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Mr. "Roland Wauer, Regional Scientist 
South\'/es t . Reg i ona 1 Offi ce 
National Park Service 
Box 728 
Santa Fe, New Mexico 87501 

Dear Nr. ~Jauer: 

Studies of soils and vegetation on a southern part of 
Bandelier National I,jonulnent have been completed. These 
studies \'Jere conducterj by Dr. Dean L. Stoneman, Soil 
Scientist, r'lr. f~o'y S. !~ann, Biologist, and ~1r. Dellor: 
N. Cox, Agroncmi£t. These personnel have all had exten-
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As you will note from the contents of this report, we have 
concluded that the natural hatitat at the Monument has been 
sever"ely altered and degraded by the intrusion of non-native 
species, specifically burros and domestic cattle. It is ap­
parent that this degradation will continue and restoration 
will be impossible unless the burros and cattle are excluded 
from Band eli er Nat i or;a 1 ~1on ument. 

r ·· , Sincerely yours, 
\\ . ' ': \ ' . \ --------
\)..~ 7, .~~~ ""-'\(~ 

Dean L. Stoneman 
President 
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ABSTRACT 

Soils, vegetation trends and conditions were assessed' on a 

large part of Bandelier National Monument during the summer 

of 1974. In practically all parts of the study area a de­

teriorating situation was found. Because of vegetation 

deterioration, serious accelerated soil erosion has occurred 

and ecological changes are rapid. Results of this investi­

gati on i ndi (ate that. burros .. and/or cattle ·.graze on most of- - .-­

the Monument and are largely responsible for its rapidly 

deteriorating condition. _ In order to initiate restoration 

procedures for returning the Monument to ~ natural habitat, 

it will be necessary to eliminate the destructive activities 

of these grazing animals. The most effective method to 

achieve this end ;s the exclusion of cattle and burros on 

the Monument. Although serious damage has already occurred 

on the Monument, if the current rate of deterioration is 

allowed to continue, the value of the area as a natural 

habitat will be further degraded. 
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SOIL SURVEY FOR A SOUTHERN PART 
OF 

BANDELIER NATIONAL ~iONUr·1ENT 

INTRODUCTION 

Approximately 25,000 acres of Bandelier 
Nat; ona 1 j'lonument were surveyed to de­
termine soil characteristics and con­
ditions. The area that was s~rveyed 
is shown on the Soil Map, but essen­
tially is bounded by Forest Service 
land on the west, Cochiti Grant on 
the south, the Rio Grande on the south­
east, Frijoles Canyon on the northeast 
and an arbi trary 1 i ne on the north\'Jes t. 

Soil names and classifications used in 
this report are tentative as correla­
tion i5 not yet complete. This ac­
counts for the term lIunnamedll soils 
being us:d throughout the report. 
Hherever possible, soil mapping units 
\'Jere patterned after those used by 
the Forest Service in the adjacent 
areas. The soils are classified ac­
cording to the "Soi1 Taxonomy of the 
National Cooperative Soil Survey" 
from the unedited text of selected chap­
ters printed by Soil Survey, Soil Con­
servation Service, U. S. Department of 
Agriculture, Washington, D. C., Decem­
ber, 1970. This system does not clas­
sify uland types" such as rock land, 
consequently, map units consisting of 
land types are not classified in the 
descriptions of map units beyond the 
map unit names which indicate the land 
type. 

It is not the intent of this report to 
replace o~-site investigations and en­
gineering tests for specific structures.' 
In addition, this report is not de­
signed to provide detailed data for 
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limited areas, but rather portrays 
general conditions on an overall basis. 
It should be kept in mind that some var­
iation in soil characteristics may occur 
within ;ndividua1 delineations. 

LOCATION AND TOPOGRAPHY 

The 25,000 acres covered by this survey 
are in northcentral New Mexico approxi­
mately 50 miles north of Albuquerque 
and 22 miles west of Santa Fe. Within 
the area surveyed, elevations range from 
about 5300 feet along the Rio Grande to 
about 7100 feet along parts of the nOith­
\'Jest bound,,:ry. 

The topography of this area is variable 
and is composed primarily of narrow 
floodplains and terraces, steep rocky 
escarpments and gently to moderately 
sloping mesa tops. Some mountainous 
terrain occurs in the northwest part 
of the surveyed area. The most domi­
nant aspect of the topography consists 
of the north-south and northwest-south­
east trending mesas that are separated 
by very deep and steep-sided canyons. 
Many of these canyons are 700 to 800 
feet deep. 

CLlfv1ATE 

The climate at the survey area is arid 
to semiarid with an average precipitation 
around 15 to 17 inches. Most of the pre­
cipitation falls during the months of 



July and August. The temperature re­
gime is characterized by wide variations 
both seasonally and daily. The annual 
average temperature is near 500 F, where­
as, December, the coldest month, aver­
ages about 260 F and the hottest month, 
July, averages near 720F. 

GEOLOGY 

Bandelier National Monument is situated 
on the eas tern fl ank of the Jemez !·10un­
tains. These mountains are essentially 
volcanic in origin and geology at the 
Monument is intimately associated with 
the volcanic nature of the region. 

Briefly, rocks exposed in the survey 
area consist primarily of llmited areas 
of Tertiary and perhaps Pleistocene 
sediments and extensive areas of rhyo­
lite tuff with some basalt. Recent 
alluvium occurs along the Rio Grande 
and streams in the area. 

The oldest rocks exposed in the survey 
area are red sandstones and shales of 
the Galisteo formation (probably Eo­
cene and Oligocene) and sandstones and 
gravels of the Santa Fe formation 
(probably Miocene or later). These 
rocks are of limited extent and are 
exposed along the southeast flank of 
the San t·1i gue 1 1110un ta ins in the north­
west part of the survey area. 

Basalt flews underlie most of the area 
surveyed and are exposed primarily a­
long deep arroyo cuts near the Rio 
Grande. Overlying the basalt in most 
places is the Bandelier rhyolite tuff. 
This tuff is generally thin near the 
Rio Grande, but thickens to 100 feet 
and more westward. Bandelier rhyo­
lite tuff is the primary parent ma­
terial for soils in the survey area 
and crops out in most canyons and ar~ 
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royos as well as on the mesa tops in 
many places. 

Unconsolidated deposits of pumice occur 
as patches covering the rhyolite tuff. 
However, these deposits are not of 
large extent and are usually only a 
few inches to several feet in thickness. 

SOILS 

The soils on the southern 2/3 of Ban­
delier National Monument were studied 
and mapped during the summer of 1974. 
The various kinds of soils were ex­
amined, described and notes were taken 
as to the soil characteristics. Soils 
having similar characteristics (con­
sequently similar behavior) were grouped 
together into mapping units. Because 
of the soils occurrence (position and 
extent in the landscape) and the scale 
of maps used, it was impossible to 
scpartitc each and every individual kind 
of soil ana land type on the map. As 
the scale (detail) of mapping allowed, 
individual kinds of soil were separated 
into mapping units on the soil map. 
In some ins tances \vhere it was neces­
sary to combine different kinds of soil 
or rock land into a single unit, on the 
map, individual soils and their rela­
tionship, one to another, are described 
in the map unit descriptions. 

Nine mapping units were delineated on 
the Soil Map. Of these nine map units, 
five are rock land types. Rock land 
is defined as land areas having enough 
rock outcrop and very shallow soil 
(less than 10 inches) to submerge 
other soil characteristics. Rock land 
is the dominant feature on the study 
area and occurs as rock outcrop on tops 
of mesas and canyon walls. The soils 
on the study area occur as thin mantles 
on mesa tops, shallow and moderately 



deep soils on more stable topographic­
ally depressed areas, moderately deep 
and deep soils in pumice deposits and 
shallow to deep soils in the alluvial 
and colluvial canyon bottoms. 

It is of interest to note that the 
rock land will support almost zero 

" vegetative biomass on the steep can-
yon walls, and up to 350 pounos per 

I acre per ye.e.r \',here s 10pes are 1 es s 
1\ than I t> percent. The s ha 11 O\'J and mod­
. erately deep soils and tile droughty 
. pumice soils will support a vegetative 

bio~ass of 500 to 1800 pounds per acre 
'\' per year. The deep alluvial soils 
I will support a vegetative biomass of 
J 4000 pounds or more per acre per year. 

~iAPPING UNIT DESCRIPTIONS 

Map Unit 1 - Rhyolite Tuff Rock Land 
Unnamed shallow soil complex, 
3 to 15 percent slopes 

Map Unit 1 is extensive and occurs on 
mesa tops. The parent material for 
this unit is primarily rhyolite tuff 
which crops out along tops and edges 
of the mesas and in eroded drainageways. 
These rock outcrops are a major fea­
ture in this map unit although sh~l-
low soils occur on the broader, flat­
ter areas and in pockets, depressions, 
cracks and crevices in the rock. The 
unnamed shallow soil typically has a 
surface layer composed of about three 
inches of gravelly sandy loam that has 
weak, fine granular structure and a 
Unified Engineering Classification of 
SN. Tnis layer is usually underlain 
by about six inches of clay loam with 
moderate, medium subangu1ar blocky 
structure and a Unified Engineering 
Classification of CL. · This layer is 
usually underlain by about three in­
ches of gravelly sandy clay loam that 
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contain some visible calcium carbonate 
and has a weak, medium subangular blocky 
structure and a Unified Engineering 
Classification of SC or CL. This layer 
is usually underlain by rhyolite tuff. 

