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- INTRODUCTION '

As a group, grassland birds have suffered steeper, more consistent, and
geographically more widespread declines than any other ecological guild in North
America‘(Askins 1993). In particular, populations of birds dependent on tallgrass
prairie ﬁave declined 'signiﬁcantly due to ovérwhelrning prairie fragmentation
(Knopf 1996). The collective decline of grassland lﬁrd species points to major
landscape and ecosystem level changes that warrant immediate ecological inquify
(Steinaur and Collins 1996). |

.G_rasslands are considered to be North America’s most endéngéred ecosystem
- (Samson and Knopf 1994). The tallgrass prairie, which in extent h_és deélined by 82

10 99 percent since 1830 due to agricultﬁ;al development, has suffered the éreatest
disasfer of any ecosystem on the continent (Flores 1996). Most tallgrass habitats in
Colorado have been destroyéd by urban development, agricultural cultivation, or
overgrazing (Bock et al. 1995).

It has been estimated that as little as 4% of North America’s pre-European
settlement tallgrass prairie remains (Samson and Knopf 1994). Large tracts of
taligrass prairie can still be found in the Flint Hills of eastern Kansas and
northeastern Oklahoma. These areas have rocky soils aﬁd or steep terfain making
them unsuitable for agricultural cultivation. According to Steinéur and Collins
(1996), the remainder of the historical range of tallgrass prairie includes only small, |
scattered fragménts embedded in a mosaic of other habitats. This fragmentatiqn
results in increased edge effecfs, whiéh include the’ heightened likelihood of invasion

by exotic species, low genetic diversity in local populations, and increased extinction
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rates. Isolation of the remai;ling patches decreases the potential for gene flow among
remnants and also decreases the recolonization potential fpr locally extinct Species
from neighboring remnants (Steinaur and Collins 1996). -
~Tallgrass prairie was onée a common habitat type on the’Colorado piedmont.

Historical records from egrly botanists describe tallgrass prairie along the entire
length of the Front Range including the foothills near Boulder (Vestel 1914, James -
193_0, Branson et al: 1965). As early as 1909, it was obsefved that much of Boulder
County’s grasslands had already been transformed by irrigation to cultivéted fields
and that non-native tree and shrubs were present in irrigated areas (Henderson 1909).

The City of Boulder Open Space (CBOS) Department acquired the majority
of Boulder’s remaining tallgrass prairie in the 1970’s (City of Boulder Open Space
and Colorado Natural Areas Program 1986). In the 1986’5 the Colorado Natural
Areas Program (CN AP) supported the systematic inventory of tallgrass prairie
habitatbin Boulder County and determined that the City of Boulder’s taﬂgrasé parcels
are the largest and highest quality remnants in Colorado (CBOS and CNAP 1986). |
These remnant patches’, the Colorado Tallgrass Préirie, were designated a state
natural area in 1984 (CBOS and CNAP 1986).

The Colorado Tallgrass Prairie is located immediately south of Boulder

(portions of sec. 10,15,16, T1S, R7OW) and includes eight parcels, which when

combined cover 108.9 hectares (269 acres). Patches range in size from
approximately 4 to 100 acres (CBOS and CNAP 1986). Remnant species in the
Colorado Tallgrass Prairie are thought to include most of the plant species

components necessary to be restored to a true tallgrass prairie community.

.‘1
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Management Objectives
The objectives for resource management of the Coloradd Tallgrass Prairie

include the following: to restore, conserve, and perpétuate the nati_ve flora and fauna
to approximate pre-settlement conditions; to maintain the natural ecological
processes in the tallgrass communities; to encourage educational and interpretive use
of tallgrass relicts; to encourage the use of the natural area for scientific research |
consistent with the basic purpose of the natural area (CBOS and CNAP 1986).

However, particular adaptivé management and conservation goals for
tallgrass prairie are generally unclear because much of Norﬁ Amedga’s tallgrass
prairie was extirpated prior to extensive ecological study (Steinaur and Collins |
1996). Lack of kno@ledge regarding pre-European settlement vegetation |

- composition (Clemehts 1936), the fire frequéncy and season (ﬂowe 1994), and the

extent of grazing by large herbivdres (Bamforth 1987), impedes the potential for
restoration to pre-Europeén settlement conditions. For restoration effqrts to be
eﬂ’éctive it is not only important to have clear goals but it is also important to
understand the current status of the corrimunity to be restored. This includes a

detailed knowledge of the flora and fauna that are present in the area.

Previous Research

" Few studies have documented avian use of the Colorado Tallgrass Prairie
(City of Boulder Opén Space, Colorado Natural Areas Program A1986). Thompsoh
and Strauch (1986) conducted a three-yeal;'breeding bird study in 1984-1986 in

. which they determined breeding avifauna present on City of Boulder Open Space
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lands. Bobolinks and Grassimoppér Sparrows (see Appendix A for scientific names)
were observed nesting in the Colorado Tallgrass Prairie but little other species
information is specific to these parcels. |

Bock et al. (1995) censused 66 ﬁxéd—radius point counts located on CBOS
grasslands, including counts on four of the eight téllgrass parcels. The remaiﬁing :
four parcels of the Colorado Tallgrass Prairie had n(;t been previdusly surveyed for
avian diversity or abﬁ_ndance. Bock et al. (1995) compared the relative abundances
of birds in the Colo_rédo Tallgrass Prairie with adjacent grassland habitats and “True
Prairie” hébitats across the Great Plains. This was done to determine if Colorado
Tallgrass Prairie species assemblages more closely resembled birds in adjacent
grassland habitats or those of the faﬁher away, more contiguous “True Prairie” to the
east (Bock et al. 1995). Their study considered the extent of grassland habitats and -
becausé of this, they only selected study sites that were surrounded by least 100
hectares of the same habitat type. Although focusing on different patch sizes, this
research laid the foundation for questions partiqular to the smallér, remnant tallgrass

patches examined in my research.

Objectives

| Thev primary objectives of this study were to document avian assemblage and
abundance Mtﬁin the Colorado Tallgrass Prairie parcels that met the following
criteria: a) previously had not been surveyed for avian speéies; b) végetation type

and extent was sufficient to include a 100 m radius study site; c) tallgrass patches

were proximate if not adjacent to mixed grass sites and non-native hay fields. Data




12

-

collected within the'tallgrasé siteé were compared with avian aésémblage and
abundance estimates of adjacent mixed-grass prairies and non-nétive hay fields.
These comparisons allow me to infer if the Colorado 'fallgrass Prairie patches are
functioning as tiny, distinct ecosystems for birds.

This inference wﬁuld be strongest if birds endemic to tallgrass prairie were
found within the remnant patches.A HoWever, due to the fecent origin of North |
Ameﬁcan grasslands, there are vers; few endemic bird species and it is thought that
none are completely confined to tallgrass praiﬁe (Axelrod 1985, Zimmerman 1993,
Bock et al. 1995). The Dickcissel (see Appendix A for scientific names) and
Henslow’s Sparrow are the only two avian species that are considered to be tallgrass-
specific (Knopf 1996). Furthermore, Dickcissels are considered rare to very local
species along the Front Range (Bailey and Neidrach 1965, AndreWs and Righter

1992) while Henslow’s Sparrows are considered accidental spring or fall migrants in

" Colorado and no records exist for this species in Boulder County (Andrews and

Righter 1992). If avian species that are'known to be closely associated with or
specific to tallgrass prairie 'aré fouﬁd in higher ébundance in the tallgrass patches
thaﬁ in the adjacent mixed grass and non-native hay fields during the breeding
season, then it is assumed that some level of tallgrass ecosystem function éxists.
Alternatively, the presence of numerous species more generally associated

with tallgrass prairie in higher abundance in the remnant patches than in surrounding

