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1.1 PURPOSE 

I The overall purpose of the research reported here is to provide the basis for 

I improving the management and preservation of the City of Boulder Open Space 

lands. The continuing growth of the Colorado Front Range urban population 

I presents a challenge of providing good managanent of the Open Space lands in 

the face of large potential huran-related disturbances. Managemnt for the 

I preservation of native or unique flora is one goal of the Open Space system. 

I 
Most of the City of Boulder Open Space system, which was established in 1967, 

is vegetated with natural plant ccmnmities rather than camunities that are 

I the product of h m n  manipulation or disturbance. Thus the emphasis of the 

research reported here is on natural plant c m i t i e s .  

I Effective management of natural vegetation is based upon a sound understanding 

I of the characteristics of the natural plant cammities and of their 

environments as well as an understanding of the changes in the carrmnities 

I that follow disturbance. The plant cormunities on the City of Boulder Open 

Space lands had not been the subject of a thorough ecological inventory prior 

I to this study and that of Thompson and Strauch (1985). As requested by the 

I 
City's Real Estate1 Open Space Department, this study was initiated in April, 

1984 to study the vegetation of the parcels that had been acquired by that 

I t i m e .  .See Figure 1-1 for the location of the parcels. 

I 
Objectives of this study were to: 1) identify, characterize and describe the 
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vegetation types; 2) describe the relationships of the vegetation to 

environmental factors, including soi 1s and disturbance factors; 3) m p  t.he 

existing vegetation; 4) determine the potential natural vegetation insofar as 

possible; 5) ccrrpare historic with existing treeline; 6) carry out a floristic 

inventory, including collection of voucher specimens; 7) provide the basis for 

management recarmendations; and 8) gather in one docunent the floristic and 

vegetation references most useful for understanding and managing the City of 

Boulder Open Space lands. 

AREA 

The Open Space lands studied cover about 11,475 acres (4645 hectares) in the 

vicinity of the City of Boulder, Boulder County, Colorado. The parcels are 

located between 40'51 to 39'55'~ latitude and 105~19' to 105'8'~ longitude and 

extend over a 120 square mile area. Elevations range fran 5070 ft (1545 m) on 

the Ertl property to 7490 ft (2283 m) on the Campbell property, spanning 2420 

ft (738 m) of elevation in a,horizontal distance of 10 mi (16 km). A n d x r  

of the properties are adjacent to City of Boulder Mountain Parks property, 

particularly along the western extent of the Open Space lands. See Figure 

1-1. 

The natural floristic and vegetation patterns are ccmplex due to existing 

cl imat ic, topographic and soil factors as we1 1 as the cl imatic changes that 

have occurred in recent geological time. Superimposed upon this already 

complex natural mosaic are additional vegetation patterns that have resulted 

fran the long and diverse disturbance history of the region. For e q l e ,  

changes in the natural vegetation patterns relate particularly to changes in 



elevation (affecting precipitation and temperature), slope position, slope 

steepness, aspect, soil texture, soil depth, and site drainage, which together 

create the pattern of plant-available misture at each site. Soils in the 

study area are diverse. Existing plant species and camunities have 

affinities to geographical areas in all directions and within the RDcky 

Mountain region, as well as to Asia. Both natural and hman-related 

disturbances are diverse and widespread in the study area. Natural 

disturbances include fires, floods, erosion, slumping, windstorms and 

infestations. Mnnan-related disturbances that are of concern to Open Space 

vegetation stem primarily fran livestock grazing, logging, forest management, 

mining, quarrying, agriculture, mowing for hay, irrigation, fire mnagement, 

construction of trails, roads and structures, and recreational uses. Intense 

h m n  use of the Boulder area dates fran approximately the 1850s (see sectfon 

2.2). 

An ovewiew of the natural vegetation of the study area reveals grasslands at 

elevations below about 6000 ft (1830 m), lower montane forests typically 

daninated by ponderosa pine,(Pinus ponderosa) above this elevation, and an - 
intermediate belt with carmon shrubs and scattered trees that is variably 

present between approximately 5700 and 6200 ft (1737 and 1890 m) elevation. 



2.1.1 Climate and Soils 

The climate of the Open Space lands is continental and more similar to tha 

the plains thin the high mountains. Daily and seasonal temperature ranges, 

large, radiation receipts are high, hunidity is low, the relatively 1, 

precipitation is concentrated in the fall and spring, and it is windy$ 

Average annual precipitation at Boulder is about 18 inches (45 an) (Paddock 

1964). In such a semiarid cl inate, patterns of plant-available moisture exert 

a large influence on vegetation patterns. 

Surficial geology and soils show important correlations with the natural 

vegetation patterns, often through their effects on plant-available misture. 

As an exa,?ple, consider one typical set of patterns: the resistant Dakota 

sandstone hogbacks that form the praninent easterrmost north-south ridges are 

vegetated with ponderosa pines, while adjacent valleys underlain by shale or 

col luviun (recent deposits of debris locally derived via gravitational 

processes) are vegetated with midgrass or tallgrass carmmities. The rocky 

hogbacks provide a substrate favoring the pines, i.e., with arrple 

plant-available moisture but very well drained, whereas the usually finer 

substrates in the valleys favor grasses. Another typical set of patterns is 

for mesic tallgrass vegetation to be situated on poorly drained alluviun, 

e.g., Niwot soils, while adjacent xeric tallgrass vegetation is on well 



drained alluviun, e.g., Nederland very cobbly sandy loam. 

