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INTRODUCTION 

Pinyon-juniper woodlands are one of the largest 
ecosystems in the Southwest and in the Middle Rio 
Grande Basin (Fig. 1). The woodlands have been 
important to the region's inhabitants since prehis
toric times for a variety of natural resources and 
amenities.1heecosystemshave not been static; their 
distributions, stand characteristics, and site condi
tions have been altered by changes in climatic pat
terns and human useand, often, abuse. Management 
of these lands since European settlement has varied 
from lightexploitationand.benign neglect, to attempts 
to remove the trees in favor of forage for livestock, and 
then to a realization that these lands contain useful re
sources and should be managed accordingly. 

Land Irtanagementagencies are committed to eco
system management While there are several defini
tions of ecosystem management, the goal is to use 
ecological approaches to create and maintain diverse, 
productive, and healthy ecosystems (Kaufmann et 
a1. 1994). Ecosystem management recognizes that 
people are an integral part of the system and that 
their needs must be considered. Ecological ap
proaches are central to the concept, but our under
standing of basic woodland ecology is incomplete, 
and there are different opinions and interpretations 
ofexisting information (Gottfried andSeverson 1993). 
Thereare many questions concerning properecosys
tem management of the pinyon-juniper woodlands 
and how managers canachieve these goals (Gottfried 
and Severson 1993). While the broad concept ofeco

system management generally is accepted, the USDA 
Forest Service, other public land management agen
cies, American Indian tribes, and private landown
ers may have differing definitions ofwhat constitutes 
desired conditions. 

Key questions about the pinyon-juniper ecosys
tems remain unanswered. Some concern the basic 
dynamics of biological and physical components of 
the pinyon-juniper ecosystems. Others concern the 
distribution of woodlands prior to European settle
mentand changes since the introductionof livestock 
and fire control. 'This relates to whether tree densi
ties have been increasing or whether trees are invad
ing grasslands and, to a lesser extent, drier ponde
rosa pine (Pinus ponderosa) forests. In areas where 
woodlands were heavily used by American Indians 
for fuelwood prior to Europeancontact, the advance 
of pinyon and juniper could represent the slow re
covery from intensive use (Samuels and Betancourt 
1982). There are numerous questions regarding de
clines in watershed condition related to changes in 
pinyon-juniper tree stand densities and to the den
sity and composition of understory vegetation. 

Thereare different opinionsaboutproper manage
ment of woodland ecosystems. Should these lands 
be managed for a single resource, such as forage for 
livestock production, or managed for sustained pro
duction ofmultiple resource products and. amenities? 
Depending on site and stand conditions, the wood
lands can produce variable quantities of fuelwood, 
pinyon nuts, wildlife habitat, forage for livestock, and 
cover for watershed protection. Management must 
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figure 1.-the dIstrtbution of pinyon-Juniper woodlands (left) and Juniper savannas (right) In New Mexico based on Dick·Peddie (1992). 
The Middle Rio Grande River BO$In Is outlined In gray. 

also consider increasing recreational demands, 
threatened and endangered species, and protection 

1 
of archeological sites. Many pinyon-juniper wood

:i
I' land watersheds in New Mexico have unsatisfactory
i 

soil and watershed conditions (USDA Forest Service 
1993); managers mustdevelop restoration procedures 
that recognize the value of woodland ecosystems. 

The concerns, questions, and conflicts surround
ing management of pinyon-juniper lands, as well as 
the ecological foundations of ecosystem manage
ment, require that all interested parties reevaluate 
attitudes toward the woodlands. Ecosystem manage
ment goals and concepts recognize diversity. Pinyon
juniper woodlands are diverse, and stand character
istics and site productivities vary. Management ob
jectives and prescriptions must evaluate the poten
tial of each site, and decisions must be based on 
sound scientific information. This information is of
ten unavailable. Therefore, this paper describes what 
we do know about the characteristics, distribution, 
and ecology of pinyon-juniper woodlands, includ
ing the effects of natural and human factors, within 
the southwestern United States and particularly the 
Middle Rio Grande Basin. It also reviews some past 
and present management options in this widespread 

and important vegetation type. The review draws on ' 
research and management information from the Rio 
Grande Basin and from similar areas in the South- . 
west and adjacent regions. It does not attempt to re- . 
view all of the relevant literature; additional sources . 
canbe found within the articles cited in the References. 

CHARACTERISTICS 

What are pinyon-juniper woodlands? Woodlands 
are generally characterized by trees that are of small 
stature but often more than 5 m in height; have rela
tivelyopen canopies; and have greater than 40 per
cent crown closure (USDA Forest Service 1993). In 
the Southwest, relatively open stands where tree 
crown cover is between 10 and 40 percent are also 
classified as woodlands. The pinyon-juniper wood
lands are variable mspecies composition, density, 
and physiographic site characteristics. Some sites 
containdense stands of relatively large trees and meet 
manyof the criteria ofold growth (USDA Forest Ser
vice 1990), while other sites contain open stands of 
mainly younger trees that appear to be of a more re
cent origin. Pinyon-juniper and pure juniper wood
landsare generallyconsidered together in this review. 



The two-needle Colorado pinyon (Pil1l/~ I.'dl/lis) is 
the common species in most pinyon-juniper stands 
in the Southwest and eastern Utah and Colorado. A 
one-needle pinyon, P californiarum var./allax, hybrid
izes with P. edulis in low elevations of central Ari
zona and southwestern New Mexico. Pinyons with 
a mix of one and two-needle fascicles are found in 
the low elevations of the Middle Rio Grande Basin, 
and probably represent Holocene long-distance seed 
or pollen dispersal from P. californiarllln var. fal/ax 
stands in southwestern New Mexico. Pinyons are 
typically between 3 and 11 m tall and 13 to 46 em in 
diameter, although larger individuals can be found 
on moister sites. The pinyons are slow growing but 
relath'ely long-lived trees (Ronco 1990). Trees 300 to 
400 years old are common in old-growth stands in 
both Arizona and New Mexico, but trees over 500 
years in age are rare (Swetnam and Brown 1992). 

Juniper (Juniperus spp.) is the other major tree ge
nus occurring in these woodlands. Junipers are gen
erally small, multi-stemmed trees less than 12 m tall. 
There are four major juniper species in the South
west one-seed juniper (J. monosperma); Utah juniper 
(J. osteosperma); alligator juniper (J. deppeana); and 
Rocky Mountain juniper (J. scopulorum). Stands can 
contain one of the juniper species or a combination 
of spe<;ies. Junipers can attain great ages, but unfor
tunately, it is difficult to determine precise ages us
ing tree rings because of the prevalence of false and 
missing rings, particularly in alligator and one-seed 
junipers. Rocky Mountain junIper is an exception, 
and severcil trees over 1,000years inage recently have 
been accurately dated in west-eentral New Mexico 
(Grissino-Mayer et al., in press). Less than 50 per
centof the Utah juniperstems can be dendrochrono
logically dated; however, on relatively wetter sites, 
there is a better chance of cross-dating ring-width 
patterns within and across populations. Dendrochro
nology has allowed precise dating of archeological 
sites that incorporate ancient timber (Bannister and 
Robinson 1975); dendroclimatic reconstructions 
spanning a thousand years or more (0'Arrigo and 
Jacoby 1991; Grissino-Mayer et al., in press); and re
construction of tree demographies at interannual 
resolution (Betancourt et al. 1993). 

Understorybiomass within southwestern pinyon
juniper stands is generally small. However, because 
of the broad distribution of this vegetation type, the 
total number of plant species associated with the 
woodlands is great (Medina 1987;Ronco 1990).Some 
important representative herbaceous species include 

blue grama (Bollte/olla gracilis), sideoats grama (B. 
ClIrtipl'IId/lla), sa.nd bluestem (Andropogon halliz),Arizona 
fescue (Fcstllca arizouica), and goosefoot (Chenopodiu/Il 
grnveolclls). Representative trees and shrubs include 
gray oak (Quercus grisea), true mountain-mahogany 
(Cercocarplls l11olltanus), sagebrush (Artemisia spp.), 
and Mexican diffrose (Cowania mexicana). More de
tails on understory vegetation are found in Medina 
(1987), Ronco (1990), and USDA Forest Service (1987). 

ECOLOGY 

Distribution 

Approximately 19 million ha of pinyon-juniper 
woodland occur in the United States; it is an impor
tant vegetation type in seven of the western states 
(Evans 1988). Pinyon-juniper woodlands constitute 
the most common.vegetation type in Arizona and 
New Mexico. The literature contains several esti
mates of the area occupied by woodlands; many of 
the differences may be attributed to the way mar
ginal juniper savanna lands are defined.. West et al. 
(1975) indicated that cornfer woodlands cover ap
proximately26 percentorabout8.2millionhaofNew 
Mexico, but this value probably includedgrasslands 
that have a tree component. A recent swvey of New 
Mexico's forest resources (Van Hooser et al. 1993) 
reports that approximately 3.4 million ha of pinyon
juniper and pure juniperwoodlands have the poten
tial for producing wood products. Fowleretal. (1985) 
indicated a relatively similar area of about 4 million 
ha or 14 percent of New Mexico that contain stands 
that could be considered manageable for tree prod
ucts because of their site and stand characteristics. 

Pinyon-juniper woodlands are an important type 
within the 64,150 km2 Middle Rio Grande Valley 
(Fig. 1), which includes parts of ten counties 
(Crawford et aI. 1993). A major part of the Middle 
Rio Grande Basin is in Bernalillo, Cibola, McKinley, 
Sandoval, Socorro, and Valencia counties, and a mi
nor part occurs in Catron, Torrance, Rio Arriba, and 
Santa Fe counties. Although statistics for the area of 
pinyon-juniper woodlands within the Basin are not 
readily available, calculations based ondata reported 
by Van Hooseretal. (1993) indicate that the sixcoun
ties contain about 1 million ha of woodland or 18 
percent of the total county areas. The proportion of 
area occupied by woodlands ranges from 27 percent 
for eibola to 5 percent for Valencia County. Wood
lands occur on private, USDA Forest Service, USDr 
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Bureau of Land Management, American Indian, and 
State of New Mexico lands. 

Available soil moisture and season of precipitation 
are the most critical factors controlling woodland 
distribution, composition, density, and stand condi
tion in undisturbed sites. The high variability of 
woodland habitat types is associated with the "ari
ability of climatic and site conditions. Moir and 
Carleton (1987) recognized at least 70 habitat types 
and 280 ecological site types in Arizona and Nev, 
Mexico. Woodlands occur on relatively moist sites 
that support dense stands of relatively tall trees and· 
on dry sites where trees are scattered and of low sta t
ure. Junipers are more drought tolerant than pinyon 
and tend to dominate drier sites. The proportion of 
pinyon increases with increased elevation and avail
able moisture. In general, pinyon is dominant above 
2,200 m. Competition with ponderosa pine for mois
ture, or fire regimes associated with ponderosa pine, 
may determine the upper limit as suggested by the 
fact that pinyon achieves its greatest abundance or 
density near its upper limit. Generally species den
sity would taper off near its upper and lower envi
ronmental limits. 

Topographic and edaphic influences are apparent 
in southern New Mexico where pure one-seed juni
per stands have higher densities on northeastern ex
posures than on drier southwestern slopes (pieper 
and Lymbery 1987). Distribution of Utah juniper in 
Arizona and northern New Mexico is related to the 
predominance ofwinter moisture relative to summer 
moisture (Springfield 1976).One-seed juniperis most 
common where winters are cool and dry and where 
summer pi'ecipitation is more important. Alligator 
juniper is also identified with summer moisture re
gimes. Rocky Mountain juniper is considered the 
least drought-tolerant of the common juniper spe
cies and generallyoccurs above 2,100 m in the Middle 
Rio Grande Basin. 

Climate 

Southwestern pinyon-juniper ~oodlandsoccupy 
the wannest tree-dominated zone in the region. The 
climate is usually classified as arid, semiarid, or oc
casionally, dry subhumid (Ronco 1990). The wood
lands grade into juniper savannas, grasslands, oak 
woodlands, and brush-dominated vegetation zones 
on drier sites and into pondel'O$Cl pine forests at 
higher, moister elevations. Average annual precipi
tation ranges from 305 to 560 mm and is influenced 

by geography, elevation, and topography. Tempera
ture ranges are also variable and may control the 
upper ele"ational distribution of the type (Evans 
1988). 

The seasonal distribution of precipitation in the 
Middle Rio Grande Basin, like most of the Southwest, 
"aries depending on sea surface temperature regimes 
in the eastern Pacific Ocean and the seasonal posi
tion of the polar and subtropical jet streams, the Pa
cific anticyclone, and the Bermuda High. The climatic 
regime is characterized by highly variable frontal 
precipitation in winter, an arid pre-summer, and sum
mer rains that are predictable in timing and amount 
at a given station but highly variable from site to site. 
The importance of monsoonal rains diminishes to the 
northwest, and the April to June period becomes 
wetter to the northeast. Summer precipitation is 
greatest on the east flank of the southern Rocky 
Mountains, Le., the Sangre de Cristo, Sandia, 
Manzano, and Sacramento Mountains. 

Interannual and interdecadal variability in cool 
season precipitation apparently is driven by the sea 
surface temperatures (SST) and sea surface pressure 
anomalies in the tropical Pacific and the latitudinal 
position and sinuosity (meridionality) of the polar 
jet stream, reflecting expansion and contraction of 
the circumpolar vortex. Two climatic indices that 
define these conditions are the Southern Oscillation 
Index (SOl) and Pacific North American Index 
(PNA). A negative SOl reflects El Nino (warm con
ditions) in the tropical Pacific; a positive SOl reflects 
La Nina (cold conditions). A positive PNA value re
flects an intensified Aleutian Low, causing winter 
storm tracks to shift southward; a negative PNA 
value indicates more northerly storm tracks. In 
the Middle Rio Grande Basin, wet winters and 
springs are associated with positive PNA and La 
Nina conditions. 

Decadal-scale variability in rainfall records from 
the Line Islands (tropical Pacific islands near the Date 
Line) indicate precipitation surges during El Niii.o 
events. In the 20th century, there has been a general 
(decadal) association between periods of frequent El 
Ninos and an expanded circumpolar vortex (posi
tive PNA) prior to 1930 and after 1960. The period 
between 1930 and 1960 was characterized by few El 
Nino events and a contracted circumpolar vortex 
(negative PNA). There has been an almost perma
nent shift to EI NiftO:-like conditions that began in 
1976 and continued to 1995 (with the exception of 
the 1988-89 La Niiia) (Fig. 2). Teleconnections (cor
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Figure 2.-Winter to spring precipitation varIaIions In northern New Mexico since AD 1200. The upper plot shows total November through 
June precipifatlon, 1910-1990, awtaged across three reoordlng stations at Chama, Jemez Sprfngs. and Sooono. the middle plot shows 
annual ring-width variations during the same period from a Imber pine (PInustIe~tree-dng sitenear Red RIver. the Pearson correlation 
between the precipitation and tree-ring time aedes Is 0.61 (p < 0.001). the bottom plot shows the past 700 years of tl'ee-dng vartation at 
this site, suggesting that the late 20th cenIury climatic variation has been Vefy unusual. pechaps unpfecedented during the past 8 
centuries. 
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relations between the climate at two distant locations} 
have shown relationships bet\lveen the tropical Pa
cific indices such as Sal, tropical SSTs, Line Island 
rainfall and southwestern precipitation (Douglas and 
Engelhardt 1984; Cayan and Webb 1992), streamflow 
(Molles and Dalun 1990; Cayan and Webb 1992; Webb 
and Betancourt 1992), and even area burned by wild
fires (Swetnam and Betancourt 1990). 

Soils and Topography 

The woodlands generally occur at elevations of 
1,370 to 2,290 m and on all topographic positions. 
Old-growth stands occur on a variety of physi
ographic sites. In New Mexico, old stands are often 
associated with rocky hillslopes where the sparse 
understory will not ca"ry fire (Swetnam and Brown 
1992; Wood and Javed 1992). Woodlands occur on 
soils that have developed from a variety of parent 
materials and belong to one of six soil orders 
(Aridisols,Alfisols, Entisols, Mollisols, Vertisols, and 
Inceptisols) (Evans 1988). Soils are generally classi
fied as being shallow and well-drained. Woodlands 
are associated with soils having low fertility (pieper 
1977; Evans 1988), but recent data (USDA Forest Ser
vice 1993) indicate that they also can occur on rela
tively productive soils. 