- habitats may also indicate a functioning tallgrass ecosystem. If, however, the same

avian assemblages are found inall the'grassland habitats, then the remnant tallgrass

patches are clearly not functioning as a distinct habitat type.
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The secondary objec%ive Was to resolve a méthodélogical question associated .
“with ayi‘an relative abundance estimates in grassland hébitéts. Despite the fact that
their utility in open lands has been questioned (Gibbons et al. 1996, Bibby et al
1 992), point counts are the most commonly used method for measuring bi_rd
abundance in Boulder grasslands (Béck et al. 1995, Vierling 1997, Miller 1997).
However, spot ‘mapping is generally consider;ed the most aqbuiate method for
measuring bird abundance in open habitats (Bibby et al. 1992) |
Spét mapping (William 1936, Kendeigh 1944, Reynolds 1986), also known
as territory mapping, is conducted during the breeding season when passerine birds
announce their territories with conspicuoﬁs songs, displays, and periodic disputes
with neighbors (Bibby et al. 1992). The spot mapping methdd is considered by some
to be the standard against vwhich bther methods estimating relative abundance and ‘
density can be compared (Bibby et al. 1992). The mapping approach relies on
locating all Signs of territorial behavior and uses these signs to estimate the number
of territo;ies and the number 6f birds using each territory within the census area.
The modified method of spot mapping used in this stﬁdy relied on observing
the territorial behavior of birds within each deﬁned study area (100 m radius). Due
‘to the small size of each study site, it was unlikely that any bird territory was wholly
within the exact boundaries of the area. Therefore, it was not the actual territory
boundaries that were observed but the territorial behavior that was observed within
each study site. AA50 m grid was placed on a map of each study site and transects

were established to cover each site. Therefore this modified spot mapping can also

be thought of as a sort of line transect technique, which is also generally considered .
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to be more accurate than point céunts in.open areas that are reiatively uniform in
vegetation structure and composition (Bibby et al. 1992). For the purposes of this
project, it was assumed that the r'nodiﬁed spot mapping technique was the ﬁore
reliable method, and it was used as the standard against which point count estimates
‘were compared. |

Variablé circular-plot censusing, commonly referred to as point counts

'(Reynolds et al. 1980), is a method of counting birds that is widely used in the

‘United States (Bibby et al. 1992). With some assumptions about the varying
detectability of birds at different distances, point. counts can be an efﬁcient. mefhod
for calculating bird abundance (Reynolds ét al. 1980). The use of pqiﬁt counts has

| been tested aﬁd assessed rather extensively ina Qariety of habitat types (Dickson
1978, Reynolds et al. 1980, Bart and Schoultz 1984, DeSante 1986, Gutzwiller 1993,
Barker et al. 1993, Whitman et al. 1997), but their accuracy ha(s nbt been proven in-
grassland habitats. Thére is a need to test the accuracy of point counts in a variety of
habitat fypes and for varibus species (Bednarz pers. comm. 1997, Bock pers. comm.
1997). This pfojects compares the extenf of similarity between modified spot

mapping and point counts to determine if positive or negative correlations exist.

Significance of Study

The inforrna;(ion generated by this study can be used to éssess management
practices within and surrounding the tallgljass patches by determining if the patches
are preferred nesﬁng and or foraging habitat forv graséland birds. Baseline data oﬂ

species use of the area is essential to understanding the area’s current level of
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ecbsystem function. This baseline information will be critical for successful future

| restoration efforts. This information Mll also be valuable in the development of
- future Area Management Plans for the CBOS (iepartment and for the Colorado
‘Tallgrass Prairie Management Plan, which is due for revision in the neﬁr future.
Information gained rﬁay also hele refine the use of various methods for estimating

relative abundance of grassland birds in Boulder County and elseWher_e.
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METHODS

Stﬁdy Area and Site Selection
Nine study sites were selected within three different grassland habitat types iﬂ
‘Boulder County, Colorado. These habitat types included tallgrass prairie, mixed- |
grass prairie, and non-native hay fields. Study sites were located immediately soutil
of Boulder, Colorado, in the South Boulder Creek valley and on Davidson Mesa
(Figure 1). These sites range in elevation from approximately 1670 to 1740 m (5480
to 5700 feet). All sites were located to the east of South Boulder Creek. The study
~ sites are on the Church, Van Vleet, Yunker, and Damyanovich properties that are
owned and managed by the City of Bouider Opeﬁ Space Department (CBOS). The
| management of all of the sites was similar in that winter/spring grazing is typical
from Noverhber until mid-May. Hay fields are typicaily mowed between 4 and 25
July. |
The Colorado Tallgrass Prairie patches are embedded in a mosaic of more
extensive habitats, including irrigated hayfields and dry uplands with short and mid-
stature grasses (Bock et al. 1995). The close proximity of these distinct habitat t};pes
| allowed for all study sifes to be located within a compact area, which limited the
range of surrounding léndscape variables. Sites ranged from 100 to 750 m from the
nearest road. No established recreational trails were in or near the study sites.
Public access was not prohibited, nor was it encouraged. Visitors must climb fences

to enter the areas, so visitation was low in all sites.
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The habitat classification by which study sites were selected was based upon ‘

research conducted on the CBOS lands that mapped vegetation habitats within the |
~ South Boulder Creek Valley and Davidson Mesa areas (Bunin 1985). The CBOS
plaht ecologist helped to establish representative habitat area; sites were randomly
selected within the representative habitat areas. Other selection factors included
topography and clear visibility from the center péint to all areas of each study site.

Three study sites were selected within‘the Colorado Tallgrass Prairie Natural
Area on parcels 1 (approxirhately 4 acres), 2 (approximately 8 acres), and a portion
of 10 (appréximately 100 acres) (Figure 1). Three additional sites weré selected in
nearby mixed-grass prairie and three in nearby non-native hay fields for a total of
nine sites.. Each study site included one ﬁxed-fadius circular census plot (100 m
radiﬁs). Center points of neighboring sitevs were at léast 250 m apart to avoid double ‘
counting individual birds (Bibby et al. 1992). Assistance was provided by a GIS
specialist from the CBOS Department to determine where 1‘00 m radius circles
would ﬁt within the chosen areas and to ensure that each circle center was 250 m
apart. Care was also taken to avoid, as muth as possible, overlap with existing
research plots in order to maximize the aﬁomt of baséline data on grassland birds
that this study produced.

The center of each study site was marked with a 1. m high flag. Additional
flags were placed along the circumference of each circle at;O° from center (nortﬁ),
45° (north-east), 90° (east), 135° (south-east), 180° (south), 225° (south-west), 270°
(wesf), and 315° (north-west) from the center. These additional flags were used to

assist in distance estimates and when walking transects. . ‘
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Estimating bird abundanc;: an-d' species assemblage

I stn'veyed breeding season songbirds between 15 May and 15 July 1998,
between sunrise and 5 hours after sunrise. To avoid time-of-day bias, the morning
count period was divided into three different periods: early mor‘ning; mid morning,
and late morning (Verner and Ritter 1986). Two counts were conducted during each
of the three time periods at each site. The seventh count was done during a fandom
méming period.

Each study site was visited no more than every third day to reduce

- disturbance impacts to-breeding and foraging birds. Birds observed flying overhead

were not recorded. For example, aerial foragers, such as swifts and swallows, and _
also raptors wefe not included. Only birds in the orders Passeriformes,
Charadriiformes, Columbiformes, and Anseriformes were detected and included in
counts. Data were only colleéted on rﬁomings when wind was éstimated to be less

than 16 km per hour (10 mph) and precipitation was limited to very light rain.

