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Group Represented Size of Group -------
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Street To1tm State 
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Period of time for which permit is requested 
---~F~r-om _____ _ To 

Describe intended use, research or observations to be made. 

A. Objectives 
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B. Methods 

Expected number of visits Size of group 
-----------~ 

Except b_y special permiss ion, the applicant agrees to remove all evidence of human activity 
created by the applicant or app licants group before expiration of the permit and report any 
irregularities to CSFS. 

Permittee Signature -- -----------------

Permit Number -------

Permission 
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Reason for denial: 

Colorado State Forest Service 
Administrator 

Date 
~------~--------~ 
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STATE OF COIDRADO 
Di~hion of Park5 .. Outdoof bcrution 
Colorado Natural AreH Program 

1313 Sherman Street. Rm. b18 
Denver. Colorado 80203 
Phone (303) 866· 34) 7 

October 7, 1988 

Mr. J1m Hubbard, State Forester 
Colorado State Forest Serv1ce 
Colorado State Un1vers1ty 

Roy Romt>r 
Governor 

Ron C. Holl iday 
D irector Ft. Coll1ns, Colorado 80523 

Mr. Walt Graul, Reg1onal Superv1sor 
Colorado D1v1s1on of W1ldl1fe 

David W . Kuntz 
Program AdministrlltOr 

317 West Prospect Street 
Ft. Co111ns, Colorado 80526 

Dear~~ 
I updated the ~o;a~o-Natural Areas Counc11 at 1ts September 

meet1ng 1n Meeker on the current s1tuat1on at the Owl Canyon P1nyon Grove 
Natural Area and the D1v1~1on of W11d11fe's Brackenbu~y property. The 
follow1ng surmiary captures the essence of the Counc11 d1scuss1on. 

.. 

o Reta1n Natural Areas Des1gnat1on for Brackenbury Property 

0 

The Counc11 recommended reta1n1ng the ent1re Brackenbury 
property (north and south of U.S. 287) 1n the des1gnated 
Colorado Natural Area. The Counc11 determ1ned that the 
Brackenbury property prov1des a valuable buffer for the ma1n 
part of the p1nyon grove, 1n add1t1on to the good qual1ty 
grassland (north port1on) and the archeolog1cal value and 
p1nyon trees on the property. The Counc11 supported the 
development of educat1onal and 1nterpret1ve uses for the 
Brackenbury property, although 1t was unw1111ng to spec1fy how 
that development m1ght be accompl1shed. 

Rev1se and Update Owl Canyon Management Plan 

The Counc11 supported rev1s1ng and updat1ng the Owl Canyon 
Management Plan to 1nclude the Brackenbury property and to 
address current management 1ssues. The Counc11 1nd1cated that 
1t was sat1sf1ed w1th Colorado State Forest Serv1ce management 
overs1ght for Owl Canyon, although 1t recommended 1mprov1ng and 
strengthen1ng the eff1c1ency of the access perm1t process. The 
Counc11 d1rected Program staff to coord1nate w1th the D1v1s1on 
of W1ldl1fe and State Forest Serv1ce to complete the management 
plan. As part of that process I w111 request an op1n1on from 
the State Archeolog1st regard1ng the s1gn1f1cance and cond1t1on 
of the Folsom s1te. 



o Cont1nue to Perm1t Pub11c Access by State Forest Serv1ce 

The Counc11 determ1ned that more 1nformat1on was needed before 
1t could make a reconrnendat1on on the publ1c access 1ssue. The 
Counc11 d1rected Program staff to evaluate pub11c access dur1ng 
the rev1s1on of the Owl Canyon Management Plan. The Counc11 
1nd1cated that controlled publ1c access 1s des1rable w1th1n the 
constra1nts of ex1st1ng and future land uses on the Brackenbury 
property. Counc11 reconrnended cont1nu1ng the perm1t system 

·used by the State Forest Serv1ce. 

Counc11 act1on d1d not spec1f1cally address the quest1on of 
reta1n1ng the Brackenbury property 1n publ1c ownersh1p. I am assum1ng 
that the Counc11 supports reta1n1ng the Brackenbury property 1n publ1c 
ownersh1p, s1nce the Counc11 supported reta1n1ng the Colorado Natural 
Area des1gnat1on for the property. The Counc11 br1efly d1scussed the 
poss1b111ty of the Colorado D1v1s1on of Parks assum1ng management 
respons1b111ty for Owl Canyon. The Counc11 dec1ded to wa1t unt11 the Owl 
Canyon management plan 1s rev1sed before reconmend1ng a change 1n agency 
management. 

All of the 1nterested part1es agree on the des1rab111ty of rev1s1ng 
the Owl Canyon Management Plan. I w111 work w1th you on sett1ng a 
meet1ng date to beg1n that process and to prepare a rev1sed draft of the 
management plan for that meet1ng. 

Thanks very much for your help and w1111ngness to resolve the 
management 1ssues at Owl Canyon .. I w111 be 1n touch $OOn and look 
forward to gett1ng together w1th you. Be sure to let me know 1f loose 
ends rema1n on th1s end regard1ng reconmendat1ons from the Natural Areas 
Counc11. 

DWK:l1:2730A 

cc: John W1lkes, SLB 
Ron Holl1day, DPOR 

Natural Areas Program 
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; ~UTDOO~Nature 
.:. As bird migration gOes, 
. ~ liaWks steal .. the show . . , 
1 ·: By KEVIN COOK 

r. For The Colbnldoln • 
r,: When the hawks migrate, oh Pathfinder 
t.. what a show they can put on. 

Thousands and thousands of Attracting aa many 1l4wk-fan-
hawks all turning flank to wind. . eying people aa hawks, Hawk 

Little songbirds, shorebirds Mountain is undoubtedly the 
r,. and some seabirds migrate in most famous North American 
~ enormous flocks, too. But they hawk-watching Jpot. Several 

make a less spectacular show of t.ltous&'nd hawks a 'day may pass 
their movements. the mountain in Be8.80n. 
' Songbirds and shorebirds Colorado ~ some hot spots, 

migrate at night when you can too, though nothing like Hawk 
~ hear their stay-in-touch call Mountain. The best local area 1a 
r,· notes but can't see the birds the pinyon grove north of Fort 

themselves. The great swarms of · Collins. In early September you 
-seabirds typically migrate far may see a couple hundred·hawks 

·• out to sea where few people ever of maybe 18 species in Qne day. 
· get to see them. Only the mos't unimaginative 

· Hawks migrate by day. They mind could witness all those 
patiently watt until morning sun hawks and fall to consider all the 
has warmed the land and set the mouse dinners and grasshopper 

' · air in motion. They work the hors d'oeuvres that fuel these 
~ wind until they find the right annual migrations. 

updraft then they spiral upwards Pack yourself a lunch, a cooler 
~: until they're meer specks. of cold drinks, some sunscreen 
~. A mile or more high, the hawks and a notepad then go give the 

~epart, gliding southward, losing hawk migration a try, · 
"altitude and searching for their 
next updraft. 

· •.. The activities of hawks which 
:· have found their updraft attracts 

the attention of other hawks that 
join them. By mid-morning a 
small gathering of hawks, called 
a "kettle," forms and they move 
southward as a group. Different 
kettles may merge as they meet. 

Swainson's and broad-winged 
., hawks are the two species most 

likely to form kettles. Other 
hawks frequently mingle in, 
especially northern harriers , 
red-talleds and sharp-shinneds. 

,. 

Certain localities around the 
1 country attract exceptionally 

high numbers of migrating 
hawks : Cape May, N.J ., Hawk 
Mountain , Pa. , and Duluth, 
Minn. , among others. 

DIRECTIONS: Take U.S. 287 18 
miles north of Fort Collins to the 
Brackenbury State Wlldllfe Area. 
Climb atop the ridge and watch 
particularly to the north and west 
tor Incoming hawks. 
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MEMORANDUM 

ALL FIELD OFFiruC~t1 
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APRIL 6,1987 
PINYON-JUNIPER SITE QUALITY 
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- GROWING STOCK RELATIONS 

Attached is a copy of a draft "SITE QUALITY AND GROWTH - GROWING 
STOCK RELATIONS FOR SOUTHWESTERN PINYON-JUNIPER WOODLANDS. 

The manuscript was originally written in metric so the typed 
figures that you see above the line are the English conversion. 
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SITE QUALITY AND GROWTH - GROWING STOCK RELATIONS 

FOR SOUTHWESTERN PINYON-JUNIPER WOODLANDS 

ABSTRACT 

Site quality and growth-growing stock relations were 

developed for southwestern pinyon-juniper woodlands. 

Anamorphic height-age site index curves were developed from 

a regional sample of 60 woodlands. Site index was 

unaffected by variation in stocking and was correlated with 

woodland yield when used in conjunction with density. 

Pinyon and juniper PAI, when taken separately, were 

highly correlated with stand density and pinyon site index. 

Pinyon was twice as productive as juniper at similar stand 

densities. Pinyon and juniper yields in woodlands of 
4.1 

avera~e density and site index were estimated at 0.29 and 
2. 1 f t /acre / yr 
0.15 m3ha-ly-l. At high densities:P.inyon and juniper 

8 .7 4. 4 ft / acr e / yr 
yields increased to 0.61 and 0.31 m3ha-ly-1. Pinyon and 

juniper yields appeared independent of the density of the 

other species in an individual woodland. Maxi~urn yield of 
11. 1 ft / acre / yr 

dense mixed stands on average sites was 0.78 m3ha-ly-1, and 

occurred when pinyon accounted for 65% of woodland density. 

The influence of structural stage on yield and the effect 

of density on diameter development should be quantified to 

provide a complete set of density management tools for 

woodland managers. 

growth and yield, mixed species, Pinus edulis, Juniperus 

monosperrna, Juniperus osteosperma 



INTRODUCTION 

The ability to assess potential productivity and to 

estimate growth rates on lands covered by southwestern 

pinyon-juniper woodlands is a critical element for 

improving silvicultural practices. Indiscriminate 

exploitation and attempted type conversion to grasslands 

have been common practices in the past (Aro 1971). More 

recently, woodlands are seen as a manageable, renewable 

resource providing a unique mix of benefits over a 

substantial land area. Estimates of potential productivity 

and response to management activities are required to 

devise and assess treatment alternatives. 

The xeric environment and complex stand structures of 

woodlands have discouraged development of quantitative 

managerial tools similar to those available for most 

forested lands in the United States. Growth of pines and 

junipers found in woodlands is often assumed to be 

fundamentally different from the growth of trees in more 

mesic environments since complete tree canopy closure 

rarely occurs in the xeric environment. Woodlands are 

complex mixtures of tree ages and species. Southwestern 

woodlands are commonly composed of one Pinus species and 

one or more Juniperus species of the three Pinus and five 

Juniperus species found in the region (Pieper 1977). Age 

class and species structures are influenced by past human 

use and fire history (Meeuwig and Cooper 1981). These 

conditions have often been taken as indications that common 

1 



site and yield estimation approaches are not applicable to 

woodlands. 

A reasonable estimate of site quality is an essential 

element of many forest management activities, especially 

yield forecasting and silvicultural prescription. At its 

most basic level, a site quality classification scheme 

ranks land, according to relative potential to produce a 

given crop (Tesch 1981). More sophisticated schemes may 

use direct measurement of actual yields (Bradley et al. 

1966) or predict site quality from site environmental 

variables (Meeuwig and Cooper 1981). Site quality is 

specifically defined as the "amount of wood produced in a 

given time ... " (Daniel et al. 1979) and is a basic 

characteristic of the land itself. Since actual yields are 

influenced by management history direct estimators are 

rarely used. Rather, indirect estimators of site quality, 

such as site index, are much more common. 

Another critical factor for developing silvicultural 

prescriptions is an understanding of the specific relation 

between yields and density for a forest type. Density 

management regimes define the density required to achieve a· 

desired level of volume production. Regions of volume 

product i on can be defined in relation to density for a 

given site index (Long 1985). At low densities volume 

production may increase more or less linearly with 

increased density. At these densities, the stand is not 

fully stocked, and some volume increment is sacrificed. 

2 



However, gains may be made in diameter growth rates or 

understory forage production due to the low stocking of the 

overstory (Clary et al. 1974, Rippel et al. 1980). At some 

increased density, the stand is fully stocked, and most of 

the gross volume production of the site is realized. It is 

therefore important to define the relation between gross 

volume increment and density. 

Despite the extensive coverage of the pinyon-juniper 

forest type in the southwestern United States, relatively 

little empirical growth information is available. This 

includes the lack of a generally applicable method for 

assessing site quality, and estimates of yield in relation 

to woodland density and species composition. Our first 

objective was to develop a site quality estimation system 

that was consistent with inventory procedures, independent 

of density, and useful in developing yield functions. Our 

second objective was to determine if whole stand yield 

estimation procedures could be applied to structurally 

complex pinyon-juniper woodlands. 

METHODS 

The study area was restricted to the southwestern 
10 . 6 

pinyon-juniper woodland type wh i ch covers 4.29 million 
acres 

hectares 
4. 7 

and 1.90 

12 . 2 acres 
in New Mexico, 4.94 million hectares in Arizona 

acres 
million hectares in Colorado. Further, species 

composition was restricted to woodlands composed of piny on 

pine (Pinus edulis Engelm.), and one-seed (Juniperus 
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monosperma (Engelm.) Sarg.), or Utah juniper(~ 

osteosperma (Torr.)Little). These woodlands are generally 
4600 7500 ft 

found between 1400 and 2300 m in elevation where annual 
12 20 in 

precipitation is between 30 and 50 cm (Springfield 1976). 

The type is variable with respect to climate where 

seasonal, latitudinal and elevational differences in 

precipitation occur (Jameson 1969), and geomorphology where 

soil texture, parent material and depth differ throughout 

the region (Springfield 1976). 

Temporary plots were established in 129 woodlands in 

rough proportion to their occurrence in the study area. 

Woodlands were stratified by apparent site quality, 

stocking, size, and species composition and were selected 

to represent a range of woodland types with respect to 

these variables (Table 1) . Plots were not located in 

stands with insect or disease damage that would effect 

growth. Care was taken to avoid woodlands where black-

stain root disease (Verticicladiela wagnerii) was present 

and where infection by pinyon dwarf mistletoe (Arceuthobium 

divaricatum) and juniper mistletoe (Phoradendron 

juniperinum) exceeded very light levels. Also, stands 

disturbed within the past 20 years were excluded from 

sampling. 

Variable-size, rectangular plots were established to 

encompass 30 to 40 live and dead pinyon and juniper trees 
1.0 in 

over 2.5 cm in diameter at stump height (DSH) where SH was 
6 i n 

taken at 15 cm above the root collar. Plot size was 

4 



Table 1. Olaracteristics of sampled southwestern pinyon-juniper 
wcxxllands . 

VARIABLE MEAN s.o. MIN. MAX. 
in 7.9 2.6 3.8 17.8 

Average stand diameter (cm) 20.l 6.7 9.6 45.3 
per acre 36.7 23.3 20.2 1445.1 

Stems (ha-1) 90.7 57.6 50 3571 
f t 12.5 3.3 6.9 26.6 

Average stand height (rn) 3.8 1.0 2.1 8.1 
(acre basis) 218 .5 97.1 17.8 457.3 

Stand density irrlex 540 240 44 1130 
(acre basis) 100.4 85 .4 0 351. 7 

Pinyon stand density index 248 211 0 869 
(acre basis) 111. 7 97.9 0 356 . 9 

Juniper stand pensity irrlex 276 242 0 882 
ft /acre 108.9 53. 6 10.0 250.5 

Basal ar~ (rn2ha-1) 25.0 12.3 2.3 57.5 
ft /acre 877 .5 6 2L1. 5 80.0 4123.1 

Volt.nne (rn3ha-1) 61.4 43.7 5.6 288.5 
ft 24.0 6.6 12.8 L15. 9 

Site Index (m) 7.3 2.0 3.9 14 .o 

Percent Pinyon (%) 3 43 35 0 100 
f t / acre / vear 5.1 2.7 1.0 16.9 

Gross volt.nne increment (Jn3 jha-l;y-1) 0.36 0.19 0.07 1.18 
ft /acre/year 2.3 8.7 -49.0 16.9 

Net volt.nne increment (rn3/ha-l;y-1) 0.16 0.61 -3.43 1.18 



0.25 acre 
limited to approximately 0.1 ha. Understory cover was 

measured along three line transects evenly spaced within 

each plot. Plot dimensions, landform, elevation, slope 

aspect, soil parent material, and soil depth were recorded. 

Age at the root collar and total height were measured 

for two or three vigorous pinyons on or near each plot. 

Selected trees were free of visible defect and were of good 

crown form, but were not necessarily the largest trees 

present. Sixty plots were used to develop height age site 

index for pinyon. One-third of the 60 plots were located 

in each of three visually determined site quality classes -

good, medium and poor. Thirteen of these were "fully-

stocked'' plots where understory cover was 10% or less 

(Meeuwig and Cooper 1981) paired with nearby "less-than-

fully-stocked" plots of similar apparent site quality of 

lower stocking where understory cover was greater than 10%. 
1.0 in 

All living and dead trees greater than 2.5 cm DSH were 

numbered for reference. Species, crown .class, condition, 

DSH, crown form, crown dimensions and total height for each 

tree were recorded. Additionally each tree was recorded as 

live, dead less than ten years or dead greater than ten 

years. If a fork occurred below DSH, each of the 

individual sterns were measured at stump height and the 

equivalent diameter was determined. In the case of multiple 

stems below stump height, an equivalent quadratic mean 

diameter was determined for each tree as follows: 
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Equivalent Diameter =j ~ DSH2i 
i=l 

where: DSH = diameter at stump height 
n = number of stems at stump height 

Equivalent diameter was used for all further calculations 

which depended on DSH. 

Following measurement of the standing trees, a disk or 

two increment cores were removed from the primary stem of 

each tree at stump height. Disks and cores were labelled 

and returned to the laboratory for measurement of 10-year 

radial growth increment. Ten year diameter increment for 

each core or disk was measured on a Bannister Incremental 

Measuring Device and was used to determine DSH 10 years 

prior to sampling by subtraction from current DSH. 

Diameter growth of multiple stem trees was determined as a 

function of the ratio of equivalent stem to primary stern 

basal areas and the diameter growth of the primary stern. 

Height 10 years prior to measurement was determined by 

subtraction of estimated 10-year height increment from 

measured current height. Current height and height 10 

years prior to sampling was estimated from a height -

diameter regression based on a random sample of 225 pinyon 

and 187 juniper trees. Estimated 10-year height increment 

was determined as the difference between estimated current 

and backdated heights. 
1.0 in 

Current and backdated tree volumes to a 2.5 cm top were 

determined from volume equations developed by Clendennen 
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(1979). Pinyon volumes were estimated from DSH and height, 

and juniper volumes were estimated from equivalent DSH, 

height and number of sterns per tree below SH. Ten-year 

volume increment was determined by subtraction. 

RESULTS AND DISCUSSION 

Site Quality Estimation 

Our first objective was to develop a procedure to 

characterize potential productivity of southwestern 

woodlands. We felt that any index derived should not be 

influenced by density or stand history, must be compatible 

with commonly measured inventory data, and should be a 

continuous variable useful in developing growth estimators. 

Therefore, we examined the relation between height and 

total age for pinyon trees to evaluate the feasibility of 

height-age site index curves for woodlands. 

