
. _ ---,

\

/

I

USACERL Technical Report N-91/3 \
September 1991\

92- 08 65
1/1] :/"/:/'11/'11i/'I:/'1/:"/1/", ~ , I. ,",n,jlII

O;j 62 4 U7

Approv ed for public release: distr ibution is unlimit ed.

ty
David J. Tazik

Effects of rmy Training Ac lvltles
'On Bird Communities a the Pinon
csnyon- aneuver Site, Colorado

Disturbance caused little response in either
habitat. In prairie habitat. only grasshopper
sparrows, and in woodlands only species rich­
ness exhibited any marked response to 1 year's
training-related disturbance. The response was
negative in each case. In both habitats, species
richness is a good general indicator ot Changing
conditlons. While wildlile guilds may be useful
indicators of major habitat changes, they were
unresponsive to the levels of disturbance
observed here,

This report describes a study conducted at the
Pinon Canyon Maneuver S;te, Colorado, a
suolnstaltatlcn of fort Carson, which investigated
species habitat rel;.tionships of, and impacts 01
Army training acttvities on, avian communities in
shortgrass prairie and pinyon-juniper woodlands,
This study also identilied wildlife indicators 01
habitat change using both species and guild
approaches. PriQcipal Components Analysis
(PCA) of vegetation data was used to quantify
habitat gradients. Mur.ivariate correlation
analysis was emQlllYed to relate density and
variety of bird species to derived PCA tacrors,
E:lfects 01Army training acttvities were evaluated
by documenting density and richness of breeding
bird populations over 2 years, during breeding
season, once before and once alter training.

US Army Corps
01 Engineers
Coostructon Engineering
Research Laboratory

AD-A248 482
:!lnlll'j!IIII;!IUti'l' 'I1



T he contents o f this report are no t to be used for advert isi ng, publi cat ion ,
o r prom ot io nal purposes . C ita tio n of trade names doc s not con stitute an
officia l en do rse me nt or approv al of the use of such commercial prod uct s.
T he findin gs of tn is report are not to be con strued as an officia l
Departmen t of the Army pos itio n. unless so de signa ted by other authorized
documents.

DESTROY TllIS REPORT WilEN IT IS NO LONGER NEED ED

DO NOT RETURN IT TO TilE ORIGINATOR



REPORT DOCUMENTATION PAGE Forr.l Appro ved
OMS No. 0704.()188

P\,.e.c '~"'9 e...'detlloI' t" . OOo~""' ,on <J .f' IOt'T\oollon • ..:"r...., to ......I.Q. Il'loootPI" ....pa1 • • • 'nc.U:longu-. 1""'- tot '9'O.-njI Flltt\oCloOt'...~..... .. ..c"'i 1S.. :e .0.,;.-.. ,

;iIl ~ "'''''i1 .ar.d 1TWoo1'l!a 1Wl; U". d.\::ll r -:..:l. ~ ,. ~ co~.• !~ I rld , .... _ 1'\1 u-. c:o'«llCl" d .. 'O' '''&lIOl'l. s..-c:.~1t ,...~ il\g 11\, b..~. ... " 1,'"'&Ie 0_ ... , Ql "-'~cA~.

co',tH;l 0<'1at 1'!~lQI'I. 1I'Io;tu<:....Q . ..gg"I""'" lOt ' &d ..c~ ~ '" bl..o"Q<el'I. l(. WaaflnglOll~Q ..~_ s.n.-.c.. . : ;"-.01011111 lOt ..,1or",-:oOtl<A-<..uo..•• I "" ~-..otI' . 121 5 Atl.,.oro
0 ... ... ;" .... 1. S..., . 12tW. "r, ..... ~OI'\ . II" 22~...X2. .,.d ~o I,.. 0'1.:;, oI l.l.~ ........ and al,lOQ_.P~ FledVCI.OIlPro~ (O~..o l i8 ). W"''' '/'IQ'c;ro. DC 2'C~.

1. AGENCY USE ONLY ILaave B >l.n "'l 2. REPeAT CATE 13. REPORT TYPE AND DATES COVERED
September 1991 Final

4. TITLE AND SUBTiTlE 5 FUNDING NUUBEAS

Effects of Anny Training Activities en Bird Communities at the Pinon
Canyon Maneuver Site, Colorado PE 4A16~

PR A896
TA A

6. AUTHOA(SJ WU 030
PE 4Al ol 102

David J. Tazik PR AT23

I TA C
WU OI2·G3)

7. PERFORMING ORCANllATION NAME(S) AND ADDAESS{ESj 8. PEf.\NAMjNG OHG~N1ZATION

REPORT NUMBER

U.S. Anny Construction Engineering Research Laboratory (USACERL)
TR :"-91{3lPO Box 9005

Champaign, IL 61826-9005

s. SPONSCA iNG MONITORING AGENCY NAME(S) AND ADDRESS(ESJ 10. SPONOORIN(....M(;l'.Irr ORII'.IG
AGENCY REPeR T ~ JU ""' 8EA

USAEHSC
ATTN: CEHSC-FN
BLDG 353
Fort Belvoir. VA 22060-5516

1t . SUPPLEMENTARY NOTES

Copies are available from the National Technical Information Service. 5285 Port Royal R03J .
Springfield. VA 22161

1211. Dls mIBUT:ONl AVAIlA8IUTY STATEMENT 1:::0. D1Sffil6U'TIC'N CO':)E

Approved for public release; distribution is unlimited.

13. ABSTRACT (M.al lm"m zoo "'Ortls)

This report describes a study conducted at the Pinon Canyon Maneuver Site. Colorado. a subinstallation of
Fort Carson, which investigated species habitat relationships of and impacts of Army training activities on
avian communities in sbortgrass prairie and pinyon-juniper woodlands. The study also identified wildlife
indicators of habitat change using both species and guild approaches. Principal Components Analysis
(PCA) of vegetation data was used to quantity habitat gradients. Multivariate corre lation analysis was
employed to relate density and richness of breeding bird populations over 2 years, during breeding seasons.
once before and once after training.

Disturbance caused little response in either habitat. In prairie habitat only grasshopper sparrow, and in
woodlands only species richness exhibited any marked response to I year' s training-related disturbance.
The response was negative in eac h case. In both habitats, species richness is a good general indicator of
changing condltions. While wildlife gu ilds may be useful indicators of major habitat changes, they were
unresponsive to the levels of disturbance observed here.

" SUBJE:;T TERMS i s, NUUBER OF PAGES

Pinon Canyon Maneuver Site. CO 116
Birds ecology training ! 6. PRICE CODE

17. SECUHIT'YCLASSIFICATION 1& SECUHITY CL.ASSIFiCATION 19. SECURrTY CLASSIFICATION 20. LIMITATION OF ABSTRACT

OF REPCR T OF THIS PAGE OF .ABSTRACT

Unclassified Unclassified Unclassified SAR

NSN 7S4,j.Ol·280 ·5S00 S;nm:l Ferr" ~ (AP.I, 2-811
....., "t>ooo<l tor" "' SI 61d n 8-1 1
... roa



L
[ill
o
o

FOREWORD

This research was perform ed for the o mce of the Assistam Chief of Engineers (OACE) under
Projec t 4A 162720 \ 896, "Environment:ll Quality Technology"; T ask A, "Ins talla tion Environmental
Management Strate gy"; Wane Unit 030, "Guild-based Training Area Maintenance "; and Project
4A 16 1102AT23 , Task C Work Unit 0 12-G35, "Anal ytical Relationships Between Guild-based and
Condit ion Trend An alysis." Th e research was done by ti,e Environmental Division (EN) of the U.S. Army
Constructi on Engineering Research Labora tory (USACERL). The technical monitor was Mr. Donald

Bandel , CEHSC-FN.

Appreciation is expresse d to the following people foo the ir advice and ass istance: Edward W.
Novak , Victor E. Diersing, Anthony J. Krz ysik, LT John McConnell , Ken McMuUen.j'amela Thompson,
Davi-t Schaeffer, William Scvcringhaus, and Wayne Banwart (USACERL); Mane McKnight, Bruce Seward
(Univers ity of 1I1inois); Robert Sha w, Jay Wipff, Cam e Maenius , and Cathy Cushman (Colorad o State
Unive rsity); Don Youkey (Oregon State Univers ity); Steven Emm ons, AI Phiste r, and Thom as Warren
(Environment , Energy, and Natural Resources Office , Directorate of Engineeri ng and Housing, Fort
Carson , CO). Dr. E.W. Novak is Aeting Chief of USACERL-EN_ The USACERL technical edit or was
William J. Wolfe, Information Manageme nt Office.

COL Everett R. Thom as is Commander and Director of USACERL, and Dr. L.R , Schaffer is

Te chni cal Director.

1 .·.c':l e sslon l"or

I
I; II S GRAU
i:TlC rAS
Unun.."1 ct..:.rlc ed
J~tlric~t l o~~ --4

Ey _

Dlu t r ~b~t _i 'Jy l.

2



SF298
FOREWORD
LIST OF TABLES AND FIGURES

CONTENT S

Page
I

5

INT RODUCTIO N . . . . . . . .. . . . . .. . .. . . . . . . . . . ... . . . . . . • . . . . . ..... . 9
Background
Objective
Approach
:\Iode of Technology Transfer

~..,--

3

6

7

GENERAL DESCRIPTION
Landscape Types
Vegetalion
Land Use

:\IETHODS .
Site Sel ectio n
Birds
Bird Guilds
Vegetatio n
Disturbance

DATAA:'IA LYSIS .. . .. .. . . .. . . . . .. .. . . .•• . . . .• ... . . .... .... .... . .
Species Habita t Rela tions hips
Dist urbance Impacts
St at istica l A nalyses

RESULTS . .. . .. • . .. .. . ... ... .. . . . . .. .. ... . . . . . . . . .. . . . . . . . . . . . .
Pra irie Birds
Pr: iri e Habitat Analysis
Pra ir ie Birds : Species Ha bita t Rela tionsh ips
Prai rie Birds: Response to Tactica l Vehicle Distu rban ce
Pinyon -Juniper Dirds
Pinyon -Juniper Habitat Analysis
Pinyon-J uniper Dirds: Species Habita t Relations hips
Pinyo n-Ju nipe r Birds: Response to Tactica l Vehicle

Disturba nce

DISCUSSION .
Prairie Dirds
Pinyon-Ju niper Birds
Specia l Interest Species

CONCLUSIONS AN D RECO:\l:\IENDATIONS .
Species Habitat Relationships
Response to Disturbance
Wildlife·Based Indicators of Habita t Conditions
Recommendations

3

II

13

16

17

32



CO NTENTS (Cont ' d)

8 REFERENCES . . . . . . . . . • • • . • • . • . • . . . . . • . . . . . • . . . . • . . • • • • . . . • • . • • . 36

APPENDIX A: GUILD CLASSI FICATION TERMINOLOGY
APPENDIX n. ACRONYM DEFI NITI ONS
APPENDIX C: BIRD SPECIES AND GUILD DENSITI ES
APPENDIX D: HABITAT MEASUREME.'iTS

DISTRIBUTION

4

97
98

101
iII



Number

2

3

4

5

6

7

8

9

10

I I

12

FIGURES

Landscape Types of the Pinon Canyo n Maneuver Site

Location of Stud y Sites on the Pinon Canyon Maneuver Site

Mean Density of Sel ect ed Bird Species Amon g 17 Prairie Sites

Relative Den sity of Selected Bird Species and Number of Sites Occupied
Among 17 Prairie Site s

Prairie Birds by Feeding and Nesting Zone

Mean Density of Selected Avian Hab itat Zone Guilds Among 17 Prairie Sites

Relative Den sity of Selected Avian Habitat Zone Guild s and Number of Si tes
Occupied Among 17 Prairie Sites

Prairie Birds by Food Resource and Substrate-Technique

Mean Density of Selected Avian Foraging Guilds Among 17 Prairie Sites

Relative Den sity of ~elected Avian Foragi ng Guil ds and Number of Sites Occupied
Among 17 Prairie Sites

PCA by Site Number of 17 Prairie Sites Based on Vegetati on Data

Cluster Analysis ot the Prairie Bird Community

Page

42

43

44

45

46

47

49

50

51

52

55

13 Multiple Correlation Analysis Between PC Habitat Far-tors and the Woodland Cluste r of 56
Prairie Bi rds

14 Multiple Correlation Analysis Between PC Habitat Factors ana the Shrub
Cluster of Prairie Birds

57

15 Mu ltiple Correlation Analysis Between PC Habitat Factors and the Grassland Ouste r of 58
Prairie Birds

16

17

18

19

Multiple Correlation Analysis Between PC Habitat Factors and ToW Density and
Species Richness of Prairie Birds

Population Tre nds Among Woodland Birds on Prairie Sites by Disturbance Level

Population Trends Among Shrub Birds en Prairie Sites by Disturbance Level

Population Trends Among Grassland Birds on Prairie Sites by Disturbance Level

5

0_ -

60

61

62

63



Number
FI GURES (Con t'd)

Page

20 T rends in Total Avian Density and Species Richness e n Prairie Sites by ~

Disturbance Level

2 1 Trends in Avian Fora ging Guild s on Prairie Site s by Disturbance Level 65

22 T rends in Avian Habitat Zone Guilds on Prairie Sites by Disturbance Level 66

23 Mean Dens ity of Selec ted Bird Species Among 12 Pin yon-Juniper Sites 67

24 Relative Densi ty of Selected Bird Species and Number of Sires Occupied 68
Among 12 Pinyon -Juniper Sites

25 Pinyon -Juniper Birds By Feeding and Nesting Zone 69

26 Mean Densi ty of Selec ted Avian Hab itat Zone Gui lds Among 12 Pinyon- 70
Juniper Sites

27 Relative Density of Avian Habitat Zone Guilds and Number of Sites 71
Occupied Among 12 Pinyon-Juniper Sites

23 Pinyon-Juniper Birds by Food Resource and Substra te-Techni que 72

29 Mcar Density of Avian Forayin g Gui lds Among 12 Pinyon-Juniper Sites 73

:',G Relat ive Density of Avian Fora2in~ Gu ilds and Number of Sires Occupied 7~

Amon g 12 Pinyon-Juniper Sites

31 PCA by Site Numbe r of 12 Pinyon-Juniper Sites Based on Vegetation Data 75

32 Ouster Analysis of the Pinyo n-Juniper Sires Based on Veg etatio n Data 77

33 Multiple Corre lation Analysi s Between PC Hab itat Factors and the Sparse O uste r 78
of Pinyon-Junipe r Birds

34 Multiple Correlation Analysis Between PC Habit at Factors and the Woodland I 79
Cluster of Pin yon-Junipe r Birds

35 Multip le Ccrrclation Analysis Betwee n PC Habitat Factors and the Woodland II 81
C uster of Pinyon-Junipe r Birds

36 Mu ltip le Correlation Analys is Betwee n PC Habitat Factors and the Woodland 1II 83
Ouster of Pinyo n-Juniper Birds

37 Multiple Correlation Ana lysis Between PC Habitat Factors and To tal Density and 34
Species Richness of Pinyon-Junipe r Birds

38 Population Trends Among Lark Sparrows by Disturbance Level 85

6



FIG URES (Conl'd)

Number Page

39

40

4 1

43

44

45

3

4

CI

C2

C1

C4

C5

C6

Populati on Trends Among Woodland I Birds on Pinyon-Juniper Sites by
Disturbance Leve l

Population Trends Among Woodland II Birds on Pinyon-Juniper Sites by
Disturbance Level

Population Trends Among Woodland III Birds on Pinyon-Junipe r Sites by
Distu rbance Level