Point Counts

I conducted seven point counts (Reynolds et al. 1980‘, BibBy et al. 1992) at
each of the nine sites for a total of 63 counts. Fixed-radius (IOO'm) point counts
were used with a 10-minute duration. Eirds detected visually and or audibly and
confirmed to be within the boundaries of the study site were recorded. ‘Data
collected included- species, sex, estimated distance from center and direction from

center, and whether the bird had adult or immature plumage.
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Spot Mapping ' o ‘ ,

After the 10-minute point count was completed, mbdiﬁed spot mapping using
transects was done at each site. Point count data were collected first to avoid
flushing or disturbing birds by walking tfansec";s. Seven map"s were created for each
of the nine sites for a total of 63 spot maps. Territory mapping (William 1936,
Kendeigh 1944, Bibby et al. 1992) and line transects (Bibby et al. 1992) were
~ combined for this spot mappiﬁg technique (Reyﬁolds et al. 1980) in order td

- accommodate the small plot size and to allow for a comparison of abundance
estimate generating methods.

A 50 m grid was placed over an aerial photo of the study site to establish
mapp-ingAum'ts. This grid created three transects, 50m épart, which divided each
sfudy site._ These transects fan frofn 0° to 180°,_ 45° to 135°,225° to 315° along thé .
circumference of each study site (Figure 2). 'Transe;cts were walked in an *S’ péttem,
* with the starting point alternating between 45°, 135°, 225°, and 315°. Birds were
recorded that could be confirmed to bevwithin- the study site boundaries. Upon
flushing or otherwise detecting a bird, the location of the bird, its species, sex, and
whether it had adult or immature pllﬁnége were recorded én a data sheet. These data
sheets included a digital orthographic photo upon which the bird location

information was recorded (F igure 2).

Vegetation Measures
Vegetation structural measurements were based on Wiens (1969,1973) and

Rotenberry and Wiens (1980). Four 2 m square plots were selected randomly in .
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each of the nine sitesvfor a‘totalv of 36 vegetation plots. Vegetation surveys were
conducted between 15 July and 15 August. One plot was placed within each quarter '
of each circular study site. Within each plot, vegetation density, structural
hcterog_eneity, species composition, andlestimated percent cover were recorded.

| For density, a. 10 cm wide board marked with a checkerboard of 1x1 cm
squares was placed into the veggtétion vertically (Wiens 1969 and 1973, Rotenberry
and Wiens 1980). From a distance of approximately 5 m away, I estimated the
height of the board where 90 percent of the sciuares were concealed by vegetation
(Bibby et al. 1992). Density measures were taken at each of the four corners of the
36 vegetation plots and were averaged by site and habitat type.

Vegetation structural heterogeneity was measured baséd on the height of the - |

vegetation at each of the four corners of each of the .2 m square quadrats. Structural

heterogeneity was then calculated using the following equation:

Heterogeneity index = X (max — min)
: X

(Wiens 1969 and 1973, Roteﬁberry and Wiens 1980) Where max is the maximum
height of the vegetation at the four Acomers. of a quadrat, min is the minimmh height’
of yegetation at the quadrat corners, and x is the mean height of the vegetation in a
quadrat. Values were averaged by si_te to give an overall structural heterogeneity
measure that was compared Bétweén sites. |

Plant species composition and estimated percent cover were recorded at each
of the 36 vegetation plots. Species readily identifiable in the field Were recorded
with estimates of their bercént cover. The Braun-Bllanql'let cover abundance scal;e :

(Mueller-Dombois and Ellenberg 1974) was used to estimate species percent cover.
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All species whose cover was estimated to be 1 percent or greater were recorded. For ‘

" those species that could not be identified in the field, specimens were collected and
percent cover was estimated. Unidentified specimens were later identified by

experts in local grassland flora.

- Statistical Analyses

Nestéd AN OVA analyses (Zar 1996, Cody and Smith 1997) were done to test
if detection levels by species were the same among habitat types for the two different
methods, spot mapping and point counts. The use of nested analyses conﬁolled for
variation in observations of species between counts, among sites, and within a
habitat type.. Percent relative abundance was also calculated for abundance estimates
generated by both methods for all species within each habitat (Table ). _ ‘ :

Non-parametric analogs of simple one-way analyses by ranks (Kruskal-
Wallis tests (Zar 1996, Cody and Smﬁh 1997)) were done on species detection data
from both the spot mépping and point count techniques to test if species observations
by habitat were equal. Results of the nested ANOVA analyses were compared to
those of the Kruskal-Wallis tests to determine if :al_l necessary assumptioﬁs were met
for parametric analysis. If results were similar (both test results showed either a
signiﬁcant.difference (P= or < 0.05) for a given species or no sigrﬁﬁcant difference
(P>0.05)) then I concluded that all necessary assumptions were met (M. Grant pers.
comm.). For cases in which fhe assumptions were not met, the more consérvative,

non-parametric (Kruskal-Wallis) test results were used. In all other cases, the more

powerful pa.fametric nested ANOVA results were used (M. Grant pers. comm.). ‘ .



26

-3

Although nest searching was not a method employed in this study, several
nests‘ were inadvertently located while conducting surveys. The most remarkaole
were two Dickcissel nests found within the Colorado lelgrass Prairie (F igure 2).
These nests were located in Russian-olive trees and contained 3 and 4 fully feathered
young that appeared to fledge sucoessfully. This marks the first breeding recofd for
tﬁis species in Boulder County. One nest was collected (covered by Cify of Bouldel",
Open Space permit) and deposited at the Univorsity of Colorado Museum.

Two Western Meadowlark nests were located during the course of researoh. Oné
nest with four eggs was located within tallgrass site and the other nest had four
young nostlings and was located on Davidson mesa between two mixed grass sites.
A Vesper Sparrow nest with four eggs was also located on Davidson mesa on the
periphery of one of the mixed grass sites. A Black-billed Magpie nesf with six eggs
was discovered between tallgrass sites in a Russian-olive tree. This nest was late1;
abandoned for unknown reasons. Two Common Snipe nests with eggs wére found
outside of hay field sites. Finally, a Red-tailed Hdwk nest with two nestlings was on
the periphéry of a hay field site in a large plains cottonwood tree along an irrigation

ditch.
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Table 2. Species detected by point counts within each habitat and the number of counts in which the species was observed within each -
habitat. Total number of possible observations =21.Those species oozmaﬁoa breeding season residents are shown in bold. Species
detected only by point counts are shown in italics.

TALLGRASS # of counts MIXED ngm # of counts . HAY FIELDS # of counts
observed observed v observed
Common Snipe 1 Killdeer 1 Common Snipe 8
Black-billed Magpie 3 Mouming Dove 1 Common Nighthawk 1
Horned Lark 4 Eastern Kingbird 1 American Robin 2
American Robin. 1 Vesper Sparrow 15 Vesper Sparrow 1
European Starling 2 ~ Lark Bunting 2 Savannah Sparrow 2
Vesper Sparrow 5 Grasshopper Sparrow 17 Grasshopper Sparrow 3
Grasshopper Sparrow 20 Song Sparrow 2 Song Sparrow 1
Song Sparrow 2 Western Meadowlark 21 Dickcissel 1
Dickcissel 6 _ Bobolink 17
Bobolink 5 Red-winged Blackbird 21
Red-winged Blackbird 5 Western Meadowlark 12
Western Meadowlark 20 Common Grackle 1
Common Grackle 1 _
Bullock’s Oriole 1
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Table 4. Descriptive statiStics_ for species observations per spot map or point count
for each habitat type. Species observed once or more are listed. If a species was not
detected by one of the methods, then it is indicated by a dash (-). The total number

of observations per habitat type = 21.