Graphical analysis indicated that height-age data for 

the pinyon site index trees was similar in form to that 

observed for most conifers. The Chapman-Richards function 

was fit to these data. Guide curve development based on 

this function requires the estimation of parameters e 1 , 0 2 , · 

and 0 3 in the following equation (Clutter et al. 1983, 

Aguirre-Bravo and Smith 1986): 

H 0 1 [1 - exp (- e2 A)] 
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01 = Asymptotic height 

02 = Rate "01 II is approached 

03 = Allometric parameter 

H = Tree height 

A = Tree age 

The parameters 0 1 , 0 2 , and 0 3 of the Chapman-Richards 

function were estimated using a non-linear regression 

procedure (Dixon 1983). The non-linear procedure minimized 

the residual sum of squares of the predicted values while 

producing unconstrained final parameter estimates: 

01 = 7.63 m 25.03 f t 

02 = .01353 

03 = .0621 

Residual sum of squares = 282 

Mean square error = 2.91 

When these estimates are substituted into the 

Chapman-Richards equation, the guide curve is: 
25.03 

H = 7.63 (1 - exp (- .01353 A)]l.06628 

A height-age curve for one site index given the age of 

reference (Ao) and the asymptotic level (01 ) is as follows: 

s = 0 1 [l - exp (- .01353 Ao)Jl.06628 

Prediction of individual tree site index from height and 

age measurements at Ao of 200 years is determined from the 

following equation: 
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.93305 1. 06628 

S = H 
1 - exp (- .01353811 A) 

The reference age of 200 years was chosen with regard to 

the age at which the height age curves approach an 

asymptotic height. These equations produce a family of 

anamorphic site index curves which can be used to derive an 

estimate of site index at base age 200 for pinyon pine from 

measures of total age and height (Figure 1). 

We applied two tests to determine the stability and 

relevance of height-age based site index for these 

woodlands: 1.) whether estimates were repeatable and 

independent of density and 2.) whether site index explained 

variation in volume increment after an adjustment was made 

for density. In the first analysis, we compared estimates 

of site index for "fully-stocked" plots to similar 

estimates for paired "less-than-fully-stocked" plots. When 

plotted against each other, differences in estimates 

appeared unbiased (Figure 2) and the slope of a regression 

through the data was not significantly different from 1. In 

the second analysis, we compared the results of two 

regression models to predict gross stand volume increment 

(ln PAI) - one using an estimate of woodland density 

expressed as Stand Density Index (SDI) (Reineke 1933, 

Daniel et al. 1979, Long 1985) alone and one using SDI in 
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Figure 1. Total height - total age anamorphic site index curves for 
southwestern pinyon pine at base age 200 years (sr 200 ). 
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Figure 2. Site index comparison of paired plots for "fully-stocked" 
(FS) and "less-than-fully-stoc ked" (LTFS) woodlands. 



conjunction with sr 200 . The addition of sr200 to the model 

increased the coefficient of determination from 0.50 when 

using SDI alone to 0.70. 

Height-age based site index curves meet two critical 

quantitative tests for use in woodlands. Estimates are 

repeatable and are apparently unaffected by density. Also, 

site index is correlated with volume increment when the 

model is adjusted for differences due to density. Further, 

site tree measurements are commonly incorporated in 

inventory design. 

We feel that these site index curves represent an 

important improvement over existing site quality estimators 

for pinyon-juniper woodlands. Woodland basal area (Howell 

1940) and basal area growth of "fully-stocked" woodlands 

(Meeuwig and Cooper 1981) have been proposed as measures of 

site quality. Basal area is itself a measure of density 

and is affected by management practices. Determination of 

"full-stocking" is based on understory cover which may be 

affected by grazing (Arnold et al. 1964) and even year-to-

year variation in weather (Campbell and Ryan 1982). 

Allometric relations between height and diameter (Daniel et 

al. 1966) and diameter and crown volume (Tausch 1980) have 

also been suggested as site quality estimators for 

woodlands. Height and crown allometry may be influenced by 

stand density, potentially obscuring a relation between 

height at a given diameter or an allometric constant, and 

site quality. Height-age relations are relatively 
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insensitive to density effects, and provide a useful index 

for yield estimation. 

Growth-Growing Equations 

We examined the relationship between 10-year periodic 

annual increment (PAI) and SDI of woodlands. There is a 

general increase in volume increment as SDI increases, but 

there is considerable variability in the relation. Two 

factors may explain a considerable proportion of this 

variation - differences in species composition and 

differences in site quality. Volume increment at a given 

density would be expected to vary directly in proportion to 

differences in land productivity, as measured by site 

index, and soil type. Also, it might be expected that 

there are fundamental differences between the growth of 

pinyon and juniper. For example, in a woodland where 

density was evenly divided between pinyon and juniper, more 

than half of the volume increment may be produced by one 

species. Gross PAI is higher for pinyon than juniper at 

any given density (Figure 3). Therefore, separate 

relations were developed for pinyon and junipers. No 

differences were found in the growth relations of J....:.. 

osteosperma or J....:.. rnonosperma and they were treated as a 

group. 

We described gross PAI as a function of density and 

site for pinyon and junipers (Table 2). All growth 

equations are fit with a monomolecular growth function 

11 



1.0 ~------------, 

• •• 
• 

• 

• • • 
• 

• • 
• • • • • • "' . •• • + • • +•... .• ++ 

+++•s+++++ 

+ 

500 
SDI 

• 
• 

• • • 
+ + 

+ i+ 
+ 

+ 

1000 

Figure 3. Gross periodic annual increment (PAI) of pinyon (squares) 
and juniper (crosses) components of southwestern pinyon-juniper 
woodlands in relation to Stand Density Index (SDI). 



Table 2. Grc:Mth - growirq stock equations for southwestern pinyon-juniper wcxxllands by 

species and soil parent material. All data were fit with the equation: PAI = SI (x1 - x2 

PAI is 10-year gross pericx:lic annual increment (rn3ha-l y-1), SI is pinyon 

site index at base age 200 (m), SDI is stand density index, and x1, x2 and x3 are 

parameter estimates. 

Species 

Pinyan 

Juniper 

Juniper 

Juniper 

Juniper 

Soil parent Xl X2 
material 

all 9.5167 x 10-2 9.5071 x 10-2 

all 4.6431 x 10-2 4.5441 x 10-2 

sandstone 5.1502 x 10-2 4.9971 x 10-2 

volcanic 4.8279 x 10-2 4.8408 x 10-2 

other 4.8331 x 10-2 4.6051 x 10-2 

equivalent English units equations are: 

PAI = 4.356 SI (xl - x2 exp-2.47lx3SDI) 

3 where PAI is ft /acre/year 
SI is site index (feet) 

X3 

1.8832 x 10-3 

2.0011 x 10-3 

1.2033 x 10-3 

2. 6133 x 10-3 

2.2937 x 10-3 

SDI is stand density index acre basis 

n R2 

118 0.70 

115 0.63 

51 0.67 

33 0.71 

32 0.29 

Mean 
Square 
Error 

0.009893 

0.005251 

0.005676 

0.007074 

0.015043 



using a nonlinear parameter estimation procedure (Caceci 

and Cacheris 1984). Stand density index and pinyon SI were 

significantly correlated with PAI for pinyon and juniper 

woodland components. The coefficients of determination of 

the relations for pinyon and juniper were 0.70 and 0.63 and 

mean square errors were 0.00989 and 0.00525. Substitution 

of basal area for SDI resulted in slightly lower 

coefficients of determination for both pinyon and juniper 

(Table 3). We feel these equations are adequate 

descriptors of pinyon-juniper woodland yield relations. 

The correlations between SDI and SI 200 , and PAI were 

relatively high considering the inherent variability in 

size, age and species composition of woodlands. 

Growth - growing stock curves can be developed from 

the individual species growth equations and used to analyze 

the volume production capabilities of woodlands with 

respect to stocking and site (Figures 4 and 5). There are 

substantial differences between yields of pinyon and 

juniper components of woodlands when densities are similar. 
26 . 2 ft 

At SI~oo Sm, PAI of piny~n and juniper are estimated as 
4 . 1 f t / acre / yr 2 . 1 ft / ac r e{ yr 
0.29 m3ha-ly-1 and 0.15 m3ha- y-1, when SDis of both are 
101 (acre basis) · 
250, near the average for sampled woodlands. At densities 

344 (ac r e basis ) 
near the pbserved maximum (SDI = 850), 3PAI's were estimated 

8 . 7 f t /ac r e / yr 
at 0.61 rn3ha-ly-l 

4 . 4 f t / acre{ vr 
for pinyon and 0.31 rnJha- y-1 for 

junipers. Across a wide range of densities, pinyon is 

about t wice as productive as juniper. 

Species composition and relative stocking of woodlands 

12 



Table 3. Grc:Mt:h - gra.Ning stock equations for southwestern pinyon-juniper wcx:xllands by 

species and soil parent material. All data were fit to the equation: PAI= SI(x1 - x2 

PAI is 10-year gross periodic annual increment (m3ha-1 y-1), SI is pinyon site 

2 -1 index at base age 200 (m), Bl\ is basal area (m ha ), arrl x1, x2 arrl x3 are parameter 

estinates. 

Mean 
Species Soil parent Xl X2 X3 n R2 Square 

material Error 

Pinyon . all 6.7050 x 10-2 6.8564 x 10-2 9.2300 x 10-2 118 0.68 0.010659 

Juniper all 3.9960 x 10-2 3.9095 x io-·2 5.6021 x io-2 115 0.59 0.005751 

Juniper sandstone 4.2432 x 10-2 4.0681 x io-2 3.0370 x 10-2 50 0.64 0.005960 

Juniper volcanic 4.2125 x 10-2 4 .1310 x 10-2 6.4288 x 10-2 33 0.82 0.007612 

Juniper other 4.0957 x io-2 3.9508 x io-2 7.8797 x 10-2 32 0.41 0.014755 

equivalent English units equations are: 

where J PAI is ft /acre/year 
SI is site index (fe~t) 
BA is basal area (ft /acre) 
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would influence the expected growth rate because of the 

large differences in PAI between species. Gross PAI of one 

species must be independent of the density of the other 

species present to use separate equations for pinyon and 

juniper to describe growth of mixed species stands. We 

examined residuals of each species' growth equation 

relative to the SDI of the other species present (Figure 

6). Residuals were unbiased, indicting that growth of 

either species is independent of the density of the other. 

Therefore, the effect of species mix was examined by 

varying species densities within the limits of the observed 
465 (acre basis) 

maximum density for woodlands (SDI = 1150) and for separate 
344 (acre basis) 

species components (SDI= 850) {Fig~re 7). Maximum 
26.2 ft 11.1 ft /acre/yr 

woodland PAI at SI 200 8 m of 0.78 m3ha-ly-1 occurs when 

pinyon represents 65% of woodland SDI. Increment declines 

rapidly when the percentage of pinyon falls below about 60% 
45.9 ft 

of the total woodland density. At SI200 14 m, the highest 
465 (acre basis) 

observed site index~ PAI at a woodland SDI of 1150 was 
19.6 ft /acre/yr 

estimated at 1.37 m3ha-ly-1. 

Besides species differences in yield, there are also 

differences in volume increment across soil types. For 

juniper, PAI was higher on soils derived from a volcanic 

parent material than on soils derived from a sandstone 

parent material. Volume growth equations were derived for 

junipers on three soil parent material classifications -

sandstone, volcanic and other {Table 2). Pinyon SI was a 

significant variable for each soil parent material, but 

13 
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growth was greater on volcanic derived soils than on 

sandstone derived soils when density and pinyon SI were the 
34L1 (acre basis) 

same (Figure 8). 
26.2 

For example, at an SDI of 850 for juniper 
ft 4.6 

an~ a SI of 8 m, growth on volcanic derived soils is 0.34 
ft /acre/yr 

rn3ha-ly-l, 22% greater than for the same stand conditions 

on a Sfndstone derived soil, where growth is 
3.9 ft '/acre/yr 

0.27 m3ha-ly-l 

Equations described so far do not incorporate age or a 

measure of stand development. This is difficult to 

accomplish for woodlands since species, size and age class 

structures are complex. The relation between height at a 

given age and site quality was used to describe 

developmental stage of pinyon might be as a function of 

mean stand height relative to SI 200 . Gross woodland PAI 

was transformed as the division of PAI by the ratio of 

SI 200 and mean stand pinyon height. The relation between 

transformed PAI and pinyon SDI was linear: 

PAIT = 0.0446 + 0.00475 SDI 

R2 = 0.79 SE = 0.49 

PAIT= 0.637 + g.168 SDI 
where PAIT = ft /acre/yr/ht/SI 
SDI = acre basis 

where: PAIT is PAI/(mean pinyon height/SI 200 ) 

As mean stand height of pinyon increases, estimated PAI 

increases. The effect of this transformation is similar to 

that proposed by Arney (1985) where site height increment 

was used to adjust PAI of even-aged Douglas fir stands for 

differences due to site and age. Site height has been 

successfully used to substitute a common stand variable for 

age to depict the relation between volume accretion and 

14 
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time (Mccarter and Long 1986, Drew and Flewelling 1977). 

In contrast to the relatively simple stand structures where · 

these techniques have been applied, pinyon-juniper 

woodlands are not even-aged, making a direct link between 

height and time or age tenuous. These results, however, do 

suggest that time and developmental stage have a 

significant influence on woodland growth rates. 

CONCLUSIONS 

The complex age class structure and species 

composition of pinyon-juniper woodlands taken with the 

regional environmental variability in the type has led to 

the assumption that site quality and yield estimation 

procedures used in mesic forest types are of limited use. 

Height-age based site index curves proved valid on a 

regional scale suggesting that, at least for pinyon, height 

growth is related to site productivity. Differences 

between soil types in growth of juniper at a given site 

index indicate that soil-site relations are important 

factors in site productivity. Soil-site indices should 

prove to be especially appropriate to woodlands since they 

are not dependent on the presence, age or vigor of existing 

vegetation. 

Development of growth-growing stock relations for 

woodlands appears to be a tractable problem. When 

woodlands are broken into components by species, much of 

the variability in the relation between yield and density 

15 
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can be accounted for. Growth-growing stock curves present 

an important initial tool for designing density management 

prescriptions for the woodland type. Densities can be 

chosen to realize desired levels of gross yield and to 

determine appropriate species mixes. Structural stage was 

an important influence on stand growth for pinyon, but was 

not incorporated in our general growth-growing stock 

models. Future work should clarify the influence of age or 

structural stage on growth and the relation between density 

and tree diameter. 
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PINYON IN THE COLORADO FRONT RANGE 

The outlier of Pinus edul i s at Owl Canyon, about 
25 km nor th of Fort Colli ns , is ell known . In 
1961, W. A. \~eber reported 2 pir.yc1ns in Ri s t 
Ca nyon, some 19 km south of Owl Canyon (T. 8 N., 
R. 70 W. , Sections 28 and 29) . Since then, five 
other pinyon localit i es have been found in 
Lar i:ner County: two additional areas in Rist 
Canyon (T. 8 N. , R. 70 W. , Sections 30 and 32) , 
north fork of the Poudre River (T. 9N ., R. 70 W., 
Sec . 15), Hewlett Gulch (T . 9 N., R 71 W., Sec . 
27) , and Po udre Ca nyon near Fort Collins Moun -
t ain Park (T . 9 N. , R. 72 W. , Sec . 4). The 
l atte r area i s abo ut 26 km WSW of the Owl Canyo n 
Grove . In all these l oca liti es , on ly one or a 
few trees are present and they probab ly are a 
result of spread by jays from the main Owl Can-
yon Grove . 

The northenmost locality of the ma in population 
of pi ny;n a 1 ong the Front Range seems to be in 
30uthern Douglas County. Pi nyan was recently 
coll ected on the west side of the Rampa rt Ra nge 
in Missouri Gulch (T. 10 S. , R. 69 \·I., Sec. 35), 
about 16 km north of Woodland Park. 

T~~ r~rthernmost locality on the east s ide of 
the Rampart Ra nge seems to be Dougla s Creek, 
5 km north of Ga rde n-of-the -Gods , El Paso 
County. E. L. Little (Atlas of Uni ted States 
Tr~es. Vol. l . Conifers and Important Hardwoods, 
iJ.S. Dept. Ariri c. , 1971) shows a location in 
southern Douglas Cou nty on the east side of the 
Rampart Range, bu t th i s has not been confirmed . 

Pinyan has al~o been collected i n Boulder County: 
Bou ld er Canyon, 14 miles west of Boulder. Dr. 
Weber says that only a s ingle tree was found 
(which was subsequent ly removed) and it was pro -
bably not native. Little shows a pinyon location 
in ~ent ral Jefferson County, but I have not been 
3ble to conf irm t his report. 

Any furthe r information on t he natural distribu -
tion of 1inyon in the Colorado Front Range would 
be ap reciated. Frank Hawksworth. U.S. Fo re st 
Se rvi ce, Roc~y Mou ntain Sta ti on, 240 W. Pros pect 
St., Fort Colli ns, Colorado 80526. 
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PLANT GEOGRAPHY IN THE SOUTHER"\'" ROCKY 
MOUNTAINS 

W. A . WEBER 1 

T HE FOLLO\l"IXG discuEsion of plant geography in the South-
ern R ocky ~[ountains is an attempt to assemble impressions 
accumul:ircd during eighteen years of residence in this area. 
The Southern Rocky ::-fountains, for the purposes of this 
discussion, nre tho:'e mo11ntain ranges lying south of the 
Wyoming desrrts, \Yest of the Grent Plains, north of Santa 
Fe, :\c11· ::-Iexico, and 11·estward to and including the Wasatch, 
C" in ta, La Sal. :ind :\ba ·o ::-Iount:iins of Utah and the San 
Fr:incioco Pe:1ks of _-\rizona. Floristically the area forms a 
unit, dfcctinly isolated on all sides by 10\dands in the 
fo rm of pbins, de.-c rts, or lo\\·er mountain ranges. The 
major de1·elopment of alpine tundra in the western United 
St:Hc;.; oecur::; in this are:i . The Black Hills of South Dakota, 
1Yhilc h ·ing 11·el\ to the northeast, are very closely related 
to the -So~1thern R ockies by their strong element of the 
Cordiller:rn flora and a rc a key to a detailed understanding 
of Horal migrations clu rim; the Pleistocene. 

Phyto!;eographically the Southern Rocky ?IIountain re-
gion is an extremely complicated nrea. It harbors remnants 
of the ancient Tertiary flo ra that existed there in Florissant 
and Creede (lnte-Teniary) times. The mountains them-
sch·cs hn1·e bee n majo r higll\Yays for north-south moHment 
of plan ~ bemccn the America n Arctic and, according to 
some phy togeographe rs, the South American Andes. Scnral 
of the major ri1-er sy.:;tems draining into the Pacific Ocean 
anJ the Gulf of :\Icxico originate there and pro1·ide pat h-
ways of migrations for plants, while the diYides between 
the ri H' r s1·ste111s con::;tirute effectiYe ba rriers at the same 
time . The ;nount:1 in a rea now is cffecti1·ely isolated on all 
sides from sim il nr alpine areas by a rid steppes or lowlands, 
but at one time or another diffe ren t segments of its periphery 
mu-t h:iYe bren open to flo ristic traffic. The Southern 
Rockies constitute one te rminus of a track that once led 
from the mountains of Central Asia to the :\Iexican Plateau. 
On chc American co ntinent the· a rea holds the greatest con-
centration of circumpolar species at their southernmost 
limits . 

The physical att ribu tes of the mountains for this role are 
except iona l. Aside from the features already mentioned, the 
Somhern nockics contain the greatest concentration of high 
prab, 5:2 ovC'l" l.J: ,000 ft ( .J:,2.J:O m) and the largest area of 
nlpinc tu ndrn outside Absb. :\. wir\c variety of li fe-zones, 
from alpine to U pper Sonoran, nre telesco ped locally within 
nnrrow linea r distances. The Continental Divide not only 
reaches hr re its ca:tcn{mo,;t n pp roach on the Continent, but 
it meet:; the plain~ by way of an abrupt escarpment that 
rc:;ults in local climatic anomalies critical for the florrt. 

Sen'r:1l problems nrisc when one pl :1cc;; the outline of t he 
1 l"1:i 1-c1sily uf Colorado ).fo~cum , Boulder, Colorado. 

present ,·egetation against the background of the Q11atern:1n· 
period, and these have been kept in mind, belo1\·, in 111:1king 
a diYision of the flora into its ob1·ious ·'elcmL'nt.","' or clu~­

ters of species 'rhose geographical patterns rou gh!:; coincide, 
for reasons that may be part ecological, part historic:11. .-\.n 
attempt is then made to place these clements in pL'r~pecfo·c 
as to their \rider hobrctic patterns and as to the possible 
influences, past and present, thnt may benr on-''the hioto ry 
of these plant di::tribution patterns in the Southern Hockic:o. 