Seed Production 

Pinyon is generally monoecious, although dioe
clous trees are found when the trees are onder insect 
attack or growing under stressed conditions 
(Gottfried 1987). Seed crops occur every 4 to 7 years 
depending upon the weather, site conditions, and 
insectherbiVOry. Cropsare more frequent on the bet-· 
ter sites. Trees can start bearing cones at 25 years, . 
but productionpeaks when trees are between75 and . 
100 years old. Cones require three growing seasons 
to mature (tittle 1938) and will containabout 20 rela
tively large, wingless seeds. A productive tree can 
produce about 9 kg of seed, and a hectare can yield 
about 336 kg of seed (Ronco. 1990). Mature seed re
lease starts in mid-September and can continue for a 
5O-day period. 

Reproductive success of pinyon is largely a mea
sure of the abundance ofepisodic bumperseedcrops, 
which are probably linked to favorable climatic 
events initiatingcone primordia and enhancingcone 
and seed developmentovera period ofseveral years. 
Pinyon, during mast years, typically produces large 

crops simultaneously across large geographic areas. 
In the 1940s, seed crops in Arizona and New Mexico 
were monitored annually (Little 1940). The specific 
influence of climatic variability on flowering, fruit
ing, and seed germination over a three-year repro
d uctive cycle remains unexplored. Equally unknown 
is the effect of mast years on long-term fluctuations 
in stand structure. The climatic trigger must inhibit 
vegetative growth and induce formation of ovulate 
cone primordia in late summer, must recur irregu
larly once every few years, and must be synoptic in 
scale. By definition, the trigger must be embedded 
in interannual climatic variability over the region, 
and ultimately, in the global-scale climatologies that 
affect the Southwest. 

Some of the southwestern junipers are monoecious, 
such as Utah and alligator junipers, and some are 
predominately dioecious, such as one-seed and 
Rocky Mountain junipers Oohnsen and Alexander 
1974). Seed-bearing age varies by species and also 
can be affected by moisture conditions and competi
tion (Gottfried 1989; McPherson and Wright 1987). 
One-seed and Rocky Mountain junipers begin bear
ing seed at between 10 and 20 years, while Utah ju
niper begins at about 33 years Oohnsen and 
Alexander 1974). Juniper berries, which can contain 
one to four seeds depending on the species, can be 
dry and leathery, as in Utah juniper, or thin and res
inous, as in one-seed juniper. The main southwest
ern juniPerS flower in the spring with berries ripen
ing in the fall; however, some species require two 
years for the berries to mature. Mature berries can 
stay on the tree for several years before dispersal. 

Seed Dispersal . 

Wmd and gravity are not important dispersal 
. agents for the heavy seeds or berries. Most pinyon 
seed will fall directly below the canopy and very few 
seeds will land in adjacent interspace areas (Gottfried 
19918). Birds are considered to be the most impor
tant dispersal agents. Balda (1987) found that four 
species of corvid birds-scrub jay (Aphelocoma 
coerulescens), pinyon jay (Gymnorhinus cyanocephalus), 
Clark's nutcracker (Nucifraga columbiana), and 
Steller's jay (Cyanocitta stellen)-are responsible for 
caching hundreds of thousands of pinyon seeds dur
ing years with" large cone crops. Some of these spe
cies have special anatomical adap~tions which al
low them to transport large quantities of seed over 
considerable distances. Scrub jays are the only one 
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oi the four species thilt spends most oi its time in the 
woodlands and contributes more to pinyon regen
l'r"tion in the woodlands than Steller's jay and 
Clark's nutcracker, \\·hich spend much of their time 
in higher elevation forests. 

Hall and Balda (1988) stud ied caching beha vior of 
scrub jays, and found that they prefer to cache seeds 
in the soil under pin~'on trees even when other loca
tions were available. The birds, as well as mice, will 
recover 92 percent of the caches by the following 
spring. The surviving caches are the source of future 
pinyon regeneration. 

Birds also are important for juniper dispersal.
 
Townsend's solitaires (Myadestes towllsendi) are im

portant dispersal agents for one-seed juniper
 
(Salomonson 1978) and Bohemian waxwings
 
(Bombydlla garrula) are important for Rocky Moun

tain juniper (Noble 1990). In addition to birds, other
 
animals such as coyotes (Callis tatrans), mice, rabbits,
 
and livestock are considered major dispersal agents
 
for junipers Oohnsen 1962; Noble 1990).
 

Germination. Establishment. 
and Early Growth 

The environmental and physiological require
ments for successful pinyon germination have not 
been evaluated fully. Preliminary data from an on
going study have shown that pinyon seeds will ger
minate in the sprin~ but .if conditions are not satis
factory, they may not germinate until the summer 
monsoon rain season (Gottfried [unpublished data]). 
Pinyon germination is between 83 and 96 percent 
(Gottfried and Heidmann 1986; Ronco 1990). Most 
juniper seeds will also germinate in the spring; how
ever, germination can be delayed for up to two years 
because ofembryo dormancy, the impermeable seed 
coat, or chemical inhibitors (Gottfried 1989; Johnsen 
and Alexander 1974). In general, successful germi
nation is low, ranging from 8 to 49 percent in Utah juni
per and from 20 to 75 percent in one-seed juniper. 

Although pinyon and juniper are considered 
shade-intolerant, most new seedlingsare often found 
in the shade of mature trees, shrubs, and slash; over
story foliage generally is not dense enough to reduce 
light intensities below tolerance levels for survival 
(Meeuwig and Bassett 1983). Seeds do germinate in 
the open, but establishment and survival are less cer
tain. Shade moderates the microclimate and, there
fore, enhances survival. Seedlings growing under 
shrubs, which eventually can be overtopped, have 
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the best chance of survival (Meeuwig and Bassett 
1983); seedlings grmving under mature trees must 
be released in order to accelerate growth. Seedlings 
that survive the first year in the open are larger than 
those that are growing in shaded micro-sites 
(Harrington 1987). 

Although several climatic factors influence germi
nation and establishment, moisture is probably the 
most critical factor. Meagher (1943) found that 
supplemental watering did not influence percent 
germination, but it did improve the speed of germi
nation and survival of pinyon seedlings over a 2-year 
period. Rapid germination would favor a seedling 
by allOWing it to become established prior to the sum
mer or fall drought periods (Gottfried 1987). Meagher 
(1943) also determined that shade and/or watering 
had a similar effect on Utah and one-seed juniper 
germination and initial survival. Johnsen (1962) re
ported that one-seed juniper seedling survival un
der drought is directly related to age. Competition 
from grasses will limit regeneration but the impact 
will decline once the tree roots have grown below 
the zone of highest grass root concentration. 

Vegetative regenerationcommonly has been found 
in alligator juniper which sprouts from stems, roots, 
or the root crown after the removal or death of the 
main trunk. Jameson and Johnsen (19M) indicated 
that the ability to sprout declined as stump diameter 
increased. Some sprouting has been reported for one-
seed juniper (Gottfried 1989). . 

Both pinyon and junipers exhibit slow early 
growth under natural conditions. Colorado pinyon 
seedlings can put on between 2.5 and 5.0 em of top 
growth annually (Ronco 1990), while taproot growth 
is about 18 to 28 em during the first year (Harrington 
1987). One-seed juniper can grow approximately 3 
cm in the first 20 months in the field (Meagher 1943) 
while roots can be 23 em long after 3 months Oohnsen 
1962). Top growth of 4 em in the first year has been 
reported for Utah juniper (Meagher 1943) and 30 cm 
in 8 years has been reported for Rocky Mountain ju
niper (Noble 1990). Actual growth rates will depend 
largely upon site conditions with the best growth 
occurring on the moister sites (Gottfried 1987). 

Growth of Older Trees 

Growth of older pinyon and the junipers also is 
relatively slow, with best growth occurring on the 
more moist sites. Pinyon saplings will grow about 
10 to -is em in height annually and mature trees will 
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grow 5 to 10 em annually (Ronco 1990). Little (1987) 
followed the growth of pinyon trees near Santa Fe 
over a 47-year period beginning in 1938, when the 
trees were between 5 and 6 m tall. He reported aver
age annual height growth of 3 em and average an
nual growth at b.h. of 0.15 em or 2.5 em every 16.8 
years. On better sites, pinyon can grow to 30 em in 
diameter within 150 years (Ronco 1990). 

Junipers generally grow slower than pinyon 
(Conner et aL 1990). Junipers have the,ability to grow 
when conditions are favorable and to stop growing 
when conditions are unsatisfactory Oohnsen 1962). 
This is probably the reason that numerous false and 
missing rings are characteristic of these species. 
Growth rates for the main juniper species vary by 
species and generally decline with age. 

Root growth varies by species. Pinyon has both 
lateral and vertical root systems. Lateral roots usu
ally are found at depths of 15 to 41 em and can ex
tend away from the bole by a factor of two times the 
crown radius (Ronco 1990). Junipers have both tap 
and lateral roots; tap roots can be from 0.5 to 3.7 m in 
depth, while laterals usually are concentrated in the 
top 90 em of soil. One-seed juniper lateral roots are 
about2.5 to 3 times as longas the tree is tall (Gottfried 
1989). Roots canoccupy most of the interspace areas 
where they mine soil nutrients and moisture. 

Stand Characteristics and Productivity 

Most pinyon-juniper 'stands in the Southwest are 
uneven-aged (Barger and Ffolliott 1972). Woodland 
stand productivity is variable. InNew Mexico, coni
fer woodlands contain approximately 2.3 billion 
trees; 62 percent are pinyon (Van Hooser et al. 1993). 
About 28 percent of the trees are less than 8 em in 
diameter at root collar (d.r.c.) and 86 percent are less 
than 28 an at d.r.c. Net volume.in New Mexico is 
144,000,000 m3, of which 53 percent is pinyon (Van 
Hooser et al. 1993). Pinyon and juniper volumes can 
be calculated using tables and equations developed 
by Chojnacky (1985). Schuler and Smith (1988) sug
gested that the higher sizel'density, leaf area, and 
growth relations in mixed woodland stands than in 
pure stands can be related to differences in rooting 
habits and water relations between pinyon and juni
pers. High growth rates are found on better sites; for 
example, an Arizona alligator juniper stand had a 
net annual growth of 1.4 m3/ha (Gottfried and 
Ffolliott 1995), and a pinyon-juniper stand at Zuni, 
New Mexico, had an annual growth of 1.0 m3/ha 

(8. Schwab, personal communication, USDI Bureau 
of Indian Affairs, 1994). 

Damaging Agents 

A number of insects attack pinyon (Ronco 1990), 
including the pinyon sa\,vfly (Neodiprioll edlllicollls), 
pinyon tip moth (Oioryctria albol'ittdla), and the pin
yon needle scale (MatslIcocclIS acalyptIlS). The cone 
moth (E/lcosl1la boballa) is particularly damaging to 
pinyon. A number of bark beetles attack pinyon; for 
example, severe mortality associated with the pin
yon Ips (II'S COl~f/ls/ls) recently has been observed in 
areas of the Apache-Sitgrea\'es National Forests (Wil
son and Tkacz 1992). The mortality may have been 
associated with an extended drought period that 
weakened the trees' defenses. Pinyon dwarf mistle
toe (Arct!/liltobilllll dil'flricallllll) is an important parasite 
that can cause locally severe damage and mortality. 

The junipers have their own suite of insect prob
lems and diseases (Gottfried 1989). Some examples 
are twig beetles (Pltloeosilllls sp.) and twig girdlers 
(SI.'I/oxsp.). Rusts (G.IIJfl1lOSIJOrallgiuI1I sp.) attack most 
junipers, causing witches' brooms, galls, leaf dam
age, and branch excrescences. True mistletoes 
(PJlOralldelldro1l sp.), which are spread by birds, also 
are common parasites but generally do not cause 
heavy damage. 

Additional infonnation about theecologyofpinyon
juniperwoodland ecosystems can be found in a num
ber of sources. The autecology of pinyon has been 
reviewed by Gottfried (1987) and Ronco (1990) and 
juniper by Gottfried (1989), Johnsen (1962), Johnsen 
and Alexander (1974), and Noble (1990). Papers in
cluded in the proceedings of the 1986 pinyon
juniper conference at Reno (Everett 1987), the 1993 
pinyon-juniper symposium at Santa Fe (Aldon and 
Shaw 1993), and the 1994 pinyon-juniper symposium 
in Flagstaff (Shaw et al. 1995). Evans (1988) and 
Gottfried (1992a) also are informative. 

Biodiversity 

. Significant biological variability (biodiversity), as 
indicated by stand types, relative abundance of spe
cies, and species richness, exists in pinyon-juniper 
woodlands. Many of the pinyon-juniperhabitat types 
that have been described (Moir and Carleton 1987) 
are present across a diverse range of landscape con
ditions in the Middle Rio Grande Basin. Biodiversity 
at any location is a result of many factors, including: 



.;ill' characteristics like topography, geology, soils, 
~'Iimate; specific site history (Hamburg and Sanford 
1486; Ricklefs 1987); successional state; and distur
ilance processes, which are central in determining the 
structure and function of ecosystems. Disturbances 
affect ecosystems at multiple spatial and temporal 
scales, creating variable conditions (niches), which 
allow multiple species to co-exist in the same area. 
Any brief review of pinyon-juniper biodiversity will 
contain generalizations across the range of existing 
conditions. 

Biodiversity is often considered a function of spe
cies richness (number of species) within or between 
habitats. By this criterion, pinyon-juniper woodlands 
might be thought of as relatively unimpressive res
ervoirs of biodiversity, since the visual impression 
of many woodlands is of uniform conditions, with 
overstories dominated by only a few species of coni
fers. These woodlands also harbor relatively few en
demic vertebrate species (Brown 1982). However, a 
broad and detailed examination of the woodlands 
reveals significant levels ofbiodiversity in less promi
nent ecosystem components, particularly herbaceous 
vegetation and soil organisms. 

In pinyon-juniper woodlands, floristic diversity 
primarily reflects the herbaceous components of the 

•system rather than the several species of pinyon and 
juniper that dominate many sites. About 450 species 
of vascular plants, out of a total of 712 species docu
mented afthe Bandelier National Monument, New 
Mexico, occur in pinyon-juiliper and juniper wood
land zones Oacobs 1989). Barnes (1983), also work
ing at Bandelier, found 7 shrub taxa, 25""forbs, 21 
grasses; and 7 cacti in one survey, while another in
ventory found 12 shrub species, 47 forbs, 27 
graminoids, and 6 cacti (c. D. Allen [unpublished 
data]). Two other examples are Mesita de los 
Ladrones, a 405 ha research natural area (RNA) in 

.an open woodland on the Santa Fe National Forest 
near Pecos, that has at least 100 forb and 36 grass 
species, and Comanche Canyon, a proposed RNA on 
210 ha near El Rito on the Carson National Forest, 
that has at least 6 tree taxa, 12 shrubs, 31 forbs, and 
15 grasses (E. Muldavin, personal communication, 
The Nature Conservancy, 1994). All of these sites have 
been little-grazed by domestic livestock in recent 
decades, although Bandelier was heavily affected by 
feral burros. Vascular plant richness may generally 
be lower than these values suggest for most wood
lands in the Middle Rio Grande Basin due to"bistoric 
changes in these ecosystems associated with domes

tic livestock grazing. Biodiversity has been modified 
through direct and indirect introduction of alien spe
cies and genotypes; at least 20 percent of 722 species 
at Bandelier are aliens. Some species may have been 
introduced during aerial seeding, which included 
non-native genotypes and weed seeds, after the 1977 
La Mesa Fire. 

Emphasis is placed on soil biota in pinyon-juniper 
woodlands because of their species richness and criti
cal functional role in ecosystems (Whitford 1991), as 
well as our relative ignorance of subsurface patterns 
and processes. Agreat diversity of microhabitats ex
ists within soils, with a resultant diversity of organ
isms (DindaI1990). Whitford (1991) provides an over
view of pinyon-juniper soil biota, while the diver
sity and ecological role of the similar communities 
ofsoil-associated invertebrates from arid deserts that 
adjoin pinyon-juniper woodlands are reviewed by 
Crawford (1986, 1990). Surface dwelling arthropods 
recently were sampled in woodlands at Pecos Na
tional Historical Park (Parmenter and Lightfoot 1994) 
and Bandelier National Monument (Lightfoot and 
Parmenter 1994), with 189 and 115 species reported, 
respectively. 

Soil organisms affect numerous ecosystem pro
cesses (Hole 1981; Crawford 1986), including: recy
cling of plant litter by detritivores (notably spring
tails in pinyon-juniper woodlands); controlling the 
rate of nutrient cycling, especially through eating 
fungi, which are the predominant decomposers 
(parker et al. 1984); plant productivity; site hydrol
ogy through effects on vegetationand by altered soil 
porosity through burrOWing actions; soil-forming 
processes through mixing and mounding soil; and 
consumption of live and dead organisms, especially 
underground plant parts (like roots). For example, 
1990 was a big year for the emergence of cicadas in 
the Jemez Mountains, with emerging densities ofover 
25,000 per hectare in much of Bandelier's pinyon
juniper woodlands. This single species has signifi
cant effects on local woodland ecosystems, ranging 
from years of feeding on the roots ofperennial plants 
(including the trees) and the alteration of nutrient 
cycling and soil physical conditions by their subsur
face activities. The effects of harvester ants 
(Pogonomyrmex ocddentalis) on the vegetation and 
soils of local pinyon-juniper woodlands also have 
been documented (Carlson 1988). 