HABITAT SPECIES MEAN, | MEAN | STD. STD.
TYPE - MAP |{,PT. DEV., | DEV,,
CT. MAP | PT. CT.
Hay Field Mallard 0.048 - 0.22 -
Common Snipe 062 | 0.57 1.12 0.93
Common Nighthawk - 0.047 - 0.22
American Robin 0.047 | 0.095 0.22 0.301
Vesper Sparrow - 0.095 - 0.301
Savannah Sparrow - 0.095 - 0.301
Grasshopper Sparrow - 0.14 - 0.36
Song Sparrow - 0.48 - 0.22
Dickcissel - 0.095 - 0.44
Bobolink 2.62 2.81 296 | 244
. Red-winged Blackbird 2.86 3.048 | 2.89 2.085
Western Meadowlark 0.19 0.76 0.61 0.83
Common Grackle 0.095 | 0.048 0.301 0.22
Mixed Killdeer - 0.048 - 0.22
Grass Mourning Dove - 0.048 - 0.22
' Common Nighthawk 0.19 - 0.51 -
Eastern Kingbird - - 0.048 - 0.22
Hormed Lark 0.048 - 0.22 -
Vesper Sparrow 1.19 | 1.048 1.21 1.024
Lark Bunting 1.95 0.33 8.95 1.32
Grasshopper Sparrow 1.76 2.29 1.58 0.78
Song Sparrow - 0.095 - 0.301
Western Meadowlark 1.95 2.24 1.47 1.22
Tallgrass Common Snipe - 0.048 0.048 022 | 022
' Black-billed Magpie - 0.24 - 0.63
Homed Lark 0.048 | 0.190 0.22 0.402
American Robin 0.19 0.048 0.68 0.22
European Starling - 0.24 - 0.89
Vesper Sparrow 0.048 | 0.24 0.22 0.44
Grasshopper Sparrow 1.33 2.000 1.62 0.89
Song Sparrow - 0.095 - 0.301
Dickcissel 0.52 0.76 1.37 1.34
Bobolink 0.29 0.38 0.902 0.92
Red-winged Blackbird 0.14 1.29 0.48 4.99
Western Meadowlark 1.095 1.95 1.00 0.87
Bullock’s Oriole 0.14 0.048 0.48 .0.22
Common Grackle 0.095 0.048 0.301 | 0.22
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Table 5. Results of nested ANOVA for point count generated abundance estimates. - -
When assumptions were not met, non-parametric tests (Kruskal-Wallis) were used. '
These cases are indicated by ‘non-parametric’ by the species name. Cases in which

the association of species and habitat type or species and site is significant (P>0.05)

are indicated with an asterisk (*).

SPECIES VARIANCE | % OF TOTAL | F-VALUE | PROBABILITY
SOURCE VARIANCE
Killdeer Habitat 0.00 1.00 0.42
Site 0.00 1.00 0.44
Error ~100.00
Total 100.00 :
Common Snipe Habitat 22.65 13.30 0.006*
Site ~_0.00 0.81 0.81
Error 71.35 |
: Total 100.00
Mourning Dove Habitat - 0.00 1.00 0.42
' Site 0.00 1.00 0.44
Error 100.00 -
_ Total 100.00
‘Common Nighthawk Habitat 0.00 1.00 0.42
~ Site 0.00 1.00 0.44
Error 100.00
Total 100.00
Eastern Kingbird Habitat 0.00 1.00 0.42
Site 0.00 1.00 0.44
Error 100.00
Total 100.00 -
Black-billed Magpie Habitat | 11.27 25.00 0.001*
~ Site - 0.00 0.11 1.00
Error ' 88.73
Total 100.00
Horned Lark Habitat 10.71 471 0.013*
(non-parametric) ~ Site 14.29 :
Error 75.00
~Total 100.00 -
American Robin Habitat . 0.00 0.60 0.58
: Site 11.11 1.88 0.10
Error 88.89 '
- Total 100.00 ’ ‘
European Starling Habitat 000 1.00 0.42
‘ Site 7.84 1.60 0.17
Error 92.16 :
Total 100.00
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Vesper Sparrow Habitat 28.89 15.12 0.0001*
(non-parametric) Site 21.72
' Error 49.39
Total 100.00
Lark Bunting Habitat - 2.26 1.58 0.28
' Site 0.00 0.84 0.55
Error 97.74
Total 100.00 :
Savannah Sparrow Habitat 0.00 1.00 0.42
Site 16.67 2.40 0.04*
Error. 83.33
' Total 100.00
Grasshopper Sparrow Habitat 71.58 39.80 _0.0003*
. ~ Site’ 1.72 - 145 -0.21
Error 26.69
_ Total 100.00
Song Sparrow Habitat 0.00 0.33 0.73
: Site 0.00 0.60 0.73
Error . 100.00
Total 100.00
Dickcissel Habitat 14.25 5.66 0.006*
(non-parametric) Site 11.13
Error 74.62
Total 100.00 _
Bobolink _Habitat 39.63 34.91 0.0001*
(non-parametric) Site 32.53 '
' Error 27.84
Total 100.00
Red-winged Blackbird Habitat 16.17 5.13 0.05*
: Site 0.00 0.98 0.45
Error 83.84
: Total 100.00
Bullock’s Oriole Habitat 0.00 1.00 0.42
Site 0.00 1.00 0.44
Error 100.00 '
Total 100.00
Common Grackle Habitat 0.00 0.50 0.63
' ~ Site 0.00 1.00 0.44
Error 100.00 ' '
. Total 100.00 .
Western Meadowlark Habitat 34.44 7.51 0.023*
S Site 7.59 1.92 -0.095
Error 57.96 '
Total 100.00
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Table 6. Percent relative abundance of birds in three grassland habitats.
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TALLGRASS MIXED GRASS HAY FIELDS
Spot Point Spot Point Spot Point
: Mapping | Counts | Mapping | Counts | Mapping | Counts

Mallard 0 .0 0 0 1.0 0
Killdeer 0 0 0 0.8 0
Common Snipe 1.2 6 0 0 11.5 10 -
Mourning Dove ' 0 0.8 0 0
Common 0 0 27 0 0 0.8
Nighthawk ‘ ‘
Eastern Kingbird 0 0 0 0.8 0 0
Black-billed 0 3.1 0 0 0 0
Magpie
Horned Lark 1.2 25 0.7 0 0 0 .
American Robin 4.8 0.6 0 0 1.0 1.7
European Starling 0 3.1 0 0 0 0
Vesper Sparrow 1.2 3.1 16.8 17.1 0 1.7
Lark Bunting 0 0 27.5 54 0 0
Savannah Sparrow 0 0 0 0 1.7 1.7
Grasshopper 334 26.3 24.8 37.2 0 2.5
Sparrow
Song Sparrow -0 1.3 0 1.6 0 0.8
Dickcissel 13.1 10 0 0 -0 1.7
Bobolink 7.1 5 0 0 23.1 11.7
Red-winged 36 16.9 0 0 577 53
Blackbird
Western 27 - 25.6 27.5 36.4 29 . 13
Meadowlark '
Common Grackle 24 0.6 0 0 1.9 8
Bullock’s Oriole 3.6 0.6 0 0 0
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Méthods Correlations

The two methods, spot mapping and point counts, were compared using
Spearman Corre]aﬁon Coefficients. The total number of birds detected by spot
mépping was correlated with the total number detected by point counts. This
- resulted in a significant positive correlation (Table 7) with 60% of the spof mapping
variation was not explained.by point count variation. Spearman Correlation
Coefficients were also used to compare the total number of birds located by each
method within each .habitat type (Table 8). This test also reyeaied positive
correlation§ between the methods in each of the three habitat_ tybes‘with 30% of spot
mai:ping variation unexplained by the variation in point counts in tallgrass sites, 39%
unexplained in mixed grass sites, and 66% unexplained in hay fields.