Population Trends Among Other Pinyon-Juniper Birds by Distur bance Level

Trends in Tota l Avian Density and Species Richness on Pinyon-Juniper Sites
by Disturbance Leve l

Tre nds in Avian Foraging Guilds on Pinyon-Juniper Sites by Disturbance Level

Trends in Avian Habitat Zone Guilds on Pinyon-Juniper Sites by Disturbance
Level

TABL ES

PCA of Prairie Study Sites Based on Habitat Variables

Disturbance Due to Tracked Vehicle Activity on 17 Prairie Sites in 1986

PCA of Pinyon-Juniper Study Sites Based on Habitat Variables

Disturbance Due to Tracked Vehicle Activity en 12 Pinyon-Juniper Sites
in 1986

Density (No.no Ha) of Bird Species on 17 Prairie Sites in 1985

Density (No.no Ha) of Bird Species on 17 Prairie Sites in 1986

Density (No.no Hal of Bird Guilds on 17 Prairie Sites in 1985

Density (No.no Ha) of Bird Guilds on 17 Prairie Sites in 1986

Density (No./20 Ha) of Bird Spec ies on Each of 12 Pinycn-Juniper Sites in 1985

Density (No./20 Ha) of Bird Species on Each of 12 Pinyon-Juniper Sites in 1986

7

86

87

88

89

90

9 1

92

93

94

95

96

102

103

104

105

106

107



T ABLES (Conl' d)

Number

C7 Density (No./ IO Ha) of Bird Guilds on Eacn of 12 Pinyon -Junipe r Sites in i 9S5

CS Ecnsity (No'/iO Ha) of Bird Guilds on Eacr. of 12 Pinyon-Jun iper Sites in 1986

01 Habitat Measuremcnts Obtained for Each of 17 Prairie Sitos in 1985

O i Habitat Measurements Obtained for Esch of 12 Pinyon-Junipe r Sites in 1985

8

Page

108

109

112

113



EFFECTS OF AR;\ IY TRAI:"I :" G ACTIVITIES 0;0; BIRD CO;\ I;\IU:" ITIES
AT TilE PINO:" CANYO:" ;\IANEUVER SITE, COL ORADO

I:"T RODUCTIO N

Background

The Department of the Arra y acquired the Pinon Canyon Maneuver Site (pO.IS) in 1983 fo nhc
-tth Infantry Division (Mechanized) at Fort Carson, CO. The IO.J,OOO hectare site is large enough to
permit brigade level tactical maneuver> accompanied by air and artillery support, The se activi ties involve
the usc of a variety of tracked vehic les that can irulict conside rable damage on soils . vegetation, and
wildlife. Such damage can seriously impair long term of the land for trainin g ry loss of concealment
cover, by soil erosion, and by the creation of envirorunen :al hazards. Direct impacts on wildlife
popu lations result from noise and physical disruption s, while secondary impacts arise from damage to
vegetation. The latter alter or dimini sh food resources, foraging and nesting substrates, and cover.

Numer ous studies have been carried out on Army lands to measure the effects of training activity
on wildlife (Ref 17, 18, 32,56,58,59,60,61,68): These studies have helped to identify species and
species groups (guilds) affected by activity, to mitigate those impacts, and lJJ identify useful indicators of
wildlife habitat conditions.

Birds are considered useful indicato r species ior their scnsruvuy to chan ging habitat 1I1d
env ironmental conditions, and because thcy arc easily ccnsuscd (Ref 26,66). A wildlife guild i ~ a group
of species that usc the same resources in a similar way (Ref 52). The guild concept has been applied in
environmental assessment studies that emphasize avian communities (Ref 9, 16, 31, 34, 39, 55, 58, 62,
65, 73). The guild approach is applied hc-c in addition to the species approac h in order to measure the
effects of Army training maneu vers on communities of interrelated speci es on isolated species.

Objective

The objectives of this work are:

I . To de termine species habitat relationships of birds occup ying :raining areas on PC;\ lS

2. To docum ent responses of these species and resource-based wildlife guilds to I year of training
activity

3. To identify vhich species arc useful indicators of habitat cond itions.

This inform ation will help narurr l resource managers to better manage the PC;\ IS avifauna and
associated ecological communities , and will serve as a basis for predicting the effects o f subsequent
training activities .

'The rc(crcr.cc lis! beg ins on page 36 .
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Approach

Extensiv e ficld studies were conducted during the breeding seasons prior to and following ini tiation
of traini ng on PCM S in 1985. Study sites were selected to represent a broad range of habi tat conditions
in prairie . scrub , and woodland. Data were collected on bird spec ies abundance. and vegetation struc ture

and composition.

Mo de of T echnology Transfer

Thc study design employed here should be consider ed as a possible supplemen t to existing Land
Condi tion-Trerd Analysis (Le,A) standardi zed inventory procedu res. The indicato r species identified
should be em ployed in the analy sis of LeTA wild life u~;a coll ected in pinyon-juniper and shortgrass

prairie habit ats .

10



2 (iEN ER AL P ES CRI PTIO N

Pinon Canyon is located in L:I> Animas county . 40 krn north-northeast of Trinidad, in the high plains
of south central Colorado (Figure I).' Elevation ranges from 1311 to 1737 m, generally sloping cast and
southeast 10 a low poin t in the Purgatoire River Valley which bounds the parcel (Ref 79). The climate
is semiarid, with annual precipitation of 33.5 on, two-th irds of it falling from April through August.
Diurnal temperature ranges are large. Mean minimum and maximum temperature s vary by 17 ' C in
January (·9 'C 10 8 ' Cl and Jul y ( 14 ' C til 31 ' C) , respectively the coldest and wann est months.

Landscap e Types

Four major landscape types have been delineated based on soil characteristics (Ref 70) (Figure I).
Silty Level Plain s consist of sill)', calcareous soils withoccasio nal limes.one outcrops. Tolling Silty and
Shalc v Plains soils range from silty on flats to clayey on broad elevated areas. Limestone Hills and
Ridges soils vary from silty 10 stone covered. Sandstone Canyon and Breaks arc a scncs of steep, rocky
cliff, and rolling mesa tops formed along the Purgatoire River canyon; noncalcarcous soils range from
silty on rolling hillsl opcs 10 stony un ille steepest po rtions ,

Vegeta tion

Shortgrass prairie and pinyon-juniper woodland are the two major habitat types (Ref 50, 70). Prairie
vegetation dominates the Silly Level Plains and the Rolling Silly and Shalcy Plains landscape IYpeS. Blue
grarn., (Bouteloua Gracilis) , gallcta grass (Hilaria jamesii ), and western whcatgrass (Ag ropy ron smithii}
arc tbc most comm only encou ntered grasses. Squirrclrail (Sitanion hystrix) and six weeks grass (Volpia
octoflo ra) arc comm on on -Iisturbcd sites. Yucca (Yucca glauca), cholla cactus (Opuntia arborescens) ,
prickly pear (0. poiyca ntha) and a variety of low shrubs (winterfat, Ceratoides lanata, bigelow sage,
Arrtm isia bigelovii, ·md snakcwccd, Gut ierrizia sarothrae} arc present to varying degrees.

Pinyon pine (Pinus edul is) and one-seed juniper (Juniperus monosperma) occur in varying
proporti ons in woodl ands within the Limestone Ridges and Hills and the Sandstone Canyons and Breaks
landsca pe types. Woodland associated shrubs include mounta in mahogany (Ccrcoca rpus mo ntanus),
bigelow sage, grcascbush I Forsellisia spinesccns) , and skunkbush (Rhus trilobate ). Herbaceous vegetation
is dominated by blue grama, gatlcra. snakewccd, needle-and-thread (Stipa comella) , and New Mexican
fcat hcrgrass (S. neomexim na). A large ponion of woodland in these areas is of i limits to tactical vehicles
(Figure 2).

A shrub habitat cha racterized by four-winged saltbus h (Atrip lex canescen.,) and greasewood
(Sa rc oba tus vermiculants] occurs along flats bordering streams.

LlI1d Usc

PC~I S was used "' grazing land prior to Department of the Army acquisition. The parcel is divided
into five land management units to facilitate a rcst-and-rorauon scheme (Ref 70) (Figure I) that uses only
three units in any I year. In a 5-ye"r period, each uni; would be rested for 2 years and used for 3.

·AII figures end I.. blcs included 4t end 0,) ( (ext.
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Military exercises began in August 1985. Three major training cycles were completed prior to April
1986 in management uni:s A. B. and C. These exercises involved the use of 143 to 149 tank and tank-like
vehicles. 289 to 302 armored personnel carriers (APC) and APC-like vehicles. 818 to 870 wheeled
vehicles . and :;180 to 335 1 personnel over 25 to 29 day periods. A fourth training cycle of 3 days
involved 152 tanks . 50 APC. and 956 wheeled vehicles and was accompanied by 2520 personnel.'

• ~fr . Chuck Markel. Range Control Officer. and Mr. Thomas Warren. Director. Environmen t and NalW'al Resourres Directorate
of Engineering and Housing, fan Carson, CO. .
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3 ~IETHODS

Site Selection

Since units A. B. and C were scheduled fo r usc in 1985. mo st of the 29 sites selected for stud y were
in those units. There were also sev eral study sites in areas less likeiy to rece ive vehicle use during the
first year o f training.

Selec ted site s included a wid e range of so il and ve get at ion type s. Sele ction was based on
cxarninaiion of soil survey and topographic maps. and upon on-site obse rvations. Se venteen prairie and
prairie /shrub si tes (henceforth refe rred to as prai rie sites) and 12 pinyon-junipe r sites were inclu ded (Figure
2).

Bir ds

Bird censuses were completed between 23 May and June in both 1985 and 1986 . Each site was
ccnsusc d four times ; al l observa tions were made within 4 ho urs afte r sunrise . On prairi e sites . the Em len
transect method (Re f 23 . 24 ) was employed usin g two 500 m long transects. 200 m to 250 m apart, on
each s ite. Observations were made by moving slowly along each transect (15 to 20 minutes each ). while
reco rding the locatio n of all b inJs seen or beard within 100 m. For each species . data were tabulat ed
separately fo r singi ng males . al l o ther obse rvations. and total observations. Coefficie nts of dctcc tability
(Ref 2: i were calcu lated for each and densi ties were estima ted by multiplying the raw count by the
cc rrcsp.mding coetficiem, Re poned dens ities are the greate r o f; sin ging male data x 2. all other
observations . o r total obse rva tions (Ref 25).

Th e vari able circular plo t (YCP) rnctuod as described by Reynolds and coworkers (Ref 49) was used
on wood land sites t-ccausc it is bette r suited than the transect method to the insular nature and rough
terrain o f thi s hab i.a t, The plo t siz e is va riab le in accordance with the dctc ctabili ry of ea ch species.
Species usuall y observed at clo se range (c .g.• less than 30 m) will have a relat ive ly small effective plot
size a, co mpared to mo re co nspicuous spe cies frequently detected at greater d istances (e.g.• more than 75
m) . At eac h visit to a given YCP. obse rva tio ns were made during two consecutive 5 ·m inute period s.
Loc ations of all birds see n o r heard within 100 m of the center po int were recorded. Three plots per site
were cc nsuscd in 1985. four pe r site in 1986. Minimum distance between cente r points of an y two YCP's
was ' ~Om.

Bird Guilds

Two guild clas sifications were used . First, as suggested by De Graaf and coworkers (Ref 16).
species were grouped acco rd ing to their fora ging habits. In this way . speci es were categorized by the
subs tra tes from which they obtain food . by their foraging techniques. and by the ir major food resources.
Then species were ca tego rized by habi tat zone used for feeding and nesting (Re f 62. 73) (Appendix A).
Gu ild assi gnm ents were based on literature sources and direc t ticld obse rvations .

In several instances it was diffic ult to assign a species to a single gui ld . In the cases o f Bewick's
wren and the ash -throated flycarcbcr in the woodland foraging guilds. single species we re split equally into
two d ifferent gu ilds. Bew ick ' s wren was split be tween the foliage gleaning insectivo re guild and the
ground gleaning insecti vore gui ld . The ash-throated flyca tche r was split betwe en the air sallying
insectivore guiid and the foliage g leaning insectivore gui ld . In each case the two guilds represent abou t

13



half the speci es foraging habi ts: neither g-rild pre dominates. In ins tances where overlap into another guild
is important bu t where o ne guild does predominate , the species is assigned to the most representative
gu ild . These species are listed in pare n theses in Figures 5 , 8. 25 . and 28 but are ignored in the analysis.

Vegetation

Prairie Habitat

Veget ation da ta were collected be tween 3 and 19 June 1985 on all bird census plots. On prairie sites .
ei gh t randomly o riente d ve getation tra nsects r,' r si te were loc ated wi th starting po ints 100 m apart along
eac h 500 m bird transec t. Ground CUVCf was es timated hy recordi ng species present at each mete r mark,
At eac h even mete r mark (200 1X1inlS tol1! pe r site), 1 ve rtical profile o f ve getation was obtained us ing
a 5 mm diameter, 5 dm long rod divided into fiv e 1.0 dm inte rvals. Species contacting rhe rod within
each ve rtical dec ime ter interval we re recorded .

Ground co ve r wa s classifi ed as percen t bare ground (no co ver under 5 drn), pe rcent grass cover. and
percent forb co ve r. Grass co ver was fun her suboiviced into percent sho rt gras ses (e.g., grama grasses and
ring muhly, .I/uhlenbergia torreyi) and me cium gr asses (e .g.. g,lIle ta grass and wbcat grass), 11'.: la tter
exhibited a tal le r growth which mi ght affect grass land birds .

Se veral vari ables were derived from vertical pro file data:

1. Average number of hits pe r tran sec t per site (A Vlll'T). an index of vegetation volume, was
calculated by ~kic f' the averag e ov er the eigh t transects o f the numbe r o f times a de cime ter inte rval
co ntacted an y vegetatio n. Fiv e decimete r interv als alon g the rod and 200 recording points give a pos sib le
total o f ! OOO drn inte rval hits and a rr ax imu m average of 125 lti:s pe r site (! OOOIS) .

2. Average hei gh t o f hits (AVHG11 was ca lculated by the freq uency of vegetation co ntact in each
decimeter interv al. The first decimeter :f"te r'la! was assigned a YO,hIe 'J f one. the second 3 value of two,
up 10 five .

3. Average maximum (AV~jA X) was de rived by averaging ~e highest measured hi t in each of the
eigh t trans ec ts .

4. The number of points with one ormore vegetationcontacts within a given decimeter interval were
summe d to yie ld HI. H2 , H3 . and H4, co rrespondi ng to intervals one, I'VO, chree , and four and greater,
respectively.

Small shrub coverage (m'iha), incl uding half-shru bs. broad -leav ed shrubs, cacti, anti yucca bet .....een
2 and 5 em tall . was estim ated using the line intercept method (R ef 12, 22, 38). Coverage was calculated
as:

m

Coverage = lO'/nL' L y.
i.:z )

[Eq 11

whe re n = numbe r of tran sect'
m = num ber o f ind ividual plan ts encounte red
L = vege tation transect len gth
'j = distance along the line to the nearest ern co vered by a vertical projection of tnc ith p.an r,
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Coverage (m'/ha) of brr sdleaved shrubs. cholla caCNS. and yucca taller than 5 dm , as well as the sum
of these (large shrub cover: was esti ma ted using a 5 m wide bel t centered on the line transect. The
diam eter of eac h individual whose cent er fell within the belt was measured to the neare st centimeter along
the broadest axis of the plant (d 1) and along an axis perpendicular to the first (d2). Aerial coverage was
thcn esti mate d using the formu la for the area of an elli pse:

Coverage = :r/4 x (d I x d2)

Cholla cac tus den sity (no .zha) was also obtained using the belt transect,

P'nyon-Juniper Habitat

lEq 2J

_.

