
COLORADO STATE PUBLICAT ONS L BRARY

1 1 1111 11 1 11 1
3 1799 00138 4163

PUBLISHED BY THE UNIVERSITY OF COLORADO MUSEUM



I=WL

t"............---- 01'
\ 4'

yi--- ,--.

1

k
Loke

A

4r fr 4.• ,...) 

,

.-S, •'---- 
A\ 

-4\ AsA\

i NI ''''.: 4 ".. r - A\ R: okeYnofril ';:::;" 
A" .4\ 

.,-, 4\ .1'
-, ./..

.../. t ••••-•"- .4 \ 
Z' ./.^,

4" ". 
' ,

......"

A' / /,-"../ ...". .,,,\., 
 .4.., ..s.". ....

n

-../' ; v..' 'A'el,e --.-. 

e\ 4\

iilll'ES7E-J-5 PARK ";:-.7"R-- -

...n... -4---
1,--

.4 \, / ‘ v./ 

) _ /4\
...".---

.4 \ 
/ 

4's

n A
...^."

,- 

)...0000...- ./.•

A: 
5'420./...r.'sTr. 

...•:-. . •4  ̂.." Lc./.•

/

X\ -,(-- __,..•-".'"( \"..\...H---:',:kt<:./ 

..., ..„.,%9\
" •

....., \ 

4544rdabv
Mtn. LoA•

.......—....k
1."•--

„, ,

4\ As , 

4" 

'LYON.4; 4s

.r..../k7-0.4 
S''

0
ef

Granby 

J

--, 
NW. --.'N.-L._ "•,,, c, -:::RAYMOND

.....". _ ...1.— ,

/GRANBY .....71......-... ...4`

?" I 2' 
4\ -^

..er, .....„,

/ 

_........0 i-/WI0N,..... 
As

Ei \
-4` -4\

TABERNASH 

---.....:„..,....... j \l‘.... 
-IP\
4'

_.....„..-. ..73...:N...... 
'

4- \ Nt.,,../..-. EDErLANDif ) 

8 III

4\ FRASER

A ,.....-...../ ‘,„...._,

•?;\ ' 
4--- 4-,,,

..."7".

Is' \ \ 8e.thourl
Pass 7\

.."‘,..4'

1

A-..-..,...ci,..::._. .
‘ ,,, - .4•' -4 s, CENTRAL

"'% 
--.......,ir.1/4..., /7„ 

" C/eo -4\

GEORGETOWN .4\ AO

  4\\

Lowep. d i p. " Lake 
..4\

RUSTIC l•P

8/. R.

A\

4\

\

4\ 4\

•••/\ AA\

/11)\ 4' 
4\

.4\ /7:1

W 01

• rcrs • A A
A 

P
.4\

•••;",
A'

A.Z\

.4\
.0\

Horseloalb
Reser,eor

FORT COLLINS

LOVELAND

BOULDER

LONG MONT

MORRISON

.,>!)



University of Colorado Museum
Boulder, Colorado

Leaflet No. 13 August, 1964

NATURAL HISTORY OF THE

BOULDER AREA

Huco G. RODECK, Editor

Brief statements of the points of view presented in a symposium of the
same title presented at the meetings of the American Institute of Bio-
logical Societies at the University of Colorado, Boulder, August 24-28,
1964, under the auspices of the Ecological Society of America, organized
by the University of Colorado Museum, Hugo G. Rodeck, Director of
the Museum, Chairman and Editor.

t



CONTENTS

Geological Background  1
S. H. Knight

The Fossil Record  9
John Chronic

Climate and Topography  25
Mark W. Paddock

Vegetational Distribution   34
John W. Marr

Botany  43
W. A. Weber

Insects   47
Url Lanham

Butterflies   53

F. Martin Brown

Ants   59
Robert E. Gregg

Orthoptera   70

Gordon Alexander

Amphibians and Reptiles   75

T. Paul Maslin

Mammals   81

Horace F. Quick

Primitive Man 90

Waldo R. Wedel

Natural Resources and Early History   97

Richard G. Beidleman

a a

8 Copyright 1964 by the University of Colorado Museum.
All rights reserved.

Reprinted 1973

ii]



PREFACE

The "Boulder area" is of more than ordinary interest to the natural-
ist. Here the Continental Divide stands farther to the east than in any
other place in North America, telescoping five life zones into a distance
of scarcely fifteen miles.

Altitudes within the area vary from nearly a mile on the plains to
14,256 feet at the summit of Long's Peak and 14,274 on Gray's Peak.
Mount Evans, 14,260 feet in elevation, is easily accessible by the highest
auto road in the United States. Four automobile roads traverse the same
number of passes over the Divide.

This unusually compact and accessible range of topography, cli-
mate, and vegetation, combined with proximity to a major metropolitan
center, and intensified by the amount of study which has been devoted
to it by several first-rank educational institutions and innumerable
scientific visitors, combine to make it in truth a special-interest area.

Perhaps these summaries of our present understanding of certain
selected problems of the area will stimulate even wider and deeper in-
vestigations, and they in turn may point up what is still imperfectly, or
not at all, known.

—Huco G. RODECK, Director
University of Colorado Museum





THE GEOLOGICAL BACKGROUND

OF THE

BOULDER AREA

S. H. KNIGHT

Department of Geology, University of Wyoming

The history of the earth as recorded in the rocks open to observa-
tion began some three billion years ago. In the Boulder area the oldest
dated rocks are nearly two billion years old. The historical record from
this remote beginning is far from complete as there are many "lost
intervals" when the region stood above base level, as it does today,
and was subjected to erosion. The Boulder area shares in this with
other areas, for nowhere, on the continents at least, is there a continuous
record of the history of the earth.

For the purpose of this paper the rocks are divided into three major
groups. The oldest group makes up the Basement Complex. The second
group makes up the Older Sedimentary Succession. The third group
is a Younger Sedimentary Succession and Associated Volcanic Rocks.
The Younger Sedimentary Succession has been removed, for the most
part, from the Boulder area, but it is present in varying degrees of
completeness in numerous localities adjacent to the area. The volcanic
rocks are well represented within the area. The age, character, and
occurrence of each of these groups are briefly discussed in chronologic
order together with the changing physical environments which charac-
terized the area throughout its known geologic history.

THE BASEMENT COMPLEX
(From 1800 million years to 900 million years B.P.*)

The rocks exposed in the core of the Front Range and which make
up the great mass of the mountains belong to the Basement Complex.
They are Precambrian in age.

Nearly a score of radiometric age determinations of these rocks
range from 1800 million to 900 million years B.P. It is possible that

*B.P. stands for before the present.

[1]
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future studies may reveal the presence of still older or younger rocks
belonging to this complex. The record within this time interval of
nearly a billion years is far from complete. One great lost interval ( un-
conformity ) is clearly recognizable. Others of less magnitude no doubt
occur. These rocks were intensively folded and faulted (displaced along
fractures) during periods when the rocks yielded to forces operating
within the crust. They were also invaded from time to time by liquid
and gaseous rock-forming material (magma).

The oldest known rocks were originally a vast succession of shales,
sandstones, and limestones. The shales and sandstones were derived
from and laid down upon still older rocks. No evidence of these older
rocks is known to exist. They appear to have been destroyed by the
invading magmas. The limestones are believed to have originated by
precipitation brought about by primitive organisms.

The sedimentary rocks were metamorphosed by heat, pressure,
and chemical action into a variety of gneisses, schists, slates, quartzites,
and marbles. The invading magmas upon solidification gave rise to
a sequence of igneous rocks. The most abundant invading material was
granitic in character. During the formation of granite much rock was
transformed into gneiss.

Great masses of these ancient metamorphosed sediments are inter-
mingled with and cut by granite and other igneous rocks in such a
way as to give rise to a giant irregular mosaic. One might say that
these masses are frozen in a sea of granite and related rocks. One of
these masses extends for a distance of thirty miles from the South Platte
Canyon to Coal Creek (ten miles south of Boulder). The distribution
of metamorphosed masses and associated igneous rocks is shown on
the "Geologic Map of the Front Range of Colorado and Adjoining
Region," U.S. Geological Survey, Professional Paper 223, Plate 1, 1950.

The Front Range, together with most of the ranges of the Rocky
Mountains, is sculptured from Basement Complex rocks.

THE "LOST INTERVAL" BETWEEN THE BASEMENT COMPLEX
AND THE OLDER SEDIMENTARY SUCCESSION

(900 million years to 300 million years B.P.)

The youngest dated Basement Complex rocks are 900 million years
old and the oldest rocks of the Older Sedimentary Succession are about
300 million years old. It appears that during this time lapse of 600
million years the Boulder area stood, for most of the time at least, above
base level and was being eroded. It is quite probable that the area was
covered, in whole or in part, for relatively short intervals by early
Paleozoic seas. The Paleozoic Era opened 600 million years ago and
closed 230 million years ago. It is divided into the following time
periods. The figures are in millions of years B.P. Cambrian (600-500);
Ordovician (500-425); Silurian (425-405); Devonian (405-345); Missis-
sippian (345-320); Pennsylvanian (320-280); and Permian (280-230).
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A recently discovered small erosional remnant of limestone near
the Colorado-Wyoming line which contains fossils of Ordovician and
Silurian age supports the conclusion that the region was covered by
the sea for brief intervals during these periods. It is possible that the
area may have been covered by seas during other Paleozoic periods
but there is no existing evidence.

THE OLDER SEDIMENTARY SUCCESSION
( 300 million years to 65 million years B.P.)

This succession is an alternating sequence of shales and sandstones
with lesser amounts of limestones and conglomerates which has an
aggregate thickness of some 15,000 feet. It is not a continuous record
because many of the rock units (formations) are separated by erosional
intervals. These rocks were deposited in part beneath the sea and in
part upon the land and range in age from 300 million years to 65 million
years B.P. Rocks were deposited during the Pennsylvanian and Permian
Periods of the Paleozoic Era and during the Triassic, Jurassic, and
Cretaceous Periods of the Mesozoic Era. They are best exposed on the
in-faces of the hogbacks which parallel the mountain front and less well
exposed in the plains lying to the east. Some of the formations thin or
thicken markedly when traced from north to south along the outcrops.
The more resistant formations cap the hogbacks and the less resistant
floor the parallel valleys. Erosion has removed these rocks from the
crest and flank of the mountains down to the hogback belt.

A brief description of these rocks and the environment in which
they were deposited follows.

PENNSYLVANIAN TIME
( 320 million to 280 million years B.P.)

During early Pennsylvanian time a north-south trending highland
of considerable magnitude arose to the west of the Boulder area. This
mountainous uplift was one element of the so-called "Ancestral Rockies."
The present site of Boulder was in the piedmont region. Streams drain-
ing the highlands deposited coarse elastic debris derived from the Base-
ment Complex as alluvial fans and flood-plain deposits over the pied-
mont area. These deposits are known as the Fountain formation which
is more than 1,000 feet thick at Boulder. It thickens to 4,500 feet near
Colorado Springs and thins to 400 feet at the Colorado-Wyoming line.
The predominant rock type is red arkosegrit ( coarse textured granitic
detritus). There are lesser amounts of conglomerate and shale. The
Fountain lies unconformably upon the Basement Complex and is over-
lain by the Lyons sandstone. No fossils are known to occur in the
Fountain within the area. It is well exposed in the Flatirons west of
Boulder and in Red Rocks Park.

In the vicinity of Fort Collins the Ingleside formation (300 feet
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of red shales and thin limestones) and the Owl Canyon formation (200
feet of red shale) lie between the Fountain and the Lyons. These for-
mations thin southward and disappear in the vicinity of Loveland.

PERMIAN AND TRIASSIC TIME
(280 million years to 180 million years B.P.)

This 100 million year time span is documented by less than 1,000
feet of rock. In the vicinity of Boulder these rocks are divided into the
Lyons and Lykins formations. The Lyons is a red quartzose sandstone
400 feet thick at its type locality. It thins northward to a wedge edge
at the Colorado-Wyoming boundary and thickens to 700 feet in the
vicinity of Colorado Springs. The only fossils are amphibian footprints.
Evidence from related rocks outside the area leads to the belief that it
is middle Permian in age. The overlying Lykins formation is a red sand-
stone and siltstone sequence from 400 to 600 feet thick in the vicinity
of Boulder. It is believed that the lower portion is Permian in age and
the upper portion may be Triassic in age.

These rocks originated as littoral and flood-plain deposits under
conditions that did not permit the preservation as fossils of any organ-
isms that may have lived in the region at the time.

JURASSIC TIME
(180 million years to 135 million years B.P.)

Some 300 feet of sediments were deposited during late Jurassic
time. These are divided into the Ralston Creek and Morrison forma-
tions. The Ralston Creek consists of a shale and marlstone facies and
a gypsiferous facies of fresh or brackish water origin. The Morrison
consists of 250 feet of alternating gray and buff sandstones and gray
and red shales with thin fresh-water limestones. These sediments were
deposited on a nearly flat flood plain filled with lakes and swamps
over which a warm moist climate prevailed. The Morrison is famous
for its extensive dinosaur remains.

CRETACEOUS TIME
(135 million years to 65 million years B.P.)

A thick succession of sands and silts, mostly of marine origin, was
deposited over the area during this 70 million year interval. The maxi-
mum aggregate thickness of these rocks is in the order of 10,000 feet
which makes them five times as thick as the entire existing sedimentary
rock succession which was deposited during the previous 185 million
years (from Pennsylvanian to Cretaceous time). Because of their non-
resistant character these rocks are, for the most part, not well exposed
within the area and no attempt will be made to describe the numerous
formations into which they are divided. Mention should be made of the
lower 500 feet ( the Dakota Group) in that they give rise to a con-



6 NATURAL HISTORY OF THE BOULDER AREA

spicuous hogback which parallels the mountain front. These rocks
consist of gray to buff sandstones, carbonaceous shales, and siltstones.
They are near shore or offshore deposits which were laid down adjacent
to or in an advancing sea. The remainder of the rocks of Cretaceous
age reflect transgressions and regressions of the sea with the accompany-
ing changes in environments. The shoreline advanced and retreated in
response to crustal movements.

It was in late Cretaceous time that the Front Range started to
grow in response to compressive movements within the crust. Since
then it has been elevated from time to time.

THE YOUNGER SEDIMENTARY SUCCESSION AND
ASSOCIATED VOLCANIC ROCKS

(About 70 million years B.P. to the present)

The history of the area during the past 70-odd million years
is essentially one of erosion although there were times when the flanks
of the mountains were buried by sediments derived from their higher
portions together with volcanic debris. Volcanism was periodically
active as revealed by the intrusive igneous bodies and interbedded
ejecta. There is little question that large volcanic cones dominated the
skyline from time to time. Erosion has, in large measure, removed the
Younger Sedimentary Succession from within the area. These rocks are
present in a number of localities adjacent to the area and it is there
that the record of the history of this time is largely revealed.

When the mountain crests rose above base level in late Cretaceous
time the rocks were exposed to erosion. During the 70-odd million years
since this took place the Older Sedimentary Succession and an unknown
thickness of Basement Complex rocks have been removed. The total
thickness of rocks removed from the crest of the Front Range since it
was first uplifted is unknown but it must be in the order of from 15,000
to 20,000 feet. It should be borne in mind that the mountains were
being elevated periodically at the same time that they were being
eroded.

In the vicinity of Denver a sequence of elastic rocks, some 2,000
feet thick, lies unconformably on the last marine Cretaceous formation.
These rocks were deposited upon flood plains after the Cretaceous sea
had withdrawn from the region. They are divided into the Arapahoe
and Denver formations and are believed to be in part late Cretaceous
and in part early Tertiary (see below) in age. The rocks consist of
conglomerates, tuffs, tuffaceous sandstones, shales, and lignites, inter-

bedded with basaltic lava near Golden. Rock debris derived from the
Basement Complex is present indicating that the Older Sedimentary
Succession had been eroded from the crest of the range and that the
underlying Basement Complex was exposed when this sequence was
deposited.
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TERTIARY TIME
(63 million years to 1 million years B.P.)

The following brief summary of Tertiary time is drawn, in large
measure, from evidence lying outside but adjacent to the area, with
the exception of the volcanic history which is well represented within
the area. Extensive occurrences of Tertiary rocks cover the Great Plains
to the east and north. They occur also in the Laramie Basin to the
north and in the basins (parks) to the west.

The Tertiary period is divided into the Paleocene, Eocene, Oligo-
cene, Miocene, and Pliocene Epochs.

Paleocene time (65 to 58 million years B.P.). Mountain building
movements were active. Vast quantities of coarse elastic debris were
deposited as alluvial fans along the flanks of the mountains. These
merged with alluvial plains and coal swamps on the basin floors which
were probably only a few hundred feet above sea level at the time. A
mild climate prevailed. Volcanism was active.

Eocene time (58 to 36 million years B.P.). Mountain building
movements continued into Eocene time at which time the mountains
probably reached their greatest height with respect to their bases. No
rocks of Eocene age are known to occur along the east front of the
mountains although rocks of late early Eocene age occur in the Laramie
Basin. Any rocks of Eocene age which may have been deposited along
the east mountain front were completely removed before Oligocene
time. No rocks of middle or late Eocene age are known to occur and
it is believed that the region was subjected to extensive erosion during
most of Eocene time. A mild climate prevailed. Volcanism was active.

Oligocene time (36 to 25 million years B.P.). Numerous occur-
rences of rocks of Oligocene age occur in the surrounding area. These
rocks were deposited upon a surface of considerable relief. They buried
the mountains, in places at least, up to the present 9,000 foot contour.
They are composed of vast amounts of ash-clays derived from volcanic
ash falls with lesser amounts of elastic debris from the adjacent high-
lands. A mild climate prevailed. Volcanism was active.

Miocene time (25 to 13 million years B.P.). Regional uplift ac-
companied by extensive faulting began in late Miocene or early Pliocene
time. Miocene rocks are largely tuffaceous and interbedded with coarse
debris derived from the Basement Complex and lenticular beds of
wind-blown volcanic ash. A mild climate prevailed. Volcanism was
active.

Pliocene time (13 to 1 million years B.P.). Uplift probably con-
tinued through Pliocene time and may have continued into Pleistocene
time (see below). Pliocene rocks are principally sandstones and con-
glomerates with siltstones and algal limestones. The climate became
progressively drier. Volcanism may have continued into Pliocene time.
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QUATERNARY TIME
(The last million years)

The Quaternary Period is divided into the Pleistocene and Recent

Epochs.
The Pleistocene Epoch was a time of contrasted climate changes

which are reflected in the erosional and depositional features of th
e

area. Three periods of glaciation have been recognized in the glacia
l

deposits lying on the floors of the cirques and glaciated valleys. Lan
d

forms characteristic of the destructive effects of alpine glaciers ar
e

conspicuous throughout the higher portions of the mountains. 
The

lower portions of the area (hogback and plains zones) are extensi
vely

covered with surficial deposits of alluvium, wind-blown sand and d
ust,

bog deposits, and landslides. Several cycles of erosion (valley cut
ting

and pedimentation) followed by deposition (alluviation and eolation
)

have been recognized.
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GEOLOGIC HISTORY AND FOSSIL RECORD

OF THE BOULDER AREA

JOHN CHRONIC

Department of Geology, University of Colorado

Boulder has had a varied and distinctive geologic history which
has resulted in a very incomplete fossil and lithologic record (fig. 1).
Before organic life became abundant, during most of the Precambrian
interval of time, this region was at various times the site of marine de-
positional basins, mountains, and intermediate terrain. All of the rocks
deposited during this long span, probably at least three-quarters of
the total estimated age of the Earth, are now either highly metamor-
phosed or completely changed to igneous rocks and so we can see only
vague details of our earliest history in them. At present these rocks
make the core of the Front Range and the high divides, and also the
"basement" under the sedimentary strata at Boulder.

After many depositional and erosional episodes, there was a very
long period, possibly as much as 500 million years, during which this
area was a low land, as was most of central North America. During
this time, life evolved from Protista into all of the phyla except the
Chordata in restricted seas whose position on the Earth's crust we can
only surmise.

Beginning about half a billion years ago, with 90 percent of
geologic time gone, most of Colorado was gradually covered by a
shallow sea which invaded from the west. Beach and near-shore sand
deposits which resulted contain fragments of simple brachiopods, trilo-
bites, and graptolites, but these are rare and only occasionally found
in central Colorado, for example near Colorado Springs and Glenwood
Springs, where layers containing them have been uplifted and then
exposed by erosion. At Boulder, deposits of this Late Cambrian sea
may have been present, but if so they were all eroded away during
subsequent times, while the local area was land.

For a very long period of time, perhaps 200 million years after
this general invasion of the sea, the Colorado region was alternately
low land and shallow sea in various places, but as far as we now know
there were no mountains and no deep seas for at least a thousand miles
in any direction. Deposits of this long interval, including those repre-
senting the Ordovician, Silurian, Devonian, and Mississippian Periods,

[9]
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FIGURE I. Geologic time chart showing divisions of earth history and the parts directly
evidenced in the Boulder area.

are not known at Boulder, but if we look elsewhere in Colorado we

can find good evidence of the life and environment which then existed.

At the Cave of the Winds, near Manitou, for example, about 500 feet

of sandstones, limestones, and dolomites containing abundant and
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varied snails, brachiopods, nautiloid cephalopods, and trilobites attest
to the mild climate and shallow seas of this time (fig. 2). In a few
places, as near Glenwood Springs and Fairplay, considerable volumes
of algae and large corals are present, suggesting very warm, probably
tropical, conditions at time of deposition.

At least one period, the Silurian, is not known to have deposits
in Colorado, but recent discoveries about two miles north of the Colo-

Lingulello
Leiostegium"

Kirkoceras

Liospira

Billingsella

FIGURE 2. Early Paleozoic fossils of central Colorado.
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Eriptychius americanus

°

'tor, r,•

Astrospis desiderata

FIGURE 3. Middle Ordovician vertebrate evidence. Plates like these, in great abun-
dance, are all that have been found of the world's oldest vertebrate, an ostracoderm.
Magnified about five times.

rado-Wyoming line, south of Laramie, contain abundant marine Silurian
limestones and fossils. This unexpected occurrence has raised the prob-
ability that Colorado may have been to some extent covered by shallow,
limy seas at several times during this period, and that the resultant de-

posits were subsequently stripped off almost the entire region by wide-

spread but very gentle uplift and very shallow but complete erosion.
At a few places in central Colorado, significant pieces of the world's

earliest vertebrates are found in rocks of Paleozoic age (fig. 8). These
small plates, with their fluor-apatite composition and distinctive struc-
tures, are convincing evidence of the primitive armored ostracoderms
which swam in Colorado waters about 450 million years ago, during

Middle Ordovician time. At other places, in Devonian rocks, good indi-
cations of more advanced fish types are present.

Invertebrates are extremely abundant in some of these Early and

Middle Paleozoic beds, but generally they are rare, with a distribution

pattern reminiscent of organisms now being deposited in southern

Florida. Hundreds of millions of years must have passed very quietly

in Colorado, with slowly oscillating shallow seas and very low land

areas, under mostly tropical conditions.
This long period of quiescence was suddenly brought to a halt

at about the beginning of the Pennsylvanian Period, perhaps 300 million

years ago, when at least two prominent mountain ranges began to rise

above the waters, and the adjacent areas began to subside rapidly

(fig. 4).
Boulder, in the early stages of this mountain-building time, was

land, but the immediate area soon was overwhelmed by debris which

was being washed off the east side of the "Ancestral Front Range,"
probably 20 or 25 miles west of here, and coarse elastic alluvial sedi-

ments began accumulating. The red conglomerate and shale which now

form the Flatirons are results of this deposition; they were first laid
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FIGURE 4. Pennsylvanian paleogeography. The dotted areas represent deposition of
alluvial material around mountains. Deposits of this age now form the Flatirons at Boulder.

down very nearly in a horizontal position, as alluvium and outwash
plains from this ancient range.

The only local evidence of life at this time comes from tracks,
probably of amphibians, which roamed the muddy and gravelly plains
(fig. 5) which now are part of Flagstaff Mountain, just west of the
University. To the north and south of Boulder, however, outcrops
along the Front Range have yielded abundant marine invertebrates
which clearly indicate that the present mountain front is not at all
parallel to the front of the ancestral range. According to current infor-
mation, Boulder must have been nearer to the edge of the Pennsyl-
vanian mountains than were these other outcrops, which were, at
times, covered by the sea. In other parts of the state, vast quantities
of marine and nonmarine sediments were deposited; the former com-
prise some of our most prolific fossil-bearing rocks. Typical inverte-
brates of Colorado's Pennsylvanian Period are shown in figure 6.