Species were then ranked by abundanée within each habitét type and by each
method (Table 9). The top three ranked species for each habitat were fairly si.milar
between the two methods with sorﬁe discrepancies. Spot mapping in tallgrass sites
;anked Grasshopper Sparrows as the most abundant species d¢tected followed by the
Western Meadowlark and the Dickeissel. Point count estimates ranked the top two
species the same but ranked the Red-winged Blackbira as the third most abundant
séecies. In mixed grass'sites; Lark Buhtings and Western Meadowlarks tied for the
most abundant species observed during spot mapping with the Grasshoppef Sparrow
second and Vesper Sparrow third. This differs from the ranks of species detected by
~ point counts in that Grasshopper Sparrows ranked first with Western Meadowlarks
second and Veéper _Spérrows third. The ﬁigh abundance rank of Lark SparrdWs

detected by spot mapping was most likely the result of an early season flock of
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greater than forty birds that;ﬂer‘in during one survey. In hay fields, spot mapping | .
results ranked the Red-winged Blackbird as the most abundant species observed,
: Bbbolink as the second most abundant and Common Snipes third. Point cbunts
ranked the top two species the same bqt showed Western Meadowlarks as the third |
most abundant. |
" A third cofrel_ation was done for species ranks between the two methods
v(Table 10) and showed signiﬁcanﬁy positive relétionships between thev abimdance
estjmates of the two methods. In tallgraés sites, 51% of the ?ariatic’m is unexplained
by the two methods, 52% in mixed grass habitats, and 60% was not explained by the
methods in hay fields. Correlations across habitats (Table 11) show signiﬁca.mt
(P<0.0S) pqsitive relationships for abundance estimates between tallgrass and hay
fields for both spot mapping and point counts. There is not a significant correlation ‘

between estimates of mixed grass with tallgrass sites or hay fields.
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Table 7. Means, standard déviaﬁons, Spearman correlation coefficient, and
significance for the total number of observations of birds detected by spot maps and
" point counts, N=1448. Si

ificant correlation (P>0.05) indicated by

an asterisk (*).

- METHOD MEAN | STANDARD SPEARMAN SIGNIFICANCE
DEVIATION CORRELATION
COEFFICIENT
Spot Mapping | 0.26 1.395 0.63 0.0001*
Point Counts 0.32 1.075

Table 8. Means, standard deviations, Spearman corrélation coefficient, and
significance of the total number of birds detected within each habitat type by
method, N=482. Significant correlations (P>0.05) indicated by an asterisk (*).

HABITAT | METHOD | MEAN | STANDARD SPEARMAN Significance
' DEVIATION | CORRELATION '
_ . COEFFICIENT
Hay Field Spot Map 0.28 '1.17 0.58 0.0001*
Point Count 0.34 1.095
Mixed Spot Map 0.31 2.0077 0.78 0.0001*
Grass Point Count 0.27 0.8001
- Tallgrass Spot Map 0.18 0.66 0.55 0.0001*
Point Count 0.34 1.28
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Table 10. Spearman Conefatioh Coefficients and significance of species ranks
generated by spot mapping correlated with point counts within each habitat type.
Significant correlations (P>0.05) are indicated with an asterisk (*).

~ Hay Fields | Tallgrass Mixed Grass

Speannan Correlation Coefﬁ01ent ' 0.64 0.70 0.69

Significance 0.0019* 0.0004* 0.0006*

Table 11. Spearman Correlation Coeficients followed by significance of relative

. abundance estimates between habitats. Significant correlations are indicated by an

asterisk (*) :
SPOT MAPPING , POINT COUNTS:
. HABITAT | MIXED GRASS | HAY FIELD | MIXED GRASS | HAY FIELD
TALLGRASS 0.089 0.46 . 0.086 0.56
0701 0.038* 0.71 0.0088*
- MIXED 1.00 -0.13 1.00 0.036
GRASS 0.00 0.56 . 0.00 0.88
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Vegetation Measures
Vegetation species composition surveys identified 43 plant species within the

twelve tallgrass plots (Table 12). Forty species were identified in mixed grass plots,
and 27 were found in hay fields. Eight species covered at least fifty percent of at
least one of vegetation plét in tallgrass sites. These species include Agrosiis
gig&ntea, Andropogon gerardii, Asclepias incarnata, Asclepias speciosa, Carex
nebrascensis, Panicum virgatum, and Rosa arkansana. Ten species covered at least
fifty percent of at least one of the vegetation plotS in mixed grass sites. These
species include Andropyron smithii, Ambrosia psilostachya yariety coron.opifolia,
Aﬁisantha tectorum, Buchloe dactyloides, Dianthus armeria, Erigeron spp.,
Gutierrezia sarathrae, Pascopyrum smithii, Pterogonum alatum, and Sorghastrum
avenceum. Seven species covered at least fifty percent of at least one plot in hay
field sites. These species ihclude DaCtle:S‘ glomerata, Festuca pratensis, Phleum
pratense, Plantago lanceolata, Scirpus lineatus, Spartina pectinata, .and Trifolium
pratense. A complete list of species and their es_timated percent cover can be found
in Appendix B. |

- Vegetation structural measu;éménts (Wiens 1969, 1973, Rotenberry and
Wiens 1980, Bibby et al. 1992) of plant heights showed that hay fields (0.45) have
4the lowést heterogeneity index (Table 13). This suggests homogeneity of plant
heights. Mixed grass sites had the highest heterogeneity index (1.017) suggesting
heterogeneous plant heights. Tallgrass sites were slightly more heter_ogeheous than

hay field sites (0.55) in terms of plant heights but they were still fairly uniform.
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Average vegetation density (Wiens 1969, 1973, Rotenberry and Wiens 1980,

Bibby et al. 1992) was lowest for the mixed grass sites ( 1‘8.60 cm) and highest for
the tallgrass sites (57. 91 cm). The average den51ty of hay field vegetatlon (47.20 cm)

was not far below that of tallgrass sites (Table 13)
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Table 12. Plant species located within each habitat. Bolded species names covered
- 50% or more of at least one of the twelve vegetatlon plots w1thm the selected habitat.

Species names follow Weber 1990.

TALLGRASS MIXED GRASS HAY FIELD
Agrostis gigantea Adenolium lewisii Apocynuen cannabinum
Ambrosia psilostachya, Agropyron smithii ~ Carex brevior
variety coronopifolia ' A
Andropogon gerardii Alyssum alyssoidies Carex lanuginosa
Aretmisia ludaviciana Ambrosia psilostachya, Carex nebrascensis
‘ variety coronopifolia
Asclepias incarnata Andropogon gerardii Carex scoparia
Asclepias speciosa Anisantha tectorum Cichorium intybus
Bromopsis inermis Aristada purpurea Convulvus arvensis
Carex nebrascensis Artemisia frigida Dactylis glomerata
Carex praegracilis Artemisia ludavisiana Dichanthelium
' oligosanthes, variety
scribnerianum
Cichorium intybus Bouteloua curtipendula Eleocharis elliptica,
_ : ' variety compressa
Cirsium arvense Buchloe dactyloides Festuca pratensis
Convulus arvensis Camelian microcarpa Glyceria striata

Critesion jubatum Carex brevior Iris missouriensis
Dactylis glomerata Cirsium arvense Juncus longistylis
Dalea candida oligophylla Convulvus arvensis Lotus tenuis
Elaegnus angustifolia Coryphantha spp. Phleum pratense
Elytrigia repens Dalea candida oligophylla Plantago lanceolata
Epilobium spp. Dianthus armeria Plantago major
Helianthus rigidus, variety Erigeron spp. Poa pratensis
subrhomboideus : o

. Heterotheca villosa

Gastrolychnis drummondii

Prunella vulgaris

Juncus longistylis

Gutierrezia sarothrae

Rumex crispus

Liatris punctata

Heterotheca villosa

~ Scirpus americanus

Neolepia campestre Koeleria macrantha Scirpus lineatus
Oligoneuron rigidum Lactuca serriola Spartina pectinata
Opuntia spp. Liatrus punctata Trifolium pratense
Panicum virgatum Oligoneuron rigidum Triglochin maritimum
Phacelia heterophlia Oligosporus pacificus - Typha spp.
Phleum pratense Opuntia spp.
Phyla cuneifolia Pascopyrum smithii
Poa prantensis Phacelia heterophylla

Psoralea tenuiflora

Poa compressa

Ratibida columnifera

Psoralea tenuiflora

Rosa arkansana Pterogonum alatum
Scirpu americanus Silene antirrhina
Solidago canadensis Solidago mollis
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HAY FIELD

TALLGRASS MIXED GRASS
Sorghastrum avenaceum Solidago nana
Spartina pectinata Sorghastrum avenaceum