Where soils remain in this map unit, 
accelerated soil erosion is a comnon 
feature. Because of the abundance of 
rock outcrop and the thinness of soils, 
this map unit has rather severe limi­
tations for most uses. The gentle to 
moderate slopes of this map unit make 
it amenable to foot traffic by people 
and animals. However, most animal trails 
are deeply \'Jorn. 

The unnamed shallow soil in this map unit 
is tentatively classified by the "Soi1 
Taxonomy of the Nationa1 Cooperative 
Soi 1 Survey" as a fi ne, loamy, mi xed 
mesic family of Lithic Hap1ustalfs.-

Where vegetation exists on this map 
unit, Blue Grama is the dominant grass 
with lesser amounts of Clack Grama and 
Ga11eta. Juniper is the dominant ~oody 
species with lesser amounts of Pinon and 
occasional Ponderosa Pine in · the drain­
ageways. 

Where this map unit joins the National 
Fares t on the wes tern bounda roy of the 
Monument, it is included in the Forest 
Service Mapping Unit 635 (uncorre1ated 
map units from the field descriptive 
legend of Santa Fe National Forest Soil 
Survey as of July, 1974, Louis Young, 
Party Leader) Ye10-Comada complex, zero 
to 15 percent slopes. 

Map Unit 2 - Unnamed shallow and moder­
fttely deep soil complex, 
3 to 15 percent slopes 

r~ap Uni t 2 is of moderate extent and 
occurs on mesa tops, on sideslopes of 

I , 
, t 



ridges, and in topographically depres­
sed areas. The map unit occurs most 
frequently on east-and southeast-fac­
ing slopes. The unnamed shallow to 
moderately deep soil typically has a 
surface layer of about four inches of 
gravelly sJndy loam that has weak fine 
granular structure and a Unified En­
gi neeri ng C1 ass i fi ca t i on of S;'1. Thi s 
layer is usually underlain by about 
six inches of sandy clay loam that has 
moderate, medium subangular blocky 

. structure and a Unified Engineering 
Classific&tion Df SC or SM. This lay­
er is usualiy under'lain by about six 
to 24 inches of gravelly sandy loam 
that is single~grained or has weak, 
medium subangu12r blocky structure 
and a Lnified Engineering Classifica­
tion'of SM. This layer usually has 
some accumulation of lime in the upper 
part. Rhyolite tuff bedrock is usual­
ly encountered at depths of 12 to 36 
inches. The small gravels throughout 
the soil profile consists mainly of 
rhyolite tUTf and pumice. 

The unnamed shallow and ~oderate1y deep 
soils in this map unit are tentatively 
tlassif~ed by the "Soil Taxonomy of the 
National Coope,.'ative Soil Survey" as 
fi ne loamy, Ini xed mes' i 1 of 

'Lit lC Hap ustalfs. 

Little Bluestem is the dominant grass 
on this map unit with lesser amounts 
of Blue Grama, Arizona Fescue and June 
Grass. Ponderosa Pine is the dominant 
woody species with lesser amounts of 
Pinon, Juniper and Apache Plume. 

Soil eorsion on this map unit is var­
iable. Soil resoval varies from 
slight sheet erosion to severe acceler­
ated erosion where V-shaped gullies 
occur. Soils in this map unit have few 
limitations for most engineering uses 
except for tnose in which the shallow 
to moderate depth to bedrock is detri-
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mental. The gentle to moderate slopes 
of this map unit make" it amenable to 
foot traffic by people and animals. 

On adjacent National Forest lands this 
map unit is included in Forest Service 
r"apping Unit 635 Yelo-Comada complex, 
zero to 15 percent slopes. Soils in 
this map unit are very similar to the 
Yelo soil series except they are shal­
lower to bedrock. 

Map Unit 3 - Unnamed pumice soil, 
3 to 15 percent slopes 

Map Unit 3 is of moderate extent and 
occurs primarily in pumice deposits on 
the mesas and in colluvial slopes in 
the canyons. The pumice deposits occur 
mainly on northeast-,east- and southea~t­
facing slopes. Typically, this soil 
contains a thin argillic horizon and some 
accumulation of lime below the argillic 
horizon. A typical profile would have 
about four inches of raw pumice gravel 
as a surface layer over a very gravelly 
sandy clay loam argillic horizon about 
six inches thick having weak, medium 
subangular blocky structure. The argil­
ic horizon usually has a Unified Engine­
ering Classification of SM or GM. 
Normally, below the argillic horizon is 
raw pumice with an accumulation of lime 
in the upper part. The pumice varies 
in depth from about 20 inches to greater 
that five feet. It;s underlain by a 
variety of geological materials. In 
places the pumice was deposited on rhyo­
lite tuff, whereas in other places it 
overlies shallow and moderately deep 
soils which, in turn, are underlain by 
rhyo 1 i te tuff.. In the canyons the PU:11-

ice overlies old cobbly, stony, colluviai 
soils. 

Accelerated soil erosion is a common 
feature of this map unit as V-~haped 



gullies frequently occur. The thin 
soils in these pumice deposits have 
few limitations for most engineering 
uses except those uses that require 
slow permeabilities. 

The unnamed soil in this map unit is 
tentatively classified by the IISoil 
Taxonomy of the National Cooperative 
Soil SUr'veyli as a cindery, 
mesic family of Typic Haplustalfs. 

Grass is sparse on this map unit, but 
includes Blue Grama, Little Bluestem, 
Sideoats Grama and Arizona Fescue. 
Apache Pl ume is the domi nant \'JOody 
species with some Juniper and Pinon~ 
In the higher elevations Ponderosa 
Pine is common. 

On adjacent National Forest lands this 
map unit is included in the Forest 
Service Mapping Unit 635 Yelo-Comado 
complex, zero to 15 percent slopes 
:Inri ;n Mann';"",., 11 ..... .;+ t:.":1C' ...... rn..: ... e "'0';1 
... ,,'" til" t"r'"I:;1 VIII ... V..! V , FUld11o.- ..:l 11, 

tuff soil-rock outcrop complex, 41 
to 120 percent slopes. 

Map Unit 4 - Rhyolite Tuff Rock Land, 
o to 15 percent slopes 

Map Unit 4 is extensive and represents 
large areas on mesa tops where soils 
have been eroded away leaving bare ex­
posed rhyolite tuff bedrock. Shallow 
loamy soils material exists only in 
pockets, cracks and crevices in the 
bedrock. 

Because of the exposed bedrockJ this 
map unit has severe limitations for 
many engineering uses. Because of 
the oentle to moderate slopes, this 
map unit is a~enable to foot traffic 
by people and animals. 
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Vegetation is sparse but with some Juni­
per and Pinon on the mesas and some 
Ponderosa Pine in drainageways. Blue 
Grama often occurs where patches of 
soil exist. This map unit is included 
in Forest Service Mapping Units 635, 
638 and 117 on adjacent National Forest 
lands. 

r~ap Unit 5 - Very Steep Rhyolite Tuff 
Rock Land, 45 to 120 percent slopes 

Map Unit 5 is moderately extensive and 
occurs as very steep canyon walls and 
cliffs. It contains little or no veqe­
tation and is generally inaccessible-to 
humans and most animals. This unit has 
very severe restrictions for engineering 
uses and for most wildlife. This map 
unit is included in Forest Service Map­
ping Units 116 and 117 on adjacent Na­
tional Forest lands. 

Map Unit 6 - Unnamed stony, colluvial 
soil, 15 to 75 percent slopes 

This map unit occurs as stony, cobbly 
colluvial soil materials at the foot 
of steep canyon walls. It occurs below 
the steep rock land on the canyon walls 
and above the gently sloping alluvial 
soils in the canyon bottoms. The col­
luvial soils vary greatly in depth. 
They are shallow on the upper slopes 
where they join the canyon \'-/alls and are 
several feet thick where they coalesce 
with the alluvial soils on the lower 
slopes. A typical profile consists of 
a deep, very stony cobbly scndy loam or 
loam. There is some accumulation of or­
ganic matter in the surface layer and 
organic ~atter decreases with depth. 
In a few localities, there is a weak 



accumulation of lime in the 10\'Jer part 
of the profile. The principal feature 
of a typical profile is the large 
amount of stone and cobble. 

Steep slopes and stoniness make this 
map unit limiting for most engineer­
ing uses and make foot traffic dif­
ficult for people and many animals. 

The typical soil in this map unit is 
tentatively classified by IISoil Taxon­
omy of the national Cooperative Soil 
Surveyl! as alpamy skeletal, calcare­
ous, mesic farinly of Typic Ustorthent~. 

The vegetation on this unit consists 
mainly of Blue Grama, Sideoats Grama, 
Little Bluestem, Galleta Grasses and 
Pi non, Jun i pe r, ;·10 un ta in f'1a hogany , 
Cur 1 Leaf j·la hogany and occas i ona 1 
Ponderosa Pine. 

This map unit is included in Forest 
Service Mapping Units 116 and 117 when 
it occurs on adjacent National Forest 
1ands. 

Map Unit 7 - Unnamed sandy, gravelly 
alluvium, 1 to 3 percent slopes 

Map Unit 7 is of moderate extent and 
occurs only in the bo ttorns of canyons 
along the maj or dra i nagev/ays. The 
soi 1 s are rna i n ly deep \'Ji th varyi ng 
amounts of sand, gravel, cobble and 
stones. Included in the map unit 
are areas of cobbiy~ stony stream 
wash and areas that are subject to sea­
sonal flooding. The unnamed alluvium 
typically has a surface layer of about 
12 inches of gravelly sandy loam con­
taining some 'cobble and occasional 
stones. This layer is often high in 
organic matter and frequently has a 
layer of organic litter on tne surface. 
This layer usually has strong fine 
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granular structure and a Unified Engineer­
ing Classification of SM. Underlying 
this layer is several feet of very grav­
elly cobbly sandy loam or loamy sand. 
This layer is usually stratified with 
stream washed cobble and stones. 

