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Cottonwood habitat accounts for only 0.2 percent (400 kmz)
of the total land of Colorado (Table 1). .Despite its scarcity,
it is among the most valuable of habitat types from the standpoint
of wildlife usage. 1In Table 2, for example, a summary of the
average numbers of bird species and demsity by Colorado habitat.
types ‘is shown. The cottonwood habitat in Colorado was used by
an average of 17.8 bird species during the breeding season with
a density of 797 pairs per kmZ. The cottonwood habitat can be
seen to have bird densities and bird species diversity well in
excess of ail other habitat types, except for plain ponds which
concentrate water-fowl in winter. Beidleman (1954) in his study
of the cotton river-bottom community as a vertebrate habitat
concluded that in terms of both species and numbers it is the
most productive vertebrate habitat in northern Colorado and ranks
favorably with other biotic communities throughout the United States.
Formerly (pre-settlement environment) cottonwood groves with

many ldarge trees existed along Boulder Creek.  Today, only a remnant




Table 1. Colorado habitat types.

Habitat Type Land Area Per cent
(km?2) Total Area

Non-forest

(mainly plains) 177600 . - 66.0
Pinyon-Juniper 18900 7.0
Fir-Spruce 15100 5.6
Chaparral i 15000 5.6
Aspen ! 12700 4.7
Ponderosa Pine ! 9600 3.6
Lodgepole Pine 8700 3.2
Douglas Fir 5900 2.2
Other Forests 4500 1.7
Timber Pine 600 - 0.2
Cottonwood 400 0.2
Total 269000 100.0

Miller, R.L. and G.A. Choate., 1964. The forest resource
~of Colorado. U.S. Forest Ser. Resour. Bull., INT-3.

Table 2. Colorado habitat use by birds (1947—1973).. After Boftorff.

SUMMER WINTER

Habitat Type Nunber Average Average Nurber Average Average
of Number  Density of Number Densit
Censuses Species - (pr/km?) Censuses Species (no/km?)
Cottonwood 8 17.8 . 797 .24 , 19.2 620
Aspen 1 1 11.0 ! 297 - - -
Douglas Fir 5 9,6 182 7 10.1 265
Lodgeple Pine 8 10.2 . 183 10 9.5 213
Ponderosa Pine 18 14.4 349 22 16.0 361
Isolated L
Ponderosa Pine - - \ - 4 2.5 0
Brush-Pine 8 11.1 380 9 20.0 402
Pinyon-Juniper 2 5.5 78 11 - 14.2 208
Grassland 2 4.0 119 4 9.2 19
Cultivated 3 4,7 124 1 21.0 284
City Park - - - 7 16.9 366
City Street 1 13 1086 4 9.0 514
Plains Pond - - - 4 13.0 15200

. Bottor{f, R.L. 1974. Cottonwood habitat for birds in Colorado. American Birds,
28:975-979. (See Appendix 3).



of this riparian'forest exists along Boulder Creek. Beidleman (1954)
notes: "few biotic communities in this state are so misused as
are the river-bottom woodlands, with the trend pointing towards‘
total déstruction of much of this habitat. Man’and his agents |
account for the majority of fhe disturbancé, the most widespread
type being overgrazing by cattle and horse. Secondary in extent
but more serious in effect is the actual destruction of thé wood-
lands for one reason or another, destruction ranging from cutting
of trees for firewood and burning of grass and brush to alteration
of the river-bottom for the accomodation of irrigation and gravel
quarry project and sometimes the complete removal of the woodlaﬁd
with its characteristic vegetation. There is hardly an area-which
has not been touched in some mannér and to some degree by this type
of disturbance."

The city of Boulder is very fortunate in having one of the last
large groves of cottonwood trees along Boulder Creek, located
west of 55th Street and north of Ball Brothers Corporation. This
area is one of the most biologically diverse sites along Boulder
Creek. The grove covers about 30 acres and is composed of very

large cottonwood trees, some greater than six feet in diameter.
In this grove tﬁe dominant tress are plains apd narrow-leaved
cottonwood. There is a well developed understory of shorter
trees, shrubs and herbaceous plants (a list of the vegetation

found along Boulder Creek, including all the species found in

the grove are included in Dr. J. Bock's: report, Appendix 4).



- A survey Qas made iﬁ 1970 of the diversity of the végetation along
‘Boulder.Creek from the mouth of Boﬁlder Canyon ﬁo the level of

the Boulder Creek Cottonwood Grove. The area was divided dinto
nine seétioné. The survey was taken across the- creek from the
Boulder Creek Cottonwoéd Grove when.the vegetation was depauperate
in comparison with the grove. If the species found in the Grove
are included in the census, section one has the richest flora

along the creek (Table 3). Vegetation is at the base of the

Boulder Creek ecosystem because these plants furnish food for all

the organisms found in the grove and>creek ecosystem either directly

or indirectly by their photosynthetic activities. - Furthermore, these

plants furnish living and nesting sites and shelter for the vertebrates

found along the creek. Where the vegetation héngs over the creek

it provides shade for the Creek'sbfish’population. A generalized

diagrém of the Boulder Creek Ecosystem is shown in Figure 1.
Beidléman (1954) recorded 187 species and subspecies of birds

from 16 cottonwood groves in northeastern Colorado (see Appendix 1).

The species numbers in that study ranged from a low of 40 (in area

3, Stonewall Creek located between the Poudre River on the

south and the Box Elder drainage along the W§oming State line) to

a high of 128 (area 12, Poudre River near Fort Collins). Area 2

northeast of the present stuly site, had 116 species. Unfortunately,

area 27 is no longer existent. It is interesting to note that

in the Boulder Creek Cottonwood Grove a preliminary survey (Table.4)

indicates that 149 bird species have been recorded (152 1if we count

subspecles), a figure higher than in any of the scudies reported




Table 3

Numbers of species per section of Boulder
Creck terrestrial habitat. Section 1 =

Boulder Creek Cottonwood Grove. Section
9 = the junction of Boulder and Sunshine

Canyonsf
SECTIONS TOTAL SPECIES
1 116
2 36
3 60
4 35
5 107%
6 Y
7 57
8 114%
9 ' 75

*
Cultivated residential and city park,
_contains many graden plants.

4
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Table &4

Birds Observed at the Boulder Creek Cottonwood Grove
By Alexander Cruz, Bruce Webb, Jeanne Conry, Arch McCallum,

and members of the Boulder Bird Club.

Family Seasonal
Species . Statusl

Anatidae

Cinnamon Teal
Mallard

Pintail

Gadwall

Common Merganser

H=a Y

Cathartidae

Turkey Vulture T

Accipitridae

Red-shouldered Hawk T
Red-tailed Hawk P
Cooper's Hawk T
Sharp-shinned Hawk T
“Marsh Hawk ’ T
Broad-winged Hawk T
Swainson's Hawk T

Falconidae

*American Kestrel SR
Merlin ' : T
Peregrine Falcon T

Pandionidae

Osprey T

Phasianidae

*Ring—necked Pheasant PR

Ardeidae

Great Blue Heron Vv
- Green Heron - : ‘ v
Black-crowned Night Heron SR

Charadriidae

Killdeer PR
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Table 4 '

Birds Observed at the Boulder Creek Cottonwood Grove (Continued)

Family | . Seasonal
Species Status
Scoiopacidae
Solitary Sandpiper T
Spotted Sandpiper o - T
*?Common Snipe : _ SR/PR
Greater Yellowlegs T
American Woodcock T
. |
Laridae : ‘
California Gull OH-T
Ring-billed Gull OH-T
Franklin's Gull : OH-T
Columbidae
Rock Dove A
*Mourning Dove . SR
Cuculidae
*Yellow-billed Cuckoo _ SR
Strigidae
*Great-horned -Owl ) PR
*#Screech Owl PR
Short-eared Owl T
Caprimulgidae
Common Nignthawk _ : v
Trochilidae ;
Broad-tailed Hummingbird . Vv
Alcedinidae
'
*Belted Kingfisher ) ‘ PR
Picidae |

Lewis Woodpecker

*Downy Woodpecker

Hairy Woodpecker
Red-headed Woodpecker
Yellow-bellied Sapsucker
*Red~(Common) shafted Flicker PR

'-]'_]5;’3._]
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Table 4

Birds Observed at the Boulder Crecek Cottonwood Grove (Continued)

Family , Seasonal
Species ’ . Statusl

Tyrannidae

Willow Flycatcher
Hammond's Flycatcher
Western Kingbird
Eastern Kingbird
*Western Wood Pewee
Olive-sided Flycatcher
Say's Phoebe

S

Hirudinidae

Tree Swallow
Barn Swallow
Violet-green Swallow
Bank Swallow

<gga<

Corvidae

Steller's Jay _ T
*Black~billed Magpie PR
Common Raven _ - OH-T
*Common Crow PR
Paridae
*Black-capped Chickadee : PR
*?Mountain Chickadee WR/PR?
Sittidae

White-breasted Nuthatch PR?

Cinclidae
Dipper _ WR
Certhiidae

Brown Creeper WR

Troglodytidae

*House Wren SR
Winter Wren WR
Short-billed March Wren T

Mimidae

Northern Mockingbird - T
*Catbird SR



Table 4 10.

Birds Observed at the Boulder Creek Cottonwood Grove (Continued)

. Family A Seasonal
Species Statusl

Turdidae

*Robin

Hermit Thrush

Wood Thrush
Swainson's Thrush
Veery _
Western Bluebird
Townsend's Solitaire

3N

Motaciliidae
Water Pipit : T

Sylviidae

Golden-crowned Kinglet
Ruby-crowned Kinglet

§H

Bombycillidae
Cedar Waxwing WR

‘ Laniidae

Northern Shrike T

Sturnidae

*Starling PR

Vireonidae

Solitary Vireo T
*Red-eyed Vireo SR
*Warbling Vireo ’ SR

Philadelphia Vireo T

Parulidae

Black and white Warbler
Swainson's Warbler

Blue-winged Warbler

Tennessee Warbler
Orange-crowned Warbler
Nashville Warbler

Virginia's Warbler

Parula Warbler
*Yellow Warbler

Magnolia Warbler

Audubon's (Yellow-rumped) Warbler

. Myrtle (Yellow-vumped) Warbler

Townsend's Warbler

0—2»—5@*—1%*—]'—!'&'—5'—3'—3'—]'-3



Table 4

Birds Observed at the Boulder Creek Cottonwood Grove (Continued)

+

Family Seasonal
Species Status1
Parulidae (continued)
Black-throated Green Warbler T
Black-throated Blue Warbler T
Chestnut-Sided Warbler T
Bay-breasted Warbler T
Palm Warbler T
Ovenbird T
Northern Waterthrush T
*Common Yellowthroat SR
McGillivary's Warbler T
Wilson's Warbler T
American Redstart T
Yellow-breasted Chat \Y
Black-throated Gray Warbler T
Blackpoll Warbler T
Hooded Warbler T
Icteridae
Brower's Blackbird T
Western Meadowlark . PR
Red~-Winged Blackbird PR
*Bullock's (Northern) Oriole SR
Rusty Blackbird WR/T
*Common Grackle SR
Brown Cowbird A
Ploecidae
House Sparrow PR
Thraupidae
Western Tanager T
Summer Tanager T
Fringillidae
Rose-breasted Grosbeak SR?
*Black-headed Grosbeak SR
*Indigo Bunting SR
Lazuli Bunting SR?
Evening Grosbeak T
*House Finch PR
Cassin's Finch T
Purple Finch T
Pine Siskin T
*American Goldfinch "SR
*Lesser Goldfinch \'

CGreen~tailed Towhee



‘ Table 4 ' 12.

Birds Observed at the Boulder Creek Cottonwood Grove (Continued)

Family Seasonal
Species Statusl

Fringillidae (Continued)

Rufous-sided Towhee

Dark-eyed Junco -
White-~winged
Slate-colored
Oregon

Gray-headed Junco

Tree Sparrow '

Chipping Sparrow

Fox Sparrow

White- crowned Sparrow

White~ throated Sparrow

Lincoln's Sparrow

Swamp Sparrow

*Song Sparrow

Grasshopper Sparrow

wn
™

%;‘al—]i—]v—]

r—]?gr—]'—]'—lr—]b—!l—]

*
. Denotes Breeding Species.

1T=Transient, PR=Permanent Resident, WR=Winter Resident,

SE=Summer Resident, OH=0Overhead, V=Visitor.
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by Beidleman.. Thus the Boulder Creek Cottonwood Grove appears to
be one of the richest avian habitats in north-central Colorado, if
not in the whole state of Colorado. Bottorff (1974) found that

disturbed cottonwood habitats in Colorado had a mean of 13.6 breeding

avian species while undisturbed habitat had a mean of 24.7 breeding avian

species. In an ecological analysis of the breeding birds of this

A i
cottonwood grove (see atgached prelimiqary report concerning the
objectives and methods of that study), we found 27 breeding species
during the summer of 1975 and next year's study may show the number
to be as high as 30 breeding species (Table 4).

Not only is the Boulder Creek Cottonwood grove a rich avian
habitat, ‘but it is an equally rich habitat for other vertebrate species.
Stoecker and Keammerer (1§74) note that this grove provides some
of the only habitat in the vicinity for several wildlife species
including beaver, red fox, raccoon, muskrat, and mule deer (see
Appendix 2 for that study). On 10 October, 1975, we observed
two deer and a red fox in the grove. Those same species plus
two raccoons were observed by us on October 12, 1975. A list of
the mammals observed in:the Bouider Creek cottonwood gréve is included
in Table 5 (from Stoecker, 1972). Windell (1972) found that one
of the most productive aquatic sections of the Boulder Creek
ecosystem is within the cottonwodd grove (Table 6). Rainbow and
brown trout occur here owing to the quality of the habitat; Pools
become shallow riffles and. undercut banks provide cover. Cottonwood
trees on the streambank shade the water and together with over-
changing grasses and forbs keep the water cool. Additionally, the

water 1s quite clear, which is important to the predaceous trout



T W e e e —

Nomenclature follows Burt and Grossenhelder 1964.

One spacimen was found dead by Mrs. Joe Ben Wheat

A. =bundant (casily se~n by anyone)
€. ccmmen (casily tound at certain seasons by a nafurc cn?hurlasf)
r. rare (difficult to find, but known to occur)
- Ldes not occur (or would od so rarely)

14.
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Table 5. A complete list of all mammals identified, ana
' the areas where they occur along Boulder Creek.
. Area one takes in the Boulder Creck Cottonwood
grove (Stoecker, R. E. 1972),
g.- - T e i e . - -u-.-....-.;..-a . - eme ,-.__..-....,T._-.._.,_ _______ .. it oo St em— -
" Latin Name Ccmmon Name i Study Area
i , i
] o, L. i 23.4.56.18.9 10
' 1. Castor canadensis ;Beaver ;C - - - - - -
2. Cltellus tride enllinca-| Thirteen-linedic ¢ r - - - - -
. Yus ground squirrel%
137 C,_ varieoatus Rock squirrel EA A ¢ -~ - r rr
4. Cynomys judovicianus _§8Iack tail [ A - - = - - -
i Praire dog ’
5. Marmota floviventris Yel lowbel ly - - = - o = 7
' Marmot ,
' : i
. bophi*tls mephitis Striped skunk c - - - = = = -
. M'ziotiis pamasylvani- -  Meadow vole c r c - r rrr
cus i : :
8, Mre-"a vison Mlnk z o i
. tus musculus .House mouse cror rrroror
‘O. Neetama roxicana "Mexican woodrat | - - | - N
M 1 B ‘ ‘
f1. Ococoilans lemionus i Mule deer - = - - - AT
! : . ;
bz. Ondatra zibethica . Muskrat c r r. . r.r s - -
: : . o v
#3. Pzromyscus maniculatus i Deer mouse c'c.c A A S
V4. P. difficilis | Rock mouse . N
H ' R : i i : '
5. Lrocven Iotor , Raccoon c rr r-c.c c'c
. 3 . . .
15. [2i+us nervegicus !Norway rat cic'c e c.r. c
. i ; ' . .
17. Sciurus zberti : Tassel-eared - - - g el -
1 © = ) . | . :
13. S. viger |su§'squ!rrel roc’ A A Alric
19. Syivilegus floridanus | Eastern cotto- ?A ‘e ? -! i r{ - -
, | i . H
20, Vulp~s <:lva Rad fox c: ; -?'-| - e} -

- w———
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Table 6. Fish of Boulder Creek (modified from Windell 1972).
Site 1 takes in the Boulder Creek Cot tonwood grove.

Sites 1 2 3 4 5
Fish species N¥ N N N N
Rainbow trout 6 0] 0 0] 0
Browvn trout 1 o] 0 o 0
White sucker 36 0 o) o - 1
Longnose dace  _ 15 0 0 0 0o
Northern creek : _

chub 3 0. . 0 - 0 0
DPlains sand ) .

shiner o 0 0 0 1
Total . 61 0 o 0 2

¥ N = numbers of fish taken.
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that depend on vision to capture insect larvae and smaller
fish.