On pinyon-juniper sites , two 50 m vegetation transects were random ly loca ted within each bird cens us
plot as follows:

I. The cente r point of one was established in a random direct ion 25 m from the cente r point of the
plot.

2. The center point of the second was placed 25 m from the plot center in the diametrically opposing
direction.

3. Each 50 m transect was laid out in a random direction.

Tree density and coverage of shrubs. yucca, and cholla taller than 2 dm were estimated using the line
intercep t method , Ground cover below 5 dm was recorded by speci es at each me:er mark along each
transect.

Disturba nce

At each site in 1986. the percent age of ground disturbed by vehicle tracking was estim ated using
several 100 step, randomly c rien:ed foot-transects (approximately 100 m lon g). At each step, the observer
noled whether a vehicle track was present at the tip of the toe and totaled the number of such points where
tracks were prescn t. On prairie sites, 10 foot -tran sects were empl oyed, one originating at each 100 m
ma rk of the bird transec ts, On pir.yon-juni per sites, seven such transects were employed; one ori ginated
a t the cente r poin t of eac h o f the four circular bird plots, and three others began at midpoints between each
of the four plots .
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4 DATA ANAL YSIS

Species H a bitat R ela tionshi ps

Species habitat rel ationsh ips we re analyzed using 1985 bird and vegetation data. Species obse rved
on three o r more si tes wi thi n one habitat type were included. Species were grouped by clus ter anal ysis
by thei r similar distri bu tio n among plots . Th . unwc ight cd gro up avera ging clu ster proc edure, a
hierarchic al cluste ring method uscd .n ecologica l steeles . was used (Re f 32. 47). Density estimates were
standardized be fore cl ustering to cq uaiize the relative influence of abundant and rare species .

Many environmental facto rs i!~n '.!e n~ tt~c di stri bu tion and abundance of wil dli fe. Delineating the
factors most impo rtant to a species is a Major challe nge in the field o f wildlife ecology . In this case,
stepwise multiple co rrel atio n an alys i« was used to asse ss species habitat asso ciation. This procedure
artcmpts to identify a set o f varia bles (v egetation variables in the present case ) that best acc ount for spati al
va riabili ty in abundance of a particular bird s pecie s.

A primary assumpti on of mult iple co rrelatio n anal ysis is that the veget ation variable s to which bi rd
densi ties are to be co rrelate d arc mutu.illy indepe ndent. S ince the vegetation van ables are in tcrcorrel atcd
this ass umptio n docs no t hold. To address this proble m, vcgctauon data were firs t anal yzed usu.g
principal co mpone nts analysis (PCA).

PC A takes a large, co mp lex se t o f variable s and consolida tes them into a smalle r se t o f uncorrelatcd
principal components (PC) that do meet the assumption of mdc pcndence (Re f 15 , 27 , 33 . 4 ~ ), PC A also
helps to define important habitat g radients ac ross the study sites. Ecolog ical re levance is retai ned to the
ex tent tha t eac h PC is correlated with a disti nct subset of the o riginal variables. For example. a PC that
is po siti vely correl ated with tree co ver, tree den sity . woo dy foli age volume , and leaf litter, and negati vely
co rre lated with g rass cover, clc ar'y represents a grad icr.: in abun dance o f woody veg eta tion. PCA
generales fac to r sco res f.) f ": ,J,C:: ~ t ~ ci j' si te th;1t arc l~~.:: n plotted in two dimensions to illust rate such
gradients. An assumption in using PCA here is th:lt bird species -espond 10 the se major habitat gr.lCieOlS
(Ref 77 ). Fo r stepwise multi ple couctat.on :lJ1~ ysix the r -to-emer criterion used was pSO.15 ( Ref 3).

Dist urbance Im pact s

Si tes within each hab itat type were g rouped acco rding to level of tracke d vehicle d istu rbance as
measured by the foot-transects . S ites we re subjectivel y categorized frc m least disturbed (DLl) to most
d istu rbed (DL2, in pin yon -junipe r sites . o r DL3. in prairie sites ) based on obv ious discontinuities am ong
sites in levels o f d istu rbance (T ables 2 and 4). Althou gh this approach is somewhat arb itrary, :lJ1 a priori
grouping was impossible give n ou r inability to cont rol usc of areas by the military. Means for species,
gui ld , total de nsity . and s pecies richness were plot ted 10 sho w treads for eac h disturb ance level over the
2-yea r peri od. A fixed factor an alysis o f va riance on the di fference between years in these :,arameters was
emplo yed to test for dif ferences in response between levels,

S ta tis tica l An alyses

,\ 11 statis tical analyses were performe d using SYST AT Version 3 (Ref 80) , When appropriate. data
we re trans formed us ing natural logarithms to meet the statis tical requiremrnt of normal dist ribut io n (Re f
27 ). The arcs ine trans format ion was used fo r pe rce ntage da ta (Re f M ).
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5 RESULTS

Prairie Birds

Data were sufficient to estimate densities for 26 bird species, 23 in 1985 and 19 in 1986 (Appendix
C, Tables CI and C2). Over the 2 years average total density remained nearly the same (168.8/100 ha
in 1985 vs. 180.8/ 100 ha in 1986), but species richness declined frem 7,4 to 6.1 species per site (pSO.05).

Figures 3 and ~ summarize total and relative density, and frequency of occurrence of species on
prairie sites. Western meadowlarks, ~nmed larks, and lark buntings dominated in 1985, accounting for
M percent of total. While lark buntings disappeared in J986, meadowlarks and homed larks increased
substantially, account ing for 69 percent of the later total. Lark and Cassin's sparrows ranked next
followed by grasshopper sparrows and mourning doves. Lark sparrows increased markedly over the 2
years. while the latter three decline d. Mockingbirds, western kingbirds, and Brewer's sparrows were not
common to most prairie sites. Water pipits and loggerr.ead shrikes also occurred on three or more sites
in both years but in smJJI numbers .

The four habitat zone guilds boxed in Figure 5 account for 19 of the 26 species and over 99 percent
of total density in each year (Append ix C, Tables C3 and C~). The ground-ground (feeding zone-nesting
zone) guild cell contains hirds typ ical of grassland situations, although lark sparrows are also associated
with open woodland. Ground- shrub species arc associated with shrub and prairie shrub habitat Species
in the other two cells d'd not nest on prairie sites except for kingbirds, on site 37, and mockingbirds and
northern orioles, on site 3. (Both of these sites contained trees.)

Total and relative dens ity, and frequency of occurrence of habitat zone guilds are planed in Figures
6 and 7. Ground-ground and ground-shrub guilds accounted for over 93 percent of yearly totals. Ground­
ground guild density increased markedly between the 2 years, while ground-shrub density decreased.
These changes an: consistent with patterns shown by the dominant members of these guilds. In the
ground-ground bUI ld, meadowlarks , homed larks, and lark sparrows increased between years, while in the
ground-shrub guild , lark buntings and Cassin 's sparrows declined (Figures 3 and -t) ,

Classification of species by fc.aging guild is presented in Figure 8. Twenty of the 26 species fall
into four guild categories that account for approximately 99 percent of total density in each year
(Append ix C, Tables C3 and C~) . Ground foraging omnivores and ground gleaning insectivores clearly
dominated ove rall (Figures 9 and 10).

Total and relative density of foraging guilds remained remarkably similar in each year despite
marked changes in some consti tuent species (Figures 9 and 10). Among ground foraging omnivores, the
increase in numbers of homed larks in 1986 appears to have compensated for disappearance of lark
buntings (Figure 10) overall, as well as on a site-by-site basis (r=-O.60, pSO.O !). Among ground gleaning
insectivores, an overa ll increase in meadowlarks compensated for an overall decline in numbers of
Cassin's sparrow. Although on a site-by-site basis this compensation effect was irregular, there was a
positive correlation between tho changes in these two species (r=0.50, pSO.05).

Prair ie Habitat An al ysis

Prairie vegetation data presented in Appendix 0 (Table 01 ). PCA resulted in five PC factors that
account for 86.9 percent of variance in the original vegetation variables. Correlation coefficients in Table
1 indicate relationships between each factor subsets of the original variables. Figures I IA-C illustrate the
position of each prairie site relative to these habitat factors.
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Factor I. the primary habitat gradient. is related to abundance of medium grasses and shrubs and
accounts for 28 percent of variation in the vegetation variables (Table I). Sites 15. PCI. PC2 . and 19
scored high on this axis (Figu re I1 A). Factor II represents a gradient of areas of mostly grass cover to
those with more bare ground and broadleaved shrub cover. This factor largely distin guishes site 19 from
the others (Figures 11A ami lIB). Factor III is associa ted with large shrub abundance. cholla cactus. and
various other tall vegetation (Figure 11B). Factor IV relates to tree and forb cover, the distinguishing
characteristics of sites 3 and 37 (Figure 11C). Juniper were present in near equal num bers on these two
sites. Factor V is associ ated with yucca and small shrub cover. FN clarity of discussion , the following
labels are used:

Factor
I
II
III
IV
V

Prairie Birds: Species Habitat Relationships

Lahc l
VEG VOL
BROA OLEA YED/SPARSE GRASS
LARGE SH RUB/CHOLL.'.
TR EE/FORB
YUCCAISMALL SHRUB

Resul ts of cluster analysis are shown in Figure 12. The first major division is between bird species
that were associated with woody vegetation (furthe r split into Woodland species and Shrub species) and
those associated with grass land. Althou gh typical of grassland habitats. herc the western meadowlark is
associated with spec ies that prefer shrub habitat.

Figu res 13 throu gh 16 show results of multiple correlat ion analysis. The statistically significant
amount of variance in bird species density or richne ss accounted for by each PCA factor is indicated.
Sol id bars represent a positive relationship, open bars a negative one.

The amount of variance explained by PC factors ranged widely from zero in the case o f Cassin 's
sparrow to nearly 95 percent in mcckingbirds. The average among the eleven species with significant
multi ple correlations (excluding Cassin's sparrow) was 66.8 percent, Species below the avera ge included
the western kingbird. the water pipit. the lark buntin g, and Cassin's sparrow. Species with particularly
high values (>70 percent) inclu ded the mock ingbird. Brewer', sparrow, the shrike. and the homed lark.
PC factors acco unted for only 41.6 percent o f variance in total density but over 64 percent of variance in
species richness. VEG VOL, LARGE SHRUB/CHOLLA, and TREE/FORB were the most impo rtant PC
factors. sho wing signi ficance in eight, seven . and six of the twelve species respectively. as well as in total
de nsity and/o r species richness.

Each Woodland species was strongly assoc iated with TREE/FORB (Figure 13). All but the kingbird
(especially the lark spa rrow) were also associated with LARGE SHR UB/CHOLLA. Mourn ing doves and.
to a lesser extent. mockingbirds were associated with YEG VOL. BROADLEAVEO/SPARSE GRAS S
assoc iate only with mockin gbirds. Brewer's spa rrow and loggerhead shrike (Figure 14) were most
strongly associated with BROAOLEA YEO/SPA RSE GRASS followed by LARGE SHRUB/CHOLLA and
VEG VOL.
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Western meadowlarks and the Shrub species were positively related to both LARGE
St1RUB/CH OLLA and YEG YOL (Figure 15). Meadowlarks differed from the Shrub species in not being
associated with BROAC'LEAYED/SPA RSE GRASS. and by showing a strong negative associatio n with
YUCCA/SMALL SHRUB.

Patterns among Grassland species were inconsistent (Figure 15). Home d larks were unique in their
negative response to each of the fir-a four factors. Grasshopper sparrows associated negatively with
BROADLEAYLD/S PARSE GRASS. but were strongly and positively associated with YEG YOL. Water
pipits showed a negative associa tion with VEG VOL. Both water pipit and grasshopper sparrow densities
were inversely related 10 YUCCA/S:\l ALL SHRUB. Lark buntings were negatively associated with
TREEII'ORB. Cassin 's sparrow showed no significant relationships.

Total density and species richness were both most strongly associated with LARGE SHRUB/
CIIOLLA (Figure 16). Total density associated with VEG YOLo species richn ess with TREEIFORB .

Prair ie Birds: Response 10 Tactical Vehicle Distu rba nce

Classificat ion of prairie sites by disturbance level (DL) and percent disturbance is presented in Table
2. Three DLs were recognized. Changes in bird densities between years within each DL arc illustrated
in Figures 17 to 22.

Differences among DLs were significant in only two species (pSO.05)··m oumin g doves and
grasshoppe r sparro ws. Numbers of coves increased in DL2 but declined at a similar ra:c in both DL1 and
DL3 (Figure 17). Since DL I Sill'S were the least and DL3 sites the most disturbed . this pattern of change
appears unrelated to disturbance. In contras t. numbers of grasshoppe r sparrow increased in DLl and
declined in DL3 (Figure 19): this pattern indicates a disturbance effect. None of the Shrub species
exhibited a response to dis turbance (Figure 18).

Change in total density between years differed markedly among disturbance levels (Figure 20).
Density increased similarly in DLl and DL2. but declined substantially in D:"3. This effect was due
primarily to d'sappcarancc of lark burnings in 1986: note the effect of excluding lark bunting numbers
from tot al density in Figure 20.

Although there was J marked overall decline in 3VCrJgc species richness. declines were similar in
DLl and DL3 (Figure 20). Species number increased only slighlly in DL2. After excluding lark buntings.
differences between DLs while nearly significant (p=0.06). arc not consistent with a disturbance effect.

No marked response to disturbance was found among tho foraging guilds (Figure 21). Ground
foraging omnivores exhibit ed a nearly significant trend (p=O.09) prior 10 removal of lark buntings from
yearly totals (an increase in DLi ,d DL2 and a decrease in DL3). After removal of lark buntings the
three DLs exhibited similar increases. Ground gleaning insectivores shuwed a suggestive but insignificant
pattern. Air sallying insectivores were too few on most sites for a meaningful analysis. Mourning doves
were the sole representatives of the ground gleaning granivcrcs, and are treated above.

Habitat l one guilds also appeared unresponsive 10 disturbance (Figure 22). The disproport ionately
sharp decline in ground feeding- shrub nesters in DL3 was statistically insignificant (p=O.1I ) and heavily
influe nced hy the decline in numbers of lark buntings.
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Pinyon-Junipe r Birds

Ex clud ing swal lows , 4 1 species we re recorded (Appe nd ix C, Tables C5 and C6). Althou gh total
species count acro ss all sites declined from 39 to 34 between years, average spe cies richness per site
increased irom 15. 3 10 17.8 (p=~0.05) . To tal density increas ed from 256 .6 to 332 .6 pe r 100 ha (p~0.0 1) .

Sixteen spe cies co ntri buted I perce nt or mo re 10 total densi ty (Figures 23 and 24) , and together
accounte d for 94 to 95 percent of the total each yea r. Mockingb irds, Ian: sparrows , mo urning doves,
Be wic k 's wrens, and meadowlarks we re observed on all wood land sites each year , and co nstituted ever
70 percent of yearly lot us. Others contributed less than 5 percent 10 toral numbers, Onl y four species
increased markedly between years: the lark sparrow, the mcadc .vlark, the co wbird , and the titm ouse
(Figure 23 ). None declined substaruially.