Except near the streams or where flood 
hazards exist, this map unit has few 
use limitations. Deep soils, additional 
runoff water from surrounding areas and 
gentle slopes all co~bine to give this 
unit the largest biomass potential of 
any soil on the Monument. 

The typical soil in this map unit is 
tentatively classified by the "Soil 
Taxonomy of the r~ationa1 Cooperative 
Soil Survey" as a coarse loamy, mixed, 
mesic family of Aquic Haplustolls. 

Because of the additional moisture and 
shallow ground-water in some areas, this 
unit has the most diversified veoetation 
on the Monument. Some of the mo~t fre­
quent species of vegetation -include 
POnderosa Pine, Narrow Leaf Cottonwood, 
several species of Juniper, Pinon Pine, 
\'Jild cherry, wild grape, wild rose, cur­
rents, wild stra\'Jberry, Virginia Creep­
er, Mountian Broome, Mountain Muhly, 
Sideoats Grama, Blue Grama, Little a1ue­
stem and a variety of annual weeds and 
flowers. . 

Where these alluvial soils occur on ad­
jacent National Forest lands, they are 
included in Forest Service Mapping Units 
113, 116 and 117. 

Map Unit 8 - Basalt Rock Land Complex, 
unnamed shallow soil, 
3 to 15 percent slopes 

Map Unit 8 is not extensive and occurs 
only in the southeastern part of the 
Monument near the Rio Grande. It occurs 



as high basalt mesas above the river. 
This map unit is very similar to Map 
Unit 1, except the shallow soils are 
forming in basalt parent materials and 
basa 1 t crops out ra tiler than the rhyo­
lite tuff as in Map Unit 1. Other 
characteristics of this map unit are 
the same as described in Map Unit 1. 
The user is referred to that descrip­
tion for further details of this unit. 

This unit is included in the Forest 
Servi ce r,~appi ng Un; t 113 \'ihere it occurs 
on adjacent Ua t'j ona 1 Fores t 1 ands. 

Map Unit 9 - Sandstone Rock Land, 
15 to 75 percent slopes 

Map Unit 9 is not extensive and occurs 
in the southwestern part of the Monu­
ment near Red Rock Canyon. It occurs 
as steep hills of stratified sandstone 
and shale of the Ga1esteo geological 
formation. The beds of sandstor.e 
range in color from nearly white to 
buff to red with red being the domi­
nant color. There are thin patches 
of rocky, stony shallow soils that 
occur in depressions, cracks and crev­
ices in the bedrock. These shallow 
soils are cobbly sandy loam for the 
most part, but are deeper and clayey­
er in areas where red shale crops out. 

Erosion is severe and, because of the 
rock outcrops and steep slopes, this 
unit has severe limitations for most 
uses. 

Blue Grama is the dominant grass on 
, this map unit with lesser amounts of 

Little Bluestem, Sideoats Grama and 
Galleta. Juniper dominates the woody 
species with lesser amounts of Pinon, 
Mountain Mahogany, Oak Brush and oc­
cas i ona 1 Ponderosa Pi ne bet\'Jeen ri dges 
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and in drainageways. This map unit is 
not known to occur on adjacent National 
Fores t 1 ands. 

FOR~1ATION OF THE SOILS 

This section discusses the major factors 
of soil fonllation as they relate to the 
soils of Bandelier National Monument. 

Factors of Soil Formation 

Soil is formed in parent materials that 
have been deposited or accumulated by 
geGlogic agencies. It is produced by 
physical and chemical \'/eathering and 
other soil-forming factors acting on the 
parent materials. The characteristics 
of a soil at any given point are deter­
mined by the kind of parent materials; 
the climate under which the soil mater­
ials accumulated and has existed since 
accumulation; the biological activity 
in and on the soil; the topography; 
and the length of time these soil-form­
ing factors have acted on the soil ma­
terials. 

Climate and biological activity are 
active factors in soil formation. They 
act on the parent material to slowly 
change it into a natural formation hav­
ing genetically related horizons. The 
effects of climate and vegetation are 
conditioned by topography. The kind 
and nature of parent material effects 
the kind of profile that is formed. 
Finally, time is needed to change the 
parent material into a soil profile. 
The time needed to form hori zons i's 
variable, but generally long periods 
of time are needed for the formation of 
distinct horizons. 



The interaction of all the soil-form­
ing factors determines the character­
istics of the soil profile. The inter­
action of the factors is complex, and 
it is difficult to isolate the effects 
of anyone factor. In some areas the 
effects of four factors may be nearly 
constant so the effects of the fifth 
factor can be evaluated. Even in 
these areas, however, measurements of 
the effects cannot be exact. 

Parent Material Factor 

The soils in Bandelier formed primarily 
in four kinds of parent materials. 
These are acid igneous rocks, allu-
vial and colluvial sediments, basic 
igneous rock and sedimentary rocks. 

The acid igneous parent materials in­
clude rhyolite, rhyolite tuff and pum­
ice. The a reas of Bandel i er in 't/hi ch 
this type of parent material is domi­
nant are in Map Units 1; 2, 3, 4, 5 
and 6 as shown on the soil map at the 
back of this survey. This kind of 
parent material is the most co~~on 
on the Monument and occurs as long 
broad mesas with steep canyon walls. 
The alluvial and colluvial sediments 
are materials that have been deposited 
in canyons between the mesas and along 
the Rio Grande. These materials, es­
pecially those directly adjacent to 
stream courses, have been transported 
mainly from hills and mountains up= 
stream and vary in mineralogy as a 
reflection of the source area. The 
materials have been mixed and sorted 
in transport and have a wide range of 
mineral~ and particle sizes. The areas 
in Bandelier in which alluvial sediments 
are dominant are in Map Unit 7. Col­
luvial materials are usually located 
at the base of steep slopes and their 
character reflects the nature of up­
slope material. 
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Basic igneous p~rent Gateria1s make up 
a small percent of the Monument and 
occur along the Rio Grande. Basalt is 
the major kind of rock included in this 
type of parent material. Areas of soils 
formed in basic igneous parent materials 
are in Map Unit 8. 

Sedimentary parent materials consist 
mainly of sandstone rocks. The major 
areas where these materials occur are 
in the area of Red Canyon in the south­
western part of the Nonument. They are 
in Nap Unit 9. 

Climate Factor 

The climate of Bandelier is continental. 
It is cha racteri zed by \'/1 de annua 1 and 
daily temperature ranges and distinct 
seasons. Spring and fall are warm and 
dry. Summer;s hot, and a moderate 
amount of rain falls as a result of 
thunderstorms. Winter is mild and pre­
cipitation falls as light showers and 
snow. Because of high temperature and 
lm'J ht.:midity, evaporation rates are high. 
The soils usually are not leached of 
the basic elements, because of the small 
to madera te amoun"t of ra -j nfa 11 . As a 
result, most of the soils in Bandelier 
have a high base saturation. Even 
though the soils have not been leached 
of basic e1ements~ some soils show 
evidence of calcium carbonate movement 
through the profile. Where this ha5 
occurred the soils are free of lime in 
their upper part, but have accumulations 
of lime in the lower part of the soil 
profile. These soils also shaw evidence 
of clay having been translocated from 
the A horizon to the B2t horizon in 
some cases. 

Hetting and drying, freezing and thaw­
ing, and the depth to which the soils 
are wetted influence the formation of 
the soil horizons. The effects of these 



actions are modified by other soil­
forming factors. The presence and 
depth of lime accumulation in some of 
the soils indicate the average depth 
to which wa~er moves. The finer-tex­
tured soils generally have a lime zone 
at shallower depths than the coarser­
textured soils because the water does 
not penetrate so deeply. The coarse­
textured soils and the alluvial soils, 
where they recei ve add i ti ona 1 \va ter 
because of runoff from surrounding 
areas, usually do not have a zone of 
lime accumulation. 

Biological Activity Factor 

Plant and animal life, both on and in 
the soil, is an active ractor in soil 
formation. As plants die and decay, 
they add organic matter to the soil. 
This darkens the upper part of the soil 
nrofile. The soils at higher eleva­
~ions have a darker surface layer than 
the soils at lower elevations in Bande­
lier because the soils at higher ele­
vations receive more precipitation and 
support a larger biomass and organic 
materials decompose at a faster rate. 
The soils in swales and canyons,which 
recieve runoff water from surrounding 
areas, are darkened to a greater depth 
than the surrounding soils. They sup­
port more plant life because they re­
ceive more moisture. 

Nany kinds of micro-organisms are 
needed to transform organic ramains 
into humus from which plants can ob­
tain nutrients. Earth worms and small 
burrowina animals such as badgers, go­
phers an~ ground squirrels, influence 
soil formation by mixing the organic 
and mineral parts of the soil. This 
action deepens the zone in which or­
ganic matter accumulates. Because 
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soil life thrives in a moist, warm en­
vironment, it is most active in Bande­
lier during the surruner rainy season. 

Topography Factor 

The topography of Bandelier is character­
ized primarily by moderately to strongly 
sloping areas on the tops of large mesas 
and intervening very deep canyons with 
steep canyon walls. 