The overriding problem concerns migration. Did the al-
pine flora mo1·e out of the Arctic under the inf!itenc" of 
Continental glac iation, as D a rwin (1 ';3), H ooker :ind Gray 
(lSSO), Wallace ( 1000), and othero iollowing them h:i 1·r 
suggested, to climb the mountaintop;; anJ become .;tr:rnded 
there followin~ the recession of the Plei.-;toccue climate, or 
did an ancient Terti:uy alpine flora al ready exi:0t l!c·e and 
in the other austrrtl ranges of the :\ orthern IIera:';' herc? 
Did not this old Hora, :iided by :i. climatic deprc::oion of 
timberline and the a \·ailability of uns able ,·inrin ::oils to 
the north, form the present arctic flora, a:; ~ll !!!!C'.5tcd by 
Tolmachev (1050) and Hulten (1062, p. 4)? 

Wh:1t were the nature nnd the chronology of the cn~nts 
that h:n-e placed certain "Corcliller:rn" species at i-ulated 
stations in the Great Lake~ Region nncl in eastern C:rnad:1 
(Fernald, 1925) and that resu lted in the curious mixture oi 
boreal, Corclil ler:m, eaotern-clcciduous-forc.:;t and Grc:lt 
Plains species in the I31ack Hilb oi South Dakota·~ .\ nd how 
can one explain the 1:-tct that mnny oi the:'e ea;;tern ::pecirs 
occur in a necklace-like pattern extending in mc~ic $ites 
along the eastern flank of the R ockie.'-- from the Blaek IIill -
do\Yn th rough X cw ?'lfexico and en;; tern Ari zona·~ 

Falling into the . ame general pattern in the cnstern 
Rockies, a number of ferns, mosse" lichens, and higher pl:tnt 
genera occu r as narrow endemics or as \ro rlch1·icle di::j11nct~. 
Some of these might be cbssed ns subt ropical or sub-oceanic 
elsewhere in the world. Arc these relicts of the old Tertia ry 
flora or have they a rrived at odd times by long-1 brnncc 
transpor t from other continen ts? 

What is the exphnation for the mode rn absence oi broad-
lea\·ed trees in nn nrea that once suppor ted a mixed brond-
leaf-coniferous flora probnbly as rich as thnt of the southern 
Appalal' hians? Can the depletion oi th is flora be currcl:ttcd 
with pnleoclimatic or orogenic e\·ents? 

Arc the basic similari ties between the floras of the So11th-
ern R ockies and the Asiat ic Alt a i simply the result of 
similar cl imate, topography, and continen tal situation-
each arc:l in the long run rrceiviug and suppo rting :t com-
mon specirs pool clerivcJ by l ong-di~ta ncc trnnoport '! Or 
a rc thrir florn~ the ;,urYiving rcmnanb of a flora th:1t at 
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one time 1ras more or less coutinuou~ O\"Cr mountain ranges 
connec ring the two areas? 

How m:my modern plant distributions can be traced to 
migrations of floras ahead of an ad\·ancing ice sheet? How 
1mny r.rnst be attributed to wholesale extinction and re-
covery from small rcfugia? Can these problems be success-
fully :ntacked on a vcgetational basis, or must each specws 
be considered a problem in itself ? 

In the succeeding paragraphs the reader may be disap-
pointed to find that the well-known species or dominant 
trees receive little consideration. This is unavoidable because 
the species critical to a discussion of this sort arc those that 
are relatively homogeneous or not racially complex. Their 
distribution patterns are most likely to be framed within 
an area sho11·in!:i obvious correlations with climate or geo-
chronology. Widespread species like Pinus ponderosa, Pseu-
dotwga menziesii, and the like are genetically very complex 
and racially clifTcrcntiated. Their heterogeneity has enabled 
chem to radiate adapti1·ely into a large number of ecological 
situations. A knowledge of their ecology, genetics, and migra-
tions in detail 1rnulcl, of course, be of great nlue, but at 
the present time, because of insufficient study, they are 
part of the enigm:i. 

Taxonomic relationships are questionable, contact between 
Americ:m and . .\siatic institutions are difficult, the major 
literature is hidden in monographs anc! revisions of isolated 
genera, and the physical record in the form of herbarium 
specimens is scattered in hundreds of museums, :::ome of 
which no longer lend specimens for phytogeographic:il study. 
Because of the magnitude of this sqment of the field of 
phyt ogeography, this paper will be limited to n. di_cussion 
of the patterns that emerge from study of the Southern 
n ocky :\Io11ntain Oora. Orher equally important aspects, 
namely phyto;:ociology, cytotaxonomy, autecology, palcon-
tolo~y, and physiology 1rill be left to those who may find 
amnn!:;: rhr~c paltern.s problems that may be tacklcJ by urn 
of r hci r di~ci pl i nes. 

HrsToruc.-\L REYIEW 
Phdogeographical research began in the Rocky :\fountains 
11·i th r he hi.:0toric jonrney across America made in 1877 by 
Jo,eph Dalton Hooker and . .\sn. Gray. Out of this brief ex-
p0,111·e to the li1·ing landscape of the are:i came one of 
phyto,(!eo!!;raphy's da;.;~ic papers, "The Vegetation of the 
Horky :\fountain llep:ion and :.i Compari,on witli That of 
Other Parts oi the World" (Hooker and Gray, 1880). In 
I hi:< paper Hooker e~tahli~hecl the presence of the Berea!, 
.\.oiatic , :\Iexi!'an, and local clements in the Rocky ?I-fountain 
llora and built the frame1rork of all future discussions. 

.\ fr1r years later, in IS 7, another of the greatest biogc-
ogr'.lphcrs of all time, "\lfred Rnssel Wallace, spent :i, few 
d:.iys in Color.1do during a lecture tour and happened to 
meet a young botanical no1·ice who took him on ::rn excursion 
to Cray's I'cak (Wallace, 1005). His companion was a 
De111"Pr schoollcncher named Alice East1roocl, Colorado's 
fir:ot rc::idrnt botanist, who later became world-famous for 
he r rn1d il:s of the Calilornia flora and for the p:ut she 
pl:t1·ed in rescuing the type collections of the Californi:i 
. -\c:i.lemy of Scicnc.;cs during the S:tn Franri,,co earthquake 
of HJOli . Tlic Gray's Pl)ak excur~ion g.t 1·c ·wallace a nurn, 

brr of ~ignificant phytogeographical impre~oions ("":illace, 
1000). 

Professor T . D. A. Cockerell should also be li~tc-d amon~ 
the early phytogeographcrs, becau oe, bcginni11~ with hi;; 
sojourn in the \Yet ~fountain Valley in 1 - /- lSS~. he at-
tempted to record the entire spectrum of plant and :rnimal 
life in the Southern Rockies. This work 11·as prom p ed by 
biogem;raphical considerations, as 1ri nessed by the mar.y 
papers he later published bearing on the field. Thrnuc::ho11t 
his life Cockerell 11·as :i, strong di;;ciple of Dnnrin an1 l 
Wallace. He publi.ohed ;:cYeral papers analyzing the alpine 
vegetation of Colorado (Cockerell, 1SS7-Hl06) and 1Y:1" an 
actiYe collector and Lb•cribe r of fo;:sil plan ts, par icularly 
from the late-Cenozoic flora- of southe rn Colorado. 

For many years the taxonomic philosophy of Per .\xcl 
R ydberg dominated thinking about the Rocky :\ Io1111t :1 in 
region, later to fall into disrepute because of his reputation 
as a taxonomic "splitter." Rydberg, neYerthele:::;:, 11·:1;: :i, m:1n 
of remarkable perception eYen though his taxonomic cate-
gories often were at least one leYcl removed from contem-
porary taxonomic tastes. Rydbcr~ made sub;: anti:1l 
contributions to phytogcography, first b>· his analy::i;: (IS0G) 
of the flora of the Black Hills in which he demonstr:1ted the 
coexistence in that area of a Berea!, a Cordilleran, an 
eastern woodland-prairie, and a Great Plains element. In 
a paper on the origin of the alpine flor:i ( 1!)1-la) he specu -
lated on the origins of circumpolar specie;:, on d:~re r;:a] 

capacities of plants. and on cli:".iunct Yicariom species JJairo. 
In :i series of papers (IQ14b-10'.2'.2) Rydberg analyzed the 
ffor:i. of the altitndinal- or life-zones of the Rockies, but 
these were essentially pliyto~ociological rather tha n geo-
graphical in substance. 

The most sophisticated and broadly based 1rork on Rocky 
:\fountain phytogcography was contributed by the Danish-
American botanist T heodore Holm , whose fon;ottcn paper, 
" . .\]pine Yegctation of Colorado" (Holm, Hl'.23), is re:11l y a 
classic . Holm spent two summers in Colorado, in l e aG a.ml 
1809, and brought to the area pcr;;onal field experience 
gained from three Danish arctic expeditions. Holm published 
tables listing the occurrence of Colorado alpine sprries in 
t11·clye major arctic-alpine regions of the ::-\or thcrn Hemi-
sphere and in many ways anticipated the monumental -; ylc 
of Hultcn. 

Holm first rcco~ ni zcd that :i, number of Culomdu "en-
demic~" were in fact conspecific with A~iat i c species or 
circumpolar species, and he pcrcciYed that the alpine speric5 
of such genera as Trifolium were more rlosely related to 
species of the Old World alpine th:.m to local I01d:rnd qroups: 
he pointed out the probable Old-'N orld relati1·es of certain 
alpine endemic genera such as Orcoxis and Chionophila. 
Holm also made significant contributions to the taxonomy 
and phytogcography of alpine grasEes and sedges, 1rhich, 
unfortunately, have not been gi1·en full consideration up 
to the present time. IIc discovered the arctic-alpine Jun-
cus biylumis L. for the fir~t time in the Southern Rockie-'. 
but the report went unnoticed until years later when the 
plant was rcdisconrcd (Weber, 1955). It is a pity that 
Holm's field work in the region was so brief, for he had the 
background nccr~sary to make a major contribution . 

lq !\u.:;ust, 10191 the International Phytogcographical 



, J 

PLANT GEOGRAPHY I.V THE SOCTHER.V ROCKIES 

Excursion, under the leadership of Eduard Ri:1bel, was held 
in the United States. In Colorado the party viEited the 
Pikes Peak a rea .. \. photograph was recently published 
~hawing a trio of famous botanists-Adolf Engler, Carl 
Sch riiter, and llLibcl-on the trail near Minnehaha (Li.idi, 
1061). It 1Yas on this excursion that the Danish botanical 
explorer, 01·e PaulEen, collected the arctic annual Koenigia 
islandica L. fo r the first time in America outside the Arctic. 
Incredibly, this record \Yas ne1·er published, and the speci-
men was only diocoYered in the Copenhagen Herbarium 
shortly after the writer publi~hed his discovery of the 
~pecics in 1053 (Weber, 1055, 1961). 

The Alpine Laboratory of F. E. Clements on Pikes Peak 
attracted many ecologists and some phytogeographers to 
the :uea, including G. Einar DuRietz, who visited it in 
102G. T he Uni1·en;ity of Colorado's Institute of Arctic and 
.\! pine RcEcarch pro1·ides current facilities for research in 
its subalpinc and al pine stations near Boulder. The hemi-
spheric ramifications of plant relationships in the Rockies 
are nry complex, and through 1·isits and exchanges of re-
sc:uch workers from the far-flung mountain areas of the 
northern world much correlatiYe information can be gained 
:rnd new understandings reached . 

Recent local phytogeographical actiYity has been princi-
pally accessory to the publication of up-to-date flora~. 

:\[odcrn floras are now arnilable for Colorado (Harrington, 
10.54) , Arizona (Kearney and Feeble::, 1()60), Idaho (Da\·is, 
105'.!l, anrl the Pacific ::\orthwest (Hitchcock et rd., 1055-
Fi()J I, while floras are in preparation for Wyoming (Porter), 
Ltah (Holmgren et al.), ::\Iontana (Booth, 1950), and New 
:\[exico (Dittmer et al.). ::\cw discoYeries of plants in Colo-
rado arc reported by Weber (1955, 19Gl). The I3eartooth 
Plate:rn of northern "-yoming and adjacent ::\Iontana has 
recently Leen found to be rich in ;uctic-alpine rari ties (Juhn-
.:on, IOG'.2), :ind the ConYict Creek area of the southern 
Sicrrn ~c1·ada, while out~icle our area, contains alpinc-
a rctic dii'juncts pertinent to our flora (::\Iajor and Bam-
berg, 1QG3) . It would be most desirable to have arnilable 
:rnno tated list.:; for the alpine flo ras of the Uinta and Lt:i 
Sal :\foun tai ns of Utah, the high Rockies of :'.'<ew ::\fexico, 
and the Bcartooth Plateau. :\ thorough revision of the 
I3laek Hills flora is also long O\·erclue. 

Profc~;;or Hultcn's clistrilmtion maps (Hutten, 1058, 
1062) of the circumpolar flora arc of immense importance 
in clarifying the greate r dist ributional areas of Rocky 
;\fountain plants . As late as 1058, ho\Yever, the Rocky 
:\fountain~ 11·as a particularly difficult a rea for him since 
many circumpolar species occurring there have passed as 
local endemics, thus making it hard to recognize them in 
the litcratmc. In 1050, ho\\"eYer, Hutten 11·as able to spend 
."e1·er:1l weeks in the Colorado alpine area, and his visit, 
to!!ct he r 1\'i th succeeding visi ts by other foreign specialists, 
ha~ helped to cla rify taxonomic relationships and microhabi-
tat questions. 

Taxonomic monographs usually contain detailed dot-maps, 
and thc::e are most useful phytogeographical tools. Editorial 
policy, however, often eliminates documentation of these 
map.'i in farnr of a perfunctory list of "representative speci-
mens." This, plus the growing reluctance of the major 
herbaria to lend material for phytogeographic purposes, 

impedes the progress of research in the field at a time \Yhcn 
detailed work should be encouraged. Regional floras, 1Vith 
notable exceptions (Deam, 1940; Jone.:; and Fuller, 105.j) 
pro\"ide neither dot-maps nor detailed distribut ional out-
lines; such works could be of great value if the importance 
of local distribution could be brought home to the authors. 
Careful outlines of local distribution are, of course, more 
useful than the usual vague compilations of world distribu-
tion . 

A mapping program for the entire ?\ orth American flora 
should be high on the agenda of cooperative taxonomic 
projects. The enormous number of herbaria on this continent 
makes mapping particularly difficult, but this is an area 
where computer methods would make possible a clearing-
house for phytogeographical data. 

LATE-CE:-<ozo1c Foss1L PLA~T RECORDS Fon CoLOR.-\DO~ 

The late-Cenozoic vegetation and flora of Colorado .is kno\\·n 
from only a limited number of localities, but infcr61ccs from 
these and from fossil localities in nearby states are sum-
marized in this brief section. 

LATE-TERTHRY FLORA OF COLOR.\00 
A late-Oligocene flora from the Florissant Lake Beel.<. 1rcst 
of Pike's Peak in central Colorado, is well known. Thi.:; 
flora was examined by Lesquereux (ISS3) and others and 
later studied intensiYcly by ::\IacGinitie ( [!).53 ) , 1r!:o de-
scribed 114 species, comprising 87 genera in 41 -,- :":cular 
plant families. ::-.IacGinitie characterized the Floris::ant 
flora ecologically as including several types of planto: (1) 
coriaceous-leaved oaks and genera of pine, scrub, and cha-
parral, which probably grew locally on dry foothills; (:?) a 
riparian or lake::l10re assemblage including Sa /i:r, Fagopsis, 
Cyperaceae, Sequoia, an cl certain broad-leaved trees (Car ya. 
Ulmus, Ze/koua, Tilia, Castanea) that probably occupied the 
wet valley margins; and (3) conifers that grew Jocaily on 
higher peaks. 

From the present distribution of genera and species 
identified from leaves at Florissant, MacGinitie concluded 
that the vegetation at the site was similar to that which now 
grows in subhumid warm-temperate areas in the northern 
Sierra ~Iaclre of northeastern Mexico, in part includi ng 
forms similar to subxeric living species now grmving in 
western Texas and northeastern Me;..'ico . He inferred that 
the rainfall \Yas not adequate to support a true forc:<t ex-
cept along streams where ground-water was close to the 
surface. 

In contrast to earlier Tertiary floras of the state, which 
include subtropical and tropical elements, this flora rng-
gests a warm-temperate and subxcric environment. Other 
mountainous areas in the state presumably also supported 
a relatinly xcric vegetation during the late Oligocene. 

A study of the Florissant pollen and spores (Leopold, ;m-
published data) identifies other xeric genera (Eleag nus, 
Sarcobatus, and X ylonagra) and also additional broad-
leaved trees (Eucommia, Juglans, and Fremontodendron ). 

The Floris:;ant flora contains a rather large percentage of 
2 This section is by E~te lla B. Leopold, U.S. Geologica l Sur-

vey, Dcn\·er, Colorado . Publication authorized bv the Direc-
tor, U.S . Geological Sur\"ey. · 
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anl?:io.<prrm genera that do not grow now in the Rocky 
:\Io11nt:1in Pro\·ince (ca. GO % ), and thus it differs from late 
Oligocene floras on the Pacific Co:ist (72-7-1% exotic genera; 
Yl'olfc nnd Barghoorn . 1!)60) th:it h:i\'C n more subtropic:ll 
:lspcct. Ilo\1·cHr, it resembles n flora of the same age from 
the Ruby Valley in :\Iont~rnn (Becker, 1961). 

:\Iiocene and Pliocene floras of Color:ldo are less rich than 
the Oligocene flora, but include rebti\·ely more genera still 
nntirn to Color:i.do. A. leaf flora from Creede in sout lnYe~tern 
Colorado in the San .Ju:in .:\fountains (:.\focGinite, l!J53, p. 
73) is thour!ht to be either :\Iiocene or Pliocene in age. 
Forms identified by :\IacCin itie and R. Bro11·n (written 
communication, 1!)57), plus tho2e found ::is fossil pollen and 
spores (Leopold, unpublished d:ltn) ::ire: Selaginella cf. 
de l!sa. Potamogeton, Pinus jlorissanti. Picea, Abies longiros-
tris, Ephedra cf. E. torreyana. cf. E . nevadensis, Jimipems, 
cf. T.rnga, cf. Larix, Populus, Sali.r. A/nus, Querws, Jarnesia 
( = Ed1cinia), Acer. Cercocarpus myricaefolia, Oenothera-
crnr, Snrcobatus. Eleagnus. Jlahonia marginata, Carya, 
C i1»>1s :l nd / or Zelkorn. Crataeg11s. and Artemisia. 

t •:1!1· t11·0 of the Creede genera (or 10%) ::i re no1\' foreign 
to th0 Rork>· :\Iountain :1ren (Carya and Ulmus-Zelkova) . 
Exrt'p t for Ephcdra. 11·hich now gro11·s in 1·ery dry oites not 
much farther wcot in the ]Jinyon-juniper association nnd on 
dc:::crt rn:irgins . the others ::ire common in the San Juan 
.:\fountains tocln>·· 

T!K' Trou blc:::ome Formation ( miclcllc :\Iiocene) in :\Iiclclle 
Park , 11 or th-ccn t r:1! Colorado (Izctt :lnd Lewis, 19i33), yields 
a pollen ns,,cmbb g:e con;;isting of the fol1011·ing florn (Leo-
pold, unpubl i::: hcd cbtn): Picca cf. engelmanni. Pinus. Picea, 
Abics. E11h cdrn . A/nus, r.:tmus-Zelkova, Arceuthobium, 
Canw. Splwcraicca. Elcagn us, Compooit:ie cf. Xanthium, 
Arton i.,iri . Gramineae, Symphoricarpos, Sarcobatus vermic-
ulat us. a nd Chcno podiaccae undct. 

Like the Creede flora, the as:::ernblage is composed onr-
11·hclmingly of pine and spruce pollen . The pollen assem-
bbge re~c mbl es the present pollen rai n in t he a rea, with 
the exception of U/nws (or Zelkorn), Car ya, and Jug/ans, 
1rhich ::nc now exo: ic to Coloraclo. Th us, t he l\Iio-Pliocene 
f1or::t3 oi thi~ region contain only a few broad-leand trees 
th:H :i re In te-Tertia ry relicts. ::\one of these is known to 
per:::i~ t in the Color::tdo flora alter the Pliocene. Pliocene 
f1orns from \\"yarning, Idaho, and Ari zona h:n·e a generic 
aopcct 3imila r to those from Colorado. 