The sut-ficial geology of the Open Space lands has been mpped at a scale of 

1:24,000 (1" 2000') in the Niwot Ndrangle (Trirhle 1975), the Louisville 

Quadrangle (Malde 1955), the Eldorado Springs Quadrangle (We1 1s 1967), and the 

Boulder Quadrangle (Wrucke and Wilson 1964). 

I 
I 

The; oldest rocks are exposed in the mountains west of Boulder and are 

Precarhrian igneous and metamrphic rocks. Hogbacks of sedimentary rocks 

occur along the east edge of the mountains, dating back to times ranging frm 

I 
the Pennsylvanian to the Cretaceous. The plains are underlain by sedimentary 1 
deposits variously covered with alluvial (stream deposited), colluvial (moved 

by gravity), and eolian (windblown) deposits. The fotmer two types of 
I 

deposits also are c m n  above the plains. In the higher mountains we1 1 above 

the elevations of Open Space, glacial deposits are extensive (Knight 1964). 

I 
1 

I Soils of the Boulder County Area have been mapped by the U. S. ,Soil 

Conservation Service (SCS) at a scale of 1:20,000 (1" = 1667') (Moreland and I ' Moreland 1975), a1 though more recent work has revealed sane unspecified 

inclusions and lqing of rmp units in the original survey (H. Sprock 1985, 
I 

personal corrmmication). Most soils are mollisols (with a surface horizon 

that is thick, dark, soft when dry, and daninated by divalent cations), with 
I 

smaller areas of dry entisols (very young soils), alfisols (forested soils I 
with a clay layer), and aridisols (dry grassland soils). 

Range site descriptions that are relevant to the Open Space lands were 

published by the SCS between 1975 and 1984 and are being updated. Howver, 

correspondence between range site descriptions and specific soil map locations 
I 
I 



have not yet been ful ly worked out. Range sites applicable to Open Space 

lands include: Loamy Foothill # 202, Rocky Foothill # 206, Clayey Foothill # 

208, Cobbly Foothill # 213, Wet Meadow #38, Salt Flat # 34, Shallow Loam # 230 

and Shallow Foothill # 204. Possibly applicable are Shaly Foothill # 212, 

Sandstone Breaks # 53, and Overflow # 36. Woodland/Forest descriptions 

relevant to Open Space lands are Riverbottan #73, Ponderosa Pine and 

Douglas-fir. 

2.1.2 Vegetation and Flora 

The general vegetation patterns of the Boulder area have been the subject of 

floristic and ecological intelest for many decades (Daniels 1911; Marr 1964, - 

1967; Mute1 1976; Rarraley and Kelso 1931; Vestal 1913, 1914, 1917, 1919; Weber 

1964, 1976). A full catalog of the Boulder County flora is in preparation by 

Dr. W. A. Weber of the University of Colorado Herbariun. In 1983(a) and 

1984(a), Baker listed over 120 references to the vegetation of Boulder County. 

The compilations of literature in this chapter include the literature compiled 

by The Nature Conservancy (1983). 

Prior studies of Open Space and Mountain Parks lands concern tall grassland 

(Colorado Natural Heritage Inventory 1982, 1982a; Moir 1969, 1971, 1972), the 

Marshall Mesa area (Biggins and Dodson 1970; Kanarkova and Gordon 1982), the 

Long and Horse Mesa areas (James 1930; Komarkova and Gordon I982; Roach 1948; 

Robbins 1908; Robbins and Dodds 1908), the Sawhill Ponds area (Beidlemn 1948, 

19541, a general vegetation rnap of the southern part of the Open Space lands 

(Marr and Boyd 1979). and the White Rocks area or Ertl property (Enviromntal 

~nal~sts Inc. 1972; Gage Davis Associates 1982; MacPhail et al. 1970; 



carried out by facul ty at the University of Colorado Department of EPO Biology 

1 and by consultants to the City. 

Overviews of the vegetation of the Boulder Mountain Parks (Cooper 1984) and 

the flora of the huntain Parks (Weber 1984; ~ittknn 1984; Cooper 1984) are 

found in Cooper ed., 1984. Vegetation categories identified by Cooper (1984) 

that would be applicable to Open Space properties are: ponds and reeds, 

grasslands, plains riparian, foothills riparian, grassland-forest ecotone, 

I ponderosa pine forest, mixed ponderosa pine-Douglas-fir forest, and rock faces 

and rock canyons. Tharpson and Strauch (1985) napped the wildlife habitats on 

I the City of Boulder Open Space lands using 12 map units (in order of 

descending acreage): grassland, conifer, agricultural grassland, muntain 

shrub, agriculture, riparian, disturbed, wetland, buildings, lakes & ponds, 

cliffs, and talus. 