It is apparent from this study and from previous ones
(see Appendix) that the Boulder Creek cottonwood grové is one
of the most biologically diverse communities in Colorado --—-
with a great floris;ic and faunal diversity. It is of the
upmost importance to wildlife. The information presented in this
preliminary paper and in other research efforts has clearly
established tﬁat cottonwood habitat is relatively scarce in
Colorado, but that what is available is used heavily by many
vertebrates for breeding, feeding, and shelter. Because of
their limited extent but tremendous importance as.biologicgl
communities, the few remaining cottonwood habitats in Colorado
should be preserved. The University of Colorado and the City
of Boulder are fortunate indeed in having this unique resource

within their area.
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PRELIMINARY REPORT

EXPERIMENTS IN PROGRESS AT THE

BOULDER CREEK COTTONWOOD GROVE

I. ECOLOGICAL ANALYSIS OF THE BREEDING AVIFAUNA OF

THE BOULDER CREEK COTTONWOOD GROVE

Alexander Cruz
EPO Bioclogy Department o
University of Colorado
Boulder, Colorado 80302

A major. area of contemporary research by avian ecologists concerns
the structure of avian communities. The primary aims of these studies
are to determine how species are able to successfully coexist in the
same environment, and to determine what strategies the species have
evolved to avoid or lessen competition. These studies have been
done in various communities throughout the world, ranging from
islands to mainland in both tropical and temperate habitats, but
surprisingly few published studies have been done in the Colorado
region. To my knowledge, the only ecological study of birds in
Colorado riéarian habitats was that of Beidleman (the Cottonwood
- River-bottom Community as a vertebrate habitat, Ph.D. Thesis, C.U.,
1954). During the spring and summer of 1975 I conducted a. study
of the breeding birds of the Boulder Creek Cottonwood Grove. The
study'site was located in the Boulder Metropolitan area, adjacent to
the Ball Brothers plant at 55th Street and Arapahoe. The objectives were
to determine the species composition, relative abundance, habitat associations,
and niche characreriscics of the birds in this community, and to

identify mechanisms which allowed the coexistence of these species.
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During tﬁis period field work was intensive, involviné one to three
observers working daily in the forest, conducting censuses, recording
the presence of all species and their activities (nest building,
incubation, fledging, foraging actions, territorial behavior, and

general movements). oo -

METHODS

Vegetational analysis. —--=- This'study area, which was approximately
20 acres in size, was divided into qﬁadrats, each 100' x 100'. 1In
each quadrat, the species, height, and DBH of the tree closest
to each of the four corn2rs will be otained. In addition three
150 feet‘transects in the study area will be randomly chosen and

all plants along the trznsects were identified and measured.

Population analysis. =--- The ﬁumbers of species in the study
area were established by careful evaluapion of all field data. These
included systematic observatioﬁs of individual birds, recording
their specific positions, movements, nest sites, etc., on gridded
census maps, and noting locatidns of adjacent individuals singing
simultaneously. The populatioﬂ“estimates are expressed as the
average number of individual birds of each species inhabiting the
17.2 acre plot during the study period. If a breeding territory
was half on the plot, then only half of the pair or one individual
was. counted. All birds heard or seen were marked on data sheets

as to speciles, number, sex, location, and activity.
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Food and Fofaging ecology. --- Detailed observations on habitat
usage, foraging, and feeding strategies of the birds were made
by adaptations of mecthods used earlier by MacArthur (1958), Cruz
(1976), and Cody (1974). Species coexisting in'ﬁhcvsame habitat
may avoid competition by the following strategies: differences
in foraging heights,.foraging zones, and foraging.behavior. In
addition, species which find themselves at the same point in space,
can be so because the? (a) may encounter different foéd items as
a result of differences in foraging behavior, and/or (b) they may
be morphologically equipped to eat different sizes, or hardness

of food items (Cody 1974).

' The specific technique involved-walking along an undetermined
path in the study area untii a bird was encountered. If the bird
was foraging, information was recorded for foraging heights, zones,
and behavior uses. The foraging height intervals used were: ground;
g-6", 6"-2', 2'-4', 4'-10', 10'-20', 20'-35", greater 35'. Even
though some of the species may forage at the same height they may
use different foraging zones. The following zones were identified,
ground, shrubs, trees, and aerial. The shrubs and trees were divided
into threc main feeding zones (areas), trunk, innef branches, and
éuter branches. Each of these main zones was in tﬁrn divided into

threc subzones, lower, middle, and upper.
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Spccics which have a different ﬁodc of fceding are not in dircct

‘ compctition with cach other for food, cven though the same insecct
or fruit species could be capturcdlby methods as different as
digging, probing, gleaning, hovering, or fiycatching (Cody 1974,
Cruz 1974). Fceding behavior patterns of ;hF birds in the study
area wcre catggorized as follows: probing, peckiﬁg (excavating),
glcaning,_flycatching, snatching (hovering), and rummaging into
dead leaves, snags, of other accunulations of plgnt material.
Foraging methods are usually indicative of the food items sought.
Although in some cases I was not able to see the food items taken,
those identified were recorded.

The percentage of the total number'of times that individuals
of each species were observed in each discrete feeding height was

. used to estimate the frequency with which the birds used each of
these heights. The percentages were calcu}ated by summing all the
number of observations for each foraging height and dividing by
the sum total of observations for all hcights. Similar methods
were used to determine the usageiof each discrete foraging zone and
foraging bchavior pattern.

From these measurechts I défcrmincd the feeding preferences
of ecach species and the proportioﬁ of overlap with every other
species in the community. The sumxof the proportions of obscrvacions
spent in comhon by each specics in cach vertical zone was u#cd as

a mecasure of vertical feeding overlap. Tor example, 1f species A spent

. proportionately 0.50 of its time feeding in the ground-6" layer, 0.25
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at 6"-2', and 0.25 at 2'-4' and species B spent 0.50 at 2'-4' and
0.50 at 4'-10', the amount of vertical habitat overlap would be

0.25. Similar methods were used for calculation foraging zone

~ and feeding behavior overlap.

The above methods are now being used to obtain information on the

avian community structure of the Boulder Creek.Cottonwood Grove.
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II. "ECOLOGY AND BEHAVIOR OF THE BLACK-CAPPED CHICKADEE

D. Archibald McCallum, Ph.D. Candidate, EPO Biology, C.U.
Dr. Alexander Cruz, Supervisor, EPO Biology, C.U.

-1 am presently engaged in my third season of research at the
Boulder Creek Cottonwood Grove. My specific area of interest is-

foraging ecology and breeding biology'of the Eiack—capped Chickadee

(Parus atricapillus) and the Mountain Chickadee (. gambeli); In
order to postulate-theEevolutionary adaptatiohs which enable these
two closely related species to avoid competition it is necessary

to make extensive observations of them under natural conditions.
Aléng the Front Range the Black-capped Chickadee is primarily a
bird of riparian cottonwood communities. Although it seems to be
relatively abundant in residential areas (a decidedly unnatural
habitat where natural adaptations become obscured), it is difficult
to find locally in stands of cottonwoods, even though I have searched
for the sPecies'throughout the greenbelt during the winter. The
only place that a population can be found in a natural setting is
in the Boulder Creek Cottonwood Grovef My hypothesis is that the
other sections of riparian woodland have little ground cover and

do not offer a sufficiently diverse habitat for this species. 1In
fact, that is my generél impression about avian life in thé Boulder

3
Creek drainages. No other site has the habitat diversity of the

Boulder Creck Cottonwood Grove énd no other supports as diverse
an avian community. |

There is another feature of the Boulder Creek Cottonwood Grove
avian community which maées it of special interest to me. Since

I first bepan my studies there in February, 1974 there has been

present among the Black-capped Chickadee flock an individual of




23.

P. gambeli. It is unusual for a member of this monténe, conifer-
adapted species to be found away_from the foothills in a deciduous
forest, even in winter. Yet the bird has operated as a peripheral
member_bf the resident flock for at least two winters. This

has offered unique opportunities for observation of behavioral
interactions between the two species. 1In the bfeeding season

of 1975 this Mountain Chickadee attempted to breed with a
Black—éapped Chickadee. Hybridization between the two species

has never been recorded and must be regarded as a highly unlikely
and significant event. The pair forﬁed a bond and selected a

nest hole. Although they did not réise young they did remain
paired throughout the breeding season. These individuals remain
in the area. It will be of utmost significance to the undérsténding
of this event that they be allowéd to continue to exist in an
undisturbed setting. Recently human disturbance of the Boulder
Creek Cottonwood Grove has increased. As residential areas
proliferate in the immediate vicinity this abuse will not doubt
increase in frequency and intensity unless the site is put under

a trusteeship which will ensure its integrity. If such trustee-
ship is not forthcoming we will probably lose what is in my opinion
the finest ecosystem of its sort.in the county, if not thé entire

northern Front Range.

' O Sl Lol M Ol

D. Archibald McCallum
September 29, 1975
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APPENDIX ONE

FAUNA OF THE COLORADO COTTONWOOD RIVER-BOTTOM
COMMUNITY (BEIDLEMAN, 1954, THE COTTONWOOD RIVER-
BOTTOM COMMUNITY AS A VERTEBRATE HABITAT, PH.D.

DISSERTATION, EPO BIOLOGY DEPT., UNIV. OF COLORADQ).



NOTE: In the following tables, tho sixtoen consus arcas
are referred to by mmber os indicated below,

AREA KEX.

1 - Buck Creck (5 acres)
2 = lorti Thesmson (10 acres)
3 - Stoncwall. Crcelr (10 acres)
: } - Rist Canyon (5 acres)
! 5 « Spring Canyon (5 acres)
5 6 - North Poudre Ditch (15 acres)
7 - Left Hand Creek (20 acres)
8 - Big Thompson (15 acres)
9 « Little Thompson (10 acres)
10 - St, Vrain (10 acres)
11 - Boulder Creek (50 acres)
12 - Poudre at Fort Collins (20 acres)
' 13 - Poudre at Windsor (15 acres)
U ~ Platte at Orchard (15 acres)
. . 15 - Platie at Atwood (20 acres)
16 - Black Wolf Creek (50 acres)

# In 1947 and 1948 the Boulder Creek area included
150 acres of river-bottom.
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| .
. | Arca -S‘lze. Amphibia Roptilia Aves  Mammlia Total Rank
(zcre)
1 s 2 1 52 13 68 13
2 10 0 2 Sk Mt 70 12
3 10 1 2 o on s 16
L 5 2 1 67 9 79 8
5 5 1 1 106 10 118 3
6 15 1 3 73 10 - 87 6
: 7 20 1 1 61 T 76 10
| 8 15 1 1 52 8 62. 1k
| 9 10 1 1 7h 5 K 7
i 10 10 1 1 L9 6 57. 15
[ 11 50 L [ n6 12 37 2
E . 12 20 3 b 128 16 151 1
f 3 15 1 k 93 12 110 b
E 1Y 15 0 1 64 10 (43 1
| 5 20 1 3 6 9 6 9
16 50 1 2 76 12 91 5
Average Number '
of Specics 2 : 2 73 10 87
TABLE V., Summary of inmbers of Vertebrate Species, Including Sub- \»‘-
species and ilybrids, in the Sixtoen llorthern Colorado
Cottonwood River=bottom Comrmnitiecs.
.;
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TABLE XX (following)e Located Nests of Birds in

the Colorado Cottormood River-botion Cormaunitiese

The following species incliude Ouly {hose Wnose
nests or nesting sites were actually locateds
Tnere were, of course, mnany obher species which
nested in cach area bub whose nests wers never

actually founde
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. Rock Dove - X

Fourning Dove » XX X X

Species AN 1 2 5 & .
Great ilue Heron '

B.Lack-c;rowned Night Heron
Mallard - X X

Sparrow Hauk

-
MOb M M
e

Wilson'!s Snipe

Sereech OWl-~ ~ 7 771 _ X
Horned Owl
Fed-shafted Flicker ' X X XX X X

L2 T T o S B o
pd
™

Red=headed Woodpeckexr ' X

lewists Woodpecker X
Hairy Woodpecker

Downy Woodpecker ‘ X X X
Eastern Kingbird X X

B4
N W W

Arkensas Kingbird _ X
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AREA: 1 2 3 L S 6 7 8 910111213115 16 Total
XX z

Species
Wesicin wood Peweo

Eough-winged Swallow
Cliff Swallow
Blue Jay
American Magple |
Mackwcapped Chickadee
Dipper
House ¥Wren -~
Rock ¥Wren
Robin
Staxrling
Warbling Vireo
Yellow Warbler
Yellow=-throat
Er@.ish Spai*row.
Meadoulark

X X X 3

X 1
| X X 2
XX XXXXIXXZXZXZXX X 13
X X - X X L

X T 1
X X X X XXX 7
X 1
XXXXXxX XX X X 9
X X X X X 5

X X 2
X 1

X X X 3

X 1

X 1
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TABLE XTI (following). Mammalia of the Colorado
Cotlomiood River-bottom Corrmnity, by Arcas,
The relative abundsnce of each species is
listed (first line) and, in some cascs, the
maxiram nwaber seen on a single trip (second
line). The folluwing symbols have been used:

P == Present but not especially abundant

C «- Common, for the particular species

R == Reporied in area, but either not
during census period or not by
this author

? = Questionable identification on the
basis of signs alone
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Species AREA: 1

2

3 b 5 6

7

8

9 10 11 12 13 14 15 16

. Total Areas

Marsupialia

Didelrhis virginiana

Inscectivora

Scalopus aguaticus

Sorex cinercus

Sorex obscurug . @ - P .

Sorex palustris P

Carnivora

Ursus americams

Procron lotor

Mustela frenata (sp. ?)

Mustela viscon

iechitis meohitis P

Canis latrans

Lymx rufus

Moy

g4t g

| ol 2

SR B )

="y

=

= o

{ gl

| e o]

I SO

b B oeon B

881




. . v - - i
i el T S W i o S o

R TN

. - . . . N . B N )
0 0 At i . S8 S, i e WAL A,

FUPRVNERW UR Y WY YR ST

TTTT-SYN

Species AREA: 1

12 13 14 15 16

Total Arezs

P SRR T T

Rodentia

Mermota flaviventris

Citcllus elepans P

Citellus tricdeeen,

Citellus varicpatus

Eutanias minimms (sp. ?)P

Butamias gquadrivititatus

Tamizseciurus fremonti

Sciuvrug aberti

Sciurus niger

Thomomys talnoides c

Geomrys bursarius

Castor canadensis p

Reithrodontonys m. dyeh.

Peromyscus maniculatus P
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Area: 22 1 2 3 L 5 6 11 12 13 14 15 16
Total Trapenights 1770 33 20 30 25 30 50 25 60 30 35 15 35 Totals 2158
Areeas
Sorex cinoreus 6 6 1
Screx obscurus 1 1 1
. 3 3
Sorex palustris 1 1 2 2
3 5 Iy
Feithrodontemys me dychel I 2 s 2 1 L 5
. 7 17 7 3 9
Peroavscus ranlculatus L3 2 3 1111 6 2412 9 5 6 33 139 13
6 15 36 48 20 48 48 15 17 18 20 9 25
Percrrrscus nasutus 3 3 1
. 9 9
Iicrotus pennsylvanicus 12 12 1
M.crotus montanus 3 3 a 2
9 15 12
Microtus ochrogester 17 L 2 23 3
. 20 6 13
lus rmsculus 23 23 1
Merotus lencicaucdus 2 2 1
7 7
Zz27us hudsonius 2 2 1
< — 3 . 3
Total 8poecics Caughb & &5 L 3 1 2 1 1 2 2 1 1 3
Total lumber Caught 105 10 11 15 12 311 24 12 11 7 6 3 6

liuzber per 100 Trap-nights - 29

) 55 50 L3 37 L8 48 18 2 18 20 18

TAELS XIII., Sx211 Mamml Catches with Muscum Speéial Traps, Northern Colorado Cottonwood River-

bottoms. Area 12a is north of Arca 12 (sce Table XIV).

Random sarple except fer

Area 12a. Figure on first line is number caught; figure on sccond line is mumber
per 100 tran-nights. In Total columm, first figure represents total catch in all

‘arcasj second figure rep

resents averasgs number per 100 acrese
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Census Period: § §H g _gr-i 5.5,-4 33 gr-l Total

Total Trap-nights: 1050 210 210 300 1770
Reithredontorys m. dychel L L
Percrzrscus mandculetus 30 1 6 6 43
l4erctus pennsylvanicus 11 1 12
Microtus ochropaster 13 It 17
Ius rmusculus 20 1 2 23
Sorczx cinereus 5 1 6

Total Catch 83 3 13 6 105

TAPIE XIV, Small Marmaal Population Study on One-fourth Acre of Weedy Cottonwood Woodland
Edge, Cache la Poudre River, 2% Miles Southcast of Fort Collins, Colorado.
This plot was directly north of Arca 12 and has now been destroyed by gravel

opcrationc,

souming that the effective trepping arca from which mammal

populations were drawn was about % acre, there would be approximately 20,000

srmall mammals produced per 100 acres of such habitat,
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TAHLE VIII (following). Birds of the Colorado Cottorwood Rivere

bottom Commnity, by Areas,

This table not only indicates the presence of a species in
an area but also indicates its status and population density for

~each area and its density and frequency of occurrence in the

entire cottomwood comrmnity,

The mmbers l-16 across the top of the page refer to the

sixteen census areas, Species are arranged in decreasing order '

of (1) cosmopolitan distribution and (2) mumber of trips seen,
The code mnber under the species name is made up of the
following:

First mumeral: total years seen

Second mumerals: total areas of record

Third mimeral: total trips of record
For example, in the case of the magpie (8=-16-U66), this species
was seen a total of eight (8) years (in at least one area),
recorded in sixteen (16) areas and on L66 trins. Al IWDEX '1'0
THIS PRESENT LISTING IS PROVIDED IN TABLE XVII, wherein species
are listed in taxonomic order and the second and third index
mmbers described above are included for each species (i.e., in
the case of the magpie, the index code in Iable XVII is
16/156) o

The five lines to the right of .each-‘species name include
the following informations
1ine 1 - Status of species in area (see key below), This

is sometimes difficult to determine, and several choices

are often given, the first choice being the typical
situation. If no exact status was determined, usually
the best possitility has been listed, In the case of
the magpie, the symool “ga" in Area 1 means that the
spocies was typically a year-round visitor and/or a
year-round resident in that area. Sumnmer or yearw
round residence suggests a breeding status,

Status ng

& = year-round resident
b « summer resident
¢ = winter resident
d - fall and spring visitor or migrant
e - spring migrant or visitor
L « fall migrant or visitor
g = year=-round visitor
h -« winter migrant (ducks)
1 « sumner visitor
J =~ vinter visitor
- k =~ resident, migrant, and
year-round visitor
7 = status undetermined

Al oot 2V B AL ALK s e
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line 2 — The years of record for species in each area.
In tho case of the magpie in Area 1, it was seen during
three (3) years. '

Iine 3 « Tho number cf trips on which species was seen

- in each area. In the case of the magpie in Area 1, the
specics was recorded on saven (7) trips.