The 26 species in seven gu ilds bo xed in Figure 25 accounted for over 95 perce nt o f to tal den si ty
each year (Appendix Co Tables C7 and C8) . Th e gro und-lowe r cano py guild, dominated by doves and
mo ckin gbirds, and the ground-g round guild, dominated hy meadowlarks and lark sparro ws, were most
abundan t overall (Figu res 26 and 27). The ground -ground and lower canopy-bole gu ilds increased
markedly in 1986. A few species tend ed to dominate indivi duals gu ild (Figure 30) .

Thirty-five species included in seven foraging guild bloc ks acco unted for 99 pe rcent of tota l densny
eac h year (Figure 28, and Appendix C, Tables C7 and C8). Ground foraging om nivores wi th 10 spec ies
cons tituted nearly 50 perc ent of yearly tot als, and we re substant iall y more abundant in 1986 (F igures 29
and 30). Ground glean ing insect ivore s and foliage fo raging omnivores were more abundant in 1986.
Again, relati vel y few species tended to dom inate individual guilds (Figure 30) .

Pinyo n-J uniper Ha bitat Ana lysis

Vegetatio n data for piny on-juniper sites arc prc serued in Appendix D (Table 0 2). PCA results are
illu strated in Table 3 and Figures 3 1A and 3 1B.

Fou r PC facto rs we re de rive d which accounted fo r 8 1 percent o f va riance in the ori ginal 10
variables . Factor I represents a tree density gradient accounting for over 35 percen t of vari ance in
vegetation measures. Tree dens ity tended to be inversel y related to small shrub and grass cover. Si tes
in the lime stone hill s, exceptin g sites o and II , scored highest on this PC, while sandstone sites scored
low (Figure 3 1A). Factor II is positively associa ted wi th large shru b cove r, but negatively rel ated 10 de ad
tree density. Limestone hills s ites ranged widely along this axis, whi le sandstone sites sco red above
average. Factor III is correlated with increas ing bare ground and decreasing grass cover. Factor IV
ca rre lales with forb co ver. There is fairly wide sc atte r alo ng each of these latter two axes (Fi gure 3 1B)
wi thout any clea r reg ional pattern. Each factor will be referred to as:

Faclor
I
II
III
IV
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Pinyon -J uniper Birds: Species Hab ita t Re lationships

Woodland bird species clus tered into seven groups (Figure 32). The lark sparrow. • species of sparse
wood land and edge. clustered ale-ne. Three other groups were labeled as Woodland I, II, and III for
reference below. Three other dusters exhibi ted little or no relationship to habita t variab les and were left
unla beled.

PC factors accounted for an average of 62.6 percent of density variat ion among the 17 species
exhi biting a significant multiple correl ation. Species substaruially below this avera ge (<5J percent) include
the mountain bluebird, the rufous-sided towhee. the common nighthawk . and the house finch. Tho se well
above avera ge (>70 percent) include the lark sparrow, tiewick 's wren , the brown-headed cowbird . th­
ash- throated flycatcher , and the weste rn meadowl ark. PC factors accounted for 62. 1 percent and 73.6
percent of variance in total density and species nchrcss respectively. TREE and LARG E SHRUB were
most important overall. entering multiple correlations in 11 and 12 cases respectively, as well as in the
cases of total density and species richness

La rk sparrows exh ibited a stron g negative assoc iation with TREE (Figure 33), while Woodland I
species demonstrated a consistent positive relationship (Figure 34). The positive response of lark sparrows
to LARGE SHR UB and nega tive association with BARE GRO lJJ','D also cont rast with trends among
Woodl and I species. Three species amon g the latter group exhibited a negative response to LARGE
SHRUB. while the mourning dove exhibited a positive response to BARE GROUND. Pinyon jays
exhibited a small negative associa tion with BARE GROUND. Forb cove r accounted for c. small poni on
of variation in numbers of Bewick's wren.

Woodland II sre cics were consistent in their negative associa tion with BARE GROUl'.'D (Figure 35).
LARGE SHRUB accoun ted for some pcrti on of variabi lity in density of all but western kingbirds. TREE
was positively related to densi ty of brown- headed cowb irds . ash-throated flycatchers, and western
kingbirds.

Woodland ill species appeared unaffected by tree density (Figu re 36), and were cons istent in their
negat ive assoc iation with LA RGE SHRUB. FORB cover accounted for substantial portions of density
vari ation in both meadowlarks and mockin gbirds. Meadowlarks exhibite d a small positi ve respon se to
BARE GROUND.

LARGF. SHR UB and FORB each accoun ted for a significant portion of variation in total density and
species richness o f pinyon-juniper birds- (Figure 37). Species richness was also strongly assoc iated with
TR EE.

Pinyon-Jun iper Birds: Response 10 Tact ica l Vehicl e Dist urbance

The percenta ge of terrain showing vehicle disturbance ranged from near zero In ove r 60 percent,
which included ca tegories DL I and DL2 (Tab le 4). Little of the observed disturbance resulted in loss of
trees or tree cover.

None of the species examined exhib ited a marked response to disturbance , although responses of
mountain blueb irds and house finches were nearl y significant (0.05<p<O.! 0). Many species showed

·,"tr. AI Pfister, Land MlUlsger. Env ironment and Natural Resources , FortCarson, CO.
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remarkably similar trends over the 2 years (Figures 38-42) , but densities of some of those species were
too low for meaningful analysis.

Species richness did show a significant disturbance response (Figure 43) but total density did not.
Responses were not sign ificant among any of the foraging or habltat zone guilds (Figures 44 and 45).
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6 DISCUSSIO N

Prairie Birds

Twenty-six bird species were observed over 2 yea" on 17 prairie and prairie /shrub sites. Spec ies
richness ranged from 3 to 15 species per plot with year ly averages of 6.1 and 7.4. Thi s is considerably
highe r than the range of 2 to 6.2 and the average of -1.3 reported for 19 shortgrass prairie sites by Wiens
and Dye r (Ref 76). Trees (sites 3 JI1d 37) or shrubs (especially site 19) present on seve ral of our sites
substantially enhanced spec ies richness.

Total species count declined from 23 to !9 between 1985 and 1986 due to the absence in 1086 of
several woodland or scrub species uncommon in prairie habitat that were presen t in 1985. Decline in
average species richne ss from 7,-lm 6.1 on the othe r hand was related to losses from several sites of three
grassland species: the gras shopper sparrow , Cassin's sparrow, and espec ially the laric bunting .

Total densit y ranged from 80 to 259 .5/100 ha, with yearly means of 168.8 and 180.8. These figures
fall within the range of 74.7 to 526.3 reported by WIens and Dyer (Ref 76) , altho ugh their average was
;!igher at 282.3. Cody (Ref 1-1) reponed an average of 200 birds per 100 ha. Shortgrass prairi e sites at
Fan Carson, CO had bird den sities of 60 to 80 lJirds/lOO ha (Ref 18, 68). The PC and PT prairie sites
at PO..IS were repo ned to have densities of 75 and 137 hirds/I OO ha respectiv ely in 1983 (Re f 17),
considerably lower than the 133 to 171.3 and 180.8 to 23-1 .5 birds/loo ha obse rved here . Varia tion in
habitat, methodology, and annual weathe r conditions, as well as diffe rences among observers contribute
to variability in reponed densi ty estimates.

Prairie Bird Guilds

Foraging guilds represent a functional vicw of the communi ty that relate species to available food
resou rces (Ref 16). Prairie sites were dominated by ground feeding JI1d ground nesting species (Figures
6,7,9, 10), typica l fer this strucrurally simple habita t type. Shrub nesters were more important in 1985
whcn lark buntings were present.

If food resources and associated substra te do not change, one would not antic ipate major changes in
associated foraging gui lds. We observed little chan ge in absolute and relative numbe rs among foraging
guilds betwee n years despite man-ed changes in density of several species (Figure 10). Thus, one year
of military training activity appears to have had little impac t on foraging guilds and under lying foraging
resources.

The habitat zone guilds used here arc similar to the guild blocks proposed by Shan and Burnham
(Ref 62), and the management guilds define d by Verne r as, ". . . a grcup of species that respond similarly
to a variety of changes likely to affect thei r environment." (Ref 73, p 3). Over time, changes in habit at
zone guilds should reflec t structural alte ration in hab itats invento ried. While the observed incre ase in the
ground-ground guild accompanied by declines in the ground-shrub guild (Figure 6) suggests a substantial
change in shrub cover betwee n years, it was attributable largely to shifts in abundance of lark buntings
and home d larks, JI1d was probably not related to habitat alteration, Local abundance of lark buntings
CJl1 vary considerably from year to year for reasons that are still not entirely clear (Ref 30). Homed larks,
on the other hand , increa sed simila rly in each disturbance level (Figure 19), as did the habitat and foraging
guilds of which it is a member (Figure 22): hom ed larks may have expanded in response to a decline in
lark buntings. Overall vari ation at the level of management guilds in this case is misleading.
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Species Habitat Relationships

Species richne ss was most strongly corre lated with vertical habitat comple xity, Additio n of trees
and large shrubs had a marked positive effect by providing addition al foraging and nesting opportunities.
However, smal l shrub and yucca cover had no appare nt impact on species richness.

Total de nsity was positively influenced by large shrub cove r and vegetati on volume. Thi s is not
surpris ing given that these had positive impac ts on several individual species. The relatively low total
variance explained by LARGE SHRUB/CHOLLA and VEG VOL (4 1.6 pe.c em) was due to a negative
trend exh ibited by the abundant homed lark that offset a positive trend among several other species .

Wood Ian!' Species. Presence of woodland and woodland edge birds on prairie sites reflects the added
structura l complexity o f trees , shrubs. and arbore sce nt cacti. S;"s 3 and 37. with trees. and site 19.
abunda nt in tall brcadlcavcd shrubs. harbored most of these -pec ics.

Lark sparrows were the mos t numerous and freq uently encountered specks in this group. Densities
were highe r than on many woodland sites. consistent with their preference for savannah-like condi tions
(Ref 30). Scattered trees. cholla cactus. and othe r large shrubs appear to increase their numbers (Ref 77).

Although mourning doves are not common on shortgrass prairie (Ref 75). they do occu r and have
been known to nest in ope n grassland far from tree cove r (Ref 1,30) . Doves were present on many site,
but were sparse (Figure 4) and proba bly did not nest except possib ly on sites 3 and 19. Laurion (Ref 36)
observe d dove nests 01> only 2 of 10 prairie si tes studied at PC,IS--a cholla-san d prairie and a yucca ­
juni per prairie.

Mockingbirds are even more restricted to woodlands than doves (Ref 30). Here they were abundant
only on sitcx with tree or broadlcavcd shrub cover--3 .19. and 37. Most observations were of individual,
singing from the top of junipers or tall shrubs.

T rees were the most impo rtant factor influencing western kingbirds. altho ugh they are also know n
to nest in tall shrubs and yuccas (Ref 30). None theless . both the western and Cassin' s kingbird were
abundant on site 17, which lacked trees and had lit tle large shrub cove r. This site appears :0 have been
a productive forag ing location as evidenced by freque nt kingbird signtings there . Kingbirds are known
to l1y some distance from thei r nesting areas to feed (Re f 28), and commonly use J WIde variet y oi
perches (Ref 69).

Shrub Species. Brewer's sparrow and loggerhead shrike were most abundant on site 19. with its
abundant broadl cavcd shrub cover. Both were also present each year on site S. one of two other sites to
have a substantial cover of broad -leaved shrubs (Table D\). Both species probabl y nested on site 19.

Othe rs have reponed a negative relationship between num bers of loggerhead shrikes and Brewe r's
sparrows (Ref 77). Reyno lds (Ref 48) has suggested that shrikes may nega tively influence popu lations
of Brewe r's and other sparrows by di rect predation. The clustering of these two species suggests th, t
habita t father than predatio n was mo st lim iting to Brewer 's sparrow.

Brewer 's sparrow is commonly associated with shrub-steppe habitat o f the Grea t Basin (Ref 53 ,76).
In the sbortgrass prairie region it is a good ir.dicator o f broadlcaved shrub cover. Al PCMS there are
several areas similar to site 191hat probab ly harbor this species. Althoug h many of these sites occur ncar
drair.agc areas. the speci es is not dependent upon free water (Ref 46). Laurion (Re f 36) reported that
loggerhead shrikes are comm on residents in all habita t types on PCMS.
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We stern Meadow larks also fell into the Shrub group (Fi gure 12) owing to their high densit y on site
19 with its ab und ant shrub cov er. Ho wever, meadowlarks are much more broadly distributed than the
other Shrub greup species and arc for convenience treated alo ng with the Gra ssland Species .

G rasslan d Species, This is a diverse group in terms of indi vidual responses to habitat (F igure 15).
We stern me adowlark s and gra sshopper sparrows were similar in thei r po sit ive association with VEG VOL
and negative respo nse 10 YUCC AlS:-'IALL SHRUB. Homed larks and water pip its , on the other hand,
we re both negative ly relate d to VEG VOL. Homed larks we re also un ique in their negative association
with tall vegetati on . Lark buntings and Cassin '; sp arro w were simila r in that neither exhibited particu larly
strong associatio ns with the habitat variables .

Dense grass cover generally is conside red to be a cri tical factor infl uencing meadowlark numbers
(Re f 19 , 30 , 77 ). High densi ty o f me adowlarks in sh rub habita t at site 19 , "here grass cover was at its
lowest (33 pe rcent) contra d ic ts L~i> notio n. Althou gh so me minimu m gra ss cove r is required for nest ing
and foraging. dat a su ggest that meadowlark numbers may be mo re strong ly related to total volume of
vege tation rather than grass co ve r alone. Bivaria te correlation analysis revealed a co rre latio n with AVHlT
(r=0 .50, 0 .0 1<pSO.05) . but not grass co ve r, and VEG VOL had a small but sign ifican t influence on
meadowlark num be rs. Also . taller vegetation , whi ch adds 10 vegetati on volume and is o ften used as a
singing perch by rneado-vl arks, probably is important . Judging from the ir negative association with
YUCCA/S:'>lALL S HRUB, th is cover appears unattractive 10 meado wlarks. Reasons fo r thi s are uncl ea r.

Water p ipits also showed a negative response 10 Yl'CCNS:, IALL S HRUB. They avoided deep grass
cover, preferring are as dominated by blue grarna. Water pipi ts do no t breed on PCMS, and occu r as
migrants in low num bers. They mo re comm onl y breed in montr••~ ~r.Js sl anJ tJ the we st (R ef 13. 72, 76).

Horned larks are com moo in sho rt grasslands (R ef 30) and tolerate various disturbanc-s (Ref 10, 36)
incl ud ing tac tical vehicle impacts (Ref 19 . 32,56). At PC.\IS they avoided dcep dense grass and shru b
and tree cove r. and preferred areas dominated hy sh :,~ grasses: other stud ies ag ree (Ref 10, 2 I. 32. 53,
75 ). In ccntras t to rncado wlarks . homed lalk; place therr nes.s in small grass clumps surrounded by ba re
areas (Ref 7 1): they do not require su bsta ntial gro und co ve r, nor do the y usc elevated pe rches for singing.

Grasshop per sparro ws clearly are associated with deep grass cove r (sec also Re f 10, 53, 75). When
they did occur on sites domi nated by short grasses (7 , 38, PTI, PT2). they were recorded with in iso lated
pat ches of medium grasses such as whcatgrass and gallcta grass . Th e grass hoppe r sparro w responds to
chang es in grass cover (Re f 74), indicates low g razing pressure (Ref 10), and is negati vely correlated with
bare ground (Re f 53).