THE l'L!O-PLEISTOCEXE BOl.'XD.\RY IX SOl.'THER::-l' ID.\HO 

\Yi th respect· to pnlynology or palcobotuny, the Plio-Pleisto-
ccnc boundary has not been studied in Colorado, but e\·i-
de:ncc from south-central Idnho (Axelrod, l!JG4; Leopold and 
Bro1rn in :\Iapel and Hail, 1959) 111:1y be pertinent. The 
middlc-:\Iioccnc (or early-Pliocene) flor:i at Trapper Creek 
(l3c:t1·erdam Form:ltion of Axelrod, l!JG-l) con tains forms 
such as Scquuia, Fraxi1111s, Carya, Ulmus, Zelkova, Pcrsea, 
N !JS$a, an<l !lex, which arc now foreign to the region, plus 
many forms now char:1ctcri~ tic, e.g. Pinus, Picea, Tsuga, 
Abies, Eph edra. :1!11us, Qucrc us, Acer, Pop1tlus. The flora 
of the Salt Like Formation (early Pliocene; ?\ Iapcl :m<l 
}f:til, Hl0D) ;111d of the D:rnbury Ba~:ilt (middle Pliocene; 
Leopold , unpubli~hed clnta) are greatly impo1·eri:;l1ed com-
p;1rcd 1rith the Trnppr r Creek flortl. Urond-lca\·cd trees, 

for ex:lmple, ::i re represented only by Carya, Jug/a ns, and 
Ulrnus-Zel!:oi-ri in the Salt Lake, and only by Carya and 
Ulmus-Zel!.-orn in the Banbury. 

A diYersc pollen flo rn from the Glenns Ferr~' Formation 
of Blancan age (latest Pliocene and earliest Pleistocene) in 
the \\·estern Snake Ri1·er Plain repreoents plants no11· nntil·c 
to Idnho, except for rare pollen of Carya ::ind Clnws-
Zelkova (see stratigraphic summnry by i\folde, this Yol-
umc). The flora is dominated by rnrious genern of Pinnceae 
and includes Cc/tis, Populus, and :oeYeral xcric dnubs , in 
addition to water plants and herbs. It suggrs ts a climntc 
slightly "·ettcr than today's (annu:ll precipita t ion no1r 
a.bout 10 in.), 11·hich permitted low montanc vcgct :H ion to 
grow in this now treeless a rea. Pollen from the 01·crlyi n'.; 
Bruneau Formation (middle Pleistocene) is mainly of the 
Pinaeeae and includes no late-Tertiary relict !:;ener:l. IL 
suggests a cl imate so mew hat cooler and wetter tb n tocl:i:(s. 

The succcs::: ion of ?IIiocene, Pliocene, and Qua ternan· 
pollen floras from southern Idaho demonstra tes gradual loss 
of broad-lea1·ecl tree genera that sii ll persist in ernt L1l and 
eastern Cni tcd States ::incl along the Pacific Coa:ot. This mn\· 
be expressed in terms of the percentngc of the idcm ified 
flora th;it is lo~t progre~si1·ely with time (Wolfe ;i nd Ihrg-
!10orn, 1960). 

For I daho, the middle-:\Iiocene (or enrly-Plioccne) Trnp-
per Creek flan. contains 35% of genera that arc now ioreign 
to the central Rocky }fountain re;;ion. The Pliocene flo ras 
contain only'.? or 3 genera thnt are no\\· exotic to t he re~ion. 

but these genera repr('~cnt about 25% of the tot:1 l. In the 
Blancan (Plio-Plcistocene ) inten ·:ll, these exo tic grncr:1 (in-
cluding only Carya and r.;tmus-Zelkorn) make u p 01; !_1· 9% 
of the flora. Younger pollen florns that ha1·e been ex:1mined 
contain no gener:i that nrc now foreign to the pre:;ent re-
gional flora. 

The loss of broad-le:.i.Yed trees from the flora of the cen-
tr:il Rocky .\Iounta in.s \1·as undoubtedly progre~o i1·r , 011·in!! 
to grndual changes in regionnl climate and the r i~ e of moun-
tains (particularly the Cascade Range and the Sierra '\' e-
\'acla). The comequen t decrease in mesic conditions per-
mi tted only a few broad-leaved trees to surYi1·e in Idaho 
and Colorado (e.g. Populus, Acer grandidentatum. :incl 
Betula papyri/era), though shrubby species o f mnny cli-
cotylcdonous tree genera are :llso represented ( Quercus . 
Celtis, Acer, A/nus, etc .). 

LATE-Ql'ATERXARY POLLE:'< RECORDS 

The reported late-Quntcrnary pollen records in Color:ido 
a rc limited to t1\·o late-Pinedale and postglacial bog deposits 
in the S:i.n Junn }fount.'lins (:\Iahcr, 1901) ::ind four de-
posits in the Rocky ?-. Iountain Front Range west of Boulder 
(Pcnnak, 1963). 

In the San Juan :\fountains, }Iaher (10Gl) studied two 
sites in the subalpinc 1·egetation zone at an el e1·:ltion of 
about 3,'..: 00 m, or nbout 300 m below the present tree line. 
The pollen sequence is as follows. An early inten·nl of 
cbyey sediments is charnctcrizcd by dominnncc of :lrtemisia 
( 40-70% of total pollen) and Pinus. A radioc:irbon da te of 
15,450 ::':: :?:.:O years (Y--11-17) was obtained from nea r the 
top of this zone. O\·crlying orgnnic sediments, 1Yith n date 
of 13,3GO ± l'.W (Y-1437) at the \ 'Cf)' base, are chnrnctcr-
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izcd by pollen of many montane fo rms-Pinus. Picca, Abics, 
Pscudotsuga, Bctula , and Quercus . and Yarious non-tree 
taxa . Ephedra pollen also was found, bu t it is thought to 
represent long-clistance transport from arid lowlands. Tun-
dra was app:uently replaced locally by subalpinc forest 
about 13,500 years ago. According to data from modern 
pollen surface samples, l\Iaher ( 1961, 1963) concluded that 
before this forestation took place tree-line stood at least 
GOO m lower than no1Y. 

In the Front Range, Pennak (19G3) studied four sites 
r:m~ing in altitude from 2,6 li to 3.'.?47 m. C14 dates indicate 
that the oldest sediments arc nearly 6,700 ycar2 old. Pollen 
di:rn: rnms from the four sites haYe individual features, but 
the t1rn oldest may bear on in terpreting past climate. 
Artcmisia pollen is fa i r!~, high (ca. 30% of the total pollen) 
in sediments from 6,700 to about 6,000 ye3rs old . Other-
"·ise . Pim1s pollen is dominant. A predominance of grass 
pollen lasting from 6,000 to 3,000 ~·ears ago occurs in one 
pollen profile. Pennak thought. this recorded a warm, dry 
period, but it could represent local edaphic conditions at a 
:;inglc site. 

The late-Tertiary fl oristic history of Colorado, reconstructed 
fro m a meager fossil record, indicates that a rich temperate 
flora became impowrishcd during: the ::'diocene an<l Pliocene 
E pochs in Colorado-a p:i ttern common to se\'Cral "·estern 
states. Although the po,:t-Blancan Quaternary plant record 
of Colorado is also scant, no generic extinc tions arc known 
,,·ithin this fl ora afte r the Tertiary . 

THE OmG1x OF T H E ':\loDERX FLORA 

The mode rn flora of tile :3outhr rn R ockies forms a compli-
cated patchll'ork of onrl a.y~ , the base consisting of wh,it 
rrmnanis there are from the Oligocene flora as recorded at 
Flori~.oa n t , Colorado {:-I:1cGinitiP, 19.':13). At the lower 
:iltitu<lcs this flora is distinctly of ::\ladro-Tertiary deriYa-
tio n (Axelrod, 19.fS), bu t in the high mountains occur rem-
1:ant.:: of what must ha1·c bcrn a more or less continuously 
di~ tri bute<l high-mountain fl ora extending from this area 
acros.:= Bcringia into the mountain regions of Central Asia-
the Bore:1!-Asiatic clement di::cussed late r. The alpine areas 
arc c~ominated by circum polar species, which were either 
in pbce there before the Plei5toccne or migrated there du r-
in2 the Ice Agrs. 

':\fodrrn pla.nt -distribution patt erns in the Southern 
P.uck i r~ :::ugge.:; t that the CorLlilleran flora once extended 
con.•iderably clo1Yn-slope and ea~ t1,·a rcl , pos:::ibly coincident 
ll'it h a dc pres~ion of timberline during cold periods, and 
that the eastern ll'Oocl land flora extended westward, prob-
al.J],· along the major w:itercourses, and mingled with the 
Cordillcran fl ora along a ll'ide area of the western Great 
Pbi n.- . Tolla\· the Cordilleran flora has retreated into the 
higher a rea~, le:i ,·ing relicts in the Black Hills and at scat-
tered poin t.; on the Gre::it Pb.ins, ll'hilc the en.s tern flora has 
re reated east ll'ari l or been exterminated on the Gre.'.lt 
Plain~. lca1·in,!! rec iprocal re!ict r.olonies along the mesic 
e:1 -tnn front of the moun t:.i in~ . 

Former connections of the Southrrn TiockiPs to the north-
1;·e.:=t11·anl h:iYe been scYerc:d hy the de1·elopment of the 

deserts of southern \Vyoming, but relict ~ t:rndc of nor h-
\\·estern species provide traces of the old ronm·ction. The 
l\fadro-Tertiary xeric floral element::: of the Gr0:it Da•in 
and Colorado Plateaus haw penet rated fa r into the moun-
tains on the west by way of the ll'arm ri\·er \'alleys aml 
deep canyons, and on the southeast a clea rl y defi ned in-
vasion by the west Texas-western N'ew l\Iexico flora (here 
called the Chibuahuan element) is activrly encroaching on 
the eastern flanks of the mountains. 

The most widely accepted explanation for the presence of 
boreal and arctic species in the Rocky Mountain \\'US ad-
,·ancecl by Darwin (1883), and adopted with little chanc:r 
by Hooker and Gray (18 0) and Rydberg (1914c, p. SDl. 
The southward penetration of the Pleistocene clim::itr 
caused successive Yegetat ional zones to replace each other 
southward so that a Yast displacement and tele;:roping of 
the flora occurred. As the ice retreated northward. arct ic 
species found congenial habitats on the moun ta intop< of thC' 
southern mountain ranges, where they now exist 1Yiclcly cli--
junct from their relati\·cs tha t mo1·ed back to the Arctic. 
Constant repetition of this idea has gi,·en it the aurn ni 
truth. Ho11·ewr, in recent years T olmatche1· ( 105(1:1, b) a.nrl 
Hulten (1962) haYe attackC'd it as rather nai\'(' nnd o,·er 
simplified. 

The influence of a ':\fexican resen ·oir in stocking the flori;;-
tic "streams" of the American Southll'e;:: t '"as apprrri:1tr,I 
very early b~· Hooker and claborat C'd by \\'af:::o n (1 .'.0()). 
Hooker and Gray (lSSO, p. 62) stated: "We infer th:'lt thr 
Pacific region, while presen-ing through all ,·ici0Eit11 rlr;: a 
moderate number of boreal types and recei,·in ~ a few 
Eastern Asiatic one- probably at a later cl:ite, h:i;:: been 
mainly replenished from the ':\Iexican Plateau, and ::it a 
comparati,·cl~· late perio<l. A large part of the botan~· oi 
California, still more of X enda, 'Gtah, and 11·c-tern Texn.", 
and, yet more, that of Arizona and X ew ':\Iexico, ma~· be 
regarded as a nortinrnrd extension of the botany of the 
::\Iexican Plateau.'' 

Axelrod (19-!8, p. 139) ::: urns up succinctly his interpret:i -
tion of the historic events that ha\'C' resulted in the prescnt -
clay Rocky l\Iountain flor ::i : "The histo ries of mont:ine 
forest, woodland, chaparrnl and dese rt w gctar ion outlined 
... indicate that the major Tertiary floras of the weErern 
linited States \\·ere differentiated into rommun it ie3 of e"sen-
tially modern aspect largely b~· ::\Iiddle Pliocene and i'LtC -

cecding: climates. Differentiat ion appa rently was in respon.•c 
to a trend to lowered yearly rain fa ll, shi fting sea:::onal di.--
tribution of rain, and increased ranges and ext r0mc~ of t em-
perature. Under the impact of these accelerated po"r -lo\1·H 
Pliocene climatic changes the Arcto-Terti :i. r~· and ::'-Iadro-
Tertiary floras l o~ t their identi ty, since species fonnrr l.\· 
shared with other regions became extinct in certain area.- oi 
their early Pliocene distribut ion. As montanc forr~t. 1,·ood-
land, chaparral and arid subtropical scrub 11·ere restricted in 
r::ing:c as rainfall lessened, open steppe and ;;ubdesen en-
Yironments of subcontinent:i l exten t came into exi.;; tencc 
o,·er the warm-dry an <l cold-dry rrg:ions. Herbaceou~ and 
semi-woody plants which had a restricted ddri bution on 
the bordrr~ of ':\Iiocenc and early Pliocene communitie::: :ip-
parentl)· :::prcad ll'idcl)· :incl evoh·ccl rnpidl~ · as these new 
rPgional em·ironmcnts 11·cre initi:itcd. Only in latr.;; t C'cno-
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zoic times, in response to the development of more local-
ized environments, were tbc modern plant formations full y 
segregated into the regional climaxes, the subregional asso-
ciations and the more locali zed communities that now char-
acterize western Norlb America .... 

"The floristic evolution initiated during the l\Iiddle Plio-
cene has not been completed, but is continuing at the pres-
ent time. This is shown by inter-relationships displayed by 
the various modern communities of each plant formation 
over this region. The rela tionships between these living 
dcriYafo·c communities of Late T ertiary wgetation are 
expressed by the modern patterns of plant distribution. 
The~- occur not only in North America, but extend beyond 
to other continents in both latitudinal and meridional direc-
tions. These dist ributional patterns are considered to reflect 
the former occurrence of ancestral T ertiary Floras across 
the inten ·ening arc.'.ls. The modern patterns seem to have 
resulted from world-\ridc late Cenozoic climatic changes ' 
"·hich different iated generalized Tertiary floras into com-
munities now haYing more restricted ranges." 

PRr:sr:xT-DAY Co1Ncrnr:xT PATIERxs AKD THEIR 
R EL.\TIOXSHIPS TO PAST E\'EKTS 

P lant i;pecies hnxc genetically determined ranges of toler-
ance to environmen tal characteristics, .'.Incl they are bound 
to specific areas in '\\·hich a t olerable set of em·iro nment.'.11 
facto rs opcr.'.ltes. Plant-distribution patterns thus are map~ 

of the c1wironmcnts of the world. 
The application of plant-distribution patterno to problem~ 

i1ffoh·ing long-term climatic changes, orogenics, and con-
tinental displacement is based upon the am1mption that 
pbnts arc not capable of quickly colonizing c,·cry land area 
that is c:uitable for them but arc limi ted b ~- their innate dis-
per.;:al capacity, competitive ability, and genetic structure 
(incli\'icl11al and populational) and by physiographic and 
climatic b.'.l rricrs to their spread . Because of this, the actual 
di:otribution patterns of plant species always t end to lag 
behind gco!O!!;ic c,·olution, and modern plant-distribution 
p:1tte:rn;; in greater or lesser degree provide "fossil" evidence 
of :rnricnt distribu tion patterns . 

:\ fo-,on (10-!G) , in a Ycry important paper on the edaphic 
factor in narrO\r cndemism, analyzed the dynamics of geo-
graphic distribution in plants . H e sho\\·cd that distribution 
pat te rn s rcsnlt from the interaction of the physical em·iron-
mci;t with the physiolo!:!ieal react ions and genet ic processes 
of incli,·iclual s and populations. H e insisted that "area as 
such ha:< no hi~torical signific:rnce in Yegctation . . .. The 
pat ern of distribution is determined by causes inherent in 
t he local ity and most probably has had no correlative rcla-
tion;chir with the history of the flora onr any wide a rea . 
. .. Thi' size an d shape of the area occupied arc the prod-
uct of today's fa cts, both genetic and e11\"ironmental." 

:\ fa ,.-on here was attacking: the OYCEimpli ficatio 11s of 
Y\'illi~' ".\n;c and Arca" hypot hesis, Hultfo's model of the 
"eqniformal progressive area," and other phyt og:con; r:-tphi ca l 
dicta corwerning: the center of origin an d di,pcrsal. It is diffi -
cul t to l11 •l icrn thett :\fa,.-on \\·ould deny the histori c impli c:-t -
tion;; for those classic distribution patterns li nking eastern 
A"i:1 \1·ith the southern Appalachi:rns, the Chilean flora with 

t hat of Australasiet, or the well-known tran. at Lin tic hin-
logica l connections. 

Botanical evidence has played an important role in sug-
gcstin.!:! theories of land bridges between continents, con-
tinental drift, and the Yarious other notions of geologic 
ernlution. In this discussion we are concerned on ly with the 
presence in the Rocky l\Ioun tains of "coincident distribution 
patterns." These represent assemblages of species \rit h 
genera lly homologous areas or with r:mges radiating from 
a more or less restricted area to,1·ard other pci rts of the 
world , the implication being that these patterns represent 
traces of past continuities of distribut ion or paths of migret -
tion to or from those regions. 

The following analysis of modern distribution patterns 
is inspired by the more comprehensi,·e work of Hulten, \\·ho 
is mapping the distribution patterns of the entire holarctic 
flora. 

Hulten {1937) proposed a theory of "equiformal progrc.-=-
siYe areas," briefly desc ribed below, 1rhich he hoped \Y 011ld 
p rmidc detailed explanations of the recoloniz et tion of the 
ice-denuded portions of the North follo\l·ing the la~t c:brial 
period. In essence, he postulated a ba re circub r area of uni -
form climate seeded \\·ith a number of specie::: and character-
ized by minimum competition . Depending on the dispcr<:tl 
potential of the Yarious ~pec i cs, thc::c \\"Ott!d radiate from 
the center \\·here they \1·cre in troduced an d enntu :: II:: 
clcYclop "equiformal" circular arc.'.ls that in the end would 
occupy the totnl area arnilablc. T he m odel is ncnr rr:1l -
iwcl becau:::c of the complex biol o!:!y of plnnt :::pecics, thrir 
compeliti1·c relations, unequal di,-pcrsal capetcitic:::. and 
cm·ironmcntal complexity. But Hul ten sh0\1·Cil thett the 
theoretical situation could be approximated "·ith m:iw of 
the total areas of a la rge number of species, and in oo dC1in~ 
he located a nu mber of centers of these "equiformal pro-
gres~iYe areas." 

In the Southern R ocky :Mountains the historical b.1.rk-
grouncl is very different from that oi the a rctic rc~ion< \\·il11 
which H ult en \YaS concerned. The region was not afier.tr>d 
directly by continental glaciation, and at no time \Ycrc 
large land areas com pletely dcrnid of plants. Prese!1t di~­

tribution patterns reflect ennts mu ch older than Pki~to­
cene, and the flora is mu ch larg:cr t11:1n thcit 0f the :\'orth . 
Except for a relnti\'cly sma ll number of SJW"ie.3 endemic to 
this area, the pat terns \ri th \1·hich one deal s repre.ocn t only 
the termini of cfotribut ion a reas of great n1 ::!:!nitudc . Fnr 
example, from almost all sides, major cli. triburion pattern~ 

com·en~e 11pon the Southern Rockie.;. The northern limits of· 
the 1\Icxican Plateau flora a rc there, as arc the rn11thern 
limits of the arctic flora, the eastern limit.' of the Great 
Basin flora, the we::tcrn limi ts of the Great Plains flora. ' 
L'nfor tu natcly, althou~h the patterns arc clear, the rlctailc·cl 
information from climatol og~-, gcolo!:!y, and ix1kontolo!:!y 
that might justify and explain them has not ~·ct been in te-
grated. The patterns a re outlined here in the hope of ~timn ­

lating ill\'cstigation and of thn~ seeming the needed in-
formation from the other branchc~ of biol o!:!~· and from 
geology. 