Microbiotic, or cryptogamic, crusts are important 
features of pinyon-juniper woodlands. These crusts 
are composed o! varying species of cyanobacteria 
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with lichens, mosses, green algae, fungi, and bacte
ria (West 1990; Belnap 1990). The cyanobacteria, 
which have bundles of filaments with sticky, hydro
philic, polysaccharide sheaths (Belnap and Gardner 
1993), serve to bind soil, hold nutrients and water, 
fix atmospheric nitrogen (Loftin and White, in re
view), and colonize disturbed sites (i.e., initiate pri
mary succession). These crusts are readily damaged 
by mechanical disturbance, like hoof action or off
road vehicles. More data on the ecological role played 
by microphytic crusts are needed, given the wide
spread, but unsubstantiated, belief among many 
range managers that breaking up such crusts by live
stock hoof action can be beneficial (Brown 1994). 

Pinyon-Juniper Associated Wildlife 

The wide variety of habitats within the pinyon
juniperecosystem supports at least 70 species ofbirds 
and 48 species ofmammals (Findley etal. 1975; Balda 
1987). Although a few of these species are obligate to 
pinyon-juniper, most can be found to some degree 
~ adjacent ecosystems. Whether an animal is present 
or absent or a permanent, summer, or winter resi
dent depends on the species, geographic location, 
and the type of pinyon-juniper habitat 

Birds that have been found to breed only within 
pinyon-juniper habitats, in spite of other available 
habitats, include the screechowl (Otus asio), gray fly
catcher (Empidonax wrightii), scrub jay (Aphelocoma 
coerulescens), and the p~ titmouse (Parus inornatus). 
Semi-obligatory species, birds that breed in pinyon
jUni~r and only one other habitat type, include the 
pinyon jay, ash-throated flycatcher (Myriarchus 
cinerascens dnerascens), bushtit (Psaltriparis minimus), 
mockingbird (Mimus polyglottis leucopterus), black
throated gray warbler (Dendroica nigrescens), house 
finch (Carpodilcus mexicanus frontalis), rufous-sided 
towhee (Pipilo erythrophthlamus), and lark sparrow 
(Chondestes grammacus strigatus) (Balda and Masters 
1980). The gray flycatcher and black-throated gray 
warbler are inhabitants of mature pinyon-juniper 
woodlands and are 5th ang 15th, respectively, on 
New Mexico Partners in Flight's prioritized list of 
neotropical migratOIY species. Many other species of 
birds, including raptors, songbirds, corvids, and 
hummingbirds, breed within pinyon-juniper wood
landsbutnotexclusivel~ 

Although the pinyon jay will forage and nest in 
ponderosa pine and pinyon and juniper trees (Balda 
and Bateman 1971), this species, with its physiologi

cal and behavioral adaptations for harvesting pin
yon nuts, has a life history that is more strongly in
terwoven with pinyon than is any other avian spe
cies. The species' strong, sharply tapered bill and lack 
of feathers around the nostrils are adaptations for 
chiseling into unopened cones and reaching between 
cone scales for nuts without pitch soiling the facial 
feathers (Balda 1987). For the pinyon jay, the nuts, 
which are cached singly in many locations, provide 
a high energy food source for the birds during the 
winter, and seeds that escape consumption may ger
minate to produce a new generation of trees. 

Water availability, juniper berries, and pinyon nut 
crops are major factors determining which nonresi
dent species will overwinter in pinyon-juniper wood
lands. Good pinyon nut crops in winter may attract 
red crossbills (Loxia curoirostra) and Cassin's finches 
(Carpodacus cassinii), in addition to the resident pin
yon jays, scrub jays, St~ller's jays and Clark's nut
crackers (Balda 1987). Juniper berry crops may also 
determine densities of overwintering birds that con
sume berries and/or seeds, such as Townsend's soli
taires, western and mountain bluebirds (Sialia 
mexicantl bairdi and S. currucoides), and robins (Turdus 
migratorius) (Balda1987).Merriam's turkeys (Meleagris 
gaIIapaoo merriamt) occupymany pinyon-juniper sites 
where ponderosa pine is available for roost sites 
(Scott and Boeker 1977). They prefer pinyon seeds 
but juniper seeds are used during drought periods 
and when pine and oak seed. production is low. 

Many species of bats are associated with pinyon
juniper habitats and have been identified by 
mistnetting over watering tanks, ponds, streams,and 
other permanentsourcesofwater. Bats thathavebeen 
commonly captured in pinyon-juniper habitats in
clude eight species of Myotis, big brown bats 
(Eptesicus fuscus), spotted bats (Euderma maculatum), 
western pipistrelles (Pipistrellus hesperus), and pallid 
bats (Antrozous pallidus) (Findley et al. 1975). Other 
occasional captures have included big-eared bats 
(Plecotus townsendii) and brazilian free-tailed bats 
(fadarida brasiliensis). Female hoary bats (LAsiurus 
cinereus) have been seen migrating through New 
Mexico in the springand fall, whereas males are com
monly found in pinyon-juniper woodlands in the 
summer. Silver-haired bats (LAsionycteris noctivagans) 
are found in pinyon-juniper woodlands as well as in 
other habitat types; however, these bats may move 
to more northern states in midsummer (Findley et 
al 1975). Because the mentioned bat species have 
been captured in pinyon-juniper woodlands by 
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J11i~tnetliJ\g at night, they must usc the woodlands for 
fllr,lging and/or ''Vater. Little else is known about the 
:'fx'Cic'S' use of pinyon-jwliper woodlands, i.e., whether 
thl'v roost in pinyon and jtmiper trees and, if so, in what 
:,tn."lCtures, ,·\'hether they feed exclusively in the wood
lands, and whether they overwinterlhibemate in the 
woodland habitats. Although it is likely that rock cliffs, 
tree branches and bark, and hollows of mature pinyon 
and jwliper trees provide roost sites for many of these 
species, few studies have been undertaken to prove such 
hypotheses or investigate other habitat requirements 
and associations of these bat species. 

Many species of small mammals may be found in 
pinyon-juniper habitats; species composition de
pends on the mix of vegetation, cover, elevation, soil, 
and other factors. Many of these species are present 
inpinyon-juniper stands only at the periphery of their 
ranges (primarily ponderosa pine or grassland dis
tributions) or have broad distributional ranges that 
merely include pinyon-juniper woodlands. Species 
that have distributions centered in pinyon-juniper 
woodlands include cliff chipmunk (Tamisas dorsalis), 
rock squinels (Spermophilus variegatus), brush mice 
(Peromyscus boylil), pinyon mice (P. truei), rock mice 
(P. difficilis), and white-throated (Neotoma albigula) and 
Mexican (N. mexiazna) woodrats (Findley et a11975). 
Pinyon mice are more or less resbicted to pinyon
juniper woodlands and are often the most common 
small mammal inopen stands of this vegetation type 
(Findley et al. 1975; Short and McCulloch 1977). 
Abundances of pinyon mice were shown to decline . 
in pinyon-juniper habitats where the overstory .was 
completeiy removed (Severson 19800). Populations 
ofpinyon mice, as well as other seed predators, prob
ably explode during mast years. How these fluctua
tions cascade through the ecosystem remains largely 
undetermined. Brush mice, essentially oak special
ists, can become the predominant species in lower 
elevational habitats lacking pinyon or in pinyon
juniper habitats with an evergreen oak and shrub un
derstory (Findley et al. 1975). Rock mice and rock 
squirrels are more common amongst rocks, boulders, 
and broken terrain within the pinyon-juniper wood
lands. ' 

Species that may be found at the periphery of their 
grassland/desert distributions in the more open 
pinyon-jwliper habitats include white-tailed antelope 
squirrel (Ammospermophilus leucurus), Texas antelope 
squirrel (A. illterpres), silky pocket mice (Perognathus 
flavus), Plains pocket mice (P. jlavescens), Ord's kan
garoo rat (Dipodomys ordil), and desert cottontail 

(SylllilnSlls nlldIlLJollii). More mesic sites where pinyon
juniper grades into and intermingles with ponderosa 
pine and mixed conifer species may support eastern 
cottontails (Sylvilnglls jloridallus), Colorado chip
munks (Tnl1lin5 qllndrivitattus), deer mice (PeromysClis 
mnniclIlnflls), and Mexican woodrats (N. mexicnnn) 
(Findley et al. 1975). 

The im'ertebrate and small mammal communities 
sustain a number of avian and mammalian preda
tors. Mammalian predators may include coyote, gray 
fox (Urocyoll cillerenrgenteus), ringtail (Bassariscus 
astutus), long-tailed weasel (Mustelllfrenata), western 
spotted skunk (Spilogale gracilis), striped skunk (Me
phitis mephitis), hog-nosed skunk (Conepatlls 
mesoleuClls), mountain lion (Felis concolor), and bob
cat (Felis ruflls) (Findley et al. 1975). Skunks, ring
tails, coyotes, and gray foxes may also include fruits 
and other vegetative matter in their diets, depend
ing on availability and season. Avian predators that 
hunt small mammals and/or birds within pinyon
juniperwoodlands may include golden eagle (Aquila 
chrysaetos canadensis), Swainson's hawk (Buteo 
swainsom), Cooper's hawk (Accipiter COOperil), kestrel 
(Falco sparverius sparverius), red-tailed hawk (B. 
jamaicensis), and great-homed owl (Bubo virginiDnus) 
(Frischknecht 1975). Although individual predators 
might forage, breed,and maintain territories inpinyon
juniper habitats alone, all of these predatory species 
have distributions that extend beyond the pinyon
juniper ecosystem into grasslands, deserts, and/or 
forests (Findley et al. 1975). 

Other year-round residents in pinyon-juniper 
stands are mule deer (Odocoileus hemionus), white
tailed deer (0. virginiDnus), and elk (Cervus elaphus), 
all of which consume leaves and fruits of pinyons 
and junipers (Martin et al. 1961). Deep snows in the 
higher elevation forest zones may force additional 
deer and elk down from these higher elevations into 
pinyon-juniper habitats during the winter. Although 
forbs and grasses are utilized by deer during the 
spring and summer, browse from dwarf trees and 
shrubs are more important year-round. Elk also uti
lize forbs in the summer, grass in the summer and 
winter, and shrubs to some extent throughout the 
year. Some shrubs and dwarf trees found in the mid
and understory that are important to these cervids 
are mountain mahogany (Cercocarpus breviflorus), 
desert ceanothus (Cellnothus greggii), shrub live oak 
(Quercus turbillella), wavyleafed oak (Q. undulllta), 
Gambeloak (Q. gambelil), and cliffrose (Short and 
McCulloch 1977). Bighorn sheep (Ovis canadensis 
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canadensis) may also utilize pinyon-juniper habitat 
where there is rough terrain suitable to their habitat 
needs (Short and McCulloch 1977). 

Although only a fev,' species of wildlife rely solely 
on pinyon-juniper habitats for suitable habitat, many 
species utilize the wide array of habitat types found 
in this ecosystem. Pinyon and juniper trees provide 
nesting material and sites for birds and mammals, 
hiding cover, and valuable year-round food resources 
in the form of leaves, nuts, ?TId berries. During tem
perature extremes of the summer and winter, pinyon
juniper habitats also provide thermal protection, the 
degree of which is determined by canopy closure. 
On the other hand, birds and mammals are impor
tant to pinyon and juniper trees as agents of seed 
dispersal. Mid- and understory trees, shrubs, and 
grasses, the quantity of which is inversely related to 
canopyclosure, provideadditional food resources, hid
ing cover, and nesting cover for other wildlife species. 

IMPACTS ON PINYON-JUNIPER ECOSYSTEMS 

Climatic Variability 

Oimatic fluctuations throughout time have influ
enced changes in the distribution and density of 
pinyon-juniper woodlands. Fluctuations during pre
historic periods have been greater than during his
toric times. During the Late Pleistocene (40,000
11,000 years ago), for example, pinyon-juniper wood
lands occupied lowerelevation sites, which currently 
support deserts, grasslands, OJ: scrublands 
(Betancourt 1987; Betancourt et al. 1990, 1993). Drier 
and warmer conditions during the Holocene caused 
the woodlands to retreat northward and upward in 
elevation until the woodlands occupied their present 
locations during the late Holocene (the last 4,000 
years). Changes during the late Holocene are presum
ably due to climate variability at an interdecadal scale, 
which is currently receiving more attention by clima
tologists (Karl 1988; Guetter and Georgakakos 1993; 
Kushnir1993;Xu 1993;Graham 1994;Milleretal. 1994a). 

Interdecadal climate variability, which produces 
.l

I	 prolonged episodes of wet and dry conditions in the 
1	 central Rio Grande Basin, has left a strong imprint 

on the demography of pinyon-juniper woodlands. 
For example, a less sinuous and more northerly p0
lar jet stream, a weakened subtropical jet stream, and

~.	 a decrease in the frequency of El Nifto events con
tributed to a subcontinental-scale drought in the . 

~. 
f"I middle of the century. The 1950s drought, an event 
1;( 
I, 
.1 
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with a 200 to SOO-year return period (Stahle ,11ll 

Cleaveland 1988), caused massive die-off of pinYl1n~ 

and junipers throughout the Middle Rio Grande l3a 
sin (Betancourt et al. 1993). The drought probabl) 
reset demographic clocks, created disequilibri<l il 
carbon and nutrient cycling, accelerated shrub inva 
sions into grasslands, and shifted ecotonal bound 
aries that had been stable for several millennia. Datz 
indicate that the pinyon mortality associated with thi~ 

outbreak caused the ecotones between pinyon-junipel 
and juniper woodlands and between the pinyon-ju
niper and ponderosa pine forests to shift sporadically 
about 100 m horizontally upslope in the Frijoles wa
tershed of the Jemez MOlmtains. A similar impact 
on pinyon populations has been documented at the 
Sevilleta Long-Term Ecological Research Site, near 
Socorro, New Mexico (Betancourt et al. 1993). The 
intense drought may have further reduced the her
baceous ground cover enough to initi.ate and exacer
bate desertification and erosion processes. The return 
of wet conditions beginning in the late 19705 is likely 
responsible for the recent recovery of range condi
tions and may have produced a surge of recruitment 
of pinyon and junipers throughout the region. 

During the last 50 years, the Middle Rio Grande 
Basin has experienced one of the driest (late 19405 to 
early 196(5) and one of the wettest (1976 to present) 
episodes of the last few hundred years, according to 
the tree-ring record (Fig. 2). The latter period is now 
gaining a lot of notoriety in the global change arena. 
There appears to have been a step change in global 
climate since about 1976, including record warmth 
that is related, in part, to an almost permanent shift 
to'EI Nifio-like conditions (Ebbesmeyer et al. 1991; 
Miller et al. 1994b). This shift suggests that the tropi
cal Pacific may be the pacemaker for the global sys
tem at interdecadal scales; climatologists are now 
entertaining the possibility that an enhanced green
house effect accelerates the tropical heat machine 
(Latif and Barnett 1994; Kumar et al. 1994). Thus 
pinyon-juniper woodlands in the Middle Rio Grande 
basin may already be responding to climatic effects 
from greenhouse warming, in the form of increased 
cool season precipitation with persistent EI Nifio con
ditions in the 19805 and 1990s. 

Fire 

Fire was the most important natural disturbance 
in the pinyon-juniper woodlands before the introduc
tion of large herds of livestock in the 19th century. 
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Although ecologists and managers have long recog
nized that fire was an important factor in 
presettlement dynamics of the pinyon-juniper type 
(Leopold 1924), there is little specific data document
ing the range and variability of past fire regimes. 
There are only a few studies located in the upper 
border of the pinyon-juniper zone, where it occurs 
with ponderosa pine, that clearly document the fre
quency, extent, seasonality, or other presettlement or 
long-term fire regime patterns (Allen 1989; Despain 
and Mosley 1990; Swetnam and Baisan 1995). 