Sporobolus heterolepis

Stipa comata

Taraxacum officinale

Verbascum thapsus

Thelasperma
megapotamicum

Yucca glauca

Tragopogon dubius

Trifolium pratense -

Virgulus falcatus
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Table 13. Vegetation structure: heterogeneity and density by site and by habitat type
(Wiens 1969,1973 and Rotenberry and Wiens 1980). Low heterogeneity values
indicate homogeneity of vegetation heights-and high values indicate heterogeneous

- vegetation heights. B

HETEROGENEITY |  AVERAGE DENSITY | AVERAGE
INDEX HETEROGENEITY DENSITY(cm)
HAY 1 0.44 - ' 52.59 o
HAY 2 0.19 0.45 58.00 47.20
HAY 3 0.72 ' 31.00 '
MIXED 1 1.16 8.22
MIXED 2 0.90 1.017 1 6.94 18.60
MIXED 3 0.99 ’ 40.63
TALL 1 0.63 33.84
TALL 2 030 - : 0.55 54.25 5791
TALL3 | 0.73 : 85.63
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DISCUSSION
Methodological Comparisons

Four correlation analyses were done to compare relative abundance estimates
generated by spot mapping and point counts. These included correlations of the total
number of birds detected by spot mapping and point counts, the total number of birds
observed within each habitat type, the species abundance ranks within each habitat,
and species ranks between the three habitats. Results of each of the above
correlations revealéd significant, positive relationships. Baéed én these results,
abundance estimates generated by spot mapping and point counts are statisticaily _
similar and therefore, equally reliable in grassland habitats. |

Despite significant positive correlations, the coefficient of determination )
(Zar 1996) reveals that a high percent of variance from spot mapping is due té
factors other than can be accounted for by ihe variation from poiht counts (Cody
1997). For example, 60% of spot mapping variation for the correlatioﬁ of the total
number of birds detected by.each method was due to factors othef than variation of
point counts (Table 7). The correlation of the total number of birds detected within

hay fields leaves 66% of variation qnexplained (Table 7). For correlations based on

species ranks, 51% of spot mapping variance was unexplained by-point count |
variation in tallgrass sites, 52% in mixed grass sites, and 60% in hay fields. These
High percentages of unexplained variance suggest that in fact the two methods may

not be as equivalent as implied by the significant, positive correlations discussed




46

- >

above. A comparison of a le;rgenrAsample size may reduce this unexplained variance.
Due to the statistical significance of the correlations for this analysis, I will continue B
to discuss data from both spot mapping and pbint Counts. _

For the purposes of this study, point counts were an effective choice for
surveying the small tallgrass patches that were examined because they covered the
majoﬂty of th¢ #ea of the patches. Bibby ét al. (1992) describe point counts as;mdre
efficient in terms of data collected per unit effort than mapping counts but less
efficient than transects. Point counts are particularly valuable in habitat studies that
- measure habifat characteristics at the census points, as was the case for this study.
Point counts are also suitable for stugiy of extensive areas but they do not provide the
level of detail of mapped counts.

The mapping method is the most time consuming of the general abundance
estimate inethods for the number of birds finally counted. It is inefficient in this
sense. The mappihg method_ gains value if use is made of the fact that data are
mdpped, i.e. inferences can be drawn about relationships of birds and habitats (Bibby
" etal. 1992). Due to the small size of the remnant tallgrass patches, it Would not be
inefficient to conduct spot mapping for the entire habitaf patches. Boundaries of the
| mapped areas could be based on existing léndscape features, propeﬁy boundaries, or
boundaries of the Natural Area patches instead of a 100 m radius circle. These data
could be combined with detailed vegetation maps for a thorough and refined
understanding of these unjque patches.

| Baéed on efficiency, btr_ansects would be a more appropriate choice in the

mixed grass sites on Davidson Mesa and the tallgrass site at the base of the mesa
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than point counts. Transects—.wo.ﬁld logically and neatly fit on th¢ narrow mesa top.
T‘hey would also be the most appropriate method for traversing the narrow, steep
slopes of the mesa, which séemed to have unique bird communities due to the
presence of poﬁderosa pines. The Natural Area wraps around the foot and side of the
mesa and could also be sufveyed efficiently using transects. |

Transects often allow for coverage of larger areas per unit time. This is a
tradeoff that has iﬁcreased attractiveness as habitats and bird communities become |
less complex (Reynolds et al. 1980). Choice of technique should be based upon the
species of interest, time and personnel available, the nufnber of and types of habitats

censused, and the accuracy of the estimate that is required (Reynolds et al. 1980). It

may in fact be that the appropriateness of methods varies dépending on the species of -

interest and their behavioral ecology. For example, secretive species that forage on
the ground may be flushed by an observer walking a transect or mapping an area.

- Ths allows for detection of a species that may be missed is point counts.

Ecological Associ'ations.

Avian assemblages of grasslands are locally simplistic and often dominated
by 6nly a few species (Knopf 1996). The highest avian species diversity (Table 3)
found in this project was observed within the tallgrass sites (14 species), followed
closely By non-né.tive hay ﬁeids (12 species), and lastly nﬁxed graés sites (8 species). '
Tallgrass sites also had the highest vegetation species diversity, followed by mixed

grass sites, and finally hay fields.
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Structurally, the tailg‘-résé'and hay field sites were fairly similar in that they
were both fairly homogenous and had similar vegetatién densities (Table 14). The
fact that avian species diversity was hi ghest in these two habitats suggests that
greater structural homogeneity and cover may be more important for birds in these
graéslands than plant species richness. The additional cover provided by the dense
vegetation may also pfovidé habitat for a larger range of invertebrates incieasing the
attractiveness of the area for foraging birds. Although not quantified, it appeared

“that the tallgrass sites had a higher abundance of grasshoppers‘ and other conépicuqus |
iiivertebr_ates than the other sites (Figure 1).

The greater avian species diversity in the tallgrass and hay field sites may
alsobe a reﬁult of the invasion of exotic Russian-olive (Elaeagnus angzistifolia) trees
within the tallgrass sites and or the presence of irrigation ditches near the tallgrass
and hay field sites. These edges and the n(in-riative ‘v.egetatio.n associated with them
may provide greater variation of habitat around the periphery of the tallgrass and hay
field study sites and thus increase the diversity of species observed within them. ;l"he
fact that the tallgrass patches attracted the most diverse avian assemblage can be
éonsidered meaningful but it is not necessarily species diversity that defines the
.quality or-ecological complexity of Van area.

The presence of species thzit are éonsidered ecologically associated ‘with
tallgrass prairie, including avian and plant species, can be an appropriate indicator of
the Colorado Tallgrass Prairie’s function as a small yet distinct tallgrass ecosystem.
The avian assemblagé of the Colorado Tallgrass Prairie iricludes several species that

are known to be ecologically associated with tallgrass habitats. These include the
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Grasshopper Spafréw, Westém MeadoWlark, and most notable, the Dickcissel
(Knopf 1996). All of these sbecies were considered breeding season residents within
tallgrass habitats (Tables 1, 2). The vegetation of the tallgfass sites was composed of
“several characteristic tallgrass species including big blue stem (Andropogoﬁ
gerardii), switchgrass (Panicum virgatum), and Indian graés (Sorghastrum
avenaceum). The presence of these plant and bird .speéies within the tallgrass
patches suggests that sufficient tallgréss colmponents endure W1thm the Colorado
Tallgrass Prairie to maiptain and attract species that are ecologically associated w1th
this di.stinct.habitat type.