L.—_
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FIGURE 5. Pennsylvanian amphibian

tracks. These tracks, two of many found

in the Fountain Formation on Flagstaff

Mountain, near Boulder, represent the

earliest known life of this immediate

area. Reduced about- four times.

Syringopora

Antiquotonia

Fusulina x10

FIGURE 6. Pennsylvanian marine fossils of Colorado. Although they are not found

near Boulder, fossils of this type are exceedingly abundant at many pl
aces in the state.
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Gradually, as the Boulder area subsided under its load of alluvium,the mountains to the west lowered by erosion. Sediments here becomefiner upward, and with deposition of the Permian Lyons sandstone,whose laminated blocks grace the University of Colorado buildings,the area was at the seaside. Ancient beaches and adjacent dunes makeup the scene very late in Paleozoic Era, with a low land area to thewest and a wide, shallow sea to the east. Tracks of reptiles are presenton sand surfaces deposited near Boulder at this time, as are raindropmarkings, swash marks, and other littoral or continental indicators.Some excellent tracks of Laoporus coloradoensis are on exhibit in theUniversity Museum; a representation of them is figure 7.
As time passed, the beach disappeared from the Boulder scene,and more mud was washed in from the west to form what is now knownas the Lykins Formation. It appears that the sea may have covered thearea at least once more during the Paleozoic Era, as local layers oflaminated limestone with occasional marine or brackish-water fossilsare present here. Again, it seems that the Boulder area was relativelyhigh, as outcrops both to north and south contain better marine evi-dence at this time than does the local record. The bright red color ofthis part of the column makes it a most distinctive sequence, and itmay be pertinent to remark here that red colors are an almost world-wide characteristic of sedimentation at this time in Earth history.
To the east, north, and south of Boulder, the seas soon began todry up and large deposits of gypsum ( the satin spar and alabastermarketed at Loveland, north of Boulder) are interbedded with the redmuds of Late Permian and Early Triassic age.
At this time a slight uplift may have occurred, because for perhaps

40 million years, during most of the Jurassic Period, the Boulder area
remained in a stabilized condition, with no evidence of either deposi-tion or erosion.

By about 150 million years ago, the "Ancestral Front Range" hadbeen completely leveled, and a vast plain extended westward from
Boulder for several hundred miles. The next historical record of eventshere is evidenced by a white, massive, cross-bedded sandstone which
lies on the Triassic red beds. It represents the eastern edge of vast
Jurassic eolian sands deposited in Zion National Park and other areasof western Colorado and Utah. Probably the environment of deposi-
tion of these sands was most inhospitable to life, for only the rarest
indications are present. Imagine a dry, hot, windy, sandy desert andyou have Boulder as well as most of the Rocky Mountains at this time!

Shortly after this, however, the climate moistened up, and moun-
tains rising far to the west in Utah and Nevada began shedding large
quantities of gravel, sand, and mud which washed eastward toward
Boulder. The Morrison Formation, of Late Jurassic age, was the result.

In the Boulder area, the Morrison begins with a series of thin
limestones and shales indicative of an extensive nonmarine, warm, pond,
lake, and meandering stream situation. Except for charophytes, which
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Looporus colorodoensis

FIGURE 7. Permian reptile tracks from the Lyons Sandstone near Boulder. About life size.

FIGURE 8. Charophytes from the Morrison
Formation of Late Jurassic Age. These are
called Aclistochara latitruncaia, and they are
enlarged about 20 times.



THE FOSSIL RECORD 17

locally are so abundant that they make up most of the rock, fossils
are rare in these strata (fig. 8). It may be interesting to realize that
the charophytes so common in the Morrison Formation are surprisingly
similar to those now living in the lakes and ponds around Boulder!

As time passed, mud and sand flooded the area, and Boulder be-
came a low flood plain sloping gently eastward.

Dinosaur bones are common in the upper part of the Morrison
Formation, whose name was taken from a small town 30 miles to the
south. Usually the local bones are fragments which have been rolled
and weathered by the streams of the time, and they are not precisely
identifiable, but their abundance suggests that the climate was suitably
warm and moist for successful dinosaur life. The most famous dinosaur
quarries, from which have come most of the world's supply of these
gigantic and unique beasts, are south of Boulder, near Canon City; 150
miles to the north at Como Bluffs and other localities in Wyoming; and
of course at Dinosaur National Monument, 250 miles to the west. Dur-
ing the uranium rush in the early 1950's, geiger-counter explorers on
several occasions brought in radioactive bone fragments from the
Boulder area, but nothing more than completely disarticulated bones
was located.

With the next marine invasion, we begin the history of most of
the sedimentary rocks of eastern Colorado, and those that have pro-
duced most of the oil and coal of the region.

As a result of accelerated subsidence in the Rocky Mountain re-
gion, probably coupled with periodic upheavals far to the west, de-
posits of gravels and coarse sands heralded the Cretaceous deluge.
Chert pebbles in the basal beds of the Dakota Formation near Boulder
contain Paleozoic fossils indicative of an origin several hundred miles
to the west, so there was definitely no mountain system separating
Boulder from western Colorado or Utah at this time but transporta-
tion of debris was directly eastward across an almost level plain.

As the sea transgressed, generally from the north, into Colorado,
the beaches were impressed with numerous dinosaur footprints and at
times covered with woody, carbonaceous material. Locally, small oyster
reefs formed and were buried in the dark mud of the near-shore
marshes; tiny pollen grains are a common constituent of these rocks.
In the Denver basin, bars and bays, with their attendant local marshes,
much like those on present-day Cape Cod, were formed and preserved,
in many cases intact. In these sediments most of the Denver basin oil
was trapped.

At Boulder, as elsewhere in the entire region, the sea rapidly
deepened and typical marine organisms invaded the area. In the black
shales and associated limy layers of the Benton Formation, a large
clam called Inoceramus labiatus is sometimes quite common, and
Foraminifera and ammonites are present (fig. 9). In the sandier tongues
of sediment, there are frequently concentrations of beautifully pre-
served shark and ray teeth and bones. In the calcareous beds, tiny



18 NATURAL HISTORY OF THE BOULDER AREA

FIGURE 9. Fossils from the Cretaceous Benton Formation and its equivalents near
Boulder. Inocoramus labialus and Motoicoceias whiloi. About natural size.

remains of flagellates called coccoliths and rhabdoliths arc abundant
and varied; these are now being studied by electron microscope (fig.
10).

To the east, the sea extended into Kansas, where chalky deposits
formed, attesting to its shallow, warm character, but at Boulder only
one distinctly tropical limestone, the Niobrara, was deposited at this
time. Three types of fossil are most abundant in this unit: pelagic
Foraminifera such as Hedbergella (similar to Globigerina), very large,
coarsely ribbed clams called Inoceramus deformis; and the tiny cocco-
liths and rhabdoliths. Attached to the Inoceramus, which may be more
than a foot in diameter, there are frequently small oysters, Ostrea
con gesta in dense colonies (fig. 11). At many places the large clams
have been broken into bits by turbulence, so that the limestone is
almost a coquina. The matrix of this rock and the intervening shales
often are composed almost exclusively of forams and coccoliths.

Putting an end to this limy and organic deposition, the sea
deepened suddenly at Boulder, the bottom sedimentation became
black, probably fetid, mud, and deposition of life forms decreased to
a few fish scales and bone fragments. The black shale, now called the
Barren Zone of the Pierre Formation, outcrops just north of Boulder,
near the Foothills highway to Lyons. The almost complete lack of
normal marine invertebrates, including nektonic ammonites and pelagic
Foraminifera, may suggest that even the sea-surface conditions at this
time were not of a normal marine nature.

With the return of better circulation, shallower water, or some
combination of factors, abundant marine animals were once again
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FIGURE 10. Cretaceous Coccoliths and Rhabdolith from the Benton Formation. Enlarged
about 5 000 times from electron microscope photographs.

FIGURE II. Niobrara Cretaceous fossils. Inocerarnus deformis with a small colony of
Ostrea congesta attached to it. Reduced about three times. On the right, tiodbelcjella
crotacea a globigerinid foram, enlarged about 50 times.
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able to live in the area. While sedimentary conditions varied somewhat
locally, now shoaling, now deepening, about 7,000 feet of sand and
mud were deposited, and a great variety of clams, snails, ammonites,
and other organisms left their shells or traces in the rock of the Boulder
area. There are many localities and many levels where fossils are rare
or absent in the Pierre Formation, but locally faunas are extremely
diverse and abundant (fig. 12). In the University Museum one large
slab of Pierre sandstone contains dozens of large, robust Inoceramus
oblongus in what is called a "fossil clambake." On Fossil Creek, south
of Fort Collins, concretions in this sandstone have yielded more than
fifty kinds of organism, including types of many species.

Some of the commonest and most useful, as well as notorious,
fossils in the Pierre are the ammonites. Besides their shape, all of them
have extraordinarily complicated and characteristic sutures, the line
of contact of successive chamber divisions or septa with the outer shell.
At least four very distinctive types are known, and a number of species
and genera occur in local rocks. The best known is Baculites, whose
slightly tapering, flattened cylindrical shape is easily recognized. Usual-
ly only part of the shell of this animal is found in one piece, but once
in a while an almost complete specimen several feet long is collected.
Probably the early part of the shell of Baculites broke off while the
animal was still alive, as such a shape must have made movement diffi-
cult, to say the least!

A second form, Scaphites, and its relatives have been taxonomical-
ly split into a number of genera and species because of their usefulness
as index fossils. These are partially unrolled small ammonites with
transverse ribs and sometimes low spines. Didymoceras is a most bizarre
fossil whose shell began more or less like a scaphite, then unrolled like
a bed spring, and finally looped upward to form a U. How it got around
is a mystery; certainly it wasn't very successful as it did not last long.
The least common, but possibly the most interesting, is Solenoceras,
whose shell, after starting out straight, at a certain size, took a sharp
loop and turned back to partly enclose the earlier shell. This evolu-
tionary experiment was apparently doomed to rapid extinction, but
specimens are widely enough distributed to prove its partial success.
All in all, somewhat like the dinosaurs, the ammonites diversified rapid-
ly if not almost madly, then suddenly and inexplicably disappeared at
the end of the Cretaceous Period. Why and how these extinctions came
about cannot be told any better here than in many other places in the
world, but examples of evolutionary diversification in this group are
well documented here.

Two other kinds of fossil common in the Pierre of this area should
be mentioned. One is a peculiar burrow formerly called Halymcnites
major, but now assigned to Ophiomorpha. It is cylindrical, with a
diameter of about one inch, frequently branching, and with a rough
surface somewhat like an ear of corn. By analogy with recent forms,
this structure, formerly considered an alga, is now thought to be a
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Cirroceras

Solenoceras

Ophiomorpha
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FIGURE 12. Pierre Formation Cretaceous fossils. Inoceramus oblongus, a clam, Baculites,
Scaphites, Cirroceras, and Solenoceras, ammonites, and Ophiomorpha, a crab burrow.

crab burrow. The other distinctive fossil consists of common chunks
and bits of almost unaltered wood which look as though they had been
worn into rounded masses by abrasion. Certainly it looks as though
the sea was extremely shallow in some places and at some times during
deposition of the Pierre strata, and that some of the area must have
been for a while essentially at sea level.

Gradually, after several million years, the marine waters receded
from central Colorado toward the northeast, and a beach and closely
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Pollen grains

Sequoia

FIGURE 13. Latest Cretaceous Laramie Formation fossils. Typical leaves and fragments,
and three pollen grains, the pollen enlarged about 500 times.
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Ostreo globro

90

FIGURE 14. Laramie Formation oyster, re-
duced to about half original size.

related highly organic marshy deposits were laid down and preserved
as the Fox Hills Sandstone and the Laramie Formation, respectively.
The excellent leaf flora of the coal-bearing Laramie was described to
a considerable extent from specimens collected at or near Marshall,
five miles southeast of Boulder. The diversity of the plants living at
this time, and their similarity to modern floras, is given by the genera
Sequoia, Sabel, Quercus, Ficus, Cinnamomum, Pistacia, Fraxinus,
Nelumbo, and Magnolia. Some of these such as Ficus, Cinnamomum,
and Nelumbo lived in moist, warm marshes, while the others may have
grown at the edge of the marsh on slightly higher ground, but still in
a moist climate. Large silicified logs are common (one is in the Univer-
sity Museum), as well as some conspicuous large mounds made almost
entirely of the brackish-water oyster Ostrea glabra.

Pollen and spores recovered from the Laramie succession of coals,
about 15 miles south of Boulder, have indicated a possible climatic
change through the sequence, from warm and moist to cool and dry,
perhaps a result of progressive uplifting of the Rocky Mountains just
west of Boulder.

No significant deposition of sediments has occurred in the Boulder
area since the late Cretaceous Laramie Formation; local and regional
uplift has been great enough to keep Boulder in an erosional condition
continuously since then. The surface rocks on which the University
campus is located are tilted Pierre shale, and bedrock in Boulder is
seldom more than a few feet below the surface.

To the south of Boulder, however, at Golden and Denver, are



24 NATURAL HISTORY OF THE BOULDER AREA

portant post-Cretaceous deposits, including the lava flows which make
up Table Mountains at Golden. Many of the youngest rocks in the
area west of Denver, probably Eocene in age, contain primitive mam-
mals and relatively modern plants.

So ends the fossil record and depositional history of the Boulder
area. It is fragmentary indeed, but it represents a characteristic pattern
of uplifts, orogenies, and depositional episodes in a tectonically active
region.
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THE CLIMATE AND TOPOGRAPHY
OF THE BOULDER REGION

MARK W. PADDOCK

Institute of Arctic and Alpine Research
University of Colorado

When discussing the climate of the Boulder area it is impossible
to omit continual reference to its topography. Weather and climate
always vary with changes in topography and the Boulder area is no
exception with its 8,000 feet of relief within a distance of a few miles.
Actually there is no single "climate" of the Boulder region because there
are many "climates" found here reflecting the presence of tremendous
differences in elevation, exposure, vegetation and grade. Other major
factors causing climatic differentiation in this region are the two main
slopes of the Front Range; the leeward east slope and the windward
west slope. This paper will discuss only some of the major features
of and differences between the basic regional or macroclimates of this
area. It is probably accurate to delimit these regional climates by the
major "life zones" found here. These are, running east to west within
the Boulder area, the Great Plains, the Lower Montane Forest, the
Upper Montane Forest, the Subalpine Forest, the Alpine Tundra, and,
down the west slope, the Subalpine Forest and the Mountain Parks.
There are, of course, other names for these life zones and some disagree-
ment on their boundaries. We are fortunate to have a transect of
weather stations in this area with a representative one in each regional
climate. These stations are operated by the U.S. Weather Bureau, the
U.S. Forest Service, and the Institute of Arctic and Alpine Research. It
is important that we realize that there are many local variations of cli-
mate, both macro- and microclimates, in each zone. The study of these
local variations, particularly the microclimate or "climate near the
ground," is another topic entirely and will not be covered here.

GENERAL FEATURES OF THE BOULDER AREA CLIMATE

The climate of the whole area, if we ignore the mountains and their
influence for now, is considered to be a continental type. Its general
features are: a high percentage of intense, possible sunlight, low
humidity, relatively low precipitation concentrated in the spring and
summer, moderately high wind movement, a large daily range of tern-
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perature, warm to hot summer days, and cold winters. Those of you
who are familiar with this area will immediately recognize that these
climatic features are much more typical of the plains than of the
mountains. The modifications caused by the Front Range and the pre-
vailing westerlies are in general lower temperatures, especially in the
daytime, lower percentage of possible sunlight, higher relative humidity
(not absolute humidity), higher precipitation more evenly distributed,
considerably smaller range of temperature, warm to cool summer days,
and very strong winds in the higher exposed areas.

SPECIFIC FEATURES OF EACH REGIONAL CLIMATE IN
THE BOULDER AREA

GREAT PLAINS ( Longmont, 4,950 feet elevation)

As we move from east to west across the Boulder area, we en-
counter the Great Plains climate first. The climate of the plains adjacent
to the Front Range (often termed the Colorado Piedmont by geogra-
phers) is a relatively dry and mild one with considerable modifications
of the typical high plains climate by the influence of the nearby moun-
tains. Features of this region's climate are low precipitation (lower
than areas just to the east and west), a fairly large daily temperature
range, low humidity, and abundant sunshine.

Winds prevail from the west, and these are mostly dry after having
lost their moisture in passage over the mountains. Often these descend-
ing, warming winds displace cooler air present in the region and afford
relief from the cold in midwinter. These are the "chinooks" so preva-
lent in this region. Outbreaks of cold arctic air from the north occa-
sionally interrupt the flow of air from the west and bring winter cold
spells with abrupt drops in temperature. These are of short duration,
however, and milder conditions return ( often dramatically), with the
resumption of the strong, prevailing westerlies. Blizzards, or snows
accompanied by strong northerly winds, are infrequent or less severe
near the mountains and destructive winds associated with thunder-
storms are quite rare.

There is a rather high range of temperature on an annual and
daily basis in this region. Cold nights in the winter are usually followed
by bright warm days some 20° to 40° wanner. The same situation in the
summer makes the nighttime temperatures quite pleasant, since 80°-
90° days are usually followed by cool nights in the 50°'s. Summer
mornings are usually clear and sunny. Cloudiness increases rapidly,
and by afternoon a notable moderating effect on the temperature is
felt with a further cooling of frequent short showers. High temperatures
almost always occur with low humidities.

A large portion of the annual precipitation occurs from thunder-
storm activity during the spring and summer months, although large
amounts may be contributed at times by late spring or early fall snow-
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storms. During the relatively dry winter, heavy snow accumulation is
rare and those heavy snows that do fall usually come in the spring or
autumn and melt rapidly. Summer thunderstorm activity is frequent
and occasionally severe locally with hail a common feature. Generally,
however, the storms are less severe and extensive than farther to the
east where thunderstorms originating in or near the mountains and
moving eastward have had more time for development. The heavier
precipitation of the spring and summer is largely the result of moist
unstable air which has been brought up from the Gulf of Mexico and is
present over the plains and eastern slope of the mountains.

FOOTHILLS AND MONTANE (Boulder, 5,400 feet elevation; A-1, 7,200;
B-1, 8,500)

As one travels west out of the plains past the foothills and into
the lower mountains the climate changes rapidly. The most striking and
unexpected change is the higher minimum temperatures—even after
an increase of 2,000 to 3,000 feet elevation. This is due to the lack of
the development of air stratification on the slopes of the mountains
which often is a feature of the night and early morning on the plains.
The descending current of air is generally sufficient to prevent air
stratification which is necessary for the occurrence of temperature in-
version and excessive cold. For example, Boulder's minimum tempera-
tures average 50 lower than Longmont's; and the minimum tempera-
tures of the upper montane zone (B-1), some 3,500 feet higher than
Longmont, average only 2° lower. On the other hand, maximum tem-
peratures usually decrease steadily with an increase in elevation. There-
fore, as a general rule, one should expect little or no cooling at night
for the first several thousand feet increase in elevation. Often it gets
warmer, especially in winter. During the day we can expect tempera-
tures to cool off steadily from 3° to 6° per thousand feet elevation in-
crease, with the most cooling found in summer or during a chinook
wind.

Of course, an important feature of the mountain climate, as a result
of the relatively cooler days and warmer nights, is a rather small daily
range of temperature and fewer extremely hot or cold days. This small
temperature range is somewhat offset by a "feeling" of large tempera-
ture differences by humans. The thin air of the mountains allows intense
sunlight during the day to warm us up even in cool air temperatures,
and the same thin air allows radiative cooling to proceed at a great
rate at night even in relatively warm air temperatures.

Winds have less average velocity in the foothills and lower moun-
tains than in the higher mountains and plains, but very strong down-
slope winds occur frequently in the cooler seasons of the year. It ap-
pears that extreme wind velocities are greatest just at the foot of the
mountains during these chinook-type winds. Places like Boulder experi-
ence winds each year with gusts over 70 mph, and destructive wind
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storms with gusts up to 90 mph are not uncommon, occurring about
once each five years. The strongest wind ever officially recorded in
Colorado occurred in the Boulder area. In January of 1959, a wind
velocity of 106 mph was recorded at Rocky Flats between Boulder and
Golden. Westerly winds dominate in this region and seldom do strong
winds come from any other direction. Cool, moist air almost always
rides in on northeasterly winds.

Precipitation, as might be expected, increases as you approach and
enter the mountains. This increase averages about two inches per 1,000
feet increase in elevation. Actually, precipitation increases "step-like"
as you ascend the Front Range, with certain elevational zones experi-
encing rapid increase and others having little increase. For example,
Boulder receives about five inches more precipitation ( 18 inches vs. 13
inches) than Longmont which is 450 feet lower. B-1 (8,500 feet) on the
other hand averages no more precipitation than the A-1 (7,200 feet) just
to the east but 1,300 feet lower (21 inches and 21 inches). The seasonal
distribution of precipitation in this region remains about the same as
Longmont's with a spring-summer maximum and a relatively dry fall
and winter. Significant amounts come from late spring and summer
thundershowers, but, because of the higher elevation, more precipita-
tion comes in the form of snow. However, in the lower mountains the
snow is seldom deep enough to impede travel. South-facing slopes hold
a snow cover only for a few days at a time and it is possible for cattle
to graze year around on these slopes.

SUBALPINE AND ALPINE ZONES (C-1, 10,000 feet and D-1, 12,300 feet)

The climate of the subalpine and alpine zones of the Boulder area
is a highly modified one. Temperatures average much lower than on the
plains but the minimums continue to be relatively high when compared
to places a mile or so lower. The daily range of temperature becomes
even smaller and is only 13° in the alpine ( D-1, 12,300 feet). During
periods of strong winds, a common occurrence in the winter, the tem-
perature may vary only a few degrees for several days and little differ-
ence is noted between day and night. The maximum temperatures at
these elevations are quite low, not exceeding the 70°'s and 60°'s during
a typical year. Extreme minimum temperatures do not get much below
levels reached on the plains. During the past 13 years the lowest tem-
perature recorded at 12,300 feet was —34°, a figure reached or ap-
proached on plains stations 7,000 to 8,000 feet lower. The annual average
temperature's being several degrees below freezing permits development
of permafrost in suitable sites in the alpine and upper subalpine areas.

Winds are strong and quite constant in the alpine zone from Sep-
tember through April. Available records indicate that the Front Range
zone is the third windiest place in the world ( Mt. Fujiyama of Japan
and Mt. Washington in New Hampshire are first and second respec-
tively). January wind velocities on Niwot Ridge just east of the Con-
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tinental Divide and due west of Boulder often average near 30 mph;
some entire weeks average over 40 mph. Even so, it is improbable that
peak velocities exceed 100 mph except on rare occasions. The contin-
uous records of the U.S. Forest Service on Berthoud Pass and hundreds
of spot checks by the Institute of Arctic and Alpine Research on Niwot
Ridge and Trail Ridge tend to verify this belief. Extreme winds in the
alpine are almost always the result of the close proximity of jet streams
overhead and are not usually a result of cyclonic storms which cause
most of the strong winds on the plains.

Precipitation in the subalpine and alpine zones of the Boulder area
is relatively high for the Rocky Mountain region—from 25 to 35 inches
per year. It is very difficult to obtain accurate precipitation records in
these windy regions, but records taken in forest clearings probably ap-
proach good accuracy. The figure of 36 inches per year obtained at
11,300 feet on the west side of Berthoud Pass is probably quite accurate,
because the station is located in a relatively sheltered site. The seasonal
distribution of precipitation on these highest slopes is rather evenly
spread throughout the year. There is still a sign of a spring-summer
maximum, but not as pronounced as farther east. Much precipitation
occurs when strong, moist, westerly winds forced up over the divide
are cooled and drop some of their moisture as precipitation. Often these
storms are not related to any cyclonic situation but instead are caused
by the presence of jet streams overhead. There is a great potential for
huge snowstorms in this region. Many local residents are aware of the
record snows of the Sierras and the Cascades on the West Coast and on
Wolf Creek Pass in Colorado, but few know that Boulder County was
the scene of one of the most spectacular snowstorms ever recorded in
the country. On April 14-15, 1921, 76 inches of snow fell during a 24-
hour period at Silver Lake (10,400 feet elevation) in the Boulder city
watershed. Over 90 inches fell during the entire storm, which lasted
about 30 hours. This is still the U.S. record for a 24-hour snowfall,
and nothing else even approaches it.