1ine }} =~ The average anmal population density of the
species in each area. For exanple, in the case of the
magple in Area 1, its average anmal density was two
birds per the five (5) acres of Area 1. It must be kept
in mind that this anmal average does not indicate the
seasonal variztions which typically occur, The annual
average must be considered together with the species?
"status in order to obtain a picture of the bird's
position in the particular cormmnity, Also, of course,
the more trips on which a species was recorded, the more
accurate the annual average density is,

. Line 5 ~= The population density per 100 acres for the
species in a particular area. For example, in Area 1
the nagpiets density per 100 acres, obtained by
mltiplying its averayge area (five acres) density by -
twenty (20), is 33 birds per 100 acres of such habitat.
This is, of course, a highly erroneous figure,
especially for small areas,

The two figures (i.e., magpie = 22/25) in the extrems right
colurmn indicate the average density of a speciss per 100 acres
in the northern Colorado cottomyood river-bottom community as a
whole, The figure to the left of the slant (22) has been derived.
as follows, The average densities of a species for all areas in
a single year were totaled, Then the total acreage of areas in
vhich the species was seen in tne particular year was calculated
( a maximum of 275 acres if the species occurred in all areas)e
The total average densities were then converted to mumber per 100
acres in their ratio to 275 acres. This number per 100 acres
was added up for all years of occurrence, to get an average runmber
per 100 acres. In essence, this "rumber per 100 acres" is not
interpreted as the number per 100 acres of contiruous cottorwood
river-bottom but rather the toial mumber of individnals common
to any group of cottonwood Woodlands whose areas would add

up to 100 acres. In situations where a species occurs in the
majority of the wocdlands censused, this 1CO-acre figure appears
more valid than that derived in the ordinary method doscribed
bolow, As the total mumber of areas, and hence acreage,
decreases, this figure becomes less valide. When a species 1s
seen in only one area, this density figure would, of course, be
identical with that derived by the standard methode

The figure to the right of the slant (25) represents the
average donsity per 100 acres, derived in the standard method,
namoly, mltiplying the average density for a specics in one
area by the aroafs sizo relationship to 100 acres, and eventually
achieving a total average for all arcas of occurrsonce,
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. It shw»id Yo remombered, in considering any of the density .
£1, »zos, ihas )ivre flocks of a single species on a fow days will
gl b.scGiss the density figures out of all proportion to a

apecier” acusal tatus in an area. In using to best advantage the
denus:y ¢isures given in the following table, consideration

ghav ¢ o2l o given to a species' status, mumber of trips seen,

. 3 . N
b T A O T P

AREA KEY

1 - Buck Creek (5 acres)

2 « North Thompson (10 acres)

3 - Stonewall Creek (10 acres)

It ~ Rist Canyon (5 acres)

¢ « Spring Canyon (5 acres)

6 « North Poudre Ditch (15 acres)
7 = Left Hand Creek (20 acres)

8 « Big Thompson (15 acres)

9 « Little Thompson (10 acres)
10 =~ St Vrain (10 acres)

11 = Boulder Creek (50 acresft
12 « Poudre at Fort Coliins (20 acres)
13 « Poudre at Windsor (15 acres) -
1, = Platte at Orchard (15 acres)
15 - Platte at Atwood (20 acres)
20 « Hlack Wolf Creek (50 acres)

.+ 1947 and 1948 the Boulder Creek area included
J acres of river-bottom. This must be kept
» mind in using the following tablse.
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Density/100
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Downy Woodpecker
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APPENDIX TWO

THE ECOLOGY OF BOULDER CREEK:
ENVIRONMENTAL INVENTORY AND EVALUATION

OF SEWAGE TREATMENT ALTERNATIVES.

PREPARED BY STOECKER AND KEAMMERER, 1974.
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SECTION I
ENVIRONMENTAL DESCRIPTION OF BOULDER CREEK
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SECTION I
ENVIRONMENTAL DESCRIPTION OF BOULDER CREEK

A, INTRODUCTION

Boulder Creek has its headwaters in the high mountains of

the Front Range and flows through mountain pvarks and meadows
until it funnels into a deep narrow canyon below Nederland,
Colorado. TFrom the head of the canyon it drops aporoxinately
3,000 feet in about 14 miles and flows out of the mountains
through Boulder and then across the plains until it joins

St, Vrain Creek approximately 15 miles northeast of town.

Water is an important commodity on the Bast Slove of the

‘Front Range, and the water in Boulder Creeck is used in a

variety of ways before it finally merges with the St. Vrain,
At the head of-Boulder Creek Canyon there is a large reser-
voir wnich supplies water to a power generating volant located
about 2 miles west of Boulder. Controlled release of water
from the reservoir causes Boulder Creex to flow irregularly.
Once the water reaches Boulder, a complex system of ditches
and canals diverts much of it into irrigation systems which
supply the surrounding farmlands.

Many people spend leisure time in recreational activities
along Boulder Creek. The scenery in Boulder Canyon attracts
picnickers, hikers, and rock climbers., The plains portion

is utilized to a lesser extent, but the few remaining natural
areas are of interest to many citizens.

The city of Boulder uses the creek as a vehicle for disposal \
of treated sewage effluent. Outfalls at the Pearl and

75th Street procescing facilities have deleterious effects

on the biological components of the stream. The treated

Sewage effluent, along with city street run-off, industrial
pollution, agricultural run-off, and dewatering for irrigation

have combined to form a situation in which intermittent

glow and high pollution levels characterize much of Boulder
reek,

One course of action which has been proposed to alleviate
SCme of ine probvlems along ine creek is to improve the
€xisting sSewage treatment facilities, and thus reduce stream
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contamination from this source. Several alternatives for
upgrading the sewage treatment capabilities exist, and the
ultimate selection of an appropriate treatment plan for
Boulder will have to be madz using engineering, economic,
ecological, social, and political criteria.

The purpose of this report is to provide a description of
the Boulder Creei ecosystem which can ©te used in ecological

- evaluation of the various engineering alternatives for

improving the existing sewage treatment facilities., Secondly,
in light of the environmental description, each of the
aiternatives is evaiuated relative to the beneficial or
detrimental eifects it may cause in the environment.

Much of the information presented in the revort was drawn
from previous studies (notably Bock 1972, Stoecker 1972,
and Windell 1972) and a listing of references relevant to
local environmental concerns is presented in a bibliography.
In addition to the availavle studies, field observations
and aguatic sampling were used to fill information gaps

and allow for better understanding of the ecological inter-
actions along the creek. Since the primary concern of

this study centers on evaiuating the effects of improved
sewvage treaiment, the study area was limited to the portion
of Boulder Creekx from Jjust above the Pearl Street sewage
outfall to the confluence of Boulder and St. Vrain creeks.
Approximately one month was spent in the preparation of

- this report.

B. PRE-SETTLEMENT ENVIRONMENT

Prior to settlement, the vegetation and wildlife along
Boulder Creek were vrobably quite different from that which
exists today. Cottonwood trees probably existed as large
groves in some places and as narrow bands of forest im=-
mediately adjacent to the stream in others. Where gaps in
this galiery forest occurred, the surrounding prairie reached
to nearly the edge of the creek. Nature cotionwood forests
tend to be open and airy, and'in the understory of these
forests there was probably a large component of prairie
grasses and forbs. On sites where the cottonwoods were
dense and formed a closed-canopy forest, the dry prairie
énvironment was ameliorated and mesic plant species charac-
teristic of deciduous forests of the East undoubtedly grew.
These forests were utilized in pre~settlement days by the
large grazing animals which occurred in the area: bison,
antelope, ell;, and deer. - Ponds and marshes occurred in
abandoned stream channels and in cut-cff meanders, and
Periodic flooding was common.,
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C. EXISTING TERRESTRIAL HABITATS

There are only a few large stands of cottonwoods left along
Boulder Creek, and the gallery forests have been reduced to
a few scattered trees. Some ponds, marshes, and willow
communities still occur, and with the adjacent agricultural
land they form a collage of semi-natural habitats. The
larger plains animals are virtually gone, but most of the
birds and smaller mammals still remain.

1. Gallery Forests

The term gallery forest is used to describe woodlands growing
along stream courses in prairies, semi-deserts, or other
types of open vegetation. In the gallery forests of Boulder

Creek, the dominant tree species are broad- and narrow-leaved

cottonwoodo. These trees grow rapidly, attain very large
sizes, and are ecologically important because of their
moderating influence, Kot only do they provide habitat

for numerous birds and mammals, but they cool the streanm
and understory and allow many species to exist which cther-
wise could not tolerate the warm cllmatlc regime of the
western plains.

In many locations the understory of these gallexry forests

is poorly developed because of grazing. Many of the hexro-~
aceous spec1e° ‘which occur here are weedy and introduced.
Where the understory is not severely disturbed, numerous
shrubby species are found: wild rose, gocoseberry, buckbrush.
On moister sites, willows are commonly encountered.

2. Marshes and Ponds

In places where Boulder Creek has not been channelized,

there is a well-developed meander system. Cut-off of meander
loops by natural or artificial processes has formed several
oxbow ponds, and where these have filled with sediments
marshes occur. While not widespread along the creek, these
habitats are important for many plant and animal species.

The vegetation is composed primarily of cattails, bulrushes,

and other sedges. The cattails, which spread by vegetative
Propagation, rapidly become established and spread quickly
as organic debris and inorganic sediments accumulate. The
marshes have a nearly continuous cover of cattails, whereas
the ponds are surrounded by zones of emergent vegetation
with open water in the center (Fig. 1). Such habitats are
very important to local waterfowl populations.

3. Willow Shrub Community

Willows grow on sites which are drier than the marshes and.
more moist than the gallery forests, and tend to occur mostly

-
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on sunny stream banks and sand bars. They may persist as
very large shrubs or small trees in the forests, but the
cnort-lived willows tend to decrease in importance as gallery
corcsts develop. The willow communities show a degree of
-tratification with several willow species forming a dense
«rrub cover, and numerous sedge species providing cover in
sne ground layer., The species which occur in this com—
-unity are very tolerant of flood conditions, and they
cffectively reduce erosion and undercutting of the stream
rank, On many of the willow shrub sites, young cottonwood
+reces occur, and as they develop, the community slowly
sranges in structure and composition until a gallery forest
ievelops. This process is dynamic under natural conditions
cince the stream constantly eroces. the existing banks re-—
sulting in slow destruction of gallery forest stands, depo-
cition of new sand bars, and natural revegetation of these
exposed, sunny areas by willows,

2, Agricultural lands

Yach of the area adjacent to Boulder Creek is currently used
for agricultural purposes. The moister conditions on the
floodplain allow for more luxuriant plant growth and a greater
frazing pressure by domestic livestoci., The cottonwood

trees along the stream provide. shelter in the winter and

shade in the summer and for these reasons as well as the

source of flowing water, these floodvplain areas are used
cxtensively. 1In many places where the vastures are adjacent
to the creek, considerable trampling and deterioration of

the streamside vegetation is evident.

5 Channelized Areas

Poulder Creek has been channelized over much of its length
from the Boulder city limits to its confluence with St.
Vrain Creek. Only a few places remain where the natural
~eander pattern of the stream can be seen. Piles of gravel
from the straightened and newly-vroduced stream bed re-
vepetate slowly, and those species which are able to become
¢stablished on these harsh sites are mostly weeds.
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D. CRITICAL ENVIRONMENTAL AREAS ALONG BOULDER CREEK

Population growth and development in Boulder and its out-
lying areas have c‘:c'eatly modified the natural communities
which existed orior to settlement, but there are a few
areas along Boulder Creei that remain somewhat similar

to their original, natural conditions. Thece sites may
have been modified by grazing, tree cutting, or stream
channelization, bput they still serve as important habitats.
Through proper care and awarenecss, these areas could con-
tinue to function as natural refugia, and with proner
supervision they could be improved in their capavilities
for supporting a diverse and interesting Iflora and Iauna.

As part of this study, four crltlcal environmental areas

~along Boulder Creek have been identified (Figs. 2, 3, and 4).

These sites, which are currently recognized as 1nterest1ng
natural areas by many people in Boulder, are brlelly
described below.

1. Cottonwood Grove

One of the last large groves of cottonwood irees along

 Boulder Creek is located approximately one mile east of

town, just west of 55th Street (:¢5. 2). The grove Covers
about 30 acres anéd is composed of very larze cottonwooi
trees, some greater than six feet in diameter. Even though
it has been grazed for many years, there is a fairly well-
developed shrub layer in the understory. This grove
provides some of the only havitat in the vicinity for
several important wildlife species including beaver,

red fox, several svecies of hawks and owls,’  and occasionally
mule‘*deer and pheasants. Raccoons, nmuskrats, dippers,
snipe, kingfishers, and many species of waterfowl and
shorebirds can be seen along the creek as it winds throu"h
the grove.

2. Sawhill Ponds

The Sawhill ponds, located about three miles northeast of
Boulder (Flb.2), were formed as a result of sand and gravel
mining operations. Although the area has been dlsturbed
there are approximately 40 acres of cottonwood trees

along a one-mile portion of the creek. These cottonwoods,
and the adjacent ponds and cattail marshes, ovrovide a
variety of important wildlife habitats. The whole area
covers about 250 acres and has the potential for manage-
ment as a2 nmultiple-use recreational area. The ponds could
be utilized as a ;lungry, while the forested areas couid
be used for observing wildlife and hiking. As fossil

ipels becone more scarce, it becomes increasingly important
tnatv natural recreational areas pe established in close
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..yinity to cities and towns so that local residents can
77 a natural outdcor experience without traveling great

[ ¢

.. ..ances from their homes. . : :

oA
.

. wmite Rocks
. snite ROCXS

j-~roximately four miles northeast of Boulder there is an -
._wcrop of limestone which forms an impressive bluff along

I

.-z north side of 3Boulder Creek, which is lmown locally as White
lazs (Fig. 3). The bluff is very scenic and contrasts

vien the surrounding farmlanés and floodvlain. lMany rare

.~d interesting plant and animal species which occur

vitnin this restricted area add to its esthetic and sci-

cntific character (Sioecker 1972; Adams 1972).

¢{, Heron Rookery

~he heron rooXkery is located anproximately seven miles
rortheast of town (Fig. 4), (just east of 95th St.). The most
{mportant natural feature about this site is the cotton-

wood grove (about 25 acres) which is utilized as a nesting
site, or rookery, by a large colony of great dlue herons.
Although the stream in this area has been channelized,

and the understory oI the cottonwood grove has been heavily
grazed, the area provides important nabitat for the herons

as well as other wildlife species,
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E. WATER QUALITY AND LIMNOLOGY

Approximately 10 field days were devoted to sampling the
spream in order to better characterize the existing con-
ditions. Five sampling sites were chosen (Figs. 2, 3, and 4),

and at each location water chemistry, benthic (bottom dwelling)

invertebrates, and fish were sampled. The following dis-
cussion is based on these results. Tabular data and
methods utilized are presented in the appendix section.

The most natural, or physically unmodified, sections of
the stream which were studied are in the cottonwood grove
(Fig. 2) and near White Rocks (Fig. 3). In the cotton-
wood grove, the pool to riffle ratio is approximately

1 to 1. There are deep holes, undercut banks, and stream
sections covered by overhanging vegetation., Channel
substrate consists of gravel and rocks with some siltation
in the pools. Normal meandering of the stream maintains
the pools and undercut banxs with trees, shrubs and other
bank vegetation preventing excessive erosion.

Boulder Creek near the White Rocks provides a good physical
habitat for fish, but few if any fish occur because of
pollution levels., The pool to riffle ratio is about

1 to 1, and the pools are deep enough to provide sufficient
shelter for fish during low water. Most of this area

is isolated from pasture land and as a result undercut
banks are numerous, Dams and weirs along the stream

create deep pools in some areas,

Much of the remainder of Boulder Creek, from the cotton-
wood grove to its confluence with St. Vrain Creek, is
disturbed by gravel mining, channelization, and livestock,
Some pools exist, but they are few in numver. Lack of
streamside vegetation and destruction of banks by livestock
prohibits the formation of undercut banks and cover for
fish, and increases siltation.

The water quality of Boulder Creék, as indicated by the
data collected at each of the five sampling sites (Appendix
Table 2), is due mainly to the effluents released from

the two sewage treatment plants. Temperature increases

in a mountain stream as it flows out onto the plains,

but sewage effluents also elevate temperatures. Temp—
erature differences of 2 and 3 degrees centigrade on two
sampling days were recorded at sites 100 meters apart

that were located above and -below the Pearl Street sewage
outf2ll (sites 1 and 2, Fig. 2). Only a one-half degree
ditference was recorded on the third samoling day because
of increased stream fiow due to spring run-off and because
of reduced discharge from the sewage treatment plant,
Turbidity and total hardness tend normally to increase

-12—
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aownsiream, but rapid increases in both also occurred
below each sewage outfall, As with the temperature data, -
the increased stream flow and reduced discharge minimized
. the effect of sewage effluent on the third sampling day.
The increased nutrient salts (phosphates, nitrates, and
nitrites) that were measured below the outfalls encourage
algal and bacterial growth. This is evident in many
sections of Boulder Creek. Oxidation of the accumulating .
organic matter increases the biological oxygen demand
(BOD, the oxyszen necessary for oxidative decomposition by
microorganisims), which is aggrevated when water levels
drop, and dissolved oxygen at times must drop to very
low levels. HMeasurable concentrations of chlorine were
found only in the water immediately below the Pearl Street
sewage outfall, | -
The benthic invertebrate fauna above the Pearl Street
outfall is revresentative of those normally found in Front
Range streams that have not been severely modified (Appendix
Table 1). Several groups of mayflies, stoneflies, and
caddisflies are present which together constitute important
sources of food for trout and other organisms. The diversity
of invertebrate organisms is much greater above the Pearl
Street outfall than below (Avpendix Tables 1 and 2) and is
indicative not only of higher water quality but of superior
physical characteristics of bottom substrate as well. -

‘ Wnen pollution.becomes severe the effects on most invert-
ebrates are so marked that large taxonomic groups, rather

than species, are involved., Such is the case below the
Pearl Street outfall. Apvearance of large numbers of
moth flies, accompanied by the disappearance of several
major invertebrate grouvs, is the result of pollution
(Appendix Table 1). The existence of a few mayflies and
caddisflies in this area is due to drift from upsiream.