Soils on gentle slopes commonly hav2 a 
more distinct profile than the soils on 
steeper slopes. This is because the steep­
er areas generally erode before distinct 
horizons can form. Also, the amount of 
moisture that enters the soil decreases 
as the slope increases. Where slopes are 
greater than three percent, generally 
more than half the rainfall runs off. 
Several factors other than slope influ­
ence the amount of runoff. Some of theSE 
are amount'of bedrock exposure, soil tex­
ture, intensity of rainfall and vegeta­
tive cover. 

In Bandelier there is an exception to these 
general rules in that the gently sloping 
soils on flood plains do not have dis­
tinct horizons because they formed in 
recently deposited alluvial sediments and 
have not had time to develop. 

Time Factor 

A considerable length of time is required 
for the formation of soils. After the 
parent materials have been deposited or 
have accumulated in place through weath­
ering, the surface soil is darkened by 
the accumulation of organic matter. 
Calcium carbonate (lime) and soluble 
salts are leached downward from the surface 



soil. The movement of clay downward 
proceeds nore slowly. When clay is 
leached from the A horizon, it accumu­
lates and devejopes a B horizon. The 
rate of this process depends on several 
factors, including how rapidly the par­
ent materials are w~athered, the soil 
temperature, tne ali10unt of n~oistur'e 
moving through the profile and percen­
tage of clay. 

The nature of the parent material 
greatly influences the rate of soil 
formation. Quartz, for exumpie, 'death­
ers so slowly that soils hign in quartz 
may not ha ve dis tinct hor'i zons, re­
gardless of time. Soils in Bandelier 
that formed in igneous materials, most­
ly rhyolite and basalt, form at mod­
erate rates. In Bandelier, under pres­
ent conditions, rainfall is low to 
moderate and long periods of time are 
required to leacn lime from the upper 
horizons. Some of the alluvial soils 
in the canyons have faint horizons 
because tne ~aterials in w~ich they are 
forming have been deposited so recently 
that the hori zon-formi ng pr'ocesses have 
had little time to work. 

The age of the soil is not the same as 
the geological age of the parent ma­
terial. The soils are always younger 
than the geo 109 i ca 1 parent n;a teri a 1 s. 
long periods of time are required be­
fore tne geological material is stable 
with respect to slope and erosion. 
It must be relatively stable before 
the soils can form. In Bandelier, 
the oldest soils are on the mesas., 
These soils generally have the most 
distinct horizons. 

TRENDS IN SOIL FOR~'ATION ON 
BAnDELIER NATIONAL NONUt·1ENT 

It \vas noted tha t mas t of the mappi ng 
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units on Bandelier National Monument 
were actively eroding. This is espec­
ially true with respect to the upland 
soils on the mesa tops. The rather 
strong profile development in these up­
land soils indicates that they were 
formed under more stable conditions than 
presently exist. Consequently, it is 
evident that the soils are in a process 
of degradation. Since the soii-forming 
factors of parent material and topogra­
phy are essentially the same today as 
they \'Jere \'1hen the strong profi 1 es \"Jere 
developed and since adequate time was 
available for the profile development, 
then the reasons for the degradation 
process must lie in the ractors of 
climate and/or biological activity. 

A gradual decrease in effective precip­
itation could account for a decrease in 
vegetation biomass, which would allow 
for less vegetative soil protection and, 
consequently, erosion would increase. 
However, this process would be gradual 
and erosion would occur over a long per­
iod of time. There is evidence that 
indicates relatively recent active ero­
sion. For example, fairly extensive 
areas, where Slue Grama is the dominant 
grass, were noted where the clumps of 
grass were on erosional pedestals ap­
proximately two inches higher than the 
unvegetated soil. This would indicate 
that about two inches of soil had eroded 
in the life time of the grass plants. 
If the grass covered approximately 25 
percent of the ground surface and the 
average age of the grass plants is seven 
years, then the rate of erosion is ap­
proximately 1.5 inches of soil erosion 
in seven years or about .21 inches per 
year on these sites. This is equivalent 
to about 35.7 tons of soil removal per 
acre per year, a rate far too high to 
be accounted for by a gradual decrease 
in precipitation alone. 

The vegetative study done in conjunction 



with this soil survey indicates that 
historical use of the ~onument for 
livestock grazing and the present 
grazing by trespass livestock and 
feral burros has had and is having an 
effect on the kinds and amounts of 
vegetation. Obvious er6sion is caused 
by foot tra ffi c of ani rna 1 s \·,here trail s 
are deeply worn (even into the bedrock). 
Runoff water collects from surrounding 
areas and erodes the trails into gul­
lies. Besides this more obvious ero­
sion, the use of grass by burros or 
livestock upsets the delicate balanc~ 
among a drying climate, soil and plants, 
resulting in accelerated sheet erosion, 
which is difficult or impossible to 
reverse in several life times of man. 
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Map Unit 4 illustrates severe erosion. 
It is a rock land that probably had at 
least a shallow soil which has been re­
moved by erosion. Areas in this map 
unit will not recover to form soil for 
at least several hundred years, even 
under ideal conditions. Consequently, 
this area will not presently support the 
biomass that once existed. 

It is concluded that the present pro­
cess of soil degradation is caused 
partly by a drying climate and that 
the degradation of soils is being greatly 
accelerated by past and present live­
stock and burro use. 



PHYSICAL ANO CHEMICAL PROPERTIES OF SOILS FOR TYPICAL PROFILES· 

Depth Ava 11 ab1 e Erodeabil1 ty 
From Range in Water Holding So11 of Exposed Soil 

l1ap Surface Textural Classification Penr.'!.:lbi 11 ty Capacity Reaction Shrink-Swell HYdroloy1c By By 
Symbol (inches) O.S.iUt Un1tled AI~RO (in/ hr) (1n/in) (pH) Potential Group Water WInd 

Rock 0 
0-3 Gravelly, sandy sr·\ A-2 1-2.5 .07-.10 7.0-7.B low 

1 o a III Severe Slight 
3-9 Clay CL A-6 .2;)-.63 .17 7.5-8.0 Moderate C 
9-12 Grave 11y, sandy A-4 or 

clay loam SC or CL A-6 1-2.5 .10 8.0-B.6 Low 
12+ 

2 0-4 Gravelly, sandy 
loam SM A-2 1.0-2.5 .07-.10 6.8-7.5 Low 

4-10 Sandy ClilY 10ilm SC or SM A-2 or C Severe Slight 
A-4 1. 0-2.5 .15 7.0-8.0 Low 

Variable, Gra ve 11y, sandy 
but usually lOuin 511 A-2 2.0-3.5 .07-.10 8.0-8.6 Low 
10-20 
Variable, Tuff rock 
but u'.iual1y 
rock withi n 
12-36 

3 0-4 Gravel GP A-l >10 .05 6.8-7.5 Very low 
4-10 Very gravelly, B Moderate Slight 

sandy clay loam GM A-l 2.0-5.0 • OS-. 1 0 7.0-8.2 Low 
10-60 Gravel GP A-l >10 .05 8.2-8.6 Very Low 

4 Rock 
D 

5 Rock 
D 

6 0-60 Very stony cobbly GM A-l 2-10 .05-.10 6.8-8.2 low C Moderate Slight sandy loam 
7 0-12 Gravelly, sandy SM A-2 2-3 .05-.07 6.8-7.8 Low B Slight Slight loam 

12-60 Very gravelly 
sandy loam G? A-l 2-10 .05- .07 low 

8 Same as Map Symbol 1 

9 0-6 Very gravelly loam GM A-l .05-.10 6.8-8.2 Low 
6+ Rock e Severe Sl ight 

·Oata shown are extrapolated from actual tests performed on represe1tative samples of soil horizons or 
are estimated. Because of slight horozontal and vertical soil variations within soil mapping units, 
these data should be considered as general. For specific structur~s. on-site tests should be performed. 

Group: A hi-:;h intalce 
B mOd~retely high intake rote. rr.oderutely lew runoff 
C moJcrdtely 10''''' intake r~te. r'oder,ltl'?ly hiGh run~ff 
0 lew intake rute. hj~h runoff 
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SURVEY OF RANGE AND ECOLOGICAL CONDITIONS 
FOR A SOUTHERN PART OF 

BAi~DEl I ER NAT IONAl j·1ONur·1ENT 

INTRODUCTION 

This report is the result of a field 
study conducted during the months of 
July and AJgust, 1974, on a portion 
of Handelier iJational Nonument. 

It is not the intent of this report 
to provide a complete biological in­
ventory, but rather to provide practi­
cal resource information regarding the 
overall ecological status of the vege­
tation types and an impression of the 
primary forces contributing to that 
status. 

Emphasis is placed on particular plant 
species that are considered as climax 
dominants, or indicators of range con­
ditions and successional trends. Ob­
servations are made on the degree of 
use of important forage species and 
their relative positions in the plant 
community. 

Plant communities and soils data are 
used to classify the ar'ea sur'veyed into 
range sites. Range site names and clas­
sification follow the criteria of Range 
Sites as developed by U.S.D.A, Soil 
Conservation Service, for fJew Eexico. 

The vegetation map illustrates the 
extent and relationship of each site. 
Range sites are detennined basically 
on soil characteristics and botanical 
composition. Therefore, a close cor­
r e 1 at ion and s i mil a r i ty \v; 11 be f 0 un d 
between soil map and vegetation map. 
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Each site is described with pertinent 
i nforma t i on and observa t ions i.n the 3p­
propriate section of this report. 

