0 48 17 5
T 31(86) £ T T 44 52 12 1§ 1e9s 1 132 1 0.62 3,4 1%.5 0.8 0.5 3 1 1:1 010 o 2 9 o o 15 19
T 9(83) 15 9¢ 25 97 30 22 6720 32 182 8 0.12 3.9 15.7 1.9 1.3 & 0 0:10 210 36 0o 99 0 Y 0 o8
T S(6)) g0 32 16¢ 46 20 4 5922 2069 242 16 1.68 3,0 18.2 3.5 0.4 3 - 0 1l:) 1l 331 S 40 3 3 %) 80
T 4120} 0 82 86 086 8 2 sIva 8% 192 8 0,54 3.6 15.0 3.0 1.0 1 3 1) 111 92 5 99 0 0 1 @
T 2(5%) B0 7% 120 83 22 5 7060 2041 260 15 1,31 4.1 16.0 2.9 0.4 4 0 .0s0 019 277 [ 1) ] o 20 91
T12(9) 33 54 8 46 26 30 1594 0 114 1 0.00 4.3 15.0 0.0 0.7 2 2 1:1 11l e 15 1lo¢ 0 0 ¢ 16
TIn(44) 50 21 €8 65 28 10 4156 3327 180 17 1,60 4.5 23.1 2.1 0.5 4 0 030 1:1 3r0 6 52 s 25 13 75
717490) 76 8% 170 6¢ 22 8 5517 521 284 12 '0.74 4.4 14.7 4.0 0.8 3 0 o011l sl 112 0 74 ) v 26 60
T16(75) % 63 70 87 17 13 4s4l 832 212 11 ©.96 2,1 14,5 2,4 0.9 3 0 0:0 0:5 111 0 69 (] o 3 53
T10(58) 80 83 80 5% 3% 7 5006 S17 177 6 ©.80 3.5 13.7 3.5 0.5 4 0 0:0 C:d 63 € 49 ] ¢ 51 63
T19(95) 84 23 60 68 37 15 6644 52 188 11 05.99 4.2 19.2 5.9 0.3 3 0 011 0:3 54 6 35 0 0 56 67
T22{87 37 8l 8 52 16 14 3150 10 90 6 0.31 3.8 13.8 1.1 0.6 3 0 151 1:1 16 20 89 ] ¢ u
Averags 70 69 81 6% 24 12 S03) ®S1 154 10 0.83 3.7 16.7 2.7 0.7 129 s 70 1 5 21 59

A1l values x 102
bByixinun plot aga £ 5 years.
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TABLE 3. Summary of physical and vegetation varlables calculated in single-row windbreak habitat.
flee Indepondent Veariable
TFVT NTY6 NT>9 CH Hi r'sp PAST TSPT PH spy
SFVT NT69 rled s LENG CROP ssrt ‘?: 412 SEM TFVL
8 1(30}°® 26.2 6.30 0,06 0.07 0.26 14 19.6 2.% 0.8 762 0.72 2 [ 2 3 1l:1 o0:0 10.9 2.4 12.5%
S 2{20) 8.3 0.¢5 0.0 0.20 0.05 1 9.9 3.0 0.9 363 0.50 2 0 1 2 0:0 0:0 9.4 1.9 8.3
8§GLo) €.¢6 J.#0 0.14 0,00 0,00 )8 4.9 4.6 0.3 793 0.68 2 0 2 1 0:0 0:0 24.5 1.4 2.5
s 1t8) 0.3 2.03 0.0%5 0.00 0.00 18 4.8 4.7 0.3 793 0.69 2 ¢ 2 1 0:} 1:1 21.2 1.4 2.4
s &{ll) 6.) 1.62 o0.48 0.00 0.00 14 7.6 6.2 0.7 793 0.00 1 1 1 1 00 0:9 10.) 1.4 7.9
5 4(08) 3.8 © 00 0.04 0.03 o0.13 ?7 16.2 0.0 0.0 762 0.V0 1 1 (1] 1 1:31 13l S.1 5.7 28.8
E1107) 3.% 0.02 0.49 0.00 0.00 13 7.6 4.5 0.4 793 0.00 2 a 1 1 0:0 010 12.9 1.5 3.5
§12(32) 16.6 2.78 0.21 0.0% 0.09 18 9.6 4.5 0,5 512 1.25 0 2 4 -3 ‘010 0:0 26.92 2.6 13.4
513(9 2. 1.93 0.09 0.00 0.00 17 6.4 4.6 9.6 753 0.00 2 ¢ 2 1 0:0 030 15.0 1.8 4.1
S!i(cﬁ). 3¢.4 0.55 0,06 0.16 0,18 20 la.4 2.3 1.0 444 0.00 2 [J 1 1 0:) 14l 13.% 2.1 7.0
£16( 8) 6.5 1,88 0.42 0.00 0,00 19 6.5 5.8 0.4 784 0,00 2 0 1 1 0:0 0:9 14.0 1.4 8.4
515¢ 8) s.0 1,53 0.4 0.00 0.00 17 6.6 5.9 0.4 782 0.00 0 2 2 1 0:9 0:0 8.3 1.3 6.3
sid( 5) 0.3 1.35 ¢.00 0.20 0.n0 113 0.0 3.2 0.3 782 0.00 0 2 1 0 0«0 0:0 8.) 1.3 1.4
S17( 6) 0.0 0.5 0.00 06.00 0.C72 13 0.0 2.4 0.1 259 0.64 1 1 J 0 0:0 030 9.6 2.2 0.8
Average 9.6 1.62 0v.29 0.09 0.05 15 8.2 3.9 0.5 670 0.32 2 1 14.3 2.9 11.2
84aximun plot age 1 1 yesar axcept in 31, 54, and Bl4 which are 3 ymars.
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APFENDIX B
Summary of bird speciss diversity and populatica