In the short time a\·ail:ihlc it ha::: been impo;:~ible t o pro-
Yiclc a complete analysis of the -! ,000 or rn species of higher 
plants, not to mention the cryptogcims, of the Southern 
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Hocky l\Iountnin fl ora . For one thing, ou r knowledge of dis-
trib11 t ions is stil l too incomplete to pe rmit this. At the risk 
of ,:ceming to bias the record in favor of the proposed 
hypo theses, those species that have been selected exemplify 
the patterns, and it is left to fu tu re research to determine 
whether the coincident patterns arc real or not . 

Hult.en (1937) pointed out some of the difficulties in this 
work. Among the most pertinent is the fa ct that nothing 
less than total dist ribution must be ~hO\m , because, whereas 
one might im.'.lginc that a generalized pattern should be 
ndcquatc, it is t he isolated outlier that is often most critical 
to an understanding of ecological tolcr:.:. nces or history of 
mi~rat i on. 

Hulten was especially critical of studies that use a siwrle 
~pc-c i es to solve a biogeographic problem and of ones that 
concern themseh·es wi th only a segment of a distribution 
patte rn. The present analysis is open to criticism on the 
1 ~11 tcr count because ,·ery differen t distribution pa t terns 
rn:1~· have homologous radiant arms into the Rocky i\Ioun-
t:1ins. \\'ith some at tention to the broauer distribution:il 
n rra, ::ome separation of these elemen ts may be effected, but 
01·r rsimplifications arc bound to creep in . 

Drrnusc the areas being considered here are only portions 
of the greater world areas, and because no inference is 
m :ule to "center of dispersal ,' ' or direction of migration, 
the writer prefers not to use Hulten's term, "equiformal 
prn!!rcssi\·c areas ." Instead the areas described herein are 
called "coincident areas." A group of species ha\·ing a coin-

·, . . . 
Juncus biglu F"?• s. · _ . . 

cidcnt area constitutes an clement. E lemen ts may be fur-
ther subdi\·ided into sub-clements. Coi ncident ::ircas arc 
either well-marked or vague to the extent that the species 
coincide in their ranges to a more or less marked de!!rec. 

THE CI!l.CU!\[POLA.R ELEMENT AND RELATED 
CORDILLERAN PATTERNS 

It has long been known that many plants of the Northern 
Hemisphere are found in an almost continuous ring on the 
fringes of Nort h America, Eurasia, and the interYcning 
islands (see Fig. 1). The occurrence of some of these species 
in the southern mountains of both continents, either \Yith a 
continuous connection or as disjunct populations, is also a 
fact that was ob\·ious to the earliest phytogcographcr5 . Yet 
the details of their distribution and the sorti ng of t hese pat-
terns into groups rc,·eal that there are significant gaps both 
in their meridional and Ja.t itudinal aspects. The circum-
polar plants are being mapped by Hulten (1953, 1DG2, and 
unpublish~) , who has presented in some detail (Hui ten, 
1058, p. 3-G) the theory of the origin and m igration of thi-
fiora. 

Hulten (1958) presents a signifi cnnt depa rtu re from the 
time-honored concept of the origin of the alpine fl ora .'.l.." 

postulated by Darwin, Hooker, and subsequent inn stigator;: 
(cited c:ulier in this chapter ) . He pos tulate;: a \Yarm and 
geni al T ertiary climate o\·er the nor thern worlJ , conclucin' 
to circumpolar distributions of many grou ps now com:iderrd 
to be temperate or subtropi cal. The on•et of the I ce A!;e." 

Figure 1. D is tribut ion of J 1rncus bigl11111 i-<, a !~·p i ca! cirr umpolnr pattern wi th south Prn ou t-
Ji c·r;;. Fro m H 11 l l(·11 (i!l62 ) . 
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not only rxtrrminnfed m:rnr of thrse plants in their north-
ern areas but eliminatrd them from r\·cn more southerly 
int ermed i,tte areas. The eircumpolar :1re:1 · were broken up, 
len \·ing i:;ol:l.trd frn irmrnt:<. Hult cn doP~ not in ~ i st that the 
pre~ent alpine flora migrated out of the Arctic at all but 
implies that the alpine flora s of the :Northern Hemisphere, 
originally more or less circumpolar, were aim fragmented 
b:< the climatic changes and persi~ted as isolated remnants 
in thr southern mountnins. Comprehen~ive accounts of the 
circumpola r species a re found in Hui ten (1958-1962). 

It is likely that the present low-altitude circumpolar 
a rctic flora reached that area by outward migration onto 
Yirgin areas left bare by the ice; this migration led them 
away from the mountain regions where they had been 
rn n ·iYing as fragmented populations of the old montane seg-
ment of the circumpolar Tertiary flora. 

In the Southern Rocki es the ri chest alpine communities 
a re situated where high ranges trending east-\\·est lie be-
t,\·cen or connect the p rincipal north-i:oulh ranges. These 
ranges nre all similar in that the:· are more constantly mesic 
thro11ghout the yra r than the conlrnsting north-::outh 
mountains. H ere the diurnnl insolat ion through the summer 
months seems to be less direc t or of shorter duration, result-
ing in a slow run-off, later snow beds, and development of 
sm:ll l bogs and lnkes at high clcvn t iom:. These ranges prob-
::ibl :-· esrape the SC'\·ere effects of the \\·inter ' ·Foelm" winds 
th:1t dry out the slope~ of the nor th-south ranges. R ::i rc 
species in these places may occur on eithe r north-facing 
or .south-facin g slopes, not nece::8n ril :-· on the summits but 
at rnmc ddance below. Cold-air drainage b::i::ins are also 
imponant relict area::. South Park, for exa mple, harbors a 
rolon1· of Salix candida Fliigg:c, Primula egaliksensis 
,,.orm~k.i., and l!alimolobos virgata (:\utt.) c;;chulz, and 
.\Iiddie Pa rk supports st::i nds of Rubus acaulis .\Iichx., 
C11stoplcris montana (Lam .) Bernh., ::i ncl Parnassia kotze-
buci Cham. & Sehl. 

..\. li~t of the especially r ich ::i lpine areas of Colorado, to-
gctlwr with thrir special attraction;:, i:: gi \·en below : 

1. .\[ount Ernns : Saxifraaa fol iolosa R. Br., Phippsia 
algida (Ph ipps) R. Br., J{oenigia is/andica L ., H ydrogrirn-
mia 1111,l/is (B .S.G.) Loci'kr, Orcas mart iana (Ho ppe & 
Horni'Ch.) Briel., Cet raria commixta (:\yl.) Th. Fr., Stereo-
caulon rivulorum 1\fagn. 

2. Jioojcr Pass : Eutrcma pcnlandii R ollins, Saussurea 
1crbcri Ilultcn, Festuca brachyphylla. Schultes, Bra.ya hu-
m;/i, Hobin.son, Armeria maritima (\Iii!.) Wi!ILI., O:cytropis 
]JO(locarpa A. Gray. 

3. Elk \fountains : Eriacron hwnilis Grah ., E. la.natus 
Hook., Stellaria irrigua Bunge, Senecio 7Jorteri Greene, Eri-
ophorum scheuchzeri H oppe, E. russeolurn Fri~e. This a re::i 
is unu-ual in its concentration of species that a rc Canadian 
Rock\· .\founta in types. 

4. San Juan-San Miguel R ange nen r Silverton: Cladonia 
mi tis Sand.st., Adiantimi 7iedat wn L., Eriophorurn scheuch-
zcri Hoppe, Parnassia kotzebuei Chnm. & Sehl. 

.\I ur h of our mountain Yr!!etation ca n be rclnted, directly 
or imlirr·ctly, to the Circumpol::ir E lement. Loc::i l endemics 
can be iinked to relat ives thnt are Xorthcrn R ocky l\Ioun-

tain types; these in tu rn arc relate<l to ~pecics thnt h::i\·c 
radiated across Boren! America, and these in turn to ci r-
cumpolar types. The sorting of patte rns into sub-element .-
is accomplished wi th this unclcr,;t :rnding alway:=: in mind. 
These sub-elements are listed below, in order of increa.-ing 
area: 

A. Southern Rocky ~founta in endemics, deriYed from 
Circumpolar Elements 

B. Central Rocky l\Iountain-Pncific K orthwest 
C. Northern Rocky l\Iountain 
D . American radiants 
E. Boreal-Asiatic 
F. Circumpolar 

Boreal-Asiatic sub-element. The Boreal-Asintic sub-element 
comprises species of the general circumpola r di>:tribution 
that tend to be concentrated in the mountains of \Yestern ' 
America, Asia, and southern E urope, rare or ab:;:ent in the 
American Arctic, and generally ab::ent from ScandinnYi::i. 
This extremely interesting group in our flora cont::iins the 
follO\\·ing types: 

1. Genera with close relnti ,·es in Cent ral A~ia: e.g. 
Besseya (Scrophulariaceae), related to Eurasian lhdf en ici 
and Picrorhiza (fide Pennell , 1933): Cli ionoph ila (Serophu-
lnriaceae ), related to Ch e/one? ; OreoJ:is (l-mbellifer:w ), 
rein tcd to Liguslicum? 

2. Genera with endemic species in the Rock ies and dif-
feren t endemics in Eur::isia; e.g. Aquilcgia (Ranunculaceae). 
se,·eral blue-flowered species in Rockie- with countcrp::ir s 
in Asia; Eritrichium (Borag:inaceae), two or three species in 
the we, tern Cordillera and the rest scattered in alpine ::incl 
Arctic Eurasia (Fig. 2) ; H e/ictotrichon ( Gr::tmineae), \\·o 
species in the Rockies, many in Eur::isia. 

3. Rocky Mountain forms only racially di~tinct from 
Eurasian counterparts: Androsace chamacjasme Ho.-;t., 
Aster alpinus L., Braya lwmilis (C. A. ~Icy.) Rob., Arl c-
misia arctica Less. 

4. Highly uniform species isolated in \Yiclely Ji.-junct are:.is 
of the Rocky .i\Iountnins ::ind Asia: Stellaria umbcilota 
Turcz., S. irrigua Bunge, Draba fladnizensis '\Yu lf., Ra11101-
culus gelidus l(ar. & l{nr., Crepis nana Rich., Gcntiana 
prostrata Haenke. 

The Boreal-As iatic sub-clement of the circumpolar flor::i 
is probably a wry old T ertia ry one; i t h::is r::iJia tee! ::it Yari -
ous times to produce circumpolar types. For r xam plr, Cer--
astium beeringianum Cham . & Schlecht., "tudied b:-· Hultfo 
(195G), has a fairly typical Bore::il -:\.si::it ic dist ribu tion re-
inforced in the genera l area by the related C. fischcrianum -
ancl C. jeneseiense, which a rc Amphi-Beringiar. and E:iotc·rn 
Asiatic respecfo·ely. Other rela ted species in the same group 
have reached and now occupy segment s of the northeast 
America-Grcenlnnd-Scandina\'i:l areas. 

Eritrichiwn aretioides (Cham .) DC. (Bornginace::ie), 
typifies the pattern of Doreal-Asiat ic cldributions in our 
area . Lechner-Pock (1956) reviewed the species of the 
E. nanurn group (Fig. 2), to which this belong.- and ~howrtl 
tha t the group as a whole occupies fou r m::ijo r area.:;: (1) 
::i n Arct ic b r lt in Eurasia with outlying st::itions ns far \rr.-t 

I 

'" 

,. 

... 

l 



•' 

•• 

rl 

PLA.\'T GEOGRAPfll" I N THE SOl;TJJERY ROC'JUES .Vll 
I 

Figure 2. Distribution of the Eritrichium nanum group, a Borcal-Asi::itic p::it tPrn. From Lech-
ner-Pock (195G). S~·mbols represent differrnl taxa . 

as Eob Peninsula: (2) the mountainou~ region:: of Central 
Aoia and Central Europe; (3 ) the lnnds on either j de of 
the Bering Sea (IL11nchatka, eastern Siberia, and Ab::ka); 
aml (-t) the Rocky :'\fountains. Thus there are major dis-
.iunctions of the same or rcbted species beh1·een (1) and 
(2) on the one hand aml (3) and (4) on the other. The 
group is absent from the . .\mcrican Arctic east of Alaska. 
Fi1·c species comprise the :::ubgenus: three of these are 
Eurasian: E. nanum (Alp~) , E. jankae (Carpathians), and 
E. i·illo~um (Asia, Caucasus, Arctic Europe), and tll'o are 
.·\merican-East A:::i:rn: E. arctioides ( discu:::.secl aboH) and 
E. chamissonis (Bering Strait). 

The I3orcal-Asiatic rnb-element, as far as it seems to be 
composed of species \\'ith clo::e rclati1·rs in . .\sia, tends to be 
:ilpinc. Ho11·c1·cr, if one cxtrapoiate:=: t.his elemrnt to relat ed 
genera that arc no\\' rndcmic in \\'C~tcrn Korth America, 
thl'rc is a snggc::tion that this clement "~ceded" the 8out h-
1•:cotcrn desert areas ll'i th thc::e groups. It seems likely that 
Cry71tantha. Onosmodium . JI ertl'nsia. and other such 
g:rnrra are ultimately rrlatcd to ancient A~iatic genera. 

The alpine members of the I3o re:d -A~ i at i c clement include 
~pc·r).e :: that Yary from common and widespread to rare and 
hidily disjunct. Th is clement includes conserYati1·c species 
tl1:u npprar to he rnuch like their Asiatic counterpnr ts, 
"r:1c~"' ::=pccir~ forming intercontinrntnl chains of subspecies, 
nncl tho.-e ~pccic·~ 11·ho~c rclation:'hips to Asintic countcr-
p:1 rr~ :ire probably close but untested. 

/Ju real-A mcrican sub-element. A fc11· alpine 6pecirs belong 
to :1 gronp that has radiated into Doreal America but no 
l:inhPr (Fi~. 3). Howcnr, nll of these arc clearly rchtecl to 
Borc:d-A,:i:1tic gro1q1,;, on the one hand , and to circumpolar 
,pccil's on the other. These include: .'irenaria obtusiloba 
ln1db.) Frrn .. Carex tans Drcjcr, Fcsluca baffinensis 
Polunin, Gc11m rossii (R. Br.) Ser., Oxytropis podocarpa 
.-\. Cr:ty, 0. l'iscida :\utt., Potenti//a hookeriana lehm., 
!'. r11brica11/i1> lchm., and Stc/laria monantha Hulten. 

Central Rocky JI ountain-Pacific X arthu·cst sub-clement. 
A om:i ll group of Central Tiocky :\fountain-Pacific Korth-

\\'est specie;:, isolated from the next nor IH'rn nrc:1 of di~­
tribution by the IY~·ominn: de5rrts, occur;-: in the Park Jhn!!'.c 
north of Steamboat Spring5, Colornclo, with outlin~ :1~ far 
south as Rocky :'\fountain -:'\ational P'.trk and Rabbit L :iF 

Pass. This pattern is characterizrcl by Rhododendron a!b i-
f/orum Hook. and Trillium ovatum Pur5h, which arc qui1~ 
ob1·iously derirntiws of Tertiary relict~. Thi' group oi ,.:pe-
cies must haYe had a continuity of ranf!e nortlmc,,t1rarcl 
prior to the desiccation of the southern \ryominn: hi!;!;h 
desert. The assemblage imparts a characteristic nortlrn·c~t­

crn flaYor to this rc!!'.ional flora. The enYironment is con-
siderably more mesic <h,rn in tltr mountains to the :::au h, 
and the area supports an isolated popubticn of the 11·ood 
frog, Rana sylvatica cantabrigcnsis I3aircl (:'lfaslin, 10501. 
This sub-clement include~: Antcnnaria luzulvides T. & G., 
Botrychium multifidum ~~j). colllteri ("Cnclcrw.) Clau~en. 

Cypripedium jasciculatum Ecllo~~' Fritiilnria purlicn 
(Pursh) Spreng., fr esia uordonii (Hook.) T . & C., Leu·ioin 
triphylla (S. Watd Robinson, .llimulus leicisii Pur~h, 

Figure 3. Di~tribution of Sit l/m·ia 11in!ir111-

tha, n Borcal-:\ mrric:1n p:1t 1 ern. 
Frorn Porsilll (1%3). Colorado ~l:t­
tions nut shown. 
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,If. moschatus Doug!., Pol ygo11um minimum S. Wats., 
Potcntilla g/andulosa Lindi., Rh ododl'nrlron albifforum 
Hook., Trillium ovatum Pursh, Viola purpurca E:ellogg, 
H'yethia amplexicaulis (Nutt. ) Nutt., and Bryum sand-
bcrgii Holz. 

Northern Rocky J1I ountain sub-element. In Colorado, the 
essentially east-west-trending San J uan Range, Elk :Moun-
t::iin::, and Hoosier Ridge support populations of a number 
of species disjunct from the Xorthern Rock~· ;\Iount::iins. 
This sma ll group includes : Adiantum 11edat11m L., Crepis 
na11a Rich., Erigeron lanatus Hook., Scnecio porteri Greene, 
Eutrcma penlandii Rollins (afl. E. edwardsii ), and Saus-
surea u·eberi Hult. (afl. S. Yiscida) . 

::'IBDRO-TERTIARY ELEMEXT 

The i.Iadro-Terti ary flor:i has been discus:::ecl in as much 
detail :rnd fo r as long a time as the circumpolar flora. 
Hooker had much to say about the :.'11cxican Pl:i.te:rn sou rce 
of the southwestern flora. Watson (1890) and Abrams 
(HI l :~) also discus:;:ed the origins of south,Ye;::tern plants, 
and . .\xelrod (19-lS) has developed :i. general theory of the 
hi:::tory of this ancient element in our flora. Loc:i.lly, l\Iac-
Ginitie's (1953) ''"ork on the Florissant fos~il flora is a 
b.'.l;::ic somce of information on t he flora and climate of 
Oligocene t imes in Colorado, and Hay (1!"139) has analyzed 
thr "\fPxir:m elrmrnt in the Colornr.lo flora. 
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F:µ:ur<' -1. D:str;bll ion of Aletcs :rnd Seo-
7>nrt'yn . µ:cner::t. with :\Jadro-TC'r -
t!ar.\· rc·l'.d patterns. (Ale/es acf/11 -
li.•. bl:i«k ~q 11:1rP~. fa ll s into the 
Chihu:1h11:tn Sllb-r·kmPnt .) From 
ThPoh:1ld rt al. ( lflG1). 

These southern elements are of peripheral imponance to 
a study of the Rocky l\lountain flam becau~e fc\\" 'pccir5 
reach very high altitudes. Holl"eYer, the foothill s flora 
contains a woody element not unlike a portion of that found 
by MacGinitie in the Florissant formation. These arc dis-
cussed under "Tertiary Relicts." There is furthermore a 
strongly developed coincident area of species that appear to 
be :i.ctively encroaching northward along t he mount::iin ba;;:e 
on the eastern slope. This element centers in \\·est Texa,:;, 
eastern New Mexico, and Chihuahtt :i. and m::iy be c::illed 
the Chihuahuan sub-element. On the western side of the 
mountains a number of Great Basin :rnd Soutlme~t Desert 
species penetrate far into the mountainous area by way of 
the deep, warm canyons. These may be calleJ the Sonoran-
Great Basin sub-element. A fourth group con.,ists of a fell" 
genera that have given rise to a lpine r.'.lccs of local cle;;:ert 
species. 

Tertiary R elict sub-element. This element is epitomized b~· 

Jamesia americana. Jamesia is a monotypic !;enus of thr 
Hydrangeaceae with no close relati,·es in the rnodrrn flo ra 
of this region, but probably closely rel:lteJ to A~i :1 t ir ;;:pe-
cies of Deutzia. Leaves of Jamcsia ha,·c bern reported from 
the Creede (Mio-Pliocene) flora by Ste"·art. (10-10). The 
modern distribution of Jamcsia com:ists of a continnou ., 
area in the eastern foothills of the Colorado Rockies, so11th 
to northern ?\ew :.\Iexico, and cli~cont inuous are:is in the 
mountains of southern ::\e''" :.\Iexico to the ::outhe:1~ tern 

corner of Arizona. The species al.:'o reappea rs Jo,.ally on 1hP 
e:ist slope of the southern Sierra Nenda of California. 