GENERAL CONDITIONS 

Bandelier National Monument is extremely 
variable in its vegetation patterns be­
cause of its rough terrain. A finely 
detailed vegetation map would be virtu­
ally impossible to develop using norQal 
map sea 1 es. The factor-s cont (-i uu t i rig 
to the complexity'that are directly re­
lated to topography include: 

Exposure: Many plant community dif­
ferences may be readily distinguished 
because of exposure. These differences 
may be detected on the tops of the larger 
north-south trending mesas that have 
gentle slopes along the steep sides of 
these mesas. The exposure effect as 
seen on the mesas is sometimes subtle as 
soil-moisture relationships are changed 
due to varying degrees of solanation on 
a particular site. Increased solanation 
will tend to produce a site exhibiting 
more xeric characteristics than one 
receiving less light and heat. Similarly, 
the effects of the deep canyons are 
striking in this regard. 

Drainage: The effects of drainage 



patterns within Bandelier are pro­
nounced due to the extremes in topog­
raphy. Some areas are excessively 
drained, while others are receiving 
additional moisture from the runoff. 
This set of circumstances occurs uni­
versally, but in Bandelier it appears 
to be a predominant characteristic 
which contributes to major differences 
in plant communities with close prox­
imity to each other. Ani~al trails 
are providing drainageways that sig­
nificantly affect soil-moist~re con­
ditions. 

Erosion: Soil erosion has a very marked 
influence on the present biota and the 
like1yhood that secondary succession 
can proceed at a normal rate consistant 
with climactic conditions. The recent 
and present erosion is partially a re­
sult of topography plus other distur­
bances. Erosion status of different 
sites throughout the fvbnument range 
from slight to severe. Sheet, rill 
and gully erosion is occurrino at ac­
celerated rates throughout the area. 
Such erosion invariably results in more 
xeric sites at the higher elevations 
and excessive deposition and disturb­
ances at the lo~er elevations. Micro­
climates are being drastically altered 
and vegetation is reacting to these 
differences by reduced production of 
vegetctive materials, loss of vigor, 
replacement of more mesic species by 
those better adapted to drier condition~ 
and reduced rates of succession. Many 
sites are now in a condition that makes 
average annual precipitation data vir­
tually meaningless when viewed from an 
effective moisture standpoint. Rain­
fall becomes much less effective when 
infiltration and water holding capac­
ity are reduced. An average annual 
rainfall of 16 inches may have an ef­
fectiveness of only. eight inches or 
less under degraded soil and vegetative 
conditions. Increased evaporation 
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rates further decrease the meaning of 
total annual averages and finally plant 
vigor may be such that the plants are 
unable to effectively use that water 
normally available for plant use. These 
factors contribute to the wide variabil­
ity of vegetation within areas that could 
normally be incorporated into common 
sites. Therefore, the vegetation map 
has ra~Qe sites identified which conS1S~ 
of inclusions of areas not typical of 
the site. 

Edaphic: The soils portion of this re­
port clearly identifies the relationship 
of topography and soils. Both the ~inor 
and major differences that occur withi~ 
the soils are reflected by minor and 
major differences in the vegetation. 

Grazing Use: The degree of use or gra­
zing pressure on a particular site often 
;s directly related to topography. Ban­
delier National Monument provides clear 
examples of this effect. Although evi­
dence of use by deer and feral burros 
may be found throughbut the survey aress, 
grazing is restricted in some areas and 
promoted in others due to topographic 
features. Accessibility is a principal 
factor related to degree of use. Evi­
dence of cattle use is found in the 
lower ends of principal canyons and mesas 
and along the Ri 0 Grande. . 

ECOLOGICAL CONSIDERATIONS 

Ranqe Sites: Range site names, or range 
site complexes, have been assigned to 
each major vegetation type surveyed. 
However, some areas do not conform to 
typical site concepts because of Several 
factors. Perhaps the more common prob­
lem encountered concerns that of decraded 
or deteriorating sites. Oftentimes-range 
technicians will fail to recognize the 
relationship between the deteriorating 



site and its capability to express veg­
etationally the normal climax type of 
plants. f','any areas within the i10nument 
should be viewed as deteriorated sites 
and the quality and quantity of their 
vegetation should not be rated in the 
standard sense of "range condition ll 
without qualifying the standard by which 
the rating is assigned. This report 
attempts to qualify such range condi­
tion ratings within the respective site 
descriptions as necessary. 

Two other considerations regarding the 
use of ranae sites and their delinea­
tions deal~with two aspects of condi­
tions found in the survey area. One 
of these concerns the atypic charac­
teristics of some sites and the other 
concerns the wide range of variability 
within very small areas. Rather than 
mapping "micro-sites ll

:. several sites 
are identified as complexes or groups. 
The intent of such grouping is to in­
corporate those significant types and 
theirVdri~tions into wurkable vegeta­
tion descriptions. 

Ranqe Condition: The designation of 
condition classes to range sites is for 
the express purpose of assigning an 
ecological status rating for that site. 
The most common designations use the 
terms exce11ent, good:. fair or pbor. 
These terms denote in a general way the 
degree of deviation that has occurred 
from a climax state. The condition 
class is based on numerical ratings 
as follows. 

Excellent - Those plants which 
normally constitute a climax con­
dition (both quantitatively and 
qualitatively) still comprise 76 
to 100 percent of the existing 
vegetation. 

Good - The climax community has 
been degraded to the extent that 
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only 51 to 75 percent of the orlgl­
nal species composition remains. 

Fair - More than half of the oriainal 
plant constituents have been re-­
placed, but those remaining still 
comprise 26 percent or more. 

Poor - No more than 25 percent of 
the original plant community remains. 

For the purpose of this report, condition 
is expressed as a percentage figure only. 
For those who wish to interpret these 
figures into a named condition class, 
they may do so by usi ng the above i n­
formation. It is felt, however,. that a 
term alone does not provide precise 
enough information to those concerned 
with the management of natural ecosys­
tems. For instance, a designation of 
IIpoorll would indicate a condition rang­
ing from totally bare ground to a vege­
tational cover that provides important 
protection to soil:. suitable wildlife 
habitat, or'significant forage for graz­
ing animals, and could be approaching 
another condition class very rapidly. 
Designations such as five percent or 25 
percent convey a clearer concept of the 
ecological status of a particular site. 

It might be assumed that due to the na­
ture of Bandelier National Monumentls 
status as a protected wilderness area 
that range conditions or ecological 
status would be high. This is not nec­
essarily the case. 

Trend: Trend is the term used to denote 
the direction a site is taking from a 
secondary successional standpoint. At 
any given time a site is either in a 
state of successional progress (develop­
ing toward a climax condition) which is 
commonly considered as an upward trend, 
or in a state of regression (continuing 
a decline in condition away from a cli­
max state) usually termed a downwara 



trend. In addition, the site may be 
relatively stable, not exhibiting 
evidence of either succession or re­
gression. 

Factors which are used in this report 
to determine trends include: 

· stability of the soil surface; 
· reproduction occurring with 

climax dominant species, in­
creaser and invader species, and 
reproduction of those species cur­
rently being grazed or browsed; 

· degree of use of forage species 
and the reaction of the plant to 
that use; 

· plant vigor; 
· amount of vegetative litter car­

ried over from one growing sea­
son to another; 

· average age of indicator species; 
· growth forms of indicator species. 

Within Bandel ier tJational No~ument there 
are. trend differences, but on the av­
erage trends are downward and will prob­
ably continue so for a considerable 
period of time. 

SITE DESCRIPTIONS 

Eight vegetation mapping units are 
identified and delineated on the veg­
etaiion map. Although most areas de­
lineated follow closely tho~e of the 
soiis map, several differences occur. 
This is due largely to different group­
ings within a unit and soils differ­
ences that do not reflect vegetation 
differences. Site nUl;)~ers correspond 
to numbers on the vegetation ~ap. 
Vegetation units mapped are as fol-
1 O\"s. 

~ Site 1, Shallow Pumice Complex 
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This extensive site is found on the mesa 
tops. Frequent outcrops of rhyolite 
tuff reduce the depth of this site's 
soil virtually to zero in small areas 
throughout the No nument. The site has 
characteristics of typical shallow sites, 
but the interspersed pumice found in 
conjunction with sandy loam soils pro­
vides characteristics found on cinder 
sites. The complex association of the 
two tonditions prevents the separation 
into two distinct sites. 

Pinon Pine (Pinus edulis) and One-Seed 
Juniper (Juniperus monosperma) exert a 
dominating influence on this site. Pro­
duction of these two species is esti~ 
mated at 352 pounds per acre per year 
on the more southern ends of the mesas, 
and 620 pounds per acre on the northern 
portions of the site. Pinon occurs 
throughout the site, but diminishes in 
incidence of occurrence on the areas 
nearest the Rio Grande. In these areas 
Juniper constitutes virtually 100 per­
cent of the association. 