density calculated for each study plot.
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TABLE 1. Bird species diversitya and population density™ calculated for each study

plot in riparian woodland habitat.

Season

Winter 1976 Spring migration 1977 Reproductive 1977
Study plot Diversity Density Diversity Density Diversity Density
Rl 0.8924 200.0 3.144 1870.6 2.489 929.4
R1IA 1,799 664.7 2.883 700.0 2.694 741.0
n2 1.082 123.5 2.665 541.2 2.774 564.7
R4 0.853 105.9 2.462 1129.4 2.327 1147.1
IiS 0.986 41..2 2.9487 576.5 2.877 622.4
6 : 0.9239 35.3 2.727 864.7 2.936 847.0
R7 1.315 58.8 2.522 435.3 2.475 458.8
R8 23.5 2.745 1200.0 2.675 1141.2
R9 1.947 635.3 2.245 876.4
R12 11.8 2.429 411.8 2.440 370.6
R13 1.229 511.8 2.619 1558.8 2.491 1329.4
R14 0.757 il11.8 1.993 947.1 2.171 941.2
R15 1.601 1017.6 1.598 1076.5
R1ly 1.679 223.5 2.451 841.2 2.323 . 794.1

2shannon-Weaver index.
‘Rirds/ 40 ha.

0zt
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TA3LE 2. Bird species diversitya and population density™ calculated for each study

plot in tree claim habitat.

Szason
Winter 1976 Spring migraticn 1977 Reproductive 1977
Study plot Diversity Density Diversity Density Diversity Density
T2 1.423 149.0 2.798 819.6 2.543 672.6
T3 1.052 21.6 2.508 3926.1 2.414 338.3
T4 0.770 58.8 2.761 584.3 2.395 359.8
™5 1.016 217.6 2.818 850.9 2.289 615.8
To 1.289 100.0 2.657 562.7 2.280 440.0
T? 2.0 2.399 745.1 2.303 688.2
T9 0.347 27.4 2.488 374.5 2.264 334.3
T10 0.994 39.2 3.058 1050.9 2.651 782.0
T12 0.813 27.4 2.733 498.0 2.308 406.6
16 0.805 137.2 2.672 1378.4 2.210 746.8
T17 0.794 58.8 2.467 647.0 2.248 594.3
718 0.757 66.7 2.169 652.9 2.025 586.5
T19 1.051 94.1 2.378 352.9 2.306 320.6
T22 0.990 241.1 2.491 1011.7 2.377 950.1

Aghannon-Weaver index.
bpirds, /40 ha.