Rare plants are known to occur at several localities on Open Space lands. Tne 

White Rocks area supports .the very rare fern, Andrews' spleemrt (Aspleniun 

andrewsii), and the regionally rare American ground-nut (Apios arnericana) and 

three-aun (Aristida basiramea) (Keamrrrer 1983; Weber 1976). Bell's twin-pod 

(Physaria bellii) has been found on shale outcrops on the Mann property 

(Colorado Natural Heritage Inventory 1984b). & a 1  1-leaved false indigo 

(Amorpha nana) was once considered very rare (Weber 1976) but has been found - 
in the vicinity of the National Center for Atnospheric Research, on Mountain 

Parks lands (R. Wittmnn 1985, personal carmrnication), and on Open Space 

properties including Stengel 1, Erni (J. Scholl 1985, personal camunication; 

B. Peck 1985, personal comnulication), and Abbey. Of these five rare plant 



species, two have Federal status - the spleenwort and Bell's twin-pod. Both 

are Category 2, or candidates for listing as threatened or endangered, but 

with current data not sufficient to support listing at this time (Colorado 

Natural Heritage Inventory 1984a; U. S. Fish and Wildlife Service 1980, 1983). 

Other unusual plants are discussed in Weber (1984). 

Vegetation studies on neighboring lands concern Rocky Flats (Branson et al. 

1961, 1964, 1965; Clark 1977; Clark et al. 1980; Hadley and Branson 19651, 

Gregory Canyon (McHenry 1929, 1930). Lef thand Creek (~eidleman 19541, and 

Haystack Mountain (Ulmn and Young 1970). Relevant ecological studies carried 

out in Larimer County just to the north of Boulder County include Hanson 1953; 

Hanson and Dahl 1956; Hess 1981; Kovacic 1983; Peet 1975, 1978, 1978a, 1980, 

1981). Farther south along the Front Range, .Livingston (1952) described tall 

grassland "rmants"that resable tall grasslands near Boulder. 

~wo'cornprehensive classifications of the natural vegetation of Colorado are 

available: Baker (1984) and Johnston (1984). The f o m r  includes all known 

presettlemnt types in the Boulder area and is under revision. Johnston 

covers five states, including those that border Colorado on the north and 

east. An ovewiew of Colorado vegetation patterns is found in Armstrong 1972; 

Costello 1954; Dix 1974; Mute1 and Enerick 1984; and Rarnaley 1927. A floristic 

inventory of Colorado has been prepared by Drs. W. A. Weber and B. Johnston 

(1979, 1981), which is the basis for the ncrnenclature used here. 

The disturbance and recovery of plant carrmnities in the vicinity of Boulder 

was the subject of a recent studyby Kcmarkova and Gordon (1982)..Following 



the 1859 discovery of gold ore in the Gold Hill area and lasting about until 

the turn of the century, logging, hunan-related fires and other h m n  

activities resulted in substantial deforestation. Roads and railroads were 

constructed. The leading disturbance on the rangeland prairies was grazing. 

h r k o v a  and Gordon (1982) note that "vhile natural disturbances are part of 

the dynamics of Colorado ecosystems, their incidence is relatively law ... in 
the Front Range. During the period of exploration and initial settler.ent, the 

incidence, extent and intensity of disturbances is greatly increased." - They 

concluded that recovery is occurring at a very slow rate due to the dry, 

continental cl imte. 

No Open Space properties are known to be free f r m  disturbance by European 

peoples and almst all are known to have been logged or grazed by livestock 

before they were acquired by the City of Boulder (e.g., Glorado State Forest 

Service 1982; Kararkova and Gordon 1982). Due to their steepness and 

rockiness, possibly parts of Barute, Campbell and McCann were not so 

affected. Furthemre, many Open Space properties were - overgrazed or 

substantially disturbed by recent logging or other recent hunan use before the 

time of acquisition. Exceptions to this were found on Abbey, Barute, 

Bramniar, Gapbe1 1 ,  Culberson, Debacker, Dunn 1, Erni , ~assler and adjacent 

properties, %ore, and Wells (A. Wichnn 1985, personal ccmrunication). 

Although winter grazing is not the only practice that sustains tallgrass 

comnmities, several properties that have been winter grazed have sustained 

healthy natural plant camnvlities of tallgrasses; notably, parts of Church, 

?HP, and Yunker. These properties include areas now designated as Colorado 

Tallgrass Natural Areas by the State Department of Natural Resources and the 



City of Boulder, 

2.2.1 Grazing 

Range condition data collected betwen 1976 and 1983 documnt improving trends 

on most acquired .Open Space rangelands, apparently as a result of management 

techniques aidd at improving the native species (B, Peck and A. Wichnn 1976 

through 1983). Exceptions to the improving trends were caused by poor 

management techniques that were not in the control of the City (C. Wilson 

1985, personal carmmication). 

In 1984, the City Open Space Department hired an agricultural manager who is 

utilizing a holistic approach for planning and implementing range and pasture 

land management program. The program consider ecosystem and species 

characteristics, limitations, maintenance, and health, as we1 1 as multiple use 

derrands, such as livestock grazing and recreation. The program are planned 

to include monitoring of soils and plant. camunity changes so that management 

practices can be evaluated (D. Antonio 1986, personal comnmication). 