Although no PC facto rs e xplained vari ation in Cassin' s sparrow dens ities at least so me emergent
ve getat ion such as chol la, yucca, or broadlcav cd shrub cover appears to be important (Ref 29 ). This
species consistently used large shrubs as takeo ff points for ni gh t so ngs , a critical aspe ct of terri torial
advertisement (R ef 82) . A lso, ia both yea rs, this spec ies W'L' ra re on sites with little or no such cover
(sites 7, 13, and 29) . A preference lor moderate shrub co ver may ex plain the lack of significan t
co rrelatio ns. Muluple co rre lation ana lysis assume; that therc will be a line ar response to habitat variables.
When a spec ies exhi bits preferences for intcrrncdiatc values, a curvilinear response tha t goe s undetected
appears (Rc f 44 ). That is . a spe cies may incre ase in de ns ity in response to an inc reas ing vari able, but only
up to a certain po int where de nsity leve ls off o r declines. Th e linear co rrelation model used here docs
no t det ec t such a response.

LarX bunt ings appea r to tolerate a ran ge of habitats, but avoid gra ssland with trees . While bun tings
oft en are abundant on sho rtg rass prairie , local abundance varie s considerably from yea r to yea r (Ref 30) .
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Response to Disturbance

Spec ies richness was not significantly affected by disturbance (Figure 10=9). Although, after
disregarding lark bunting s, there was a tendency toward marked variability among DLs (p=-0.06), the
pattern was not indica tive of a negative response to disturbance: DL2 increased in richness, while both
DLl ant. DL3 declined. Of these two, the decrease in DLl was related primari ly to net loss of several
woodland specks not typically associated with prairies, while in DL3 the decrease was mainly in the
grasshoppe r and Cassin 's sparrows (sec below) which appear to be sensitive to disturban ce.

.After lark buntings were removed from site totals, total density appeared unaffected by disturbance .
Studies in prairie habitat at Fort Carson, CO and Fort Lewis. WA also revealed little difference in total
density of grassland bird species between disturbed and undisturbed sites (Ref 18, 56).

Foraging and habitat zone guilds showed no marked response to disturb ance (Figures 21 and 22).
A possible negative response to disturbance among ground foraging omnivores and the ground-shru b guild
was due to the influence of lark buntings , A similar tendency 3I00ng ground gleaning i~sectivores,

dominated by meadowlarks and Cassin 's sparrows, Vias suggestive but not statistically signifi cant,

The Woodland cluster of species occupying prairie sites showed r.o detectable response to
disturbance (Figure 17). Significant loss of woody cover will have a negative impact on the use of prairie
sites by these specie s in the future, but none of these represent a critical habitat for them. Each c-x:cies
is commonly associated with woodland habitat , and appears to be tolerant of a wide range of .iabitat
conditions. Among these, lark sparrows may respond positively to a certain degree of disturber e (Ref
10,18).

Neither Brewer's sparrow nor loggerhead shrike were abundant enough to identify their espouse
to distu rbance, Howev er, substantial loss of broadlcaved shrub cove r within the riparian shrub h ~ ·,itat type
occupied oy these species will likely be detrimenta l. Limits of tolerance of each to disturbanre remain
to be csract.sbec.

Brewer 's sparrow is sensit ive to alterations in shrub cove r (Ref 32. 78). In central ~Ion tana. Best
(Ref 8) found that these sparrows tolerated a 50 percent reduction in foliage cover one year after herbicide
applicatio n, but Brewer ' s sparrow declined appreciably on an area in which foliage cover was totally
eliminated. Individuals shifted food resources to compensate for loss for foraging substrate, and nested
deeper in larger shrubs to compen sate for loss of foliar cover.

After I year of training activity. meadowla rks did not exhibit a marked response to disturbance.
Howeve r, this species may respond negatively in the long run if habitat conditions arc significantly
degraded (Ref 19, 32). Given its widespread distribution ard abundance on PC~IS , meadowlark s should
prove useful as an indicator of changing range conditions.

Homed larks appea red unaffected by vehicular damage. Other data agree with this (Ref 3: ) or
sugges t a positive response (Ref i9).

Only the grasshopper sparrow showed a clea r negative response to disturbance, apparently as a result
of tracked vehicles mattin g down its preferred cove r of medium grasses, Although this makes the
grasshopper sparrow a useful dama ge indicator, its restricted distribution and abundanc e. and potentially
large annual fluctuations in breeding densities (Ref 1,30,63) limit its utility.
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Overall . Cassin 's sparrow did no t show a clear d istu rbance response. However.z closer exami nation
of six site s wi th subs tan tial shru b co ver suggests tha t this spe cies may be responsive to tactical vehicle
d istu rbance. Dens ity incre..scd an average of 2.7f20 ha on three relativel y undis turbed shrub sites (3. 19.
and 12) bu t declined 3.3f20 ha on three highly disturbed shrub sites 18. 10. and 15) . Nonethel ess. its
utility as an ind icator speci es is hampered by its norm ally large annual va riat ion in numbe rs.

Pinyon-Jun iper Bir ds

Species richness of pinyon-juniper birds ranged from 9 to 19 in 1985 and 12 to 24 in 1986. well
within the range reported in othe r studies (Ref2.r1 .18,3li.6S). The 16 percent incre ase in mean richness
be tween years ( 15.3 to 17.8) is not abnormal (Rc f 68) . and is related to increased sam pling effort in 1986.

S ites in the main po rtion o f L1e Lime stone Ridges and Hills (2.20 .28 .P1S. and P1N) tende d to have
the highest speci es numbers in each year (means of 18 and 22 in 1985 and 1986). Sites in the Sandstone
Can yon and Breaks (36 .39.and J5) tended to have fewe r species (means of 10.7 and 13.7). Isolated stands
of pinyon-juni per woodland in the limesto ne lulls (6.1 1.and 2 1) exhibited inte rmed iate numbe rs (means
of 17 and 15.3). Laurion (Re f 36) repo ned sim ilar speci es richness ( 17 [0 19) on sites in the main portion
of the limestone hill s but o bserved 18 species in each o i two si tes in the sandstone region . whic h suggests
tha t this area is no t species -poo r throu ghou t.

Total densi ty in pinyon-juniper woodlands may vary greatly both annua lly and geog raphical ly . due
to variation in habitat. annual precipitation, winter weather, and pinyon pine cone productio n (Re f
2 .18.43.68) . Different o bse rvers and method ologies also contribute . The .10 percent increase in mean total
density between years ma y result from one or more of these factors, and the lar ger 1986 sampling effort.

Total den sit y on the 12 woodland sites ranged from 19 \ to 323/100 ha in 1985. and from 190 10
404 in 1986. This compares with a range of 433 to 605/1 00 ha on five PC,IS si tes reponed on by
Lau rion (Ref 30). allJ a range of 124 to 177/100 ha on two PC~jS si' es reported on by lJie rsing and
Scvcringbau s (Re f 17). TI,e lat te r lig" ". , were 00tJ!Oed in the same area as our P.lS and Pl sites, " her':
an overall average of 274 hirds/1 00 ha was obscr ..cd.

woodland Bird Guilds

As expected. guil d struc tu re in wood land S It~ S was more complex than o n prairie sites, Nonetheless,
ground feeding species dominated in woodland sites as well as in prai rie (F igure s 26 .27 .29 . and 30).

Inc rease in abundance o f th ree of th~ fo raging gu ilds was proport ionate to the increase in 100al
density, so that relative densities were similar through both years, This suggests little shift in the
und erlying food resource base be twee n years . T wo habitat lone guilds increased si gni ficantly between
ycars-v ground-ground and lowe r canopy-bole guilds . Ho wever. the re were no dramatic eve-all changes
in relative density o f habitat zone guilds,

Species Habitat Rela tionship s

Tree density was found to be an impo na nt fJCIO r in fluenc ing avian species ri chness in pinyon­
juniper wood land. Masters (re f 41 ) repo rted a co rrelation between tot al bi rd densit y and pinyon pine
densi ty (in Ref 2) :ha t was also nearly significan t here as well (r~0.55.p=0.07 ).
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It appears tha t LARGE SHRUB and spe cies richn ess are negativel y associated due L' a strong
correlation between richness and de ad tree density (r=0.87p~0.001) which loaded negativel y on this facto r
(T able 3). Richness showed no correlation with la rge shrub measures. which loaded pos itively on this
factor.

Total avian densi ty was unrelated to TREE. Although 10 to 22 species were positiv ely related to
this factor, there was a strong negative association be twee n abun dan t lark Sp.llTOWS and TREE. In
co ntras t, Masters (Re f 41 ) found to tal bird de nsity to be correlated with pin yon pine density in a year
fol lowi ng a large cone crop (i:1 Ref 2).

A negative association wun LARG E S HRUB acco unted for over 50 percent of variation in total
dens ity among sites in 1985. Eleven of 22 spe cies exhibited a similar negative association, and only the
lar k sparrow exhibited a pos itive , though rela tively weak , response.

Sparse Woodland. Lark sparrows "ere the so le member of this group. They were unique in their
strong negat ive associa tion ..... ith tree de nsity , in agreement with known habitat preferences of the spe cies
(Rei 30) and with results of other studies (Re f 17). They were mos t abundant on the three sandstone sites
wi th densities simila r to those reponed by Lauri on (Ref 36) (98 to 139/100 ha vs . 92 .5 to 105/100 hal .
l ark spa rro ws clearly tole rate a wide I ange of ha bita t conditions, and gene rall y inc rease in numbe rs with
a dec line in tree dons il l'. Th is species tolerates bare ground if there is somc ground cover available for
nesting.

Woodland I. Althoug h they did not respond en tirely alik e, these seven species were most strongly
associated with TREE. Nest ing requirements seem 10 underlie this relaucnship. Two species are cavit y
neste rs , while all the rest (except ru fous-sided towhees) typically nest in foliage. Bewick's wre n is
someti mes a foliage gleaning insectivore whi ch may further attract it to mere woo ded sites. LARGE
S HRlJ B had a small but significan t acgative impact on the density of several of these species..scrub jay,
Bewicks wren, and the mourning dove.

A strong rela tionship bet wee n pinyon jays and pinyon pine is ex pected , as this bird is behaviorally
and physiologically c epc ndcn i upo n this tree species (Ref 37) . The extent and timing of reproductive
activ ity in pinyo n jays is linked with periodical ly abundant cone supply. In years of low cone prod uction
these Jay s wander widely in search of food , and are attracte d to individual piny on trees .

•\louming do ves associated posi tive ly wi th TREE in pinyon-junipe r woodland and the TREE/FORB
in prairie habita t. However. while dov es respond negati vely to l ARGE SHRUB in woodlands, they
respond posi tively to lARG E S HR UB/C HO l l,.\ in the prairie. On the prairie , doves we re probably
limited by av ailability of woody cover, and responded positively to the presence of large sh rubs .

Scrub jays and rufous-s ided towhees prefer areas with dense cover (Ref 4, 7). Abun dance o f low.
growth in de nse pinyo n-junipe r woodlands apparen tly satis fies this need at PC:-IS. Dicrsin g and
Scvc ringhaus (Ref !7, I ~ ) obse rved scrub ja ys only on IWO c f the four sites with the grea ter tree den sity
at bo th Fort Ca rson and PC:- IS. A similar tre",! was obse rved in towhees a; PCMS but no t at 1'011
Ca rson.

Chipping sparro ws typicall y are associated with areas o f sca ttered trees with open her bac eous ground
cove r thOI is good for fora ging (Re f 7,30). Th is wou ld not sugg est a pos itive relationshi p wi th TREE.
Nonethele ss, in both yean; th is sparrow was restricted to sites in the main portion of the limestone hills.
ch aracteri zed by high den sities of piny ons and junipers. It was absent from both thc san ds tone and
pinyon -juni pe r i, lapd si les (6 ,11, and 21) . While l auri on (Ref 36) did find the m abundant on his ("" '0
san ds tone sites , he diJ no t provide tree dens ity da ta,
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Woodl and II. The ccnrlstem negative respo nse to bare ground among the five species of this group
is no t easily explained . Although ash-throated flycat chers sometimes glean insec ts from the ground (Re f
35), cowbirds we re the only othe r impo rtant grounu feeder . None arc gro und nesters, and all these species
show a negative respon se to large shrub cove r. Three of the speci es exhibit a positive response to TREE,
espe cially the ash-th roated flycatcher.

Cassin' s and western kingbirds were observed on most study sites ove r the 2 years , and were
similarly di stributed among sites , This was not anticip ated given the likeli hood of competitive interaction
betw een these two species. In the Trans-Pecos o f Texas, Ohlendorf (Ref 45 ) found them segregated by
elevation, based on di fferent habit at pre ferences. Western kingbirds we re more common in des ert scrub
and farm land below 4000 feet , while Cassin', dominated in grasslan d and ripari an si tuations abo ve this
elevation. Hcspenhcidc (Ref 28) found CasS Il1 ' ~ to pre fer nesting in ripari an habitat and othe r areas with
tall trees. The western also used tall trees , hut exhibited a greater tole rance for shru bs and yuccas. In
co ntras t, here we found that western kingbirds were more strongly associated with tree density than
Cassin's. A bet ter unde rstan ding of the relation ships amon g kingbi rds at PC.\IS will require more study.

The ash-throated flycatcher was similar to membe rs of inc Woodland I group in its strong positive
relationship with TREE and negati ve association with LA RGE SH RUB. This is rela ted to its usc o f tree
cav ities for nesting and low er canopy foliage for foraging,

The broad-tailed humm ingbird rarely appeared on the sites. It is more characteri stic of the highe r
elev ation ponderosa pine fore st (R d I),

Wood land Il l. Each of the four speci es in this grou p responded negatively to LARGE SHRU B.
Each was more abundant on the pinyon-juniper island si tes (6, I I , and 21) than on other pinyon-juniper
sites , and each appeared to be indi fferent to tree density. Lau rion (Ref 36) also found nighthawks and
house finches to be most common at a pinyon-j uniper island sue,

Mockingbirds were the most uniformly abundant species encountered . Laun cn (Ref 36) found them
to be relative ly common on his sandstone break sites, A large pc nion o f variation in densit y of this
species also was accounted for by FOr.B for unk nown reasons.

Western meadowl arks typically are associated with prairie and prairie/shrub hab itat. Among the
woodland sites in this study , they were least abundant in areas with uniformly den se tree cove r (P1S and
PJN) and on the sand sto ne sites, and frequently were observed singing from conspicuous tree perches near
large, treele ss , grass covered ope nings, A negative association with LA RGE SHRUB contrasts wi th its
pos itive response to LARGE S HRUB/CHOLLA in the prairie . Apparently, the presence of 13.11 vegetation
enhances the suitability of snc rtgra ss prairie for this species. Trees adjacen t to grassy patches within
wood land acco mplish the same end; large shrubs are not cri tical. The unexpected large portion of
variation in meadowlark density expl ained by FORB is inexplicable.

House f,nchcs arc a highly adaptable species usually not found far from water (Re f 7), However,
water doc s not appe ar to be a critical factor in its selection of nesting areas at PC,\1S. Most cattle tanks
were more than a mile from the three pinyon-juniper island si tes where these finches were most abun dant.

Common nighthawk s nest on the groui.d in J variety of locations. This species prefers barren areas
o f rock, grave l. or soil unobstructed by shrubbe ry (Re f 5). Avoidance of shrubby areas may explain a
nega tive response to large shrub cove r, In 1985, nighiha» ks we re mos t abundant on sites 6 and I I,
ne ither o f whic h were gravel ly. In 1986 , the nighthawk was even moo: abundant on site 39, a site with
sandstone outcrops.
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Response to Disturbance

Results from seve ral woodland types (Ref 18. 59. 61) show that tactical vehicle disturbance docs
cause a reductio n in species richness in pinyon-juniper woodland as was observed here . However.
individual species. gu ilds . and total densit y showed no negative response to disturbance . Thi s was
prob ably related to the fact that the considerable ground damage at man y sites had lillie effec t on tree
cove r. Nearly signifi can t negative responses in mountain biucbirds and house finches. however. are
noteworthy. Total biomass, anothe r measure of abundance. often decline s in respon se to training activity
in woodland habitat (Re f 18. 57) . Woodland species that appear to respond positively to tactical vehicle
disturbance elsewhere include mourn ing dove. rufous-sided towh ee, no rthern mock ingbird. and chipping
sparrow (Re f 57) . Lon ger term data and a larger sample size are needed to furtncr document training
impacts on the pinyon-ju niper avifauna at PC:>lS.