TABLE 3. Bird species diversitya and population density

plot in sirgle-row windbreak habitat.

b

calculated for each study

Season

Winter 1976

Spring swigration 1977

Reproductive 1977

Study plot Diversity Density Diversity Density Diversity Density
sl ¢.386 214.4( 7.1)c 2,363 810.8(27.0) 2.633 1630.6(54,4)
83 1.144 1425.9(19.9) 1.310 1270.0(17.7)
G4 2.089 947.9(34.5) 2.174 828.5(30.1)
55 1.966 1189.0(18.0) 1.890 1475.9(22.4)
Sé 1.080 608.6( 5.9) 1.414 1153.1(11.2)
S7 0.750 512.5( 5.0) 1.313 1153.1(11.2)
Sll 2.168 2587.1(28.3) 1.754 1850.6(20.2)
S12 2.479 5018.3(99.9) 2.320 2818.6(58.1)
513 2.107 3514.6(29.8) 1.286 1391.0/121.8)
S14 2.276 2179.0(68.6) 2.559 2522,9(79.5)
515 2.001 4662.8(56.5) 2.210 3049.2(37.0)
Slé6 2.041 1690.9(20.5) 1.858 1614.1(19.6)
cl7 1.106 9224.1(27.9) 0.443 2049.9( 6.2)
3138 1.083 6234.9(22.7) 1.261 4526.7(16.5)

A
_Shannon~Weaver index.

Ppiyds/40 ha.

Cpirds/0.8 km,

XA



APPENDIX C
Scientific names of birds identified

during the study.
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ABLE 1. ©Sc

e

entific names® cf 91 bird species det

during the study.

acta

P
)

=

Weod Duck (Aix sponsa)

Red-tailed Eawk (Bu-eo 1}1“=1cnnsws)b
Swainscn's Hawk (Buteo cd 1nsoni) o

Bald Eagle (Halizeetus lsucccepnalus)

Americarn ¥estrel (Talco sparverius)

tferrian's Turkey (Meleacris galloravo merriami)
Bobwhite Quail (Col*“' virginianus)

Killdeer {Charadrics vcciierus)

American %icodcosk (Pailohesa winor)

journing Dova (Zernaida macroura)®

Yellcw-billed Cuckoo (Cocsvzus americanus)b.C
Black-billed Cuckeco (Ccceviuzg eryihre
Screech Cwl {(Otus asio)

Great Hornad Owi {(Zudo wirgini -anus)

— —————

Belted Kingfisher (Megacervie alcvon)
cermon Plichsr {Csilavtes 2uratus; o

Red-bellisd Woodpecker (¥zlanerves carclinus) .
Fed-headed “lcodpecker (Melaneroes erviarccanihalusg)®
Yellow-peliied Sapsucker (Sphyrapicus varius)

Kairy Wocd peﬂ“er (PICOL es villosus)Dd

Downy Woecdpecker (Ficoldes pubescans)d

Bastern Kincbird (Tyrannus ty nnus b
Western “‘anl- Tyrannus va 21is3)D
Great Crasted Flvcaccner (Mvi us crinitus)
Empidonax ITyﬂaLcHer (Zmpidonax swp.}
Eastern Wood Pewse {Ccnt2pus ns}
Blue Jay (Cyancooitta '
Common Crow (COrVus L £3) 0 ‘
Biack-capnad Thlckzde ricapillus} b
White-breasted Nuthate arslinensis)?

rown Creaper (lJerthd 3}
House Wren (Tzsglodytes aedon)b
Winter Wrea {Iroglocdytes craoclodytes)
Gray Catoird iUumet“lla ~Arciinensis)P
Brown Thrashar (TCXS5:IOm: rutami~
American nobln (T3rius m.graccorins; o
Olive-Lacikad Tnrush (Catharus ust;latus)b
Gray-chesked Thrush (Catharus m.nlnus)s

vcod Thrush (Hviocichla mustaiirale
Eastern Bluebird (5ia2lia sialis;rc
Stariing (Sturnus velgaris)b




s
)
n

Bell's Vireo (Virec bellii)