When concentrations of organic matter are high enough to
produce total de-oxygenation, few stream animals
survive, Ioth fly larvae are air breathers and they over-
come the problems of such conditions by breathing through
air tubes at the tips of their abdomens In addition to

a stream existence, moth flies have found suitable con-
ditions in man-made habitats such as sewage filters.

The existence of these flies, combined with the virtual
absence of other organisms, indicates that at times dis-
solved oxygen drops very low. Sewage fungus below outfalls,
in addition to the low dissolved oxygen concentrations,
combine to eliminate many stream invertebrates. Sewage
fungus on rocks inhibits the functioning of mayfly hold-fast
mechanisms, and also forms a coating on the animals and
severcly impairs normal respiration,

. About four miles downstream form the Pearl Street outfall
(site %3, fig. 2), the stream has undergone sone self-.
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purification. .Sludgeworms are the dominant invertebrate
group accompanied by midge larvae, fresh water shrimp,

and aquatic sow bugs (Appendix Table 1), but heavy detritus,
siltation, and sewage fungus persist. Near the White

Rocks (site 4, Fig. 3), which is about four miles below

the 75th Street sewage outfall, the creek is at about the
same stage of self-purification. The predominant inverte-
brates are sludgeworms and midges (Appendix Table 1).

The existence of beetle larvae and leeches indicates that’
year-round oxygen conditions have improved.,

The géneral recovery of the stream has progressed at the

final sampling site (site S5, Fig. 4), which is approxi-
mately 4 miles below the 75th Street sewage outfall, to

the extent that the fresh water shrimp is becoming a :
dominant group (Appendix Table 1). The presence of mayflies
at this site is also indicative of improved conditions.

The quality of the stream at this point, however, 1is still
inferior to the first sampling location in the cottonwood
grove, This is due to only partial recovery from sewage
pollution, and an incdrease of sediment yields and agri-
cultural wastes. ' ’

Fish are more susceptible to the combined polluting effects
of sewage effluents and agricultural wastes than are inver-
tebrates, and consequently they are often eliminated over
longer distances. This was borne out by sampling data
which showed that all fish species were eliminated from

the stream below the Pearl Street outfall and were only
encountered in low numbers at the sampling site located
farthest downstream (Appendix Table 3). The absence of
fish at the other three sites is due not only to toxic levels
of pollutants, but also tec alteration of the physical
characteristics of the stream and decreased food supplies.

Nitrites, chlorine, and ammonia are three major fish poisons
commonly found in sewage effluents. Levels of nitrite and
ammonia required to kill fish are not known because these
poiscns act slowly and synergistically with low oxygen
tension, increasing temperature and water hardness. Chlorine,
on the other hand, acts rapidly and is lethal at very low
concentrations. Toxins in sewage effluents not only elim-
imate fish from downstream sections, but also act as a
barrier to fish movement. Periodic decreases in dissolved
oxygen and increases in free carbon dioxide eliminate fish
by killing them or causing them to move from contaminated
areas of the stream. Also, an increase in free carbon
dioxide will increase metakolic demand for oxygen which

may be in excess of the normal levels of dissolved oxygen
present in the water.
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¥, THE BOULDER CREEK ECOSYSTEM

In the science of ecology the term "ecosysfem" is used to
describe a functional environmental unit composed of plants,

animals, and non-living components. Implicit in the defin-
ition are interactions among the organisms and the environ-
ment including such processes as nutrient cycling, energy

fiow, and feeding interaction exemplified by predation

within food-webs. An ecosystem, therefore, is more than

an arbitrarily selected landscape unit., Boulder Creek, including
the streamside vegetation and the variety of animal species
(Fig. 5), is a good example of an ecosystem, especially since
its boundaries are well-defined by the abrupt transition between
the dense vegetation adjacent to the stream ané the surrounding
relatively dry agricultural lands. The distinctness and ‘
integrity of this ecosystem, however, has been obscured, even
obliterated in places, by channelization (Fig., 8).

Some of the plants and animals found along Boulder Creek
are more restricted to this ecosystem than are others.
Fishes and many aguatic invertebrates compnlete their life
cycles within the stream itself, while others have aquatic
larval forms which mature in the stream, but disperse
widely as adults. Other animals such as waterfowl, fox,
and mule deer utilize the stream, but are not dependent on
lt.' V

The number of interactions possible in even the simplist
ecosystem is enormous, but it is possible to gain consider-
able insight into the way in which an ecosystem functions

by singling out the more important relationships. This

has been done in the following food-web diagram (Fig. 6).
Tne information portrayed here is a necessary starting
pecint for identifying those components likely to be affected
by modification of the environment.

The physical and chemical characteristics of Boulder Creek,
including not only the condition of the water but the

stream channel and the streamside substrate, form a base

on which all biotic components of the ecosystem rest. This
cannot be over-emvhasized, since the value of Boulder

Creek as an esthetic resource--including its potential for
scenic attractiveness, its potential for general recreation,
for fishing, for wildlife observation--depends on the
integrity, complexity, and interrelationships of the aquatic
and terrestrial components of one functional system.

The species of fish and wildlife which presently occur
along Boulder Creek and are of general public interest are
discussed below. The purpose of this discussion is to
briefly consider important ecological requirements, and the
potential of these populations to increase in number given
improved water quality.
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Scavengers (turkey vulture, magpie, crow)

_ /////" - Decomposers (fungi, bacteria)

Great blue heron Red fox Badger Hawks
Kingfisher Coyote and Owls

Dipner Raccoon{ /r

Small

™ ﬁi\\ Fighes rodents -
A 1\ Songbirds
Carnivorous Ducks Carnivorous Carnivorous
aguatic L3 Geese ¢ aquatic , terrestrial
invertebrates Shorebirds invertebrates invertebrates
Songbirds ™ Muskrat ' N
- & Mule
Deexr

lerbi Herbivorous Herbivorous '
ggig%?{grous aquatic i_:errestrial
invertebrates invertebrates invertebrates

T\ ]

Beaver| . . ARL
Stream plants and

Organic detritus Fk\\\\\\\\\\ Ponds and Marshes ///)Z Torests and Shrublands

5 Physical and chemical characteristics of
Boulder Creek and streamside substrate 4‘

Figure 6. Major pathways of'energy and nutnientlflbw through the Boulder Creek ecosystem.
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1. TFish

Rainbow and Brown Trout. Boulder Creek presently has
populations oi large-sized trout, not only above Boulder
vhere the stream comes down out of the mountains, but
through +town, and for some distance out onto the plains,
One of the more productive sections of the Boulder Creek
ecosystem is within the cottonwood grove near 55th Street
(Fig. 7). Rainbow and brown trout occur here owing to
the quality of the habitat. Pools below shallow riffles
and undercut banks provide cover. Cottonwood trees on the

 streambank shade the water and together with overhanging

grasses and forbs keep the water cool. Additionally, the
water is quite clear, which is important to the predaceous
trout that depend on vision to capture insect larvae and
smaller fish. Trout habitat suddenly stops at the outfall
of the Pearl Street sewage plant. DBoth the rainbow and

the brown {trout are virtually non-existant below tnis point.
Not only do toxic pollution levels exist, but normal
upstream~downstream movements are inhibited and sewage
fungus prevents reproduction by eliminating suitable
nesting areas. Severe channelization abruptly modifies

the physical characters of the stream immediately below

the Pearl Street outfall (Figs. 7 and 8 ) and continues for
several miles. Tree cutting and grazing by cattle near the
stream increases, and the esthetic gquality of the stream

-and its capacity to function as a viable ecosystem dwindles.

Healthy stands of streamside vegetation and sections of
siream that have partially recovered from sewage effluent
and agricultural pollution occur as isolated points along.
the stream. Improvement in water quality, together with
rehabilitation of the stream channel and streamside veg-
etation, would obviously improve existing trout vopulations,

2, Birds

Great Blue Herons., The great blue heron is one of the
largest of liorth American birds. It is a colonial species
with rookeries located in several areas near Boulder., The
birds typically utilize cottonwood groves, and approximately
2 hundred or more perenially nest in the same location,

One such rookery occurs along Bolulder Creek east of 95th
Street. During spring, adult herons can be seen conspic-
uously perched near nests built in the tops of the largest
trees., These birds feed mainly on fish, most of which

they obtain from reservoirs, ponds, and irrigation ditches.
Because of pollution and channelization, Boulder Creek

has few fish near the rookery, but the herons occasionally
hunt in these portions of the stream where they take insects,
snakes, and even small mammals living in the streamside
vegelation. The continued existence of the great blue

heron in the Boulder arca is somewhat guestionanle, but it
ceems not to hinge so nuch on agqguatic food chains (in Loulder
Creck or in nearby aquatic habitat) as it does on human
encroachment on the few remaining nesting areas.
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Figure 7. The cottonwood grove. This is one of the
most biologically diverse areas along
Boulder Creek.
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Figure 8, Channelization, pollution, wide fluctuations
in stream flow, and tree cutting work in
; concert to the general detriment of the
. Boulder Creek ecosystem. Photograph taken
: ' Just 50 yards from the location where Figure
7 was photographed. ‘
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Relted Vinefishers, ¥ingfichers are common along the more
blOLOblcally procuctive portions of Boulder Creek. They

are a more specialized feeder than the great blue heron

and feed almost entirely on fish. Also, they are behaviorally
more tolerant of human disturbances and consequently occur
regularly in town. They are an interesting bird which

would likely increase in number if aquatic food chains

became more productive through improved water guality.

Dippers. The dippoer is a familiar bird along Boulder Creek
and is common even in town. It feeds largely on aquatic
insect larvae that inhabit well-oxygenated water flowing
over clean, rocky substrates. The habitat of the dipper
abruptly ends at the outfall of the Pearl Street sewage
treatment plant since drastic degradation in habitat quality
occurs at thls point.

Waterfowl, The Canada goose and many species of ducks
occur in the Boulder area, especially during spring and
fall migrations. They are attracted to the reservoirs,
ponds, and to Boulder Creek, all of which provide both
food and protection during inclement weather. The foods
of most ducks vary seasonally, with plant foods being more
important during fall and winter and aquatic invertebrates
becoming more important during sovring and summer., Open
vater is an important component of the habitat of ducks,
as well as geese, and the construciion of reservoirs has
undoubtedly increased the total carrying capacity in this
region. Canada gesse are very common in the 3oulder area
because of construction of nest boxes which have been effect-
tively implemented as a menagement program for increasing
the number of nesting birds. Improved water quality in
Eoulder Creek would likely result in more cucks and geese
utilizing the stream, especially if streamside vegetation
were also improved. Tne carrying capacity for waterfowl
in the Boulder area, however, would not be significantly
increased.

Shorebirds. The common snipe, spotted sandpiper, American
avocet, and numerous other attractive shorebirds occur in
the Boulder area (Appendix Table 4), Dbut most of them

are only marginally dependent on the Boulder Creek ecosystem.

The main foods of these birds are invertebrates which live
in the mud adjacent to the water's edge: insect larvae,
annelids, crustaceans, and mollusks., Such organisms depend
cn organic detritus, and certain forms thrive in polluted
waters, Pesticide residues and heavy metals are frequently
concentrated along this food chain, and sometimes reach
lethal concentrations at the higher trophic levels.

Soncbirds, The diversity of songbirds along Boulder Creek
iz very impressive (Apperndix Table 4), which is due to

several unrelated ecclogical factors. Streamside habitats,
rarticularly in dry climates, attract songoirds because of
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shelter, nest sites, and abundant food sources, Mountain
species, as well as birds more common to the eastern deciduous
forest, frequently overlap in the Boulder area because of

the habitat created by the gallery forests, Also, the
north-south migration routes in this region tend to be
compressed against the foothills, and many birds briefly

stop over because of the habitat around streams and reservoirs,
and because of the trees and shrubs growing in the residential
sections of town. Water quality improvement in Boulder

Creek would have insignificant affects on most song bird
species; however, those species closecly tied to aguatic

food chains (e.g., swallows) would likely be more numerous

‘along certain portions of the stream.

Hawks and Cwls. The Cooper's and sharp-shinned hawks nest
along Boulder Creek and hunt for small birds and rodents
in the dense growths of trees. Some of the larger soaring
hawks commonly perch in the taller trees along the creek,
but generally hunt in the oven agricultural flelds. Both
the great horned owl and barn owl nest at White Rocks., In
this area, the great. horned owl hunts along the edges of
the blufis and shrub thickets; whereas the barn owl tends
to hunt in the more oven meadows and irrigated fields.

Owl castings collected at White Rocks (Stoecxer 1972)

have 1ndlcated that some of the more important foods of
the great horned owl include cottontail rabbits, muskrats,

-songobirds, and terrestrial "irsects. Common foods of the

barn owl include meadow voles, pocket mice, and other
small animals., These prey species, which are basically
the same for most hawks in the area, are little affected
Dy water quality, and, consequently, raptorial birds in

e 3oulder vicinity should not be imporiantly affected
by changes in existing sewage treatment.

3, Mammals

Beaver. The beaver is a rather rare species in the Boulder
area, and only a few individuals are known to occur in
Boulder Creek. They have been observed in town as recently
as 1971, but current sightings have been limited to several
individuals near White Rocks. Their continued existence

is precarious since they are dependent on young deciduous
trees growing near a constant supply of open water.
Observations along Boulder Creek indicate they are be-
haviorally tolerant of highly polluted water, but to what
extent they are physiologically tolerant of long-range
affects is not known.

Muskrat and Raccoon. The muskrat and raccoon are more
genceralized in their habitat requirements than the beaver.
They fare well in many different aquatic habitats including
irrigation ditches, gravei ponds, and even in highly
poliuted water running through channelized sections of

-2
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Boulder Creek. Because of their wide tolerance levels,
the future of both the muskrat and raccoon seems not to
be in jeopardy.

Red Fox, Covote, Badrer. Although they are not very
numerous, thcese animals are of intercst to many people,
The red fox constructs dens in sheltered areas along
Boulder Creek and hunts in adjacent pastures, cultivated
fields, and along the creek vanks., Observations of active
dens have shovn uhau some of the major food items in the
Boulder area include muskrats, ducks, fox squirrels,
Norway rats, and smaller birds and memmals., Coyotes and
badgers are occasionally seen near the heron rookery, but
they are shy and inconspicuous. DBoth of these species are
more adapted to the drier, upland habitats, although they
sometimes occur near Boulder Creek east o? town egocc1ally
where ground squirrels, nrairie dogs, and other rodents
are abundant. Populations of red fox, coyote, and badger
should be little affected by changes in water quality.

Mule Deer. NMule deer are occasionally found along Boulder
Creek east of town. They sometimes stay for brief periods
in the cottonwood grove near .55th Street, but more often
they are seen alonb Boulder Creek at the western edge of
towvn close to the foothillis., The freguency of their
occurrence alongz Boulder Creek is strongly influenced by

the existence of trees and shrubby vegetation which provides
cover and protection from harassment by dogs and the
general disturbances caused by people. heir occurrence
would not be influenced by changes in vater quality.

23—
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G. CONCLUSION AND SUMMARY

A general description of the present and past character-
istics of the Boulder Creek ecosystem has been presented

in order that specific sewage treatment alternatives can

be considered in the following section within an appropriate
environmental context.

The dynamics of the Boulder Creek ecosystem have been
described to the extent possible with the data that are
availavle. ZExisting limnology and water quality data were

limited and, therefore, additional field data were gathered

for the purposes of this study. The vegetation along
Boulder Creek in the area of concern has not been studied
in detail, but the existing literature and limited field
observation allowed a general description of existing
conditions, Data on mammals and birds were obtained from
origineal field work conducted over the past several years,
and from students and nature enthusiasts living in Boulder.
These data are presented as appendices and represent the
most comprehensive lists of mammals and birds available for
Boulder Creek.

The value of Boulder Creek as an esthetic resource is

Jinextricably mixed with four major factors that work in

concert to the generzl detrinent of the ecosystem: polluted
water, wide fluctuations in stream flow, tree cutting, and
chammelization. Those organisms nezatively affected by such
disturbances include virtually all fish and wildlife species
of general interesi--notabnly trout, waterfowl, great blue
herons, songbirds, hawks, owls, beaver, red fox, and mule
ceer. :

=24~

AT CTITIRE 1§ et e o LT gL I P A TR G g LA ATy ohe P s AT AN ST A ST e

X
3

o
3

LaCoi i b abar i « s

3



Mg T T g SRELAL TN

R T R

Sy

R

et e T IR

P e P

= ot

o -

o nm——— -

LITERATURE CITED

Adams, R. 1972. Fauna of the White Rocks vicinity.
- Flatiren Paving Company. Boulder, Colorado.

Armstrong, D.M. 1972. Distribution of mammals in Colorado.

Museum of Natural History, Univ. of Kansas,

Bock, J.H. 1972. An ecological study of the vegetation
of Boulder Creek. Thorne Ecological Institute. Boulder,
Colorado. 9 p.

Robbins, C.S., Bruun, B. and H.S. Zim. 1966, Birds of
North America. Western Pub. Co., Racine, VWisconsin.