Sp ecia l Interest Species

Among the species observed in the present stud, . the following have been identified as species of
special concern in Colorado : Lewis' woodpecker. the solitary vireo. the brown-headed cowbird. the
loggerhead shrike. the common nighthawk. the mount ain bluebird (Ref 8 1). and the grasshopper sparro ...:

Based on known habitat preferences. PC:>IS training areas do not provide important habitat for
Lew is ' woodpecke r or the solitary vireo . Neithe r was observed on more than one site each ove r the two
years.

Cowbirds. on the othe r hand . were observed on all twelve wood land sites over ;he course of the
study, They are brood ' parasites tha t lay thei r eggs in the nests of othe r species. some times subs tantial ly
reducing the nestin g success of host species (Ref 42). Most import antly, the species has inc reased in
recent years, espec ially in the central United States (Ref 11,51,54). and has responded positively to cattle
grat.;nJ (Ref 6) and forest fragmc-ua t.on . Initi aling a graz ing prog ram at PC:>lS along with fragmenting
the: woodlands by training activity will increase this species wi th possible negative impacts on the
rcpro.luctive succes s of host species . Warblers and vireos. many of whic h breed in canyon areas en
:' C:-'IS (Ref 36) . are of part icular conce rn in this regard,

The loggerh ead shrike has declined throu ghout its range (Ref 5 1). Although inconsi sten t in its site
occ upation from year to year in this study. Lauri on (Ref 36) reponed it as a common yea r-round resident
in all habitats on PC:-' IS. It is currently listed as a Category 2 species by the U.S. Fish and Wildli fe
Service. and is on the Audubon Blue List (Ref 67); the re is a need for furthe r study and evalu ation for
listing as threatened or end angered .

Althou gh populations of common nightha wks appear 10 have been stable duri ng the pas t dec ade (Ref
51) , recent trends have caused it to be included en the Audubon Blue List (Ref 67),

Mountai n bluebi rds arc reported ly a common winte r resident and like ly breed er in all wood land
habitats on PC:>IS (Ref 13. 36) . Altho ugh the breeding bird census (Re f 5 1) indicates a significant
increase in the Colorado popu latio n between 1965 and 1979. the Colorado Nonga me Advisory Council
has noted a population decline au tributable to loss of cavi ty nesting sites (Ref 81).

1o.1t. G""TY Miller, Colorado Division of Wildlife. Colorado Springs, CO.
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Grasshopper sparrows are considered unusual breeders in this region (Ref 13). They have registered
significant declines throughout thei r range in recent years (Ref 51) and are currently on the Audubon Blue
Lis' (Ref 67). Range improvement techniq ues that encoura ge growth of either wheatgrass or galleta grass
on PC~IS areas will be of benefit.
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7 CO;-i CL USIONS AND RECO:\I :\IENDATIO;-i S

Species Habitat Rela tion sh ips

The 29 PC:vIS sites inventoried range widely in local ity and habiu.. .iditions, and exhibit a varied
abundance and diversity of bird species . Principal component analysis is an effective technique for
describing the gradient in habitat conditions among these sites. and the resulting PC factors meet the
statistica l assump tion of independence critical 10 subsequent multiple correlation analysis. Although a
direct causal relationship between bird species abundance and richness. and specific habitat features cannot
be assumed. multiple correlation analysis between bird species and PC factors helps 10 delineate the
relationships bet ween species and their habit at, and provi des useful insight into the habitat features most
importa nt to prairie and pinyon-junipe r bird species.

Pra irie Birds

The presence of trees. shrubs . arborescent cacti . and medium grass cover provide foraging and
nesting opportuni ties that enhance species richness in an otherwise species-poor shc rtgrass prairie bird
ccrnrnunuy. Declines in emergent weedy vegetation and cover of medium grass from tactical vehicle
training activity ukely will lead to J reduction in species richness.

Abundan ce of the Woodland species on prairie sites also is enhanced by the presence of trees,
shrubs. "" J cholla cactus, Although scattered woodv vegeta tion on the prairie is not critical 10 the
populations of these species. trees, al least. may be an important resource for raptors ,

The saltbush-grcascwood habitat at site 19 was unique in its high bird species richness and total
density . and presence of Brewer's sparrows. The loggerhead shrike also was attracted to this site. This
riparian habitat with its abundant broadleaved shrub cover harbors a unique wildlife and floristic
community ~ :':' t warrants funt-cr study and spccir l consideration for protective measures.

Among :he Grassland species. tl l" western meadowlark and the grasshopper sparrow are positively.
and (he horned IJrk is negati vely influe nced by the volume of ve getat ion on prairie sites. Grass cover
GOe, affect the grasshoppe r sparrow and the hom..d lark. and grass cover and shrub cover are important
10 the meadowla rk. While the lark bunting avoids savannah-like areas. Cassin's sparrow appears
unresponsive to measured habit2. l features. BOL'1 may require shrub cover.

Tr airung activity is likely 10 have a considerable impact on cholla grassland bird communities.
Chollu grasslam; cove rs a substantial poruon of PC~I S , particularly in Management Unit B; species
richness, total density, and several individua l species were assoc iated with LA~GE SHRUB/CH OLLA.
Meadowlarks and lark sparrows arc the species mOSI likely to be negatively affected by loss of cholla,
Homed larks will eithe r benefi t or remain indifferent 10 such disturbance.

Pinyon-Junipe r Birds

Woodlands provide a greater diversity of feeding and nesting opportunities than do prairie sites.
As J consequence. pinyon-jun iper woodlands hJVChigher species richness and total density. and a more
complex guild structure than prairie sites.

Tree densi ty is a critical factor affecting the pinyon-juniper woodland bird community, Species
ricnncss and the abundance of II bird species in pinyon-juniper woocland s are related 10 tree densi ty.
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Total biro density, however, is not related to tree density because of the opposing responses of several
abundant species; the lark sparrow responded negatively, while the 10 other species responded positively
to tree density. A large decline in tree cover and density due to tactical vehicle training will significantly
alter the PCMS pinyon-juniper t-iro community. As individual species densities showed different
sensi tivities to gradients in 'tree densi ty among the study sites, it is expected that each will exhibi t a similar
range in sensitivity to changes in tree density and cover resulting from tactical vehi . le damage.

Several woodl and species showed no correlation with the habitat features measured : the brown
towhee, the plain titmou se , the black-headed grosbeak, the loggerhead shrike , and the gray flycatch er. A
larger sample of sites and measurement of additional habitat features may be necessary to shed additional
light on the habita t relationships of these species.

Response to Disturbance

Among the 12 prairie and 23 pinyon-juniper biro species analyzed, only the grasshopper sparrow in
prai rie habita t showed a clear negative response to tracked vehicle disturbance. Neither guilds nor total
density appeared to respond to disturbance in either habitat. Species richness did decline with dis:urbance
in the wood lands, but did not clearly do so in the prairie.

Most prairi e and woodland species showed little response to disturbance for several reasons. First,
in woodlands, there was little obvious loss of trees or tree cove r among the sites studied . Most tracks
were confined to the interspaces between trees. Second, extent of vehicle tracking is only a rough
indicato r of the extent o f dam age in any particular area, Actual damage to soils and vegetation will vary
depending upon SOIls, vegetation type, weather conditions, and vehicle maneuvers . Third, there can be
a lag time in the response of wildlife to disturbance. Individuals that have bred successfully in the past
on a given site may return to the same or nearby sites in future years despite changes in habitat conditio ns.
The refore , it may be seve ral years before clear trends arc seen. Finally, species vary in their ability to
adap t to chan ges in their accustomed habitat. Regular monitoring will be required to detec t responses of
pel-Is bird populations to disturbance from military training.

Wildlife·B ased Indicato rs of Habit a t Cond itions

Prairie Birds

Extent and quality of ground cover is an important feature affecting the prairie biro community and
has an impo rtant bearing on the trafficabilit y of training lands: loss of perennial cover may reduce the
ability of lands to suppo rt tactical vehicle maneuvers . Three grassland species may be useful indicators
of changing ground cover conditions . Although restricted in distribution, grasshoppe r sparrows are a good
indicator of deep grass conditions provided by galleta and whcatgrass, since they are sensitive to loss of
these vegetation components. The more common western meadowlark is less sensi tive but should also
respond negatively to declining range conditions in the long run. Homed larks, on the othe r hand, are
expec ted to increase with or remain indifferent lD Joss of ground cover. Brewer 's sparrow is a good
indicato r uf shrub-prairie habitat at PC~1S .

The lark bunting and Cassin 's sparrow are poor choices as indicator species. Neither species is
close ly tied to speci fic habita t features although presence of some shrub cove r may be important. Lark
bunting numbers vary ann ually regardless of habitat conditions, and Cassin's sparro w numbe rs vary from
year to year on individual sites.
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Species richness can be a useful gross indicator of site condi tions in the prairi e. Although speci es
richness did not respond to I year of train ing activity, the assoc iation between speci es richness and
emergent woody vegetation sugge sts tha t loss of shrub and cholla cactus ro ver over time will lead to a
decline in bird species richness. Also , the grasshopper sparrow and Cassin's sparro w tended to disappear
from heavily distu rbed prairie sites.

Total den sity is no t a goo d indicator of range conditions because of differing responses of indiv idual
species tha t tend to offse t one another.

Pinyon-Juniper Woodland Birds

Loss of tree cover will negativel y affect the training mission in the long run by reducing tactical
concealment resources , espec ially in the sem i-arid west where trees recover and grow slowly, requiring
60 to 100 years 10 reach a heigh: (3 m) sufficien; to provide substan tial concealment cove r (Ref 20) .

Species tha t rely most heavily on trees for foraging and nesting arc most likely to respond to
alterat ions in tree density, composition and cove r. Among speci es that did respond positively to tree
density. Bewi ck's wren and the ash-throated flycatche r arc cavity nesters that glean insects from tree
:ol iage much c f the time . Both appear to be good indicato r spec ies as each is abundant and widely
distribu ted in !t,c limestone hills area, and each is posit ively related to tree dens ity. Cavity nesters and
foliage gleane rs may also prove to be useful indica tors. Lark sparrows, on the other hand, increase in
numbers with decrea sing tree densi ty.

Two other potential disturbance indicators are moun tain bluebirds and house finches. each of whic h
demonstrated a near ly significant negative response to disturbance. Bluebirds appear suited due 10 their
cav ity nestin g and insect ivorous habits, but are of limited usefu lness due to restricted distribution and
abundance. House finche s, on the other hand, exhibit a broad pattern of habitat use that diminishes thei r
value as an indicator species .

Moc kingbirds and mourning doves are abundant. but their numbers are insensitive to all but drama tic
habitat change s, These two species, along with the rufous-sided towhee, often respond positively to
tactical vehicle disturbance .

Pinyo n jay populations are indicative of the state of the pinyon pine cone producti on, and are
expected to respond negativel y to extensive loss or pinyo n trees , However, mon itorin g populatio ns of this
species will requ ire a strategy di fferent from that com monly employed in such studies. Because they are
colon ial nesters and fora ge over a large area in flocks, their population should be monitored on an
installation-wide rather than site specific bas is. Sc rub j ays also may respond to loss of pinyon mast as
they make considerable use of this resource as wel l.

Spec ies richness is a good gene ral indicator or distur bance in pinyon-juniper wood lands. Tot al
dens ity is not a good indicator because differing responses of individual species do offset one anothe r.

Guilds

As constructed here. guilds arc not a good disturbance indicator. Guilds are tess sensi tive than
spec ies to minor disturbances when responses among species within individual guilds di ffer. However .
in the long run. the guild approach may prove useful in determining the underlying cau ses of dram atic
changes in wildlife community patte rns resulting from major disturbances.
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Recommendation s

1. Futu re work in assessing the impacts of tactical veh icle maneuvers on nongame birds at PCMS
should emphasize rapid assessment metho ds that broadly cover the installation on a regular basis to show
whe ther cha nging range condi tions caused by patterns of disturbance over time correla te with changes in
wild life distribution. abundance. and divers ity,

2. The wildlife-based indica tors of habita: cond itions identified above sho uld be monitored to assess
the impac t of training activities on the environment and on the PC~IS bi rd comm unity.

3. Selection of study sites must prov ide for an adequate number of cont rol sites in areas least likely
to be impacted by training activ ity to provide points of reference for assessmen t of ua ining impacts.

4. Habitat degradation should be miti gated to the extent compatible with the Arm y 's mission by
managing species and habi tats o f speci al concern (c.g.. by providing nest boxes for mountain bluebi rds).
Other taxa in addition to brrds should be similarly considered.
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Table I

PCA of Pra ir ie Study Si tes Based on Hab ita t Var ia bles

PC Habitat Fac tor s

11 111 IV V

Eigenvalue 4.73 3.05 3.47 1.88 1.60
'::0 \ ';lri3ncc 23. 10 17.90 : 0.40 11.10 9.40
Cumulative 'lot 28.10 41i.00 66.40 77.50 86.90

H2 0.94
AVHGT 0.89
AVHIT C.g5
113 0.85
~kd ium grass 0.77
A V~IA;'; 0.54 u.76
Short grass ·0.83
Bare ground ·0.57 0.7 1

HI ·0.90
G r3 SS ·0.26
Brcadlcavcd 0.65

LJ r~c shruo 0.94
114 0.34
Ci,:('IIJ 0.78

Tree 0.87
Furb 0.70

Y UCCJ 0.85
SmJII ,hlUh 0.78

Onl; 'l ~f'.lfi l Jn t f..ldnr IIl",tml:' arC! \ ho.... n Ip sU 05 ). I 1

'1.1 t



Table 2

Distu rba nce Due to T racke d Vehicle Activity on l "
Prairie Sites in 1986

Distu r bance Level

DLi DU DL3
Si te Percen t Si te Perce nt Site Percent

- --_ .