Red-eyed Virzo {(Virao clivaceus)
Philadelphia Virec (Vireo philadelphicus)
Warbling Vireo (Vir=o c1lvu=)
Black-and-~vhite Warbler (Inlotll -a varia)
Tennessee Werbler (Vermivorz gericrina)
Orange-crownsd Warkler (Vernivora c=alata)
Nashville Werbler (Vermivora ruficepilla)
Yellow Varbler (Dendrcica petecria)
Magnolia Warbler (Dendroica magnolia)

Cape May Warbler (Dendroica tigrina)d
Yellow-rumped Warhler (Dencdroica coronata)
Black-throated-green Warbler (Cendroica vi ‘rens)d
Chestnut-sided Warbler (Desdroica pensvlvanica)
Blackpoll Warbler (Dendrﬁ-~a striata)

Ovenbird (Seiurus aurocapiilus;)
Northern Waterthrusn (3eiurxus naveboracensis)
Common Yellowthroat (Ceothilypis trichas)
Yelilow-breastad Chat (Icteria wvir sns)
Mourrning Warpbler (Opcrornis pnilacdeiphia)

Wilson's Warbler {Wilsonia pusilla)

Canada wWarbler (Wilsonia canadensis)
American Radstart (Setcphaga ruticilla)
House Sparrcw (kaser comesticus)?

Western Meadowlark (Sturnella neglecta)
Red-winged Blackbird (Zgelzius phcenicius)P
Commor Gracxla (Quiscalus cuiscuia)®
Brown-headed Ccwbird (liolothrus atar)
Orchard Orinle {Icterus spurius)®

Northern Criole {Icterus gaibula)?®

Scarlet Tanager (Piranga olivacea)

Cardinal! (Cardinalis cardinalis) b
Rose~-breastzc Grosoeak (Pheucticus ludccicianus:
Black-hecadad Grosbeaxk {Pheucticus melanocerhaius)
Blue Grosbeak (Guiraca caerules;
Indigc Bunting (Passerina c"‘wea)
American GoLdfiwc' (L=*~ue-1q tri
Dickciszel {Soiza americana)
Rufous-clﬂna Townee (Pipilg
Vesper Svarromy (Pooecetr=s 3

ythalmus)

Lark Scarrow (Chondestes grammacus)
Dark-gyed Junco {(Juncd nveralis)

Tree Sparrow {(Spizeila arborez)
Chlﬁ“l“” Sparrow (snizellia passerina)
Clay-coloreld Sparrzow (Spizelia paliida)




=
>,

ield Sparrow (Spizella pusilla)
darris! Sparrow (Zinotrichia querula)
White-crownad Sparrow (Zonoktrichla jeucophrys)
Linzuln Sparrew (Melospiza lincolnii)
Sony Sparrcw (Melospiza melcdia)

aa.0.%. Check-list of North American Birds (Fifth ed., 1957;
32nd Suppi., Auvk 90:411; 33rd Suppl., Aux 93:875).

Active nests located during study plot visits.
CSpeciss detectad only in 197s.

Species not detected during the study but listed because
cf their association with multi-row shelterbelt habitat.



APPENDIX D
Correlation matrices of the independent variables
calculated for riparian woodland, tree claim,

and single-row windbreak habitats.
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TALLE Y. Correlation matrix (x) for 20 independent variables calculated for riparian wodland habitat (N = 14),