Rubus deliciosus Torr. is similarly reEt ricted to the ea.-t 
~lope of the Rockies but has an outlying relatiYe in \\·e;:tern 
Color~Hlo and rtah. Selaqi11ella weatherbiana Tryon j3 

limited to cool north-facing canyonsir.les in the ea.::tern foot -
hill;: from northern Colorado to southern ::\e,1· :\Icxico. The 
umbell iferous genera .4.letes, i\' eoparrya (Fig. 4). and Har-
bouria haYe essentially the same distribution. :i.lthough 
Alrtcs also has a Colorado Plateau member. 

It is significant th:1t :i. number of the speciC':- di;: playing 
thi:: d istribution are types that ha,·e a ,1·or[d,1·ide Tertia ry 
Relict status. Thi;, is especi::dly t.ruC: of the fc:rn;: , rnme 
bryophytes, and lichen;:. The ferns Asp eniwn scptentrionnir 
(L .) Hoffm., A. adiantwn-nigrum L., Dryoptr ,.;., filii--ma .; 
(L.) Schott, the moss Anacolia laevisphaera (Tayl.) FlO\Y-
ers, and the lichens Normandina pulchclla (Dorr.) Xyl., 
Cctraria glauca (1.) Ach., Cetraria chloroph ylla (\Yi lld.) 
\ 'a in. , Sticta weigelii (Ach.) Vai n, Anaptychia leucomclocna 
(L.) Vain. are quite out of place in the pre::Lnt Ro1.' k~· 

l\fountain flora but show interesting world ddrihution;; 
involving more oceanic or subtropic:i.l regions. 

This group includes species of peculia r ecologicil require-
ments. They evidently \\"ere once widespread in the foothill 
flora of the West but harn been el iminated with increasin~ 
aridity, leaving isolated remnants in three pri :ic ipal areas : 
the east slope of the Rockies, the Coiorado Plateaus, anrl 
the eastern Sierra ::\eyada. ?\Iany of these spcries are cliff-
dwell ing types th::it may combine high miter requirement;: 
ll"ith oblig:i.te sa::-..icoly or low competitirn ability . On the 
eastern slope of the Rockies this ecological combination i ~ 

fulfilled by the steep esca rpments which, combined \\·it h 
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local :-ttmo,phcri c pcculi:-tritics, produce a cloud veil th:tt 
re;:11 lt!" in local pockets of temporary high humidity (Ives, 
1038). 

Sc,·eral additional species belonging to this old mesie 
Tertiary flora haYe persi:otec! in much larger areas in the 
forc:::tcd region::. Pachystima myrsinites (Pursh) Raf., 
.ll aho 11ia re71ens Linell., M . fremo11tii (Torr.) Fedde and 
spec ies of Pop 11/ us, Ribes, and Cercncarpus represent the 
more sucr<':'.'fu l sun·irnrs of this group. Other Tertiary Rel-
ict" in cl ut! : Acer arandidcntatum :'.\utt. ex T. & G., Asple-
11i11m adiantum-nigrum L., Asplenium scpte11trionale (L). 
IIoffm ., Dryoptcris filix-mas (1.) Schott, Epipactis aigantea 
D o11gl. ex Hook ., Jamesiri americana T. & G ., Pachystima 
myrsi11itcs (I'ur~h) R af., Philade/phus microphyllus A. 
Gray, Ptclea trifoliata L ., Rhamnus smithii Greene. Robi-
nia neomexicana .\.Gray, Rubus deliciosus T orr. , Selaginella 
u·cathcrbiana Tyron , l!a rbouria trach1111lcura (.\ . Gray) ··'\ 
C. & R .. Neopa rrya lithophila :\fa thia::', Aletes acaulis 
(Torr.) C. & R., Alctes humilis C. &: R., and Aletes mac-
dourwlii C. & R. 

Cliil111al111an sub-clc111e11 / . In the Chihu:1huan sub-clement is 
inr iudcd a group of spec ie::' thar orrupY wc~t Texas. eastern 
:\",..,,. :\Irxi co, and uEually Chihuahua and that J1 ~w a co-
in <'idPnt arc.'l extrndi ng nonhwc,t into Colorado along the 
.-\ rbn:'as drainage !"ystcm. Probably this p::ittcrn contributes 
a gone! number of ~pec i cs to the Ho ra of the southern Great 
Pi:iin:o, ::ind in some in<itanccs to Eo11thc.'l,tcrn l"ni ted States. 
I t appe::ir:; to be a more or Jc:;;: di"t inct group bcrau~c the 
"l'l'Ci "" in Colorado arc decidedly " ca:< te rn ., and do not oc-
cur in the south\\·estcrn corner, nor do most of them occu r 
'H''' of so11t hea;; tern Ari zona . 

.3m; h from the Boulde r a rea. the flora change:; d r:11nat-
i1':1:' :.- in ::e ,·eral :;tage::: . . Juot ::outh oi Dcnn' r one en-
coun er::' the fir:::t :::tand5 of Quercus aambelii :'\utt., which 
lwromc::' an im portant opecic" to the south. Ju~t north of 
Culrirado Spring;:, Pinu:; edulis Engclm. appear>, and a few 
mik·:: to the ~ourh of that ci ty the candel:1bra cactus, 
Op u11 tia arborc11cc1111 Engclm . bccomp~ conspic11ou:::. :Near 
\r:li::cnb11rii J1111i11cru:; 111onospu111a (Engclm.) Sarg. makes 
it:' :q11't'a rancc. and ,,·hrn the . .\ rkan;;[I:' ni,·er i.'! reached a 
nt11nhrr of hcrbaccouo plant:; and :;ufTruticuse species of 
::n11t l1l'rn aflinitic::' add to the ]J:1ltern. The numl.Jer of 
'='i'c' l'I<':- / belonging- to the distribut ion pattern clrnracter-
i,.- tir:dl~· including \rco:t Tcxa;;, easte rn i\ cw :\Icxico, and the 
Chi la1aln1an desert increases southeastwa rd along the Ar-
k:11i-:1.~ Hi,·cr drainage until at the soul11 castern corner of 
Culorado the entire tlorn is dominated by this clement. 

The diotribu tion pattern of Pi11us edulii; indica tes that it 
Lc·lung.- to the l\fadro-Tertiary clement, which "·ith Chi-
hu:1lu1:1 n .-'t1 b-l'lc1m·nt, appears to fill a n expanding rather 
th:1n :t retreating a rc:t in ea;::tc rn Colorado. This peculiarity 
i~ cxpl:tined by Cain ( 1 !)H): ":\n expanding area tends to 
ha,·c :l rcla tin·l~· con tinu ous bounda ry and a homogeneous 
topograph~·, whereas a contr:1cting area tends to haYe a 
rclati,·rly discontinuous bound:t ry and an irregular and 
broken topography .... The principal reasons for the 
alJo,·c rcla ti onohips arc the fact that the expandi ng arc:t 
ha;: not reached effecti,·e barriers an d t h:1 t the cont ract ing 
a rea lc:1\·c,; behind relict colonic::: in loca l situat ions \\·here 

frequently edaphic or mi croclima tic ronclition~ proYide at 
least temporary compensation for a general clima tic un-
fayorableness ." 

It docs not seem necessa ry to the argument to insist that 
effectiYe barriers have not been reached, for it is quit e 
obvious that in our flora, at least, the barriers exist and 
have been reached by many species in this pattern. H O\Y-

ever , the barriers thernseh-es are very likely moving north-
ward, permitting a slow encroachment, and the differential 
extensions of the various species indicate that different 
species are limited in their spread by different combina-
tions of climatic extremes. 

In the Southern Rocky Mountains Pinus edulis reaches 
the Wyoming state line (Peterson, 1062) on the west side of 
the mountains, but on the east slope its limi t of maximum 
continuous distribution is in the Colorado Springs region 
westward to Monarch Pass . It is th erefore anomalous t o 
find a colony of piii.on pine about 250 km to the north, in 
Owl Canyon, 50 km north1wst of F ort Collins . Th i.~ popu-
lation has been regarded by many botanists as a relict pop-
ulation; this interpretation \Yould be out of harmony "·ith 
the general theory proposed here and would place it in the 
general Cordilleran pattern, which is a contracting a rea . Docs 
this colony really represent the remnant of an ancient ex-
tension of the species ? Or is there some other cxpb nation'.' 

Wright (1952) mapped the stand, took bo rin~::: of the 
treer-, and listed the associated wgctat ion. He found th1t 
the age of the six largest trees ranged from 31 7 to 312 
years and that the population radiates ou t from a small 
group of old trees in the nortlrn-est corner of the gro,·e. I n 
other words, the population can be projected back oniy 
300 years to a small cluster of t rees all concentrated in one 
gully. The :tssociatecl Yegetation contains no species pain in~ 
to a southern relict stand; enn the juniper a:osociatccl \Yi th 
this piii.on stand is Juniperus scopulorum rather than J. 
monosperma, the usual associate of piii.on on the eastern 
slope. Wrigh t held that this isolated stand, instead oi 
representing a relict stand, represents a chance in troduc -
tion, possibly through the agency of animals that might harn 
rifled supplies of Indians carrying the nuts from place to 
place. The survival of the pi1'\on on this oi tc may be at -
tributed, in its turn, to a combination of calc: rcou;: ~uli­

stratc, eastern exposure, and ::m open cornmumtY prc"ent 
in the beginning. In recent times, the pi ii on has been op re~t' 1 
to seYeral nearby localiti e.:: , probably by jays (Weber , 10Gl). 
where isolated indi,·idua ls ranging from a few years to 100 
Years old haYe been found. 
. Species of the Chihuahuan sub-clement include : Abllti/011 
inca.nu.m (Link) Sweet , Anrlropoaon saccharoidcs S1Y., :ir-
aemonc squarrosa Greene, Ascle pias macrotis T orr., A. 
ocnotheroides Cham. & Schlecht., Asplenium rcsiliens 1\:1111zc, 
Bcrlandiera lyrata Dcnth ., JJout eloua barbata bg., B . 
eriopoda (Torr .) Torr., Clicila nthcs catonii Baker, C. 
u·ootonii :!\Iaxon, Croton texensis (E.lotsc h) l\Iucll. .-\ rg., 
Cucurbita foctidissima H.D .I\:., Dalea lan ata Spreng., D. 
na11a Torr., Dcsma11thus cooleyi (Eaton) Trcl., Enaclm an -
nia pinnatifida T. & G., Eraarostis oxy/epis (Torr .) T orr., 
Erivchloa co11tracta Hitchc., Gail/ardia pulchclla Fouc:., 
lloffm a11scagia densiflora Dcnth., II. Jrqwnocarpa A. Gray, 
H. jamcsii T. & G., Junipcrus monospcnna (Engclm.) S.irg., 
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Kramcria spp., Melampodium cinrreum DC., Mimosa bo-
rcalis A. Gray, Pala! o.ria ~pp., Pcricomc caudat.a A. Gray, 
Sapindus saponaria L ., Sarcostcmma crispum Bcnth., Stil-
li119ia sylvatica Gard., and Thclespcrma spp. 

Sonoran-Great Basin sub-elemen t. The desert flora that 
penetrates far into the R ockic.s Ly \ray of the warm rinr 
Yalleys, canyon \mils, and arid plateaus is a conspicuous 
clement in \"Vestcrn Colorado, repref'ented by hundreds of 
~pccics, of \1·hich it is rnfficicnt to name only a few genera : 
Astragalus, Atriplcx, Cryptanlha, Phacelia, and Gilia. These 
groups arc c\·idently elaborations of the old Tertiary flora 
that radiated into the Great Basin from a l\Iexican reservoir. 
The lmv diYides in rnuthern \Vyomi ng and northern New 
~Irxico haYe permi t ted a number of species of this western 
group to o\·erfiow into favorable site~ on the e:istern face of 
the Rockies, part icularly those specirs that nre adapted to 
sh:1lc outcrops. The Pierre and ); iobra ra shales along the 
ea~tern foothills support local stand:: of es~rnt ially western 
species, e.g., Physaria australis (Pays.) Tiollins. Eriogonum 
campanu!at.wn K utt., and Erigeron cwius .-\. Gray. 

A discussion of thi" Luge and complicated group is out-
side the scope of this paper, becarn=c the flora is not chiefly 
Tiocky :\fountain in composition . The im portance of this 
element a rises from thr fact that the Great Basin flora 
has contributed ;:cn•ral species to the Rocky Mountain 
alpine flo ra , \Yhich ,,·ill be di :=:c u::=:=:ed next. 

Alpine-Desert disjunct rirariads. One of the distinct differ-
ence" bctwren the alpine areas of the Southe rn Rockies 
and of the Sicrr:t XeYada of California is the almost total 
lack of desert ~nnual;:; in thr former. In fact, the Southern 
Rockir:=: boa:'t a single alpine annual, I\oenigia islandica L., 
and thi;: i:' not :it all related to the loca l de:=:ert clement but 
bc·lon!!;; to 1 he circumpolar arctic flora. 

On the other hand, sc,·cral of the common desert peren-
11i:1b ~re rcpre:'cntrd in the alpinr zone b,· subspecies or 
cioct'l,· rrlated ;:;pecirs . Since their distribution from desert 

Fig:urc 5. Distribution of Salix serissi111a 
(li:1tching and l:i rgc dots) :rnd S. 
pcliularis (fine do tting and trian -
gles), two castt>rn woodland spe-
cies. From Ball ( El 10) . 

to alpine zone is int errupted by the forested belt thPy ma1· 
be said to be disjunct races . The pre~encc of such dr:=:Nt 
types as Hymenoxys, Cilia (Ivomopsis ) , Le-<r;ucrc/la. and 
Paronychia in the alpine flora impa rts an nnomalou;; rt.opcct 
to the tundra. Following is a li~t of desert spccie:3 ,,·i: h their 
alpine counterparts: Hymenoxys acaulis (Pur;:h) Parker an d 
H. acaulis var. caespitosa (A. Nels .) P a rker ; Orco.ris alpina 
ssp. puberulenta W. A. \Veber and 0. alpi11n ::sp. alpina 
(A. Gray) C. & R.; Paronychia sessiliflora Xu1t. ::sr . scs-
siliflora and P. sessilifl.ora ssp . pulvi11ata (A. Gr:1y) \Y .. .\.. 
W eber; Erysimum capitatum (Doug!.) Greene and E. 11i1·aie 
(Greene) Rydb.; Gilia spicata Nutt. and C. (Jlobularis 
Brand; Eriogonum jamesii Bcnth. and E. fiarnm Xutt. 

The enlargement of this list to include other alpine 
specirs belonging to genera found in the adjacent clc;;rns 
must be done very cautiously. The alpine species of Tri-
fol ium, for example, ·are much mo re closely related to 
Eurasian alpine counterparts than to local de.ocrt-~tcp pc· 

species, and the alpine Phlox condcnsata (A. Gray) .-\. Xrl-. 
is cYidently much closer to the \\"C'Stern Arc1ic-ca~rc·rn 

Asiatic Phlox sibirica or P. richardsonii than ir is ;o loc::l 
species. 

EASTERN ""OODLAXD-PfHJRIE ELE'.\IEXT 

Along the east face of the Front Ranqcs of Colorado an ,: 
N ew l\Ie:'l.ico, and at ocattered points in a ::ourhwcsterh· 
direction into southcasternmost Ari zona, char:1cteri>tic mem-
bers of the flora of the northeastern uni ted St:ite;: occur 
in favor:i.ble rnesic localities. These localitir;: inclucl(' for -
ested nor theast-facing ravines in the foothill~, moi.ot gulches 
at the junction \Yith the plains, prairie remnants, and open 
pine forests of gentle topography abutting on the piains. 
Li,·ingston (1052) ,,·as concerned \Yith this group ::i-· :i ;;roL-
lem in ecology ra ther than historical phyto'.beogr:q1hy . 

SeYcral facts concerning these plants are notC\\·onhy. 
l\fost or all of the species also occur in the f::imo11;; mixc- r[ 
Cordilleran-Boreal-c:istern forests and prairies of the BLtc;,: 
Hills of South Dakota, and the prc.'icnt dist ribution in the 
Rocky l\.foun t&ins (see Fig. 5) may be con~idercd a ir:t'.!-
ment:i.ry remnant of this old pattern along t he '.bnks of th;; 
Rocky ~fountains . In Color::ido, the Contincnt::i! Di1·ide acts 
as a complete barrier to the wcst\rard extension of thi~ p::it-
tern, which suggests that the distribution po~tcbtes the la.;:: 
uplift of the area. 

The mixing of these species with the Cordilleran fl or:-:. 
at their present locations mig:h t be expl:1inecl by rrn exten-
sion of the Cordilleran flora along highlands ra;:t1Yarc! dur-
ing the Pleistocene . encouraged by the el im:itic clungc' ac 
the 101Yer altit11des and the depres;:ion of timberline abon-. 
accompanied by a wcst \\'a rd extension of the ca;;rcrn flora 
along the principal watercourses . P ostglaci:1l cYents would 
h ::w e caused each clement to retreat tO\Yard its origin:tl 
center, lcaYing rem nants in the most fayo r:ible -::ires at e:ich 
encl of the farthest extension. The mixture of Rocky ::\foun-
tain, Borea l, and eastern clements is most pronounced in 
the Black Hills. Sout hward, where increasing aririit\· h:io 
eliminated all but :i few species, the pattc·rn occurs in 
smaller and more widely isolated patches. 

The eastern species are farnred in areas whe re the tran-i-
tion from high plains to mountains is especially abrupt. In 

l 
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such areas, excmrlificd by the prominent face of Green 
~fountai n near Boulder, Colorado, the almost vertical 
escarpment pro,·idcs a wall ri;,ing from 1,600 m to oYer 
2,400 m. This wall proYides steep, cool, sheltered northeast-
fa cing ra\·incs and at certain times of the year intercepts air 
ma~"es in such a \YaY as to produce a local cloud veil. The 
concomitant increase of humidity protects eastern relicts 
of high moisture requi rements and encourages the develop-
ment of local pockets of Yegetation quite unlike that in the 
surrounding foothills. It is interrsting to find that this 
"eastern" element is drawn from the entire taxonomic spec-
trum, from the lichens on up to the phanerogams. 

Probably some of these species were nearly extinct in 
thio area at the time of the arri,·al of white men. But the 
,,·hite man soon introduced irrigation, ~rnd as a result some 
of these species have spread along the irrigation ditches. It 
is also possible that some species of eastern distrilrntion 
haYe actually been introduced by the early settlers them-
selw·~ in this \Yay, or haYe escaped from nurseries featuring 
wild opccies. 

In some instances it is almost impossible to tel l whether 
a plant was originally natin here or was in troduced. 
Thalictnon dasycarpum Fisch. & Lall. and Eupatorium 
maculatum L. are almost unque8tionably natins and are 
now r;; ablished locally along ditches. But it is hard to 
decide whether this is also true of Im patiens capensis 
:\kerb., Acorus calamlls L., and Leersia oryzoidcs (1.) Sw. 

For ~uch an apparent]~· diwrsified area, the striking absence 
oi narrow endemi::m is a remarkable featu re of the flora. 
Tile rrasons for this are complex ::ind little studied. 