3 6 ., 12 19.2 7 42.8
7 5.6 J] 78.4 8 55.8
19 9.2 29 22.9 10 35. 6
37 6.4 35 21.2 15 ~O. 5

PC I 0.5 38 27.6 PTI 46. 1
PO 00 PT2 30 .3

vlcan 4.7 23.8 41. 9

9·1

(

I
I

. ~ I. I



Oniy :;igruficant Iactc r lo ading5 are shown: <p50.05).
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Site

: 6
28
30
39
P1S
P1N

Mean

DLI

Table 4

Disturbance Due to Tracked Vehicle Acti vity
on 12 Pinyo n-J uniper Sites in 1986

Disturbance Level

DU
Percent Site

8.3 6
10.9 II
14.6 21
U.I 3 1
2.9 45
4.4
1.0

6.0

96

Percent

24.6
6 1.1
34.6
25.1
24.7

34.0



APPEl'\D!X A:

GUIl.D C LAS SIFICATION TER:\UNOLOGY

Foragi ng Guilds (modi fied from Ref 16)

Substrates (place from which food items are taken)

-./

I

I Air
Bark
Foliage
Ground

Caught in the air
On, in, or under bark of trees
On foliage
On the ground or on very low vcgetauon

Technique (the way ill which food is ob tained)

Feed in g-Nesting Zones

I

i
1

Forager
Gleaner
Hawker
Hover-glean
Saltier

Screener

Food Resource

Carnivore
Frugivorc
Granivorc
Insectivore
Omnivore

Air
Bole
Floral
Ground

Lower Canopy
Upper Canopy
Shrub

Takes most iood items encountered upon substrate
Selects particular food items from substrate
Flies after and captures prey in air or on ground
Secures prey while hovering in air
Sits and waits for insects to fly by, then pursues and
captures insects in the air

Screens prey from air with bill open

Vertebra tes
Fruits
Seeds and nUL~

Primarily insects but includes other invertebrate as well
A variety of foods ir.cluding animal and plant material

In the air
Tree boles
Ro wers
On the ground in the open or undcr herbacesous cover, typically away from
woody cove r

Branches of saplings and lower crowns of trees, but may extend into shrub layer
In the main canopy of trees
In, on, or under shrubs: may be on the ground bet not typically extending
into lower canopy
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APPENDIX II:

AC RON Y.\ I DEFIN ITIONS

Species

AMKE American kest rel LEWO Lewis ' woodpecker

I
AT FL Ash-throated flycatcher LOSH Loggerhead shrike
BEWR Bewick 's wren MOBL Mountain bluebird

I BGGN Blue-gray gnatcatchcr MOCH Mountaia chickadee

~
BHCO Brown-headed co wbi rd MOD O Mourning dove

I
BH.JR Black -headed gro, beak NOFL No rthern n icker

t Bl.GR Blue grosbeak NOMO Northe rn mockingbird
IlRSP Brewer's sparrow NOOR No rthe rn oriole
BRTO Bro wn tow hee PIJA Pinyo n jay
BTHU Broad -tailed hummingbird PLTI Plain titmouse
CAK I Cass in' s kinr,bi:d ROWR Rock wren
CASP Cassin's SP~fTO\V RSTO Rufous-sided 10whee
C!3Tf: Curve-billed thrashe r SAPH Say' s phoebe
CHSP Shipping sparrow SCJA Sc rub jay
CONI Co mmo n nighlha wk SCOR Scott ' s oriole
C; RFL Gray flycatche r SCOU Scailed quail
GRSP Grasshoppe r sparrow sovr Solitary vireo
HA\\'O Hai ry woodpecke r SASP Savann ah sparrow
li OFI House finch SWrH Swainsori ' s thrush
HOL \ Ho med lark WAPI Water pipi t
HOWR House wren WBNH White -breastcd nuthatch
KILL Killc.:cr WE KI Western kingbird
LABU Lark bun ting WEM E Western meadowl ark
LASP Lark sparrow WETA Western tanager
LBWO Ladde r-backed woodpecker WWPE Western WOOd-pe wee

• Guilds

!

I
Ff)r ;l gil1 ~ (; uilds Ha bit a t Zon e Guilds

ASCI Air sc ree ning insectivore AI·GR Air-ground
ASI A ir sally ing insec tivore BO-BO Bole-bole

I
BGIIF Dark gleaning insectivore Le -LC Lower canopy-

Frugivore Lower canopy
IT O Foliage feraging omnivore LC-BO Lower canopy-bole
G FO G round foraging omnivore SH-BO Shrub-bol e
GGG Ground gleaning grnnivorc GR-GR Groun d-grou nd
GG I Ground gleaning insectivore GR-LC Groun d-lower canop y
G Il C Ground hawking ca rnivo re GR-BO Ground-bole



Habita t Variables (sec tex t for funher details)

AVHIT
AVHGT
AVM AX
HI
HZ
H3
H4

Ave rage num ber o f dec imeter interval contacts among eight transects at each prai rie site.
Average height of decimeter interval hits.
Average among eight transects of the max imum decimeter inte rval hit,
Frequenc y o f vegetation hits in the firs t decime ter int erval.
Frequency of ve getation hits in the third decimete r inte rval .
Frequency of ve getation hits in the third decimeter inte rval.
Frequency of vegetation hits in the fou nh and highe r dec imete r interv als.
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Table C l

Il emi ly (l>oJ20 lI a) of Bird Spec ies on 17 Prairie Sh es in 1985

-
SHes

S~du 3 7 8 10 12 IJ 15 17 19 29 35 37 J8 I'T1 !,,'f2 PCI PCI

- -
SewN qut il 0.5

KillJ.:a

M.>un\U1 ' J,.,,,c 27 0.8 1.2 1.0 2.9 0.9 08 1.2 0.4 0.7

Cer umen ni,hm"IIIo L 0.3 0.5

Hr.>w·UJ.IoJhummin, biJd. 0.5

Northern fl",Lrf 0.8

UJJa·b. elcJ woodpecker
Wc.s~crn lir:.,b~ J 1.6 26 0.3 2.6· 0.5

C&1iin'$ l.U"., bOld 2.9

A.1h ·Lhrl,)..~J fl)c.lt.: l .et 0.5

II<Jmo.1 l.el 0.6 13.5 14.6 11.6 U 8.5 ':.1 9.3 :0.2 13.2 1.4 14.4 9.2 9.8 14.0 9.9

S Pu:.)0fl jay 0.5

N~~~m ITKKlm,bu J 3.6 0.3 0.3 3.3 2.1

Curve -billed lhru hcr 0.5

W. :.a pipit 1.8 0 4 0.4 1.3 0.9

Lou crhc.aJ dvue 0.3 0.3 0 .3 1.0
WUl cm muJo ...... I.uk. 7.3 6.J 40 5.5 38 , 6.1 10.3 5.1 14.1 U 3.5 5.9 7.2 5.3 8.1 4.0 7.6

.~u · s oriole 0.3

Nonhero oriole
Drown towhee 1).5

Lvk bwuin, U 15.5 11.3 0.5 2.5 15.2 8.3 15.3 0 8 0.3 2.4 11.8 7.4 8.3

SA\' l.11ll.olh sparru w 0.3 1.0
Gru YkJpper sparrow 0.8 10.4 0 .6 J .3 0.3 0.5 3.8 5.~ 6.6

l....uk spar row 11.7 2.4 1.8 4.0 1.5 6.8 8.2 20.6 3.3 1.9 0.3

Cau in's sparro w 1.0 0.5 3.2 5. 1 U 6.2 4.1 11.1 7.5 2.0 2.5 4.0 2.5 5.0

B~wer's sparrc ..... 1.0 5.5 1.0

T()(4! '!eruily 32.3 30.4 4U 36.2 21.1 17.5 49.5 29.1 48.7 16.0 43.1 43.2 24.6 27.8 40 .7 3-1 .6 37.7

Number o f species 15 6 9 6 6 4 7 9 I I 3 4 10 6 I" 8 6 6



Table Cl

Dell,i l)' (:"0) 10 Ifa) or llird Sp eci es Oil 17 Prai r ie Siles ill 11)86

S lll' ~

Sp«k!lo 3 7 8 10 Il D 15 17 19 1_ 35 37 .lll 1'T1 IYO I'CI I'CZ

S..:.I.l.!.:.J If..l.lJ OJ
K.1llJccr 0.3 n.3

M olW1'U:1i J.J ~ e 1 0 0.3 0.6 D.} 3.1 0.6 0.4 0.6

Cone- ...rn rua;hllu v.k (' .8

Hrc ....luJaJ. t-urr.ITl lJ1.;biIJ
Non......cr.' I1k: Lcr 1 0

~·b,~..;lcJ .. ooJt~de=r 0.8

WeSlan L!:1&bi.r J 0 3 0.6 0.6 D 0.4 0.7 04

CLH Ln ·S L l..~6 b :.:J 0 5 0.8 08

A3..~ · LhroJ. l.cJ I1"C44:ha
Horned I., ~ :Z.9 23.2 19.1 16.0 3.1 17.5 2.U 9.9 09 13. 1 28 .4 L 8 19 .5 16.0 18.6 24.0 24.5

8 Pl:' ) on J')
Northern me.....:..ingbi:J • .1 0.5 6.9 5.3

Cur-, e-bil led thr£shc,

Wc...-r pipit I.l 0.4 0.4 0.4

l ...ou n hu J donlc OJ 3.0 1.0

western mu..L .... I.a: k 10.6 72 6 5 10.1 1l .9 6.7 D .I 11.4 20 .3 9.0 2.0 6.5 6.3 4.0 6.3 12.6 12.0

Seen 's Ot U 1.:

Northern lKiolc 0.3 0.3

Brown tcw bee

Lor~ bun: in, 0.5 0.3

S.."llUlU1 sparr o w

Guuh0 rPCt sparr o ..... 4.2 0.5 8.8 10.9

LMk sp.urow 10.9 3.5 5.6 7.8 08 7.3 8.8 5.7 0.9 26.0 1.4 5.0 0.5 OJ
CUlin'S lp.aro .. 3j 1.0 12.9 3.6 2.0 4.3 2.5 3.5 1.5 0 .4

Brc.... er·s sparrc w 0.6 1.9

TOl.u dem it)' 35.8 32.0 31.0 33.1 37.2 25.5 5 1.7 37.6 . H 23 .1 ~. 3 5 1.9 27.~ 21.4 3 1. ~ 46.2 476

Number of spec ies II 4 6 6 5 4 7 6 II • 5 11 5 3 5 5 4
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Tallie C3

Density (NoJ20 II. ) of Bird Guilds on 17 Prairie Sites in 1985

Sites
F...... ~in& Gu illi

(Su~ntc Te cb n jque Food ) 3 7 8 10 12 lJ IS 17 19 29 35 37 J8 r-n IY I'2 I'CI 1'0

Air U':I) UlI inscc uvor e 21 5.5 OJ 2.6 0.5
GrounJ f"ra,g in, omni vore 17.4 21.8 318 2.1 .7 9 4 J1.1 31.8 17.0 W.I 10.2 18 .5 25.4 15.U Ib.9 27.3 27.4 25.1
GrounJ ,,!emil., l u .nhorc D 0.8 1.2 1.0 2 9 0.9 0.8 1.2 0 4 0.7
Ground. I I.U."l...."lt insectiv ore 90 86 81 10 .7 11.8 603 16.6 SJ 14.0 H 14.6 14.4 9.6 9.2 13.0 6.5 12.6
0<.':<: 1.0 0.5 0.0 OJ U 0.0

n "biul LoDC GuU..h

(F«dl.og • ""'h~

~
GrounJ -GrounJ 19.6 22. ' 21.0 19.0 13.1 15.0 16.9 220 22.8 I ~ .O 16.7 27.9 22.4 2 1.2 24.5 24.0 24.4
GrounJ·Shnb U 8.0 19.7 16.4 SO 25 21.-$ 18.0 26.4 9J 2.3 4.9 15.S 9.9 13.3
Grccnd.lc ..et caoopy 6.8 OJ U.8 1.2 1.3 6. 1 0.9 29 1.2 0.4 0.7
to ..... . CL '&)p)' - ltJ... . C&;,oPY .<.2 OJ 3.7 1.3 2.6 U.5
W.cr 2J OJ 0.0 0.0 0.0 0.3 0 .0 0.5 0.0 00



Toh'e C~

Ih' I1". i t~ · (l"\u./1C I b j of Bir d Guilds un 17 Pru ir ie Sites in 1986

Fon. :.n, Guilli Silts
(S... t.\lralt T« bQiquc. Food) 3 7 8 10 12 13 15 17 19 29 ~ 5 J7 J8 I'TI "1'2 PC I l'e1

Air uJ:)1r." u...uecuvcre OS 0 6 0 0 55 O.~ i.s 0.4
Grol,J)J for~in1 ornruvcre 17.9 23.2 22 .6 :1 .2 109 l!.J >: .5 IU 13.9 13.1 :NA 38 .4 19 .5 17.4 23.9 33.2 35.7
Gro..."lJ t;k.lll"lJllI lJ &lU'wClrC 1.0 OJ o.s 0 .3 3.1 o.s 04 0.6
G:u;,;nJ l k .un, msec u- cre 15.1 U 8.1 lO.1 25.1 •. 7 17.0 13..1 1bA 9 .~ 4.9 10.4 e.6 4.0 7.8 13.0 12.0
0 ...... 1.0 ilJ C.O 3 .~ 13

H.abltd Zoot GuUds

tFt ...~Jcg • ~c~lDg)

s
Gro<Or>J ·",,""-.J ~ 4 ..& 32.0 2'). 1 31.7 ::3.7 2-4 .9 011 .4 30.1 27J 215 3!.K 3;1:/ lb. I 21.4 JO.O 45.9 47.6
G," <Or>J ohnJ> J 5 1.6 11.9 4.1 2.0 6.1 25 3.8 1.8 0.4
Ceo...."lJ·Io.. I."1 unopy 5.1 O ~ 0.6 0.3 10 .0 O .~ 5 .7 0 .6
Lvw.<oI..l"k.p)'_lv ...... . l .l.llOP: " I ! 0 .3 0.1. 0 .• 55 3.4 2.7 0.4
0....... 1.8 0.0 0 .8 00

---i(



Table CS

Density (:-:oJ I0 II,) or Bird Species en Fac h or 12 Plnyon-Juniper Sites In 191:5

Sites

S~de-; 2 6 1l 2\ 26 28 3\ 36 39 4S PJS P.P.i

Arr.erican kestr el ;0.3 0.2

.\teemi ng dove 43 6.0 2..1 8.7 2.8 23 5.8 1.9 2.1 0.9 6.6 4..5

Common nigh tha wk 1.0 2.6 23 1.0 03 03

Broad- railed hummingbird 0.8 03 03

Northern Ilir-ker 03 03

Lewis wood pecker 0 "

H;liry ,... codpecker 03 0.2
Ladder -back ed .....oodpec ker 0 .4

W~lCr.1 king bi rd 0.4 0.2 1.8 4.8 0.2 0 .4 j .1

C.is\ in ' s king bird 1.4 1.1 0.8 2.1 OJ 0.2 03 1.0 z. :
Ash -throat ed lly catd )C'l" 08 0.6 13 0.5 0.8 0.8 0 .7 0 .2 1..5 1.6
Say's phoebe 0.2
G ray flycatcher 0 .2 0..5 1.6 1.8 0.2 0.7
Western wood-pewee 0.2
Scru b jay 0.2 0.1 0..5 0.2 0..5 0 .8
P:nyon Jay 1.3 0..5 O .~ 0.9 0 .2 1.3 1.7
Mountain ch ickadee 0..5
Plain u trno use 0.7 0.2 0.8 0.2 O.~ 0.2 0.7 0.9 0.1
Wbne -t-reast ed nu thatch

Ho use wren 0.J 03

/
He..... ick 's wren 2.6 1.7 2.6 13 2.0 1.7 5_"> 2.2 o.e 0.6 3.9 s.;
R<Xk wren 1.1
Nonh -m mod..ingbi rJ 6.6 8.5 6.1 6.2 6.0 'lA 5.0 1.4 63 3.7 4.0 H
Cu rve -bi lled li'.rUhCf 03
S ..... :tin\.on ·' thrus h 01
Mo untain bluebird 0 .2 0.6 0..5 0..5 0 .7
BlLlI:' hT -"Y gnatcJlltcher

u,b. -;: rh<:ad shnke 0.1 0.7 0.1 0..5
$,,!iu.ry vireo 0 .5
l,Ve.\ :...· m meade ..... lat:r. 1.8 1.9 I.R 2.0 2.0 1.8 2.1 03 0.8 0 .1 0..5 0 6
Bro.... n-headcd cowbi rd 0.2 0.2 0 .7 (J .~ 0.9 1.0 0.2 0.2 1.4 0.6
Scott ' , orio le 0.2
,\j' lft.~un orio le 0.7
Wl",tt' tT'l a n Ol I:t> r 0.1 0.1
B Lll.k -ht>.d~J I:tns hu k 0 1 03 0.2 0..5 03
1 J! \~ I:Tmhnx OJ 0.2
H Oll1.C linc h 0 .5 2.6 I.J i .s OJ 03
Ru!uu, -,iJ<:d tn w ht>'l OX 03 1.9 0 .3
ilr own to whee 0.5 0..1 0 2 02 0..5 1.6 0 2
Lllil. ~P ;'ITO'" 2.3 4..1 6..5 2.J 2.6 5.4 0.6 10..5 11.9 11.0 1.4 O.R
Ch' f7In ;: sperow 0.5 0..5 0.4