The range site descriptions of the SCS include discussions of vegetation 

changes that result f r m  poor managanent of livestock grazing. If overgrazed 

sufficiently, soil carpaction and erosion may also occur. In general, in the 

Boulder area, poor nranaggnent of 1 ivestock grazing leads to a decline in 

tallgrasses, i f  present, and eventually to a decline in midgrasses, with green 

needlegrass (Stipa viridula) being particularly sensitive to grazing 

pressure. .On well drained sites, camon increasers or invaders include the 

shortgrasses blue grarra (Bouteloua gracilis), red three-awn (Aristida 

longiseta), and buffalo grass (Buchloe dactyloides) on fine soils; the shrubs 



snakeweed (Xanthocephalun sarothrae) and rubber rabbitbrush (arysotharxmus 

nauseosus); the annuals cheatgrass ( B r a s  tectonm), Japanese brane ( B r m s  

japonicus), curlycup p m e e d  (Grindelia squarrosa), and others; and the herbs 

pasture sagebrush (Artanisia frigida) and golden aster (Heterotheca villosa). 

On m i s t  or wet, poorly drained sites, carmDn increasers or invaders include 
< 

redtop (Agrostis gigantea), Kentucky bluegrass (Poa - pratensis), Canada 

bluegrass (z canadensis), smooth brane (Bromopsis inemis), and carmon 

timthy (Phleum pratense) (H. Sprock 1985, personal carmmication; SCS 1975 

through 1984). 

2.2.2 Forest management 

Parts of the follwing properties have been considerably disturbed by recent 

forest mnagement activities aimed at controlling pathogens: Bramniar, 

Culberson, Debacker, Dunn 1, Stengel 1, Schnell, Wells and Whittanyer. Forest 

management programs have been carried out on City of Boulder Open Space lands 

since about 1973 in order to control forest pathogens, and also have 

substantial effects on forest understory. 

1 Fran 1977 to 1982 a massive interagency effort was organized in Boulder County 

I to control mountain pine beetle (Dendroctonus ponderosae). Most forested Open 

Space lands had been affected by the mountain pine beetle with the exception 

of Flatirons Vista, where preventive thinning is currently occurring (C. 

Wilson 1985, personal commnication). Other goals of the tree cutting program 

were to reduce the danger of wildfire, develop wildife habitat and, in scme 

cases, inprove scenic quality. Effects on understory typically include 

increased exotics and weeds, caused by turo factors: opening of the tree layer, 



which decreases competition for root moisture and increases sunlight incident 

on the understory; and surface soil and vegetation disturbance fran the 

physical processes of clearing tider trai 1s and fran tree cutting and the 

resulting woody debris. Also, soil c q a c t i o n  fran vehicular operation m y  

affect the vegetation. 

Forest managent activities continue as needed in order to control the 

mountain pine beetle and other pathogens, such as the Ips beetle (w sp.), 
twig beetles (Pi tyophorus spp. ) , the ' ponderosa pine needleminer 

(Coleotechnites ponderosae) , western spruce budwonn (Chori stoneura 

occidental i s) , and dwarf mistletoe (Arceuthobiun vaginatun ssp. cryptopodun) 

(Colorado State Forest Service 1982). 

2.2.3 Treeline 

Kararkova and Gordon's (1982) review of disturbance in the Boulder area and 

their study of vegetation changes over the last 80 years at selected sites 

shows that forests are apparent Jy recovering fran past deforestat Ion initiated 

by miners and early settlers of the Boulder area. Their carparisons of recent 

and early 1900s photographs just south of Eldorado Springs show very apparent 

increases in density within tree stands as well as migration outward into 

grasslands. ?he changes are similar but less marked in pairs of photographs 

taken 34 years apart on the Flatirons Vista property. Study of photographs 

taken 60 and 90 years apart at a drier location to the east of the preceding 

(on Ebcky Flats) showed no advance of the trees into the dry prairie area. 

5 Kornarkova and Gordon's results agree with other observations of tree 

T 
advancement for the Boulder area (Beckmann 1977; Robbins and Dodds 1908; Roach 



1948) as wll as vegetation changes seen in other *stern states. Veblen 

(1985, personal carrmnication) also reported that the reforestation rates 

around Bouldet are highly variable and apparently related to soil factors. 

Several authors favor the hypothesis that the advance of lower treeline 

downslope in the Boulder area is due to factors other than recovery after 

drastic disturbance, for example, due to chronic disturbance frcm 

mismanagement of livestock grazing, which decreases carpetition fran 

herbaceous plants (Cooper 1985; Konarkova and Gordon 1982; Roach 1948; Robbins 

and Dodd 1908; The Nature Conservancy 1983). Weber (1965, 1976) and Weber et 

al. (1974) note that the Boulder area was more densely forested in the past, - 

and that Rocky Flats has not revegetated as fully as surrounding lands because 

of overgrazing, timber cutting, burning and winter winds. 

Another possible reason for the advance of treelines is the change in fire 

regime since the arrival of European settlers and the demise of the native 

hricans. It appears that native Americans were responsible for many fires 

throughout the Interior West for a mi 1 leniun before Euro-American sett lernent 

(e.g., Arno 1985; Gruell 1985). Natural pte-settlement fire firequencies are 

probably 35 to 45 years (Crane 1984). Gmparisons of century-old with recent 

photographs show successional patterns differing significantly -- shrubs and 
trees now invade where graminoids and herbs had dominated (Gruell 1985). 