PCTC DT39 D795 DT>S DNTH TPV?T SFVT TTDE a1 PSD SIZE CH BH Hn choP PH4
PCCC  ~0.44° G.q2e0 0.71*® G6.67** 0,19° ¢.19 0.24 0.86** 0,59 0,14 -0.99 9.51* 0.50* 0.38* 2.27 0.31
POUGR ~0.5hLe ~0.61%* 0,05 =-0.3) -0.04 ~0,44% -0.46* ~0.13 =0.15% -0.12 =-0.32 ~-0.15 0.30 0.23 -0.45*
o319 ¢.86** 0.51° 0.45¢* =-0.,07 0.45* 0.9%** O0.19* 9.09 -0.25 06.49¢ 0.42% C.20 -0.10 [ PX 4
wires 0.25 0.69*%* -0.14 0.24 0.92%+ 0.25 0.22 -0,.34 0.20 0.21 0.08 -0.390 0.40°
OT>5§ ~-0.15 0.26 ~0.05 0.57*¢ 0.19 ~-0.7¢C -0.02 0,41 0.11 0.20 d.48* -0.05
nnTe -0.16 0.0v 9.59%* 2,22 0.€0** ~-0.30 0.00 0.16 0.14 -0.24 XA LLd
Ve 0.17 -0.0) 0.13% 0.37¢ 0.7u** 0.,%)° 0.10 0.69 0.62°% -0..2
irve 0.20 0.,74** 0.27 0.30* 0.79°* 0.64%° 0.24 0.07 -0.20
FTTRE 0,394 0.15 -0.29 0.39¢ 0.31 0.26 ~0.04 0.12
o 0.2% 0.25 0,77°* 0.09%° 0.77°* 0.29 =0.19
rsn 0.0 0.08 0.33 0.22 0.21 0.26
s1Zk 0.0l** 0,11 2.1 0.4%0¢ =0.23
(o] 0.55%¢ 0.46° 0.44* =-0.1)
an 0.66%** 0.4 =0.2)
n 0.44* <0.05
ChoP -0.10
th2 STEN OPEN YCGA PCCW PCAE PC30 TFVL ARe?
PQUIC -0.12 0.42° ~0.78** 0.08 0.11 -0.40* 0.36* 0.28 -0,12
oCcor -0.18 -0.4]1° 0.47° .17 -0.30 0.12 0.07 -0.28 ~0.26
nTYY =0.29 0. 40 ~0.0828°* 0,12 0.2 -0.34 ¢.06 0.19 -0.25
pres =0.10 G.27 -0.20** 0.24 -0.01 -0.16 .04 0.0) ~c.31
vr~s -9.10 0.03 -0.5%0* 0.17 0.01 -0.1) .08 0.1G ~0.05
poTe -3.07 0,19 -0.59%* 6,05 -0.00 -0.14 0.37* -0.07 ~-0,34
TEVT b.so* 0.17* 0.)3 ~0.55%* 0.4 0.16 0.03 0.B)e* Q,€2¢°
sevr ~0.35 G.88% -0.21 ~0.b2%% 0.89%* -0.1) -0.17 0.69** 0.32
Tng -9%.21 0.34 -0.89** ¢,20 0.07 -0.26 0.12 0.13 -G.31
[V -0.59** 0,83 «0.29 ~0.26 0.65%® -0,57** 0.)) 0.52¢ 0.10
rso .2l 0.4 «0.25 ~0.53° 0.09 0.20 0.49% 0.42¢ 0.17
S42E 0.18 0.44° 0.31 ~0.68%* 0.6%°* 9,1§ -6.30 0.72¢%% €, 920¢
[\ -0.20 0.8 ~0.27 ~0.45%* 0.83%¢ «0.43* <u.16 V.80 (.47¢
il =0.51%¢ (0,71%* -0.2? «0.2) 0.42¢ -0.47° 0.32 0.41°* u.n8
st -0.5%%¢ 0.4} -0.14 ~0.01 0.26 -0.51¢ 0.25 0.20 -u.v9
CROP 0.09 0.15 0.03 ~0.37* 0,20 -0.01 n.21 0.4y 0.%0¢ b
Py 0.84* <~0.1¢ -0.34¢ 0.05 -0.22 -0.20 0.41* ~0,19 -0.18
T2 -0.41* 0.12 -0.15 -0.25 0,37 0.12 n,07 0.33
STEM -0.25 ~0,.50%*® 0.41%e -0, 49 0.01 0.77%* 0.32
oreN ~0.10 0.01 0.11 ~0.34 ~0.02 0.2
Foca -0.71%% -0,12 =0.12 =0.75%* =C.c4%e
recd -0.30 -0.30 0.75%* 0,%3*
PCME ~-6.17 =~0.07 0.34
Pond -0.07 ~0.25
TEVL J.610¢

MAUE a Loy, (812E)
Hip < 0.10)
P < 0.uS)



TABLE 2, Correlation matzix (r} for 27 independont varisblea calculated for tree flaim habitat (B = 14).