During June, July, and August, there are many thundershowers in
the alpine and subalpine zones. The intensity of rain and hail is seldom
great at these high elevations, but their frequency—often two to three
storms per day—allows considerable precipitation to accumulate.

THE WEST SLOPE OF THE FRONT RANGE

As one proceeds over the Continental Divide, the climate changes
considerably. The strong, drying downslope winds so typical of the east
slope are rare on the west slope. Precipitation is evenly distributed
throughout the year and there are fewer large spring snowstorms and
summer thundershowers. Temperatures too are different from the east
slope. The absence of strong, downslope, warming chinook winds ac-
counts for many of the lower temperatures. But the topography exerts a
greater control over night temperatures than does anything else. The
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presence of large mountain valleys and parks, where the air becomes
stagnant, permits almost daily temperature inversions to develop. Dur-
ing a temperature inversion the greatest cold is generally confined to
the lower strata of air whose upper limits do not always reach the higher
altitudes. The town of Fraser, often called the "Nation's Icebox" by
the press, is located in one of these large mountain valleys or parks and
it experiences extremely cold nights most of the year. In fact, Fraser
(8,600 feet) has minimum temperatures consistently lower than the
highest alpine regions. This spectacular cooling, associated with normal
daytime temperatures for that elevation, causes a tremendous daily
range of temperature (36°). During the month of September the aver-
age daily temperature range is a staggering 43° and many days experi-
ence a 50° rise in temperature after the morning low.

There is a tendency for a high-pressure area to form in western
Colorado and remain stationary for several days. When such a pressure
distribution controls the weather, the sky is clear, the day temperatures
are moderately high and uniform, and the nights are cold, though sel-
dom excessively so except when the ground is covered with snow. How-
ever, when this condition is coupled with an outbreak of arctic air
which spills into the valleys, the lowest readings of —40° to —50°
result.

TABLE I. Average Lapse Rates

(Comparison Between the Alpine Tundra, 12,300 feet, and the Great Plains, 4,950 feet)

Annual mean temperature
January mean temperature
July mean temperature
January mean minimum temp.
July mean minimum temperature
January mean maximum temp.
July mean maximum temperature

3.07° per 1,000 feet
2.13° per 1,000 feet
3.33° per 1,000 feet
1.07° per 1,000 feet
2.0° per 1,000 feet
3.9° per 1,000 feet
4.7* per 1,000 feet

The above table gives information on the average amount of cooling one may
expect when traveling west up the mountains from Longmont. It can be seen that
temperatures lower four times as rapidly during a July day than during a January
night. These lapse rates vary greatly with weather types. During a chinook, the
lapse rate is quite consistently 5°-6° per 1,000 feet. During a cold wave on the
plains or during a cold night under calm, clear skies, the lapse rate may be inversed.



TABLE II. Variation of Temperature and Wind With Elevation and Slope in the Boulder Area

Temperature *F

Location and Elevation

Annual
Mean

Annual
Mean
Max.

Annual
Mean
Min.

January
Mean
Max.

January
Mean
Min.

July
Mean
Max.

July
Mean
Min.

Average
Daily
Range

Wind, MPH Average
July January Average,

Annual

Eastern Slope

Longmont, Plains 5,000 feet 49 65 33 43 11 89 54 32 9* 10* 10*

Boulder, Foothills 5,400 feet 51 64 38 44 20 87 59 26

A-1, Lower Montane 7,200 feet 47 59 35 41 20 83 55 24 6 7 6

B-1, Upper Montane 8,500 feet 42 54 31 36 15 77 51 23 5 9 7

C-I, Subalpine 10,000 feet 35 45 25 27 11 66 41 20 5 14 9

D-1, Alpine 12,300 feet 26 33 19 14 3 54 39 13 10 25 19

Western Slope

Berthoud Pass, Treeline
11,300 feet 29 10 16 13

Winter Park, Subalpine
9,100 feet 35

Fraser, Mountain Park
8,600 feet 34 52 16 30 —5 75 35 36

°Wind data for plains taken from Denver.



TABLE III. Variation of Precipitation With Elevation and Slope in the Boulder Area

Location and Elevation Precipitation in Inches of Moisture

Eastern Slope Jan. Feb. March Apr. May June July Aug. Sept. Oct. Nov. Dec. Annual

Longmont, Plains 5 000 feet .3 .5 .8 1.8 2.4 1.6 1.6 1.2 1.1 1.1 .5 .4 13.2

Boulder, Foothills 5,400 feet .8 .8 1.8 2.9 3.2 2.1 1.3 1.8 1.3 1.5 1.0 .6 18.5

A-1, Lower Montane 7,200 feet .9 1.1 2.1 2.6 3.8 1.9 2.2 1.8 1.4 1.2 1.3 .9 21.2

B-1, Upper Montane 8,500 feet .9 1.2 2.0 2.7 3.6 1.6 2.4 2.2 1.4 1.3 1.2 .9 21.4

C-1, Subalpine 10,000 feet 1.6 1.6 2.2 3.3 3.6 2.1 2.6 2.3 1.9 1.2 1.6 1.5 25.6

D-I, Alpine 12,300 feet 1.9 1.7 2.2 2.3 2.8 1.9 2.9 2.6 1.8 1.2 1.6 1.6 24.6*

Western Slope

Berthoud Pass, Treeline
11,300 feet 35.8

Winter Park, Subalpine
9,100 feet 2.2 1.9 2.7 3.0 3.1 2.2 2.1 2.4 1.2 1.9 2.3 2.4 27.3

Fraser, Mountain Park
8,600 feet 1.4 1.5 1.6 1.9 1.7 1.4 1.6 1.5 1.1 1.0 1.1 1.1 17.0

°Precipitation data for Alpine Tundra is strongly influenced by wind; actual amounts would be som
ewhat higher, probably com-

parable to Berthoud Pass.
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THE VEGETATION OF THE BOULDER AREA
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GENERAL CHARACTER

Grassland vegetation meets mountain forest along a landscape
hinge that runs north-south at the eastern base of the Front Range in
the Boulder area, and alpine tundra vegetation occurs on all mountains
that rise above altitudinal treelimit. The community of Boulder is at
the west edge of the grassland even though it is well "forested" with
cultivated trees and the cottonwood (Populus sargentii Dode ) and
willow (Salix amygdaloides Anders.) that grow naturally on the flood-
plains of Boulder Creek. Early photographs of the University campus
show an herb-covered landscape and all suburban developments up to
recent times were entirely treeless in their "undeveloped state." Trees
on upland sites become common along the foot of the mountains and
dominate the landscape up to elevations of 11,500 feet where forest
gives way to alpine tundra.

The term "vegetation" refers to the total plant cover of an area,
but I shall concentrate on trees in my discussion because herbs and
shrubs are treated elsewhere in this series. There are relatively few
species of trees in the Boulder area and most of them are distinguishable
by some clearly evident characteristics. Most anybody can learn the
local trees with only moderate effort. But learning to recognize the
kinds of trees is only the first step in learning to understand and enjoy
the vegetation. As the species assume distinctness, one begins to recog-
nize that they differ from one another in where they grow as well as
in form. In a panorama of the total mountain forest, species are found
to be localized in various ways that form a mosaic pattern. The varia-
tions in the pattern are found to have relations to variations in altitude,
degree of exposure to the sun and wind, angle and steepness of slope,
depth and texture of soil, depth of water table, and history of influences
of fire and man. The mosaic pattern is complex but it is found to "make
sense" when it is adequately understood. For example, a given species

[34]
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can grow only within certain temperature limits, and topography modi-
fies regional temperature at any one altitude. Consequently, a tree may
be common on north-facing slopes at low altitude, ridge tops a bit
higher, and confined to south-facing slopes near its upper limit, be-
cause its temperature limits are exceeded in other sites at each eleva-
tion, the lower south slopes being too hot and the higher north slopes
being too cool.

If the distribution of all plant species of the area is plotted on a
map, two features are evident: each species has an individual pattern
and groups of species overlap in various combinations. In the field,
these aggregations of species show up as individual vegetation stands.
The different stands vary in distinctness, some have sharp and others
have vague boundaries, but some portion of the interior of each unit
has a total character that is distinct from all other types of stands. The
abundance and variety of these units make it necessary for the student
of vegetation to have a classification system. Various classifications have
been employed, depending on the author's knowledge of the area and
his personal objectives (Gregg, 1963, and Marr, 1961).

Use of the presence of particular species as unit indicators gives
perhaps the simplest of approaches, a "floristic" classification of vege-
tation. Such units are large and ecologically amorphous, but they are
adequate for some purposes. One of the major problems with this
approach is that species differ greatly in the magnitude of their environ-
mental ranges ( amplitudes ) and, consequently, the resulting units
differ from one another significantly in the homogeneity of their environ-
ments. Ponderosa pine, for example, grows across a wide range of
moisture conditions, while subalpine fir has a much more narrow ampli-
tude. "Ponderosa pine vegetation" is, therefore, much more heterogen-
eous environmentally than is "subalpine fir vegetation."

Analysis of the ecology of a species throughout its geographic
range reveals that it plays different roles in the ecology of the vegeta-
tion from place to place. Consequently, the total geographic range of
the species can be subdivided into units within which the species has
a fairly precise ecology; these vegetation units have a relatively high
degree of homogeneity. For example, ponderosa pine cannot compete
with grasses in the more arid parts of its range but crowds out the grass
in more mesic regions; ponderosa also comes up under lodgepole pine
and eventually eliminates it in some sites, while in other sites it is itself
replaced by Douglas fir in the same type of process. Consideration of
these interrelations or successional roles provides a basis for vegetation
classification into units within which the major species have a fairly
precise ecology; these units have a higher degree of homogeneity than
do those based on floristics.

In the ecological approach, the major criterion of classification is
the character of the relatively stable or climax vegetation each site is
capable of supporting. Stability refers to both species composition and
structure ( the arrangement of individual plants and populations of the
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different species in the community). A stable stand is one that has re-
mained relatively constant in total character while two or more genera-
tions of its longest-lived species have completed their life span. Even
in sites where most vegetation is young, these features can often be
determined with reasonable accuracy by careful and extended field
study. For example, anyone who has spent a few weeks making careful
observations in the Boulder area will become confident that the climax
vegetation of south-facing slopes at 7,000 feet is an open stand of
ponderosa pine. It is clearly evident that grasses will never crowd out
the pines completely and that there is no other tree species in the area's
flora that could replace ponderosa.

The importance of the climax is that it is the most constant vegeta-
tion feature of the landscape. Plant an acorn and, if all goes normally,
you can expect to get an oak tree eventually. Collect together the com-
ponents of a moderate subalpine landscape and, although you may
have an aspen stand for a time and then a lodgepole stand for a time,
eventually, if all goes normally, you will have a spruce-fir forest.

Each relatively homogeneous piece of vegetation is treated as a
unit and called a stand. If it is not relatively stable in character, the
relatively stable unit that will develop in time is determined by exten-
sive and intensive field studies and literature review.

A stand may be as small as a few square feet in herblands such as
alpine tundra or it may cover many acres as in some spruce-fir and some
lodgepole pine stands. The combination of stands varies from one local-
ity to another, because of changes in the climate and flora, and vegeta-
tion regions such as alpine tundra and subalpine forest are produced.
The more common stand vegetation types in the four major vegetation
regions are given in Table I and described briefly below.

THE PLAINS GRASSLAND REGION

The lower parts of the grasslands are cultivated, usually with
irrigation, and the higher parts are heavily grazed. The grazed pastures
are a mixture of herbs and relatively unpalatable grasses; here and there
are patches of blue grama grass (Bouteloua gracilis HBK ) Lag.) and
low mats of buffalo grass (Buchloe clactyloides (Nutt.) Engelm.). Prick-
ly pear cactus (Opuntia rafinesquei Engelm.) and yucca (Yucca glauca
Nutt.) are abundant where overgrazing has been extreme. The extreme-
ly rare relatively undisturbed sites along railroads, in the corners of old
cemeteries, and other patches of natural land show what the grassland
potential is in this area. The most conspicuous feature of these sites is
the presence of both big and little blues tern (Andropogon gerardi
(Vitm.) and A. scoparius Michx.), needle grass (Stipa comata Trin.
and Rupr. and side-oats grama (Bouteloua curtipcndula ( Mich.)
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TABLE I. The Vegetation of the Boulder Area

Regions
and

Attitudinal
Range*

Vegetation
Stands

(Communities)

Topographic Relations Ecology

S-facing Ridge N-facing
slope top slope

Succes- Climax
sional

Plains A. Little bluestem
Grassland
up to

5,600 feet
B. Needle grass-

grama grass
C. Grama grass-

linear leaf
wormwood

D. Cheatgrass-
wheatgrass-
grama grass

Slopes; coarse and/or
eroding soil

Slopes; coarse and/or
eroding soil

Slopes; coarse and/or
eroding soil

X

X

X

Lowlands; deep, compact soil X

X

Lower
Montane
Forest
6,000
to

7,700 feet

A. Ponderosa pine-
grama grass

B. Douglas fir-
ponderosa pine

C. Douglas fir
D. Dry grassland

X

Upper
Montane
Forest
8,000
to

9,000 feet

A. Ponderosa pine
B. Ponderosa pine-

Douglas fir
C. Douglas fir-

ponderosa pine
D. Limber pine
E. Lodgepole pine
F. Aspen
G. Dry grassland

X Coarse soil Coarse soil
X

X X X

Coarse soil and wind exposed X
X X X X
X X X X
X X X

Subalpine
Forest
9,300
to

11,000 feet

A. Spruce-fir
B. Lodgepole pine
C. Aspen
D. Limber pine
E. Dry meadow
F. Wet sedge-

grass meadow

X x X X
X X X X
X X X X

Coarse soil and wind exposed
X X X

High water table X

Alpine A. Kobresia
Tundra meadow
11,300 B. Hairgrass
to meadow

mountain C. Parry's
tops clover

D. Adoneus
buttercup

E. Cushion
plants

F. Dryad
G. Sedge-grass

wet meadow
H. Willow-sedge

hummocks

Level or slight slope;
Snowfree all winter
Snow-covered all winter,
Early snow melt; well watered

Shallow snow accumulation?

Deeper snow accumulation
Rocky ground; wind

exposed
Coarse, eroding soil
Well watered soil;
Little snow cover

High water table

X

X

X

X

°Note: The transition regions between adjacent climax regions are not treated in
this paper. All altitudes are approximate.
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Torr. ), and numerous herbs. There is a separation of species in re-
sponse to soil differences. Little bluestem stands, needle grass-grama
grass stands, and grama grass-linear leaf wormwood (Artemisia glauca
Pall.) stands are most common on slopes where the soil is rocky, shallow,
and eroding. Lowlands with deep, fine soil support cheatgrass
(Bromus tectorum L.) -wheatgrass (Agropyron smithii (Rydb.) stands.

Thickets of wild plums (Prunus spp.) and hawthorn (Crataegus
sp.) grow in small ravines; and groves of cottonwood and willow trees
on river floodplains break the monotony of the grassland. Near the
mountains, shrub stands occur on shallow or rapidly eroding soil. The
most common species are mountain mahogany (Cercocarpus montanu,s
Raf. ), skunkbrush (Rhus trilobata Nutt.), buckbrush (Ceanothus fend-
lcri Gray), and bitterbrush (Purshia tridentata [Pursh.] DC.).

THE LOWER MONTANE FOREST REGION

The lower montane region, between about 6,000 and 7,700 feet
elevation, is characterized vegetationally by striking contrast in the
density of vegetation on north- and south-facing slopes and a pre-
dominance of ponderosa pine in sites that are moderate in topography,
soil, and history. Grasses and flowering herbs form patches of various
sizes between the pines, especially on south- and east-facing slopes.
Early settlers often enlarged these herb patches for the cultivation of
small grains, potatoes, and other crops, and many of these clearings have
persisted to the present, although most of them have not been cultivated
for many decades.

Some bunch-grass stands in this region occupy an acre or more of
the landscape and appear to be sites of climax grassland, perhaps be-
cause grasses can outcompete trees in the deep soil characteristic of
these sites.

Wax currant (Ribes cereum Dougl. ) is frequently a close corn-
panimi of ponderosa trees in open stands and common juniper (Juni-
perus communis L.) is truly "common." An occasional Rocky Mountain
juniper (Juniperus virginiana L.) appears here and there among the
pines; the juniper is sometimes so abundant that it equals or even ex-
ceeds the pine in basal area. The ecology of this species in the Boulder
area is not clear; there is some evidence that it has a wide environment
amplitude but is unsuccessful in competition with the other trees and
is, therefore, most common in more dry or recently disturbed sites.

Douglas fir joins ponderosa in the more mesic sites on north-facing
slopes and has a potential to reduce the number of pines to a few
scattered individuals under natural processes. Tree willows, narrow
leaf cottonwood (Populus angustifolia James), river birch (Betula occi-
dcntalis Hook.), and several shrub willows (Salix spp. ) are common
along streams and in pockets with persistent high water tables.

Patches of a few dead ponderosa pines killed by the parasitic Black
Hills beetle (Dendroctonus ponderosa Hook.) are a common sight in
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the lower montane. Dwarfed and often contorted pines are produced
by another parasite, the mistletoe (Arceuthobium vaginatum Willd.).

One interesting feature of the lower montane landscape today is
that it has a much higher density of trees than it had in pre- and early-
settlement times. The climax stands are relatively open forest but very
few acres of this type are visible today. Both ponderosa and Douglas
fir came up in dense stands following lumbering and fires. They are
still dense but will open up if left to natural processes.

THE UPPER MONTANE FOREST REGION

The upper montane region is so much like the lower montane that
one hesitates to separate the two at all. There are clear vegetation
differences, however, and for most purposes I find it useful to make
the subdivision. The upper montane lies between about 8,000 and 9,000
feet and is characterized by a predominance of Douglas fir in moderate
sites, even on south-facing slopes. Ponderosa pine is still abundant in
the less mesic ridge-top and south-facing sites and on coarse soils of
north-facing slopes. Lodgepole pine (Pinus contorta Dougl.) and aspen
(Populus tremuloides Michx.) join the other trees on north-facing
slopes around 8,500 feet and become common in all exposures above
about 9,000. These two pioneer or successional trees achieve dominance
in disturbed sites because of their greater efficiency in revegetation
through seed dispersal (lodgepole) or vegetative propagation (aspen).
Both species are unable to reproduce under strong competition, how-
ever, and they are eventually replaced by ponderosa or Douglas fir if
the vegetation is not disturbed again. Incidentally, ponderosa and
Douglas fir eventually revegetate disturbed sites directly themselves
throughout the montane, without the intermediate successional species,
wherever they get the chance. The succession of species is not, there-
fore, an obligate process.

Limber pine (Pinus flexas James) occurs as a pioneer species in
some sites and persists as a relatively stable community on sites with
coarse soil and exposure to strong winds.

THE SUBALPINE FOREST REGION

Between 9,000 and 9,500 feet, the appearance of old forest stands
changes because spire-crowned Englemann spruce (Picea engelmanii
(Parry) Engelm.) and subalpine fir (Abies lasiocarpa (Hook.) Nutt.)
of the subalpine region replace the broader crowned montane species.
The lower part of this region has extensive stands of lodgepole and
aspen while the upper elevations have our most extensive climax forest
stands. Hundreds of acres of spruce-fir forest have been relatively stable
in total character for hundreds of years. These old stands are relatively
dense and dark forest that is made messy and difficult to traverse by
an abundance of logs in all stages of decay; they are cool and moist
communities with few subordinate plants. Blueberry (or huckleberry)
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(Vacciniwn myrtillus L.), several wintergreens (Pyrola spp. ), a few
species of louseworts (Pedicularis spp. ), and a rose (Rosa acicularis
Lindl. ) are present in most stands, but the blueberry is the only species
that forms a dense cover over large areas. Limber pine is common in the
subalpine and two cottonwoods (Populus balsamif era L. and P. angusti-
folia James.) grow along streams.

The subalpine region is made more beautiful and delightful by the
presence of many ponds and lakes that often have spectacular back-
drops of steep, towering cliffs and mountain peaks. The shores of these
water bodies usually have some wet meadows dominated by grasses,
sedges (Carex spp. ), and some striking flowering plants.

The feature of contrasting density of trees on opposing slopes that
is so conspicuous in the montane is not evident in the subalpine. There
are striking changes in vegetation from place to place, but direction
of exposure does not account for these patterns. The upper limit of
the forest (or timber) trees is around 11,000 feet; above that elevation
trees become increasingly smaller and more and more contorted in
form. This is the impressive treelimit or timberline region of transition
from forest to tundra.

THE ALPINE TUNDRA REGION

The most fascinating of all Boulder area vegetation is that of the
alpine tundra which occupies the elevations above treelimit. Our tundra
is easily accessible in Rocky Mountain National Park and on Mount
Evans, and can be reached also from highways that cross the divide
through several passes. Many alpine areas are so rocky and steep that
few plants can survive; our Front Range tundra, however, has thousands
of acres of gentle topography and deep soil. We have a chance, there-
fore, to see what the plants can do under an alpine climate when topog-
raphy and substratum are not affecting them adversely. (Deep soils and
gentle topography aren't always the best place for plants, however, be-
cause, where water is abundant during the time of frequent freeze-thaw
cycles, the soil is disturbed so much that plants are excluded.)

Most summer tundra visitors who are not botanists see little but
rocks and a sparse cover of small plants on their first look. The persis-
tent visitors can see much, however, especially if they are willing to get
down on their hands and knees, for many tundra plants are relatively
minute and their vegetation communities are often small, too.

The rocks that at first appear to dominate the entire region are
found on close examination to have a variety of species in a lichen
vegetation that forms crust on their surface. Where some soil exists
between the rocks, there are cushion plants with minute leaves (Silene
acaulis L., Arenaria obtusiloba Rydb., etc.), creeping shrubs (Salix sp.,
Dryas octopetala L., etc.), and the bright blue alpine forget-me-not
(Eritrichium elongatum (Rydb.) Wight). These "fell-field" communi-
ties are blown free of snow most of the winter. Similar windy sites with
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more fine soil can develop relatively dense covers of a hardy little sedge
called kobresia (Kobresia myosuroides (Vii.) Fiori and Paol.). This
community is intolerant of persistent snow cover and its soil has a deep
black humus-rich upper horizon 6 to 12 inches thick.

Any small area behind a wind-break or in a depression accumulates
snow after each snow storm. The larger and deeper the accumulation
area, the greater the amount of snow and the later it melts in the warm
season. The bright pink fairy primrose (Primula angustifolia Torr. )
makes conspicuous those areas that have had some snow much of the
winter. Early spring snow-melt areas are bright yellow with snow butter-
cup (Ranunculus adoneus Gray) as the snow is melting, but the finely
dissected buttercup leaves become lost in a mass of Parry's clover
(Trifolium parryi Gray) leaves and fragrant flowers by early summer.
Some large areas of early snow-melt are covered with the vigorous
bunchgrass Deschampsia caespitosa. Where the snow lies later and
later, the plant cover gets lower and less continuous. The latest melting
areas may be dominated by a little yellow flowered plant called
Sibbaldia procumbens, or there may be only mosses and lichens on the
soil.

SOME SPECIAL FEATURES AND PROBLEMS

Dr. F. E. Clements did field work in the Boulder and adjacent areas
throughout much of his active life. One of his earliest papers was on a
study of lodgepole pine stands in the Front Range. It is not surprising,
therefore, that Clements' sometimes controversial philosophy and meth-
ods of ecology can be used effectively today with little modification in
research and teaching in this area. For example, "succession" of one
community after another, beginning with an extremely wet or dry site
or a recently disturbed site, to a relatively stable community (the
"climax") that is moderate in all environmental features and is as mesie
as the regional climate will support, can be observed throughout the
area.