2.2.4 Fire 

Current knowledge of the fire characteristics of grasses, herbs, shrubs and 

conifers supports the hypothesis that recent fire suppression rnay explain the 

advancing treeline in many western localities (Arno 1985; Wright and Bailey 

14 



1980). In general, frequent, 1 ight fires help to maintain rnid-height or 

tallgrass dominance since they regenerate readily fran buds near the soil 

surface. Longer intervals betwen fires favor rmst coniferous trees (Am0 

1985; Martin 1982). Fire characteristics of ponderosa pine are reviewed by 

Fischer and Clayton (1983) and of grassland species by Wright and Bailey 

(1980). Alexander (1979, 1980) and Martin (1982) review a nuIlber of fire 

history studies and Latan et al. (1985) and Wright and Bailey (1982) report 

on many aspects of fire ecology. 

Laven et a I. ( 1980) and Rodabaugh ( 1978) describe work on fire f requenc i es 

in the Colorado Front Range mntane zone, but well above the elevations of the 

City of Boulder Open Space lands. Both papers found the mean fire interval to 

be longer than that in other parts of ponderosa pine's geographical range, 

where the interval is roughly 5-20 years. Laven at al. (1980) estimted that 

srrall fires, including hmn-caused ones, have occurred on the average every 

20.9 years and large ones every 41.7 years. Mean intervals betueen fires were 

66 years in the pre-settlement era (pre-1840), 17.8 years in the settlement 

period (1840-1905), and 27.3 years in the fire suppression era (post-1905). 

The only recent fire over about 5 acres area that was found during this work 

on City of Boulder Open Space lands occurred in 1980 on the Erni property (A. 

Wicbnn 1985, personal cormmication). 

The City of Boulder Parks department has attenpted to improve an overutilized 

mesic tall grassland on Open Space lands, on the Gebhart property, by several 

buns that aimed to eliminate redtop (A.  Wichmann 1985, personal 

camunication). Use of fire as a management tool in tall grasslands has been 



the subject of work at the Konza Prairie Research Natural Area in Kansas, 

where research is being carried out by biologists fran Kansas State University 

in Manhattan. Restoration of overgrazed or mowed tall grassland requires 

cessation of the disturbance, and can require ranoval of undesirable species 

by burning or mechanical means as wll as the planting of desirable ones 

(e.g., Hurlbert 1973; The Nature Conserrancy 1983). 

2.2.5 Other Disturbance 

The activities of Euro-Americans have also changed sane aspects of the 

hydrology of the Boulder area, particularly flooding fran creeks and water 

distribution fran irrigation ditches. Sane hurran activities such as duping 

residues into creeks and building on and the paving of substantial lands tend 

to increase peak floods with greater resultant destruction of bridges and 

floodplains (Madole 1973; Schoolland 1980). In contrast, water diversions and 

dams tend to interrupt flood cycles that are apparently needed for 

perpetuation of riparian ecosystem such as cottonwood groves (Crouch 1961, 

1978, 1979). Observations made in this work indicate that leakage frun 

irrigation ditches m y  be supporting s u m  mesic tall grassland rermants (cf. 

The Nature Conservancy 1983). Many ditches were constructed early in the 

settlercent period. For example, Famrers Ditch dates fran 1862. 

Prairie dog (Cynanys ludovicianus) activity on several of the Open Space 

parcels has been present for sane time and is associated with significant 

vegetation disturbance. Armstrong and Freeman (eds. 1985) suggest that 

prairie dogs are m r e  a synptan than a cause of poor range condition because 

the prairie dogs prefer over perennials the more productive annuals that 



result fran overgrazing. On the other hand, prairie dogs themselves disturb 

the vegetation, mintain or favor annuals, and favor hardy perennials such as 

inland sal tgrass (Distich1 is spicata ssp. stricta) and buffalo grass (Agnew 

1983; Detling and Painter 1983; Uresk 1984; H. Sprock 1985, personal 

camunication). However, inland saltgrass is typically found on wetter sites 

than those preferred by prairie dogs. 

Recreational use of the City of Boulder Open Space lands is having increasing 

inpacts on the natural vegetation. For example, Dr. wili Moir, ecologist with 

the U. S. Forest Sewice, has studied Boulder's reamant tall grasslands and 

has expressed concern about an exotic, smooth brctxe, invading into tallgrass 

areas that are used for recreation, e.g., in the Chautauqua area (Moir 1982, 

personal camrmication, reported in The Nature Consewancy 1983). Dr. W. A. 

Weber, Professor of Natural History and Curator of the Herbariun at the 

University of Colorado hseun, has expressed concern about inpacts on natural 

vegetation fran recreational use of the Boulder Open Space and Mountain Parks 

(Weber 1976; Weber 1984). 

Management problems associated with recreational use of public lands have been 

studied by researchers and public agencies and include econanic and h m a n  

behaviorial aspects as well as vegetation, wildlife and soil aspects (e.g., 

Stankey and McCool cqilers 1985). The U. S. Forest Service has an active 

recreation research program that is being carried out by several Forest and 

Range Experiment Stations. Their recreation publications, as well as others 

concerned with natural resources, m y  be accessed by Westfornet, a 

canputerized bibliography that is publicly available, for instance, at the 

Boulder County District Ranger Office. 



The City of Boulder Real Estatelopen Space department asked that this study 

address presettlement, historic, and potential natural vegetation as well as 

existing vegetation. Clarification of these tern is necessary in order for 

the City to comprehend the possible utility of these approaches to vegetation, 

especially in view of the fact that various definitions of these tems are 

utilized by different ecologists. The definitions used here are widely 

accepted in the western United States and serve the purposes of this project. 