Stoecker, R.E. 1972, PFauna of the White Rocks vicinity.
Flatiron Paving Company. Boulder, Colorado. 20p.

Windell, J.T. 1972. A fisheries inventory of Boulder

Creek. Thorne Ecological Institute. Boulder, Colorado
9po '

- =25=

ey .t S e s fo et Yy o ATk A, L

Craat i g L

T

.
- e

At s s Bg TS



AN ¢

Lo o

BT RV

Eiruiad L P L AR L]

-~

BIBLIOGRAPHY

[ e

Alexander, G. 1937. The birds of Boulder County, Célorado.

Univ. of Colorado Studies. 24(2): 79-105,

Beidleman, R.G. 1948, The vertebrate ecology of a Colorado

plains cottonwood river bottom. MA thesis. Univ. of
- Colorado, Boulder.

Madole, R.F. 1973, Environmentai inventory and land use

recommendations for Boulder County, Colorado. Occasional

paper No. 8. Institute of Arctic and Alpine Research.
Univ. of Colorado, Boulder.

Clmsted, F.L. Jr. 1910. The improvement of Boulder
Colorado. Report to the city improvement association,
Municipal government referznce center, Boulder Public
Library. Boulder, Colorado.

Rbdeck, H.G. 1964, Natural hiStory of the Boulder area.
Univ. of Cclorado lMuseum, Boulder.

Weber, W.A. 1949, The flora of Boulder County Colorado.
Univ., of Colorado Museum, Boulder. 2 vols.

Young, H.L. and D.I. Netoff. 1970. White Rocks natural

area study. Mac Phail, D.D. (ed.). Dept. of Geography.
Univ. of Colorado. 51 p. .

- -

e

i
i

¢

R - emrn - . Ry 4
e Rt LR i i L -l et i v : Y AWy T T Y WA TTn s o svpn, ” A EGR K AT O F T A S S W RS SRS Tyt Sy A g A7 W Y T
o 3 d




AR

S

—— ey

APPENDIX

Methods Utilized in the Aguatic Study

Vater chemistry. Water samples were collected at four-

day intervals at each sampling site and determinations

were made of dissolved oxygen, chlorine, phosphate, nitrate,
nitrite, turbidity, temperature, hardness, total dissolved
solids, and total suspended solids. Dissolved oxygen was
determined using the standard modified Winkler technique.
Total dissolved solids were determined by completely drying
a sample of water and weighing the remains. Total suspended
solids were determined by fllterlnv a sample of water
through a micropore filter and welvhlng the filter before
and after. All other sampling was done with the Hach
Direct Reading Engineer's Laboratory kit (Each Chemical

'Co., Ames, Iowa)

Benthic invertebrates. Invertebrates were collected at'

‘each study sive by means of a 0.1 M2 Surber sampler using

standard procedures. All organisms were identified, counted
and weighed, Density was expressed as numbers of individ-
uals per square meter of bottom area. Biomass was expressed
as grams per square meter,

Fish., At each study site a 100-yard section of what was
Judged to be the best fish habitat was selected. Fish
were collected by means of a portable backpack electro-
fishing unit. After identification and counting all fish
were returned to the stream.unharmed.

~
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Site? 3 ]
| * '
, N/m2 g/m2 N/m® g/m2. N/m?2 g/m? N/m2 g/m2  N/m2 g/m2
Mayflies IEphemeroptera .
Ephemerella Sp. ! 270  6.930 7 0.360 5 0.145 ‘
Bactis sp. 7 0,530 : 5 0.040
Lkhithrozena sp. 10 0.190 .
. \
| = Stoneflies Plecoptera
N Isoncrla sp. 7 0.017
? Ptercrarcella sp. 7 0.850
: Acroncuria Sp. 7 0,327
Caddisflies Trichoptera :
Hydronsyche sp. 67 1.050 3 0,040
Broehveentrus sp. 3 0.003
Lovidostoma spe 10 0.010 3 0.003
Diptera R
liidges Tendipedidae 690 0.307 270 0.590 145 0,175 365 0,765
Snipe flies Atherix sp. 17 0.343 . o
lMoth flies Psychodidae 257 0,423
Crane flies Tipula sp. 5 8.jZO
Freshwater shrimp Amphipoda
Hyalella azteca 3 0,020 20 0.115 ) 370 2,045
* N/m2 = number per meter square; g/m2 = grams per meter square,

L e
T - e

APPENDIX TABLE 1. Benthic

i

" ecorow

invertebrates of Boulder Creek.
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APPENDIX TABLE 1.

Pl

(continued)

Sites N

2 3

5

Beetles Coleoptera
Stenelmis sp.

larvae)

Elmidae (larvae)

\

Annelida
Sludgeworms Tubificidae

adult) .

Sowbugs Isopoda ~
Asellus militaris

Leeches Hirudinea

Helobdella nepheloidea |

- TOTAL

N/m2

g/m

N/m2 g/m2 ' N/m2 g/m2

N/m2 g/mz

N/m2 g[m2

53
23

13

' 0.040
.0.03%0

0.007

3 0,007 400 2.645

5 0.240

80

10

0.130

0.130

1.565

525

90

225

0.215
- 2.190

 26.83%0

1187

10.177

273 0.833 700 3.735

240

1.880

1585

40,230
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APPENDIX TABLE 2. Vater quality determinations of Boulder

Ccl (ppm) 0 - 0.05

% JTU = Jackson Turbidity Units.

~30-

Creek,

4Sitesv : 1 2 3 4 5

Sample. 1 (April 25)
Temp, C° 11,5 13.5 17.5 20,0 22.5
Turbidity (JTU)* 18 35 0 42 10
Hardness (ppm) 85 115" 120 150 155
P04 (ppm) 0.05 2.50 0.58 0.50 1.65
NO2 (ppm) | 0 0,005  0.028 0.130 0,260
NO03 (ppm) -0 0.10 0.15 0.65 0.26
C1 (ppm) - 0.03 - - -

Sample 2 (April.27) _
Temp. CO 6.T5 9.5 9.5 10.0 12.5
Turbidity (JTU) O 7 5 10 38
Hardness (ppm) 50 75 - 80 100 100
P04 (ppm) 0.045 1.70 1.25 1.30 0.17
NO2 (ppm) 0.005  0.020 0.026 0.037 0.045
Cl (ppm) - 0.325 - - -

Sample 3 (May 4)
Temp. CO 9.0 9.5 14.5 14.5 14.75
Turbidity (JTU) O 0 10 15 20
Hardness (ppm) 35 " 40 110 120 120
'NO, (ppm) 0.005 0.005 0.01 0.52 0.09
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APPENDIX TABLE 3. Fish of Boulder Creek.

it ‘ Sites

A T A A M+ $

¢
‘i.
i

1 -2 3 4

Fish species N* N XN N
'Rainbow trout 6 0 0. 0
Brown trout 1 0] 0 0

1 _
White sucker 36 '0 0 0
Longnose dace 15 0 0 0
Northern creek
chub ' 32 0 0 0
Plains sand )
shiner 0 -0 0 0
Total 61 0 0 0
¥ N = numbers of fish taken.

-31=
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“identified west of the cottonwood grove (from the C&S tressel

Blue-winged teal

APPENDIX TABLE 4.

List of birds found along Boulder Creek between the cottonwood
grove (55th St.) and the Heron Rookery (near 95th St.). Birds

to Eban Fine Park) are followed by the notation "in town".
Nomenclature follows Robbins et al. (1966), which should be
consulted if scientific names are desired.

Common names ' ' , Remarks

GREBES—~Podicipediformes

Western grebe occasional
Horned grebe ’ o - : - BWS*
Eared grebe : , BWS
Pied-billed grebe BWS

WATERFOWL--Anseriformes

Canada goose
Mallard

Pintail

Gadwall

American widgeon
Shoveler

Cinnamon teal
Green-winged teal

Wood duck ' BWS; occasional

Redhead '

Ring~necked duck

Greater scaup BWS; occasional

Lesser scaup ' , ..

Common goldeneye L Lite 1970 3

Bufflehead . £

Ruddy duck Lite 1970 3

Common merganser - - BWS 3

VULTURES, HAWKS--Falconiformes

Turkey vulture \

Cooper's hdwk - : Whitmore 1972 \

Sharp-shinned hawk Whitmore 1972

Marsh hawk Lite 1970

Rough-legged hawk ' Lite 1970

Ferruginous hawk : : BWS

Red-tailed hawk

Swainson's hawk ' ¥

Golden eagle ‘ : BWS

Osprey BWS; occasional

Prairie falcon BWS :

Pigcon hawk BWS ;

Sparrow hawk ‘ . , abundant :
=32~ ' : ) :
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APPENDIX TABLE 4. (continued)

Remarks

Hairy woodpecker
Dowmny woodpecker

PERCHING BIRDS--Passeriformes

Flycatchers: Tyrannidae
Eastern kingbird
Western kingbird
Say's phoebe
Dusky flycatcher
Western wood pewee

Larks: Alaudidae
Horned lark

Swallows: Hirundinidae
Barn swallow :
Cliff swallow

Violet~green swallow

Tree swallqQw

Bank swallow

Rough-winged swallow

Jays: Corvidae
Steller's jay
Black-billed magpie
Cormmon crow

Chickadees: Paridae
Black-canped chicitadee
Mountain chickadee

-34—

Cormmon names
"Long-eared owl BWS
Short-eared owl
Barn owl _
Burrowing owl
NIGHTHAWKS~~Caprimulgiformes
Common nighthawk
SWIFTS, HUMMINGBIRDS--Apodiformes
Broad-tailed hummingbird
KINGFISHERS--Coraciiformes
Belted kingfisher common
_ WOODPECKERS~~-Piciformes
Red-shafted flicker' common
Red-neaded woodpecker occasional
Lewis' woodpecker BWS
Yellow-bDellied sapsucker

BYWS
Murray 1972

| BWS
Whitmore 1972
BWS

Murray 1972; in town

Whitmore 1972

BWS

BvIS

in town

abundant
common

Lite 1970

P

|

P TLTY RR ERSATON (T S I G R VA O AT SR, T LA I WS ¢, TR e = e T 1“v‘r~wmmﬂ—"ﬂ")



CEwpw

S

APPENDIX TABLE 4 (continued)

Common names

Remafks

Dippers:
Dipper

Nuthatches: Sittidae
White~breased nuthatch

Creepers:
Brown creeper

Cinclidae

Certhiidae

Wrens:
House wren
Long-billed marsh wren

Thrashers:
Mockingbird
Catbird

Troglodytidae

Mimidae

Thrushes, Bluebirds: Turdidae

Robin

Tovmsend's solitaire
Hermit thrush
Swainson's thrush
Western bluebird

Gnatcatchers: Sylviidae
Ruby-crovmed kingle<t

Pipits: lotacillidae
Water pipit
Waxwings: Bombycillidae

Bohemian waxwing
Cedar waxwing

Shrikess: Laniidae
Northern shrike

Starlings:

Sturnidae
Starling

Vireos: Vireonigdae _
Red-eyed vireo
Warbling vireo

Wood warblers: Parulidae
Termessee warbler
Orange-crowvmed warbler
Nashville warbler

Virginia's warbler

Myrtle warbler

Auduvon's warbler
Black-throated green warbler
Black-throated blue warbler
Black-throated gray warbler
Blackpoll warbler

35

BWS .

BWS

Whitmore 1972; occasional

common

Whitmore 1972
Murray 1972

Yhitmore 1972
BWS

occasional
occasional

abundant

BWS

BWS

BWS

BWS

in town

in town

BWS; occasional

BWS

Whitmore 1972; in town
BWS; occasional
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APPENDIX TABLE 4 (continued)

Common names Remarks
Ovenbird BWS
Northern waterthrush BWS
Yellowthroat

Yellow~breasted chat BWS

Macgillivray's warbler
Hooded warbler

- Wilson's warbler

American redstart

Weaver finches: Ploceidae
House sparrow

Blackbirds, Orioles: Icteridae
Western meadowlark .
Yellow-headed blackbird

Red-winged blackbird

Brewer's blackbird

Common grackle .

Brown-headed cowbird

Bullock'!s oriole

Tanagers: Thraupidae
Western tanager

Finches, Svarrcws: Fringillidae
Rose~breasted grosbeak _
black~headed grosbeak

Evening grosbeak

Blue grosbeak
Indigo bunting
Lazuli bunting
Cessin's finch
House finch

Pine siskin
American goldfinch
Lesser goldfinch
Gresen-tailed towhee
Savannah sparrow
Grasshopper sparrow
Baird's sparrow
Lark bunting

. Vesper sparrow

Slate~colored junco
Oregon junco
Gray-~headed junco
Tree sparrow
Chipping svarrow
Clay~colored sparrow
Brewer's sparrow
Harris's sparrow

Whitc-crowned sparrow

=36~

Murray 1972; in towm
BWS; occasional -

BWS
BWS

BWS

BWS; occasional
in town
in towvm

BWS; occasional

BUWS

BWS

- BWS
Murray 1972

in towm

Murray 1972
Whitmore 1972
BWS; occasional
BWS; occasional

Murray 1972; in town

in town

Murray 1972

Whitmore 1972

Whitmore 1972
Murray 1972

BWS
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APPENDIX TABIE 4 (continued)

Common names | 4 : Remarks
Fox sparrow _ o in town
Lincoln's sparrow Vhitmore 1972

Song sparrow - Whitmore 1972

* References relate to identifications by persons other
than the author (R. Stoecker):

BWS (Boulder Wildlife Survey). Unpublished lists. Harry
Collom, Nederland Rt., Boulder, Colorado.

Lite, T. 1970. Birds. Unpublished report. Thorne
Ecological Institute, 14 pp.

Murray, L. 1972. Unpublished report. R. Stoecker,
Visit. Asst. Prof., Univ. of Colorado, Boulder,

Whitmore. J.M. 1972, Unpublished report. R. Stoecker,
Visit. Asst. Prof., Univ., of Colorado, Boulder.
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APPENDIX TABLE 5.

List of mammals found along Boulder Creek between the
cottonwood grove (near 55th St.) and the Heron Rookery
(near 95th St.). Nomenclature follows Armstrong (1972).

Common and scientific name

RABBITS-~Lagzomorpha

Eastern cottontail Sylvilasus floridanus
Desert cottontail S. audubonii

 RODENTS—-Rodentia .

Yellow-bellied marmot Marmota flaviventris

Thirteen-lined ground squirrel Spermophilus tridecemlineztus
Rock squirrel S. variegatus

Rlack-tailed prairie dog Cynomys ludovicianus

Fox squirrel Sciurus niger

Plains pocket gopher Geomys bursarius

Hispid pocket mouse Perognathus hispidus

Beaver Castor canadensis

Western harvest mouse Reithrodontomys meegalotis (?)

Deer mouse Peromyscus maniculatus
r
Mexican woodrat HNeotoma mexicana

Meadow vole lMicrotus nennsvlvanicus

Prairie vole M. ochrogaster

Muskrat Ondatra zibethicus

House mouse Mus musculus

Norway rat Rattus norvegicus

-38-
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APPENDTX TABLE 5 (continued)

Common and scientific name

CARNIVORES-~-Carnivora

Coyote Canis latrans

Red fox Vulpes vulpes

Raccoon Procyon lotor

Badger Taxidea taxus

Striped s % Mephitis mephitis

-

HOOFED ANINALS--Artiodactyla

Mule deer Odocoileus hemionus
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SECTION 11
EFFECTS OF IMPROVED SEWAGE TREATMENT ON WILDLIFE,
VEGETATION, AND AQUATIC ORGANISMS
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SECTION 1II
EFFECTS OF IMPROVED SEWAGE TREATMENT ON WILDLIFE,
VEGETATION, AND AQUATIC ORGANISMS

A. [WILDLIFE

Each of the various sewage treatment alternatives will
affect wildlife to some extent. Some effects will be
benef1c1al others harmful, and species populations will

espond in different ways. It cannot be antlcloated at
+h1u point, however, that any wildlife population will be
svgnlflcantly affected either p031t1vely or negatively,
except in localized areas,

1. ILand Apvnlication Alternatives

a, Alternatives I-1 and I=-1XI. These alternatlves'can
best e considerea tonetner since their affects on wildliife
would be nearly the same,

Main .ditches, Modifications of the existing irrigation
ditches in order to facilitate flow to the proposed ap-
plication sites would negatively affect the habitat of
several wildlife species. These effects would be greatest
during the initial construction stages, and would be
reduced as revegetation of adjacent disturbed surfaces
proceeds. Animals commonWy found in association with
irrigation ditches in this area include waterfowl, shore-
blrdu, muskrats, raccoons, cottontails, and several species
of rodents The extent to which these species utilize the
existing dltChEQ depends on the ,amount of weedy, shrubby
vngetatlonradgacent to and overhanglng the banks (a generally
better habitat), and the amount and periodicity of flow

(cottontails commonly utilize ditches when dry and during

the winter; muskrats, raccoons, herons, and ducks depend
more on open water and aguatic organisms during spring,
surmer, and fall). Presumably the modified ditches will
have less overhanging vegetation, and, therefore, would be
less attractive to w1ldllfe, The reduction of wildlife to
be expected, however, could be mitigeteod to some extent if

“hi=
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tall grasses and/or shrubs were allowed to grow in close’
proximity to the ditches. Songbirds, ducks (pzrticularly
mallards), and other wildlife would likely nest in these

.areas and utilize plant and animal foods in and near the

ditches, :

Certain animals in this region commonly burrow into ditch
banks and occasionally cause maintenance problems, While

these species are likely to be less abundant during the
operational phase than they are presently, they are listed
here merely to call attention to those specific organisms

that pose potential problems because of burrowing habits.
These species include muskrats, meadow voles, prairie voles,
prairie dogs, rock squirrels, thirteen-lined ground squirrels,
pocket gophers, badgers, marmots, and crayfish.