A composite of the major non-desert vegetation regions of all parts
of western North America is as follows, beginning with the more arid
and warmest: semi-desert shrub ( chaparral), semi-desert forest (pinyon-
juniper), montane forest, subalpine forest, alpine tundra. The semi-
desert shrub and semi-desert forest regions are lacking in the Boulder
area. No adequate explanation for this feature has been published. It
may be that the cause lies in a complex interaction of latitudinally and
altitudinally controlled changes in climate and the nature of local soil
parent materials. There is evidence of a latitudinal change in climate
between Colorado Springs and Denver resulting in changes in the

flora of each of the major vegetation regions. Scrub oak (Quercus
gambelii Nutt.) in the shrub region, pinyon pine (Pinus edulis Engelm. )
in the semi-desert forest, white fir (Abies concolor [G. & G.] Lindl. )
in the montane, and fox-tail pine (Pinus aristata Engelm. ) in the sub-
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alpine forest, all reach their northern limit in this region except for an
outlier of pinyon pine near Fort Collins.

The semi-desert shrub and semi-desert forest regions are best de-
veloped in the West on sedimentary rock parent materials. It is possible
that under the Boulder climate, other species outcompete the semi-
desert species on sedimentary rock and thus exclude them from the
region.

There are probably differences in the vegetation on the east and
west slopes of the Front Range but few of these have been carefully
studied. In general, there is evidence that the communities at a given
altitude are more mesic on the west slope. Sage and grass vegetation
occupy the floor of Middle Park, a broad lowland surrounded by moun-
tains west of the divide. This non-forest vegetation appears to join sub-
alpine forest directly with little or no development of montane forest
in between. This poor development of montane vegetation is a con-
spicuous feature of the west slope vegetation.

Aspen is usually successional on the east slope although a few small
stands do appear to be climax on rich moist soil where the seedlings of
evergreen species have difficulty competing with the grasses, whereas
the aspen can replace old stems with new through sucker shoot develop-
ment from roots, a process that is apparently not handicapped by herb
competition. In contrast, many west slope aspen stands have been called
climax vegetation.
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Roughly 1,500 species of vascular plants occur in the Boulder

region. Figures on other groups are not easily available because work

on them is still in the early exploratory stages. Probably there are some-

where between 200 and 300 species of bryophytes, 400 and 500 species

of lichens, and a fungus and algal flora which cannot yet even be

guessed at. The task before us now is to place this flora in perspective

for an audience to which it may be an even more unknown quantity

than it is to us, and to point out some of the relationships of this flora

to other times and other places insofar as the march of events has left

imprints of these times and places on Colorado soil.
The flora of Colorado is essentially a Pleistocene-flavored one which

in a few localities still shows the tracks of earlier periods. Graphically

Colorado may be viewed as the hub of a great wheel with an axle, the

Rocky Mountain Chain, passing through it, and the spokes represented

by a number of river systems and land areas impinging on the hub from

all directions.
The southern Rocky Mountains illustrate three important phyto-

geographical principles. First, it is and has been a highway for migra-

tion along a north-south line, probably in both directions, potentially

receiving plants from Mexico or the Arctic and potentially feeding these

areas. Second, it is at once a barrier to the spread westward of eastern

plants and a barrier to the spread eastward of Great Basin plants. Third,

it is a semi-isolated mountain range representing the greatest altitude,

mass, and east-west extent of the American Cordillera; it is the southern-

most such mass in North America, and its isolation has generated a

recognizable amount of endemism.
Several physiographic features of the Boulder area have major

implications for the flora. At Boulder the Continental Divide suddenly

veers eastward and reaches its easternmost approach on the continent.

This results in a very abrupt junction of the mountains with the plains

and a strong condensation and telescoping of vegetational zonation be-

tween the plains and the Continental Divide. A high eastern escarpment

is formed by the massive uptilted blocks of the Fountain arkosic con-

glomerates. At Boulder there is an almost vertical botanical section
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from 5,000 to 8,100 feet with numerous narrow ravines having a norther-
ly exposure. In the spring time a cloud veil frequently forms at about
the 6,000 to 7,000 foot level against these cliffs and produces an unusual-
ly mesic situation. In such places plants of much higher requirements
of humidity may be found than one expects in the Rocky Mountains. It
is along this eastern edge of the foothills that we encounter the "eastern
element" of our flora. On this east face we also find a fairly well-de-
veloped corticolous macrolichen flora as well as a rich moss flora con-
taining species which are not found elsewhere in the region.

The steep ascent to the divide provides for the development of deep
narrow canyons with strongly differentiated north and south slope floras.
Probably the outer foothills are more interesting botanically than any
other area, since it is here that one finds the unexpected. The cliffs of
the north slopes of Boulder, Big Thompson, and Clear Creek Canyons
provide an inexhaustible resource for the hunter of rarities.

The complexity of our flora can be illustrated by an analysis of
its geographic elements. The phanerogamic flora shows, in the Boulder
region, the following obvious elements:

(1) Great Plains element, ex. Buchloe dactyloides, Artemisia fill-
folia, plants ranging north and south in the short-grass plains from
southern Canada to New Mexico and Texas.

(2) Eastern deciduous forest element, ex. Rubus pubescens, Lilium
philadelphicum, Botrychium virginianum, Pedicularis canadensis, Oxalis
violacea, Malaxis monophyllos, Sanicula marilandica, Agrimonia striata.
This element is limited to mesic and cool situations along the eastern
edge of the foothills and probably represents a phytogeographic similar-
ity to the interesting mixture of Cordilleran and eastern elements now
still found on a more general scale in the Black Hills of South Dakota.
Almost all of the species which make up this element in Colorado are
also found in the Black Hills. Our current opinion concerning this is
that during the Pleistocene the Cordilleran flora ranged considerably
eastward of its present limits (cf. isolated stands of Pinus ponderosa
and P. flexilis on the plains) and the eastern flora ranged westward of
its present limits. With the retreat of these floras to their present bound-
aries, each has left remnants in locally favorable sites on the old
periphery where they still persist.

(3) Circumpolar element. These plants are particularly important
in the alpine and subalpine, ex. Polygonum viviparum, Silene accaulis,
Kobresia myosuroides, Thalictrum alpinum, Campanula uniflora.

(4) Boreal Oriental element, ex. Eritrichium aretioides, Helicto-
trichon hookerianum and H. mortonianum, Ranunculus gelidus, Saxi-
/raga serpyllifolia. These are species having obvious taxonomic connec-
tions across the Bering Strait rather than toward Europe.

(5) American Boreal element, ex. Arenaria obtusiloba, Festuca
baffinensis, Potentilla hookeriana, Geum rossii. These are species re-
stricted to the American continent, but they can be shown to be closely
related to species in elements (3) and (4).
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(6) Cordilleran endemics. Wide ranging species in the Rocky
Mountain Chain. Ex., Carex elynoides; Carex illota, Claytonia megar-
hiza, Erigeron lanatus, Kobresia macrocarpa, Trifolium dasyphyllum.
Although these are well differentiated on the specific level, these too
are ultimately related to the previous elements.

(7) Southern Rocky Mountain endemics. Ex., Aquilegia saximon-
tana, Chionophila jamesii, Draba exunguiculata, Townsendia rothrockii,
Hymenoxys grandiflora, Telesonix famesii. Since the southern Rocky
Mountains are somewhat isolated on the north by the Wyoming Desert
and terminate near Santa Fe, a large number of taxa, some more poorly
differentiated than others from their relatives in the northern Rockies,
are restricted to this area. Townsendia rothrockii and Hymenoxys grandi-
flora are to be considered as related to the next group.

(8) Desert-steppe species with a race in the Alpine. Ex., Erio-
gonum flavum, Lewisia pygmaea, Paronychia sessiliflora, Oreoxis alpina,
Hymenoxys acaulis. This small group is very interesting because the
populations are separated by the entire montane-subalpine forested
zone.

(9) Relict Madro-Tertiary species. A small number of species
probably are relics from Florissant and Creede ( Miocene or Oligocene)
times. Ex., Jamesia americana, Mahonia repens, Aralia nudicaulis, Cory-
lus cornuta, etc., as well as some of the woody foothills vegetation. The
presence of several endemic genera of Umbelliferae with no very close
relatives,—Harbauria, Aletes, Neoparrya and Oreoxis indicate a flora
of long standing.

(10) Southwestern desert-steppe element, ex. Quercus gambelii,
Pinus edulis, Opuntia arborescens. Here is a group of species which
enters our area via the Arkansas River drainage system and from a high
concentration of species of Baca County and becomes less pronounced
northwestward. Only Quercus manages to hurdle the Arkansas Divide
and almost reaches Denver.

(11) Special intercontinental disjuncts. Ex., Asplenium Adiantum-
nigrum, Asplenium septentrionale, other examples in the mosses and
lichens. These may represent the oldest and most fragmented distribu-
tion patterns we have, or they may represent instances of long-distance
dispersal.

CRYPTOGAMS

The bryophyte flora falls into two principal phytogeographic
groups, a circumboreal element and a disjunct desert-steppe element.
The dominance of the circumboreal element is demonstrated by the
fact that once one gets above the foothill altitudes, the flora can be
understood very well by the use of the Scandinavian moss-floras. The
low-altitude moss flora is much more difficult to work with and in-
cludes many southwestern groups and widely disjunct intercontinental
genera, such as Crossidium, Plagiochasma, Ptergoneurum. Among our
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circumpolar species we have a number of very rare representatives, ex.
Oreas martiana, Campylopus schimperi, Grimmia torquata, Hylocomium
pyrenaicum and Buxbaumia indusiata. There are almost no endemics.

The lichen story is much like the bryophyte one, except for the
fact that the number of species is much larger and there are more
endemics. Also, among the macrolichens, we tend to have an interest-
ing extension of "eastern" species along the foothills, ex. Parmeliopsis
placorodia, Cetraria fendleri, Umbilicaria pens ylvanica. We have at
least one "narrow endemic" in the lower foothills, Candelariella
spraguei, which is not only of a narrowly restricted range but also
seems to be a very unique member of the genus. There is a minor
element of subtropical species reaching their northern limits in this
general area, ex. Sticta weigelii, S. sylvatica, Physcia setosa. As might
be expected, we have a number of very rare Arctic or circumpolar dis-
juncts in the alpine flora. A very interesting feature of the alpine flora is
its occasional representation at stations in the lower foothills where
this is effected by environmental compensation on north-facing slope
sites.
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INSECT FAUNA OF THE COLORADO MOUNTAINS

URI., LANHAM

University of Colorado Museum

There probably are well over 10,000 species in the total insect
fauna in this Colorado Front Range area of mountains and adjacent
plains. For this reason a summary listing of even selected common
species—which is all that would be possible—is of little significance in
giving an understanding of the natural history of this huge and complex
fauna. Instead I will touch briefly on a few topics of a general kind and,
necessarily, in a rather theoretical way.

The nature of the fauna is, of course, conditioned by its setting
in place and time. The area is a temperate-zone, continental area which
means that the climate is an extremely intemperate one, with great
seasonal extremes in temperature. The time is Pleistocene, which differs
from the great stretches of geological time in that there are violent
fluctuations in climate over periods of a few thousands of years. Not
only does the climate vary in long-term, thousand-year fluctuations,
but it also is unstable on a year-to-year basis, with very few individual
years qualifying as "average" for the several climatic variables.

Added to this is the widespread effect of human activities. While
on a purely geologic basis there is probably no reason for regarding
the Psychozoic or Recent as any more than a minor episode of the
Pleistocene, in terms of effect on the biota the Psychozoic is a period
of changes whose violence and pervasiveness are unmatched in geo-
logical history.

Against a background of this kind, we tend to think of the fauna
of an inland, northern continental area as being impoverished in com-
parison with that existing before and well into the Pleistocene. The
documentation supporting this concept—while imperfect and indirect—
is of two kinds: the fossil record and the fauna living in regions now
having climates more or less representative of mid- and late-Tertiary
climates of the interior of the northern continents.

Judging by analogy with the well-documented mammals, there
must have been a gradual decline in the generic diversity of the insect
fauna of the interior of the North American continent from mid-Tertiary
onward, with a threshold reached at the beginning of the Pleistocene
that precipitated the fauna into a catastrophic decline. To continue
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the analogy, many of the groups of insects that became extinct in the
northern areas would be expected to persist in the climatic refugia of
the southern land masses.

Because of the rarity of fossil insects, the fossil record gives little
documentation in support of this analogy. However, there is in the
Colorado Front Range area one of the richest known deposits of fossil
insects. From the Florissant shales, which are of Oligocene or Miocene
age, more than a thousand species have been described. As in Tertiary
insect faunas in general, there are no bizarre extinct groups. At least
above the generic level, the fauna is quite modern in aspect. But this
is true only if the whole world is taken into account, for there are many
genera belonging to groups that now survive only in warmer areas.

Of special interest are the well-known Florissant tse-tse flies, of
the genus Glossina, which survive only in Africa and Arabia. When
these insects lived in Colorado, the area teemed with large mammals,
and the plains east of the mountains must have resembled the modern
savannahs of Africa.

The ants of the Florissant shales have been worked out in great
detail by F. M. Carpenter, and have been compared with the modern
Colorado ant fauna by Robert Gregg. The diversity of the mid-Tertiary
fauna is indicated by the fact that the number of genera found in the
Florissant is two-thirds of the number now living in Colorado. Taking
into account the poor chance of preservation and the fact that only
a single locality is represented, the Florissant ants must represent a
sample from a very rich fauna. The numerous extinct genera are related
to genera now of warm-temperate to tropical distribution.

It is generally assumed that the impoverishment of the fauna
during the Pleistocene was the result not only of generally lower tem-
peratures but also of the extreme fluctuations over periods of some
thousands of years in temperature and precipitation that were reflected
in the great changes in the size of the ice cap. In the resulting forced
migrations, many species were trapped in cul-de-sacs with a very high
total attrition during the million-year span of the Pleistocene.

Finally, the effects of the very short-term fluctuations in climate
must be considered. The field observer is impressed with the great
individuality of the climates of successive years. He also is impressed
with corresponding fluctuations in the numbers of such small poildlo-
thermic animals as the insects.

If observations are extended over a decade or two in a single area
it will be seen that species, even some of the common and conspicuous
ones, appear and disappear as their geographic ranges shift. The dis-
tribution map of a species of insect may be a fiction, in the sense that it
is a cumulative record of occurrences, and does not show the existing
situation. A shifting population cannot be assumed to be in equilibrium
with its physical environment because of the lag effect in the mechanics
of population spread. Rather, it is moving toward an equilibrium that
perhaps will never be realized because of new climatic shifts.
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Laboratory studies in which experimental populations are exposed
to more or less random shifts in physical conditions are perhaps needed
to contribute to an understanding of population densities in natural
insect populations of inland temperate areas.

As a specific example of a consequence of environmental instability,
consider the problem of the existence of several closely related species
in the same habitat. If populations of a pair of closely related species of,
say, protozoans or flour beetles are kept in a culture dish under constant
environmental conditions, one species invariably wins out over the
other. This exclusion principle is held to operate also in natural com-
munities, giving the prediction that if two or more closely related species
do seem to occur in the same habitat, detailed investigation will show
that the species in fact have different biologies, and actually occupy
different environmental niches.

The genetic facts of the case will make it inevitable that different
species will have different biologies, so that the demonstration of
biological differences of coexisting species cannot be taken as an ex-
planation of coexistence. Now the observations of George Byers on the
occurrence of more than one species of the crane fly genus Dolichopeza
in the same microhabitat and similar observations on leaf hoppers by
Herbert Ross could be explained by assuming that the species occupy
different ( but so far indiscernible) ecological niches; but they could
also be explained on the basis of fluctuating environmental conditions
that favor first one species, then another, with no opportunity for reach-
ing a final decision. And even if one species is eliminated from a local
area, there is adequate opportunity for reinvasion from other areas.

Thus, the historic dynamics of the community, in addition to the
contemporary trophic dynamics, must be taken into account in the
understanding of the ecology of the insect component of communities
at least in northern continental areas. The community is a tightly organ-
ized trophic system only because of the existence of bacteria and the
other microorganisms of the soil, which by virtue of their short life
cycles—hours instead of months—and vast numbers are able to introduce
a qualitatively different factor into the terrestrial community and bring
organic production and consumption into an approximate balance.

Also to be taken into account is the massive influence of agriculture
and other human activities, which vary drastically from year to year.
The insect fauna of a Michigan grassland preserved under more or less
natural conditions turned out to be dominated, quantitatively at least,
by events in the cultivated fields some distance away. Probably no
major biotic community left in the world is unaffected by human cul-
ture.

When we place a mountain system in a northern continental area
( and I am assuming that mountains existed here throughout the
Tertiary), we get a new set of factors to consider, which can be related
to the general historical background already discussed.

In an analysis of the loss of the ability to fly of beetles in the family
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Carabidae, Phillip Darlington has reaffirmed that flightlessness is charac-
teristic of mountain beetles, in contrast to those of the flatlands, which
are nearly all fully winged and good fliers. It had long ago been sug-
gested that the strong winds of mountainous regions acted directly in
selecting for flightlessness, since flying insects tended to be swept
away; this is of course the well-known explanation for loss of wings in
many island insects. Darlington was able to dispose of this explanation,
and use the question of the meaning of ffightlessness in mountain
carabid beetles as an instructive approach to a study of the nature of
mountain environments, especially as they affect insect life.

Only one facet of Darlington's complex analysis will be mentioned
here. He regards the flatland environments as essentially unstable ones
in which the carabid populations often are sparse and are constantly
shifting. Under these conditions dispersal flights are essential, and
mutations that cause varying degrees of wing degeneration are selected
against. Mountain populations, on the other hand, he characterizes as
dense and stable. Here loss of the ability to fly is not a disadvantage.
If the fact that the insect does not have to pour developmental resources
filth the production of wings means that other characteristics of survival
value can develop, then genetic variants involving wing degeneration
are selected for. Observations on the wingless crane fly Chionea by
George Byers illustrate one way in which loss of wings may be advan-
tageous. Here the ovaries invade the area of the thorax previously
occupied by wing muscles, with the result that egg production is appre-
ciably increased over a hypothetical ancestral stage.

In general, mountainous terraiji serves to reverse, to some extent,
the "Pleistocene effect" already described. In such terrain, regional
changes in climate are to a degree ineffective, with the result that the
mountains provide refuges for species that otherwise might become
extinct. It does so because the mountain environment is intensely
variegated with respect to physical factors. As is well known, a differ-
ence of a few hundred feet in altitude is equivalent to many miles of
latitude; a migratory adjustment of only a short distance will therefore
accommodate a fairly marked climatic change, and the species is able
to stay in the same geographic region. Differences in precipitation are
also abrupt on the mountain slopes, again producing nearby refuges for
species driven by climatic changes. Marked differences in drainage
conditions in mountainous terrain make for a high degree of variega-
tion in the soil environment. Also, rocky terrain provides for local
patches of more mesic conditions: rocks prevent loss of soil moisture
by capillary action and evaporation, so that damp environments are
found under them. This variegation in soil conditions is especially
significant to the insect fauna, of which most species are in the soil
at some stage in their life cycle.

In general, then, a mountainous environment has a greater ecologi-
cal amplitude than a non-mountainous area, with the result that in time
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of general climatic change nearby refuges are more likely to be avail-
able.

In spite of the general sheltering effect of the mountain environ-
ment, increasing altitude produces a steady increase in climatic severity
which in turn produces a steady decline in the number of species of
most of the larger insect groups. This is especially pronounced in such
groups as the Orthoptera and the Formicidae as found by Gordon
Alexander and Robert Gregg. Even among the beetles of the family
Carabidae, which are usually considered to be good mountain insects,
the number of species, as determined by Clair Armin in Boulder County,
falls off with increasing altitude. Here, however, the ecological require-
ments of these beetles and the specific features of the topography of
the mountains in the Boulder area produce a slight anomaly. The
montane zone, which lies between the foothills and the subalpine zones,
has more species than either. At the altitude of the montane zone the
streams flow through relatively wide valleys, with diversity of environ-
ments along the streams. The carabid beetles are to a considerable de-
gree moisture-requiring, and the montane zone valleys provide an
especially favorable domain for these beetles.

Although the temperature becomes in general lower with increas-
ing altitude, this unfavorable trend is countered by increasing precipi-
tation, so that in this area the zone with the greatest diversity of plant
life is the subalpine, the highest of the forested zones. However, the bee
fauna, which is uniquely dependent on flowering plants, becomes
steadily impoverished with increasing altitude. In general, the bees are
most diversified in dry and warm environments; this may be connected
with their requirements for ground nesting.

During the last decade the uniqueness of the powerful flight
muscles of the Hymenoptera and Diptera has become appreciated:
the fibrils and the mitochondria are of relatively enormous size, and
they contract at unprecedented frequencies, with the result that the
metabolism of the flying insect may be 50 to 100 times that of the rest-
ing insect.

The usual classification of homeotherms and poikilotherms does not
quite apply to them, because muscular activity in such insects does
strongly affect body temperature. They are here designated as actino-
therms to call attention to this property. They lack the temperature
controls of the homeotherms; in particular, many apparently are with-
out internal mechanisms for extending warm body temperatures into
phases of activity when they are not flying, a circumstance that might
limit their range of activity, especially in the conditions peculiar to
mountain environments.

The collector of such actively flying insects as the Hymenoptera
and Diptera finds that field work is mainly a morning activity, especial-
ly at higher altitudes. Even though the air temperature is relatively
low in the morning, strong insolation warms at least the larger insects
to an appreciable degree. By mid-morning, clouds usually begin to
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form, and, especially in the spring, one may see bees torpid on the
flowers when a cloud has passed over the sun, so helpless that they can
be picked up by hand. When the sun comes out they again become
active. At higher air temperatures, in the 60's, this cloud effect is not
noted. It is apparent, then, that these insects, even though with some
production of heat by internal means, extend their range of activity by
the use of absorbed solar energy. The mountain environment is one in
which cloud conditions frequently restrict activity, so that the time
available for carrying out such activities as storing pollen for the young
is a crucial factor in the ecology of such mountain insects. The maximum
use of sunlight to increase activity time would therefore be indicated,
and it may be that the often-observed correlation between altitude and
dark pigmentation may have its origins in the need for these semi-
warm-blooded animals to utilize other sources of heat to maintain
activity.

With emphasis on the biota of a rather limited geographic area
and a consideration of its historical background, relationships become
apparent that can be discovered in no other way; the kind of integra-
tion achieved is unique, posing questions that would otherwise not
be asked. In a country as large as the United States, it has become neces-
sary, under modern conditions, deliberately to foster a degree of pro-
vincialism in biology. The insects are especially valuable in faunistic
studies because of the enormous numbers of species involved, yet they
are so poorly known that it is nearly impossible to carry out the elemen-
tary step of providing a list of the species to be found in even a small
area. For these reasons—lack of emphasis on modem regional biology,
and the still inadequate systematic basis of entomology—an under-
standing of the natural history of the insects of the Rocky Mountain
area lies along the many interesting roads that lead into the future of
biology.
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BUTTERFLIES
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Fountain Valley School, Colorado Springs

The butterflies of the Rocky Mountains have been under study
for a hundred years. The first collections made and preserved were
those of William S. Wood, Jr. and Winslow J. Howard. Wood was an
organizing member of the Entomological Society of Philadelphia, which
later became the American Entomological Society. He visited the region
in the summer of 1859, collecting for the cabinet of the society and
some of its members. Howard was a jeweler by trade and naturalist by
avocation. He moved to Denver in 1860 and, shortly after, to Central
City. Between 1860 and 1865 he collected in the region and shipped
his material to John Akhurst in Brooklyn, N. Y. and others, for disposal.
In 1864 James Ridings, another founding member of the Entomological
Society of Philadelphia, spent the summer here making an entomological
collection.

Tryon Reakirt, a young and affluent amateur rhopalocerist living
in Philadelphia, published in 1866 the first summary of the butterflies
of a western area—"Coloradoan Butterffies"—based upon the three collec-
tions noted, and a few specimens picked up by Constantine Drexler
while on various government expeditions. The great majority of the
specimens studied by Reakirt, possibly as much as 98% of them, were
captured within the region we are studying, the Boulder region. At
that time much of this area was referred to as "The Pikes Peak Region."
This has confused recent, literal-minded students who lack a good
background in the history of the settlement of the state.

Reakirt recognized that there were elements of several widespread
faunae present in our region. Further study has amplified this, and in
recent years we have begun to amass sufficient evidence to roughly
sketch the origins of the fauna. Ten years ago, when I started to write
Colorado Butterflies, there were half a dozen active collectors resident
in the state. Today there are at least three times that many. Each
summer sees a steadily growing influx of visiting collectors. It is prob-
able that as many as a hundred a year do some collecting here. This
makes it somewhat more difficult than previously to keep in touch with
new finds and extended information. What I have to say today is based
upon thirty five years experience here and a very active correspondence
with other students. One in particular has been most helpful, Mr.
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Donald Eff, who has lived in Boulder for many years. He has been of
inestimable help and I have drawn freely upon him for field information
from this region.