T he following is a re::trnnably complete list of the high 
rno11ntain endemics of the southern Rockies: most of these 
~ cm o be related to Great Basin specirs: Aquilegia saxi-
111011ta11a Rydb., Arcnaria macrantha (Rydb.) A. Keb., 
A rtcmisia pattersonii A . Gra~·, Astragalus molybdenus 
B:Hnl'by, Castilleja ha ydenii (A. Gray) Cockerell, C. oc-
cidrntalis Torr., C. puberula Rydb., Chionophila jamesii 
Bl·nth., Draba crassa Rydb., D. ex1111guiculata (Schulz) C. L. 
Hi chcock, D. graminca Greene, D. grayana (Rydb.) C. 1. 
Hi tc-hc ., D . strrptocarpa A. Gray, Erigeron mela11oce71halus 
A. :\'els., En'ogonum coloradcnse Small, Eutrcma penlandii 
Rollin,:, Cilia globularis Brand, Ila plopappus clementis 
(P.~«lb.) Blake, Haplopappus pyg111aeus (T. & G.) Gray, 
Ifr!ictotriclwn mortonianum (Scribn.) Hcnr., Kobresia ma-
crurnrpa Clokey, Mertensia alpina (Torr.) G. Don, Oreoxis 
lJ,1:. Ni C. & R., 0. humilis Raf., Pe11 stcmo11 ha/Iii A. Gray, 
P. harbourii A. Gray, Podistera eastwoodae (C. & R.) :'.\lath. 
& Const., Ranunculus macauleyi A. Gray, R. adoneus A. 
Gr:1y, Saussurea iceberi Hulten, Senecio soldanella A. Gray, 
S. taraxacoides (A. Gray) Greene, Tou:nscndia rothrockii A. 
Gr:l}", Trifo limn attenuatum Greene, and T. brandegei S. 
\\'at:.:. 

}f o.~t of the endemics of lmYer elevations nre plants of 
arid land~ in the Color:ulo Pbteau country (Lo111ati11m, 
:l .,t raga/us. Cryptantha, Pe11stemo11, Townsrndia). A few 
of the mo11n tai n endemics (Cilia globularis, Mertc11sia al-

pina. Haplopappus clemcntis, Hymcnopappus 11e1cberryi. 
are ob,·iously deriYed from the surrounding clr:;,ert flora , in 
most instances easily matched to their respect iYe ,·icariad;::. 

A small remainder are ob,·iou..ly related to arctic species 
(Luzula subcapitata, Eu.trema penlandii) or to northern 
Cordillcran types with further relationship \YCstwarcl acrrn;s 
Beringia (Saussurea weberi Hulten , aff. S. viscida Hulten 
of Alaska; Kobresia macrocarpa Clokey, afj. K. hyperborca 
Porsilcl) . A very few represent remnants of the old Tertiary 
flora. These are well illustrated by the monotypic genus 
N eoparrya, and by Rubus deliciosus Torr., Alctes anisatl1s 
and A. humilis, Selaginella u·eathcrbiana, and the lichen 
Candelariella spraguei, all of which are endemic along 
the eastern foothills in a line leading from southern \'\'y-
arning to northern New Me:-.ico. The list is necessa rily some-
what incomplete because of judgment decisions on the 
"narrowness" of the endemism. 

The general problem of edaphic endemirn1 has been 
thoroughly elaborated by :\Ia:::on (19-16), and specific parts 
of the problem have been discussed by Trelease and Beath 
( 1949), Johnston ( 1941), and Pemon ( 195G). 

Trelcase and Death's study (1949) of ;::elenifcrous ]Jlant .~ 

has parti cula r importance in our area, brc:rn;:e a number 
of species ::ire limited in their distribut ion by the outcro p2 of 
rocks containing selenium. Some species of Astragalus. 
!llachaeranthera (Xylorhiza°l, and tanleya. arc thus af-
fected, and these plant;: ha\·e played an importan t pan in 
the history of the cattle industry becau:;,e of the poi;:onous 
qualities of plants containing: sclrnium. Jlaplopappus f re-
montii A. Gray, Eriogonum lach11oqy1111m Torr., and Par-
thenium alpinum (::\utt.) T. & G. nppear to be selcnophiles 
in our flora. 

Johnston (1941) discusses the occurrence anti restri ction 
of plants on gyprnm soib in ;.rexieo. In the Rocky }foun-
tnin flora, Cryptantha paradoxa (A. :\els.) Payson, Fra nke-
nia jamesii Torr ., ::ind To1rnsendia annua Beaman :1ppca r 
to be restricted to gyp;:um outcrops. 

In many parts of the world limestone and calcareous soils 
arc of great importance in plant dist ribution. It is therefore 
oi interest that many species that arc proved to be c:1lriphilc·;o 
in northern Europe, e.g. Dryas octopetala L. nnd Kob resia 
simpliciuscula (Wahlenb.) }fock., are not so in tiw ;;;outhem 
nockies. This is a problem th:1t neecls stud:-·. Funhrrmore. 
the limestone outcrops do not appear to be critical from 
the standpoint of fern distribution, as the~· often arc in 
eastern :\orth America. Ho1Ye,·er, certain lichens (:1caro-
spora glaucocarpa (\Vahlenb.) E:ocrb., Placynthium niyrum 
(Huds.) S. Gray and certain bryophytc~ (Orth otrichwn 
jamesianum Sul!. & Lesq., Didymodon spp.), being much 
more closely tied to :;,ubstratcs, are limited to limestone . 

ClffPTOG.UUC Dl$TIUilt:TION P.\TTEnxs 

Some information is now arnilable concerning the extent 
to which the mo;>ses, hepatic~, and lichens mirror the di~­
tribution patterns of the higher plants. Generally srcakin:r , 
the ranges of most cryptogams arc broader than those oi 
phanerogams, and many more specie· arc widely di~junc-t 
over the world. But the reason,; for this arc not ncce~5:nil:• 
related to the case of dispersal by $porc:0 or sorcdia . The 
st riking di,eontinuities of the dc$ert and subtropical mo~sr·s 
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a nd milny crustose lichens a rgue for Tertiary or older 
orig-ins fo r th ese species, as well as for extraordinary genetic 
stability. 

In the Southern Rockies almost all the bryophyte species 
in t he mountains are well-known circumpolar types. The 
tlora of the alpine and subalpine regions can be analyzed 
with the help of any of the standard Scandinavian manuals. 
There is virtually no high-altitude endemism in our moss 
flora . On the other hand, in the fo othills and desert areas 
one encounters species belonging to the M adro-Tcrtiary 
flora, many of which range into ?llcxico, while some are com-
mon to the deserts of America, Central Asia, a nd North 
Africa. 

The lichen flora is much the same. The mountains have a 
Yery strong circumpolar or arctic-alpine element. Some-
what higher percentages of Cordilleran endemism occur, al -
though this may be an illusion, because we know little of the 
crusto~c flora of the high mountains of Asia. In the 
ea!"tcrn foothill::, a few species occur that seem to be 
correlated \rith the Eastern \Yoodland-Prairie clement dis-
cus,ccl earlier ( e.a. Parmcliop.•is placorodia, Umbilicaria 
71ustulata, and U. pcnsylvanica) . The cloud Yeil so often 
present on the eastern escarpment of the Front Range 
creates condit ions mcsic enough to support se,·eral species 
of hig-h moisture requirement, \Yhose occurrence is extremely 
unusual so for distant from the coastal influence ( Cetraria 
glauca, Cctraria chlorophylla) . 

One of the striking negatiYe aspects of the lichen flora 
is the scarcity of epiphytic macrolichens on the coniferous 
trees of the higher foothills and mountains. T heir absence 
m:ty be associated with the wry low humidity of these areas. 
The intermountain parks, which arc cold-air drainage basins, 
on the other hand, suppor t adequate corticolous elements . 
The cryptogam-barren upper foothilis of the Rockies con-
tr:iH sh:uply \rith the same areas in southern ~ew l\Iexico 
and Arizona, where periodic cloud coYcr on the higher 
~:lopes, probably resulting from pro:-..imity to moisture-laden 
nir from the Gulf of California, results in a. very rich 
conicohus lichen flora. 

CO)<CLUSIO )I" 

T hr elucidation of coincident distribution patterns is only 
a fi 14 falte ring step in the elaboration of local phytogeo-
graphi,;al theory. As Facgri (1063, p. 2~1) says : "A com-
mon d1ot ribution a rea docs not in itself explain anything. On 
the contrary, it is a problem in itself, and \\·hat is generally 
done, is to consider the hypothet ica l explanation of the 
re:1rnn why a group of plants occur together as a fact to be 
u~ed in the analysis of other problems ns well. But in nature 
there is nothing like a flora element bcha\·ing as a collective 
unit. There arc only indi ,·idual plants (not plant species !) 
rr:1cting each in an indiYidual way. And the more or less 
forn::·ous occurring t ogether may be the result of widely 
differing histories and ecologic demands." 

The foregoing c!iscwosion merely draws attention to some 
ob,·ious patterns of plant distribution in the Southern 
Dock.\· ::-iiountains and relates these to some fairly well-
e~1:1bli .c hcd c1·ents in Quaternary and Tertiary t imes . No 
q11 l'::: tions h::ixc been answered and few hare been raised. 
Pl:inr-g:rographi cal research has only begun, and there is 

much to do before the region will takr its ]Jlarr among tho::r 
that may be said to be botanically well kno11·n. Future 
progress will depend upon adrnnces in thr fields of trndi-
tional t axonomic methodology, mapping, cytology, aut-
ecology, and geology in many of its forms. 

1. Traditional Taxonomic Methodology. The strong con-
nections between the Southern Rocky i\fountain flora and 
the floras of several widely separated a rens nrcl's.0 it:i le a 
broad exchange policy for herbarium collections. Coopern-
tion and interest is greatly needed from \rnrker~ well-in-
formed about the Alps, Pyrenees, Caucasus, and the moun-
tains of the SoYiet Union. 

2. Mapping. Although the great mapping project of 
Hultcn on the circumpolar plants ' '"ill be rnluabl r , local 
mapping projects should be designed to refine the world 
patterns. In the United States detailed mapping has been 
left to monographers "instead of floristic workers, wi th thr 
result that many common species haYe not been mapped 
simply because they present no taxonomic proble1m. 

Ideally, a major herba.rium in each state should IJr 
designated as a clearing-house for accu rate taxonomic :in.l 
geographical dab, and uniform sets of base maps should br 
selected for the mapping of the flora on the locnl le\·el. 

3. Cytology. Hulten points out that in mnny in.-tanc·c·: 
Rocky Mountain species seem to be more clo!"rly related 
morphologically to their Eurasian mountain countrrpnrr-
than they are to thei r American Arctic counterp:l rt~. An 
analysis of chromosome numbers and polyploidy leYels for 
these species in :ill segments of their areas ,,·oulcl go far 
to dcYelop a general theory of origin and migration::. 

4. Autecology. The strong dominance of community studie~ 
in American ecology shou ld be balanced by an equally s rong 
annlysis of the ecology of species. 

5. Geology. Plant geographers need to kno\r from the 
physical geologist and geographer the extent, altitude, and 
time spans of local land masses in detail, as well as infor-
mation bearing on the a ncient climates, p resence of high:. 
land migration bridges, and barriers. At the pre5ent time 
much of the information available is too gcncr:il to be of 
much Yalue to the phytogcographcr . It is hoped that the 
present discus;;ion bas suggested points that might le:ld to 
a continuing dialogue between botan ists and geologists and 
between botanists concerned with the present flora and 
palcobotani sts concerned wi th the Pleistocene and Tertiary 
flora . 
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The Sout hem Rocky ]\fountain flora contains the following clements and rnb-P!emen l.s: 
(1) Circumpolar, which includes Boreal-Asiatic, Boreal-American, Central Rocky l\loun tain-
Pacific ~orthwest, and N' orthern Rocky ]\.fountain sub-elements; (2) l\Iadro-Tert.iary, which 
inrludes Tertiary-relict, Chihuahuan, Sonoran-Great Basin, and alpine-desert disjunct sub-
clements; and (3) Eastern 'Yoodland-Prairie elements. 

In a broad sense the Cordilleran elements display contracting ranges and the l\Iudro-
T ertiary clements expanding ones. Se\·eral alpine species t hat impart a special character to 
t he flora are clear!~- related to \' icariads in the desert steppe. The unique association of 
Cordilleran, Boreal. and eastern elements in the Black Hills extends sporadically along the 
east slope of the Rockies through X ew Mexico to southeast Arizona. Several supposedly 
ancient species, endemics, and monotypes also occupy this area. Present alpine floras of 
X orth American mountain systems probably antedate in part the present arctic flora and 
demonstrate strong connections with the alpine flora of central-Asiatic mountain systems. 

Temperate-asiati c, e:1-<>tern woodland and Madro-Tertiary genera were well represented 
in the woody flor::i. of Colorado during the Oligocene and Miocene, but many of these 
were elimin:ited regionally during the Pliocene_ 

Optimum sites for alpine rarities or disjuncts are those east-west trending mountain ranges 
where the highly xeric continental climate is modified by local conditions favoring a higher 
and morr stable moi~tme le\·el. 

\) 
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~astern Woodland-Prairie e l ement 

(accidentally omitted from the paper as published) 

Agastache foeniculum Kuntze 
Agrimonia striata Michx. 
Amorpha nana Nutt. 
Andropogon gerardii Vitman 
Andropogon scoparius Michx , 
Anemone canadensis L. · 
A. cylindrica A. Gray 
Antennaria neglecta Greene 
Apios amer1cana Medic 
Aralia nudicaulis L. 
Aralia racemosa L. 
Aristida basiramea ~ngeln. 
Aster ptarTiicoides (Nees) T. & G. 
Athyrium angustum (Willd.) Presl 
Betula papyrifera Marsh 
Bromus purgans L. 
Campanula aparinoides Pursh 
Carex brevior (Dewey) Mack. 
Carex deweyana Schwein . 
Carex sprengelii Dewey 
Carex stipata Muhl. 
Carex torrcyi Tuck. 
Carex vulpinoidea Michx. 
Ceanothus herbaceus Raf. 
Clayton1a rosea Rydb. (aff. C. 

virg1n1ca) --
Corylus cornuta Marsh 
Cyperus schweinitzii Torr. 
Cypripedium calceolus L. var. 

pubescens (Willd.) Correll 
Cystopteris bulbifera (L.) Bernh. 
Danthonia spicata (L.) Beauv. var. 

pinetorum Piper 
Desmodium rigidum (Ell.) DC. 
Erigeron philadelph1cus L. 
Eupatori~~ rnaculatum L. 
Galium triflorum Michx. 
Gaura neomexicana Woot. 

(aff. G. b1enn1s) 
Gentiana andrews11 Griseb. 
Geilm aleppicum Jacq. ssp. stri c t um 

(Ait) R. T. Clausen 
Helianthemum bicknellii Fernald 
Humulus lupulus L. var . neo -

mexicanus A. Nels. and Ckll. 
Hypericum majus (A. Gray) Britt. 
Hypoxis hirsuta (L . ) Covil l e 
Impatiens capensis Meerb . 
Juncus acuminatus Michx . 
Juncus brachycephalus· (Engelm . ) 

Buchenau 
Krigia bi flora (Walt. ) Blake 

Leersia oryzoides (L.) Swartz 
Liliurn philadelphicum L. 
Lobelia siphilitica L. var. 

ludoviciana A. DC. 
Lysirnachia c111ata. L. 
Mimulus ringens L. 
Monotropa hypopitys L. var. 

latisquama (Rydb.) Kearney 
& Peebles 

Onoclea sensib1lis L. 
Oryzops is as perifolia Michx . 
Osmorhiza longis t yJ.is (Torr. ) DC. 
Oxalis violacea L. 
Panicum perlongum Nash 
Parthenocissus vitacea (Knerr) 

Hitchc. 
Pedicularis canadensis L. 
Physocarpus opulifolius (L.) Maxim. 
Polygonwn sagittatwn L. 
Prenanthes racemosa Michx. 
Prunus pensylvanica L. 
Ranunculus abortivus L. 
Ranu..11culus pensylvanicus L. f. 
Rhus glabra L. 
Ribes americanum Mill. 
Rubus pubescens Raf. 
Rudbeckia laciniata L. var. ampla 

(A. Nels. ) Cronq. 
Salix petiolaris J. E. Sm. 
Salix serissirna (Bailey) Fernald 
Sanicula marilandica L. 
Senecio plattensis Nutt. 
Si l phium integrifolium Michx. 
Silphiwn laciniatum Michx . 
Smilax herbacea L. var. lasioneura 

(Hook. ) A . DC. 
Solidago species.a var. pallida Porter 
Sphenopholis obtusata (Michx.) Scribn. 
Sporobolus heterolepis (A. Gray) 

A. Gray 
Stipa spartea Trin. 
Teucrium canadense L. var. occi-

dentalis (Gray) McClintock 
& Epling 

Thalictrurn dasycarpum Fisch . & Lall. 
Trautvetteria carolinensis (Walt . ) 

Vail 
Verbena hasta t a L. 
Vi burnum edule (Michx.) Raf. 
Viola pedatifida Don 
Vi tis vulpina L. 
Zizia apter a (Gray) Fernald 
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Colorado State Fores t Service 

December 5, 1978 

TO: 

FROM: 

Dick Wood 
Gil Fechner 
Ralph Di x 
Wayne Brewer 

Terry Beeson 

SUBJECT: December 14 Meeting 

Liz Morris 
Frank Hawksworth 
Howard Alden 

Colorado State University 
Fo rt Collins . Colorado 
80523 

I am enclosing a draft outline of the management plan for comment 
at the meeting which will be in: 

Room 218 
Old Forestry Building 

at 1 PM 
December 14. 

Looking forward to seeing you. 

RTBmk ~ 
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MANAGEMENT AND ADMINISTRATION PLAN 
OWL CANON PINON GROVE NATURAL AREA 

O~\eJ.' ~Ju \M-'\rv-* c~ · ~mr:: i e-~~~·~D 
A. Name and location of area 

B. Present owner c {,, 1 <:'. { !.. ,~J) 

C. Leasing arrangement and provisions 

D. Natural Areas authority and provisions - N e~ e;_~c-.Y--

E. 

F. 

Period for which the plan is prepared and period of revision 
of the plan 

Special sites, reserves, and general condition of the area 

G. Cooperators, credits and working relationships 

A. 

B. 

c. 
D. 

E. 

F. 

G. 

A. 

B. 

c. 
D. 

E. 

Qkcv1c.dev; '~ i lS <!)\'. o-.re0-
I I . Bat--a--P-re·se n tat i oA-0+1.d-lU:l.a-l,-->J-<>-1-i!>--

H i story of the area - ~.""" l~, . ~'\.. --c~ .,___,.._ ~""'U ~ 

Archeological data- L;7-

Abi oti c data -2 1"'-,,J. 1,.\_) <.\e.,, "~"C­

Cl imatol ogi cal data 

Land use data -- La.-v.J bo<".~ 

Ecological, interrelationships and analysis of data 

I I I. Management and Admi ni strati on t-. \ , \ \ . 
l"o.....-<'"'-l rv, \ \..JC-. 

Objectives of management led.) C\~e~c.L) '"o.) ec\ ~~· _ 
1 _..----:,, \) ,c\'- _.=:,.. ~ 

Alternatives available to achieve objectives /" ~ 

Alternatives analysis and selection 
. ( t) ,.,_~ ( 31 

Management recommendations - e4 1 re~ce u· L_ 

Schedule of implementation of recommendations 



Draft Outline Page 2 

F. Organization of management and administration 

G. Authority, responsibilities of implementing and maintaining 
recommendations 

IV. Conclusions 

A. Summary of recommendations 

B. 

c. 
Budget and funding sources 

Areas of possible expansion 

V. Appendix 

A. Maps - Ae-r , c..~ 
B. Photographs 

C. Other data as needed 
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OWL CANYON - INSECT RESEARCH 

Owl Canyon, located northwest of Fort Collins, constitutes an 

extremely valuable area for insect research. In part, this is 

because it is the northern-most native stand of pinyon on this 

side of the Rockies in the United States. In addition, it has 

been isolated for many years by approximately 150 miles from the 

next nearest native stand. This probably means that the pinyon 

specific insects present in the Owl Canyon area have been isolated 

from other pinyon areas for a considerable amount of time. Studies 

on the kinds and numbers of pinyon specific insects in this area 

should reveal some information about the origin and existence of 

the stand, questions which have been debated for . a considerable 

period of time. 

My students and I are presently spending a considerable amount 

of time working on pinyon insects at Owl Canyon. One of our projects 

involves a ~ tip moth in the genus Dioryctria. This new, and pre-

sently undescribed, species of moth has also been found at low 

populati ons in southern Colorado. Since the Owl Canyon populati ons 

, are confined to the area by the lack of surrounding pinyons (whic h 

would normally allow dispersion), they may have built up to popul a-

tion levels not found in other areas. The result is heavy dama ge 

such that nearly all new growth on the trees is pruned back eve ry 

year by the high populations of this moth. My students and I have 

been working on the life history of the moth for the past year and 

a half. Although the life cycle is very complex, it appears that we 

will be able to complete this work within the next year. 