TOI.•' Ji-""I)' 2.1 .0 3D Z? 6 27.3 24.2 27.0 23.: IY.I 2.5 .8 19 .9 27.0 27.3
Spc, ' C1 number 18 17 18 16 17 IR 17 10 9 IJ 18 IY
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Table C6

Densit y ( :'\ 0 ) 10 Hal of Bird Spec ies un Eac h of I ~ Pinyon-Ju niper Sites in 1986

SittS
Sp("cJ C"\ 2 6 11 21 26 28 3 1 36 39 'S PJS PJ:-;

Amer ican kestre! 0.5 0.1

Mournir. , do..e 9.6 9.1 H 88 7.8 1.9 7.0 IJ 0.8 0.2 2.8 6A

Common nibht.!u.wk 1.2 1.0 C.7 0.;', 1.2 3.9

Br ead-railed hurr.minl;bud 0.1 O _ ~

~ :od,e:n nicker 0.7 0..: 0. : 1.0 0. 1 0 1 0.1 0.1
Le..... is ' wood pecker

H.!uy woodpecker 0 1 0.1 0.1

L...dde r-becked woodpecker 0.1 0.1 0.1

Western km gbird 2.3 1.9 3.1 OA 2.1 3. 1 0..5 0.7 0..5 :'.1
Cassin 's kingbird 0.3 0.8 0 .1 08 06 OJ 0.2 0..5 0..5 0.1 0.7

Ash.uuoercd Ilyc ..tcbe r 1.6 1.0 0.3 0 4 03 0 .'; 1.6 0.3 I.6 1.7

Say's phoebe

Guy nYC~lC~r 0.2 0. 1 0.7 0 .2 0.3
\ \'e \l ..-m .... cod pewee 0 .1 0 .3 0.1

Scru b Jay 0 .1 0.4

Pinyon jay JJ 0 5 3J 0.7 0.3

Mounu.in c hickaJt~

Plain lJl.IT1OUs.e l.4 l.4 0 .7 0 .8 1.3 1.3 3.1 1.8 0.3 0_' 2.9

White·hfe..ll'i.ttd ,' I~lhJtch

Hou se wren

n.:.... ,, 1r.: '( ·.... rcn 53 O .~ I I 2.8 ) .2 3.3 8.0 :!A 1..5 I.U 4.1 2.0
J.: (>(;; il. ....-tcn OJ (1.2 n.2
Xnr thern mocil:lni,blt J 7.1 93 6.9 8.8 6.3 5..1 7.1 8.; 8.0 2.9 3.0 3.1
Cc rve-brllcd thr a.,he~ OJ 0.2

S """,Jlf1~n's lhCU\M D.I
.\ lounu lIl bluebird 0 .4 0 .4 0... 13 0.2
A: 1,..Ioe· l:.u y &n atcall'~r 0.2
ln~ber~ ad shnke 0 1 0 9 0.6 0.1
SLllIu ry '. , .:0 0.2 0.2
weste rn me ""'1n ..... l.u k .:! .2 3.5

. ,
2.6 3D H 2.7 \ .. 1.2 0.9 1.9 1.9J . •

I ~ r l l .... n-heedcd co ...bu d 0.7 0.7 0 .9 0 .6 1.7 0.6 0. 1 0 3 I.J 1.2 3.8 0.6
5<01l' , on, 1Ir

:'-Jor lhcrn oriol e J 2 0. 1 0.6 0 .5
\l,'c' trm l.m.lt:er

Iliad: h... ' ~· 11 gro,hocak 0.4 0.3 0.2 0.3
filuc ~o\IvAk 0.2 0.2 0.1
House finch 1.0 0.7 1..5 0 .6 OA 0.:: 0.7 OA 0.6
Jl: ufo u'· 'J(.k d towhee 1.5 0 .1 0.. 0.. 1.0 0.8
Hf llW n to ..... hee 05 O~ 0.3 0.1 0.1 0.. 1.0 Lv 0.. 0 .1
L.1tlc vp.mo ..... 2.5 62 IOJ 5.1 ~J 8.7 4 .9 12.2 13.9 9 .8 3.7 3..
Chirpln, ' r JU" fO W 0 " 0 .2 0 6 0 .2 0.3 0.6

Tnul den sity 39.1 37.6 3" .1 33..5 J OA 3J .3 37..5 30 .1 3J .J 19.0 26.0 28..5
Species ... umber 24 16 16 1·\ 22 22 16 12 14 1.\ 21 21

!07
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Ta ble C7

Density (NoJ IO Hal of Bird Guilds on Each of 12 Pinyon-Juniper Sites in 1985

For a~hl K Gullds SItes
(S u bstr at~ Techn ique FI_Jod) 2 6 11 21 26 211 31 36 39 45 PJS PJ~

A ir sallying insectivore OA 2.3 2.5 1.9 4.8 7.3 0 .9 0.6 0.3 0.3 24 6.7
Air screening insectivore 1.0 2.6 2.3 1.0 0.3 0.3
Foli age gluning insectivore 2.2 1.2 2.0 1.0 1.4 1.6 3.6 1.1 0.3 0.4 2.7 4.0
Foli age foraging insec tivor e 0.8 0.5 0.9 0.2 0.8 0.3 0.7 0.9 0.2 0.7 1"' 0.2

• Hark gleaning insec t/frugi vc re 0.3 0 .4 0.2
I

Ground gleaning inse ctivo re 3.3 3.4 3.1 3.2 3.3 2 7 4.9 1.4 2.2 0.7 3.0

I
4.2

Gr uund g fes ning granivore 48 8.6 3.7 105 2.8 26 5.8 1.9 2.1 0.9 6.6 4.8
Ground foraging omnivore 12.2 13.4 1.\.3 9. \ 105 11.9 7.0 13.7. 20.2 16.7 11.2 7.2

I
Ground hswk'ing carnivore 0.1 0.7 0.3 0.1 0.5 0.2
Othe r 0.8 0.3 0 3

I

! Hablt at Zone Gullds

(FN:dlng . :"estlng)

!
I Air -grou nd 1.0 2.6 2.3 1.0 0.3 0.3I
( Hole -bole 0.3 0.4 0.2

/ f Low er canopy-lower canopy 0. 1 2.3 2.6 2.3 4A 7.2 1.5 0.2 0.8 1.9 5.9
Lower cencpy-bol e 1.7 1.2 1.5 1.1 1.6 0.8 0.9 1.1 0.2 0.9 2.9 25
Shr ub -shrub 1.3 0.5 05 0.2 0.8 1.6 2.1 0.3
Shru b-bol e 2.6 1.7 2.6 1.3 2.0 2 .0 5.5 2.2 0.6 0.6 3.9 6.1
Ground-ground 4.6 6.4 8.3 4.3 4.6 7.2 2 7 10.8 14.7 11.1 24 1.8
Ground-lower canopy 12.7 17.3 IOJ 17.1 9.3 7.9 11.2 4.6 8.4 4.8 12.4 9.9
Ground -be l.. 0.6 0.5
O tbe r 0.7 0.4 1.5 0.4 1.2 1.4 0.2 0.2 1.1 0.4 1.4 0.6
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Density (1"0110 Hal or Bird (; ~ilds Oil Each or 12 Pinyon-juniper Sites ill 19S6

Foraging Guilds
{Substrate Technique Food) 2 6 II

Sil ~s

21 26 28 31 36 39 45 I'JS PJ~

(

Air sallying insectivore 3.5 3,4 35 2.1 3.2 4.0 1.0 1.0 1.2 0.7 1.1 4.0
Air screening insectivore 1.2 1.0 0.7 0.2 1.2 3.9
Foliage gleaning insectivore 3.5 0.9 0.7 1.6 1.8 2.3 5.0 12 O.R 0.7 3.1 1.9
Foliage for..lging insectivore 2.0 IA 0.7 0.8 14 2.0 3.4 i .s 0.5 0.3 0.5 3.2
BJIi glean ing insccvfrugivorc 0.1 0.1 0.2 0.1 0.1 v.1
Ground gleaning insectivore 5.8 4.3 3.Y 4.0 6.2 46 6.7 2.6 2.0 1.7 SA 3.3
Ground gleaning granivore 10.6 9.9 9.9 9A H 2.3 7.0 1.5 1.5 0.2 3.2 7.0
Ground foraging omnivore 13.5 16.4 IRA 14.5 18.9 18.8 1.3. ~ 21.4 24.6 15.3 13.3 9.1
Ground hawking carnivore 0 1 0.9 0.5 06 0.1 0.1

8
C thcr 0.2 0.2

lIai>iwl Zone Guilds
(Feeding • Nest ing)

Air-ground 1.2 1.0 0.7 ll.2 1.2 3.9
Bole-bo le 0.1 0.1 0.2 0.1 om 0.1
Lower canopy- lower canopy 32 3.0 3.3 2.8 2.8 4.0 0.7 1.6 1.7 0.5 0.7 3.5
Lower canopy-bole 3.4 2.4 1.0 1.2 2.0 2.6 4.7 1.8 0.6 3.2 4.8
Shrub-shrub 2.0 0.2 0.3 0.9 0.2 0.8 1.2 1.4 1.4 1.0
Shrub-bole 5.3 0.8 1.1 2.8 3.2 3.3 8.0 2.4 1.5 1.0 4.1 2.0
Ground-ground 5.5 9.7 13.5 7.7 12.5 11.7 7.8 13.6 15.1 10.7 5.9 5.9
Ground-lower canopy 18.1 19.2 16.8 18.2 14.6 11.0 14.1 l OA 9.7 3.1 7.3 10.5
Ground -bole 0.2 0.4 0.1 1.5 0.1 0.2 0.1 0.2
Other 1.3 0.7 0.9 0.6 2.2 1.2 0.1 0.3 1.3 1.4 3.8 0.6
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Ta ble D1

Habitat Measuremen ts Obtained ror Each or 17 Prairie Sites in 19&5

But SlxJrt ~I t'd l um Small L. I ~t n rm..d-

Gruund Grus Gr"", GrlL\.S Furb Snrub Shrub Ltuffi Yucca ChoU. Tree . AV lilT III 112 113 114 AVIIGT AVMAX
Sltt ( '.\ ) ( 'I,) ( 'k) ( 'I,) 1%) (mOna) (mJ/h.I) (m' /h.o) (m' na ) (M,,) (pres .) (#) (#) (#) (#) (#) (dm) (dm)

3 18.0 47.8 21.5 10 5 18.0 457.7 6-:0.9 0.0 4526 215 I 26. 0 11 6 66 16 16 0.66 5.19
7 42.5 52.3 40.3 9.3 4.5 2.0 6.0 0.0 0.0 15 a 18.4 115 22 6 4 0.39 3.00
8 38.5 45.5 31.3 12.5 7.3 519.2 108.6 82.1 13.7 30 a 16.8 100 29 4 I 0.38 2.75

10 19.5 72.8 58.0 11.0 5.5 1':3.0 2.t3. i 71.4 0.0 205 a D .O 150 35 14 6 053 3.38
12 24.5 57.8 47.5 IJ 11.3 246.10 169j 0.0 125 .0 65 0 : C.f, 1)6 21 4 4 0.43 2.81
13 32.0 56.8 30.5 16.S 6.0 105.7 00 00 0.0 0 a 190 117 32 3 0 0.39 2.25
15 12.3 13.0 23.3 39.5 11.3 5.0 : )-1.4 0 0 0.0 135 a 3.L1 165 71 21 8 0.70 3...'4
17 20.3 60.0 29.3 23.5 11.8 282 a 35.9 0.0 28.4 15 a :4.4 138 46 4 7 0.56 3.6\

- 19 28.8 32.8 6.0 16.0 23 0 1745 3') .0 n 77.9 0.0 5 a 29.4 111 65 27 32 0.74 5.0
N 29 22.1 60.5 33.3 0.5 10.8 204.2 00 0.0 0.0 50 I :2.3 129 43 6 0 0 .47 L5

35 25 .3 51.5 37.5 12.0 8.8 923.7 21.6 45 17.1 0 0 20.5 12l 29 12 I 0.4 4 3.00
37 28 .0 475 36.5 4.5 18.3 287.5 37.0 0.0 0.0 )(1 I 22.3 :29 46 6 0 0.46 2.88
38 30.3 71.8 59.5 9.0 7.J 7.2 32.3 0.0 0.0 20 0 2 1.3 14, 16 4 4 0.44 2.94
ITI 21.3 69.5 58.8 7.3 90 2.2 46 0.0 4.6 () 0 23.9 1-10 45 4 2 0.50 2.75
PT2 24.5 M .3 56.3 6.8 10.5 IJ .7 :!-'.8 0.0 0.0 40 a n. l 14::: 26 6 3 0.48 3.19
PCI 16.8 72.0 16.8 42.0 9.0 IJ S.7 6.4 1.7 3.8 5 a :106 137 71 31 5 0.66 3.38
I'C2 21.5 69.0 12.3 43.8 8.0 1155 32 3.2 0.0 a a 29.9 128 79 29 3 0.65 3.13

-I • PCK1ll; 0 • ablCnl

(
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Table D2

Habitat Meas urements Ob tained ror Each or 12 Pinyon-Juniper Sites in 1985

PinJon Urad Small Ilroad· Bare
J ue tper Pint Trte Sbrub Leave d Y u('u Chon. Ground Grass Foc-b

Sltt (' ,b . ) ('Ib.) ('Ib. ) ( l0 l/b a) (oll/b a) (m 1/ha) (mt/ha) ('.t ) ( '.t ) (% )

2 138.00 116.00 21.00 7~ .00 79.00 0.00 9 1.00 43.30 20.70 7.30
6 111.00 0.00 21.00 143.00 0.00 000 19.00 46.00 33.00 6.30
11 127.00 0.00 9.00 597.00 0.00 0.00 000 35.70 42.70 3.lJO

w 21 139.00 1.00 36.00 25.00 4 1.00 0.00 15.00 53.'0 27.0:: 9.30
26 184 00 0.00 12.00 73.00 13.00 11.00 0.00 42.00 ~2.70 9.30
28 173.00 26.00 14.00 IW .W 23.00 84.00 bI. lJO 32.70 34.30 7.70
31 227.00 190.lJO 44.00 IW OO 27.00 0.00 0.00 33 00 12.70 4.30
36 100 .00 0.00 0 00 270.00 113.00 0.00 7 1.00 43.00 29.00 3.30
39 93.00 0.00 0.00 131.00 13.00 92 .00 0.00 47.00 2O.lJO 6.70
43 124.00 O.lJO 0 .00 91.flO 7.1 .00 107.lJO IOO ()() 4U O 4il.OO 3.70
PJS 174.00 44.00 20.00 IO l(} 39 .00 0.00 0.00 29.7(1 33.70 6.30
PJN 307.00 337.00 73.00 1.00 44.lJO 0.0 0 .00 32.30 1730 1.70