In addition to the Juniper and Pinon 
occurring on this site, four other species 
are of particular importance, either as 
indicators or influencing the capability 
of the site to express inherent produc­
tivity. These are Tl"ue 1,jountain I1a­
hogany (Cercocarpus montanus), Little 
Bluestem (Andropogon scoparius), Sideoats 
Grama (Bouteloua curtipendula) and Slue 
Grama (Bouteloua gracilis). When future 
evaluations are conducted, these species 
should be given special attention. 

r·10untain Nahogany varies considerably 
throughout the site in regard to its 
relative productivity. It is estimated 
tnat in some small areas of the north­
east portion of the study area, Mountain 
r·1ahogany contr; butes up to 40 percent of 
the total annual production of the site. 
An average relative production is esti­
mated at less than five percent for the 
entire site. Nany areas have only rarely 



occurring isolated individual plants. 
TNo s i gni fi caflt fea tures of the r'ioun­
tain r,1ahogany found are that repro­
duction of this species is virtually 
absent and heavy use of it is uni­
versal throughout the study area. 
There is significant difference noted 
on the degree of use between True 
Mounta in 1·1ahogany and Ha i ry [·lounta in 
Mahogany (C. breviflorus). Hairy 
1·1ountain r':ahogany is not abundant in 
the study a rea and use by deer' or bur­
ros is none to slight. True r~ountain 
i-1ahogany 1 s used i ntens i ve ly \',i th use 
being as high as 90 percent in SOffie 
areas and as little as 50 percent in 
others. Average use throuqhout the 
study area is estimated at 65 percent. 
It may be assumed that seedlings a}'e 
destroyed at a rate that prevents nor­
mal replacement of the older plants. 
Total production of this species can 
be expected to decline with time if 
present conditions continue. 

r'iountain j·1ahogany is appar-ently a very 
important browse species in the Monu­
ment. There is considerable evidence 
that the plant is utilized by both 
deer and borros and that direct com­
petition for forage results. It ap­
pears as though the plant is provid­
ing key winter browse for deer par­
ticularly in the area west of Frijoles 
Canyon and north of Frijolito Ruin. 
Thi s area is a 1 so used by burros as 
several were observed there during the 

. survey. 

little Bluestem is of considerable 
importance on much of this site due 
fa its absence on most of the site 
and as an indicator on other portions 
of the site. On all the area compris­
ing Site 1 Mapping Unit, condition 
trends are down with the exception 
of that mesa area east of the 10wer 
end of Alamo Canyon. In that area 
Little B1uestem is the principal plant 
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contributing to the upward trend. The 
plant is reproducing and establishing 
in small gullies initiating healing of 
these areas. Again, this species is one 
that would be important in evaluating 
progress if a measurement of vegetational 
changes is desired in subsequent studies. 
It appears also that Little Bluestem would 
establish rather quickly in those pumice 
areas of this site, which are often bare, 
if grazing pressures were reduced. 

Estimates on degree and season of use 
are made with regard to Little Bluestem. 
Apprarently the older well established 
plants are used principally in the win­
ter when snow is on the ground. Average 
use is about 50 percent on these coarser 
plants. In most areas surveyed, it \'las 
found that younger plants of this species 
were used to the extent that they could 
be reached by grazing animals. Where 
plants were partially protected, such as 
in a narrow crack, it is common to find 
that all the plant that would have pro­
truded has been removed. 

Sideoats Grama is another key species 
on this site. It would normally be 
found in considerable abundance on the 
shallow site complex. However, it is 
found to be only rarely occurring and 
generally found in well protected 
areas. This species has a very high 
re1at~ve palatability. The average de­
gree of use on this plant is estimated 
to be in excess of 75 percent. It woula 
not be expected to increase on Site 1 
under present conditions, but would be 
an important indicator of range improve­
ment if grazing pressures were reduced. 
Reproduction of this species is occur­
ring only rarely over most of the site. 

Several of the points made regarding 
L i ttl e Bl uestem apply to 5i deoats, \·:i!.h 
the exception that primary season of use 
is probably different. It;s assumed 
that this plant is being heavily used 



TABLE I 
Botanical Composition and Productivity 

Range Site 1 

SPECIES 

Decreasers: 

% COHPOSITION 
RANGE AVE. 

Fourwind Saltbush (Atriplex canescens) T(trace) T 

Little Bluestem 

Sideoats Grmam 

Black Grama (Bouteloua eriopoda) 

True f·1ounta in Mahogany 

Increasers: 

Blue Grama 

Oakbrush (Quercus turbinella) 

One-Seed Juniper 

Pinon Pine 

Cho1la (Opuntia imbricata) 

Threeawn (Aristida divaricata) 

Yucca sepcies 

*Apache Plume (Fallugia paradoxa) 

Ga11eta (Hilaria jumesii) 

Gambel Oak 

Invaders: 

Wooly Groundsel (Senecio Longilobus) 

Snakeweed (Gutierrezia sarothrae) 

Prickly Pear (Opuntia sp.) 

0-5 

0-2 

0-2 

2-18 

5-35 

0-7 

30-85 

15-45 

2-3 

1-5 

T 

2-15 

3-10 

0-5 

T 

2-15 

T 

1 

T 

T 

3 

12 

T 

55 . 

18 

T 

2 

3 

2 

T 

4 

T 

PRODUCTION LB/AC 
AVERAGE 

I(insignificant) 

6 

I 

I 

19 

74 

I 

341 

112 

I 

12 

19 

12 

I 

I 

25 

I 

Average Condi(ion Rating 26 ~; , see condition map for condition ratings by area. 
*Characteristic of pumice portions only. . 
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in spring and late summer and to a 
lesser degree in winter. This, of 
course, is much more detrimental to the 
plant than if the opposite were true. 
Just as Little Bluestem should be re­
garded as an indicator for the pumice 
portions of Site 1 complex, Sideoats 
could be viewed as the counterpart for 
the shallow and rocky portions of this 
complex in future studies. 

Blue Gra~a is the predominant herbace­
ous plant of this site and is found in 
pure stands throughout the mesas. It 
should be viewed as an indicator plant 
from the following standpoint. 

Because of the relatively high rate of 
occurrence of Blue Grama in the study 
area, the site rarely exhibits its pro­
duct; vi ty potenti a 1. Bl UE: Grama vii 11 
tend to increase under grazing pressures 
to the extent that other more productive 
species are excluded. It appears as 
though this is the general condition 
at Bandelier on this site. The low 
growth form exhibited by Blue Grama 
on most of the area provides built in 
protection from much overgrazing. 
Black Grama has been displaced by Blue 
Grama over much of the area. 

Production of Blue Grama is estimated 
to range from 40 pounds per acre per 
year to 250 pounds per acre per year. 
Average production for the site is es­
timated at 100 pounds per acre per year. 
Table 1 summarizes vegetation relation­
ships on Vegetation j,'ap Unit 1 and re­
flects general conditions of the site. 
A range is listed under the percent 
composition colu~n to indicate the 
variability to expect from each species. 

Site 2, Cinder-Sandy Co~plex 

This site is characterized by the pres­
ence of Ponderosa Pine occurring in 
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moderately open to open stands. Soils 
in this complex range from shallow to 
moderately deep, are usually sandy loams 
with varying amounts of pumice gravel. 
The site is found primarily on the mesas 
particularly toward the northern end of 
the study area. 

A much more favorable soil-moisture rela­
tionship occurs on this site than on Site 
1 and the vegetation reflects those dif­
ferences. The heaviest use is being m2j~ 
of the browse species on this site, with 
less use on the grasses. Utilization 
estimates on several important forage 
species provides some interestina in­
dicators regarding probable season of 
use and relationships to other sites. 

Several very palatable grass species, 
normally considered as "key" plants, 
are apparently being utilized only 
slightly. In one area where browse and 
grasses occur together, it is noted 
that Little Bluestem, June Grass and 
Mountain Nuhly are used very lightly 
and probably primarily in the winter. 
Reproducti on appears good and vi gor is 
noted as being good. It appears as 
though these grasses are increasing and 
contributing to an upward trend. Con­
versely, in the same area the following 
estimates were made: Mountain Mahogany 
utilization is estimated at 80 re}"cent 
and no new plants qre establ ish'ing. 
Rhus tri lobata is being browsed to an 
estimated 40 percent level and Apache 
Pl urne is bei n9 used a t a 50 percent 
1 eve 1 . Gambe 1 Oak is brm'lsed to ap­
proximately 15 percent, while an uni­
dentified species (similar to Q. tur­
binella)is about 40 percent utilized. 
Cons i derab 1 e evi dence of burros is found 
in the area and deer to a lesser degree. 

Regarding Site 2, in general, Little 
Bluestem contributes the Qreatest a~ount 
of herbaceous vegetation. - It is esti­
mated to be 1750 pounds per acre in an 
area of open Ponderosa occurring on 



TABLE II 
Botanical Composition and Productivity 

Range Site 2 

SPECIES* 

Decreasers: 

Little Bluestem 

June Grass 

Arizona Fescue 

Iljountain r'1uh1y 

',1ounta in Nahogany 

Skunkbush Sumac 

Increasers: 

Pinon Pine 

One-Seed Juniper 

Rocky f·iountain Juniper 

Bottlebrush Squirreltai1 

Mullein (Verbascum thapsus) 

Blue Grama 

Oak spp. 

Lyci um spp. 

Pingue 

Apache Plume 

Invaders: 

Croton sp. 

BrOOfil Snakeweed 

% COMPOSITION 
RANGE AVE. 

2-65 

0-10 

T-5 

0-10 

5-25 

T 

2-15 

0-3 

0-2 

1-10 

3-10 

T 

0-25 

0-15 

0-5 

0-2 

15 

7 

3 

5 

10 

I 

10 

15 

2 

2 

I 

7 

3 

I 

5 

5 

T 

2 

PRODUCTION LB/AC 
AVERAGE 

360 

192 

66 

110 

240 

240 

360 

48 

48 

168 

66 

110 

110 

48 

Average Condition Rating 72%, see condition map for specific ratings by area. 
+Ponderosa Pine Omitted. 
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pumice over sandy loam. This same 
area has small isolated patches of 
Little Bluestem producing at consid­
erably higher rates. It is concluded 
that many portions of the site are 
capable of higher production than they 
now express. 