£CGC oT39 bT95 LTS DLTE TPVT SPVT TTDE oS [:1)] SIZE cH sit nu cnop PR4
polc «0,37% 0.64%¢ 0.42% 0,25 ~0.64** 0.47*v 0.47¢ 0.79** 0,78** 0.64** -0.08 0.44 0.80** 0.02 0.30 -=0.%0
A% -0.21 6.13 -¢,22 0,27 -0.19 -0.57¢¢ -0.16 -0,%8%* -5.70%** «0.027 -0,62%* -0, 45" 0.59*r ~0,13 0.12
pT39 ~0.06 =0.06 ~0,754* 0,52% 0.46* 0.90*% 0,69%* 0.66** ~-0.18 0.20 0.61** -0.19 0.15 =~-0.21
;s ~0.08 0,06 Q.47 0.95 .29 G.19 -0,15 -0.04 -0.14 0,15 0.60%* 0,02 -C 46*
D75 0.10 0.4 =0.06 g.12 a,20 9.24 0.47% 0.46¢ 0.35% =0.16 0.37% =0.23
upTE ~0.52% =0.531*% <0,fi1%* ~0.61%* =0,65** 0,17 ~0.}7 -0.56** 0.26 -0,07 0.10
TevT 0.21 0.71** 0,65 0.406* 0.07 0.26 0.76+¢ 0.0¢ 0.32 ~0.45°
SV 0.42» 0.76%** 0,75** 0.04 0.58** 0.1}% ~0.31 0.1 -0.24
TepE G.74%* 0.61** -0.10 0.24 0.654 0,01 0.24 =-0.45°
X 0.84%* 0,01 0.64%* 0,59+ ~0.20 0,409 -0,42*
Psn -0.10 0.71** 0,50** ~0,53* 0.36* -0.18
st 0.29 =0,02 =~0,14 ~0.02 0.04
i 0.29 ~0.)1 0.2? -0.09
Sil -0,27 0.15 =-0.47¢
1BH -0.21 <~0.05
Chue -0.67ee

w2 [ 2ik) PH2 STEM OPEN PCGA PCCH PCAE PCBO THVL

pcee -0.21® -0.12 0.0 0.57** ~0.81" =0,S51°* 0.25 0.26 0.39e 0.91¢4
PCLC -0.06 ~0.12 -0.31 -0.55** 0,05 0.73%¢ ~(,69** -0,29 ~0,58%* -0.41*
orlg -0.04 ~-0.04 0.19 0.61** =0,65%* ~0.35 0.2) 0.65 0.37* 0,62**
DTS -0.423* ~0.45* -0.44* <0.01 -0.58"* .21 -0.22 =-0.14 ~0.20 0.39*
DT -5 -0.08 «0.09 0.06 -0.02 -C.12 -0.65** 0.01 0.60% 0.3] 0.34
puTé 0.04 -0.09 -0.12 ~0.57*¢ 0.40°* 0.36* =0.25 -0.12 ~0.2) ~0.66%*
e -0.27 -0,24 =-0.07 0.33 -0,69* -0.48% -0.04 0.2} 0.36* 0.89**
Srve 0,31 6.29 0.13 0.96%** -0,32 -0.124 0.8)e*¢ (.29 ¢.09 0,628
oy -0.22 -0.21 0.02 0,578 -0, 878 ~0,36°* ¢.12 0.13 Q.29 0.76%¢
oc «0.13 0.15 0,26 0.674" «0.604* -0,.52¢ 0.58** 0.37% 0.27 0. 660
LE{) -g.19 a.ls 0.18 0.92%¢ «-0.42¢%¢ 0,75 0.GN*s p,.5%1% 0.46¢ 0.70%"
SIZE 29 ©.06 0.3)2 -“0.6% 0.23 «-0.14 0.09 0.371* -0.19% 0.07
(8]} -0 07 $.390 0,41 0.63** -0.20 -0.56** 0.69%* 0,7)°** 0,07 0.47*
sit -0.51 ~0.21 0.21 0.27 «0.9%** =0.GI** 0.0} 0.04 U.664% (.67
L -0 17 -0.0) -0, 146 -9.22 -0.28 0.6U** -0.29 -0.06 ~0.f£0** «0.09
CRhuP ~0.72%s ~(.34 =-0,30 0.41% «0.35 =0.20 0.27 0.09 4,22 0.40"
Pad V.75 0.59** 0,34 -0,30 0.64%% 0.13 -0.09 0.19 -06.2 -0.47¢
a2 0.29 D.SCe* =0.42% D.52% ~0,05 -0.21 0.08 0.0% ~0,40*
Pl 0.75¢* 0.40 0.0 0,08 c.44 0.30* -0.38* «0,06
e 0.20 0.29 -0.11 u.3) 0.30 =-9.09 0.00
St ~0.4)* =~-0.J)b6* 0.79*% 0.23 3.12 0.69*¢
oPrLN 0.18 ~-0.04 -0.06 -0.14 ~0.70%2
PICGA «0.33  =0.53% -0.79%% -0,51"
PCCY 0.31 0,09 0.3a
FCAY ~0.00 G. 10
o) .34
“{p < 0.10)