The evidence of past fire occurrence is visible in 
many stands as the presence of charcoal in the soil; 
charred, remnant juniper snags or stumps; and fire 
scars on living junipers and pinyons. Fire scars on 
living pinyons are generally rare, especially in com
parison with scar abundance in higher elevation pon
derosa pineand mixed conifer stands (Swetnam 1990; 
Swetnam and Baisan 1995). The rarity of pinyon fire 
scars may be due to high susceptibility of pinyon 
boles and crowns to damage by surface fires; trees 
are either killed outright, or do not live long after 
being scarred.. Heart-roffiilg fungi may enter the fire
scar wounds to hasten mortality. In spite of the poor 
preservation of the record from fire-scarred pinyon, 
several specimens from New Mexico have been den
drochronologically dated; one tree located in a stand 
that contained ponderosa pine had 11 fire scars over 
a period of 200 years (Swetnam [unpublished data]). 
In contrast to pinyon, fire-$earred and ~harred 

junipers have often been noted but rarely systemati
cally sampled or quantitatively analyzed.-Unfortu
nately, ~s previously mentioned, junipers in the 
Southwest cannot be accurately dated because of 
numerous false and missing rings. 

One of the most detailed and informative fire-scar
based. studies in southwestern pinyon-juniper wood
lands was conducted at Walnut Canyon National 
Monument near Flagstaff, Arizona (Despain and 
Mosley 1990). Dead, fire-eharred junipers were 
sampled within a 300 ha stand and a fire chronology 
was also constructed from fire-scarred ponderosa 
pine trees in an adjacent stand. Results from the 
analyses indicated a surface fire interval of approxi
mately 20 to 30 years. Three other fire history stud
ies in New Mexico, based on fire-scarred ponderosa 
pine trees scattered within the pinyon-juniper wood
lands, indicate that stand-wide fires, those burning 
more than 10 ha, occurred about every 15 to 20 years 
on the average. These studies were conducted in the 
Jemez Mountains (Allen 1989), Organ Mountains 

(Morino and Swetnam [unpublished data]; Swetnam 
and Baisan 1995), and El Malpais National Monu
ment (Grissino Mayer and Swetham, in press). 

Dense pinyon-juniper stands (approximately 1,110 
trees per hectare) can burn as crown fires under ex
treme weather conditions. Wright and Bailey (1982) 
reported that such stands will burn when relative 
humidities are lower than 30 percent and winds ex
ceed 55 km per hour. The key conditions for such 
burns are sufficient canopy closure to promote fire 
spread between trees, abundance of dead woody 
fuels on the surface and as standing snags, and ex
treme weather conditions. Hence, it appears tha t 
presettlement pinyon-juniper fire regimes were a 
mixture of surface and crown fires and of variable 
intensity and frequency and depended largely on site 
productivity. Productive sites, such as at Walnut Can
yon, probably sustained patchy surface fires at in
tervals of 10 to 50 years. Some of these stands attained 
densities sufficient to carry crown fires at intervals 
of 200 to 300 years or longer. 

On less productive sites with discontinuous grass 
cover, fires were probably very infrequent, and bums 
were small or patchy when they did occur. In sites 
with relatively continuous grass cover, frequent 
widespread fires (lo-year intervals or less) probably 
maintained grasslands or SAvannas, with pinyons 
and junipers restricted to rocky outcrops and 
microsites where grasses were discontinuous. Savan
nas were maintained because fires tended to kill trees 
less than about 1 m tall Oohnsen 1962). 

The Sevilleta National Wildlife Refuge and adja
cent mountains in the central Rio Grande may be an 
area where the full range of possible fire regimes in 
pinyon-juniper existed in the past. This area encom
passes the National Science Foundation's Sevilleta 
Long Term Ecological Research site. The Manzano 
and Los Pinos Mountains border the east and north
east sides of the area. These ranges extend along a 
north-south axis on the east of the Rio Grande. To
day, grasslands and creosote stands occur from the 
lowest elevations at aPout 1,450 m at the Rio Grande 
up to the foothills of the mountains at about 1,800 m. 
Livestock grazing has been excluded within the Ref
uge since the late 1~70s. As a result, grass cover has 
expanded and increasingly large grass fires ignited 
by lightning have burned during the summer 
months. Most of the larger burns (e.g., greater than 
1,000 ha) were extinguished by managers. Some of 
these fires would have burned substantially greater 
areas if they had beenallowed to, and in some cases, 
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they would have burned up into the extant pinyon
juniper (or pure juniper) savannas and woodlands. 
At the lower elevations, grasslands currently extend 
up to the steep rocky escarpments on the west sides 
of the Manzano and Los Pinos Mountains, while in 
other areas, the grasslands ascend bajadas, gentle 
ridges, and canyon bottoms up onto the mountains 
where scattered junipers and pinyons form savan
nas that transition into woodlands. Confirmation of 
lower densities in the past, however, awaits demo
graphic studies of the kind now being conducted at 
the Sevilleta Long Term Ecological Research site. 

Before the advent of intensive livestock grazing, 
we suspect that, during certain years, very large ar
eas burned in the grasslands, adjacent savannas, and 
woodlands. These years of extensive burning were 
probably dry, and they may have followed wet years 
when substantial grass and herbaceous growth was 
enhanced (Rogers and Vint 1987; Swetnam and 
Baisan 1995). Eyewitness accounts of burning in this 
area have not been found, but in other parts of the 
Southwest-such as in southern Arizona and south
eastern New Mexico-newspapers reported "mil
lions ofacres" burning in grasslands and woodlands 
during the 18705 and 1880s (Bahre 1985). 

Above the grasslands and savannas, many areas 
are very rocky with thin soils. Grass cover is sparse 
or nonexistent within most of the woodlands on the 
slopesand ridges, and it is unclear if these areas ever 
sustained adequate soil or moisture resources neces
sary for production of a more-or-Iess continuous 
understory cover that is needed to support spread
ing surface fires. Nevertheless, charred, ancient-look
ing juniper stumps are commonly seen within these 
stands. In the Los Pinos Mountains, at an elevation of 
1,900 to 2,100 Ill,. a number of fire scars have been dis
covered that are completely grown over within the 
stems of living and dead pinyons (Swetnam and 
Betancourt [unpublished data]). Many of these scars 
date to the year 1748. Otherdendrochronological stud
ies indicate that this was one of the driest years in the 
Southwest in the past 300years, and it followed one of 
the wettest years (1747). Moreover, this was probably 
the largest regional fire year to occur in the Southwest 
in several centuries; it is recorded by fire scars in 41 of 
63 sites wherefirechronologieshave beenreconstructed 
(Swetnam and Betancourt 1990,Swetnam and Baisan 
1995). Thus, it seems thatfire-free intervals in these less 
productive pinyon-juniper sites were very long (i.e., 
greater than 100 years), but in unusual climatic condi
tions, spreading surface or canopy fires did occur. 

The other extreme of pinyon-juniper productivity 
can be observed on the east side of the Manzano 
Mountains. On this side of the mountains, where 
summer rainfall is apparently greater than on the 
west side, dense, closed-canopy pinyon-juniper 
stands cover large areas. Mixed within these stands 
are numerous homes that will probably be consumed 
by future catastrophic crown fires. Such burns have 
already occurred in some locales on the mountain, 
prompting the Cibola National Forest, and the De
partment of Defense, which has jurisdiction over a 
"military withdrawal area" within the Manzanos, to 
expend considerable resources in preparing fuel 
breaks. It is unknown if these more productive pin
yon-juniper stands sustained surface fires in the past, 
but fire-scar studies in adjacent ponderosa pine 
stands suggest that they did. Despite uncertainty 
about the frequency or extent of fires, it is very likely 
that the densities of these productive stands have in
creased in the late 20th century compared. to the 19th 
and earlier centuries when surface fires,. and exten
sive fuelwood cutting for Albuquerque, probably 
maintained more open stand conditions. 

Succession 

Soildevelopment is slow undersemi-arid climates 
with accumulations of many soil properties taking 
from 1,000 to 100,000 years. Thus, most soils in the 
pinyon-juniper woodlands are not necessarily in 
equilibrium with modern climate and vegetation. 
Many of the soils that may have developed under 
~ed conifer forests during the last glacial period 
were later affected by Holocene erosion, approxi
mately 8,500-6,000 years ago; these same areas are 
now occupied by pinyon-juniper woodlands (S. 
Reneau, personal communication, Los Alamos Na
tional Laboratory, 1994). 

There have been numerous studies of succession 
in old pinyon-juniper burns and tree control areas 
(Arnold et al.;·1964, Clary et al. 1974; Rippel et al. 
1983; Severson 1986b). In woodlands, successive 
stages usually contain the same species but in differ
ent amounts and dominance (Evans 1988). Habitat 
type also will affect the successional process. Arnold 
et al. (1964) proposed one successional sere for the 
Southwest, which started with the establishment of 
annuals after a fj.re and progressed to the renewed 
dominance of the arboreal vegetation; other path
ways have also been suggested for the woodlands of 
southwestern Colorado and western Utah (Evans 
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lll~tl). Junipers can be the first tree species to invade 
r	 ,ln .lrea, but they are often followed and replaced by 

pinyon. In Ctah, tree dominance does not occur un
Iii 70 to 80 years following fire. Herbage yields de
cline as tree crown cover increases (Arnold et al. 
l(64). Succession has been more rapid in some 
cleared areas because of the presence of tree advance 
regeneration that survived the initial control 
treatment. 

The invasion of native grasslands by woodland 
species has been a topic of concern and controversy. 
As noted above, fire was the dominant factor limit
ing the spread of trees and maintaining open stands 
where trees ah'l.'ays dominated. However, most-of the 
new tree establishment occurred in juniper savan
nas, as indicated by the presence of old trees, or in 
grassland inclusions within the woodlands, and little 
occurred in true grasslands Oohnsen 1962). The ex
pansion of pinyon in some areas of New Mexico may 
actuallybe its reestablishment on previous woodland 
sites (Samuels and Betancourt 1982; Dick-Peddie 
1993). The successful establishment of tree species 
indicates that they are adapted to existing site con
ditions, and while competitionand fire may have lim
ited theirnumbers, the invaded areas are climatically 
woodlands. Trees may also indicate that the initial 
habitat. especially as it affects species germination 
and establishment, has been modified and may no 
longer be optimum for the original mix of species 
(Dick-Peddie 1993). Some.of the tree control opera
tions of the 19505 and 19605 may have failed because 
woodland soil and microclimatic conditions no 
longer favored the establishment of seeded grasses. 

The distnbution andcomposition ofplantcommu
nities are dynamic, varying in both time and space 
(fausch et a1. 1993). Climatic variability, as indicated 
above, has affected the distnbution of pinyon-juniper 
woodlands within the Middle Rio Grande Basin. 
Natural changes maybe subtle, occurring over a long 
period, or dramatic, as are the effects of the 19505 
drought. Human management can alter site condi
tions in such a way that certain species can no longer 
maintain or reestablish themselves once a perturba
tion has been eliminated. Changes in environmental 
conditions can change dominance patterns and spe
cies compositions; there are several structurally and 
functionally similar plant communities that could 
becomeestablished on a site (fausch et a1. 1993). More 
information about ecological thresholds, multiple 
steady states, and multiple successional pathways is 
presented by Tausch et al. (1993). 

land Use History and Ecosystem Changes 

Land use of pinyon-juniper woodlands by prehis
toric and historic human societies has affected these 
ecosystems. The land use history of the Pajarito Pla
teau on the eastern flank of the Jemez Mountains, 
north\\'est of Santa Fe, is broadly similar to other 
portions of the Middle Rio Grande Basin, A review 
of this history is presented as an illustrative case 
study that probably reflects changes over a larger 
area. Extensive research has been conducted on the 
archeology (Head 1992; Mathien et a1. 1993; Orcutt 
[unpublished manuscript]), general land use histo
ries (Allen 1989; Rothman 1989; Scurlock and Johnson 
1994), ecology (Barnes 1986; Padien and Lajtha 1992; 
Breshears 1993;Chong 1993), and hydrology (Wilcox 
et aI., in press) of Pajarito Plateau woodlands. Syn
thesizing this information with research results from 
other areas (e.g., Rogers 1982; West and VanPelt 1987; 
Cartledge and Propper 1993; Betancourt et a1. 1993; 
Miller and Wigand 1994) leads to the general scenario 
noted in figure 3 of changes in local pinyon-juniper 
woodlands. 

American Indian effects on local woodlands are 
thought to have been insignificant or higWy local
ized lintil the late 12th century, when the Anasazi 
population began to build markedly (Orcutt [unpub
lished manuscript)). Recent archeological survey and 
excavation work at Bandelier shows evidence of ex
tensive Anasazi impacts on woodland resources dur
ing the peak occupation period of A.D. 1200-1500. 
Cutting and burning of pinyon and juniper trees for 
cooking, heating, building, and agricultural activi
ties likely led "to significant deforestation of upland 
mesas during this time, and local ungulate (prima
rily mule deer) and rabbit populations may have been 
reduced by hunting pressure (Kohler 1992). 

The overall ecological effect of several centuries of 
Anasazi occupation of the Pajarito Plateau may have 
been to favor herbaceous vegetation at the expense 
of the woodland trees. Intensive soil disturbance cer
tainly0CCtllled in farmed areas and around habitations. 
But there probably was little net change in landscape
wide erosion rates due to the small size and dispersed 
location of fann "fields" and habitations and the ef
fectiveness of herbaceous vegetation at protecting 
soils from erosion. Perhaps, the'lack of well-devel
oped, old-growth pinyon-juniper woodland in the 
Bandelier area can be partly traced to the slow 
recovery of woodlands from the effects of Anasazi 
deforestation. 
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Conceptual Model of Pinon-Juniper (PJ)
 
Ecosystem Changes on the Pajarito Plateau
 

Pleistocene climate/vegetation (mixed conifer forests) 
lead to formation of well-developed soils on mesas 

Major climate change Pleistocene 

Holocene 
(ca. 10,000 years B.P.) ,
 

Changes in climate and vegetation in the early Holocene cause 
episodes of aggradation and degradation in local canyons 

Open, grassy PJ woodlands and savannas develop on mesas, with lower
 
productivity PJ on rocky slopes. Relict soils protected from erosion by relatively
 
dense, herbaceous, ground cover and litter. Periodic fire keeps PJ density down
 

(fire return interval ..,15-40 years).
 

ANASAZlIIIPACTS 
a Cut Md burned PJ 

-Increased fire ftequency (?)(ca. A.D. 1200-1550) a l.cca'ized 801 disturbance by fanning, 
~ and habitation activities 

a Decreased ungulate populations locally by hooting
.Ir 

Decreased PJ. 'cover due to cutting and increased fire, favoring herbaceous vegetation. 
LocarlZed erosion around habitation & farming sites; overall little change in landscape

wide erosion levels due to small size and dispersed location of farm "'fields-. 

SPANISH COLONIZATION 
a Domestic livestock introduced to region, use of 

Pa;arito Plateau restricted by danger from the(late A.D. 1500's) 
Navajo and Apache until afterca. 1850·· 

a Heavier sheep use of lower caI\on areas from 
Cafiada de CochIti, san Udefonso, SanIa Clara 

Q Cutting 01 PJ for fuel and domestic use neat'settlements 
Ir 

Only localized vegetation change and accelerated erosion, 
due to limited human use of the Pajamo Plateau. ., 

, 

Rgure3. continued on next page 
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ANGLO SETTLEMENT 
o Continued increase in livestock numbers, 

especially in 1880's after railroads access area, 
large numbers of sheep and cattle are brought to 
the Pajarito Plateau; widespread use of the plateau 
for intensive grazing through 1930's 

o Extreme droughts in 1890's and 1950's 

o Selective cutting of PJ becomes more extensive 
through 1930's 

(post A.D. 1880) 
o Widespread fires eliminated by intensive grazing; 

active fire suppression initiated and 
institutionalized ca. 1910 

o Large numbers of feral burros in Bandelier National 
Monumentfrom 1940's until 1983 

o High deer numbers in Bandelier since 1940's 

o Elk reintroduced. local population grows to thousands 

PJ ecosystems, especially understory/soil subsystems, forced into disequilibrium: 

+
 
a Oeauaed grocM1d oover by grazing and hoof action from ungulates. rodents, rabbits, and ants 

- Decreased wgetation and litter cover, particuIar1y In the interspaces between tnles 

- Sol surface mic:Rx:limate becomes more extreme 

a Increased b8fv eolI_UnshoIds reached whefe precipitation becomes surface runoff instead of infiIbation 

-less W8Iler available for shaIIow-rooted herbs 

a "all.llef_ erosion _leading to fur1her ina8ase in bani soil and surface runoff in a positive feecbIck cycle 
(noIe: tNt same magnlude lUlfal event causes men erosion than before) 

a Increased precipitation Intensity (1) from ca. 1880-1930 may have futther increased surface nmoff 

a Decreased file frequency (as inadequate ground fuels Nmain to cany fire) allows ~ tree estabIistment 

a Increased PJ tree density·and PJ invasion of fonner grasslands downslope and ponderosa forests upslope:J 
.... Increased tree ~ with herbs for water, nutrients, light, space (and ~ effeds?) 