Considerable variation exists within 
the site with several species occur­
ring in patches, strips and isolated 
pockets. Some characteristics of the 
various species that were noted are 
as follows: June Grass rarely pro­
duces more than 10 percent of the 
herbaceous cover and Mountain Muhly 
is found in similar proportions. 
Little Bluestem will be the p·lant to 
increase at the greatest rate as con­
ditions improve. Excluding the Pon­
derosa, Little Bluestem is estimated 
to be producing 25 percent or ~ore of 
the total vegetation materials on the 
site in some areas. Arizona Fescue 
occurs as a widely distributed plant 
through the site, but does not comprise 
more than five percent of the herba­
ceous vegetation. 

Blue Grama ·reacts as an increaser 
species on this site and exhibits a 
much more upright and productive growth 
form than on the shallow soils of the 
mesas, altho~gh it generally lacks 
normal vigor. Its production gener­
ally ranges from 90 to 170 pounds per 
acre on this site and may comprise up 
to 10 percent of the vegetation (ex­
cluding Ponderosa Pine) in some areas. 
If grazing pressures are increased, 
Blue Grama would be expected to in­
crease on this site. It appears, at 
this ti~e, that it is not significantly 
increasing and probably is not com­
peting well with the climax dominant 
plants on the site. 

Apache Plu~e is the dominant shrub 
on the pumice soils. This plant is 

23 

probably an increaser species on this 
site and it is reproducing fairly well 
with an estinated use rate of 50 per­
cent. It appea rs as though Mounta in 
f'~ahogany is being replaced by this plant, 
as the vigor and ability of t~ountain r~a­
hogany to establish seedlings is reduced. 

Pingue (Actinea richardsoni, also common­
ly known as Hymenoxys richardsonii) 
occurs in some portions of the site in 
significant stands. In isolated areas 
it may comprise up to 25 percent of the 
herbaceous material, but such stands 
are not extensive. 

Eros ion is genera lly s 1 i ght wi tho most of 
the site in a stable condition. Excep­
tions occ~r in the drainageways where 
gully erosion is active. 

Site 3, Rhyolite Rock Land 

This site consist~ primarily of virtually 
bare rhyolite on the mesas. Soils nave 
been eroded to the extent that only 
trapped or displaced soils material re­
mains over much of the area. A shallow 
sandy loam is associated with this site 
and produces meaningful vegetation. 

It is important to recognize that thi~ 
site does not fall within the concept 
of a true range site. Since range site 
conditions are based upon the premise 
that soil and vegetation evolved simul­
tantously and that any stage of th~t 
development represents a climax state, 
it beco~~s impractical to assign condi­
t i on 'va 1 ues for a site vJhi ch no longel"' 
exists. It is possible, however, to 
analy~e the vegetation now occupying 
the site and predict what it will do 
under varying conditions~ Following 
are some findings and observations re­
garding this fairly extensive land 
type. 



Four plant species are characteristic 
of the site. They are One-Seed Juni­
per, Pinon, Blue Grama and Broom 
Snakev .. eed. All of these plants may be 
found throughout the site. 

On the upper portions of the mesas 
Juniper and Pinon are found in about 
equal quantities and together consti­
tute approximately 80 percent of the 
total production. On the lower ends 
of the mesas nearest the Rio Grande, 
Juniper alone ccmprises approximately 
30 percent of the vegetative production 
and Pinon occurs only rarely. Ponder­
osa Pine is found on the upper portions 
of these sites. 

There are other differences that occur 
bet\'Jeen the upper and i O\'Jer porti ons 
of this site. They are primarily dif­
ferences related to production rather 
than in species occurrence. 

The exceotion to the above concerns 
Blue'Grama. Blue Grama is estimated 
to produce 40 to 45 pounds per acre 
where a thin mantle of soil remains. 
In this situation it produces a very 
dense ground cover, but obviously is 

, inhibited by intraspecific competition 
and adverse site conditions. Use of 
Blue Grama by grazing animals is found 
to be negligible. 

Broom Snakeweed produces approximately 
60 pounds per acre in the upper sec­
tions of the site and an estimated 
five pounds per acre in the lower m~sa 
portion. Although the four above llsted 
plants occur on a most consiste~t basis, 
none of them are being measurably util­
ized by grazing animals. 

On this site also, it is found that 
Mountain Mahogany is being severely 
browsed and no measurable reproduction 
is occurri ng. The use O!l those plants 
in the upper part of the site and west 

of Frijole Canyon is estimated to be in 
excess of 80 percent. No young ~ountain 
Mahogany plants are found in the area. 
Browsing is generally less severe in the 
other parts of this site, but young plants, 
if any, are being destroyed at the saffie 
rate establishment is attempted. It 
appears that use of this plant is pri­
marily by deer in the upper portions 
and by burros in the lower port ions. 
It is not clearly apparent why this 
might be,as burros are using the same 
areas as the deer. 

Oak Brush utilization follows a similar 
pattern. Approximatel,;: 50 percent of 
the current year1s growth was taken in 
the same area as the hcavi ly used i!:oun­
tain Mahogany, but only about 25 percent 
was utilized further down on the mesas. 
Apache Plume does not demonstrate as 
clear a difference in use as discussed 
above, but heaviest utilization does 
occur in the same area as did the heav­
iest use of Mountain Mahogany and Oak. 
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From a trend aspect, Black ~rama i ?.-P-too­
ably the best indicator grass species 
on this site. It can be considered as 
a decreaser species and will indicate 
whether the site is stablizing by its 
increase. It is now probably being 
utilized primarily in the winter months 
and to a lesser degree in the late summer. 
In isolated areas of the site it is con­
tributing up to 20 percent of the total 
vegetation production. Use is estimated 
at 15 percent in some areas and 60 per-­
cent in others. 

Little Bluestem may be found throughout 
the site, but not in significant quan­
tities. This plant also has a potential 
for occupying portions of the site and 
could be used in trend studies. Pres­
ently it is being severely overused in 
most places where it occurs. Where pro­
tected, it demonstrates good vigor. 



Other less important species found on 
this site include Galleta, Hairy Grama, 
Poverty Threea\'m , Cr.olla, Yucca, r'1et­
calfe Muhly and Prickly Pear. The 
trend is considered to be downward 
on this site. An ecological status 
determination can not be made using 
standard concepts, but if viewed from 
a probable ability of other plants 
higher on the successional scale of 
occupying the site in its present 
edaphic state, one should consider a 
rating of 40 percent or less. 

Site 4, 
Meadow-Bottomland Woodland Complex 

This site corresponds partially with Soil 
Mapping Unit 7. It is found only in 
the bottoms of the principal canyons 
or drainageways and can be divided 
into three types. Huch of the site is 
a woodland type and would not be 
considered as suitable for grazing. 
Other less extensive portions are 
similar to a meadow site and are very 
productive from a forcge standpoint. 
The smallest portion of this complex 
would be considered bottomland, re~ 
ceiving beneficial surface water per­
iodically. Such areas are very small 
and are of little consequence from a 
vegetational standpoint. 

The dominant feature of the complex 
is the woodland aspect or predominance 
of trees. Herbcceous plant growth 
and production is limited in many 
parts of this site complex due to the 
canopy cover. Principal \'lOod.y species 
occurring throughout the site include 
Cottonwood, Box Elder, Rocky Mountain 
Juniper, One-Seed Juniper, Ponderosa 
Pine, Pinon, Aligctor Juniper, Alder, 
Water Birch, Douglas Fir, Willows and 
others. 
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Although much of this site can not te 
considered well suited to grazing, con­
siderable evidence of cattle use is 
found in the lower portions of the area. 
Burro use is found to be very intensi­
fied in the canyon bottoms. 

Important herbaceous plants occurring 
in this complex are: 

hies tern \·lhea tgrass (Agropyron smi thi i ) : 
This is the most common grass species 
found in.the canyon bottom complex. It 
occurs on each of the site types included 
in the complex and is probably the most 
important forage plant on the sites 
from a quantity standpoint. Production 
of Western Wheatgrass is estimated to 
range from 150 pounds per acre per year 
in some of the woodland portions of this 
site to as high as 4000 pounds on some 
of the small bottomland types. Those 
areas considered as neadow produce an 
estimated 700 pounds per acre of this 
species. Use rates are inconsistent. 
Some areas·show use of 50 to 70 per­
cent, while others, in close proximity 
and no barriers between them, appear 
to be unused. 

June Grass: June Grass is most important 
on those sites similar to meadows. Like 
Western Wheatgrass it is'reduced in pro­
ductivity in the woodland types, but 
occurs throughout the complex. Use of 
this plant is found to be fairly heavy 
with some areas estimated to be used i~ 
excess of 80 percent. This plant ;s 
probably used heaviest in the spring 
and early summer. Several isolated are2S 
in this site complex appear to be bedding 
grounds for burros. In these areas, U5~ 
;s particularly heavy on June Grass as 
well as other species. Hoof damage to 
plants should not be overlooked in evai­
uating the heavily used areas. Damage 
to vegetation due to trampling is found 
to be more detrimental than grazing in 
some areas. 



Nodding Brome: Nodding Brome is found 
throughout the complex, but does not, 
in most cases, constitute a significant 
portion of the vegetation. Mountain 
Brame occurs rarely. Both of these 
plants are decreasers on the site types 
and will serve as trend indicators. 

Kentucky Bluegrass and Red Top: Ken­
tucky Bluegrass and Red Top are in­
vaders on this site. Bluegrass nowex­
erts considerable influence on several 
of the neadow types. These plants will 
probably continue to increase as niches 
are available due to decreasing native 
species. 