Holding reservoirs. The construction of a new reservoir
near the existing Panama reservoir adds 400 to 600 acres
of additional open water for part of the year depending on
whether alternative I-II or I-I is used. In either case
this adds habitat that will attract certain wildlife,
particularly waterfowl. The beneficial affects to the
local area, however, should be minor. The fluctuating
water levels of these reservoirs will create a lower
quality habitat than reservcirs with a more constant
volume, and vegetational cover will be minimal, The

.designed secondary sewage effluent in the holding reservoirs,

and ditches, should not be harmful to the existing wildlife.

The irrisated area. The large acreages of irrigated land

{12,000 & for 1-1; 5,000 A for IL-II) will supply habitat

+0 some songbirds and rodents, but changes in diversity
and abundance cannot be predicted with the information
available., The additional water and more mesic vegetation,
however, is likely to provide attractive conditions to
some species especially during dry periods.

Return of treated water to Boulder Creek. Any design
which increases the minimal Iiow oI water in important
wildlife areas would bte generally beneficial to wildlife;
not only to aquatic species-like beaver and muskrat but

to all species dependent on productive aquatic food chains:
dippers, kingfishers, herons, waterfowl, shorebirds. Some
of the most important wildlife areas along Boulder Creek
have already been described (Section I) and include the
cottonwood grove near 55th Street, Sawhill Ponds, White
Rocks, and the heron rookery east of 95th Street. Certain
sections of Boulder Creek through town provide high quality
wildlife habitat as well. The abandonment of the water
diversion at Broadway (I-I) improves habitat downstream,
but this improvement should not be weighted heavily in an
analysis of other environmental and economic concerns.

The return of treated water by a non-point source below
White Rocks (IL~I) is of little significance to wildlife,

-42~
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but the resulting decrease in flow past White Rocks is a

-small negative affect. A return of treated water above

White Rocks (I-I1) would be superior to a return below,
nearer to Lower Boulder Ditch. Beaver and other attractive
wildlife inhabit the White Rocks area and could benefit
directly by increased water volume and the consequent
improvement in aquatic biota.

b. Alternative L-ITII.

The irrigated area., It is assumed that a lush, moist

- meadow vegetation will develop on the provosed 500 acre

infiltration recharge site. If this is true, it is likely
that larger populations of shorevirds (e.g., snipe,
sandpipers), meadow voles, and additional nesting habitat
for certain waterfowl will result. IMeadow voles, if
densities are increased appreciably, would provide a food
source to raptorial birds, notably horned and barn owls
which have traditonally nested in the nearby White Rocks.
Meadow voles are small rodents that occasionally are
agricultural pests, tut undesirable conseaquences from
locally increased populations are unlikely in or near the
proposed infiltration area.

Return of treated water. The advantages to wildlife from
a return oI coliectea water.to Sawhill Ponds depends on
the affects of this water on the lakes., Excessive
evtrophication, if this is a result, can be as damaging
to terrestrial wildlife as it is to certain aguatic
species. This aspect of the L-III alternative cannot

be fully evaluated with the amount of data available.

2. Advanced Waste~water Treatment (AWT) Alternatives

a, Alternatives A-I, A-I1, and A-TITII.

These alternatives can be considered together, since the
land areas reguired for expansion of the 75th Street
facility are insignificant to wildlife. The quality of
sewage effluent released to Boulder Creek from the A-II
design criteria is entirely acceptable from a wildlife
point of view, The benefit of A-I treatment is not
commensurate with the costs involved.

N

In conclusion, the improved water gquality in Boulder Creek
will benefit wildlife largely through increasing produc-
tivity in aquatic food chains. Some species of wildlife
are likely to increase conspicously in areas that are
presently damaged severely by pollution, for example,
immediately below the Pearl Street sewage outfall. OSpecies
most likely to invade and utilize such areas are dippers,
kingfishers, and probably waterfowl and herons.

43~
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Of the six treatment alternatives evaluated, alternative
1~II1 scems most desirable from a wildlife standpoint.
Modification of ditches required in the I~I and L-II

“alternatives are likely to have slightly negative affects.

Alternative L-III is likely to improve carrying capacity
for some wildlife species that would utilize the infil-
tration area; this judgement is tentative, however, since
more information is needed. Alternatives A-I, A-II, and
A-II1I, as they affect terrestrial wildlife species, are
Dest considered in terms of their affects on aquatic 4
organisms. Increased biological diversity and energy flow
in the aquatic system will manifest associated changes in
those terrestrial species closely tied to aguatic food
chains. S _

An extremely high water quality in Boulder Creek is not
necessary for wildlife. A portion oI the cost necessary

to accomplish this would be more wisely used in the repair
of areas damaged by channelization, grazing, and tree
cutting. Both the wildlife habitat as well as the esthetic
guality of Boulder Creek would be greatly enhanced if even
a modest rehabilitation program were developed ©to accompany
the anticipated improvement in water guality resulting

from upgraded sewage treatment. :
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B. VEGETATION

In general, the alternatives for sewage treatment improve-
ment will have only slight effects on the native vegetation
along Boulder Creek. The quantity of water in the creek

is more important than its quality. The vegetation on the
land application sites will be changed to some extent as

a result of the irrigation program, but these changes will
be minimal since much of the area is already irrigated.

The effects of construction and operation will be local

and for the most part will be limited to the affected sites.

1. ILand Application Alternatives

a. Alternatives I-1 and L-II, These alternatives will
necessitate tiie disturcance or removal of vegetation from
pipeline, drain, ditch, and reservoir sites which could
be 25 much as 900 acres with I-I and 600 acres with IL-II.
lMost of the disturbed lands are agricultural rather than
native vegetation, and could be revegetated rather easily.

Some changes in vegetation may be expected during the
operational phases especially in L-I1 where the production
of a forage crop is of secondary imvortance. If application
rates are high, species of semi-aquatic grasses and forbs

.may be expected to become more prominent. The total

vegetation is likely to be more lush because of the
additional water and increased nutrients,

b. Alternative I-III. With this alternative the application
cite nas tne poitential for developing inito a very lush,

moist meadow in which many semi-aquatic species could be
expected to grow (Table 1). The intermittent application
periods would be freguent enough to maintain a vegetation
cover of this type. Currently, the vegetation on site

HR-1 is a typical pasture. With alternative IL-III a much
more productive vezetation type would develop on the site.
Existing cottonwood trees would be tolerant of.the heavy
application rates, and would not die as a result of the

~added water. There would be considerably less disturbance

to the vegetation resulting from construction with this
alternative.

2. AWT Alternatives

The only detrimental effects related to the AWT alternatives
would result from increasing the size of the 75th Street
treatment plant. Alternative A-I would consume more land
than either A-II or A-III, but the amount is not significant.
The improvement of water quality in Boulder Creek will
probably have no erfect on the streamside vegetation.
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Table 1. Species which may be expeéted to grow on site
' HR-1 with implementation of alternative L-=III.
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Common name

Scientific name

Angelica
Bluégrass

Bluejoint

_Bulrush

Cordgrass
Cottonwood
Cow parsnip
Cutgrass
Mannagrass
Milkweed
Poison hemlock
Reed canary grass
Reed grass
Rush

Sedge

Sedge

Slough grass

Smartweed‘

'Spikeruéh

Water hemlock
VWillow

Angelica sp.

Poa pratensis

‘Calamagrostis spp.

- Scirpus spp.

Spartina sp.

Ponulus spp.‘

Heracleum lanatum

Leersia oryzoides

Glxceria'sp.

. Asclepias sp.

Conium sp.

Phalaris arundinacea

Phrazmites australis

Juncus sppPe.

Carex spp.

Cyperus spp.

3
Beckmannia syzigachne

Polxgonum\spp.

Eleocharis spp.

Cicuta sp.

Salix spp.

6




In conclusion, ranking alternatives with reference to

- vegetation is difficult. The land application alternatives
have the advantage of providing additional open space
around Boulder, and L-III could provide a luxuriant veg-
etational cover. The AWT alternatives affect vegetation

to a minimal extent. '
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c. AQUATIC ORGANISMS

Any of the proposed alternatives for upgradlng the sewage
treatment facilities will have a beneficial effect on the
aquatic life of Boulder Creek. Discontinued use of the
Pearl Street treatment plant, which is a feature of each .
alternative, will allow fish and invertebrates to recolonize
the stream sections below the existing outfall., Recoloniz-
ation will occur to the extent possible given the current
channelized conditions in this section of the stream.,

Stream sections in the Sawhill Ponds area could again
support fish populations.

1. Iand Annlication Alternatives

a. Alternatives L-T and L-I1. These land treatment
alternatives have both detrimental and beneficial aspects.
Through land avpplication of the treated effluent, the
nutrients still oresent in the waste water are distributed
over the land rather than introduced into the stream.

With this approach the pollution zones velow the sewage
outfalls are eliminated and these portions of the stream

can support a variety of aguatic organisms. When the
effluent is applied to the land, the nutrients btecome
incorporated into growing plants wnicn can tnen be harvested.

Stream water quality will also be improved through Boulder
since undiverted water from the Broadway system will be
allowed to flow downstream. This will not cnly ailow for
possible improvements in fishing but also the stream will
have a more pleasing avpearance. Replacement water from
Boulder Reservoir, under these alternatives, will also
improve water gquality downstream., Alternative I-I1 is
preferred over L-I since uncder this vlan the purified
recoverable water from land application is collected and
returned to the creek via a point source located between
the 75th Street plant and Lower Boulder Ditch. This

return will have maximal beneficial effect by replacing

the water as far upsiream as possible, preferably at or
abéve the 75th Street plant. Under L-I the purified water
returns gradually to the ¢reek via a non-point source
between LoWer Boulder Ditch and the confluence with St. Vrain
Creek. I-II has the advantage of returning the water to a

-eritical portion of the stream at White Rocks.

Vhile the fishery potential of Boulder Creek may be imoproved
under I-I and I~-II, there would be no poterntial for devel-
oring the holding reservoirs for the secondarily treated
effluent as fisheries. The nutrient levels, BOD concen-
trations, and volume fluctuations, would be great enough

to prevent growth and development of game fish species.
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‘could serve as breeding sites for mosquitos. If substantial
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" eutrophication resulting mostly from nitrogen and phosphorus

"of high enough quality to ailow free movenent of organisms,

Depending on the amount of quiet water, the holding reservoirs

emergent vegetation develops around these holding ponds,
the mosqulto problem would be increased. This problem
should be local, since adults usually do not disperse over
great dlstances. '

b. Alternative L-IITI. This is the least desirable of the
land application alternatives from an aquatic standpoint.,
Although the tertiary effluent is of lower gquality than

that produced under I-I or IL-II, it is still of high quality.
Returning it to the Sawhill Ponds could cause increased

compounds. The extent and rate of eutrophication would

be dependent on the rate of water exchange in the ponds,
and without these data it is difficult to determine the
magnitude of this potential problem. Additionally, spring
and fall turnover of these ponds could cause seasonal
releases of nutrients to Boulder Creek. The overall effect
of eutrophication may be a reduvction in the recreational
use of the Sawnill Ponds rather than an increase., A
moscguito problem may develop depending on the length of
time that standing water remains on the application site.

This alternative might be improved by returning the tertiary
effluent directly to the siream rather than adding it to

the Sawhill Ponds. Streams have much greater capabilities
for diluting effluents than do standing bodies of water.

The effluent could be returned to Boulder Creek above the
Sawhill Ponds area and thus increase the quality of the
creek as far downstiream as diversion points below White
Rocks.

2. 2AVT Alternatives

All of the AWT alternatives will increase the potential

for biological diversity in Boulder Creek. Alternative

A=I would produce an effluent of such high gquality that

no polluted stream section would develop below the outfall,
Fish and invertebrates would be able to move freely between
stream sections above and pelow the outfall., Alternative
A-I11 on the other hand would be an improvement over
existing condltlons, but a polluted section of the stream
would still occur. Alternative A-II, which produces an
effluent intermediate to the other alternatlves, may be

but a short section of stream may become somewhat polluted.
The downstream improvement is directly related to the
level of treatment.

The higher levels of treatment (A-I and A-II) would discharge
an effluent of high enoush gquality that sewage fungus,
which is a serious problem for fish and invertebrates,
would probably not develop. Alternatives A-I and A-II
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would maintain strecam water ouality at a level which could
support fish. These important components add stability
to the Boulder Creek ecosystem, since they are food organisms

. for other animals Also, they serve as indicators of good

water quality. Before deciding on acceptance of A~I or

- A-II as the chosen alternative, serious consideration

Sbould be given to the development of Boulder Creek as a

fishery in light of other influences along the creek. It
may be that continued channelization and agricultural uses
are not consistent with recreational fishing in the creek,

Other important factors to be considered with the AWT
alternatives center on the effects of the levels of various
substances contained in the effluent: dissolved oxygen,

PH, phosphorus, nitrogen comnounds, B0OD, and chlorine,

Each of these substances is discussed Delow in consideration
of the AWT alternatives.

Dissclved oxveen (DO). Each AWT alternative produces'an

effluent with a DO concentration of 30mg/l., This will
dissipate quickly and no harmful effects would occur at
these super saturated levels. Additional DO in the stream
could be beneficial at times of low stream flow when BOD
levels tend to be nigh. Under normal conditicns DO is not
a limiting factor in the stream.

pH. Most aguatic organisms are tolerant of high pH levels,
but under conditions where other pollutants are present in
high concentrations, the higher pH values in the AWT effluent
may cause problems for these animals.

Phosnhorus. The phosphorus levels in the AWT eLfluent
are low enough that they will have no deleterious effect
on the aquatic organisms.

Nitrogen compounds. Ammonia nitrogen (WHz-N) is a very

toxic substance in streams, bdbut tends to dissipate quickly.
The levels in the AWT effluent are low enough that they
should pose no problems to agquatic life, HNitrate nitrogen
(II03-N) causes a provlem in that it provides a nutrient

to aguatic plants including sewage fungus. Only A-III

has an NO3-il level which could pose a problem. The presence
of NH3-N and NO3-N can be toxic to agquatic organisms when
present at high levels, and also they can act synergistically
with other pollutants to produce toxic effects.

" Biological oxvren demand (BOD). BOD is a problem along

Bouider Creeir at times oi low and intermittent flow, and
also below the current sewage outfalls., At levels greater
than 10mr/1 BOD tends to decrease the diversity of aquatic
life. Below 10mg/l, numerous organisms can survive,
including those species which are important food organisms
for fish. A conccntration of less than 5Smg/l is 1ndlcat1ve
of good stream auallty.
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Chlorine. Currently chlorine is a barrier to fish movement
in the creek, The AVUT alternatives would nroduce an effluent

with trace levels of chlorine which would have no effect .

- 0N fish movements,

BaSéd on the above evaluations, the six alternatives for
improved sewage treatment are ranked below in order of
most preferred to least preferred: ©

1. Land Application Treatment-II

2. Land Application Treatment-I

3. Advanced Waste-water Treatment-I

4, Advanced Waste-water Treatment-II

5. Land Application Treatment-III (given that the effluent

is returned to Sawhill Ponds)

6. Advanced Waste-water Treatment-III.
Although improvemeht of the stream would occur through
upgrading the existing sewage treatment facilities, other
factors influencing the stream reduce these positive effects.
Appropriation of water along the stream is great enough
to cause intermittent flow in many years, and since the’

treatment alternatives will not add any additional water
to the stream, -this problem would continue.
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APPENDIX THREE

COTTONWOOD HABITATS FOR BIRDS IN COLORADO.
BOTTORFF, R. L. 1974. AMERICAN BIRDS,

28:975~-979.
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As part of the native woody vegetation of Col- To quantify some physical characteristics of
orado, cottonwood trees are commonly found in  Colorado cottonwood habitat. the area and
the floodplain of rivers. Additional treesoccuron  perimeter of thineen cottonwood groves along
the shores of reservoirs, along irrigation ditches.  the Cache la Poudre River in Larimer County
in areas of shallow water table. and often lining  were measured from aerial photographs (U.S.
streets in towns. There has been much research  Soil Conservation Service 1963 issue. Im=
in the western states during the past 50 vears on  7920m).
the quantity of water that cottonwoods transpire
{Meinzer. 1927: Robinson. 1938, 1964: Culler. RESULTS
1970; McQueen and Miller, 1972). Most of the Physical Characteristics of
data has been collected to support water salvage - o
) T Y Cottonwood Groves
programs that remove riparian vegetation. There
has been little research on the ecclogical impact Harrington (1964:166) lists four species of cot-
of such programs. It is the purpose of this paper  tonwoods (Populus sp.) as occurring in Colorado
to examine the extent and importance of cotton-  (Tuble 1). All are moisture-loving and grow espe-
: wood habitat for birds and to summarize the land  cially well where the ground water table is near
i use conflicts in Colorado. the surfuce. Plants that depend on the ground
; water table for their water supply have been
METHODS called phreatophytes and are the main plants re-
moved in water salvage programs. Robinson
This paperrepresents areview and sy’nthesis of “95?:62) bgl}cves _that COF“’nWOOdS are
previously published research on cottonwood ~ Phreatophytes and will grow where the ground
habitat. All issues of Audubon Field Notes and  Water table is within 30 feet (9'm) of the surface.
{ American Birds from January. 1947, 1o De- Recent rescurch, however, indicates that cot-
cember, 1973, (Volumes ‘“i 2 2706) ) were tonwoods may not be true phrcutophytcs‘smc.c
searched for Colorado winter and breeding bird ey can obtain a considerable portion of their
| censuses. The number of bird species and density waler requirements qum the u’n?;nurutcd soil
! of individuals or breeding pairs were tabulated  #O0¢ (MCQ“CC" and Miller, 1972:49).
| for each habitat type. Cottonwood habitat was
i compared to other habitat types from this tabulia-  *Department of Zoology and Eatomology, Colorado
tion. State University, Fort Collins, Colo. 80521,
Volume 28, Number 6 975
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Cottonwoods are fast-growing. short-lived
trees (to 90 years), and intolerant of shade. Pistil-
late and staminate flowers (catkins) are borne on
separate trees and develop early in the spring
before the leaves (April-May). The seeds have
long silky hairs which make them buoyant in a
slight wind and disperse during June in eastern
Colorado. Plains cottonwood seed is very small.
with 250,000 to 479,000 seeds per pound (Fowells
1965:521).