I.- Further decntases in hefbaoeous vigor"and COYer reducing hefbaoeous oontrols on tree estabIistment 
a Droughts may have further reduced herbaceous vegetation. perhaps triggering erosion on additional sites by 

'causing thresholds of exposed soli to be exceeded 

a Herbaceous plant re-establishmen becomes very difficult, even after frveslock are removed, due to 
.dominance of physiCaJ processes in the desertified inten;paces: 

-loss of cxganlc matter litterhnulch at soil surface (therefore, drier surface soil and diffICUlt surface microclimate), 
Increased fIeezeIlhaw soil displacement (disrupting seedling roots), nutrientltexture problems for seedling 
estabfishment in exposed c1ay-rich 8-horizons, nutrients translocated and concencrated beneath trees, decteased 
seed sources, depleted soil seed pools, animaf use of hems and their imited seed souroes (by ungulates, rodents, 
and ants) . 

a Sol erodes from uplands _ canyons -> Rio GrandeICochiti Reservoir 

a Bare soil_ bare rock, with even fuc1her increases in surface runoff and attendant erosion down-drainage 

Today: most local PJ woodland ecosystems are unstable
 
from a soils pelSpective, with many moving towards ·PJ rocktands"
 

Figure 3 (continued). 
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European settlement of the adjoining Rio Grande 
Valley, and the introduction of domestic livestock 
grazing, began in 1598 at today's San Juan Pueblo. 
During most of the historic period, livestock use of 
the Pajarito Plateau was apparently restricted by 
danger from Athabascan raiders (Navajo, Apache, 
Ute), although lower elevation areas near the valley's 
Spanish and Puebloan communities may have been 
heavily utilized by livestock (M. L. Smith [unpub
lished manuscript])..This constraint on use of the 
Pajarito Plateau eased by ca. 1850 but was not elimi
nated until the final suppression of Navajo raids in 
the 1860s. Still, at the time the Ramon Vigil Grant in 
the heart of the Pajarito Plateau was surveyed by the 
U.s. General Land Office in 1877, herbaceous veg
etation was noted to be abundant, and livestock use 
was apparent. Cutting of pinyon and juniper for 
fuelwood and building materials was important in 
many areas on the Pajarito Plateau in the late 19th 
and early 20th centuries. The stubs ofaxe-eut juni
pers remain obvious in most pinyon-juniper wood
lands north of Frijoles Canyon on the Plateau. 

The development of railroad links to external com
mercial markets during the 1880s led to marked in
creases in the numbers of domestic livestock grazed 
on the Pajarito Plateau, beginning in 1880 on the 
RamonVIgil Grant (Rothman 1989). Similar increases 
were reported from throughout New Mexico; there 
were about 1.3 million cattle and 3 million sheep in 
the state by 1888 (Wooton 1998). The resultant high 
intensity grazing apparently triggered ec~)ogical 

changes in local woodlands. Overgrazing caused 
sharp reductions in the herbaceous ground coverand 
associated organic litter, effectively suppressing the 
previously widespread fires. Cool season grasses, 
which green up early in the growing season, are 
thought to havebeen most affected by this year-long 
grazing pressure, so that today they are largely found 
only beneath the crowns of older woodland trees or 
on steep slopes. Reduced. cover of herbaceous plants 
and litter led to decreased water infiltration and in
creased surface runoff from the typically intense 10
eal rainfall events, and thresholds were reached that 
initiated accelerated erosion. An increase in the in
tensity of extreme storm events in the late 18005 may 
have further exacerbated erosional processes. Inany 
event, by 1913 grass cover was considered IIscant" 
and a surveyor in 1938 identified inadequate water 
infiltration as a cause. Current woodland conditions 
in Bandelier display tree canopy coverage ranges of 
12 to 45 percent, herbaceous plant coverage (basal 

intercept) of only 0.4 to 9 percent, and exposed soils 
covering between 38 and 75 percent of ground surfaces. 

Overall, the most significant ecological changes in 
local pinyon-juniper woodlands in historic times in
volve diminished and altered herbaceous ground 
vegetation, fire suppression, increased tree densities, 
and accelerated soil erosion. However, the conse
quences and interrelationships among the variables 
are open to several interpretations. 

Over the past century many young pinyon and 
juniper trees became established in the absence of 
thinning fires and competing herbaceous vegetation, 
with increases in tree density continuing to the 
present on mesic sites. Thus, tree densities increased 
within pinyon-juniper woodlands, while pinyon and 
juniper expanded their ranges upslope into ponde
rosa pine forests and juniper moved downslope into 
former grasslands. As these trees grew they became 
increasingly effective competitors for water and nu
trients in the shrinking tree interspaces, directly lim
iting herbaceous plant establishmentand growth and 
keeping much bares.oil exposed; allelopaths in juni
per n~e litter may augment this·process. While 
there are several. reasons for the accelerated erosion 
within some watersheds, theSe changes apparently 
interacted as a positive feedback cycle in which de
creased herbaceous ground cOver promoted tree in
vasion and continued erosion, which in tum fostered 
further decreases in ground cover. Increased graz

" 

ing pressure on residual herbaceous species and in
creased soil compaction in interspace areas by live

J 
stock and wildlife also contributed to the problem. 
As a result, large portions of thePajarito Plateau are 
becoming pinyon-juniper Ilrocklands" as the soil 
mantle erodes away-this is most evident on the 
southerly, low elevation mesas of the park where 
shallowersoils were alreadypresent before this mod
em erosion began. . 

The reestablishment of herbaceous ground cover 
under today's desertified mesa-top conditions is dif
ficult. Heavy utilization of the current herbaceous 
vegetation by animals ranging from harvester ants 
and mice to increasing numbers of elk may be limit
ing the availability of seed sources in many wood
land areas (Carlson 1988). Seedling establishment has 
been inhibited by changes in soil surface conditions. 
Losses oforganic matter litter, which acts as a mulch, 
and porous nutrient-rich surface soils have resulted 
in reduced water infiltration and sail nutrient avail
ability, and have caused the soil surface microenvi
ronment to become more xeric and experience more 
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l"lrel1le temperatures. The relati\'l~ly impermeable 
d.l\'~nrichedhorizons that consequently are exposed 
prl:~>nt a more difficult nutri~onal and ~'\'ater-ba~ance 

l'Jl\'ironment for prospective seedhngs. Wll1ter 
In<cze-thaw activity churns the top soil layer and cre
all'S polygonal cracking patterns in bare soils that 
damage or kill the roots of seedlings that managed· 
ttl establish successfully the previous summer. Inter
l'Stingly, in Bandelier, herbaceous \'egetation today 
is generally far more vigorous and dense on canyon 
walls than on the adjoining, eroding uplands, even 
on dry southerly aspects, as rock cobbles on the can
von slopes create a relatively stable, mulching sub
~trate where adequate moisture and nutrients are 
a\'ailable to the interspersed plants. 

Once initiated, this pattern of desertification is 
apparently difficult to break (Evans 1988). Physical 
rather than biological processes now dominate these 
sites. Biological capital that once moderated the el
emental forces has been dissipated, leaving harsh 
sites for plant establishment. Soils that likely formed 
under more mesic climate and vegetation conditions 
during the Pleistocene are eroding at unsustainable 
levels in many pinyon-juniper woodlands on the 
Pajarito Plateau today. For example, in 1993, erosion 
bridge measurements at 360 points on a 1 ha water
Ihed in Bandelier revealed a mean degradation in 
the soil surface level of 0.34 em between July and 

-'	 November (Wll.cox et ale 1993). Also, herbaceous veg
etation covercontinues to decline in some areas (Pot
terl985). 

Simply eliminating the livestock grazing that ap
,',. parently, triggered. the development of the current 
.p,; situation is not sufficient to halt the erosion. Live
·i~:, stock grazing ceased in 1932 over most of the 
".	 Bandelier area in which erosion is currently occur

ring. However, the subsequent increase in the burro 
populations south of Frijoles Canyon may have con
tributed to soil degradation. North of Frijoles Can
y~ where burros were never a significant factor, +- removal or reduction of domestic livestock was ac

,; COD\plished by 1943, with absolute exclusion of tres
pass livestock since the early 19605; yet, serious ero

;,;, ~ also occurs there and may even be more severe 
" In areas like the detached Tsankawi Unit. 

. ~ a result of the pervasiveness of human activi
~ m pinyon-juniper w<>Odlands for most of the past 

:~, n.'dlennia, current efforts by land management agen
dfi aes. to move toward ecosystem management, where 
ri~~( desired conditions are based on the historical range 

! ~ o~ natural variability, will be challenging and possi
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bly controversial. A better understanding of historic 
and prehistoric human interactions with the pinyon
juniper woodlands is needed to help define sustain
able goals for managing these important ecosystems. 

PINYON-JUNIPER WOODLAND
 
MANAGEMENT
 

Woodland Control Programs 

Livestock interests maintain that forage for live
stock has declined as the pinyon-juniper type has 
increased in area and density since European settle
ment. While the invasion question is still being de
bated (Miller and Wigand 1994), research has dem
onstrated that total forage production declines as tree 
crown closure increases (Arnold et ale 1964). 

In the period following World War II, efforts were 
started on western ranges to eliminate pinyon and 
junipers in favor of forage species. By 1961, 486,000 
ha of Arizona pinyon-juniper lands had been treated 
using a variety of techniques such as cabling, bull
dozing, individual tree burning, grubbing, and chop
ping (Cotner 1963). The treated sites were usually 
seeded with grasses once trees were removed. How
ever, the number ofhectares treated annually in Ari
zona began to decline by the late 1950s as the avail
ability ofproductiveand easily treated areas declined 
(Cotner 1963). 

The value of pinyon-juniper control efforts has 
been controversial. Arnold and Schroeder (1955) in
dicated that herbage yields could be increased by 
removing juniper trees. Clary (1971) also reported 
increases in understory vegetation following removal 
of Utah juniper inArizona; however, yields ofseeded 
exotic grasses declined after 4 to 6 years, while na
tive species tended to increase slowly over time. Seed
ing was generally unsuccessful in large conversion 
areas. Successful herbage production following tree 
removal depends on annual precipitation, pretreat
ment tree cover, and on pretreatment soil nitrate
nitrogen content (Gary and Jameson 1981). Produc
tion was also lower on soils derived from limestone. 
An increase of between 0.5 and 0.8 AUM per hectare 
was indicated for the most successful projects (Gary 
et ale 1974). The benefits of many treatments have 
declined over time. In a New Mexico study, Rippel 
et ale (1983) evaluated a treated area after 20 years, 
and found that the coyer of grasses and forbs was 
greater in an undisturbed pinyon-juniper stand than 
in the cabled area. 



--

Control programs were also justified by the as

sumption that they increased water yields. The hy

pothesis held that replacing comparatively deep

rooted trees with shallower-rooted grasses would
 
result in decreased evapotranspiration and increased
 
runoff, which would eventually reach downstream
 
reservoirs. However, while this mechanism works in
 
vegetation types found on moister sites, the basic
 
moisture requirements on dry sites are similar regard

less of vegetation, and one vegetation type is about
 
as efficient at using available moisture as another.
 
Little opportunity exists for streamflow augmenta

tion on warm, dry sites where annual precipitation
 
is less than 460 mm and is exceeded_ by potential
 
evapotranspiration (Hibbert 1979). Most pinyon

juniper woodlands fall into this category. Watershed
 
research inArizona at Beaver Creek (Clary et aI. 1974)
 
and at Corduroy Creek (Collings and Myrick 1966)
 
failed to show significant water yield increases fol

lowing control treatments. The only experiment to
 
demonstrate an increased water yield (about 5 mm
 
in an area where average annual precipitation was
 
463 mm) utilized aerial spraying of herbicides and 
did not allow the immediate harvesting of the dead, 
standing trees (Baker 1984). However, results from 
Beaver Creek (Cary et aI. 1974) indicated that soils 
deeper than 30 em. within treated areas retained. more 
soil moisture than did similar soils in untreated areas. 
1his additional moisture would benefit vegetation on 
the site even if it did not contnbute to streamflow. 

There is a common ~lief that the active erosion 
and gullying observed in the woodlands and the re
lated. decline in long-term site productivity are the 
result of the tree cover (Gifford 1987). However, 
Gifford (1987) stated that there is no evidence to sup
port this hypothesis and, in fact, existing limited. re
search indicates otherwise. Erosion is a natural pro
cess but has accelerated because of reduced vegeta
tion cover and overuse of channels and wet areas by 
livestock. The role of trees in soil stabilization is of
ten ignored in the pinyon-juniper woodlands, al
though trees are planted throughout the world for 
this purpose. Reduced infi)tration is one cause of 
overland flow and accelerated erosion. Infiltration 
rates are similar in wooded and chained areas (Evans 
1988). Plots with pinyon or juniper litter had signifi
cantly lower total sedimentconcentrations and yields 
than plots with herbaceous coveror bare plots .(Bolton 
and Ward 1992). 

Sediment movement is greatest in the interspace 
areas. Interspace areas contributed the most runoff 
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and erosion on the litter plots studied by Bolton and 
Ward (1992). It is generally agreed that the charilC
teristics of interspace areas have changed, especially 
since European settlement. While erosion has been 
attributed to the decline of herbaceous vegetation, 
there are other reasons for both factors. Wildlife and 
li,·estock concentrate on the herbaceous vegetation 
in interspace areas and use some areas as trails, con
tributing to reduced cover and increased soil com
paction. Changes in the steepness of watershed chan
nel gradients and slopes, because of erosion, have 
accelerated surface runoff rates in many areas, con
tributing to continued erosion and making reclama
tion more difficult. It is more diffic~Jt for litter layers 
to de,·elop or seeds of herbaceous species to become 
established. Wilcox (1994) reported that interspace 
runoff and erosion vary spatially and temporally. 
They also vary with watershed size (large watersheds 
react differently than runoff plots), with fluctuations 
in soil moisture and soil infiltration capacity, and with 
degree of soil surface compaction throughout the 
year. Erosion from interspace areilS with little bare 
soil was minimal but increased as the extent of bare 
ground increased. However, when the impacts of tree 
cover and interspace were integrated, as Wilcox 
(1994) also noted, sediment delivery was less from a 
small wooded. watershed. than from a non-wooded 
watershed (Heede 1987). Clary et al. (1974) concluded 
that there were no significant differences in sediment 
production on Beaver Creek between untreated 
watersheds and watersheds where trees had been 
removed. 

It was anticipated that woodland control treat
ments would benefit wildlife because of increased 
forage. Numerous studies have analyzed the effec
tiveness and efficiency of such conversions, the rela
tive success, and the responses of game and nongame 
wildlife. Expensive tools for improving range, chain
ing, and cabling only proved cost-effective in areas 
where posttreatment forage production potential was 
high (Short and McCulloch 1971). Goals of improv
ing deer foraging habitat, if reached at all, were 
achieved only if more abundant and succulent spring 
forage resulted from the conversion and ifconverted 
tracts were small and interspersed within the wood
land (Terrel and Spillett1975). Astudy at Fort Bayard, 
New Mexico (Short et al. 1977), found that large clear
ings limited deer and elk use, because the animals 
would venture only a short distance.away from cover. 
Because animal use declined as tree density in
creased, Short et aI. (1977) recommended small clear
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II1gs interspersed within the stands for improved big 
game habitat. Simultaneous improvement of big 
game habitat and range appeared difficult because 
the small, interspersed nature of conversions that 
would benefit deer was contrary to the large, open 
tracts that would provide the greatest benefi t to range 
(Short and McCulloch 1977). 

Although additional spring forage can be benefi

cial to big game, the most valuable component of
 
pinyon-juniper woodlands may be winter browse
 
provided by shrubs and other woody vegetation typi

cally removed by chaining and cabling (Terrel and
 
Spillett 1975). The removal of the mid- and overstory
 
by chaining or cabling also results in the loss of hid

ing and escape cover and important thermal cover
 
for deer and other wildlife during the winter
 
(Howard et a1. 1987). Important questions to be an

swered are whether pinyon-juniper conversions truly
 
improve foraging habitat for big game, and if so, is
 
increased spring forage more important than the
 
winter browse and thermal protection provided by
 
partial overstory or intact pinyon-juniper habitats?
 
Thus, the value of pinyon-juniperconversion as a tool
 
in big game habitat management still remains a de

bated topic. 