There are three quite distinctive faunules in the Boulder area.
These are the plains species, more or less confined to grasslands, the
lower montane species, found in the scrub and forest of the foothills and
lower mountains, and a true mountain faunule that extends above tree-
line. Each of these contains ubiquitous species that are of little im-
portance to our problem. The Monarch and the Painted Lady are good
examples. They may be found anywhere. Each faunule contains ele-
ments that are zoogeographically interesting. Of these I shall have more
to say as we progress. Earlier speakers have set the background for me.
For this I am grateful. Geology, climate and vegetation combine to
shape the butterfly fauna of any region. Most directly important are the
plants. These are the foods of the immature stages of butterflies. Most
butterflies are very particular about larval foods. A few are rather
general feeders but usually within a plant family. Some that are rather
generalized, such as the Satyridae that feed widely on grasses, are con-
trolled by other features of the environment than larval food plant.
Some that are closely tied to a specific plant species for the larval food
are vagrant and may be found almost anywhere during their search
for those plants. An excellent example of this is seen in Battus philenor,
the Pipe-vine Swallowtail. Its larvae feed only upon Aristolochia, a
plant not native to this region. Yet specimens of the Swallowtail have
been found wandering over the plains and through the forests as high
as 9,000 feet. A cultivated Pipe-vine soon becomes infested with larvae
of this butterfly.

The propensity to wander is quite variable among butterflies. Some
are highly nomadic. Specimens of the Zebra, Heliconius charitonius,
a tropical and subtropical species, have been taken here in Boulder on
at least two occasions. Others are sedentary. Very few of the Satyrids
roam more than a few hundred feet from their birthplace and none
is known anywhere in the world to move in swarms or to migrate.
With few exceptions the Skippers and Hairstrealcs have little urge to
wander. With few exceptions the Nymphalids and Pierids are nomadic.
Thus there are family tendencies. The wise zoogeographer makes use
of these.

The butterfly faunule that is confined to the plains in the Boulder
Region has been highly modified over the past century. Explosive urban-
ization in the past two decades, following upon rapid expansion of
irrigated lands in the two that precede, has reduced the typical plains
environment to small disconnected patches. There has been and con-
tinues to be a faunistic shift from the true plains fauna to one that
approaches saturation with original and introduced species that can
take advantage of cultigens and weeds. Those Plebijine species, "Blues,"
that feed on the developing flowers and seed pods of legumes may be-
come, and at times have been, a pest on garden peas. The Alfalfa
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Butterfly, Colias eurytheme, relatively rare in the region during the
latter half of the 19th century, swarms here now, since the planting
of fields of alfalfa for fodder. The imported Cabbage White, Pieris
rapae, invaded the region with the farmers and is a pest upon cabbage
and cauliflower. Ridings's Satyr, Neominois ridingsii, has disappeared
from its type locality, Longmont, along with the virgin prairie as agri-
culture took over that area. The Eyed Brown, Lethe eurydice, once
was abundant in the swaley grasses that surrounded ponds near Love-
land. The last record I have from this colony is in late July 1942. The
swales are drained or flooded and the species no longer known in
the state.

This plains fauna that has suffered greatly from "domestication"
of the land very largely was derived from the East. The bulk of it is of
north central affinity. It did and does contain some truly western ele-
ments. It invaded the region along the South Platte River and spread
up the tributaries. There is a noticeable discontinuity to the south along
the relatively low divide, 7,500 feet above sea level, between the Platte
and Arkansas watersheds. The best indicators of the individuality of
the northern and southern parts of the high plains faunules in Colorado
are found among the Theclinae. In the Boulder region Callophrys
she ridanii is rather common, while it appears to be absent from the
Arkansas drainage. Incisalia schryverii follows the same pattern. These
are species that are northern and western rather than eastern. The
Coral Hairstreak, Strymon titus, is represented in the two areas by
different subspecies. Here, in the Boulder Region, the northeastern
subspecies, titus, is found, to the south, mopsus, the southeastern sub-
species. Of the three noted species only titus appears on the plains
along streams. The other two are really foothill butterflies.

In the foothills there is a particularly rich fauna. The great diversity
of ecological niches within a short distance in the foothills makes them
most interesting. The fauna there is mostly western or local with little
of the eastern element that is so common on the plains. The great
majority of the species found are widespread. Some that are genetically
plastic produce a bewildering array of local varieties. One genus,
Speyeria, the Fritillaries, has suffered from enthusiastic study. Some of
the common "species" in the genus now are being listed with over
twenty "subspecies." Biological studies now in progress within this
genus are disturbing the "pinned specimen classifiers."

Civilization has not as yet had much impact upon the foothill-lower
mountains part of the Boulder Region fauna. The land is rough and
unfit for agriculture. The development entrepreneurs have only nibbled
at it. The result is that the butterffies of the foothills and lower forest
are just about as they were a century ago. So long as the diverse flora
is maintained this will be true. This is a region rich in members of all
of the families of butterflies. The most productive regions are east-west
valleys or canyons that contain a stream that runs throughout the sum-
mer, and areas where the oaks and ponderosa pines are intermingled.
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It is in this zone between about 6,000 feet and 9,500 feet above sea-
level that there is a truly Coloradoan butterfly fauna.

It is in this foothill-lower mountain region that some of the effects
of the late Pleistocene glaciation can be seen most clearly. It is here,
too, where there is some evidence of the post-Wisconsin altithermal
period. Scattered along the mountain front and up to about 8,500 feet
elevation are residual colonies of Eurema mexicana, a common sub-
tropical Pierid. It is startling to find such a species flitting about a
meadow in company with such cool temperate butterflies as Parnassius.

A long and detailed study of the common Ochre Ringlet, Coeno-
nympha tullia ochracea, has led me to an understanding of the variation
found in the butterfly, and to what may have been its late Pleistocene
history. Students of Satyridae are in agreement that a high degree of
ocellation is a "primitive" feature. The superspecies tullia is circumpolar
in distribution and in North America there is an eastern "species"
inornata that lacks ocelli, and in the Rocky Mountains a strongly
ocellate "species," ochracea. Along the eastern fringes of the Rocky
Mountains, including the Boulder Region, tullia is mongrel. A goodly
series collected at any one place in a morning will contain individuals
that are almost typical of the most strongly ocellate phase of ochracea,
others that are very weakly ocellate and everything in between. Without
boring you with the analysis of hundreds of series studied, I'll present
my thesis. At the maximum extent of ice during Wisconsin time, inornata
along with the rest of the central and eastern Canadian biota was resi-
dent in the lower Mississippi Valley. The mountain fauna in Colorado
was displaced downward some three to four thousand feet and spread
eastward across the then wooded high plains. Just how far eastward
this Wisconsin Rocky Mountain forest reached I do not know. I have
collected evidence of it as much as 120 miles from the foothills. Whether
or not the Rocky Mountain forest impinged upon the Mississippian
forest is a moot question. Antevs, I believe, is convinced that there
always was at least a narrow corridor of grassland cut into blocks by
gallery forests on the major streams. Whatever the situation, the ocellate
Rocky Mountain and the unmarked eastern strains of tullia were brought
into contact. This may have been a very brief contact, a sporadic one,
or one at only two or three places, or any combination of these possibili-
ties. The result was that the western fringe population of the normally
unocellate "species" received genes for ocelli and for the basal light
patches that are characteristic of the Rocky Mountain strain. This is
evident in the Canadian prairie strains called benjamini and in the resi-
dual colonies that are found scattered in the Black Hills and northward
in the Dakotas. The eastern Rocky Mountain strains of tullia had their
gene-pools somewhat diluted and therefore show traces of the eastern
gene combinations that suppress ocelli and the basal light patches. In
western Colorado fully ocellate ochracea, often referred to as brenda,
is common. In some areas west of the Continental Divide, especially
those close to passes over which there could have been a free flow of
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Coenonympha during the altithermal, the population resembles closely
that of the Boulder Region.

The higher forested areas in the southern Rocky Mountains con-
tain a rather sparse butterfly fauna. It is composed largely of cold-
hardy species from the foothills-lower forest region and ubiquitous
species. A few butterflies seem to be localized there. These in general
are northern species that have found the mountains a convenient avenue
through which to press southward. Colias scudderi, Oeneis chryxus and
oslari are such. Where there are marshes the moisture-loving Boloria
are common. These are essentially holarctic genera or species, ecologi-
cally limited in their distribution in Colorado. Not a small part of the
butterflies in this region are northern and western species. There are
none of southern extraction and only a limited few of eastern. The
eastern and southern outposts of several "Coppers," Lycaena, are found
in this part of the Boulder region, or similar environment in northern
Colorado.

The land above treeline holds its own highly characteristic butter-
fly fauna. All of it is of northern extraction. Colorado has the distinction
of containing the greatest number of species of Arctics, Oeneis, in any
area of comparable size. Within a radius of one hundred miles from
the head of Hall Valley, just outside the southwestern corner of the
region under consideration, there can be found seven species. It would
not surprise me to learn of all seven in the Boulder Region, five certainly
are there now. In all of Scandinavia there are but three species; in the
Himalayas and the adjacent ranges there may be seven species. Another
genus of the cold lands of the Northern Hemisphere is Erebia. The
Alpines are poorly represented in America and in Colorado there are
only three species, all of them found in the Boulder Region. The rest
of the butterflies of the grasslands above treeline are straggling members
of genera usually found in warmer environments.

The alpine butterfly fauna has been affected by man more than
usually is recognized. Over-grazing by sheep has ruined many formerly
beautiful alpine meadows that husbanded colonies of alpine butter-
flies. Whether the recent government restrictions will allow the return
of these meadows and their butterflies remains for the future to tell.
An interesting thing is being brought about by the many ski slopes
being cut through the forests at the edge of treeline. Strictly alpine
species are wandering down these open glades to lower altitudes. This
is not a new thing, avalanche tracks are similar corridors. These open
swathes through the upper forest are where butterflies of the Hud-
sonian zone congregate and are best seen.

In summary, the butterfly fauna of the Boulder Region is drawn
from numerous sources, east and west, north and south. On the grass-
lands, those of the plains and the alpine heights, man's interference is
most noticeable. In the wooded and forested areas the fauna is little
changed, except very locally, from that of a hundred years ago. The
butterfly fauna, as any part of a local biota, is constantly adjusting to
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long and short term environmental changes. It is absorbing nomadic
species, some that come find a niche in which to become established,
others fail. Long-resident species that are restricted to sharply defined
niches disappear as those niches are eradicated by man, his domestic
animals or his careless fires. We know a little more today about the
Boulder Region than did Reakirt in 1866, but by no means as much as
will be known by the group that gathers here in 2064.
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DISTRIBUTION OF THE ANT GENUS FORMICA

IN THE MOUNTAINS OF COLORADO

ROBERT E. GREGG

Department of Biology, University of Colorado

The Rocky Mountains afford unusual opportunities for studies in
natural history because of the diversity of topography and climate in
the region, which are in turn reflected by great complexities in ecologi-
cal conditions. The botanical aspects of this area (both taxonomic and
ecological) have long been investigated and are well known, and the
vertebrate fauna too has been examined in detail, so that we are in
possession of a large volume of facts about the conspicuous elements
of the biological productions in the region. The terrestrial invertebrates
(with some exceptions) are more difficult to study and have attracted
less attention because of their small size, making them hard to see in
the field, the prodigious numbers of their species, and the relatively
less mature status of their taxonomy.

Nevertheless, the insect component of the invertebrate fauna is a
major portion of the land biota, and there seems to be an almost inex-
haustible supply of problems concerning their manifold relationships.
This situation should encourage an ever-growing interest in the environ-
mental adjustments of insects.

I have elsewhere (Gregg, 1963) presented a study of a part of
the Colorado insect life, namely, the ants, and for the present paper
I have chosen to rearrange some of the data from that report and to
give them from a different viewpoint. It is interesting to construct a
picture of altitudinal distribution as it occurs with a single taxonomic
unit, in this case one genus. For this purpose, the genus Formica
( Family Formicidae) is used as it appears to be particularly suitable.
Although some species in this genus nest in soil, the presence of the
colony is usually indicated by pellets of excavated earth deposited in the
form of a circular, crater-like hill surrounding the nest entrance. Other
species tunnel beneath protecting rocks or logs and their presence may
or may not be detected easily, depending upon the accumulation of
debris at the surface. Some species occupy the galleries in rotting logs
or stumps abandoned by carpenter ants. Quite a large proportion of
F ormicae, however, construct mounds of various sorts, such as masonry
domes, grassy domes, thatched earthern nests, or thatch piled against
rocks or logs, or even nests built entirely of thatch, and these structures
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can be rather conspicuous features in a landscape. The genus is excep-
tionally well represented in the area by numerous species, and in addi-
tion, the southern portion of the Rocky Mountains especially is a
secondary center of speciation as shown by the many peculiar and
ecologically interesting taxa. This genus, of course, is also an important
one in the temperate portions of the whole Northern Hemisphere, being
found in abundance from moderate austral habitats to places with high
boreal conditions. It is even known sparingly from cooler subtropical
areas on one extreme to the milder parts of the tundra on the other.
Since the mountainous areas of western United States embrace a wide
selection of environments from hot to cold, and from moist to dry,
concentrated in comparatively small geographic areas within each range,
we are not surprised to find a rich sample of species of Formica dis-
tributed among these many types of ecological terrain.

Among 49 species and subspecies of Formica known in the fauna
of Colorado, 27 have been selected for this study ( Fig. 1.). These are
representative of each subgenus, and the typical subgenus itself (For-
mica) is represented by at least one species from each species group,
except in the case of the Exsecta group, which for the purposes of this
report did not seem to be necessary. In most instances the data are
sufficient to give a clear indication of the altitudinal dispersal and the
broad habitat preferences of these ants. The results are the product of
many years of field work and appear to be unequivocal. Other species
might have been depicted, but would probably not have added any-
thing significant to the pattern. The polygons of the figure were con-
structed from tallies of collection records that were then plotted on
elevation charts showing 500 foot intervals. If a species was found with-
in any 500 foot interval, it was so recorded regardless of what portion
of the increment it actually occupied. This is considered admissible
since in a chart of this type a compromise of some sort has to be made,
but the precise altitude for every collection is recorded elsewhere.
Thus, owing to the amount of data available, particularly for common
species, it is possible to show more than the mere presence or absence
of a form in any altitudinal zone or interval. The polygons mark the
segments of a species' range where it is most often encountered, and
also where and how its abundance tapers off to the point where it is
altogether absent from the available habitats. Two species, Formica
comata and F. dakotensis montigena, are included for contrast, and
demonstrate the difficulty of ascertaining the distributional character-
istics of a species when only a few occurrences are known. Then it is
necessary to employ a straight line and only altitudinal limits can be
shown. Relative abundance and importance in various communities
cannot even be surmised. Very rare species have been omitted from the
figure because the information about these forms is quite insufficient to
give reliable indications of their possible true distribution.

Superimposed upon the regular intervals of the distribution chart
is an indication of the commonly accepted life-zone boundaries of the
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FIGURE 1. Altitudinal distribution of selected species in the genus Formica. Solid lines represent average zone boundaries
in northeastern Colorado; dashed lines represent average upward displacement of the two most prominent bdundaries in
western and southern Colorado.—Formica (Pro formica) la,sioides, neogagates; Formica (Formica—fusca group) fusca,
fusca argentea, hewitti, altipetens, cinerea legida, neoclara, neorufibarbis, neorufibarbis gelida; Formica (Formica—rufa
group) criniventris, comata, obscuripes, obscuriventris clivia, oreas, integra haemorrhoidalis, integroides coloradensis,
dakotensis montigena; Formica (Formica—microgyna group) inicrogyna, rasilis densiventris, tchymperi alpina; Formica
(Raptiformica) bradleyi, perpilosa, obtusopilosa, puberula, san guinea subnuda; Formica (Neoformica) pallidefulva niti-
diventris.
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Colorado mountains. The solid lines at elevations of 5,500, 8,000, 10,000,
and 11,500 feet separate the five zones, Plains, Submontane, Montane,
Subalpine, and Alpine, as they are recognized in eastern Colorado, and
especially northeastern mountains such as the Front Range. Actually,
these boundaries are not straight and simple as shown here because
of the numerous climatic effects of topography (angle of slope, direc-
tion of slope, depth of canyons, etc.) which displace the boundaries
upward or downward depending upon local conditions. Such complexi-
ties are impossible to show in a small diagram. In an area the size of
this state, there is enough latitudinal change from north to south and
enough climatic difference between the eastern and western sides of
the main ranges to produce notable changes in the average positions of
the zonal boundaries. The most prominent divisions are those that
separate the Plains Zone (otherwise known as the Upper Sonoran) from
the Submontane Zone (or Transition), and the Subalpine Zone (Hud-
sonian) from the Alpine Zone (Arctic). At these points the biological
changes are more abrupt and more profound than those which divide
the remaining zones. It is at these places too that the effects of latitude
and longitude mentioned above seem to show the greatest displace-
ment, for the life-zone levels of the Sonoran and the Arctic belts may
be shifted upward as much as 500 to 1,000 feet in western and southern
Colorado, and in a few spots as much as 1,500 feet. (Cary, 1911.) I have
indicated these differences by means of dashed lines at 6,500 and at
12,000 feet, but have left out any changes for the other zones to avoid
undue complication of the chart.

It is evident, of course, that such differences greatly affect the
supposed occurrence of certain ants in the highest zone, the alpine
tundra. The polygons are based on data from all parts of Colorado, and
therefore do not fit any one region perfectly. From our detailed records
we know that in reality only these species of Formica (sanguinea sub-
nuda, whymperi alpina, and neorufibarbis gelida) are found as per-
manent residents in the tundra, and only the last of these with any
regularity. The other species which go above 11,500 feet were not taken
from alpine locations but instead from stations in central or southern
Colorado or from local sites still below the tundra boundary despite
their high elevations. On the other hand, the upslope shift of the plains
or Sonoran habitats to 6,500 feet would add only three species not al-
ready known from the low warm zone, namely, F. comata, altipetens,
and microgyna. In each case, however, the low elevations recorded for
these ants are in localities where the zonal interpretation for the site
would still place it in the submontane zone or so close as to leave the
decision in doubt. In each case also only one or two records are in-
volved. Thus, as to whether a species should be classed as belonging
to a particular life-zone depends not alone on the absolute altitudes
observed but on what local ecological conditions exist at the collecting
site, which are so often modified from the average situation in complex
topography. The judgment should also take into account the abund-
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ance of the species and its relative importance in the community with
which it is associated.

Referring again to the distribution chart (Fig. 1.) we may deduce
the following statistics with respect to the altitudinal dispersal of
Formica as it relates to the various life-zones. Of 27 species treated
here, 21 (78%) are in the Plains Zone, 25 (93%) are in the Submontane
zone, 24 (89%) are in the Montane Zone, 17 (63%) in the Subalpine
Zone, and 3 (11%) in the Alpine Zone.

It can be seen immediately that a great deal of overlap takes place,
for some species traverse several zones and certain ones are known in
all five zones. Although no species is absolutely restricted to one zone
(except perhaps those whose rarity makes it impossible as yet to be
sure), there are many with their greatest abundance so confined, or
at most having the bulk of their occurrences distributed over two zones.
Examples of the former are such ants as Formica perpilosa and F.
integroides coloradensis; of the latter, F. neoclara, F. obtusopilosa, F.
fusca, and F. neorufibarbis gelida. To collect all the species known to
live in a given zone, particularly the lower ones, might takes months.
But after a reasonable search for them, the Submontane Zone, for
instance, is almost sure to yield specimens of F. fusca, lasioides,
obscuripes, neogagates, clivia, neoclara, or haemorrhoidalis. Others may
be totally absent, or found there as rarities only after many years of
diligent collecting. And it is obvious that ants which are rare or absent
at one elevation may be quite common a few hundred or a thousand
feet higher or lower as the case demands. It is possible, then, to say
that characteristic assemblages of ants do exist and compare well with
the usually recognized plant-animal life-zones. No assemblage is "air
tight" or pure with regard to its composition, nor should that be ex-
pected. The vagilities and ecological tolerances among organisms are
so complex and so multitudinous for any community, zone, or eco-
system (or any other unit of classification in ecology) that it is some-
what astonishing to find regularities and groupings among them at all.

Ecological boundaries, such as we are dealing with, without excep-
tion show transitional qualities, and though some of these ecotones are
remarkably sharp on a geographic scale, they all exhibit intermediate
characters to some degree. However, the reality of the altitudinal con-
stellations of forms reported here is supported by the quantitative dif-
ferences inferred from the changes in abundance of each species, and
this can be attested also by the field experience of any myrmecologist
familiar with the region. The qualitative differences among the ant
inhabitants of the several zones are provided, of course, by the fact
that various species and subspecies are involved. A taxonomic control
is insured because all the species for this presentation were selected
from a single genus. It is clear that these ants show a definite ecological
trend from those that are tolerant of warm and somewhat dry condi-
tions in Sonoran habitats (at low elevations) to those that will stand
cold and relatively moist or even wet conditions of boreal habitats ( at
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high elevations). It is possible that these species, or some of them, may
be not only tolerant but demanding of the indicated environmental
circumstances. This is an assumption, however, that would need to be
investigated and demonstrated separately for each of the species. The
correlations are good and one can make an intelligent guess regard-
ing the requirements of a taxon, but to prove these requirements is
much more difficult.

Certainly, there is a decided change in the kinds of Formica which
appear as one ascends the mountains. The changes involve the addition
of new species, the disappearance of other species, changes in abund-
ance, and changes in micro-habitat requirements, although the latter
are not evident from the accompanying chart. These changes in ant
populations are associated with major differences in vegetation which
are much more obvious. Both are accompanied by fluctuations in the
cardinal physical factors of the environment, such as temperature, light,
and moisture. It is extremely probable that subtle biological inter-
actions ( competition, etc.) must be operating also to affect the success
of a species in a given ecological milieu. It is further possible that the
biological factors may be enormously influenced for the welfare of a
particular species by changes in the accompanying physical factors. For
example, in addition to its direct influence on the survival of a species,
low temperature may differentiate between two species on the basis
of which one has a lower temperature threshold for larval develop-
ment, or which can remain competitively active during low tempera-
tures, or short growing seasons. The combined effect of temperature and
moisture seems to control the distribution of many organisms, and it
is already known and reported by various authors that warm and moist
environments are inhabited by a rich assortment of ant species, whereas
cold and moist, or especially wet habitats support very few species,
sometimes none at all. The effect of low temperature appears to be
exaggerated by excessive moisture. Many ant species thrive in warm
dry conditions also, in contrast to the warm and moist, and usually
seem to be specially adapted for such environments, but Formica is not
particularly tolerant of arid situations anywhere. These suggested possi-
bilities show that the surroundings may favor one or another species,
and while we have a descriptive understanding of where the forms
are dispersed we have yet to learn how and why they occur where they
do.

It is interesting to discover that many of these ants can tolerate
what are for them extreme conditions, enough to be represented at
altitudinally far outposts. In the chart this is shown by narrow extensions
of the polygons in most cases to points well above or below the areas
of undoubted abundance. In such instances the species seem to be
occupying local sites which provide an amelioration of the general
environment such that the insects can survive, but they are probably
at the limits of their tolerances. Any disturbance in living conditions
might eliminate them from the area. The collecting of records like
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these is hard to explain, and no doubt depends in large measure upon
chance; the myrmecologist just happens upon a species rare to the
locality, and without suspecting the event. This has been our experience
on many occasions, and some of the most stimulating finds and interest-
ing species have turned up in this manner. This phenomenon occurs on
a broad geographic scale too, as when ectopic samples are collected well
beyond the expected range or general area of known abundance. The
situations parallel each other, but are probably more striking in moun-
tainous regions because a few hundred feet of altitude produce environ-
mental changes that correspond with several hundred miles latitudinal-
ly among lowland stations. Thus the distributional shifts occur more
rapidly and within such short distances in mountains that the boundaries
separating groups are rendered more pronounced.