The concept of potential natural vegetation (PNV) - is widely applied in the 
western United States (e.g., ~Gchler 1964; Daubermire and Daubemire 1968; 

Pfister and Arno 1980; Johnston 1984). The approach is to identify units of 

PNV, or plant associations (P.A.s), uhich are climax carmrnity types - - -  
represented by stands occurring in places where envirorments are so closely 

similar that there is a high degree of floristic uniformity in all layers. A 

plant association is the cazmmity at climax, which is the culminating stage 

in plant succession for a given enviromnt, that develops and perpetuates 

itself in the absence of disturbance. Indicators of disturbance or lack of 

disturbance are used in the field to identify plant associations since the 

existing or actual vegetation is rarely c l i m x .  

While a plant association is a climax plant camunity, a plant comrunity 

or - C.T. - is a unit of existing vegetation, which is an assenblage of plants 



1 iving together, reflecting no particular successional status. A vegetation 

as used here is a generic tern referring to either plant associations or 

plant c m i t y  types. A vegetation 3 unit (M.U.)  m y  be one or a group of - -- 
vegetation types or i t  m y  represent ~vegetated lands, e.g. buildings. 

The advent of Europeans in this country created n m r o u s  plant camunities as 

a result of domestic grazing, water impoundmnts, logging, mining, fires, 

protection fran fire, and other disturbances. Such activities do not affect 

plant associations since these represent PNV (cf. Baker 1984) , while at the 

same time such activities greatly affect existing distribution of plant 

camunities and our knowledge of than. 

The concept of potential natural vegetation has strengths and weaknesses. 

Potential natural vegetation can only be constructed. ... 
This is because potential natural vegetation is a 
conceptual abstract ion that is establ i shed fran a 
knowledge of the existing vegetation, its developnental 
tendencies, and its site relationships. Therefore, a potential 
natural vegetation rnap provides a mirror-imge of the current 
state of knowledge with respect to the present vegetation 
potential of a region. I f  these restrictions are clear in one's 
mind, such rnaps can be used to advantage, either for practical . 
purposes or as starting bases for other research. 
(Mueller-Dmbois & Ellenberg 1974). 

Because PNV synthesizes so m c h  knowledge, it can be a very valuable 

interpretive tool for land managers. The U. S. Forest Service has been 

inventorying its western lands for approxirrately the last thirteen years using 

the habitat type, and thus utilizing the concept of PNV. A habitat type is an 

aggregation of lands potentially capable of producing the same plant 

association at climax, i . e , ,  the same PNV. 



Potential natural vegetation is defined differently than either presettlement 

or historic vegetation. Historic vegetation that was once present on a given 

area at an earlier time (regardless of successional status) is generally hard 

to reconstruct accurately. However, historic treeline can be determined fran 

old aerial photographs rather easily. Presettlemnt or noriginal"vegetation 

is the particular historic vegetation that was present in an area before 

hcarans had any influence on it. It is not necessarily PNV because natural 

disturbances such as lightning-caused fires or grazing by native animals such 

as bison would have affected it. In the Boulder area and in this work, 

presettlement refers to the time before Europeans settled here, or, before the 

19th Century. Homevet, native Americans had lived in the region and apparently 

influenced the vegetation for a mil lenim, albeit at a low level of 

disturbance carpared to Euro-Americans (see preceding chapter). Thus 

pre-human influenced vegetation in the Boulder area lies so far back in 

history that at that time, there may have been a different climte and 

floristic assdlage. 

The problem with applying the preceding concepts of vegetation are accounted 

for in the concept of natural vegetation (NV) utilized by the Colorado Natural - 
Heritage Inventory (Baker 1984),  which recognizes that although possibly 

affected by natural disturbances and activities of native Americans, 

presettlernent vegetation was not dramatically altered by hunans and serves as 

a good reference point for understanding subsequent changes. The concept and 

field identification of natural vegetation resemble PNV, but include as plant 

associations those vegetation types rrraintained by periodic natural 

disturbance. In this wrk, vegetation types relatively undisturbed by 



Europeans and fitting the definition of natural vegetation are discussed as 

plant associations. 

DATA C O ~ I C N  

An initial survey of published and unpublished literature led to a tentative 

list of vegetation types with data on their expected characteristics and 

distribution. This .list was refined in late swmet after several months of 

field studies of the Open Space properties and after reexamination of the 

literature. Tne assistance of the following people in making available 

unpublished infornation is greatly appreciated: Bill Baker, Jane Bock, 

Colorado Natural Heritage Inventory staff, Debbie Keamnerer, Warren Keamnerer, 

Vera Komarkova, Barry Johnston, Harvey Sprock, Maureen OIShea Stone, Rick 

'harpson, Ann Wichnn, and Chris Wilson. Special acknowledgement is due to 

Dr. Barry Johnston, who was also very helpful in reviewing the draft report. 