Knowledge of the effects of management practices 
in pinyon-juniper woodlands on wildlife and gen
eral ecosystem integrity is more important now with 
thegreater emphasis onecosystem managementand 
multiple use. Tausch and Tueller (1995) determined 
that native plant species were best retaine9-/aug
mented. and mule deer winter use was higher in sites 
with a high species diversity and cover before chain
ing. Sites with little initial understory had a higher 
cover of introduced (seeded) species and cheatgrass 
(Bromus tectorum) and less deer use after chaining. 
Bird species diversity and use by the foliage/timber 
searching guild, aerial foraging guild, and hole nest
ing guild were lower on chained plots than un
chained. However, species of the ground nesting and 
foraging guilds were not affected (Sed.gewick and 
Ryder 1987). Causes for the declines in bird use on 
chained plots may have been related to changes in 
predominant vegetation type, amount and distribu
tion of foliage, vegetation height, and canopy cover. 
Through these proximate factors, changes occur in 
factors that ultimately determine the presence or 
absence of the species such as food availability, mi
croclimate, quantity and quality of nest sites, perch 
site availability, and protection from predators 
(Sedgewick and Ryder 1987). 
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The woodlands are considered a nutrient-poor eco
system. Nutrients can be lost from the ecosystem by 
chaining and broadcast burning of slash. These ac
tivities in singleleaf pinyon (P. 11lol1opltylla)-Utah ju
niper stands could result in a loss of approximately 
13 percent of the total ecosystem nitrogen because of 
nitrogen volatilization (Tiedemann 1987). Assuming 
that 60 percent of the aboveground total nitrogen 
(about 855 kg per hectare) would be volatilized and 
a natural replenishment rate of between 1 and 2 kg 
per hectare per year, TIedemann (1987) estimated that 
this lost nitrogen would be restored in 425 to 855 
years. A study in Arizona (Perry 1993) found that 91 
percent of the vegetative nitrogen was lost follow
ing prescribed burning of pinyon-juniper slash. Such 
large losses would result in lowered long-term pro
ductivity. Other nutrients such as phosphorus are 
also affected, especially if large amounts of litter are 
consumed in the burning (DeBano and Klopatek 
1987, 1988; Perry 1993). In addition, burning also has 
a detrimental effecton soil microorganisms (Klopatek 
et a1. 1990). However, soil nutrient levels may increase 
or remain constant in the top 5 em following pre
scribed burning of slash that was not piled, because 
of oxidation oforganic materials from the vegetative 
material (Perry 1993). More information concerning 
the effects of fire on pinyon-juniper soils is presented 
in Covington and DeBano (1990). 

A benefit-cost analysis of tree control projects us
ing data from throughout the Southwest demon
strated that the most successful projects only broke 
even (Clary et a1. 1974). Fuelwood sales and poten
tial losses in long-term site productivity were not 
included in these analyses. 

Multiresource Management 

Reevaluation ofpinyon-juniper management strat
egies began in the 19705, partially because of the in
crease in fuelwood demands resulting from the oil 
embargoes (Gottfried and Severson 1993). Ffolliott 
et al. (1979) found a 400 percent increase in wood 
usage in five Arizona markets between 1973 and 1978. 
The possibilities ofsustained production of fue1wood 
and integrated resource management began to be 
considered, especially in mature woodland stands. 
The woodlands provide a full array of products in
cluding fuelwood, pinyon nuts, fence posts, Christ 
mas trees, landscape trees, forage for livestock, habi
tat for common and rare and endangered wildlife 
species, and watershed protection. Demands for 
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these products and values continue to be strong or 
are increasing. The demand for fuelwood has fluctu
ated but continues to be high. Although current val
ues are unavailable, approximately 227,000 mJ of pin
yon and juniper fuelwood were harvested in New 
Mexico in 1986 (Mclain 1989). Some of the national 
forests that are located near population centers are 
concerned that demand will exceed supply within 
the next 50 years. The livestock industry is one im:. 
portant current and traditional use of the pinyon
juniper woodlands in the Middle Rio Grande Basin. 
Watershed protection, restoration, and site produc
tivity are major concerns, especially in areas where 
past land uses have caused degraded conditions. 
There are issues concerning improving wildlife habi
tat for game species, nongame species, and threat
ened, endangered, and sensitive species. Most of the 
prehistoric archeological sites in the Southwest are 
concentrated in the pinyon-juniper zone because of 
the availability of resources and the moderate cli
mate. Fifty-seven percent of 2,000 surveyed archeo
logical sites at Bandelier National Monument are in 
juniper and pinyon-juniper woodlands. There also
 
has been an increase in the use of woodlands for rec

reation and for second and primary home sites.
 

The public has also begun to recognize that the 
pinyon-juniper woodlands are connected to the cul
ture and history ofmany rural and indigenous popu~ 

lations, and that their concerns must be integrated 
into land management plans. The woodlands have 
been used by American Indians since prehistoric 
times for construction timber, fuelwood, pinyon nuts, 
medicines~ceremonial items, and a place to hunt and 
gather food. The early European colonists and their 
descendants have used the woodlands for many of 
the same products. Most tribal and rural communi
ties in the Southwest depend on fuelwood as the pri
mary source of heating and cooking fuel, and also 
uPon the commercial sale of fuelwood as a source of 
income. Birds,game, small mammals, and woodland 
predators are important for hunting, vi~wing, and 
traditional and religious purposes in American In
dian cultures. Many aspects of t1}e Zuni religion re
volve around their relationship with the deer, which 
is hWlted for traditional and recreationalpurposes.Zuni 
Indians also hunt game birds for meat and woodland 
songbirds for their feathers (Miller and Albert 1993). 

Ecosystem management mandates the sustained 
productiVity of the land while maintaining a diverse 
and healthy ecosystem. Recognizing the potential 
value of managing the woodlands for multiple prod

ucts and benefits was the first step in the changing 
approach toward pinyon-juniper woodlands. Man
agers now have to develop prescriptions that meet 
their production goals and still produce or maintain 
productive and healthy stands. Naturally, sound pre
scriptions must account for the variability of habitat 
types and existing stand conditions. Management 
procedures also must be developed that will not dam
age archeological and historical sites within the 
woodlands. True ecosystem management should be 
based on an integrated planning effort that includes 
the inputs of managers representing the natural re
source and related disciplines. Contributions of so
ciologists, conununity representatives, or marketing 
specialists could be useful, especially on private lands. 

Not all sites have the potential to produce the full 
range of resource benefits, and this factor too must 
be evaluated. A classification for pinyon-juniper 
woodlands based on site productivity can aid man
agement planning. The pinyon-juniper woodlands 
can be divided into high-Site and low-site categories 
based onsite productivity and stand volume (Conner 
et al. 1990; Van Hooser et al. 1993). Productivity is a 
measure of how well a site is able to sustain itself, 
and is determined by soil depth and texture, rocki
ness, slope, and presenceof regeneration(VanHooser 
et at 1993). High-site lands produce wood products 
on a sustainable basis, while low-site lands include 
areas where volumes are too low to be included in 
calculations of allowable harvest levels. Some trees 
can beharvested from low-site lands, but they would 
only support a single harvest and the total volume 
harvested would be insignificant. Almost86 percent 
of the pinyon-juniper and 80 percent of the juniper 
woodlands in New Mexico are in the high-site cat
egory (Van Hooser et al. 1993). High-site lands have 
the best potential for integrated resource manage
ment. The Bureau of Indian Affairs in Albuquerque 
tentatively defines commercial woodlands as those 
prodUcing 0.4 m3/ha of wood products annually. 

The new ecosystem approach to pinyon-juniper 
management must be based on sound scientific in
formation. However, our knowledge of the ecology 
of woodlands and impacts of management options 
is incomplete. The RockyMountain Forest and Range 
Experiment Station of the USDA Forest Service, per
sonnel from land management agencies, and univer
sities are attempting to fill gaps in our knowledge, 
but the emphasis on woodlands is rel~tively recent 
and many questions remain to oe answered. The 
Rocky Mountain Station is currently conducting re
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~t'(lrch on tree regeneration ecology and silviculture; 
wiltershed management including soil erosion and 
~itl' productivity; effects of stand treatments on v"ild
life habitat relationships; and tree mensuration 
(Gottfried 1992b). 

Management of High-Site Woodlands 

Silvicultura' approaches 

Silviculture provides the tools for manipulating the 
woodland tree cover to sustain production of wood 
products and maintain woodland health. One chief 
goal of silviculture is to obtain satisfactory tree re
generation for the future. Silviculture can also be used 
to improve forage production and wildlife habitat 
and to create an aesthetically pleasant landscape. 

Managers from the USDA Forest Service, USDI 
Bureau of Indian Affairs, and other federal and state 
agencies are also attempting to develop prescriptions 
that would provide integrated resource management. 
Management prescriptions and objectives vary 
throughout the Southwest. Bassett (1987) reviewed 
the common silvicultural prescriptions and con
cluded that single-tree selection and two-step 
shelterwood methods are best for sustained stand 
health and productivity of woodlands. These meth
ods are compatible with the dispersal pattems of 
heavy tree seed, provide protected micro-sites for 
regeneration, and are aesthetically acceptable. There 
are, however, some disadvantages, especially related 
to the costs associated with"intensive management 
and potential damage to residual trees during initial 
and subsequent harvests. 

Bassett (1987) presented a discussion of the trade
offs that must be evaluated in preparing a prescrip
tion. A single-tree selection treatment designed to 
reduce stand density but still retain uneven-aged 
structure and horizontal and vertical diversity is be
ing studied by the Rocky Mountain Statiori in coop
eration with the Heber Rang~rDistrictof the Apache-
Sitgreaves National Forests at Heber, Arizona 
(Gottfried 1992b). Single-tree selection prescriptions 
also are being evaluated by the USDI Bureau of In
dian Affairs in western New Mexico and southern 
Colorado (Schwab 1993). The effects ofdifferent stand 
densities on pinyon nut production are being stud
ied jointly by the Rocky Mountain Station and the 
Albuquerque Area Office of the Bureau of Indian 
Affairs. Group selection, which creates small open
ings within the stand, is less common and needs fur

tlwr study. Success from the forestry perspective 
would depend on achieving satisfactory regenera
tion from residual seedlings and seed, and from 
mO\'ement of seed into openings from the surround
ing stand. Two-step and three-step sheiterwood 
methods are being evaluated in New Mexico. A one
step sheltenvood method can be used when advance 
regeneration is satisfactory. 

The clearcut method and the seed-tree method 
generally result in unsatisfactory regeneration suc
cess because of poor seed dispersal. Small clearcuts 
can be appropriate when dwarf mistletoe control is 
necessary. Silvicultural prescriptions should be com
patible with habitat type characteristics. Proper man
agement for sustained production of the tree re
sources also requires additional growth and yield 
information related to site characteristics (Gottfried 
1992a). 

Wildlife-range approaches 
Factors related to the proximity of suitable veg

etation conditions and the availability of food, hid
ing and thermal cover, and nesting sites actually de
termine the distribution of most wildlife species, 
whether bird or mammal. Because of different spe
cies' habitat requirements, the same changes that 
degrade habitats for some species are likely to im
prove habitats for others. Although total numbers of 
small mammals increased in plots cleared by chain
ing or bulldozing in a New Mexico study, responses 
of individual species varied depending on habitat 
requirements (Severson 1986a). Woodrats and brush 
mice increased when slash was left, regardless of 
overstory. Pinyon mice and rock mice increased when 
slash was left and overstory was relatively intact but 
decreased if overstory was completely removed 
(Severson 1986a; Sedgewick and Ryder 1987). Kruse 
et al. (1979) also found that species preferring wood
land habitats decreased in treated woodlands. Grass
land species increased when the overstory and slash 
were completely removed but decreased. when slash 
was left. Initial data indicate that fuelwood harvest
ing may negatively affect pinyon miceand positively 
affect deer mice populations and species diversity 
(Kruse 1995). Although grassland and other open 
woodland species may benefit from partial or entire 
removal of overstory, the amount of remaining ma
ture woodland (and thus habitat for species that re
quire a more dense canopy) should be considered. 

Pinyon-juniper woodlands are used. and manipu
lated for a variety of purposes (grazing, range im
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provement, fuel wood harvesting, recreation, vhld
life habitat, etc.). A greater knowledge of species' 
habitat requirements and the effects of nomvildlife
related activities on wildlife resources mav enable 
managers to select tools for achieving their goals that 
minimize detrimental effects or maximize beneficial 
effects on wildlife. For example, species that require 
midstory and understory plants may decline in ma
ture pinyon-juniper habitats with dense canopies and 
thus may benefit from fuelwood harvests (Short and 
McCulloch 1977). In addition, the different hiding 
cover and overstory requirements of individual spe
cies suggest that slash disposal and degree of over
story removal are factors that may be manipulated 
to determine which species benefit from the treat
ment (Severson 1986a). 

Current management is integrating livestock and 
wildlife with tree product objectives. A careful as
sessment of wildlife and other needs must be made 
to ensure tradeoffs in resource allocation are accept
able. Gearing small dispersed areas of trees benefits 
elk, mule deer, and livestock (Shortet a1.1977). Open
ings create a more diverse landscape that favor many 
wildlife species. For example, small mammal popu
lations may increase within cleared areas (Severson 
1986a) and thus may attract more predatory birds 
and mammals. Birds that feed on insects associated 
with openings should also benefit from this land
scape. However, openings should no.t be too large 
(Severson and Medina 1983) and the woodlands 
should not become fragmented. In many cases, the 
actual size of the openingS may notbe critical if con
tinuouscorridors ofadequate width are maintained. 
Stands surrounding openings can remain untreated 
or may be partially harvested. Forage production is 
also stimulated in areas harvested using an overstory 
removal cut and in group selection openings. 

Managers must decide ifcleared wildlife-livestock 
areas should be maintained or if trees should be al
lowed to reoccupy the sites. If trees are allowed to 
reoccupy the openings, a management scheme could 
be created that involves a variety of seral stands. 
There is a need to define spatial and temporal pat
terns by habitat type that maXimize plant and ani
mal diversity. Springfield (1976), Severson and 
Medina (1983), and Short and McCulloch (1977) 
present reviews of range management and wildlife 
management within the woodlands. 

Treabnents that reduce tree densities, such as the 
single-tree selection and she1terwood method, should 
benefit livestock and native ungulates by providing 

additional forage while maintaining some degree of 
thermal and hiding cover. Increased herbaceous 
cover will also help stabilize the soils on some sites. 
However, the impacts of resid ual trees on understory 
dynamics is unclear. Large reductions in tree canopy 
cover are necessary to improve total herbage yields 
(Arnold et a1. 1964; Pieper 1990). However, \·vhile total 
herbage biomass and blue grama biomass decline with 
increased canopy cover, the biomass of cool-season 
grasses such as pinyon-ricegrass (Pipfoc!lacfiUI1I 
fimbria/um) and New Mexico muhly (Mu!l/ellbcrgin 
pal/ciflorn) actually increase with increased tree cover 
(Pieper 1990). Further research relating herbage pro
duction to stand density is being planned. 

Many high-site areas treated. during pinyon-jWl.iper 
control programs have been reoccupied by healthy 
stands of trees over the past 30 to 40 years, often the 
result of advance regeneration that survived the ini
tial treabnent. If regeneration is vigorous and dense 
enough to result in a healthy tree stand, the area 
should not be treated again because successful re
generation of large openings is difficult. The young 
stands would be part of the diverse landscape re
quired by many wildlife species. Increased herbage 
production would occur until the tree canopycloses. 

Slash disposal 
Slash disposal after harvesting or vegetation type 

conversion is another important issue in woodland 
management. Slash disposal may vary according to 
managementobjectives (Severson and Medina 1983). 
On anyone management area, several slash treat
ments may be warranted and practical. It is gener
ally accepted, based on work in the Great Basin 
(TIedemann 1987), that burning slash in large piles 
is unacceptable because of the adverse effects on soils 
and overall site productivity. However, slash in small 
piles may be burned with the intent of creating areas 
containing earlier seral stages that increase floristic 
species richness on the treabnent area. Other piles 
could be left unburned to provide habitat for small 
mammals (Severson 1986a). Slash piles can break up 
sight distances and provide security cover for wild 
ungulates. Slash can be scattered in some areas to 
provide protection for herbaceous growth and to 
provide nursery sites for young trees. On other sites, 
scattered slash could be burned in a cool flre to pro
mote temporary increases in nutrient contents of the 
herbaceous forage components. 

Slash also provides some erosion protection by 
retarding surface water movement and serving as a 

." 118
 



place where sediment can accumulate and not be lost
 
{wm the site. A study of se\'eral slash disposal treat

ments showed that a slash-scattered treatment resulted
 
in the least surface runoff and sediment loss and in rela

tively higher soil moistures (\'\food and Javed 1992). TIus
 
treatment also had the best vegetation response, which
 
helps protect the soil, slows runoff and erosion, and
 
increases infiltration. Slash burning and complete slash
 
removal had the reverse effect. Slash can also be placed
 
into small gullies to reduce erosion.
 