Another interesting research problem involves a complex of 

needle gall midges that occur in many pinyon areas of the state. 

In some cases, for example near Salida, Colorado, we are able to 

find five different species commonly occuring on the needles at 

relatively high levels. In the Owl Canyon area, however, we have 

been able to find only one species at very low population levels. 

We are interested in learning something about the ecology of this 

gall forming midge since it appears to exist at Owl Canyon in the 

absence of its competitors. We feel that by comparing the Owl 

Canyon area and other pinyon growing areas in the state we will 

be able to answer some important eco l ogical questions about inter-

specific and intraspecific competition of gall midges on this tree. 

In addition, complete studies on the gall midges should help us 

answer some questions as to the origin and development of the stand. 

Other pinyon insects that would be of interest to us from a 

research standpoint include several moths and a species of beetle 

that attack cones. It is possible that these insects are respon-

sible for the tremendous variation in seed production that we see 

in many pinyon areas and in particular at the Owl Canyon site. A 
b 
!ark beetle specific to pinyon and a needle miner that has pre-

viously been undescribed are also found in the Owl Canyon area. 

Obviously, the Owl Canyon pinyon site offers a productive 

area for insect research for many years to come. Because of the 

close proximity of this area to Colorado State University, it is 

ideal for research by students and faculty in this department. I 



feel that we could solve numerous insect problems and answer many 

questions about growth and population development of this increasingly 

important Colorado tree if we can use the Owl Canyon site for our 

research program. 
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Office of Vice President for Finance 

TO: J. R. Hehn 

FROM: D. L. McClintock 

SUBJECT: Owl Canyon Lease 

cfu 
Colorado State University 
Fort Collins, Colorado 
80523 

April 13, 1979 

' n 

Attached is a copy of the lease of the Owl Canyon Pinon 
Grove . You will note that a payment of $56.50 is due the 
STATE BOARD OF LAND COMMISSIONERS with reference in the trans-
mittal documents to be made to Applica tion No . 78/226, Lease 
No . S-36778. It seems to me that payment from the Land 
Suspense Account would be appropriate if other funds are not 

available . 

DLM:es 
Attachment 
cc: T. B. Borden 

R. F . Conard 
E. G. Goss R ,r1v~n 

APR 171979 



ST&TE BOARD OF LAND COMMISSIONERS 
DEPARTMENT OF NATURAL RESOURCES 

620 Centennial Building 
1313 Sherman Street 

Denver, Colorado 80203 

78/226 
- 't...._ 

Lease N '- ..,,,_ S-36778 
I 

Colorado State of 
Board of 

Appl].cat l No, 

Agriculture / "4,o 

~'"~.9~) 

The following charges are 
renewal of your lease and 
the enclosed documents. 

Rental 

Lease Fee 

Service & Filing Fee 

Bond Premium 

TOTAL FIRST 
YEAR 1 S CHARGES 

~:,'~;- ·.__ I 1../ 
O~v/fv 

-~'/"~ 
~ 

due in connec tion with the 
must be r emitted along with 

$ 50.00 

$ 1.00 

$ 5.50 

$ 

$ 56.50 
,-
'\ 

Remit by check payable to this Board. }!alee reference 
to the above application number. 

STATE BOARD OF LAND COMMlSSIONERS 

SLB #251 (Rev. 10/76) 

Commlsslonen 

ROWENA ROGERS 
ROBERT D. McPHEE 
TOMMY NEAL 

ANTHCNY S.\BATIM 
Ado.,inistralor 

W.m.~J\S E. BP.ETZ 
Mineral• Director 

BOARD OF LAND COMMISSIONERS 
Oep3rtment of Natural Resources 

620 Centennial Building 
1313 Sherman St. , Denver, Coloradq 80203 

(303) 939.3454 

Mr, Eugene T. Petrone 
Executive Secret·ary 

April 11, 1979 

State Board of Agriculture 
Colorado State University 
Fort Collins, Colo~ 80523 / i-/ Dear Mr. ~~etr6ne : ~~'-

Re Lease S-36778 

ROBERT L. HAPGOOD 
Chiei Accountant 

We are sending to copies of your Lease S-36778 covering the Owl Canyon 
Pinon Grove Natural Area. 

Also enclosed is a statement for $56.50 to cover the rental and related 
fees as per the attached statement. This amount covers the rental to 
November 3, 1979. 

As per your request a copy of this lease is being sent to Mr. Tom Borden. 

It has been a long time working out this agreement, but as you know we 
had numerous individuals and agencies involved and it was really a 
matter of cooradinating all the needs of the different agencies and it 
was held up for many months in the office of the Attorney General. 

In any event the agreement is completed and we are looking forward to 
a meaningful r e lationship with you. 

Very truly yours, 

STATE BOARD ~ND COMMISSIONERS 

·· ~,-- at-v-tr·-· Anthony S batini 
A<lministr tor I 

AS/me 
Enclo sure s 2 
cc Tom Borden 

State Forester 

Dr. Carol "Carse" Pustmueller 



S TATE OF COLORADO RICrARD D. LAMM. Governor 

1DEPARTMENT OFt'NATURAL RESOURCES 
HARRIS D. SHERMAN, Executive Director 
1313 Sherman St., Room 718, Denver , Colorado 80203 839-3311 

February 1, 1979 

Mr . and Mrs. J. Evan Roberts 
Livermore, Colorado 80536 

Dear Mr. and Mrs . Roberts: 

/ ~ llAe<..4 d " Q...J , ()"{'cf .,,, y, ..;'fr 1 I 
Board of Land Commiss i oners 

Divi sion of Administrat ion 

Divis ion of Mines 

D i vis i on of Parks & Outdoor Recreation 

D1v1s 1on of Water Resources 

D 1vis1on of Wildlife 

Geolog i cal Survey 

011 and G as Cons ervat ion Commission 

Soil Conse rvation Board 

Water Conservation Board 

Mined Land Reclamot1on 

It was good to talk to you on January 29 about the possibility of expanding 
the recently designated Owl Canyon Pinyan Grove Natural Area by including 
some of your land which harbors Pinyan Pines and is adjacent to the north 
boundary of the area. Since our conversation, I have spoken with both the 
Natural Areas Council and Terry Beeson of the Colorado State Forest Service 
at CSU, who is in charge of developing a management plan for the natural 
area . 

At this point , I would briefly like to outline the necessary procedure for 
designating some of your acreage to the natural area, assuming you may wish 
to do so . Some pertinent information on the Natural Areas Program is 
enclosed for your convenience and describes both the objectives of and the 
procedures for the designation of natural areas . Please note that designa-
tion of areas can only occur when there is a willing owner; i.e., designation 
of your property is voluntary. As soon as your cooperation is apparent 
and you have determined the boundaries, I will draft the articles of designation 
for your area which no doubt will be very similar to the enclosed copy of 
articles of designation for the Own Canyon Pinyon Grove Natural Ar.ea, a legal 
agreement between the State Board of Land Commissioners and the Colorado 
Department of Natural Resources. In the case of your property, the articles 
would establish an agreement between you (as the landowner), and the State 
of Colorado, Department of Natural Resources (administrator of the Natural 
Areas Program) . This legal document can be as strong as you prefer. 

The State Board of Land Commissioners, through its Lessee (Colorado State 
Forest Service, Colorado State University) will maintain the state property 
solely a s a natural area (see Owl Canyon Articles of Designation, page 3 of 5, 
item number 4). Since the State Forest Service is currently drafting a manage-
ment plan (which calls for admission by permission and pre-arranged appoint-
ment only) and has a lease agreement with the State Board of Land Commissioners 



Roberts 
2/1/79 

.,, 

Two 

as the managers of the existing na tural a r ea , and since you have commented 
that your property adjacent to the natural area is currently willed to CSU, 
i t might be wise for you to consider State Forest Service management of your 
part of the natural a r ea . However, it is also your option ~o manage your 
part' of the natural a rea yourselves . If you wish to work with the State 
Forest Service, then a separate legal agreemen t between you and the Forest 
Service should exist. Terry Beeson (4 82-8185) will contact you soon to 
discuss management aspects . 

I mentioned to Terry and to the Council your dissatisfaction with the fact 
that one of your favorite trees was not included within the existing natural 
area . Possibly you should mention it again to Terry (with more detail on 
where the tree is) to determine its potential threat. 

The Na tural Areas Council and staff are exci t ed about the possibility of 
increasing the size of the Owl Canyon Pinyon Grove Natural Area in order to 
protect as large a grove as possible. The larger the area, the more feasible 
it will be to perpetuate the existence of this pinyon pine ecosystem, hopefully 
f or all time. I look forwar d to hearing from you soon. Thank you. 

Sincerely, 

Carse 'Pustmueller , Ph. D. 
Director / Natural Areas Program 

.. 
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PIN YON IN THE COLORADO FRONT RANGE 

The outlier of Pinus edulis at Owl Canyon, about 25 km north of 

Fort Collins, is well known. In 1961, W. A. Weber (Univ. Colo. Studies , 

Ser. Biol. No. 7) reported 2 pi nyons in Ri st Canyon, some 19 km south of 

Owl Canyon (T. 8 N., R. 70 W., Sections 28 and 29). Since then, five 

other pinyon localities have been found in Lari mer County: b10 additi'6na l 

areas in Rist Canyon (T. 8 N., R. 70 W., Sections 30 and 32), north fo r k 

of the Poudre River (T. 9 N., R. 70 W., Sec. 15), Hewlett Gulch (T. 9 N., 

R 71 W., Sec. 27), and Poudre Canyon near Fort Collins Mounta i n Park 

(T . 9 N. , R. 72 W., Sec . 4). The la t ter area is abo ut 26 km WSW of t he 

O.~l Canyon Grove. In al l these localities, onl y one or a few trees are 

present and they probably are a result of spread by jays from the main 

Owl Canyon Grove. 

The northenmost locality of the main population of pinyon along the 

Front Ran ge seems to be in southern Douglas County. Pinyan was recently 

collected on the west side of the Rampart Range in Missouri Gulch (T. 10 S., 

R. 69 W., Sec. 35), about 16 km north of Woodland Park (F. G. Hawkswort h 

l S69, October 19.78, CS). 

The northernmost locality on the east side of the Rampart Range 

seems to be Douglas Creek, 5 km north of Garden-of-the-Gods, El Paso 

County (D. G. Steward, W. Boyd, and J. W. Marr, Colorado-Wyoming Acad. 

Sci. J. 8:50, 1976). E. L. Little (Atlas of United States trees. Vol I. 

Con i fers and Important Hardwoods, U.S. Oep. Agric., 1971) shows a location 

in southern Douglas County on the east side of the Rampart Range·,· .. b.ut this 

has not been confirmed. 
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.. ·' . : . . .. ·~ :~ . --
,. ; .. . Pinyan has also been collected in Boulder County: Boulder Canyon, 

. ·:-.: (:·~ ... : ·.: 
. -. _:::.: · ..... 14 miles west ' of Boulder (W. A. Weber 12979, l966, COLO.) Dr. Weber 

' . ~ . 

·.•. ·-
' ..... 
.. . ,.; ... says that only a single tree was found (which has been subsequent ly 
···.··-- . ' 

removed) and it was probably not native. Little (1971 op cit) shows 
... 

. . a pinyon location in central Jefferson County, but I have not been 

able to confirm this report. 

Any further information on the natural distribution of pinyon in 

the Colorado Front Range wou ld be appreciated. Frank Hawksworth, U.S. 
/ 

Forest Service, Rocky Mountain Station, 240 W. Pros pect St., Fort Co11ins, 

Colorado 80526. 

. .. 
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STATE OF COLORADO 
COLORADO NATURAL AREAS PROGRAM 
Department of Natura l Resourn•s 
1313 Sherman Street, Room 718 
Denver, Colorado 80203 

Phone (303) 866-331 1 

July 20, 1984 

Mr. Tom Owens 
State Forest Serv1ce 
Colorado State Un1vers1ty 
Fort Collins, Colorado 80526 

Dear Tom: 

Enlcosed is a copy of the Management Plan for the Owl 
Canyon Pinyon Grove and Natural Area, including its numerous 
appendices. Also, I have enclosed a copy of my letter to Steve 
Leav1tt. 

Richard D. Lamm 
Governor 

David H. Getches 
Executive Director 

Carol J. Pustmueller, Ph.D. 
Program Director 

Colorado Natural 
Areas Cou ncil 

Theodora Co lborn 
Chair 

O lin Webb 
Vice-Chair 

Richard G. Beidleman 
Colorado Board of 
Parks and Outdoor 
Recreation 

Wallace Hansen 
M ember 

Wm H. Claire 
State Board of 
Land Commissioners 

Please keep 1n touch re: the Owl Canyon P1nyon Grove. 
w1ll g1ve you a call when I expect to be 1n the area. 

I Jean Tool 
Colorado Wildlife 
Commission 

CJP:bck 

Enclosure 

S1ncerely, 

CcvLA-c PLW~ nuteltvt-
Carse Pustmueller, Ph.D. 
D1rector, 
Colorado Natural Areas Program 

P.S. I have m1splaced the exact boundar1es of Brackenberry 
property donated to the Colorado Div1sfon of W1ldl1fe. On 
Append1x A map, I have drawn in pencil the approximate area. 

David R. Sturges 
Member 
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STATE OF COLORADO 
COLORADO NATURAL AREAS PROGRAM 
fJPp.1rtment o t N.1tur. 1I f{t ·'o"" ,., 
111 l ~herm.111 ~!rt'l'!, 1{<00111 7W 
f>t·m!'r. Color.ulo 8020 I 

Phom• !1031 flhh - 1311 

July 17, 1984 

Mr. Steve Leav1tt 
Lab. of Isotope Geochem1stry 
Department of Geosc1ences 
Un1vers1ty of Ar1zona 
Tucson , Ar1zona 85721 

Dear Steve: 

Enc 1 osed 1 s the comp 1 ete copy of the management p 1 an for 
the Owl Canyon P1nyon Grove Natural Area and Hs appendkes. 
The perm1ts are the last two pages of the plan. 

.... 
Tom Owens , Colorado State Forest Serv1ce, Colorado State 

Un1vers1ty , Fort Co111ns, Colorado 80523, 303-491-6303, 1s the 
contact for the Owl P1nyon Grove. He has replaced Terry 
Beeson. I have contacted Tom, and he w1 ll look out for your 
perm1t. He has no problem w1th four cores from each of e1ght 
trees on state land H you plug the result1ng holes adequately 
from potent1al 1nfestat1ons, and H data obta1ned from the area 
1s suppl\ed to the State Forest Service. 

I hope you have a successful t r1p to Owl Canyon State 
Natural Area. Please call me 1f you have any problems. 

S1ncerely, 

D~ rU-0 i-i·iU{~J_~,z. 
Carse Pustmueller , Ph.D. • 
01rector, 
Colorado Natural Areas Program 

CJP:bck 

Enclosures 

K1rha rd D . Larnrn 
Governor 

0d\ id H_ CC'tChl'' 
Fxecut1vp D1rf'ctor 

Ldrot J. Pu,lmuf'llf'r. Ph D. 
Progrdm Drrector 

Colorado NdtUrdl 
A rea; Launer! 

Theodora Colborn 
Ch arr 

Olin Webb 
Vic<•-Cha11 

Richard G. Beidleman 
Colorado Board of 
Parb and Outdoor 
Recreation 

Wallace Hansen 
Member 

Wm H. Cldrre 
State Board of 

Jean Tool 
Colorado Wildlifp 
Comm""on 

Davrd R. Sturg<'> 
MembN 



FEB 2 3 1979 

·20 y~ars ago today 
, ' . 

Nevember 7, 1951 

Decision -to .. ask Gwernor 
Thornton and the Colorado State 
Land board to set aside a half-
section containing the best tim-
bered · p~rt of the · Owl canyon 
grove of giant pinon pine trees 
was too ·outcome of ·a "field 
day" h~ld ·in the· area under 
auspices of the Livermore pinon 
grove committee. " 

The group -decided. to ask that 
the north half of section 36, 
toWnship 10 north, range 70 west 
be set aside as a public pre-
serve, in order to save the /best 
portion of the pinon fores~, far-
thesMlbrth stana .-0t the s cies 
in North Americai Some o its 
oldest trees are estimat.e~ to 
b~ 700 to 800 ~ old.ij 

Fort Collins' board of u-
cation ·decided to proceed 'th 
construction of a.new nas-
ium addition at Fort C lins 
IIlgh School. ~ 

The motion of approval . in• 
eluded . authorization to as · a 
federal allocation for the nefd 
builsling steel, with .the pros t 
that· it can be obtained in the 
third quarter of 1952. 

W. F. Bugas, secretary of 
the Eddie Hanna Athletic Award 
association, announced the 
adoption of a constitution by 
the association. 

The purpose of the association 
is to collect funds to assist out-
standing athletes enrolled at 
Colorado A and M College. The 
awards will be made in memory 
of Eddie Hanna, student at <Jol~ 
rado A and M who died ·shortly 
after playing' ·a football gal}le 
at Colorado Springs, Sept: 17, 
1949. 1 

Two local women's organiza-
tions are assisting in • service 

·projects of tbe Larimer <:ounty 
Red Cross Chapter, acco~g to 
Mrs. Glenn C. Whittle, ,ch~ter 
volunteer special services chajr-
man: 

With funds provided by the 
Red Cross, the Quota Club will 
select and pack articles for 50 
gift boxes to be sent to soldiers 
who will be at sea at Christmas 
time. Mrs. Adelia Davis is Quo-
ta Chairman for the project. 

Members of the Blue Triangle 
club will make 50 dresser and 
table sc~J!Ves for the Fort Lyons 
hospital. 





Mr. Harris D. Shennan, Executive Director 
Colorado Dept. of ~atural Resources 
1313 Shennan, Room 718 
DEIVER, Colorado, 80203 

Dear Harris: 

November 8, l -8 

Congratulations on getting the Owl Canyon Pinon Pine Natural Area 
established. The ceremony at CSU last Friday was very appropriate, and a great 
many of us were much pleased to see this happen. 

I have two specific suggestions to make as a result of the ac~n 
and the ceremony designating it. The J. Evan Roberts family of Livermore own 
a ranch which includes some pinon which I am quite sure adjoins the state 
school section from which the 101 acres weae designated as a natural area. .r. 
Roberts, and especially his wife Catherine, have spoken for years to us when 
we have met and visited with them, about the desirability of preserving some 
of that state land, and they were, no doubt, among those persons writing to Jim 
Lloyd "irate" letters, as he put it, asking why the state couldn't do something. 
On at least a couple of occasions in our presence the Roberts have said that if 
the state would take appropriate action to preserve the pinon grove they would 
be willing to add some of their adjoining land. which also contains pinon» to it. 
Clearly someone ought to follow up on this. I am sure the Roberts would have 
been at the ceremony except that they had left the state a week earlier for an 
extended visit to relatives in the east. 

The other suggestion relates to the information which was reported to us 
last Friday by those several speakers. I was much impressed with the fact that 
a number of items were completely new to me, although I have lived here for twelve 
years and have been much interested in the area all this time. It seems to me it 
would be a shame if irrrnediate action was not taken to assemble the information 
presented there into the fonn of a nice brochure on the ne\-1 natural area. It :: 1d 
have been easiest if someone had used a t1pe recorder to record all of the co111r1ents 
made, and it seemed to me that most of the speakers had fairly detailed not s and 
each of them ought to be glad to supply either his notes or a few paragraphs which 
could be used to prepare such a brochure. 

I am sending a copy of thi~?Tom Borden, and to Reed Kelley, but I especially 
hope that you as the ultimate authority for the Natural Area System w111 see fit to 
follow up on both of these suggestions. With congratulations again on the 
accomplishment which was celebrated last week, I am, 

" s, 

ustav A. Sw nson, 
Emeritus Professor and Dep~ent Head. 

cc. Reed Kelley and T~orden 