The chart shows that in a region of general aridity (western United
States), and of generally high altitude (plains even have an elevation of
3,000 to 5,000 feet), the genus Formica exhibits a preference for rather
warm habitats and ones also with considerable moisture. It is not overly
abundant on the plains, but as soon as foothill ( submontane ) environ-
ments are reached, the incidence of Formica and the abundance of
individuals (judging from the number of colony records) show a
notable increase. Of all the life-zones, the submontane has the greatest
number of species. It is warm but not hot, with a rather long open
season, and moist but not as wet as places at higher elevation. This
affluence of species may be more than an indication of general changes
in climatic conditions, and in fact may reflect a significant increase
in the number of microsites available to ants as a group, for the zone
is generally one of open forests, some dense forests, woodlands, and
several kinds of meadow. It is ecologically more complex than grassland.

The Montane Zone still has a respectable ant fauna but slightly
diminished as compared to the Submontane. Here conditions are
deteriorating from the standpoint of ants, and the downward trend in
species richness of these insects has been established. Yet, many species
continue to be important constituents of montane communities, and
certain forms find optimum conditions for the development of their
colonies. A rather wide selection of micro-habitats continues in the
montane and considerable heat during the middle of summer, especially
in forest glades, permits the growth of ant broods.

In the Subalpine Zone, the number of ant species is markedly
impoverished, though the few that exist there may produce thriving
populations. The temperature strikes a low average, the growing season
is short, and the moisture content is often high in both air and soil. The
wetness of the soil and of decaying logs increases the chill of these
nesting sites and no doubt makes them unattractive to any but cold-
adapted, or at least cold-tolerant species of insects. Since ants as a
taxonomic group are thermophilic, it is in keeping with their require-
ments that only a few species can adjust to subalpine conditions, and
only a very few achieve real abundance.
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Finally, circumstances in the Alpine Zone are so rigorous that ants
are reduced to a minimum number of forms. Most of these are members
of the genus Formica. The tundra environment is treeless, wide open,
brilliantly lighted, but so elevated that the temperature except in direct
sunlight drops quite low, and especially at night, even in mid-summer.
The season for growth is telescoped into a span of only a few weeks,
and the general availability of water is rather low. Life faces severe
tests in the tundra, with the result that only the hardiest forms survive.
Some may be specially adapted for this environment. Under these
circumstances, ants are not good competitors. Only the species F.
neorufibarbis gelida is to be seen with any consistency, but even this
ant will be found usually in the most favorable sites.

Having described the general and zonal distribution of selected
species of ants in the Colorado mountains, it will be helpful to consider
some of the details of the physical and biological background against
which this distribution occurs. A sketch in broad outlines is all that
can be attempted, but I hope it will serve to emphasize the environ-
mental intricacies that confront the dispersion of any group. Not only
is there a tremendous change in altitude, from as low as 3,500 feet on
the eastern plains to over 14,000 feet in these mountains ( an amplitude
of more than 10,000 feet), but imposed on this complex is a geological
history of erosion, uplift, and renewed degradation that has produced
a topography of hills, valleys, ridges, canyons, rolling upland, high
peaks, and mountain parks. Glaciation has intensified or even altogether
changed some features, especially at high altitudes.

Vegetation, being the most conspicuous biological component of
the region, shows distinct distributional correlations with this topog-
raphy and with both the general and the local climatic conditions.
Vegetation varies from the extremes of temperate deserts to grasslands,
brushlands, woodlands, forests, meadows, wind-timber, and tundra.
Most of the river valleys run generally east or west, though other direc-
tions are observable, with the result that in this region there are sharp
differences often between north-facing and south-facing slopes. The
deeper the canyon, the narrower its bottom, and the steeper its walls,
the more noticeable are the differences. The phenomenon is known as
the "canyon effect." On a north-facing slope many plants and animals
typical of high elevations, or the next zone above, may find congenial
conditions locally that enable them to descend to altitudes much below
their normal range in more open and more horizontal areas. Corres-
pondingly, a south-facing slope may support organisms that are usually
confined to much lower altitudes but which can penetrate the mountains
or go to a higher zone where local warmth makes such extension possi-
ble.

An effort has been made to portray these conditions through an
admittedly simplified diagram (Fig. 2.), and of necessity many de-
tails are left out. Trees and other life-forms produce the appearance of
the landscape, and also create the living conditions so essential to
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FIGURE 2. Diagramatic distribution of vegetation types in the mountains
of the Front Range in Colorado.—SG—Short grass prairie, CW—Cotton-
wood-willow forest, MG—Mixed grass prairie, PP—Ponderosa pine forest,
Sh—Mixed shrubs, grass, and yucca, Mh—Mountain mahogany brush,
CF—Canyon forest, Fm—Foothill meadow, DF—Douglas fir forest, MF—
Mixed montane forest, A—Aspen forest, LP—Lodgepole pine forest,
Mm—Montane meadow, B—Rocky bald, SF—Spruce-fir forest, L-A—
Lodgepole pine-aspen forest, Li—Limber pine forest, Sm—Subalpine
meadow, Wt—Wind timber, T—Tundi a, At—Avalanche track.

animal inhabitants of each area. Thus, a community of plants and
animals makes up a complexly integrated unit, and with the addition
of the physical aspects of the environment ( climate, soil, and so forth)
they form an ecosystem. All components of the various ecosystems act,
react, and adjust to each other constantly in a dynamic but slowly
changing sequence of events. Yet the fluctuations occur about numerous
means or average conditions, so that an appearance of long-term stabil-
ity is presented. Actually, this stability, or homeostasis, is the functional
result of myriad interactions that are only partly understood. The
boundaries of the several plant types are sharply drawn, and while
occasionally rather abrupt borders are found in nature, they more
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often show some intergradation. The effects of north- and south-facing
slopes and of hilltops in contrast to valley bottoms are also included.
The site selected could be a view from the plains westward into the
features of the Front Range, since this is the most familiar area and the
best studied in Colorado. It was not practical to show mountain parks
or deserts in this diagram without further complicating the whole
pattern of vegetation. The parks can be visualized, however, as ex-
tensive grasslands or sagebrush covering the floors of high level basins
set amid surrounding mountain peaks, and with at least one drainage
channel. The deserts occur on comparatively flat lowlands and plateaus
in southern and western Colorado, and contain vegetation composed of
sagebrush, greasewood, or saltbush.

The plains vegetation typically is short grass prairie, with cactus,
yucca, and many flowering herbs. It is interrupted by cottonwood-
willow bottomland forests along streams. In many parts of the region
there are also woodlands of pinyon pine and cedar or juniper, but these
are absent from the area depicted. In the submontane, forests of pon-
derosa pine develop, together with meadows and brush of mountain
mahogany. Stands of Douglas fir grow on north-facing slopes. Oak
woodland occurs in many places, but like the pigmy conifers is almost
absent from northeastern Colorado. The montane habitats when mature
are usually mixed coniferous forests, but often extensive stands of
lodgepole pine or aspen dominate the vegetation. Douglas fir forests
grow here also, and there are many sizable tracts covered with montane
meadow. The subalpine environment supports lush forest of spruce
and fir, and scattered stands of limber pine on exposed locations. It is
usually dense and moist, and trees attain their maximum height. At the
upper timberline the forest is molded into a spectacular wind timber,
or krummholz, which finally gives way to tundra. A lower timberline
exists also (partly because of aridity) at the base of the submontane
belt, but it shows no physical modification of the trees comparable to
the wind timber above. In the alpine tundra trees have disappeared and
the vegetation is mostly of low-growing plants exhibiting rosette form
or cushion and mat-like growth, and a few are shrubby. A dense turf
of grass and sedges and flowering herbs contributes an important com-
ponent of tundra vegetation as well. In all forested environments there
are openings containing grassy meadows, and sometimes bogs and
marshes. Many have open lakes. Similar habitats can be seen in tundra
and in grassland.

The actual macrosites and microsites where ants are found are
therefore very numerous. Species of Formica are to be found in virtually
all examples of vegetation but not in equal abundance. They tend to
favor mixed stands rather than pure stands, especially of coniferous
trees, which are quite monotonous. They may be numerous along the
margins of different vegetation types. They will be in moist but well
drained areas, not marshy or boggy sites, except for members of the
cinerea complex which can endure such conditions. Rich meadows-are
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particularly suitable locations. The ant populations of all major and
many minor vegetation types of the southern Rocky Mountains have
been sampled and identified and species lists have been drawn up, but
it would be far beyond the scope of this report to include them.

Enough material has been set forth to show that one small section
of the Rocky Mountain insect fauna can be ecologically varied and
taxonomically interesting. The genus Formica has the largest number
of species and subspecies of all ant genera in the studied area, so it is
the most satisfactory for demonstrating that a group of related taxa of
these insects can utilize a wide range of diverse habitats. They appear
to show adaptive radiation into many situations, but the adaptations
are not special obvious structural modifications, such as for particular
foods, for locomotion, for drought resistance, for soil types, or for plant
hosts, as is the case with some insects. Rather, these species are omnivor-
ous insects capable of using various foods, able to select suitable nest-
ing sites, to construct a variety of nest types, and to respond satisfac-
torily to whole environmental complexes available to them. They would
appear to possess subtle physiological adjustments toward general eco-
logical conditions, but to learn precisely what these relations are would
probably require that each species be investigated experimentally.
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THE ORTHOPTERA OF THE BOULDER REGION
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Orthoptera are not the most numerous insects in numbers of species
in the Boulder region, but they are certainly among the most conspicu-
ous. The more than 90 species known from the region include a few
grasshoppers whose populations are always large and may, occasionally,
reach truly enormous numbers. These most abundant species are wide-
spread in distribution and rather indiscriminate in feeding habits. In

some years and under certain circumstances, therefore, they become
serious economic pests. They are our best known Orthoptera.

While the behavior of such widespread species has suggested to
the unscientific observer that all grasshoppers feed on all kinds of
plants the ecologist knows they do not. Some species are so specialized
in feeding that they are limited to a single kind of host plant, and most
herbivorous Orthoptera are somewhat restricted in food habits. And
some Orthoptera are actually carnivorous.

Specialized feeding habits naturally result in the limitation of
certain species to particular habitats, but other factors also govern dis-
tribution. Altitude, a local environmental variable of major magnitude,

is particularly important. Its effects on distribution are indirect, how-
ever, primarily because at higher altitudes temperatures are lower and
the growing season is shorter. It is natural that species occurring at
high altitudes are those with a northern distribution while those limited

to the plains are primarily southern forms.
Orthoptera occur in all major terrestrial communities, but different

families within the order characterize different general types of habitat.
The "short-horned" grasshoppers, or Acrididae, are most abundant in
relatively dry regions. On the other hand, katydids (Tettigoniidae) are
more abundant in moist regions. Katydids, perhaps because predom-
inantly noctural in activity, are also likely to be more abundant in warm
than cold regions. This holds true for crickets (Gryllidae), too. It is
not surprising, therefore, that while we have 74 species of Acrididae
in the Boulder region only nine species of Tettigoniidae and only four
species of Gryllidae are known.

Our most numerous observations, as well as our most interesting
ones, have to do with the Acrididae. The other families will be con-
sidered only briefly. The Tetrigidae, grouse locusts, are represented by

[70]
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four species, one limited to the plains and three, in the genus Tetrix—which is somewhat northern in distribution—present in the mountains.One species (Tetrix brunneri) occurs at least as high as 10,000 feet inaltitude. Among the nine species of Tettigoniidae, seven are limitedto the plains and foothills; one (Steiroxys trilineatus) is known only
from altitudes of approximately 8,000 to 9,000 feet; and only one species,the Mormon cricket (Anabrus simplex), has a wide altitudinal range.The Mormon cricket occurs as a resident from below 7,000 to over
13,000 feet in altitude. The four species of Gryllidae are confined tothe plains and foothills. The Gryllacrididae, primarily noctural but with
some cold-tolerant species, occur up to 10,000 feet and higher. Ourcollections have included only two species, both in the genus Ceutho-
philus, the cave crickets, but there are probably other members of thisfamily in the Boulder region. Our collecting techniques, well adaptedfor members of other families, have not been appropriate for these.

Closely related to these true Orthoptera are the mantids, with two
rather small, scarce, and inconspicuous species occurring on the plainsand in the lower foothills. Our one walking stick has the same type ofdistribution. There are no native cockroaches or earwigs in this region,
though we do have several species of introduced cockroaches, and our
one earwig, only recently acquired, is already quite common.

The remainder of this summary will be devoted to the Acrididae,or grasshoppers. The 74 local species occur from the lowest elevations,where 61 species are resident on the plains below the foothills, to over
13,000 feet in altitude, where two species are able to complete their lifecycles well up in the alpine tundra.

The most conspicuous and most abundant grasshoppers in the
Boulder region belong to the group known as the "spine-breasted"
Acrididae. Of the 26 species in this group 18 are in the genus Mela-
noplus. Two-thirds of these species of Melano plus have fully-developed
wings, and some are strong fliers, but six species in this genus have
abbreviated wings and are flightless.

The most abundant grasshopper on the plains near Boulder is the
long-winged, strong-flying Melanoplus sanguinipes (also known in
recent literature as M. bilituratus and, somewhat earlier, as M. mexi-
canus). This is also our most widespread species as it has been taken
at all altitudes in the area up to and including the summit of Mt. Evans
—though it can not complete its life cycle above about 10,000 feet. Itis the common pest grasshopper of medium size, distinguishable from
the two other most common pest species by the absence of conspicuous,
light-colored stripes on the dorsal side. Melano plus bivittatus and M.
packardii have such stripes, but the former, which is our most con-
spicuous garden pest, is yellow-brown while the latter is red-brown.
These three species feed on a wide variety of plants, including culti-
vated grains, alfalfa, and the plants of mixed, natural pastures. All fly
well, but only M. sanguinipes can be considered a persistent and regu-
lar wanderer. These three are contemporaries, seasonally, but a fourth
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species, M. confugus, which is easily mistaken for M. sanguinipes, ap-
pears early in the season, mates, lays its eggs, and disappears by the
time these other three species have become prevalent.

Not all local species of Melanoplus can be mentioned in this brief
survey but a few others should be. The large M. differentialis of the
Middle West is present but is largely replaced by its ecological counter-
part, M. bivittatus. M. femur-rubrum is present also, as a late season
form; it is never abundant, though it may appear rather common in
certain moist areas. One other long-winged species should be mentioned.
This is the miniature M. infantilis, a grass-feeder that occurs in clear-
ings throughout the mountains from the foothills to above 10,000 feet.

Of particular interest are several spine-breasted grasshoppers not
in the genus Melanoplus. These include two species of Hesperotettix,
which are predominantly green in color and which feed chiefly on
composites. Also in this group are the bizarre "barber-pole" or harlequin
grasshopper, Dactyloium pictum, and the gray-green sage grasshopper,
Hypochlora alba. This last named species is associated exclusively with
the herbaceous sage, Artemisia ludoviciana, and its distribution is even
more limited than that of its host plant.

The next most conspicuous group of grasshoppers is, perhaps, the
band-wings, including those species that commonly display by lilting
flight accompanied by crackling sounds. The most familiar on the plains
is probably Dissosteira carolina, the road duster, but it is actually more
conspicuous than common. The most abundant species in this group
is a relatively small one, Camnula pellucida, which is a pest in Montana
hay fields but with us is confined to the mountains and is of no particu-
lar economic significance. Unlike the majority of species in this group,
C. pellucida, as its trivial name suggests, has translucent rather than
colored wings.

Our noisiest "cracklers" are several species of Trimerotropis ( which
has five local species), Circotettix rabula, and Aerochoreutes carlinianus.
The last named is perhaps our strongest flier among Orthoptera, in-
dulging in extensive aerial displays but not wandering far from its home
area, which is on the plains, in the Boulder region. C. rabula, on the
other hand, is a wide-ranging mountain form, occurring from the foot-
hills to over 11,000 feet. It is the "crackler" you hear most frequently as
you drive along open, south-facing slopes at intermediate altitudes in
the mountains. The species of Trimerotropis are usually more closely
associated with forested areas, occurring primarily in small clearings
in the foothills and montane zone. Only T. suffusa occurs as high as
C. rabula in this region.

Several other species of band-wings are locally important, but only
two other species will be mentioned. These are a pair of closely-related
species in the genus Arphia. They are of particular interest ecologically
because one, Arphia conspersa, matures in the spring and deposits its
eggs early in the season, while the other, A. pseudonietana, matures
late and deposits its eggs near the end of the summer. A. conspersa
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hatches late in the season and molts only two or three times before
winter. It passes through the winter in a juvenile stage and does not
complete its metamorphosis until warm weather the following spring—
but that means it is adult very early. A. pseudonietana passes through
the winter in the egg stage, and its eggs do not hatch until midsummer;
hence, it is not adult until near the end of the summer. This pattern
thus provides a non-competitive basis for the simultaneous occurrence
of two closely related species in the same region.

Among our local Acrididae are some twenty species of "slant-
faced" grasshoppers, those in which the face typically "retreats" back-
ward from the forehead. Most of these are small; in fact, our smallest
grasshoppers are in this group. Members of this group are usually grass-
feeders, so we find them most abundant in pastures or, in the mountains,
in areas where grasses and sedges predominate.

A few of these slant-heads may be harmful, but in our region the
only ones that are likely to be injurious are a few rangeland species,
particularly Ageneotettix deorum and Aulocara elliotti, both relatively
abundant on the plains. Other species that may be common in mixed
pastures are Amphitornus coloradus and Arphulella pelidna. Two others
in the same habitat, more conspicuous in size but less numerous, are
Mermiria maculipennis and Acrolophitus hirtipes, the last named being
a rather striking, long-legged, green grasshopper with a high crest on
the thorax and with pale green wings.

To me the most interesting slant-heads are several mountain forms.
One of these, Bruneria brunnea, seems to be established only in a few
widely separated localities in the southern Rocky Mountains. Our near-
est such population apparently is one in Little Horseshoe Park in
Rocky Mountain National Park. Another interesting member of this
group is Chorthippus longicornis, which occurs in patches of rushes on
the plains and, in suitable wet habitats, at all altitudes up to timber
line. This species is widely distributed in the northern states and in
Canada.

The general tendency for members of an insect species to be smaller
in the colder parts of its range is particularly well illustrated when we
compare specimens of C. longicornis from different altitudes. Those
from the plains are larger and of a more rangy build than are those
from high altitudes. Their appendages are longer, too, while the legs
and antennae of high altitude specimens are shorter relative to body
size.

These same differences are apparent in the grasshopper that has
the widest altitudinal range, Aeropedellus clavatus, another member
of the group of slant-heads. A. clavatus has one population on the slope
of the mesa at Chautauqua Park, here in Boulder, at a little below
5,800 feet in altitude; it also has a well established population at 13,100
feet, on Mt. Evans, and a few individuals occur up to 13,600 feet. It
thus has an altitude range of nearly eight thousand feet. As in C.
Ion gicornis , low altitude specimens are larger and have longer append-
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ages in proportion to body size than those from high altitude popula-
tions.

One other species should be mentioned, the lubber, our largest
grasshopper. The lubber, Brachystola magna, is our only representative
of a group of large forms with a predominantly southern distribution.
It is not surprising, therefore, that it does not occur above the plains. It
is actually never very common in our region, but because of its large
size it is often seen and commented upon. It is a stout-bodied species,
almost toad-like in appearance, and it has only vestigial wings. Not
only is it our largest grasshopper, it is actually, in mass, the largest insect
in the Boulder region.

This rapid survey has perhaps served to suggest that in an area
with as diverse climatic and habitat conditions as the Boulder region
such environmental variation is reflected in the complexity of the
orthopteran fauna. The Orthoptera are more than merely an interesting
group of insects. They provide the ecologist with valuable tools in his
study of the factors governing animal distribution.
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AMPHIBIANS AND REPTILES OF

THE BOULDER AREA
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The phenomenon of greatest interest in this area is the distribution
of the various herpetological components in the transitional region
between the plains and the mountains. From a herpetological point of
view there are several basic areas which might be described as eco-
systems in the classical sense, and a particularly rich ecotone between
the grasslands to the east and the forested mountains to the west.

The chief characteristic of these climax areas and the ecotones
joining them have already been discussed. The zones and areas which
appear to be significant from a herpetological point of view might be
briefly reviewed. The grassland region to the east constitutes a "natural"
area characterized by a number of species. Edaphically this area abuts
the first hogbacks with few apparent visual changes; but ecologically
it seems divisible into a great plains grassland and a piedmont grass-
land area. At the latitude of Boulder the transition occurs approximately
40 miles east of the foothills. Such amphibians as the Great Plains Toad
occur east of here and also to a less sharply marked degree the Plains
Spadefoot Toad. Interestingly enough, both of these species occur in
a topographically similar area, the San Luis Valley, which, however, is
some 3,000 feet higher. The Rocky Mountain Toad and the Bullfrog
occupy the same area but extend farther west through the Piedmont up
to the foothills. The Rocky Mountain Toad also occurs in the San Luis
Valley and in addition is found at lower elevations west of the moun-
tains.

The distribution of turtles in eastern Colorado seems correlated
with rainfall and the presence of standing water more than to other
factors. The high plains are xeric and what standing water occurs here
is essentially artificial. Such ponds and reservoirs, however, have been
successfully colonized by the Western Painted Turtle. This turtle ex-
tends westward, beyond the Great Plains area, into the Piedmont. The
only turtle which seems typically a Great Plains form is the Ornate
Box Turtle, which occurs most abundantly in the great sandy areas
which lie not only adjacent to the major river courses but here and
there in the plains as well. Oddly enough the Western Spiny Softshell
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Turtle, the most aquatic turtle of this region, also seems confined to
running water lying within the Great Plains area, while the slightly
less aquatic Common Snapping Turtle is found in streams in the Pied-
mont Grassland area too.

Of the seven lizards occurring at this latitude only three, the
Lesser Earless Lizard, the Northern Prairie Lizard, and the Many Lined
Skink are typically members of the Great Plains fauna. Of particular
interest is the Northern Prairie Lizard. This species is represented to
the west by a morphologically and ethologically distinct race, the Red-
lipped Rock Lizard, with which it intergrades through other races
south of Colorado. The Red-lipped Rock Lizard is the only reptile or
amphibian in this region which is confined to the ecotone between the
Piedmont Grassland and the Lower Montane area. These subspecies
give credence to the validity of recognizing the Piedmont. The peculiar
hiatus in the distribution of this species, Sceloporus undulatus, runs for
hundreds of miles north and south, and it so happens that this hiatus
in the Boulder region, at least, is coincident with the Piedmont Grass-
land area.

Of the twelve snakes which occur at this latitude only one seems
to be characteristic of the Great Plains. This is the Plains Hognose
Snake. Seven other snakes not only occur in this area but extend across
the Piedmont Grassland to the foothills. These are the Northern Water
Snake, Plains Garter Snake, Red-sided Garter Snake, Eastern Yellow-
bellied Racer, Bullsnake, Western Milk Snake, and the Prairie Rattle-
snake. Several of these forms also push through the lower foothills
ecotone and, in favorable valleys, are found in the Lower Montane
area. Bullsnakes and Rattlesnakes for instance are occasionally collected
well up such waterways as Boulder Creek, Lefthand Canyon, and the
South St. Vrain. In contrast to this other species distributions end
abruptly, virtually at the first hogback. Examples of such distributions
are two of the garter snakes and the Yellow-bellied Racer.

The most interesting area ecologically is the ecotone between the
Lower Montane and the Piedmont Grassland. The herpetological fauna
of this area is particularly rich around the mouths of canyons. As
mentioned earlier, only one species, however, seems confined to this
ecotone; this is the Red-lipped Rock Lizard. This species penetrates in
favorable areas into the Lower Montane and south of Denver pushes
some distance east in the Black Forest. But rocky outcroppings which
occur occasionally in the plains and even in the Piedmont Grassland
areas are uninhabited by this subspecies.

A peculiar feature of this ecotone is the greater abundance of some
of those forms which inhabit it, but which are more typical of climax
areas to the east and west. The Boreal Chorus Frog is particularly
abundant here, and borrow ditches, ponds, gravel pits, and even irriga-
tion ditches virtually swarm with this small frog in the spring. The
Rocky Mountain Toad is also much more abundant here than it is in
the plains.
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Species of snakes which can be thought of as typically plains forms
also tend to occur in this ecotone in greater abundance. This is particu-
larly true of the Plains Garter Snake, Red-sided Garter Snake, and the
Western Milk Snake. The ecotone is also characterized by the occur-
rence there of a few species which are grassland forms farther south but
which are absent in the grasslands immediately east of here. It seems
as though the restricting distributional factors of these species are less
severe close against the mountains and such forms as the Northern
Lined Snake, admittedly a relict, and the Plains Black-headed Snake
can push much farther north in the ecotone than they can in their climax
area.