The procedures used in this research were designed to accarplish a thorough 

inventory and mapping of the diverse vegetation on 11, 4 7 5  acres ( 4 6 4 5  

hectares) in one field season. A baseline vegetation study of an area as 

conplex as the Boulder Open Space lands is ideally carried out over more than 

one field season. During the first year, extensive floristic collections are 

mde, and field and office data are collected on the existing vegetation, and 

the distribution and enviromnts of the vegetation types. The data is 

analyzed, the vegetation types are identified and characterized, map units are 

determined and initial maps are drafted. The mpping is field checked in the 

second year, when additional floristic collections and verifications of the 

plant comnrnities, plant associations and nap units are made. However, in 



order to meet the schedule for this project, all of the field studies were 

carried out in one year, beteen April and D e c h r ,  1984. Field mapping was 

accorrpl i shed after August. 

Time l'imitations did not allow quantitative samples that are custarary in 

plant association studies (Daubemire and Daubermire 1968; Pfister and Arno 

1980). Instead the approach was to collect methodical, qualitative data that 

would allow accarpl i s h n t  of all the goals of the project. More detailed 

data werd taken on relatively undisturbed vegetation than on. disturbed 

vegetation. Some of the procedures used here r e s d l e  the reconnaissance 

survey methods of Baker (1982). The data collection methods described below 

allou~ed identification and characterization of plant associations as well as 

mpping of existing vegetation. 

Use of methodical, qualitative methods allowed enough time for on-the-ground 

surveys of every parcel within the 11,475 acres (4645 hectares) of Open Space 

lands by Decenber, 1984, as well as providing enough data to relate existing 

vegetation to already known plant associations of the region (Baker 1984; 

Johnston 1984) and to initially characterize several plant associations not 

previously described. 

In order to accarplish all the tasks of the baseline vegetation inventory in 

one field season, a data collection system was designed as follows. Three 

sets of field sheets were made up for each of the Open Space properties: a 

data sheet, a copy of an aerial photograph, and a topographic baserrap,'with 

the property boundaries drawn in on the latter tw sheets. The aerial 

photographs were 1:12,000 (1" = 1000') black and white, 1979 photos borrowed 



from the City of 'Boulder Engineering Department. Their resolution was fair to 

good. The topographic basemaps were 1:12,000 (1" = 1000') maps obtained fran 

the City of Boulder Engineering Department, which had been adapted frun U. S. 

Geological Survey 1:24,000 (1" 2000') topographic maps. The general 

procedure was to record data on a data sheet with a location code that 

corresponded to a specified location recorded on the baserrap or photo. Thus 

information useful for mapping was gained at the same time that.earlier phases 

of the research were accarplished. 

Floristic collections were taken fairly continuously throughout the 1984 field - 

season, with notes recorded on the data sheet. Searches specifically directed 

at threatened or endangered species were beyond the scope of work. Through 

the cooperation of Dr. William A. Weber, Professor of Natural History and 

Curator of the Herbariun at the University of Colorado, Mr. Ronald Wittmann 

identified sane -and verified rnany of the specimens with final verification to 

be done by Dr. W. A. Weber. Mr. Ron Wittrnann was extremely helpful and 

provided assistance invaluable in accarplishing the field studies within one 

field season. Voucher specimens are being deposited at the Herbariun of the 

University of Colorado Museun. Nanenclature follows Weber (1976) and Weber and 

Johnston (1979). Because rmch t'axonanic reevaluation is now occurring, 

post-1979 nanenclatural changes are not included in this report. 

Kentucky bluegrass and native Kentucky bluegrass Poa agassizensis were not 
. , - 

dist irfuished fran each other and both are referred to here as Kentucky 
, 

bluegrass. 

The relatively undisturbed exarrples of vegetation found, i.e., plant 



assoc i at ions, were not preset t 1-nt r-ant s; however they were recogni zed by 

reference to the following features or indicators of rermant vegetation (Baker 

1982, 1983; Daubermire 1970): 1) absence or little sign of livestock grazing, 

such as trails, cowpies, or carpacted or terraced soils; and little sign of 

logging, such as sturps, access roads or cut debris; 2) absence or low 

coverage by exotics, weeds, or indicators of overgrazing as noted in section 

2.2; 3 )  presence of healthy, large native plants, and general.1~ abundant 

native grass cover; 4 )  general absence of excessive or accelerated erosion, 

such as rilling orgullying; 5) absence of signs of huran disturbance, such as 

I quarrying, garbage, trails, etc. 

I. 

Field data collected for relatively undisturbed vegetation included 

information on location, envirorynent, the vegetation, and any disturbance 

signs. Environmental data taken were: elevation, aspect, slope steepness, 

I slope position, landform, obvious soil features such as surface texture, 

rmistness and rockiness, and adjacent vegetation. Environmntal data on soils 

were also obtained in the office fran the SCS Soil Survey (Moreland and 

Vegetation carmrnity data were: cover data for major and selected minor 

species -- by categories of dominant, c m n ,  scattered, or widely scattered; 

ocular estimates of total vegetation or cover by layers, and of bare soil, 

rock, and litter; if trees present, description of cover or density and 

sizes. Descriptors of canopy cover for trees are closed, open, and very open, 

referring, respectively, to three classes of tree canopy cover: over 60%, 

between 25 and 60%, and under 25%. Descriptors of total canopy,cover for shrub 

and herbaceous layers are reported in six classes: very high (greater than 



90%), high (75 to go%), d e r a t e  (50 to 75%)~ low (25 to 5O%)* very low (lo to 

25%), and extranely low (under 10%). 