The areal extent of various Colorado habitat
types is given in Table 2 (Miller and Choate,
1964). Cottonwood habitat accounts for 400 km?*
(0.2 percent) of the total lund arca. Nine-tenths of
this habitat is on private land. The estimate of
cottonwood habitat is conservative since the
sampling technique of Miller und Choate (1964)
did not recognize areas smaller than 0.04 km* or
widths less than 37 m. However, an increase in
the total cottonwood area by a number of times
would cause little change in its ranking with the
other habitat types.

Figure | shows the area-perimeter relationship
of the 13 plains cottonwood groves located along
the Cache la Poudre River. The relationship for a
circle is also shown for comparison since o circle
has the smallest perimeter tor a certain arei. Any
deviation from a circular shape increases the
perimeter. The Cache la Poudre cottonwood
groves have a much larger perimeter than for a
similar circular area. This indicates that naturd
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Figure 1. Area-Perimeter relationship for cottonwood groves.

cottonwood groves have alarge edge effect and it
is expected that bird species and production are
high. Irregular perimeters and interspersed open
areas add to the edge. but also make for good
arrangement of habitat in relation to water.

A cottonwood grove on the South Platte River
near Denver. Colorado. had 0.057 km? of trees
interspersed with 0.041 km* of open area and a
perimeter of 2440 m. The depsity of trees aver-
aged 22.000 per km? (13.600°73.000 per km?) of
which 0.3 percent were dead. The trees were
18-31 mtall with an average diameter of 0.36 m(to
1.02 m). This grove had a bird density of 1689
pairs per km? during the 1971 breeding season.

Bird Use of Cottonwood Groves

The general characteristics of habitat use by
birds in North Amenica has been reviewed by
Wiens (1973:241). He found that grassland birds
average 4 species and 230 individuals per km?,
desert birds average 7 species and 150 individuals
per km?, shrub birds average 12 species and 1150
individuals per kny?, and forest birds average 24
species and 1310 individuals per km*, Grassiands
and deserts charactenstically hiave few breeding
species and low densitics with hittde yearly varta-
tion. In contrast, shrub and torest habitat have a
high average number of breeding species and
density with wide yearly variations, These
characteristics are retlected in the Colorado bird
censuses.

American Birds, December, 1974
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Table 1. Colorade cottonwood characteristics.

Populus

sargentii P. angustifolia P. acuminata P. wislizenii
Common name Plains C. Narrowleaf C. Lanceleaf C, Rio Grande C.
Occurrence East Colo. Central and Central and Central and
) : West Colo. SW Colo. SW Colo.
Elevation (m) 1006- 2000 1500-2500 1400-2600 1200-2100
Height (m) 20-30 15-20 o 10-20 12-30
Diameter (m) 1-2 : 0.5 i

The use of Colorado cottonwood habitat by
birds was determined by examining numerous
past censuses. Between January, 1947, and De-
cember, 1973, Audubon Field Notes and
American Birds published 163 summer and
winter censuses from various Colorado habitats.

A summary of the mean number of bird species
and density by habitat types is shown in Table 3.
Cottonwood habitat was used by a mean of 17.8
bird species during the breeding season with a
density of 797 pairs per km?. Winter use was by a
mean of 19.2 species and 620 individuals per km?2.
The cottonwood habitat can be seen to have bird
densities well in excess of all other habitat types,
except for plains ponds which concentrate water-
fowl in winter, and city streets.

Table 2. Colorado habitat types.

Habitat Land Area Per cent

Type tkm?) Total Area
Non-forest

(mainly plains) 177600 66.0

Pinyon-Juniper 18900 7.0
Fir-Spruce 15100 5.6
Chaparral 15000 5.6
Aspen 12700 47
Ponderosa Pine 9600 3.6
Lodgepole Pine 8700 32
Douglas Fir 5900 22
Other Forests 4500 1.7
Timber Pine 600 0.2
Cottonwood 400 0.2
Total 269000 100.0

The bird densities of the 32 summer and winter
cottonwood ceasuses had a wide range of values
(summer: 84-1690 pairs per km?*; winter: 82-1790
individuals per km?). Some of the varation is
owdng to the quality of understory hubitat. Graz-
ing or land alterations for agriculture disturbed
the understory in five of the eight summer cen-
suses while three were undisturbed. Disturbed
cottonwood breeding habttat had o mean of 13.6

Volume 28, Number 6

species and 356 pairs per km? while undisturbed
habitat had a mean of 24.7 species and 1530 pairs
perkm?. Seventeen of the 24 winter censuses had
a disturbed understory while seven were undis-
turbed. Disturbed cottonwood winter habitat hae
a mean of 19.1 species and 363 individuals per
km? while undisturbed habitat had a mean of 19.4
species and 757 individuals per km?2.

Many of the 438 Colorado bird species re-
corded by Bailey and Neidrach (1965:8) are as-
sociated with cottonwood habitat. Over the past
8 years. Hugh Kingery {personal communica-
tion) has observed 218 species of birds within an
area centered along 8 km of South Platte River
cottonwood groves near Denver. Colorado.
Beidleman (1948) found 99 bird species within a
0.61 km* Boulder Creek cottonwood grove after
250 hours of observation. In a later more exten-

sive study. Beidleman (1954) recorded 187 .

species and subspecies of birds from 16 different
cottonwood groves in northeastern Colorado. He
concluded that cottonwood groves are one of the
most productive habitats in northern Colorado
and that overgrazing has an adverse impact on
the bird life. In a recent study of birds in the
Roaring Fork River watershed of Colorado,
Wooading (1973) divided the habitat into 10 groups
and determined the number of bird species using
each: low elevation riparian (42), ponds (40).
scrub oak (29), spruce-fir (29), douglas fir (26),
pinyon-juniper {26), aspen (25}, sagebrush (13),
alpine (12). and high elevation riparian (5). The
highest number of species was found in the low
elevation riparian habitat which is composed
mainly of cottonwoods.

The use of cottonwood habitat by birds and
mammals has been documented for many
species. Bock (1971 and Hudow (1973) studied
the use of cottonwood habitat Tor breeding and
teeding by Lewis’ Woodpecker and Red-headed
Woadpecker in Colorado. Western Wood
Pewees and Barmn Swallows have been observed
catching drifting cottonwood seed in June,
Beidleman (1954 considered the Black-billed
Magpice, “Red-shafted™ Flicker, and Black-
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Table 3. Colorado habitat use by birds (1947-1973).

SUMMER WINTER
Number Average Average Number Average Average
Habitat of Number Density of Number Density
Type Censuses Species (pr/km?) Censuses Species (no/km?)
Cottonwood 8 7.8 797 24 19.2 620
Aspen ] 11.0 297 — -— C—
Douglas Fir hJ 9.6 182 7 10.1 265
[L.odgepole Pine 8 10.2 183 10 9.5 213
Ponderosa Pine 18 . 14.4 349 22 16.0 361
Isolated ) E
Ponderosa Pine — — — 4 2.5 0
Brush-Pine, 8 1.1 380 9 20.0 402
Pinyon-Juniper 2 5.5 78 11 14.2 208
Girassland 2 4.0 119 4 9.2 19
Cultivated 3 4.7 124 1 21.0 284
City Park — — — 7 16.9 366
City Street 1 13 1086 4 9.0 S14
Plains Pond - — —_ 4 13.0 15200

capped Chickadee to be the characteristic year
‘round residents of cottonwood groves. The Col-
orado Division of Wildlife makes winter censuses
of Bald Eagles along the riparian stands of cot-
tonwoods. Yeager(1959) found that Colorado fox
squirrels were dependent on cottonwoods for
their survival.

DISCUSSION

The information presented in Tables 2 and 3
and the research completed by others clearly es-
tablishes that cottonwood habitat is relatively
scarce in Colorado. but that what is available is
used heavily by many bird species for breeding,
feeding und shelter. Because of its limited extent
but large importance, cottonwood habitat is a
significant wildlife management problem at pres-
ent and will continue to be so in the future as land
use becomes more intensive. Since nine-tenths of
the Colorado cottonwood habitat is on private
land, wildlife agencies have little direct control,
but must rely on education and legal devices such
as zoning or easements to maintain this choice
habitat. 3

Grazing, gravel extraction, agricultural pro-
duction, water salvage. tflood control, dam con-
struction and wrbanization are competing land
uses with production of cottonwoods tor wildlife.
It has been indicated above that overgrazing re-
duces the number and density of bird species.
The grazing prevents the natural replacement of
old cottonwouods by younger trees. Gravel ex-
traction is common on many streams of castern
Colorado, especially where the stecams leave the
mountains and flow out onto the high plains. Cot-
tonwouod habitat is ciiminated directly by the min-

o674

ing operation or indirectly by lowering the water
table. Cottonwood trees may grow back on the
periphery of the operation if the necessary condi-
tions exist. but commonly either a deep pit is left
or the pit is filled with solid waste. Quite often
gravel extraction completely excludes cotton-
wood trees. .

The present world food problem also has an
impact on cottonwood habitat. One way to pro-
duce more food in a world shortage situation is to
remove cottonwoods and extend the cultivation
closer to the streams. In general. the soil where
cottonwoods grow is productive and close to
water for irrigation.

Water for irrigation and other new consump-
tive uses is relatively scarce in Colorado during
summer and tall months. Private and public en-
tities have examined many ways to increase the
amount of water available. One procedure which
is being increasingly considered and has been
used on a limited scale in the past is to remove
streamside vegetation to decrease the amount of
water transpired by phreatophytes. Studies of
water use by cottonwoods indicate that their
roots may penetrate 1nto the water table and use
1.5 m? of water per square meter in one season
(Meinzer, 1927:58: Robinson, 1958: 62). Recent
studies, however, have shown that cottonwoods
nuty not always be true phreatophytes (iMcQueen
and Miller, 1972:49).

Ripuarian vegetation is beneficial inits contribu-
tion 1o stability of land and aquittic ecosystems.,
Removal-of vegetation decreases shading of the
ground, thus increasing evaporation, salt ac-
cumulation and erosion in the soil. Water use by
riparian vegetation niy be much less than pre-
dicted from tank studies beciuse under natural
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conditions the water table fluctuates and the
water quality may be poor. Unfortunately, cot-
tonwood trees arce  still considered  as
phreatophytes by engineers and the transpiration
is classed as a non-beneficid water use by Col-
orado water laws,

In 1971, & Water Judge granted a valid water
right for removal of riparian vegetation along the
Arkansas River in Colorado. This water right is
not subject to the normal priority system that
regulates water use in Colorado since it was ar-
gued that by removing the vegetation, new water
was created not previousty available to other
water users. Since this water right was granted. a
few more have been applied for in the South
Platte and Arkansas River basins. The recent
rescarch which questions some of the claimed
savings and inclusion of cottonwoods in the
phreatophyte class has not aftfected the water
salvage plans nor been a factor in water right
proceedings.

Dams and reservoirs destrov some cotton-
wood habitat, but the impact is decreased since
often cottonwoods will reestablish groves along
the shore. A larger potential impact exists with
various flood control plans as proposed by the
U.S. Army Corps of Engineers. One active plan
includes a 161 km section of the Arkansas River
between Pueblo. Colorado. and John Martin
Reservoir. It was proposed in 1968 to straighten.
dredge and channelize this section to prevent

flooding in the floodplain and to salvage the adja-

cent land for productive uses. This plan would
have eliminated much of the cottonwood habitat
along this section of river. The Bureau of Out-
door Recreation. however. pointed out that all of
the salvaged land could be purchased directly for
less than the cost of the project and recom-
mended restudy (U.S. Department of the In-
terior. 1969). On a smaller scale is the proposed
channelization of 760 m 6t Fountain Creek near
Pueblo, Colorado. which includes clearing of

" ripanian vegetation, mainly saltcedar and wil-

lows.

Urbanization is a common threat to all wildlife
habitat. Cottonwood habitat is affected by direct
displacement and indirectly by alteration of the
ground water. Urbanization should not be al-
lowed to occur within floodpliins, rather these
areas should function as wildlife habitat and for
passage of floods.

SUMMARY
Cottonwood habitat in Colorado is relitively

scarce, but very important for bird use. Most
habitat is privately controlled and subject to

Volume 28, Number 6

numecrous lund use conflicts. Agencies responsi-
ble for management of wildlife must become ac-
tively involved to maintain this habitat since
present competing land uses are greatly diminish-
ing the arca of cotonwood groves. Wateruse and
control have the greatest potential for adverse
impact.
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APPENDIX FOUR

THE VEGETATION OF BOULDER CREEK
J. H. Bock
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Figure 1.
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Area No.

i
!

Location

Valley View Rd.
to Arapahoe

e LA o ———— o+ e o

Oescrlpfion of the ten Ecological Areas along Boulder Creek

Vegetation Description

Many maturc trees throughout
area. Well developed under-
story at lower end,

2 Arapahoe to 2th Almost all trees removed. Much
Street bare gravel, weedy herb species
dominant.
3 30th Street to Part of area denuded of vegeta-
28th Street "tion, part has some mature
: irees,
4 28th Street to Some mature trees and soms under-
Folsum Field brush in area, Some dumping.
5 Folsum Field to Partly residential. Some
17th Street mature trees and some under-
story develonment, :
6 17th Street to Center of town. Partiy land-
9th Street scapes. Some mature trees,
scmg_dumping. -
7 9th Street to Old residential area. Many
Eban Fine Park mature trees. Understory
_ poorly developed.
8 Eban Fine Park Many mature frees and thick
to Junction of understory plus small denuded
Canyon and area upstream
Arapahoe P i
9 Junction to Left Lower Montane vegetation.
Hand Canyon Partiy old residential area.
turnoft Vlel| developed native flora.
10 Sunshine Creek Residential area with some

from mouth of
Sunshine Canyon
to junction with
Boulder Creek
proper

mature trees and well develop-
ed shrub cover.
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‘ Figure 3. _
' Percent Cover for various types of vegetation
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Figure 4,

Percentage of Creek Shaded by Vegetation
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14,
15.
i6.
17.

18.

19.

20.

21,

22.
23.

TABLE §. Trees of Boulder Creek

ACERACEAE

Acor glabrum Torr. (Mountaln Maple)

Acer nequndo L. (Box Elder)

Acer saccharinum L. (Siliver Maple)
ANACARDt ACEAE

Rhus glabra L. (Smooth Sumac)
BETULACEAE

Alnus tenulfolia Nutt. | (Alder)

Betula occlidentalis Hook.; now Betula fontinails Sarg.

ELEAGNACEAE

Efeaqnus angustifolla L. (Russian Olive)
LEGUMINOSAE

Robinia neomexicana Gray (Locust)
PINACEAE

Junlperus communis L. ssp. nana Syme (common Juniper)

Juniperus virginiana var. scopulorum Lemmon (Red Cedar)
Picea pungens Engeim. (Colorado Blue Spruce) '

Pinus edulis Engeim. (Pinyon Pine)

Pinus ponderosa var scopulorum Engelm, (Ponderosz Pine)
ROSACEAE
Prunus americana Marsh (Wild Plum)

Prunus besseyl Bailey (Sand Cherry)
Prunus peasylvanica L. (Wild Red Cherry) (Pin Cherry)
Prunus virginiana var meianocarpa L. (Choke Cherry)

Pyrus matus (apple)

Sorbus scopulina Greene (Mountain Ash)
SALICACEAE \
Populus x acuminata Rydb. First generation hybrid betweea P. sargontil and

P, enqustifolia
Populus anqustifolia James (Narrowleat Cottonwood)
Populus sargentii Dode (Plains Cottonwood)

Populus tremuloidss Michx (Quaking Aspen)
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24,
25,
26.
27.

28.

29.

10.

LA

12.
13.
14,
15.
16.
17.

Salix exiqua Nutt., (Sandbar Willow)

Salix fragllls L. (Cracked Willow)

Salix interior Rowles: (Sandbar Vi llow)

Salix pseudocordata (Anderss.) Rydb.

ULMACEAE

Celtis reticulata Torr. (Hackberry)

Ulmus americana (American Eim) Not nafive} commonly planted shade tfree

TABLE 2. Shrubs of Boulder Creek .

ANACARDIACEAE

Toxicodendron radicans (L) Kuntze var. ryobergl! (weed of distyrbed ground)
(Small) Erskine (Poison lvy) '

BERBERIDACEAE

Nahonia repens (Lindl.) G. Don (Oregon grape - Holly-grape)

CAPRIFOLIACEAE

Lonicera involucrata (Rich.) Banks ex Spreg. (Bush Honsysuckle)

Smabucus canadensis L. (Elderberry)

Symphoricarpos occidentalis Hook. (Snowberry, buckbrush)

COMPOS ITAE

Chrysothamnus nauseosus (Pall.) Britt. (Rabbitbrush)

Cornus stolonifera tiichx.

CORNACEAE

out bracts

GROSSULARIACEAE

(Red-osier Dogwood) Native Shrub Flowers with-

Ribes aureum Pursh, (Golden Currant)

Ribes cereum Dougl. (Wax Currant)

Ribes

inerme Rydb. (Common Gooseberty)

HYDRANGEACEAE

’

Jamesia americana T. & G., (Waxflower)

ROSACEAE

Purshia tridentata (Pursh) D.C. Native (Antefope-brush)

Rosa arkansana Porter (Native shrub)

Rosa woodsii Lindl.