Thel_'e are oniy two avian species considered to be tallgrass-specific, the
| Dickeissel and Henslow’s Sﬁarrow (Knopf 1996)4. Of these, only the Dickcissel is
the found in Boulder County,' and it is considered rare or Very local (Andrews and
Righter 1992). Bock et al. (1995) observed that the Dickcissel was the only species
that was present ‘in Bo_ulder’_s tallgrass prairié and not found in adjacent grassland
habitats (Bock et al. 1995). Observations of Dickcissels in 1998 were primarily
limited to téllgrass sites with one exception: two male Dickcissels were observed
during one count in a non-native hay field. These may have been younger, unpaired
males that were pushed to the less desirable habitats around the periphery of the
tallgrass sites by more dominant males that successfully defended territories within
the locally highest quaiity habitats. |

Dickcissels are kndwn to use shrubs that invade tallgréss praiﬁé for nest sites

(Zimmerman 1993). Two Dickcissel nests with fully feathered young (3 and 4

‘nestlings respectively)‘ were located within the Colorado Tallgrass Prairie in Russian-
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olive trees. This establishe's;the' first breeding record for this species in Boulder
County. The presence of breeding Dickcissels indicates that they functionally
inhabited the tallgrass sites by exploiting an exotic, invasive speéies] This adds to
the complication of restoration goals because it is unclear whether the Russian-olive
* trees and shrubs are having a cumulatively pbsitive or negative impact on the
grassland avifauna. It would be useful to conduct extensive nest gearching to
determine if and at what level Brown-headed Cowbird pafasitism is occurring in the
area. Cowbirds could be taking advantage of elevated perch sites created by the |
Russian-olives for locating nests. No Brown-headed Cowbirds were detected during
spot mapping or point.counts at any of the grassland sités and no cowbird eggs were
seen in any of the nests that were located. The only cowbird observed was along
Cherryvale Road near a private residence. The lack of cowbirds in the study sife
may suggest that they have not infiltrated these areas 6r that the: vegetation cover
makes grassland host-nest location difﬁcult and inefficient.

The species assemblage data collected can be seen as complirﬁentary to
existing data for Boulder County grasslands. Bock et'al. (1995) comparéd the avian
assemblages and abundance in the Colorado Tallgrass Prairie to that of the “True
Prairie” to the east and found that 1)' no grassland speciés-was present in the
Colorado Talligrass' Prairie that has not beén observed nesting in the True Prairie; 2)
some species characteristic of mixed grass prairie occurred in Boulder uplands but |
were not observed using tallgrass habitats; 3) the Boulder ﬁllgws avian
assemblages were dominated primarily by species that were also abundant in

surrounding habitats.
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My project found similar results in that all avian grassland species observed
within the Colorado Tallgrass Prairie are known to nest in the “True Prairie” to the

east (Bock ét al. 1995). I found conflicting results to the Bock et al. (1995) second

poiht, most markedly by the presence of a territorial Horned Lark within the tallgrass

site at the base of .Davidson Mesa (Figure 1). This could be due to the fact that the
area waé highly disturbed by grazing. Homed Larks almost al-ways occur where
vegetation density is low and there is exposed soil (Andrews' and Righter 1992).
There was also evidence of historical rhining activity on the slope of the mesa
approxim#tely 100 m away from this site, Wﬁich provided some bare ground that
may have been attractive to the Horned Lark. Although this tallgrass parcel is the
largest of the three designatéd patohes surveyed, it seemed to have the lowest quality
vegetation. It lacked floristic characteristics of tallgrass prairie that the other two
tallgrass sites included, such as the presence of switchgrass (Panicum virgatum), and

Indian grass (Sorghastrum avenaceum). Structurally, it was the most heterogeneous

(Table 13) of the tallgrass sites making it more similar to mixed grass sites than the -

other tallgrass sites. Despite these inconsistencie;, it was determined to be the
highest quality tallgfass within that parcel of the Colorado Natural Area. In terms of
avian use, Dickcissels were not observed at this site, although Grasshopper Sparrows.
and-Western Meadowlarks were observed.”

Grasshopper Sparrows and Western Meadowlarks had the highest percent
relative abundances of any species in tal]grass sites but were found in slightly hi ghér
abundances in sﬁrrounding mixed grass habitats (Table 65. Red-winged Blackbirds

were by far the most abundant species in hay fields and were also the third most

Y
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abundant species detected b): poi'ht counts in tallgrass sites. These ;esults are
consistent with the findings of Bock et al. (1995) and confirm that the tallgrass
patches are generally dominated by species that are more abundant in surrounding
habitats.

However, one exception was found td these conciusions. The Dickeissel,
which ranked the third most abundaﬁt specips detected by spot mapping in tallgrass
sites and had a relative abundance of 13% of total detections, was observed at its
highest abundance in tallgrass Sites (Tables 9,6). ‘This suggests sdmé leVel of
preference for the tallgrass patches and, due to the tallgrassfsﬁeciﬁc ecological

associations of this species, is.a notable indicator of tailgrass ecosystem function. |
Bock et al. (1995) conclude that birds may persist in the remnant tallgrass patches
only as portions of larger local populations occupying “the regional land'scape
mosaic”. The presence of the breeding Dickcissels in the Coloi'ado Tallgrass Prairie
contradicts this conclusion and suggests that some uncommon speéies recognize the
small patches as distinct habitats and select them non-randomly. The productioﬁ and
fledging of young' Dickcissels lead me fo conclude that not only are these patchés
distinct, but that they may functional as tiny, tallgrass ecosystems.

Results of this study suggest that theFColorado Tallgrass Prairie has
maintained sufficient components to support a range of avian and piant species that
are known to be ecologically characteristic of tallgrass prairie. Despite the small size
of these remnant patches, they are suécessfully preserving tallgrass attribﬁtes that

some avian species depend upon. Further research is necessary to determine if the
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tallgrass batchés are funcﬁoﬁing as distinct habitats for other groups, such as small
mzimmals and invertebrates.
Grassland birds are declining signiﬁcantly worldwide. Aggressive

' protéction, restoration, research, and adéptive management is vitai for the survival of
thgée unique specie§ and habitats. Knopf (199§) points out that to mah'y naﬁlralists;
native birds of prairie landscapes are the most boring, drabbest, and ecologically
least significant of all of the North American avifauna. Changing these pefspectives
on the value _ahd appreciation of grassland biota is critical in the preservation of

North America’s temaining grasslands.
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Appendix A. Scientific names of avian species observed in study sites.
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COMMON NAME ~ SCIENTIFIC NAME
Mallard Anas platyrhynchos
Red-tailed Hawk Buteo jamaicensis
Killdeer Charadrius vociferus
Common Snipe Gallinago gallinago
Mourning Dove Zenaida macroura
Common Nighthawk Chordeiles minor
Eastern Kingbird . Tyrannus tyrannus
Black-billed Magpie Pica pica
Homed Lark Eremophila alpestris
American Robin Turdus migratorius
European Starling Sturnus vulgaris
Vesper Sparrow Pooecetus gramineus
Lark Bunting Calamospiza melanocorys
Savannah Sparrow Passerculus sandwichensis
Grasshopper Sparrow Ammodramus savannarum
Song Sparrow Melospiza melodia
Dickcissel Spiza americana
Bobolink Dolichonyx oryzivorus
Red-winged Blackbird - Agelaius phoeniceus
Western Meadowlark Sturnella neglecta
Common Grackle Quiscalus quiscula
Brown-headed Cowbird Molothrus ater

Bullock’s Oriole

Icterus bullockii
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Appendix B. Vegetation spéc:ies‘éomposition and estimated percent cover by habitat,

site, and vegetation plot. Species names follow Weber 1990.