Disturbance signs were noted as described in the preceding paragraph, with 

descriptions of type, amount and likely time of disturbance. Records of any 

photographs were rrade . 
\ 

Field data at a given location were all of or a subset of the preceding data. 

If the plant, c m i t y  orrnap unit was fairly clear and had already been 

described, little data was recozded. If not clear, which was the case in m c h  

disturbed vegetation, then a fuller set of data was recoded so that the 

location would not require another field visit in order to nap accurately. 

Aerial photographs taken in 1937 and 1938 were obtained fran the U .  S. Forest 

Service in order to study historic treeline on the Open Space properties. 'Ihe 

photographs were at a scale of 1:24,000 (1" = 2000') or 1:20,000 (1" = 1600'). 

Their resolution was fair to good. 

3.3 DATA ANALYSIS AND SYNMFSIS 

In late surmer, after several months of field surveys, data were s m r i z e d  on 

the .vegetation, site, and disturbance characteristics of the plant 

associations and plant camunities on the tentative list. Along with a second 

review of relevant literature, this surmary of the field notes allowed the 

preparation of a working list of about 45 plant associations and plant 

cmmmities. From this list was derived a working list of 28 map units that 

was used in the field and in 1985 streamlined down to the final 18 map units. 

Considerable care was taken so that the definitions of the map units 



integrated customary vegetation mpping procedures (e.g., UNESOO 1973) with 

the needs of the City Open Space for infomation that would be useful in 

rnanaging the lands. For exarrple, even i f  vegetation was very disturbed, it 

was mapped as a plant carmvrity or plant association rather than "Disturbedn 

as long as one of the former could be identified, with the subscript - d used to 
indicate conspicuous disturbance of the vegetation. Similarly, plant 

associations rather than plant cormunity types were mapped whenever they were 

identifiable. , 

Final mapping of existing vegetation was carried out in the office using field 

notes and field mapping, and where necessary, the 1979 1:12,000 (It'= 1000' ) 

air photos. The smallest area napped is about one acre. Unmapped inclusions 

can cover up to about 20% (usually less) of a map unit. b p p e d  inclusions 

are necessary due to the scale of the map and particularly, where the 

- inclusions are too narrow, small or interdispersed to be individually mapped. 

Mosaics are shown (by a slash, I )  where two map units are interdispersed and 

the minor unit canprises more than 20% of a mapped area. In a few cases an 

area that is intermediate between two map units is best described as a 

mosaic. Boundaries betwen adjacent map units are necessarily shown as a 

1 ine, but were sanetimes gradual or 'unclear. In this case, the boundary was 

located at what was judged to be the most appropriate place in the transition 

zone. 

After final rrrapping, characteristics of the vegetation types were s m r i z e d .  

Site factors were synthesized by use of a single estimate of site moisture 

regime, uhich was made using an eight (8) part subjective scale ranging from 

very wet to very dry (Clark et al. 1980). The estimate was based on field 



observations, supplemented by information fran the 1 i terature. Sumary of the 

vegetation characteristics was the basis for naming the plant associations. 

Procedures for naming follw the practices of Baker (1984) and Johnston 

(1984). A P.A. is named for the daninant species (based on greatest percent 

canopy cover) in each stratun (layer) of rmst of the stands of the P.A. A 

slash ( I )  separates species in different strata ( trees/shrubs/grasses) whereas 

a dash (-) separates species that are codaninant within the same stratun. A 

parenthesis ) indicates that the species is often but not constantly a 

d m i  nan t . 

Patterns of natural vegetation were inferred by synthesis of several sources 

of data: my field notes; vegetation and soils literature, especially Baker 

(1984) and Johnston (1984), the SCS Boulder area soil survey (Moreland and 

Moreland 1975), SCS range site descriptions, and information from SCS Range 

Conservationist Harvey Sprock; and carparisons of the existing vegetation map 

with the sarm scale U. S. Geological Survey topographic maps. 



4.0 RESULTS AM3 DISCUSSICN: 2HE VEGETATION TYPES 

The following surmary of the natural vegetation patterns on Open Space lands 

utilizes data frun past research (see section 2.1) although it is based 

primarily on data fran the research carried out for this study. Baker (1984) 

and Johnston (1984) have reviewed the literature pertaining to, the plant 

associations (P.A.s) that are discussed here. Therefore reference will be 

rrrade here to their synonymous or similar P.A.s and only selected additional 

literature will be cited. 

Following a brief overview is a m r e  detailed discussion of map units (M.U.s). 

Less disturbed M.U.s are discussed first, then disturbed and cu1tivatedM.U.s. 

Within 'each major group of natural vegetation i.., grassland, savannah, 

forestlshrubland), the M.U.s are discussed frun drier to wetter types. 

Likewise, within each M.U., the P.A.s are- discussed fran drier to wetter 

types. The discussion for each M.U. first characterizes the M.U., then lists 

synonymous P.A.s and then sumarizes the vegetation, site, and disturbance and 

distribution data for the M.U. and the P.A.(s), as appropriate. A "Cf."in 

the list of synonymous P.A.s indicates that noteworthy vegetation or site 

characteristics differ fran those reported here. 

Plates 1 through 4 (in pocket) show the existing vegetation as mapped on the 

City of Boulder Open Space properties. Section 5 surm~~larizes the vegetation 

patterns by property. The Appendix contains a species list. 














































































































































