(Natlve shrub)

Rubus tdaeus L. (Wi1ld red raspberry)

Rubus

Rubus

sp. (Raspboerry, Blackberry)

parviflorus Nutt,

(Thimble-berry)
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18,
19.

10.

it.

12.
13.
‘4.

'5‘

16.
17.
18.

VITACEAE

Parthonocissus inserta (Kerner) K. Fritsch (Vine ~ Virginia Creeper)
Vitis riparia Michx. (¥Wild Grape)

TABLE 3. Herbs of Boulder Creek

APOCYNACEAE

Apocynum androsaemi folium L. (Spreading dogbane)

Apocynum cannabinum L. Cindian Hemp)
ASCIEP | ADACEAE
Asciepias speciosa Torr, Native, Weedy (Showy milkweed)
BALSAMINACEAE
Impatiens capensis Meerb., (Jewel weed)
BORAG INACEAE
Anchusa italica Retz. Introduced-escaped cultivated
Cynoglossum officinale L., (Hound's Tongue)

Lappula redowskii (Hornem.) Greene-Native -~ Extremely variable species
(Stickseed)

Mertensia lanceolata (Pursh) A.DC., Narrow-leaved (Mertensia)
CACTACEAE

Opuntia phaecacantha Engelm., (New Mexican Prickly Pear)
CAMPANULACEAE

Campanula rotundifolia L., (Common Harebel() Common native Bloom in
mid & late summer

CAPPARIDACEAE
Cleome serrulata Pursh, (Rocky Mt'n Bee Plant)
CARYOPHY LLACEAE

Cerastium arvense L. (Field Mouse-ear) Native - circumpolar

Cerastium vulgatum L. {(Common Mouse-ear) Native

Saponarta officinalls L. (Soapwort, Bouncing Bot) Introduced - escaped
cultivated. Loeaves make a falr lather when crushed and rubbed under w:'

Silene scouleri Hook. ssp. hallil (Wats.) C.L. Hitchc & Maguire
CHENOPODIACEAE

Chenopodium acerifolium Andrz. (Eurasian weed)

Chenopodium album L. (Eurasian weed - Common pigweced)

Chonopodium botrys L. {Jerusalcm - 0ak)
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19, Kockia lranica Bornmueller (Burning bush)

20, Salsola collina Pallas (Russian thistle)
COMMEL INACEAE

21. Tradescantia occidentalis (Britton) Smyth
COMPOS ITAE

22. Achltlea lanulosa Nutt., (Yarrow)

23, Ambrosia artemisiifolia L. (Roman wormwood) Introduced weed-Monbeclous,

24, Ambrosia psilostachya D.C. (Western ragweed)

25. Ambrosia tritida L. (Giant ragweed) intro. weed, Hayfever
26. Anthemis cotula L. (Dog fennel)
27. Arctium minus (Hill) Benth (Burdock)

28. Artemisia canadensis Miehx.

29. Artemisia frigida Willd. (Pasture Sagebrush)

30. Artemisia ludoviciana Nutt. (Prairie sage) Native Gynomonoscious
31. Aster laevis h. (Common blue aster) Native

32. Aster_porteri Gray
33. Brickeilia grandiflora (Hook.) Nutt. Native

34, Carduus leiophyllius Petrovic ex Bornm. Weed

35. Cichorium intybus L. (chicory)

36. Cirsium arvense (L) Scop. (Canada thistie) lIntro. weed

37. Cirslium canescens Nutt.
38. Cirsium flodmanii (Rydb.) Arthur
39. Cirsium undulatum (Nutt,) Spreng. (Vavy-leaved thistie)

40. Cirsium vulgare (Savi) Tenor (Bull Thistle) Intro. weed

41, Conyza canadensis (L.) Cronquist (Horseweed)

42. Erigeron divergens T. & G. (Spreading fleabana) Native

43, Erigeron flagellaris Gray (Tr%illng Fleabane)

44. Erigeron strigosus Muehi (Daisy Fleabane) Native - Intro. Into Europe
45. Galllardia aristata Pursh (Blanket flower) Beautiful native

46. Grindelia squarrosa (Pursh) Dunal. (Gumweed} Native - intro, east and
west of natural range

47. Helenium autumnale L. (Sneezewéed)

48. Helianthus annus L. (Common sunf lower)

49. Hellanthus giganteus  Escapod

50. Helianthus pumitus Nutt. Nativg, common.

51, Heterotheca viliosa (Pursh) Shinners (Golden Astoer)




52,
53.

54.
55.
56.
57.
58,
59.
60.
61.
62.
63.
64.
65.

67.
68.
69.
70.
71.
72.
75.

74.
75.
76.
77.
78.
79.
80.
81.
82.
83.

Hymenopap lus fﬁllfolius Nutt. Native

Lactuca scariola L. (Prickly lettuse) Introduced weed. Hybridizes in
nature with cultivated lettuce,

Lactuca tatarica (L) C.A. Mey (Large flowered Blue Lettuce)

Leucanthemum vuigare Lam. (Ox eye dalsey) Escaped

_ Matricaria matricaroides (Less.) Porter. (Pineapple weed)

Microseris cuspidata (Pursh) Sch. - Bip. (False dandelion)

Ratibiba columnifera (Nutt) Wooton & Standley (Prairie Coneflower)
Rudbeckia hirta L. (Black-eyed Susan)

Rudbeckia laciniata L. var. Ampia (Neis) Cronquist (Tall Coneflower)

Scorzonera lacinata L. (False salsify)

Solidago missouriensis Nutt., (Smooth Goldenrod)

Solidago spathulata D.C. var Neomexicana (Gray) Cronquist

Solidago speciosa Nutt. var. paliida Porter (Showy galdenrod)
Stephanomeria pauciflora (Torr.) Neis (Wire Lettuce)

Taraxacum officinale Wiggers (Common Dandefion) Widespread throughout
most of the world

Thelesperma megapotanicum (spring) Kuntze

Tragopogon dubius Scop., (Saisify)

Tragopogon porrifolius L. (Purple salsify)

Xanthium strumarium L. (Cocklebur)

Convoivulus arvensis L. (Bindweed) Very common weed

Calystegia sepium (L.) R. B8r. (Hedge bindweed)

Sedum lanceolatum Torr. (Stonecrop)
CRUCIFERAE

Camelina microcarpa Andrz (False Filax)

Capsel la bursa-pastoris (L.) Medic (Shepherd's purse)

Chorispora tenella (Wilid.) D.C. (Blue mustard) Naturallzed from Asia

Draba nemorosa L.

Draba reptans (lLam.) Fern., (Carolina Whitlow-grass)

Descurainia pinnata (Walt.) Britt. (Tansy mustard)

Descurainia sophia (L.) Webb, (Flixweed)

Erysimum asparum (Nutt) D.C., (Western Walliflower)

Lepidium campestre L.

Lepidium latifollum L. (Perennial Pepper-grass)




84,
“I. 8s5.
86.
87,
88.
89.
90.
91,
92,
93.
94.

. 95.
96.

97.

-~

96.

o rm——

100.

101,
3 102.

103.

104.

105.
106.

107.
108.
109.
110,

112.

Vi

Lepidium perfoliatum L,, (Clasping Pepper-grass)
Lesquerella lvdoviciana (Nutt.) Wats, (Sitfvery bladder-pod)

Lesquerolla montana (Gray) Wats,, (Mountain Bladder-pod)
Physaria vitulifera Rydb. (Double Bladder-pod)
Rorippa nasturtuim - aquaticum (L.) S. & T. (Water cress)

Rorippa teres (Michx.) Stuckey (Cress)

Sisymbrium altissimum L. (Jim Hitl Mustard) Belleved to have spread Into
the west by way of the railroads

Thiaspi arvense L. (Pasnny-cress)

Thlaspi montanum L. (Witd Candytuft) (T. alpestre of Ed. 1)
Echinocystis lobata (Michx.) T. & G. (Wild Balsam apple)
Carex sp. L. (Sedge)

Scirpus americanus Pers. Common along plalns' waterways
Scirpus pallidus (Britt.) Fern. Along sloughs and ditches
DIPSACACEAE
Dipsacus sylvestris Huds., (Teasel)
EQUISITACEAE
Equisetum arvense L. (Field Horsetall) Also grows In Eurasia

Equisetum hyemale L. (Tail scouring rush)

Equisetum laevigatum A, Br. (Scouring rush)
EUPHORB | ACEAE

Chamaesyce missurica (Raf.)(Shinners)

Euphorbia marginata Pursh (Snow-on-the-mountain) Commonly cultivated
elsewhere. Moncecious.

Euphorbia robusta (Engeim.) (Smail Rocky Mountaln Spurge) Monoecious
GERANIACEAE

Erodium cicutarium (L.) L'Hef, (Filaree) One of the earliest flowerfng
weeds.

Geranium bicknellii Britt.

¥

Geranium fremontil Torr., (Common Wild Geranlum)
GRAMINEAE ‘

Aqropyron repens (L.) Beauv. (Quack-grass)

Agropyron smithii Rydb. var Molle (Scribn.& Smith) Jones (Western Wheatgrass)

Agrostis giqantea Roth (Red top)

Arrhenatherum elatius (L.) Mert. & Koch (Tall oat-grass)
Avena fatua L. (Wild Oats)

Bouteloua gracilis (H.B.K.) Lag. (Blue Groma)




113,
114,
115,

116.
17,
18.
9.
120.
121.
122.
123.
124.
125.
126.
127.
128.
125.

130.

131,
132.
133.

134.
135.

136.
137.

138.
139.

140,
141,
142,

Vil

Bromus inermis Leyss (Smooth Brome)

Bromus sterilis L. (Poverty Brome)

Bromus tectorum L. (Cheat-grass) Abundant In overgrazed or otherwise
mismanaged range. Competes with native grasses

Cinna latifolia (Trev.) Griseb. (Drooping wood-reed)

Dactylis glomerata L. (Orchard grass) Common lawn weed.

Echinochloa crus-gaili (L.) Beauv. (Barnyard-grass)

Elymus canadensis L. (Canada Wild-rye)

Festuca rubra L. (Red Fescue)

Hordeum brachyantherum Nevski (ieadow barley)

Hordeum.q(aucum Steud (Eurasian weed) common weed

Hordeum jubatum L. (Foxtail barliey)

Hordeum pulsiitum Nutt., (Little Barley) Weed

Koeleria qracilis Pers, (June grass)

Muhlenbecgia pungens Thurb. (Sandhill Muhly)

Muhienberaia racemosa (iMichx.) B.5.P. (Marsh Muhly)

Oryzopsis hymenoides (R. & S.) Ricker (Indian rice grass) Bunch grass
Panicum capillare L. (Witchgrass)

Phalaris arundinacea L. (Reed canary-grass)

Phieum pratense L. (Timothy)

Phragmites communis Trin., Carrizo

Poa pratensis L., (Kentucky blue-grass) introduced from Europe. Commonly
used for lawns.

Poa trivialis L. Intro. from Europe

Sporoboius cryptandrus (Torr.) Gray (Sand dropseed)
HYDROPHYLLACEAE

Hydro phyllum fendleri (Gray) Heller, (Waterleaf) Stamens strongly exserted

Phacelia heterophylla Pursh. (Scorplan Vieed)
{RIDACEAE

Iris missouriensis Mutt., (Wild Iris)

Sisyrinchium montanum Greene (Blue-eyed-grass)
JUNCACEAE

Juncus arcticus Witld. ssp. ater (Rydb) Hulten

Juncus hufonius L. (Toad rush) Almost cosmopollitan distribution.

Juncus dudleyi Wiegq.




143,
144,
145,
146.

147.

148,
'49.
150.

151.
152.
153,
154,
155.
156.
157.

158.
159.
160.
161.
162.
163.

164.
165.
166.
167.
168.
169,
170.

171,

172,

TN

LABIATAE

Leonurus cardiaca L. (Mofherwort)

Marrubium vulgare L. (Common horehound)

Mentha arvensis L. (Field mint)

Mentha spicata L. (spearmint) Escaped from gardens

Monarda fistulosa L. (Pink Bergamot)

Nepcta cataria L. (Catnip)

Prunetila vulqgaris L. (Self-heal)

Teucrinum canadense L. (Germander)
LEGUMINOSAE

Astragalus adsurgens Pallas var. robustior Hook.

Glycyrrhiza lepidota (Nutt.) Pursh. (Wild fticorice)

Lathyrus eucosmus Butters & St. John (Purple Peavine)

Lupinus argenteus Pursh. (Common Lupine)

Medicago sativa L. (Alfalfa)

Melilotus atba Desr. (White Sweetclover)

Melilotus officinalis (L.) Lam. {(Yellow sweet-clover) Planted for forage,
-erosion control and honey

Thermopsis divaricarpa Neis.

Thermopsis rhombifolia (Nutt.) Rich (Golden Banner)

Trifolium fragiferum L., (Strawberry Clover) Intro. on lawns, golf courses

Trifolium hybridum L. (Alsike Clover)

Trifolium pratense L. (Red Clover)

Trifolium repens L. (White Dutch clover) Fully naturallzed.
LILIACEAE '

Allium geyeri Wats. (Wild onion)

Allium cernuum Roth. (Wild onion)

Asparaqus officinalis L. (Asparagus) Young stems edible.

Smilacina stellata (L.) Desf. (False soloman's Seal) Few-flowered

Veratrum teniupetalum Heller, (False Hellebore)

YuccaigJauca Nutt. (Spanish Bayonet)

Linum lewisii Pursh., (Wild flax)
LOASACEAE

Montzelia speciosa Osterh. (Yellow evening-star)
MATVACEAE

Maiva rotundifolia.{Rare weed)
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IX

Sphaeraicea coccinea (Pursh) Rydb. (Copper mallow)

OLEACEAE
Fraxinus pennsylvanica Marsh (Green Ash)
ONAGRACEAE

Epilobium glandulosum Lehm. (Northern wiliow-herb)

Gaura parviflora Dougl. ex Hook (Weed)

Gayophytum diffusum T. & G. ssp. parviflorum H. Lewls & Szwaykowskli
Gayophytum racemosum T. & G. '

Oenothera strigosa (Rydb.) Mack. & Bush. (Common evenlng Primrose)
. ORCHIDACEAE

Corallorhiza maculata Raf. (spotted coral-root)

Goodyeara oblongifotia Raf. (Common rattlesnake~plantain)
Habenaria hyperborea (L.) R. BR. (Northern bog-orchid)
OXALIDACEAE

Oxalls dillenii Jacqg (Wood sorrel) Leaves and petioles have a pleasant
sour taste

PAPAVERACEAE

Argemone polyanthemos (Fedde) G.8, Ownbey (Prickly Poppy)
PLANTAG INACEAE

Ptantago I' nhceolata L. (English Plantain)

Plantago major L. (Common plantain) Abundant weed in lawns. WVidely
d.str.buted in North America

Plantago pataqonica Jacq. (Woody plantain)
POLEMONIACEAE

Gilia pinnatifida Nutt. Var. calcarea Brand

Microsteris gracilis (Dougl,) Greene

Phlox muitiflora A, Neis. (Common Phlox)
POLYGONACEAE

Eriogonum umbellatum Torr. (Sulphur flower)

Polygonum rurivaqum Jordan (Devil's Shoestrings) Widely distributed
in-North America and Eurasia

Rumox acetosella L. (Sheep sorrel)

Rumex crispus L. (Curly dock)

Rumex salificitolius ssp. trianqulirails Ledeb (Willow dock)

Notholaena fendleri Kunze (Zigzag cloak fern)
PORTULACAEAL

Portulaca oleracea L. (Common pursliane)
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RANUNCULACEAE

Cloméfis iqustifolia Nutt., (Western Virgin's bower) Late summer bloomers

Ranmuinculus qglaberrimus Hook. (Sagebrush buf?erchp)

Ranunculus repens L. (Creeping buttercup) The double~-flowered butter-

cup of gardens is a horticultural veriety of this species.

RESEDACEAE

Reseda lutea L. Mignonette Flower unsymmetrically, stamens inserted
on one side of the flower.

ROSACEAE

Potentilla fissa Nutt. (Bushy Cinquefoil)
RUBIACEAE f

Galium aparine L. (Goosegrass) Naturalized from Europe
SCROPULARIACEAE

Linaria dalmatica (L.) Mill. (European weed)

Linaria vulgaris Mill, (Butter and Eggs) Especially common around old
dwellings and mine dumps.

Penstemon alpinum Torr. (Alpine penstemon)

Penstemon secudiflorus Benth. (One-sided penstemon)

Penstemon virens (Pennel)

Penstemon virgatus

Verbascum blattaria L. (Moth Mullein) Along ralliroad tracks & overgrazed
fields. '

SCROPHULARIACEAE

Verbascum thapsus L. (Great Mullein) Cocmmon in grazed and burned areas.

Veronica persica Poir (Bird's eye) Circumpolar)

SOLANACEAE
Solanum americanum Mitl. (Nightshade)
TYPHACEAE |

Typha latifolia L; (Broad;leaved attall) Good bird hablitat
UMBELLIFERAE

Aletes acaulis (Torr.) C. & R. (Mountain Caraway)

Conium maculatum L. (Poison-hemlock) The plant used in the execution of
socrates. MWidely distributed in Eurasia, Africa, and North Amcrica

Harbouria trachypleura (Gray) C. & R. (¢hiskbroom Parsley!
Oxypolis fendleci (Gray) Heller, (Cowbane)
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Pastinaca sativa L. (Parsnip)

VERBENACEAE

Verbena bractcota Laq.& Rodr. (Large Bracted Vervaln)

Verbena siricta Vent., (Woodly vervain) Common in badly overgrazed areas

VIOLACEAE

Viola adunca Smith (Mt. Blue Violet)

Viola nephrophylia Greene (Blue Violet)

Viola ruglosa Greene, (Violet)

ZYGOPHYLLACEAE

Tribulus terrestris L.

{Puncture vine)