It is here in this ecotone too that one member of the Montane area
descends to the plains. The Wandering Garter Snake is found here,
often in the same fields or meadows in which Red-sided Garter Snakes
and Plains Garter Snakes occur. A detailed study of the niches of these
three species of Thamnophis where they are sympatric would be ex-
tremely interesting. The Wandering Garter Snake is also occasionally
picked up around farmhouse ponds well out into the Piedmont Grass-
land.

The Montane area can be divided into an upper and lower area.
Herpetologically speaking the lower area is peculiarly barren, more
so than the grasslands to the east. This probably can be accounted for
by the topography of the area. What streams there are occur in deep
canyons with steeply sloping sides. The waters of the streams are
frequently torrential and ill suited to any amphibians that occur here.
The lack of these and their larvae as well as the absence of small fish
probably are a regulating factor in the distribution of garter snakes.
Meadows are also virtually absent from this area. The steep slopes hold
little soil and are composed chiefly of coarse gravelly soil that holds
little water. As a consequence of this the invertebrate fauna, which
ordinarily supports directly or indirectly the herpetofauna, is im-
poverished. The Upper Montane area is much more mesic and less
harshly incised by streams. Here ponds occur occasionally, and
meadows often lie alongside of the streams. Broad ridges with very
extensive flat or rounded areas occur here and soil can accumulate. In
these areas amphibians and reptiles are once again found. The eury-
topic Leopard Frog and Boreal Chorus Frog, absent in the Lower
Montane area, appear once more. This area, however, is really charac-
terized by the Boreal Toad, which occurs here as well as around the
moraine lakes and meadows of the Subalpine area. Farther south the
Smooth Green Snake is also a member of this ecosystem, albeit a rare
one. This snake, in a few favorable places, however, can occupy the
Lower Montane area. The Wandering Garter Snake is often found in
great abundance here and also pushes well up into the Subalpine area.

Three species of amphibians occur across the grasslands and into
the forest climax areas. One of these, the Leopard Frog, appears to
exhibit no obvious morphological clines in our region although else-



78 NATURAL HISTORY OF THE BOULDER AREA

where it apparently does. Another species, the Boreal Cricket Frog,
shows a remarkably conspicuous increase in size. Currently no racial
differentiation has been made between the Montane and Plains forms;
but the studies of Mr. Dave Pettus of Colorado State University may
ultimately lead to such a treatment. The third species, the Tiger Sala-
mander, also exhibits morphological differences in the different climax
areas; but these are nomenclatorially recognized. It should be noted
that all three of these species, the only ones which occur both in the
mountains and on the plains are extremely successful and very widely
distributed forms. None of them, however, is successful in the Lower
Montane area, except in a few restricted places.

All those species which occur in the Upper Montane area also
occur in the Subalpine area with the possible exception of the Smooth
Green Snake. Inasmuch as these Colorado Montane forms all have their
niches in aquatic or semiaquatic habitats there is understandably little
correlation between their distribution and the climax areas they span.
For this reason they constitute poor ecosystem indicators.

TABLE 1. Distribution of the amphibians and reptiles of the Boulder
Area by ecosystems and ecotones.

Name
Sub
Alpine

Upper
Montane

Lower
Montane

Piedmont
Grassland

Great
Plains

Grassland

Barred Tiger Salamander

Utah Tiger Salamander

Plains Spadefoot Toad
Boreal Toad
Great Plains Toad
Rocky Mountain Toad
Boreal Chorus Frog
Bullfrog
Western Leopard Frog

Common Snapping Turtle
Western Painted Turtle
Ornate Box Turtle
Western Spiny Softshell Turtle
Lesser Earless Lizard

Red-lipped Rock Lizard
Northern Prairie Lizard
Eastern Short-horned Lizard
Six-lined Racerunner
Many-lined Skink

Northern Water Snake
Wandering Garter Snake
Western Plains Garter Snake
Red-sided Garter Snake
Northern Lined Snake
Plains Hognose Snake
Eastern Yellow-bellied Racer
Western Smooth Green Snake
Bullsnake
Western Milk Snake
Plains Black-headed Snake
Prairie Rattlesnake

-

- -
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In summary, it can be said that the distribution of amphibians

and reptiles along a transect through the plains-mountain region at the
latitude of Boulder (400 N.) exhibits a zonation which fits in part the
climax areas so well exemplified by floral distribution patterns. Recog-
nizable species complexes or lack of complexes occur in the Great Plains
Grassland, Piedmont Grassland, Piedmont-Lower Montane ecotone,
Lower Montane, Upper Montane-Subalpine areas. These distributions
are depicted in Fig. 1.

AMPHIBIANS AND REPTILES OF THE BOULDER, COLORADO
REGION

Ambystoma tigrinum mavortium
Ambystoma tigrinum utahense
Spea bombifrons
Bufo boreas boreas
Bufo cognatus
Bufo woodhousei woodhousei
Pseudacris triseriata maculata
Rana catesbeiana
Rana pipiens brachycephala
Chelydra serpentina serpentina
Chrysemys picta belli
Terrapene ornata ornata
Trionyx spiniferus hartwegi
Holbrookia maculata maculata
Sceloporus undulatus erythrocheilus
Sceloporus undulatus garmani
Phrynosoma douglassi brevirostre
Cnemidophorus sexlineatus
Eumeces multivirgatus multivirgatus
Natrix sipedon sipedon
Thamnophis elegans vagrans
Thamnophis radix haydeni
Thamnophis sirtalis parietalis
Tropidoclonion lineatum lineatum
Heterodon nasicus nasicus
Coluber constrictor flaviventris
Opheodrys vernalis blanchardi
Pituophis melanoleucus sayi
Lampropeltis triangulum gentilis
Tantilla nigriceps nigriceps
Crotalus viridis viridis

Barred Tiger Salamander
Utah Tiger Salamander
Plains Spadefoot Toad
Boreal Toad
Great Plains Toad
Rocky Mountain Toad
Boreal Chorus Frog
Bullfrog
Western Leopard Frog
Common Snapping Turtle
Western Painted Turtle
Ornate Box Turtle
Western Spiny Softshell Turtle
Lesser Earless Lizard
Red-lipped Rock Lizard
Northern Prairie Lizard
Eastern Short-horned Lizard
Six-lined Racerunner
Many-lined Skink
Northern Water Snake
Wandering Garter Snake
Western Plains Garter Snake
Red-sided Garter Snake
Northern Lined Snake
Plains Hognose Snake
Eastern Yellow-bellied Racer
Western Smooth Green Snake
Bullsnake
Western Milk Snake
Plains Black-headed Snake
Plains Rattlesnake
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SURVEY OF THE MAMMALS
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During the past century drastic ecologic changes have been gen-
erated in the Denver Mountain region by the forces of economic de-
velopment. Not even the secondary stages of resource development had
occurred in this region as recently as 150 years ago. At that time the
indigenous tribes of Arapaho were living as hunters and practiced only
the primary stages of resource utilization. Life for them was not easy,
according to the accounts of the early surgeon-naturalist, Coues, and
the military expeditionary mission of Pike, Fremont and Long.

The stages of ecologic change follow closely the order of economic
development and with these changes the fates of faunas ebbed and
flowed. We can only assume that during the period prior to discovery
the fauna was in a stage of dynamic equilibrium with the natural en-
vironment and that the primary utilization of the regional resources
made by the native Indians was part of this balance. This stage would
be described by economists as the "hunter-gatherer" stage. A few years
after the Lewis and Clark expedition a second stage was initiated with
the development of the fur trade. Primary utilization of the regional
resources continued but to this was added an "unnatural" drain and
economic resource development began with the export of furs, robes
and buffalo meat. (De Voto, 1947.)

The third or "pastoral" stage was witness to a faunistic conversion
from one kind of herbivore to another, cattle replacing buffalo. Phases
of pastoralism from open range to fenced range imposed more and
more intensive land use and led to the demise of buffalo and antelope.
Following closely the development of railroads, agricultural expansion
further altered the natural environment, particularly as a result of the
construction of irrigation projects and the conversion of natural prairie
to farmland. The economic consequence, of course, was industrializa-
tion of the Rocky Mountain empire with Denver as its capital. In-
dustrialization would not have been likely had it not been for the
wealth of mineral resources which, although having only minor impact
on ecology, has been the basis of a balanced economy leading to the
now obvious stage of urbanization. In the wake of economic maturity,
population growth, with particular demands on the water resource and

[81]



82 NATURAL HISTORY OF THE BOULDER AREA

for recreational facilities, sets the stage for further alteration of environ-
ment. It is against this background of ecologic-economic change that
the modern history and current status of the fauna should be evaluated.

INVENTORY: FOUNDATION OF REGIONAL FAUNISTICS

The ecosystems described by Marr (1961) that specifically charac-
terize this region are very similar to the life zones described by Cary
(1911) for Colorado and adjacent states. Dice (1943) recognizes three
or four biotic provinces in Colorado and considers the region of the
Denver-Boulder area to lie in the Coloradan Biotic Province. There is
an increasing complexity of biotic provinces in the southern Rocky
Mountain regions as compared to the northern regions. A more diverse
group of small animals is found in southern regions, in contrast to a
larger association of the large mammals, particularly big game animals,
in the north, where there are extensive blocks of biotic provinces and
fewer of them. Moose, for instance, have a circumpolar distribution and
are associated with immense continuous stands of spruce timber. Spruce
stands in the southern Rocky Mountain region are comparatively small
and discontinuous in contrast to Eurasian and Hudsonian spruce forests.

The distinctly different floristic and climatic environments described
by Man have a few characteristic mammals but owing to animal
mobility and some degree of adaptability there is no particularly clear-
cut pattern of distribution.

Examples of mammals that demonstrate some stability of distribu-
tion or affinity for ecologic type are the pika found mostly above timber
line in alpine tundra and the black-tailed prairie dog rather strictly
limited to the grasslands of the plains.

The Boulder-Denver area includes terrain that varies from 5,000
to 14,000 feet elevation and embraces corresponding latitudinal zones
readily identified by plant associations.

Although there is some risk of equivocation a tabular synopsis
might serve to illustrate the ecologic diversity to be found in the Boul-
der-Denver region.

In general, smaller mammals of this region have counterparts in
similar life zones in other regions whereas the larger ones do not. For
example, the snowshoe hare and marten are quite reasonably identified
with spruce-fir forests from Maine to Alaska as well as in the Boulder-
Denver area where spruce-fir forests occur. But moose and fisher
found in spruce-fir forests farther north are not known to range in this
area. Discontinuity of moose and fisher distribution possibly is the
result of the smaller island-like distribution of spruce forests in southern
extremities of range which do not afford sufficient habitat in the spatial
sense to support a secure population unit.

Tree squirrels range through all of the timbered zones but are
most abundant in the spruce-fir belt. One squirrel, the fox squirrel,
is a relatively recent immigrant from its wide-spread range east of the
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Ecosystem
(Mart)

Life Zone
(Cary)

Altitude
(approx.)

in this region Plant Assoc. Mammal Assoc.

Grassland-
Lower Montane
ecotone

Upper Sonoran 5,600-6,000 Grass-Pine Prairie dog
Marmot
Raccoon

Lower Montane
Forest climax

Transition 6,000-7,700 Ponderosa-
Douglas Fir

Abert's squirrel
Marmot

Upper Montane* Canadian 8,000-9,000 Ponderosa-
Lodgepole

Red squirrel
Marmot

Sub-alpine
forest

Hudsonian 9,300-11,000 Spruce-Fir Red squirrel
Marmot

Alpine tundra Arctic-Alpine I I ,400-up Kobresia
Clover

Pike
Marmot

°Ecotone regions of Marr's classification excluded.

Mississippi. Its occurrence in the Boulder-Denver area is the extreme
western extension of its range. No doubt the hardwoods in the river
bottoms that extend across the plains, like fingers following the western
tributaries of the Mississippi-Missouri river system, have provided the

chain of favorable environment that has made possible its immigration,

relatively recently, to this region. There are also records of artificial
stocking of this species in Denver parks.

Abert's squirrel, one of the tufted-eared species similar to the

Kaibab squirrel, is indigenous to this region as the most northerly

representative of its species. Its range tends to be restricted to Ponder-
osa pine forests. As Rodeck has pointed out, some species of rodents
have a wide altitudinal range while others are restricted. Marmots are
found associated with other species through all of the life zones in the

Boulder region. The one species, Marmota fiaviventris, is endemic.
There are about 60 species of mammals in the state of Colorado,

and most of these range through the Boulder-Denver area. Some notable

exceptions are the grizzly bear, moose, bison, antelope (although an

occasional wandering herd of antelope might pass through the region),

otter, wolverine (?) and lynx.
Several species might possibly occur in this region by virtue of

general range but be excluded by the alteration of favorable habitat.

The white-tailed deer likely fits into this category, as well as otter and

antelope. It is difficult to assess what impact the very intensive land

use development has had on the foxes of the region. Hall and Kelson

list two foxes for this region, the Swift fox, Vulpes velox velox, and the

gray ( Urocyon). This winter I examined a fox with a white tipped tail

that was said to have been killed near Niwot, on the plains near



84 NATURAL HISTORY OF THE BOULDER AREA

Boulder. By description one would believe this to be a red fox ( a
trophy not available for detailed examination), Vulpes fulva macroura,
shown only for western Colorado in Hall and Kelson. Red foxes have
been trapped by U.S. Government hunters in the high country in parts
of Colorado not indicated on the present distribution maps and are be-
lieved to range in the Boulder city watershed. In fact, foxes are known
to range in the alpine tundra of the watershed and by the nature of
the species these are not likely to be gray foxes nor swift foxes.

SOME ODDITIES

Recently, in June, a graduate student of alpine ecology reported
seeing a common skunk on Niwot Ridge at an altitude of approximately
12,000 feet. This is well above timber line and conditions at the time
were very winter-like with a considerable snow cover.

Several jack rabbits of the species townsendi that are more gen-
erally associated with the plains fauna have been collected in the
alpine-tundra zone and cottontails range in abundance around Science
Lodge near 10,000 feet. The cottontails have been observed by senior
personnel near timber line in the Boulder city watershed many times.

Bobcats and coyotes roam the highest alpine meadows all winter,
and tracks of these two species were seen in snow periodically this year
in January, March and June. A young bobcat was collected in the area
in October 1963.

Warren lists the shrew Sorex personatus (now S. cinereus) as
occurring widely in Colorado including the Boulder area and on Pike's
Peak, at an altitude of over 14,000 feet. There are marginal records of
S. vagrans in western Colorado, and the type species of the Dwarf
Shrew, S. nanus, is from Estes Park. No moles have been recorded to
occur here.

Osborn (1958) has observed an interesting phenomenon of mam-
malian ecology in the alpine tundra in which pocket gophers cause a
continuum of plant succession. Snow-free areas of the tundra support
a climax growth of Kobresia (a sedge) and Geum. Geum appears to
be a favorite food item which the gophers, despite the severe freezing
condition of the area and the extremely rocky ground, repeatedly set
back by cutting the roots. The bared area is subject to needle-ice for-
mation that retards revegetation for years. (See Marr, 1961.)

One of the most intriguing mammals of the plains area is the
black footed ferret. From time to time some have stated that the ferret
is extinct. In 1946 Dr. E. R. Kalmbach of this city had a black footed
ferret, alive, at the Denver Laboratory of the U.S. Fish and Wildlife
Service. This animal was taken from the environs of a prairie dog
town just west of Denver. Rodeck has noted its rarity and remarked
upon the possible inimical effects of a wide-spread and long-term
rodent control program that periodically reduced the abundance of
the ferret's natural prey.
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GEOLOGIC CONSIDERATIONS

The region of the Denver Mountain area drains mostly north and
east. It is separated physiographically from the north and west by the
Green River valley which has been considered in some respects as a
faunistic barrier. ( Finley, 1955.)

Generally speaking, larger mammals such as the moose and moun-
tain goat, two distinct genera, are not found in this region. Their ab-
sence, however, seems obviously ecologic rather than physiographic.
Nevertheless, Finley notes that this barrier, if it may be called that,
marks the bounds of the ranges of several species of smaller mammals,
particularly chipmunks.

There is ample historical record that the Continental Divide was
not a barrier to the movement of larger mammals, neither buffalo nor
antelope. These two species originally ranged on both sides of the
Divide and although suitable habitat on the eastern and western slopes
were more or less contiguous by way of the Platte-Laramie river sys-
tem, many people believe that these big game animals made their way
over some of the high mountain passes.

More ancient evidence of earlier mammalian forms has been found
somewhat west of the Boulder-Denver area but considering the rarity
of preservation and subsequent discovery, it is reasonable to consider
that these forms also occurred in this region. Cockerell recounts the
finding of a fossil form of rhinoceros, a number of forms of horses
(Parahippus, Eohippus), camels, elephant-like mammals and llamas.
Some of these were re-classified by H.F. Osborne (1924) and fossil
Canidae have been described by Thorpe, 1922, Journal of Science, p.
426-430. Other mammal fossils have also been found and described.

Rise and fall of ancient species have resulted from long-term
changes in environment that allowed time for the evolution of species
to suit present day ecological conditions. These changes were natural.
But the present-day forms are subjected to unnatural ecological changes
that are rapid and drastic and do not afford the time required by the
evolutionary process. And so a few species are extinct in the region.
At least one species, the elk, was exterminated in modern times and re-
established artificially, and some, such as the white-tailed deer and
mountain sheep, became re-established by natural population increases
following a favorable redevelopment of suitable habitat.

FIRST ECOLOGIC ALTERATIONS

This region is scarcely more than a hundred years old from the
viewpoint of environmental alteration. De Voto has given a thorough
account of the fur trade in this area in his book Across the Wide
Missouri. The period of first commercial exploitation began about
1810 and ended about 1840. Some historians say that the extermination
of the beaver ended the era of the mountain men, but some say that
the fur trade ended when "plug" hats began to be made of silk rather
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than of fur-felt. In either case, over-exploitation of the beaver was easy
because of the definite and narrow water courses in the mountains. This
is very different from the muskeg and bush country of the Canadian
northwest, where beaver habitat is spread out, and consequently more
secure from intensive exploitation.

About 25 years after the period of fur trade development the live-
stock industry began building. Wire was strung and ditches dug.
This and railroad construction marked the end of the wide-ranging
herds of buffalo and antelope. Grass had to be reserved for the cattle
in order to feed the growing eastern metropolitan areas during the in-
dustrial revolution, the Civil War, and the period of agricultural expan-
sion that followed.

MORE RECENT ECOLOGIC ALTERATIONS

Three phases of industrial development during the past thirty or
forty years have made tremendous changes in the natural environment
of the Boulder-Denver area. Conversion of plains and prairies, first
from free-ranging livestock production to feed-lot production, requir-
ing vast acreage of corn and sugar beet cropping, then to the reduc-
tion of even these areas by conversion into reservoirs to water the dry
lands and to provide domestic water for the expanding human popula-
tion. Areas like the Granby Reservoir, Shadow Mountain Reservoir and
Horsetooth Reservoir not only changed the character of large areas
but, more importantly, usurped natural winter range of elk, deer and
possibly sheep because they occupied the willow-sedge-grass areas of
bottomland that were indispensable to herbivores that had to migrate
from high range in the fall to wintering areas at lower altitudes.

Perhaps a third stage of habitat alteration is still in the making and
its limits are not yet known. Much prairie land, especially in the area
just under the Front Range, is being converted into industrial plant sites.
The proportion of area being put to this use is significant to the larger
animals, and even to some of the medium sized ones, not only in the
spatial sense but also in that particular niches such as den sites for
coyotes and foxes and river bottom hardwoods for raccoons are being
directly reduced. Also, communication to feeding grounds and other
special environments are being separated by roads, power lines, canals
and other cultural facilities that are essential to the present stage of
human civilization.

Coupled with this development, and in fact the cause of it, the
population expansion of an affluent society requires more special use
areas for outdoor recreation. Each development results in a division
of space that inexorably condemns the larger species of mammals to
extinction. This "divide and conquer" tactic will leave us a fauna likely
to consist mostly of foreign rats and mice, starlings, and pigeons in bell
towers.
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EXTIRPATED SPECIES OR QUESTIONABLE RECORDS

Wolverine and lynx still appear in the regulations of the Colorado
Game, Fish and Parks Department, but even the occurrence of these
species in modem times is doubtful. Warren mentions the record of a
wolverine skin from Breckenridge, not properly in this area, about 75
years ago, but this might have been a hoax perpetrated by a miner or
prospector from the Canadian north.

Hall and Kelson indicate the distribution of lynx in Colorado from
three widely spaced records (Cary, 1911). Likewise, wolverine occur-
rences are from what Hall and Kelson consider marginal records, one
of which is specifically "near Boulder." The U.S. Fish and Wildlife
Service has had a force of approximately 100 hunters operating contin-
uously in Colorado for the past 25 or 30 years. The same organization
operated prior to that, beginning in 1915, but without the same man-
power, and there is no record of any of these professional hunters having
taken a wolverine or lynx. It might be important to consider the dis-
continuity of elements of northern fauna in the fauna of Colorado, such
as fisher, mountain goat, sporadic occurrence of moose in the north-
western part of the state, and perhaps caribou, in the light of certain
geologic considerations pointed out by Finley. Then, too, there are
ecologic considerations, that is, discontinuity of the extensive spruce-
fir forests in which all these forms are commonly associated.

Wild, free ranging buffalo and antelope are not found in the
immediate Boulder-Denver area because of intensive land use. The
wolf is considered extinct in this area, although it might be found in
other parts of Colorado. Grizzly bears, once on the plains as well as in
the mountains, are not known to inhabit this area, although since 1941.
there have been a re-discovery and increase of grizzly bear population
that seem to have begun in the San Juan mountains in the late 1930's.

REPATRIATED SPECIES

Elk were exterminated from the Boulder-Denver area during the
era of vigorous mining activity in the late 1880's and '90's (Cockerell,
1927). The good quality of the meat and unfortunate habit of having to
migrate to escape the deep snow of the mountains rendered the elk
vulnerable to extinction. Some authorities say that the elk was original-
ly a plains animal that was driven into the mountains by usurpation of
its favorite range. However, Murie lists the original range of the elk
as encompassing forested areas of many mid-western and eastern states.

During the 1930's this species was re-stocked in Colorado from
Wyoming herds and now fares reasonably well in mountainous parts
of the state. A general, although carefully controlled, hunting season
has been permitted for 25 years or more.

The Boulder city watershed has a small herd that winters in the
vicinity of Science Lodge in a cut-over and burned area known as
Elk's Roost. In June the fresh tracks of a cow and calf were seen in the
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snow about a mile from Science Lodge by Osbum and Quick. Rocky
Mountain National Park has a resident herd of considerable size. The
expansion of public park facilities there, however, is reducing the area
of suitable habitat for the elk and it is something of a question what
the fate of this species will be.

Just what viewpoint one should take about the status of white-
tailed deer is not clear. Not many years ago even some biologists
questioned the occurrence of this deer in eastern Colorado. Today it
is definitely known to inhabit the river bottoms of streams in the plains
country east of the Front Range.

RECENT IMMIGRANTS

Two or three decades ago the opossum was not considered to in-
habit any part of the state of Colorado. However, Rodeck has pointed
out that it now ranges over most of the state east of the continental
divide. Like the raccoon, white-tailed deer and fox squirrel, the opti-
mum habitat for all of these mammals, in this region, is the hardwood
river bottom type of environment.

Opossum and fox squirrels might be considered as recent immi-
grants and white-tailed deer and raccoons as species that have bene-
fited from favorable environmental changes and consequently increased
in population. Merely a reduction of hunting pressure might easily have
enabled deer to increase and become more obvious. The narrow covers
along stream bottoms certainly never could have afforded any great
protection from hunting, but it is possible that a population reservoir
has existed all these years awaiting a chance to follow a natural pattern
of increase.

Possibly basic climatic changes have favored the increase of these
four mammals, and also of bats, all of which have closer ecologic and
evolutionary ties with warmer climes. In any case, the opossum and fox
squirrel are recent additions to the fauna of Colorado.

INTRODUCED FORMS

Although the fox squirrel is known to have been deliberately in-
troduced into Denver city parks, the possibility of repatriation 01
natural immigration by way of river drainage systems has already been
noted.