Slash is often collected by older members of rural
 
co~unitiesor American Indian tribes for cooking
 
and heating purposes. It is an inexpensive and eas

ily obtained resource. It also provides a useful activ

ity for younger members of thecommunity. There have
 
been conflicts between these communities and land
 
management organizations when slash is burned.
 

Single Resource Emphasis 

While the wisdom of woodland control for pro
duction of forage for livestock on high-site public 
lands is questionable from economic and ecological 
perspectives, some private owners may still prefer 
this option. Some benefits of multiresource manage
mentcanstill be achieved. Fuelwood and other wood 
products should be harvested rather than leaving 
downed trees on site. This harvest provides a cash 
return and makes subsequent activities easier and 
more economical. One approach, even when live
stock production is the main objective, is to create 
mosaics of tree-covered areas interspersed with 
grass-forb-dominated areas. Such a pattern should 
favor a niixtureofcool-seasonand warm-seasongrasses 
(Pieper 1990). Amosaic landscape isbeneficial for wild
life and livestock and is aesthetically pleasing. 

Another approach is to create savannas by retain
ing some of the larger pinyon and juniper trees from 
the original stand. Such savannas can be more aes
thetically pleasing than large openings and still pro
vide some limited wildlife habitat benefits and shade 
for livestock. Although large savannas have draw
backs, this treatment should be ~tegrated into a land
scape that includes untreated and lightly treated 
stands and small openings. 

Management of Low-Site Woodlands 

Tree control to enhance forage production is easier 
to justify on low-site lands where managem~ntfor 
tree products is not economically or biologically fea
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sible. Forage production should be stimulated by 
normal range management activities, with the actual 
techniques depending on equipment demands and 
site characteristics. Stands of low stature and den
sity could be the result of arid conditions that would 
affect the quantity, quality, and rate of replacement 
of grasses and forbs. Site factors, such as soil physi
cal and chemical characteristics and alU1ual precipi
tation, hav~ to govern the appropriateness of treat
ments and the selection of forage species. 

Even when tree control is desired, managers 
should consider the size and placement of openings 
and consider prescriptions recommended for high
site lands. Large openings are detrimental to deer and 
elk and to many nongame species. Mosaics of trees 
interspersed with cleared areas create a more accept
able landscape. The covered areas provide hiding and 
thermal cover for both wildlife and livestock. It is 
common to find cattle concentrating in pockets of 
residual trees within chained or cabled areas. 

Regardless of the treatment and objectives on high
and low-site lands, proper grazing management is 
an important key to successful range improvement 
activities. Although data are scarce, there is a gen
eral belief that the poor response ofnative and intro
duced forage species to tree control activities can be 
related to poor livestock management. Animals were 
often allowed onto areas before the plants had be
come established. Some grazing deferral for at least 
two grazing seasons probably is necessary although 
the amount must be governed by site, climate, and 
forage species. 

RESEARCH NEEDS 

Numerous gaps exist in our knowledge of the ecol
ogy and management of the pinyon-juniper wood
lands of New Mexico and the Southwest. Based on 
experiences, responsibilities, and needs, land man
agers and scientists have identified high priority top
ics that should be studied. Obviously, the research 
topics and their priorities vary. A list of recommended 
research and management activities was included as 
part of the proceedings from the 1993 Santa Fe 
pinyon-juniper symposium (Aldon and Shaw 1993). 
A subsequent meeting was held at the New Mexico 
State Land Department Office in Santa Fe to develop 
an action plan for managing New Mexico's wood
lands for sustainability and social needs (Aldon and 
Shaw 1993). Achieving most of the goals in the plan 
would require additional basic and applied research. 



Landscape and plant ecological studies provide the 
basis for high priority research opportunities (table 1). 
Ecological research in these areas is applicable to all 
aspects of ecosystem management. For example, 
stand dynamics information and predictive models 
would be needed for effective tree product and wild
life management, and for efforts to maintain and 
enhance biological diversity. Currently, many as
sumptions are being made about historic tree densi
ties and encroachment ofgrasslands without the ben
efit of accurate historical information. Demographic 
studies would provide important information about 
changes in the woodlands related to climatic fluc
tuations, natural and human perturbations, and gen
eralland-use histories. 

Enhanced biodiversity is central to ecosystem man
agement. There is a need to develop agreements on 
desired conditions for the different pinyon-juniper 
ecosystems, particularly an understanding of the 
structural, functional, and spatial arrangements over 
time and space that will allow management for 
sustainability. How do management and natural pro
cesses affect plant and animal composition and den
sity? How do they affect ecosystem stability? Prior
ity studies would investigate the relationships be
tween faunal and floral structure and community 
composition of different types of woodland stands. 
There is also a need to understand the major influ
ences, processes, and relationships between trophic 
levels, for example,how mammaIs, birds, and insects 
influence cone production; seed dispersal,1!fid regen
eration,nutrient cycling, and food webs. An under
standing of soil ecology is basic to the health of the 
entire ecosystem.. The effects of land use on soil re
sources has often been ignored but has implications 
for the sustainability of all ecosystem components. 
Landscape fragmentation is a concern. How does 
fragmentation limit the efficiency of ecosystem pro
cesses and effectiveness of ecosystem functioning 
and, consequently, impact sustainability? 

Woodland managers need further research on pin
yon and juniper diseases and insects and their im
pacts on regeneration, growth/yields, and mortality. 
The effects of pinyon dwarf mistletoe and of flower 
and cone insects are of particular concern. There is a 
need to develop and evaluate various silvicultural 
prescriptions for promoting various management 
options, includingenhanced understory composition 
and density. Growth and yield information, related 
to habitat type, is vital to sound management. Con
cerns about pinyon-juniper watershed conditions are 

especially important in New Mexico; effective and 
efficient methods are needed to restore watershed 
stability without compromising the integrity of 
woodland ecosystems. 

Fire history, ecological impacts, and management 
require additional attention. Fire or the lack of natu
ral fire, as has been noted, was an important factor 
in shaping the composition and structure of 
presettlement and present stand conditions. Misuse 
of fire, for example in some slash disposal activities, 
has often damaged site productivity. Managers are 
beginning to consider methods of reintroducing fire 
to the ecosystem but more information is needed. 
There are very few fire histories from the pinyon
juniper woodlands and only a few studies concerned 
with fire effects on soil resources. 

Many concerns about management and the pres
ervation of cultural resources exist. While some re
search has been conducted on the effects of fire on 
cultural resources in the Southwest (Knight 1994; 
Lent et al., in press; Lissoway and Propper 1990; 
Traylor et al. 1990), much of this work has been con
ducted in ponderosa pine forests, the work ofSwitzer 
(1974) and Eininger (1990) being exceptions. Given 
the inclinationofmany resource managers to increase 
the role of prescribed fire in these woodlands, it 
would be desirable to have better information on fire 
effects on cultural resources in woodland areas. The 
increase in the number of unauthorized roads and 
off-road vehicle use have implications for cultural, 
hydrological, and biological resources in the South
west. More sociological and educational research is 
needed on ways to deter the public, as well as com
mercial pot-hunters, from degrading our heritage 
resources. Little is known about the effects of other 
ecological processes in pinyon-juniper woodlands on 
the integrity of cultural resources. The recent 
Bandelier Archeological Survey recorded extensive 
impacts to archeological sites from such phenomena 
as trees and large cholla cacti growing and tipping 
over in sites; animal burrows; trampling impacts 
from large mammals like elk; feral burro wallows; 
and erosion. About 76 percent ofapproximately 1,500 
surveyed archeological sites were affected by one or 
more types of erosion, particularly displacement of 
surface artifact assemblages by sheet erosion (Head 
1992). Increasing elk numbers in the Southwest has 
raised concerns that elk may impact archeol<:>gical 

.sites through trampling (much like cattle) and by fa
cilitatingerosion problems through grazing pressure 
on the limited herbaceous ground cover. More re
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Tobie 1.-landscape and plant ecological retearch need. 'Of the MIddle Rio Gronde 8011n. 

Research topic Justification Examples 

Spatial analysis of site and stand charac
tertstlcs at the regional scale using remote 
sensing and GIS. 

Provide a mopped data and In'ormatlon system 'or modeling efforts. reglonallzation 
of local research products. and proposed management actions. 

Milne (in progress) . University of 
New Mexico 

2 Regional-scale biogeographic and bio
geochemical models. Integrated with 
models of stand dynamics. 

These models provide use'ul tools 'or organIZing ecosystem research. for Investigat
Ing factors that Influence ecosystems at vartous scoles. and for forecasting ecosys
tem response to climate and land use at the regional scale. 

MAPPS: Neilson and Marks 1994; 
TEM: McGuire et 01. 1992: Rosteller 
et 01. 1991: Forest-BGC: Running 
and Coughlan 1988; CENTURY: 
Parton et 01. 1988 

~ 

" ~ 

3 Stand dynamics models. 

4 Hlstortcal studies 0' pinyon-Juniper wood
lands. particularly the lost 2.()(X) years; this 
Includes the use 0' archival In'ormatlon 
on land use. hlstortcal ground and aertal 
photography. long-term demographic 
disturbances. climatic reconstructions 
from tree rtngs. and packrat midden stud
les to determine ecotonal shifts. 

Simulation 0' 'orest suc~esslonal and ecosystem process at the local scale; gop models 
can simulate tree establishment. growth. and mortality. These models can be used to 
assess sustainablllty 0' fuel harvesting 0' both dead or live wood. or to evaluate the 
Impact0' tree removal on stand stnJcture. Models can be used to project changes In 
local and regional stand structure due to land use and climate. Simulations can be 
tested against hlstortcal reconstructions (see 4). 

Provide long-term data about baseline (background) conditions and natural vari
ability In the more sensitive ports 0' the ecosystem (p-j/grassland or p-j/ponderosa 
ecotones); descrt~tlon 0' the range 0' possIble trajectories. Better understanding of 
how climate. disturbance (e.g.• fire) and land use maintain or shift ecotonal bound
aries. Gage the regional and long-term Impact of catastrophic droughts as well as 
wet episodes on ecotonal boundartes. age structure. and species composition. 

FORSKA-2: Prentice et 01. 1993; HY
BRID: Friend et 01. 1993; SILVA: 
Kercher and Axelrod 1984; 
ClIMACS; Dole and Hemstrom 1984; 
ZElIG. Urban et 01. 1993; FORMAN I 
Samuels and Betancourt 1982 

Betancourt et 01. 1993; work in 
progress through collaboration by 
Forest Service. USGS-Desert Labo
ratory. and University of Arizona
Tree Ring Laboratory (in progress) 

5 Reconstructton and long·term monltortng 0' pinyon seed crops (mastlng) at the 
regional scale using cone-scar assays. 
tree-ring data. and annual field surveys. 

Mastlng Influences pinyon age structures. as well as population cycles of seed preda
tors. Pinyon nuts are on Important cosh crop In New Mexico. ClimatiC Influences on 
geographic and temporal patterns In bumper crops cannot be determined without 
reconstructing and monltortng seed crops at the regional scale. 

Forcella (1981); Floyd (1987); Little 
(1940) 

6 Regional seedling surveys carried out 
every two years for trend detection; flrst· 
year effort will be Inclusive. subsequent 
years will be less Intensive. 

Detect trends In regeneration of pinyon-Juniper woodlands relative to Climate. land 
use. and site charactertsttcs. Resolve controversies about trends In regeneration rela
tive to fire suppression and grazing. Address If the wet episode of the 19805 and 1990s 
has produced a surge In pinyon and junIper recruitment. 

None 

7 Reglonallnventortes of woody debrts and 
fuel harvesting; quanttfy woody debrts In 
undIsturbed vs. disturbed stands; quan
ttfy regional availability and exploitation0' wood debrts as fuel. 

8 Reglo"al study 0' successional processes 
at woodland conversion sites along en· 
vlronmental gradients. 

t 

Woody debrts Inhlblts soli erosion. provides mlcrosltes 'or germination/establishment. 
offers shelter 'or 'auna. and serve os storage and recycling points 'or nutrtents. Fuel 
gathertng Is on Important economic actMty In some rural communlttes; It tends to 
concentrate near populatlon centers. There Is currently no regional assessment of 
fuel harvesting or 0' Its ecological consequences. 

The long history 0' conversIons In the 19501 and 19605 provides a useful framework to 
study changes In successIon 0' bOth herbaceous and perennial plant cover and In 
nutrient dlstrtbutlon 30 to 40 years otter wholesale removal 0' trees. Trees In p-j accu
mulate nutrients beneath their canopies: whot were the long-term effects of different 
tree removal technIques on distribution and loss/gain 0' nutrients? 

Ernest et 01. (1993); DeBono et 01. 
(1987); Borth (1980) 

Rippel et 01. (1983) 

9 Water and sedIment budgets at water· 
shed and basIn scoles; develop models0' water balance and sedIment yield. 
storage. and transport. 

linkage with bIogeographic and biogeOChemical models; esttmate erosion losses 
during 20th century. 

Lone and Barnes (1987); Dortlgnac 
(1960); Hawkins (1960); Renard 1987; 
Milne (in progress). University of New 
Mexico 



search on these topics would be useful to help re
source managers assess how to best maintain the 
cultural resources in their care. 

There is consensus among southwestern archeolo
gists that a key need is for better information on in
teractions between prehistoric and historic human 
societies and woodland environments. Such infor
mation would also help define sustainability goals 
for management of these ecosystems. A focal issue is 
to ascertain the magnitude and causes of changes in 
woodland ecosystem structure and function in the 
Middle Rio Grande Basin during periods of human 
occupation, and to determine how those changes in 
turn affected the societies that were contributing to 
them (Samuels and Betancourt 1982). Toward this 
end, better paleoenvironmental information is 
needed, especially data on vegetation change, trends 

.,	 in soil erosion and development, and climatic recon
structions. Integrated geomorphological and archeo
logical investigations relating patterns of soil erosion 
to human land use practices would be valuable, given 
the Widespread perception that current high erosion 
rates are unsustainable and largely triggered by mod
ern human agency. 

There is a need for socioeconomic studies within 
the pinyon-juniper woodlands of the Middle Rio 
Grande Basin. Managers must be attuned to the 
needs and views ofsociety. Sociological studies con
cerned with conflictand policy issue resolution tech
niques would be desirable. Analyses of policies that 
relate to the sustainability of natural resources have 
been the focus of similar studies threughout the 
world;but unfortunately, not in relation to the pinyon
juniper woodlands. A study is needed to assess cur
rent policies in relation to technical issues. Technical 
problems often are related to the lack of effective 
policies or the lack of proper implementation and 
compliance with these policies. Frequently, techni
cal problems can be solved once suitable policies are 
available. There is a need for better, and perhaps more 
formal, communication and coordination among the 
land managementand the research communitiescon
cerned with pinyon-juniper woodlands. Public edu
cation about the aesthetic and commercial values of 
the woodlands would enhance public support and 
understanding for ecosystem management. Eco
nomic considerations may not be important in set
ting management goals on sensitive or fragile sites 
but they should be evaluated. in the preparation of 
most multiresource, ecosystem management deci
sions. Economic analyses of common· prescriptions 

would increase the information needed for manage
ment decisions. 

ACKNOWLEDGMENTS 

The authors would like to acknowledge the help
ful and thoughtful comments of the technical review
ers: P.F. Holliott (University of Arizona, Tucson), S.A. 
Haglund (USDI Bureau of Indian Affairs, Albuquer
que), S.R. Loftin (USDA Forest Service, Rocky Moun
tain Forest and Range Experiment Station, Albuquer
que), B.A. Schwab (USDI Bureau of Indian Affairs, 
Albuquerque), D.W. Shaw (USDA Forest Service, 
Southwestern Region, Albuquerque), and J.E. Waconda 
(USDI Bureau of Indian Affairs, Albuquerque). 

REFERENCES 

Aldon, Earl F.; Shaw, Douglas W. tech coords. 1993. 
Managing pinon-juniper ecosystems for 
sustainability and social needs; 1993 April 26-30; 
Santa Fe, NM. Gen. Tech. Rep. RM-236. Fort 
Collins, CO: U.S. Department of Agriculture, For
est Service, Rocky Mountain Forest and Range 
Experiment Station. 169 p. 

Allen, CD. 1989. Changes in the landscape of the 
Jemez Mountains, New Mexico. Ph.D. dissertation, 
Univ. of California, Berkeley. 346 p. 

Allen, CD. [In press]. The role of disturbances and 
site history in Pajarito Plateau pinyon-junipereco
systems. In: Martens, S.N.; Rich, P.M., compilers, 
Integrative modeling of pinyon-juniper wood
lands. Tech. Rep. Los Alamos, NM: U.S. Depart
ment of Energy, Los Alamos National Laboratory. 