Condition ratings for Site 4 range from 
40 percent to 75 percent. The lower 
ratings apply best to the meadow types 
and the higher ratin9s apply to the 
woodland aspect of the complex. 

Site 5, Canyon Walls-Breaks Complex 

This site includes colluvium associated 
with the steep canyons. Some portions 
of the canyon Via 11 s a l"e typi cal of 
breaks sites forming benches occasion­
ally. The benches tend to have grasses 
as a principal vegetation type, but 
are either inaccessible to most wild­
life or livestock or are of such rarity 
that they may be insignificant. 

On an average, this site complex is far 
less susceptable to influence by graz­
ing than any of the other areas in the 
i'~onument. .j'iost portions are steep and 
have bare rock at the surface which 
can not be considered as fragile or 
responsive to any management or treat­
ment. 

There are sections and slopes that pro­
vide forage for deer and burros. Most 
of the use made on these slopes is on 
brovlse spec i es. . Observa ti ons' made 
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during this survey indicate that the 
only damage occurring on this site com­
plex was from burros. Burro trails 
are having an effect on erosion rates 
on isolated portions of this land type. 
Taking the entire site into considera­
tion, such damage is negligible. 

In formulating management plans for the 
Monument, it would be most realistic 
to deduct the acreage falling into the 
Site 5 category before arriving at con­
clusions involving carrying capacities 
or population relationships of grazing 
animals. 

The site does have other very important 
values that are magnified by the fact 
that it lies within a wilderness area. 
Other than esthetic values, it provides 
a virtually undisturbed environment that 
houses native plants which may not be 
found in other parts of the Nonument. 
It will also become increasingly import­
ant as a seed source to pe:mit the natura1 
restoration of other areas should condi­
tions permit. This site represents the 
best "true \'/ilderness ll environment to be 
found within Bandelier National Monument. 

Site 6, 
Breaks-Sandstone Hills Complex 

This site is dominated by Pinon and 
Juniper. These two species represent 
approximately 90 percent of the total 
vegetational production on the site. 
Both species are cons;cered increasers 
on the site. A total productive capac­
ity for the site is estimated to be 900 
pounds per acre per year. Blue Grama, 
producing an estimated 36 pounds per 
acre, accounts for approximately four 
percent 6f the total. It;s rated as 
having very poor vigor. 

Sideoats Grama and Little Bluestem are 
found in trace amounts throughout the 



TABLE III 
Botanical Composition and Productivity 

Range Site 6 

% -COr'1POS I T ION PRODtJCTION LB/AC 
SPECIES RAr~GE AVE. AVERAGE 

Decreasers: 

Sideoats Grama T-l T(trace) I(insignificant) 

little Bluestem T-2 T 10 or less 

Mountain Mahogany 0-4 2 18 

Increasers: 

Blue Grama 2-5 4 36 

Galleta T-1 .5 5 

Cho 11 a 0-3 1 9 

Apache Plume 0-3 1 10 

Gambe 1 Oak 1-4 2 18 

One-Seed Juniper 60-70 60 540 

Pinon 25-40 30 270 

Invaders: 

Broom Snakeweed 0-2 .5 5 

Annual weeds 1-2 1 10 

Average Condition Rating 35%, see condition map for specific ratings by area. 
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SPECIES 

Decreasers: 

TABLE IV 
Botanical Composition and Productivity 

Range Site 8 

% cm·1POS I T I ON 
RAj~GE AVE. 

~Jo 1 fta i 1 (Lycurus ph 1 eo; des) 0-3 

10-20 

0-15 

2 

15 

10 

Sideoats Grama 

Black Grama 

Increasers: 

Hairy Grama (Bouteloua hirsuta) 0-7 

Cane Bluestem (Andropogon barbinodus) 0-2 

Blue Grama 1-10 

Pinon 

Rabbit Brush 

One-Seed Juniper 

Threeawn species 

Shrub live Oak 

Apache Plume 

Borbs 

rare 

0-4 

5-65 

T 

0-15 

0-3 

1-5 

2 

45 

T 

10 

2 

2 

PRODUCTION LB/AC 
AVERAGE 

8 

60 

40 

20 

8 

20 

I 

8 

180 

I 

40 

8 

8 

Average Condition Rating 60%, see condition map for specific ratings by area. 
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site. They are decreaser species on 
this site and provide a suitable 
index for trend. The trend is consid­
ered to be slightly downward. Table 
III lists a summary for this site. 

Site 7, Pumice Slopes 

This site comprises a relatively small 
portion of the survey area and is char­
acterized by virtually pure stands of 
Apache Plume in so~e areas. Herbace­
ous cover is generally very limited 
and large areas of bare surface pum­
ice is common. 

Little Bluestem appears to be the most 
stabilizing plant occurring on the 
site, but it is generally not found 
in sufficient quantities to be effec­
tive. Sideoats Grama and Little Blue­
stem are principal decreaser plants 
to be fOul1d en the site. Both have 
apparently been diminished due to 
grazing. 

Estimated use on these species is 85 
percent on Sideoats Grama and 60 to 
70 percent' on Little Bluestem. Some 
reproduction is occurring with Little 
Bluestem, but virtually none with 
Sideoats. Apache Plume is being util­
ized,by burros primarily, at an esti­
mated 20 to 25 percent level over most 
of the site. 

Where the site occurs on slopes not in 
drainageways, erosion is slight. In 
areas where runoff water is transported 
through the site, gully erosion occurs. 

Site 8, River Breaks-Terraces Complex 

This site is similar in many respects 
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to Site 5, but differs in that it is 
more open, has broader and more produc­
tive benches occurring in greater num­
bers. The site borders the Rio Grande 
and is heavily used by cattle and burros. 

The site is protected to a large, degree 
by 1 arge rhyo 1 i te blocks \'Jhi ch provi de 
protection to plants from grazing and 
to soil from erosion. This character­
istic accounts for the site being in 
better condition than would otherwise 
be expected. 

The slopes portion of the site appears 
to have an improving trend, at least it 
is stable. The lower terraces portion 
is being heavily grazed by cattle and 
is suffering a deteriorating condition. 

Principal species relationships are 
shown in Table IV for the slopes and 
benches portion of the site. The lower 
terraces next to the river should be 
considered disturbed sites and not tYP-iCdl 
of naturally developed sites. Invader 
species, including Salt Cedar (Tamarix 
spp.), Russian Thistle and Russian Olive, 
are contributing to the continued deciine 
of these areas from a natural environment 
aspect, as their numbers increase and 
native plant species are displaced. 
The present grazing is accelerating the 
decline. 

SUMMARY AND CONCLUSIONS 

A field survey of vegetation and site 
characteristics was conducted on a por­
tion of Bandelier National Monument dur­
ing the sur;i1ler of 1974. ' Vegetation and 
soil patterns were found to be complex 
and variable, but several characteristics 
were found to be common to most of tne 
area surveyed. Range condition~trends 
were deteriorating over most of the area 



and ecological changes were rapid due 
to th e s e so ill 0 sse s . Bur r 0 san d /0 r 
cattle were found to graze nearly 
a 11 of the study a rea and vlere caus i ng 
profound deterioration of the natural 
environment. Range condition or eco­
logical status of sites was found to 
be extremely low and deteriorating 
on most areas. 

Because of the fact that Bandelier is 
a Uational I'~onument and wilderness 
area, one would expect it to repre­
sent a reasonably undisturbed and 
unique natural setting. Bandelier 
National Monument is not unique in 
thi s respect. r'ios t of the study a rea 
is a mirror image of the overgrazed, 
unproductive ranches found through­
out the Southwest. 

Sites exhibit the same symptoms of 
mismanagement and misunderstanding 
that plague arid grazing lands where­
ever carrying capacities are exceeded 
by any class of llvestock. f'lost dam­
age is being done directly by \·1i1d 
burros. It appears as though compe­
tition is also direct between burros 
and mule deer. When such demands 
exceed supplies, then both competing 
species contribute to the deteriora­
tion of the natural ecosystem. 

It is the conclusion of this investi­
gation that the wild burros of Ban­
delier can not be managed as a compat­
able constituent of the natural eco­
system. Such a statement is based on 
several conditions peculiar to the 
~'onurnent. 

Terrain and, consequently, inaccessi­
bility, prevents an accurate count of the 
number of animals utilizing the area 
at any given time or from year to year. 
The same factors preclude a reasonable 
understanding of the population dynam­
ics of the burros, other than by in-

tensive measurement of ecological deteri­
oration of their habitat. 

The status of the Monument prevents, and 
should prevent, the construction of es­
sential management facilities necessary 
to bring this class of livestock under a 
sound management program. Such facili­
ties \'.'Ould consist of complete boundary 
fences, cross-fencing or areas within 
the j·jonument to establish management 
pastures, corrals, access roads for trans­
portation of animals, as necessary, ac­
cess trails for the livestock to insure 
proper distribution, and related watering 
facilities. A supplemental feed program 
might be necessary some years. 

From the foregoing it may be apparent 
that the concepts on which a wilderness 
area are based are not consistent with 
present conditions. If the current rate 
of deterioration continues and controls 
are not initiated on livestock within 
the Monument, one of the most rare and 
outs tanGi ng. va 1 ues of the rey i 011 w'j 11 be 
lost: an area in which one may go to 
study or just appreciate its natural 
state. 

The findings of this survey regarding 
the vegetational trends and conditions, 
indicate that Bandelier National Monu­
ment is not the place for an unmanaged 
population of livestock. Its resources 
are far too limited to afford it. 
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