Mountain goats have been introduced into Colorado since World
War II. It should be of concern to all naturalists that this is not natural
range for the goat and that a keen competition developed in the Black
Hills, also not natural range, when goats were introduced into natural
deer ranges.

There have also been moose introductions and while there are a
few records of moose occurrences in areas near natural range in Wyom-
ing, even Wyoming is the extreme southern limit of distribution through-
out the whole world-wide range of moose.

1
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Further, there is already an over-population of herbivorous game
animals, mostly mule deer, that under duress of population pressure
compete for similar food and range.

FUTURE STATUS OF MAMMALS

The Denver mountain area has undergone a dynamic ecologic re-
organization as a result of post-war industrialization. The cause is no
mystery—an increasing affluent society altering natural space.

In other parts of this paper it was noted that there are no longer
free-roaming herds of buffalo or antelope in the area. Yet some smaller
animals have in fact increased in number. It is a matter of spatial rela-
tionships as well as quality of environment. The future of the larger
mammals seems clearly to be dim as more people require more space
for homes, recreation and water conservation. Only adequate patronage
will ensure the continuity of wildlife for the future enrichment of civili-
zation.
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PRIMITIVE MAN IN THE BOULDER AREA

WALDO R. WEDEL

U. S. National Museum

The north central Colorado area with which this symposium is
primarily concerned is of especial interest to the student of human
prehistory and aboriginal ecology. Centering along the contact zone
between the Great Plains and the Rocky Mountains, with elevations
ranging from ca. 5,000 feet above sea level on its eastern margin to
14,000 feet or more in the west, it includes a strip of grasslands on the
east above which rise lofty mountain peaks, plateaus, and valleys. The
environments that were available to pre-White man within the range of
a day or two of travel, even on foot, were extremely diversified. East-
ward, there was ready access to extensive grasslands teeming with
bison and antelope, which for some thousands of years before coming
of the White man provided the basis for a highly specialized way of
life. On the west, in the high country, there were other kinds of game—
elk, deer, mountain sheep, bear, beaver, marmot—for whose harvesting
men devised different hunting techniques. The environmental extremes
from east and west blended in the foothills strip; and here a conjunction
of circumstances, some still not properly appreciated by the prehis-
torians, offered a uniquely favorable setting for man's activities, partic-
ularly at times when one or both of the marginal extremes became diffi-
cult or impossible for human utilization.

Previous papers have outlined the major aspects of natural history
and environment in the region, and here it is necessary only to draw
attention briefly to certain features that seem to bear most directly on
the pre-White utilization of the land. The mountain section, above
10,000 feet, lies for much of the year under a deep blanket of snow,
with sub-freezing temperatures that often range far below 0° F. Non-
hibernating game animals migrated to the mountain parks, the lower
valleys, and the foothills zone. Under such conditions, sustained year-
round occupation was impossible for man, and even travel across the
high country became extremely hazardous. Away from the mountain
front, the plains are characterized by limited and unevenly distributed
water supplies which, in dry years or seasons, undoubtedly strongly in-
fluenced the distribution and movements of the larger game animals,
and during severe or prolonged droughts must have driven them and
their human predators off the parched grasslands. Here, too, winters
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were often severe; and shortages of wood, water, game, and shelter
forced the Plains hunters in pre-horse days, like those of the historic
horse period, from the interstream uplands to the shelter of timbered
valley bottoms and the broken country along the mountain front, to
which the bison also moved at this season.

Along the mountain front, the environmental extremes were much
less pronounced, as men learned long ago. Here, almost continuously in
the region we are considering, a series of parallel hogback ridges and
narrow longitudinal valleys, developed by differential erosion of up-
turned sedimentary rocks of unequal hardness, lies between the up-
thrust crystalline mountain mass and the plains. The grassy and brush-
bordered valleys provided winter grazing for bison, forage and browse
for other animals, easy routes for north-south travel, and protected
camping locations. Beneath the sheltering ridges there were overhangs
and alcoves that invited human occupancy; from their summits men
could scan plains and valleys for game or enemies; and the frequent
wind ar d water gaps, which permitted easy crossings at intervals of
a few miles, greatly facilitated successful stalking or ambush of the
large herbivores. The forested canyons running back into the foothills
furnished chokecherries, plums, currants, and other edible items; at
their mouths, where the mildest weather occurs during cold spells,
were good camping spots. Springs and perennial streams were plentiful.
Eastward from the hogbacks, the broad gentle slopes toward the South
Platte River supplied abundant year-round pasturage for bison and
antelope.

This zone also has marked climatic advantages. It lies south of the
usual storm paths. The daily and seasonal temperature and precipitation
ranges are perceptibly less in the foothills strip than on the nearby
plains or in the mountains. Winters are warmer and drier than in the
high country, while summers are cooler and wetter than on the plains.
Wind movement and humidity are lowest near the foot of the mountains.
The snowfall is heavier than on the plains a few miles away; but the
chinook often removes the snow cover within a few hours or days, and
in spring, the grass along the front begins growth capable of supporting
livestock while that to the east still shows its winter mantle of brown.

The natural advantages of the foothills-hogback strip for human
occupation were readily recognized a century ago by the vanguard of
westbound American settlers. In 1869, as his survey party traveled
southward along the mountain front, Hayden observed that in the
longitudinal valleys behind the hogback

". . . some of the finest farming and grazing lands in the
Rocky Mountain districts are found here. These valleys are so
enclosed that they are protected from the winds and storms,
and in consequence old settlers are working their way up from
the plains in considerable numbers. As a range for stock these
valleys are admirable. . . . These mountain valleys are not only
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beautiful, but they are covered with excellent grass, making
the finest pasture grounds for stock in the world. The animals
are so sheltered by the lofty rock walls on each side that they
remain all winter in good condition without further provision
for them. . . ."

Except in broad outline, the human prehistory of the area is not
very well known, though its antiquities have drawn attention since the
early days of White settlement. Hayden observed that

"On the summits of all these [hogback] ridges are numerous
piles of rocks which have been erected by Indians in years
past as monuments or land-marks."

Twenty years later, reviewing the archaeology of the Denver locality,
Cannon wrote that Indian remains became more abundant near the
foothills, ". . . especially in the valley between the Dakota hogback
and the Archaean foothills; the white Triassic hogback seeming to be
an especially favorite site." He also noted the gathering of many speci-
mens "near the old Apex ranch," where subsequent investigations have
revealed a lengthy record of prehistoric occupations and environmental
changes that are still unreported in print. Today, we recognize in the
Boulder area a record of aboriginal activity that extends from late
Pleistocene to historic time.

When White settlement began in the 19th century, the native popu-
lation of the region included only hunting groups—chiefly, the Arapaho,
who wintered in the foothills and ranged otherwise eastward into the
bison plains, and the Ute, who came as hunters and raiders from the
highlands to the west. The Shoshone from the north were frequent
visitors, as were various other Plains and mountain tribes. Excepting
the Ute, these tribes were mostly late corners into the region; and,
following discovery of gold in the Denver locality and the resulting
wave of White immigration, they were quickly displaced before scholar-
ly inquiries into their native lifeways could be undertaken. Their mem-
ory has been perpetuated in the names of peaks, streams, lakes, and
other features of the landscape.

On the evidence presently available, the human history of the
Boulder area begins with the early big game hunters of 11,000 years,
or more, ago. The fluted spear point is their hallmark, and their princi-
pal quarry was the terminal Pleistocene fauna. Their earliest known
representatives hunted the mammoth and its contemporaries in an
environmental setting apparently quite different from the present. The
deposits in which the Dent mammoths and associated spear points
were found, for example, correlate with the sands and gravels deposited
in the main stream valleys by melt waters from the Front Range valley
glaciers. In these have been found molluscan remains which indicate
a cooler moister climate, perhaps the equivalent of that at higher eleva-



PRIMITIVE MAN 93
tions in the Front Range today. Elsewhere on the Plains near the
mountain front, mammoth remains associated with camel, muskox, and
horse, but no artifacts, have been radiocarbon dated at a little more
than 10,000 years ago. No campsites of this early period have been
reported in the Boulder area, and their surviving artifacts consist main-
ly of chipped stone tools.

Following the mammoth hunters came the Folsom bison hunters,
represented at the Lindenmeier site north of Fort Collins and at the
Hall-Johnson site near La Porte. At Lindenmeier, as at other sites in
the western plains, these men hunted an extinct species of bison, vari-
ously identified in the literature as Bison taylori, B. antiquus, and B.
occidentalis. Their weapon points were in the fluted tradition, and
their occupancy is dated at around 10,000 years ago, in a cooler, wetter
climate than the present. Of the later Eden-Scottsbluff hunters, who
may have hunted modern bison as well as the last survivors of the
occidentalis race, and used lanceolate instead of fluted points, there are
apparently few evidences as yet, to judge from the printed record; but
artifacts assignable to this post-Folsom complex were found in situ at
the Lamb spring site near Littleton, in association with bison bones
apparently larger and more massive than those of the modern species.
These remains are still undated; but elsewhere, the Eden-Scottsbluff
complex has been radiocarbon-dated at ca. 5000-7000 B.C. That these
or related peoples were very likely in the area is certainly suggested by
these and other finds, including the Olson-Chubbuck bison kill outside
our area on the plains near Firstview.

The next people of whom we now have direct evidence seem to
have been oriented in another direction in their food-getting economy,
perhaps relying less on big game animals and more on small animals
and vegetal foods. Their known sites lie close along the foothills-
hogback zone, where intensive geological studies are making it possible
to tie in their remains with geomorphological developments. They are
represented at such sites as LoDaisKa, near Morrison; Apex Spring
south of Golden; the Lyldns shale pit near Roxborough Park south of
Kassler; and the Lamb spring site near Littleton. Included among the
archeological traces of these people, who possibly represent an eastward
spread of food gatherers from the Great Basin-Plateau region, are a
considerable variety of stemmed projectile points (in contrast to the
earlier fluted and leaf-shaped blades), grinding tools for reducing seeds,
roots, fruits, and other vegetal products, scrapers, choppers, and a few
bone tools. Radiocarbon studies indicate that some of these stations, or
levels within them, date as early as nearly 4000 B.C. to ca. 1440 B.C. At
the Lykins shale pit ( ca. 3500-3830 B.C.), associated bones include the
grizzly and white-tailed deer, which are still or were recently present,
and molluscan forms that "are now living in the warmer states south of
Colorado and suggest a nonglacial environment. . .;" and seeds of the
hackberry which grows "today beside streams in the drier parts of
Colorado." As dated, these materials and the pre-Piney Creek alluvium
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containing them were apparently deposited during the presumed
Altithermal stage. Our data concerning the contemporary human occu-
pation and its environmental setting on the Great Plains eastward of
the Boulder area are still meager; but it is possible that the inhabitants
of the foothill-hogback valley zone may have been choosing a refuge
area with better water, game, and vegetal food resources than were at
that time available farther out from the mountain front. It is of more
than passing interest to note that corn kernels have been reported from
the LoDaisKa site, in a pre-ceramic level dated "between 1140 and
2800 B.C., roughly 4000 years ago," suggesting that these Archaic forag-
ing peoples of the foothills-hogback region may have been experiment-
ing with this crop.

Prehistoric manifestations associated with pottery in this region
belonging to the last 2,000 years of time are apparently on or in the post-
Piney Creek alluvium, and in an environmental setting probably not
greatly different from that of the recent past. Cultural relationships ap-
pear to have been strongest with the hunting-gathering and, later,
semiagricultural peoples better known from the Plains. The Woodland
materials reported as widespread in eastern Colorado occur at several
points in the Denver Basin and along the foothills-hogback region, and
radiocarbon dates range from A.D. 460 at Roxborough Park to approxi-
mately the 9th century. There are later dates that may pertain to cul-
tures transitional between the early potters of the Woodland culture and
the later ones of the Central Plains Upper Republican culture. So far
as present evidence goes, the Woodland peoples of the Plains were
mainly creek valley hunters and gatherers, with no evidence of domestic
crops until the very latest stages, perhaps in the 9th or 10th centuries.
At some of their sites, bison bone is much less plentiful than in later
cultures. In the foothills-hogback section, corn kernels have been re-
ported from Woodland sites, but there are no published details from
which the methods or extent of maize-growing may be judged.

The Upper Republican corn-growers, who dwelt in villages of
earth-covered lodges in the plains of western Nebraska and Kansas
possibly as early as the 10th century, but whose principal occupation
there appears to have been during the 12th, 13th, and early 14th cen-
turies, are also represented in eastern Colorado, but there are no de-
tailed reports from which their lifeway and material culture can be
profitably compared with those farther east. Peoples culturally related
to this Village Indian complex were probably present in the Boulder
area and along the mountain front, but published information is too
meager to justify further comment. In the LoDaisKa site near Morrison,
the relationships of the latest pottery-associated complex at c. A.D. 990
are regarded by the excavators as representing an extension of the
Fremont culture from western Colorado, rather than an Upper Republi-
can or other Plains manifestation.

At a number of sites have been found potsherds attributable to the
Dismal River aspect. In the western plains, this semihorticultural, but
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primarily hunting, complex is now usually identified with the PlainsApache or "Padouca" of the late 17th-early 18th century period. Fewdetails are yet available on the nature of the Dismal River occupationor utilization of the Boulder area.

Thus far, we have considered mainly the aboriginal occupationsof the foothills and plains margin. For the mountain section, informationis meager indeed; but archeological features of various kinds and sur-face finds of artifacts occur in the mountain parks, along many of thestreams, and in other locations. Exploitation of this section probablycentered on hunting and the collecting of vegetal foods. Stone circlesor "tipi rings" are reported to be common in the eastern portions, andthere are other rock alignments whose function is still undetermined.Projectile points found include some of apparently early (Archaic andpossibly older) forms. Metates are less common in the mountain districtthan in the foothills, whereas manos (for hide-rubbing?) are relativelyplentiful in the mountains.
In 1942, Ives called attention to the existence of recognizableIndian trails in the Arapaho Pass area, connecting eastward with trailsto the plains via Boulder Creek and westward via Arapaho Creek witha network of trails in the Colorado-Fraser River area. In the foothills,"from about 9,500 feet down to the plains, is a rather extensive networkof ancient trails, many of which followed the same routes as the presentday roads." He also described briefly a number of sites identified mainlyas hunting and travel camps, which he assigned on geomorphologicalgrounds to the period of the last 4,000 years. He reported quarries atBaker Gulch and Table Mountain. Artifacts seen were mainly grindingtools and hammers, projectile points and knives.
Renaud and others have described much additional material includ-ing soapstone vessel fragments and pottery, from the Estes Park sectionand from some of the major drainages. Plain grit-tempered potteryapparently predominates, with cord-roughened wares scarce. The re-lationships of this pottery are still unclear.
In the space allotted to this paper, it is manifestly impossible todo more than outline in the broadest terms some of the interactionsbetween primitive man and the natural setting in the Boulder area. Itis abundantly clear, however, that this has been an important scene ofhuman activity since late Pleistocene times and that men have, fromtime to time, shifted their subsistence economies and lifeways in con-formity with changing environmental limitations and opportunities. Thisis not environmental determinism, since we recognize man's increasingabilities to improve his exploitation of the environment, as, for example,by supplementing hunting and gathering with a simple form of agri-culture. Nevertheless, the wide variety of archeological remains nowknown to exist in this area, their selective distribution along certainzones and implied or inferred use of microenvironments, and the ap-parent preference for certain areas at certain periods seem to me to
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point up some very real opportunities for studying ecological problems
in so far as these may be interpreted by archeological methods.

It must be recognized that the same factors which drew primitive
man to the mountain front zone—congenial climate, dependable water
supplies, diversified geography, high agricultural potential, and the
opportunity to find or otherwise provide for himself a year-round supply
of food and shelter, have also attracted the White man. His cities, farms,
and mining activities have obscured or obliterated many of the early
sites and other evidence. Conversely, it is these very earth-moving
activities on an ever-increasing scale that from time to time again bring
an ancient camp site, burial ground, or game kill briefly to our view and
provide opportunity to fill some of the gaps in our archeological record.
It is interesting to contemplate the enriched insights and expanded
horizons we would surely derive from a comprehensive study of the
Boulder area, if archeology, geology, climatology, biology, and other
selected disciplines were integrated in a sustained attack, historically
and ecologically oriented, on its prehistory and aboriginal ecology.
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NATURAL RESOURCES AND EARLY HISTORY

RICHARD G. BEIDLEMAN

Department of Zoology, Colorado College

Historians, it often seems, pay little respect to the impact which
a region's natural resources, biotic and physical, exert on the course of
human events. Today, it is more frequently the geographer or ecologist
who takes an appreciative backward glance and fits man into the web
of his environment.

Certainly in this area under consideration, the plains-mountains
country of northern Colorado, the pattern of life has ever been shaped
by the nature of the land. The geographical location, the wildlife and
vegetation, the geology and climatology were contributing parts of
the unique die; but the indelible imprint came from the great altitudinal
span, the cubic miles of the region. Without these cubic miles, and the
distinctive physical and biotic environment pertaining thereto, the his-
tory of men's endeavors here would have been much different and in-
deed much less appealing.

This is the meeting place of prairie and peaks, of grassland and
coniferous forest, of igneous, metamorphic and sedimentary rock, of the
biota of boreal America and the semi-arid Southwest, the flora and fauna
of eastern United States and western United States. It is a country of
ecotones and thus of consequent variety . . . which has made for a
varied human history.

For Colorado's bygone Indians the wild game held greatest appeal,
as a source of both food and clothing, and in a sense shelter and imple-
ments. Folsom Man hunted bison along the edge of these foothills ten
thousand years ago. In more recent years the Arapaho and Cheyenne
Indians, displaced from their agricultural lands surrounding the Great
Lakes, rebuilt their economy around the bison of the high plains. Great
herds of wapiti formerly ranged in winter out of the mountains onto
the pediments where the University of Colorado now stands; and the
Indians could thus vary their winter diet with elk. When summer
opened up the mountain valleys and tundra, the Indians trailed up
from the hot eastern plains in pursuit of the game; and Utes from the
mountain fastnesses of the Western Slope would slip over' the divide
on hunting forays, especially for mule deer and rabbits. While the men
hunted, squaws would gather the sparse fruits and bulbs which the
countryside afforded. Lodgepole trunks were toppled in late spring,
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dried during the summer, and became tepee poles in fall. Mountain
mahogany bark was steeped for its brown dye, milkweed buds for their
sweet syrup. . . .

The regional mountain-plains country supported with limited hard-
ship various nomadic Indians for millennia. The nature of the region's
resources encouraged, indeed enforced, their itinerant existence; and
this aboriginal way of life, in turn, left little impact on the natural re-
sources. It was in part the White Man's disturbance of these natural
resources a century ago, especially with respect to the bison, which
brought on the notorious Indian ferment in the West.

The fur resources of the region were what first drew the European
nomads, a rough and peculiar breed of mountain men. The Northern
Rockies represented the mecca, but there were those who worked the
headwaters of the Platte for beaver during the first half of the last
century, until the beaver hat fell from favor in the 1840's. These rugged
trappers exploited but one resource—fur—and otherwise lived incon-
spicuously off the land. Their gathering places, however, became trad-
ing posts which eventually paved the way for the advance of civiliza-
tion.

When the Pacific Coast began to beckon in mid-century, the
Rockies merely represented a thwarting bulwark which had to be passed
or bypassed. Fremont, Gunnison, and a host of other explorers sought
for routes through, and not into, these so-called Northern Andes, routes
where hopefully iron horses would shortly snort their way to the Golden
Gate.

The discovery of California mountain gold put the mineral poten-
tial of the Colorado mountains in a new and provocative light; and in
1858 the rush to a new regional resource began in earnest. The cubic
miles of the great uplift west of present-day Denver and Boulder
harbored great ore reserves; and the presence of gold in a gulch, only
a modicum of the region's many natural resources, turned Central City
momentarily into the largest metropolis in the Rocky Mountain West.

Narrow-gauge railroad beds ribboned the foothill slopes; virgin
timber became slash or cabins or mine timbers or railroad ties; moun-
tain stream beds were sifted, resifted, and finally polluted as placering
was replaced by processing. The hillsides west of Boulder sprouted
mining camps like Gold Hill which not only beat Central City to the
boom but provided many mining regulations which later became the
mining law of the land.

Tiny Gilpin County bragged it included the richest square mile on
earth; and the Colorado region boasted its greatest population of people
since the Rockies were created some 60 million years before . . . prac-
tically all drawn to the bastion mountains directly or indirectly by the
one natural resource. The Indians and mountain men were always few
and far between; their life centered around renewable natural resources.
Colorado's mining resources, which really put the region on the world-
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wide map, were non-renewable . . . and every glory hole eventually
became a historical site.

What the igneous mountains afforded in the way of minerals, the
sediments of the high plains proffered in black organic gold: coal and
oil. Many a village between Boulder and Denver had a coal-mining
origin; and the oil wells cast surprising shadows over prairie sage and
yucca along the South Platte drainage. In some cases, these resources
actually influenced the village names, names out of other regions' coal
lands. As with the mineral resources, when coal and oil dwindled, so
did the associated population and economy.

After his great scientific expedition of 1820 which touched our
region, Stephen Long acidly noted that this country, short on wood
and water, was "almost wholly unfit for cultivation, and of course un-
inhabitable by a people depending upon agriculture for their subsis-
tence." Major Long, traveling through today, would hardly be able to
believe his eyes at the sight of verdant agricultural vistas, a wedding
of rich pedocal soil and bountiful water resources diverted from both
slopes of the Colorado mountains.

Irrigation started around Denver in the 1860's, at Greeley in the
1870's; and by 1899 Colorado ranked first among the several states for
area of irrigated land. With availability of water, the landscape of
buffalo grass, prairie dogs and sagebrush became a countryside of wheat,
cattle and sugar beets. A peripheral benefit was the increase in habitat
for water-loving denizens. In 1885 ornithologist Frank Drew noted that
"in the mountain parks are found the only apologies for lakes which
the State affords. . . ." Eighty years later, with irrigation lakes dotting
the high plains in this region, 50,000 mallards were seen on a Christmas
bird count around Boulder, 1,222 Canada geese around Fort Collins,
300 green-winged teals at Longmont, and 21 ring-billed gulls around
Denver. Here is a case of wise use of one resource, water, encouraging
the supply of another natural resource, namely wildlife. As a sidelight,
today there are more duck hunters active in Colorado each year than
constituted the entire population of people in the state in 1870.

Civilized agricultural land changed the way of life in this region.
No longer did people have to be nomads, following the buffalo herds.
Towns could be established, families raised, educational and cultural
Institutions encouraged, a civilization in the wilderness developed,
and leisure time accrued. It was this advent of leisure time, both on
the local scene and nationally, plus increasing ease of travel, which
permitted the cubic miles of the region's natural resources to come into
their modern own.

The mountain-plains country afforded superb and invigorating
weather patterns—mild in summer, amazingly moderate in winter
along the foothills most of the time. As the Great American Desert
became inhabited, among the early immigrants were those who sought
out this region for its healthful climate, people of talent who might
never have been drawn here otherwise and thus who would not have
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left their imprint on our advance. Today the fine summer weather
makes the slogan "Higher education at the mile-high level" an increas-
ingly popular invitation to latterday academic immigrants.

Visitors found a magnetic appeal to the mountains and high plains
with their associated scenery, flora, wildlife resources, and manifold
outdoor recreation opportunities. As our state planning commission
quickly admits, the tourist dollar is —real big business" to the state of
Colorado, with many more people coming to enjoy our natural resources
than live here permanently.

For the scientist of the 60's the backdrop here represents an in-
estimable outdoor laboratory. Our regional institutions, and many an
institutional invader from elsewhere, are out in the hills winter and
summer, with modern devices and field facilities, exploiting to benefi-
cial advantage the earth, the wildlife and the vegetation. Even the sky,
closer to Coloradans than to most other Americans, holds a challeng-
ing promise of accessible new frontiers. In 1866 the imaginative Jules
Verne set a fictitious telescope atop Long's Peak to follow the flight of
his rocket to the moon. Today, astronomers and astrophysicists in reality
search the clear regional skies for answers to questions in space.

Meeting place of diverse ecosystems and natural resources, this
region fittingly enough this summer is also a meeting place of many
scientists intrigued by such natural variety. Inevitably, this varied heart-
land of the plains-to-peaktop country of northern Colorado will con-
tinue to shape the course of human endeavor here in the future as
dramatically and distinctively as it has in the past.
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