ESTIMATED

HABITAT | SITE | PLOT SPECIES
' % COVER
Hay Field 1 1 Carex lanuginosa 25-50
Carex nebrascensis 25-50
Festuca pratensis 5-25
Lotus tenuis 5-25
Phleum pratense 5-25
Plantago lanceolata 5-25
__Trifolium pratense 5-25
Triglochin maritimum 5-25
2 Festuca pratensis 25-50
Phleum pratense 25-50
Spartina pectinata 25-50
Trifolium pratense 25-50
3 Dactylis glomerata 5-25
Festuca pratensis 50-75
Lotus tenuis 5-25
Phleum pratense 50-75
Poa pratensis 5-25
Trifolium pratense 50-75
4 Lotus tenuis 5-25
Plantago lanceolata - 50-75
Plantago major - 1-5
Scirpus lineatus 1-5
Spartina pectinata: 50-75
Trifolium pratense 1-5
Triglochin maritimum 25-50
Hay field 2 1 Carex nebrascensis 2-25
Festuca pratensis 1-5
Glyceria striata 1-5
Scirpus americanus 5-25
Spartina pectinata 50-75
Triglochin maritimum 5-25
2 Convolvulus arvensis 25-50
Festuca pratensis >75
Phleum pratense 50-75
Trifolium pratense 25-50
3 Festuca pratensis 25-50
' Glyceria striate 1-5
Phleum pratensis 25-50
Spartina pectinada 25-50
1-5

Trifolium pratense
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Trifolium pratense 50-75
4 Cichorium intybus 1-5
, Dactylis glomerata 50-75
Appendix B. Continued
HABITAT | SITE | PLOT SPECIES ESTIMATED
' ' % COVER
Hay field 3 4 Glyceria striate 5-25
: _Iris missouriensis 1-5
" Lotus tenuis 1-5
> Phleum pratense - 50-75
Rumex crispus 5-25
Spartina pectinata 25-50
Trifolium pratense 50-75
Tallgrass 1 1 - Ambrosia psilostachya, variety 1-5
' ~coronopifolia
Andropogon gerardii 50-75
Dalea candida oligophylla 25-50
Elaegnus angustifolia 5-25
Oligoneuron rigidum 5-25
Panicum virgatum 5-25
Phleum pratense 1-5
Rosa arkansana 50-75
Sorghastrum avenaceum 1-5
Virgulus falcatus 5-25
2 Andropogon gerardii 25-50
__Panicum virgatum 50-75
Psoralea tenuiflora 2-25
Ratibida columnifera 5-25
Rosa arkansana 50-75
' Trifolium pratense 5-25
3 Ambrosia psilostachya, variety 1-5
coronopifolia ‘
Andropogon gerardii 5-25
Asclepias speciosa 5-25
Cirsium arvense 5-25
Panicum virgatum 50-75
Phyla cuneifolia 5-25
_Psoralea tenuiflora - 15
Rosa arkansana 5-25
Scirpus americanus 5-25
Spartina pectinata 50-75
4 Agrostis gigantea >75
: Critesion jubatum 25-50
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Epilobium spp.

1-5
Juncus longistylis 1-5
Scirpus americanus 5-25
Appendix B. Continued .
HABITAT | SITE | PLOT SPECIES ESTIMATED
_ % COVER
Tallgrass 2 1 Ambrosia psilostachya, variety 25-50
: coronopifolia
Andropogon gerardii 25-50
Asclepias incarnata 5-25
Bromopsis inermis 5-25
Dalea candida oligophylla 5-25
Panicum virgatum 25-50
Sorghastrum avenaceum . 5-25
Taraxacum officinale 5-25
Trifolium pratense 5-25
2 Agrostis gigantea 5-25
Ambrosia psilostachya, variety - 25-50
__coronopifolia
Andropogon gerardii '25-50
Asclepias incarnata 5-25
Asclepias speciosa 5-25
Cichorium intybus 25-50
Cirsium arvense 1-5
Convolvulus arvensis 25-50
Dactylis glomerata 25-50
Rosa arkansana 5-25 :
Taraxacum officinale 25-50 .
3 Asclepias speciosa 5-25
Carex nebrascensis 50-75
Panicum virgatum 50-75
4 Agrostis gigantea 25-50
Ambrosia psilostachya, variety 25-50
coronopifolia : _
Asclepias incarnata 50-75
Asclepias speciosa 50-75
Cirsium arvense 5-25
FElaegnus angustifolia 5-25
Elytrigia repens 25-50
Panicum vigatum 25-50
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3 1 Ambrosia psilostachya, variety - 5-25
: coronopifolia
Andropogon gerardii , ‘ 50-75
Artemisia ludaviciana 5-25
Bromopsis inermis - 5-25
Psoralea tenuiflora 5-25
Rosa arkansana - 25-50
Appendix B. Continued ‘ A
HABITAT | SITE | PLOT SPECIES ESTIMATED
% COVER
Tallgrass 3 2 - Ambrosia psilostachya, variety 25-50
coronopifolia '
Andropogon gerardii 25-50"
Carex praegracilis ' 25-50
Helianthus rigidus, variety 5-25
subrhomboideus
Heterotheca villosa 5-25
Opuntia spp. 5-25
Poa pratensis 25-50
Psoralea tenuiflora 5-25 ‘ ‘
Rosa arkansana ' 5-25
Solidago canadensis 25-50
Thelesperma megapotamicum 5-25
Tragopogon dubius 5-25
Virgulus falcatus 25-50
3 Ambrosia psilostachya, variety 5-25
coronopifolia
Andropogon gerardii 25-50
. Liatris punctata 5-25
Neolepia campestre 5-25
Phacelia heterophylia ‘ 5-25
Psoralea tenuiflora 5-25
Sporobolus heterolepis 5-25
Tragopogon dubius 5-25
Virgulus falcatus 5-25
4 Ambrosia psilostachya, variety 25-50
B coronopifolia
Andropogon gerardii . 25-50
Heterotheca villosa 25-50 :
Poa pratensis 25-50 ‘
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Psoralea tenuiflora 25-50
Rosa arkansana 5-25
Thelesperma megapotamicum 25-50
Virgulus falcatus 25-50
Mixed 1 1 Ambrosia psilostachya, variety 50-75
coronopifolia
Artemisia frigida 5-25
Artemisia ludavisiana 5-25
Oligosporus pacificus 5-25
Pascopyrum smithii - 1-5
Phacelia heterophylla 5-25
Appendix B. Continued
HABITAT | SITE | PLOT SPECIES ESTIMATED
% COVER
Mixed 1 1 Psoralea tenuiflora 5-25
Ambrosia psilostachya, variety 1-5
coronopifolia
Artemisia frigida 1-5
- Bouteloua curtipendula 1-5
Cirsium arvense 1-5
Gastrolychnis drummondii 1-5
__ Oligosporus pacificus 1-5
Opuntia spp. 25-50
Pascopyrum smithii 1-5
Psoralea tenuiflora 25-50
Silene antirrhina 1-5
Sorghastrum avenaceum - 50-75
3 Ambrosia psilostachya, variety 5-25
coronopifolia
Erigeron spp. 1-5
Oligosporus pacificus 1-5
Opuntia spp. 25-50
Pascopyrum smithii 5-25
Psoralea tenuiflora 1-5
Silene antirrhina 1-5
Sorghastrum avenaceum 50-75
. Yucca glauca 1-5
4 Adenolium lewisii 1-5 -
Ambrosia psilostachya, variety 15
coronopifolia
-~ 1-5

Artemisia frigida
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Psoralea tenuiflora

5-25
Pterogonum alatum 50-75
2 Andropogon gerardii 25-50
Artemisia frigida 25-50
Convolvulus arvensis - 25-50
Dianthus armeria 50-75
Heterotheca villosa 25-50
Koeleria macrantha 25-50
3 Andropogon gerardii 25-50
Artemisia frigida 25-50
Artemisia ludoviciana 5-25
Convolvulus arvensis 25-50
Dianthus armeria 50-75
Heterotheca villosa 25-50
Koeleria macrantha 25-50
4 Buchloe dactyloides 50-75
Coryphantha spp. 5-25
Erigeron spp. 50-75
Appendix B. Continued
HABITAT | SITE | PLOT SPECIES ESTIMATED.
v % COVER
Mixed 3 4 Gutierrezia sarothrae 1-5
Koeleria macrantha 1-5
Lactuca serriola 1-5
Yucca glauca _25-50
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