1e(p < 0,05

62T



TAYLE 3. Correlation mateix (r) for 21 indopendent variables ocaloulated fcr singla-row windbreaks (N « 14},

TYVT NTI6 NTES [1g ] oc cH S HH LEN FSD CHROP SSPT TSPT PW4 PA2
TEVT 0.13 -G G. 56 0.9)** =0.11 0.80¢r 0 14 G.79°** -0.16 -4.10 3.16 =~0.24 0.3+ 0.63** G.73°¢e
srer 0.1 ~2,07 0,87 0.28 0.3¢ (L X 0.02 0.26 0,46 0.04 0.42¢ 0.60an 0.41°* v.2d
N Jt -0.99 =0.17¢ 9.09 ~0.03 B.500%  -0,.02 £.235 -0.49 -0.91 =-0,22 Q.11 -0.33 «0.51*
N 2.4%6°= -0,C4 0.52¢ -1.39¢ 0.71%* «u.(2e" C.24 0.13 0.043 <i2e 0.87 v.2%
H.en -0.13 0.09% -0,p2%* 0.69*¢ ~0.)6 c.21 0.1% 0.43 L Q.6) e 0.240¢% 0.72¢¢
Le. -0,18 0.60** =-0.22 0.07 0.16 0.16 0.15 0.0% ~0,54"4 -0.07
CH -0.44°* 0. 42ne 0.04 0.04 0.28  ~0.21 0.64%e 0.71°%* G.66"
su -0.41 0.319e -0,0% -0.04 0.13 -0.01 ~0.614* .57
[{H] -0.12 -0.21 0.32 «0,44* N.abe 0.4 0.4b°
L. -0.37* 0.0) ~0.42° «0.06 0 ¢i 0.G7
1rad -0.06 0.89°e 0,%Y9ee 0.03 0.05
Choos ~0.22 0.09 L.OT 0.1}
ST 0.38*  -0.2] -0.1¢
T D.17e 0.21
ius 0.640*

Pid M2 STEM -1t 4 TFV

TEVT 0,500 2,560 -n, 14 0.73¢e 0.990e
SEVE -0.26 -0.2¢ 0.21 -0.:2 0.26
NYI6 L2323 -0.4)3° -0.01 . =031 ~-0.26
K76) .19 LAY ] n.05 0.9 0.530
¥Rl r.25 0.35 -0.08 0.62 G.9)e
e -0.02 -0.02 D.79ee -0.%1 -0.08
cn 3.35 0.15 -0.09 V.69 Q.05
L3 -0.48° ~0.48* fh,aze -0.74 -0.58e¢
44} 9.35 0.35 -0.23 0.59 0,770
1A Rt c.01} ~G.01 vl -0.02 -0.12
ST “Tea -0.12 9.5Gee -0.05 -0.03
Chaty G. 19 u.19 0.07 -0.05 0.16
sSZeTr -0.28 -0.27 0.600%¢ -0.4208 -0.17
ST 0.3 =-0.13 0.32 0.26 Q.45+
Py 0.28 c.z28 -0.4)8 0,744 Q.C180
M2 0.82%%  Q,H2¢¢ 20,05 9 58ee 0,754
P4 ' 1.00%e Q.04 U, 5T 0.5
FH2? [ 2 C.57 0.hie
STEM -Q, 26 -0.11 )
sStp [

— -

“(p € 0.10)
tetp < 0.0%

-

OFfT
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