Arnold, Joseph F.; Jameson, Donald A.; Reid, Elbert 
H. 1964. The pinyon-juniper type in Arizona: ef
fects of grazing, fire, and tree control. prOd. Res. 
Rep. 84. Washington, DC: U.S. Department of Ag
riculture. 28 p. 

Arnold, Joseph F.; Schroeder, W. L.1955.Junipercon
001 increases forage productionon the FortApache 
Indian Reservation. Sta. Pap. 18. Fort Collins, CO: 
U.S. Department of Agriculture, Forest Service, 
Rocky Mountain Forest and Range Experiment 
Station. 35 p. 

Bahre, CJ. 1985. Wl1dfire in southeastern Arizona 
between 1859 and 1890. Desert Plants. 7: 190-194. 

Baker Jr., Malchus B. 1984. Changes in streamflow in 
an herbicide-treated pinyon-juniper watershed in 
Arizona, Water Resources Research. 20: 1639-1642. 

122
 



l3alda, Russell P. 1987. Avian impacts on pinyon
juniper woodlands. In: Everett, R. L., compiler. Pro
ceedings, Pinyon-juniper conference; 1986 January 
13-16; Reno, NY. Gen. Tech. Rep. INT-215. Ogden, 
UT: US. Department of Agriculture, Forest Service, 
Intermountain Research Station: 525-533. 

Balda, R.P.; Bateman, G.c. 1971. Flocking and annual 
cycle of the Pinon Jay, Gymnorhinus cyanocephalus. 
Condor. 73: 287-302. 

Balda, RP.; Masters, N. 1980. Avian communities in 
the pinyon-juniper woodland: a descriptive analy
sis. In: Management of western forests and grass
lands for non-game birds. Gen. Tech. Rep. INT
86. Ogden, UT: U.S. Department of Agriculture, 
Forest Service, Intermountain Research Station: 
146-169. 

Bannister, B.; Robinson, W.J. 1975. Tree-ring dating 
in archeology. World Archeology. 7: 210-225. 

Barger, Roland L.; Ffolliott, Peter F. 1972. Physical 
characteristics and utilization of major woodland 
tree species in Arizona. Res. Pap. RM-83. Fort 
Collins, CO: U.S. Department of Agriculture, For
est Service, Rocky Mountain Forest and Range 
Experiment Station. 80 p. 

Barnes, F.J. 1983. Habitat types in pinon-juniper 
woodland on the Pajarito Plateau and range con
ditions in Bandelier National Monument. (unpub
lished report). Los Alamos, NM: U.s. Department 
of the Interior, National Park Service, Bandelier 
National Monument. 64 p. 

Barnes, F.J. 1986. Carbon ga~ and water relations in 
pinyon-juniper habitat types. Ph.D. disseRation, 
New Mexico State University, Las Cruces, New 
Mexico 174 p. 

Barth, RC. 1980. Influence of pinyon-juniper trees 
on soil chemical and physical properties. Soil Sci
ence Society of America Journal. 44: 112-114. 

Bassett, Richard L. 1987. Silvicultural systems for 
pinyon-juniper. In: Everett, RL., compiler. Proceed
ings, Pinyon-juniper conference; 1986January 13
16; Reno, NY Gen. Tech. Rep.1NT-215. Ogden, UT: 
U.S. Department of Agriculture, Forest Service, 
Intermountain Research Station: 273-278. 

Belnap, J. 1990. Microbiotic crustS: Their role in past 
and present ecosystems. Park Science. 10: 3-4. 

Belnap, J.; Gardner, J.S. 1993. Soil microstructure in 
soils of the Colorado Plateau: the role of the 
cyanobacterium Microcoleus vaginatus. Great Basin 
Naturalist. 53: 40-47. 

Betancourt, Julio L. 1987. Paleoecology of pinyon
juniper woodlands: summary. In: Everett, R.L., 

compiler. Proceedings, Pinyon-juniper conference; 
1986 January 13-16; Reno, NV. Gen. Tech. Rep. 
INT-21S. Ogden, UT: US. Department of Agricul
ture, Forest Service, Intermountain Research Sta
tion: 129-139. 

Betancourt, J.L.; Van Devender, T.R.; Martin, p.s. 
(eds.) 1990. Packrat middens: the last 40,000 years 
of biotic change. University of Arizona Press, Tuc
son, AZ. 472 p. 

Betancourt, Julio L.; Pierson, Elizabeth A.; Rylander, 
Kate Aasen; Fairchild- Parks, James A.; Dean, Jef
frey S. 1993. Influence of history and climate on 
New Mexico pinon-juniper woodlands. In: Aldon, 
E.F.; Shaw, D.W., tech. coords. Managing pinon
juniper ecosystems for sustainability and social 
needs; 1993 April 26-30; Santa Fe, NM. Gen. Tech. 
Rep. RM-236. Fort Collins, CO: U.S. Department 
of Agriculture, Forest Service, Rocky Mountain 
Forest and Range Experiment Station: 42-62. 

Bolton, Susan M.; Ward, TImothy J. 1992. Hydrologic 
processes in the pinyon-juniper vegetation zone of 
Arizona and New Mexico. In: Ortega Klett, C. T., 
ed. Proceedings 36th annual New Mexico water 
conference: agencies and science working for the 
future; 1991 November 7-8; Las Cruces, NM. WRRI 
Rep. No. 265. Las Cruces, NM: New Mexico State 
University, NewMexico Water Resources Research 
Institute: 31-44. 

Breshears, David Dale. 1993. Spatial partitioning of 
water use by herbaceous and woody Iifeforms in 
semiarid woodlands. Ph.D. dissertation, Colorado 
State University, Fort Collins, CO. 78 p. 

Brown, D.E. 1982. Great Basin conifer woodland. 
Desert Plants. 4: 52-57. 

Brown, David E. 1994. Out of Africa. Wilderness. 58: 
24-33. 

Carlson, S.R 1988. Influence of western harvester 
ants on vegetation and soils in a semi-arid moun
tain ecosystem. M.S. thesis, New Mexico State 
Univ., Las Cruces, NM. 50 p. 

Cartledge, T.R and Propper, J.G. 1993. Pifton
juniper ecosystems through time: Information and 
insights from the past. In: Aldon, E.A.; Shaw, D.W., 
tech. coords. Managing pinon-juniper ecosystems 
for sustainability and social needs; 1993 April 26
30; Santa Fe, NM. Gen. Tech. Rep. RM-236. Fort 
Collins, CO: U.S. Department of Agriculture, For
est Service, Rocky Mountain Forest and Range 
Experiment Station: 63-71. 

Cayan, D. R.; Webb, R H. 1992. El Nifto/Southern 
Oscillation and streamflow in the western United 

1-23
 



States. In: Diaz, H.E; Markgraf v., cds. EI Niiio: 
Historical and paleoclimatic aspects of the South
ern Oscillation. Cambridge University Press, Cam
bridge: 29-68. 

Chojnacky, David C 1985. Pinyon-juniper volume
 
equations for the Central Rocky Mountain states.
 
Res. Pap. INT-339. Ogden, UT: U.s. Department
 
of Agriculture, Forest Service, Intermountain Re

search Station. 27 p.
 

Chong, Geneva. 1993. Revegetation of pinon-juniper
 
woodlands with native grasses. In: Aldon, E.F.;
 
Shaw, D.W. tech. coords. Managing piflon-juniper
 
ecosystems for sustainability and social needs; 1993
 
April 26-30; Santa Fe, NM. Gen. Tech. Rep. RM

236. Fort Collins, CO: U.S. Department ofAgricul
ture, Forest Service, Rocky Mountain Forest and 
Range Experiment Station: 34-41. 

Clary, Warren P. 1971. Effects of Utah juniper removal
 
on herbage yields from Springerville soils. Jour

nal of Range Management. 24: 373-378.
 

Oary, Warren P.; Baker Jr., Malchus B.; O'Connell, 
Paul E; Johnsen Jr., Thomas N.; Campbell, Ralph 
E. 1974. Effects ofpinyon-juniper removal on natu
ral resource products and uses in Arizona. Res. 
Pap. RM-128. Fort Collins, CO: U.S. Department 
of Agriculture, Forest Service, Rocky Mountain 
Forest and Range Experiment Station. 28 p. 

Clary, Warren P.; Jameson, Donald A. 1981. Herbage 
production following tree and shrub removal in 
the pinyon-juniper type of Arizona. Journal of 
Range Management. 34: 109-113. 

Collings, M.R.; Myrick, R.M. 1966. Effects..of juniper 
and pinyon eradication on streamflow from Cor
duroy Creek Basin, Arizona. Prof. Pap. 491-B. 
Washington, OC: U.S. Department of Interior, Ge0
logical Survey. 12 p. 

Conner, Roger C; Born, J. David; Green, Alan W.; 
O'Brien, Renee A. 1990. Forest Resources of Ari
zona. Res. Bull. INT-69. Ogden, UT: U.S. Depart
ment ofAgriculture, ForestService, Intermountain 
Research Station. 92 p. 

Cotner, Melvin L. 1963. Controlling pinyon-juniper 
on southwestern rangelands. Rep. 210. Tucson, AZ: 
University of Arizona, Aritona Agricultural Ex
periment Station. 28 p. 

Covington, W. Wallace; DeBano, Leonard F. 1990. 
Effects of fire on pinyon-juniper soils. In: Krammes, 
J.S., tech coord. Effects of fire management of 
southwestern natural resources: proceedingsof the 
symposium; 1988 November 15-17, Tucson, AZ. 
Gen. Tech. Rep. RM-191. Fort Collins, CO: U.S. 

124 

DepartmentofAgriculture, ForestServicc, Rocky Moun
tain Forest and Range Experiment Station: 78--86. 

Crawford, CS. 1986. The role of invertebrates in 
desert ecosystems. In: Whitford, W.G., ed. Pa ttems 
and Processes in Desert Ecosystems. University of 
New Mexico Press, Albuquerque, NM: 73-91. 

Crawford, CS. 1990. Scorpiones, Solifuge, and asso
ciated desert taxa. Dindal, D.L., ed. Soil biology 
guide. John Wiley and Sons, New York: 421-475. 

Crawford, CS.; Cully, A.C; Leutheuser R; Sifuents, 
M.S.; White, L.H.; Wilber, J.P. 1993. Middle Rio 
Grande Ecosystem: Bosque biological management 
plan. Albuquerque, NM: U.S. Department of the· 
Interior, Fish and Wildlife Service. 291 p. 

D'Arrigo, R.D.; Jacoby, G.C 1991. A WOO-year record 
of winter precipitation from northwestern New 
Mexico: a reconstruction from tree rings and its 
relation to EI Niflo-southern Oscillation. The Ho
locene. 1: 95-101 

Dale, V.H.; Hermstrom, M.A. 1984. CLIMACS: a com
puter model of forest stand development for west
ern Oregon and Washington. Res. Pap. PNW-327. 
Berkeley, CA: U5. Department ofAgriculture, For
est Service, Pacific Southwest Forest and Range 
Experiment Station. 

DeBano, Leonard E; Klopatek, J.M. 1987. Effect of 
management on nutrient dynamics in southwest
ern pinyon juniper woodlands. In: Management 
of subalpine forests: Building on 50 years of re
search; 1987July 6-9; Silver Creek, CO. Gen. Tech. 
Rep. RM-149. Fort Collins, CO: U.S. Department 
of Agriculture, Forest Service, Rocky Mountain 
Forest and Range Experiment Station: 157-160. 

DeBano, Leonard E; Klopatek, Jeffrey M. 1988. Phos
phorus dynamics of pinyon-juniper soils follow
ing simulated burning. Soil Science Society of 
America Journal. 52: 271-277. 

DeBano, L.E; Perry, H.M.; Overby, S.T. 1987. Effects 
offuelwood. harvesting and slash burningon biom
ass and nutrient relationships in a pinyon-juniper 
stand. In: Everett, R.L., compiler, Proceedings, Pin
yon-juniper conference; 1986January 13-16; Reno, 
NY Gen. Tech. Rep. !NT-215. Ogden, UT: U.S. 
Department of Agriculture, Forest Service, Inter
mountain Research Station. 382-286. 

Despain, D. W.; Mosley, J.C 1990. Fire history and 
stand structure of a pinyon-juniper woodland at 
Walnut Canyon National Monument; Arizona. 
Technical Rep. No. 34.: U.S. Department of the In
terior, National Park Service, Cooperative Park 
Service Studies Unit. 27 p. 



Dick-Peddie, William A. 1992. New j\'texico vegeta
tion: past, present, and future. Uni"ersity of New 
Mexico Press, Albuquerque. 244 p. 

Dick-Peddie, William A. 1993. Ecology and diversity 
of pinyon-juniper woodland in Nev,' Mexico. In: 
Aldon, E.F.; Shaw, D.W., tech. coords. Managing 
pinon-juniper ecosystems for sustainability and 
social needs; 1993 April 26-30; Santa Fe, NM. Gen. 
Tech. Rep. RM-236. Fort Collins, CO: U.s. Depart
ment of Agriculture, Forest Service, Rocky Moun
tain Forest and Range Experiment Station: 72-73. 

Dindal, D.L., ed. 1990. Soil biology guide. John Wiley
 
and Sons, New York. 1349 p.
 

Dortignac, E.J. 1960. Water yield from pinyon-juniper
 
woodland. In: Water yield in relation to environ

ment in the southwestern United States, Ameri

can Association of Advanced Science. Southwest

ern and Rocky Mountain Division Desert and Arid
 
Zones Research Commission symposium: proceed

ings, Mar 3,1960, Alpine, TX, 74 p.
 

Douglas, A.Y.; Engelhardt, P.I. 1984. Factors leading
 
to the heavy precipitation regimes of 1982-1983 in
 
the United States. Proceedings of the Eighth An

nual Oimate Diagnostics Workshop. Washington,
 
DC: United States .National Oceanic and Atmo

spheric Agency: 42-54.
 

Ebbesmeyer, C.C.; Cayan, D.R.; McLain,D.R.;
 
Nichols, P.H.; Peterson, D.H.; Redmond, K T. 1991.
 
1976 step in the Pacific climate: forty environmen

tal changes between 1968-1975 and 1977-1984. In:
 
Betancourt, J.L.; Tharp, \'.L., eds. Proceedings of
 
the seventhannual Pacific climate (PACLIM) work

shop; 1990 April. Interagency Ecological Studies
 
Program Teclmical Rep. 26. Sacramento, CA: State
 
ofCalifornia, California Department of Water Re

sources: 115-126.
 

Eininger, S. 1990. Long Mesa Fire, 1989: Archeological 
Survey and Post-fire Assessment. Mesa Verde, CO: 
US. Department of the Interior, National Park Ser
vice,Mesa Verde National Park, Mesa Verde Research 
Center, Cultural Resources Management. 63 p. 

Ernest, KA.; Aldon, E.P.; Muldavin, E. 1993. Woody 
debris in undisturbed pifton-juniper woodlands. 
In: Aldon, E.P. and Shaw, D.W., eds., Managing 
pifton-juniper ecosystems for sustainability and 
social needs: proceedings of the symposium; 1993 
April 26-30; Santa Fe, NM. Gen. Tech. Rep. RM
236. Fort Collins, CO: USDA Forest Service, Rocky 
Mountain & Range Experiment Station: 117-123. 

Evans, Raymond A. 1988. Management of pinyon
juniper woodlands. Gen. Tech. Rep. INT-249. 

)25 

Ogden, UT: U.s. Department of Agriculture, For
est Service, Intermountain Research Station. 34 p. 

Everett, Richard L. compiler. 1987. Proceedings, Pinyon
juniper conference; 1986 January 13-16; Reno, NY. 
Gen. Tech. Rep. INT-215. Ogden, UT: U.S. Depart
ment of Agriculture, Forest Service, Intermountain 
Research Station: 266-272. 581 p. 

Ffolliott, Peter E; Rasmussen, William 0.; Warfield, 
Thomas K.; Borland, David S. 1979. Supply, de
mand, and economics of fuelwood markets in se
lected population centers in Arizona. Arizona Land 
Marks 9(2). Phoenix, AZ: Arizona State Land De
partment. 74 p. 

Findley, ].S.; Harris, A.H.; Wilson, D.E.; Jones, C. 1975. 
Mammals. of New Mexico. University of New 
Mexico Press, Albuquerque, NM. 360 p. 

Floyd, Mary E. 1987. The significance of Variability 
in cone production in Pinus edulis. In: Everett, RL., 
compiler, Proceedings, Pinyon-juniper conference; 
1986 January 13-16; Reno, NY. Gen. Tech. Rep. 
INT-215. Ogden, UT: U.S. Department ofAgricul
ture, Forest SelVice, Intermountain Research Sta
tion: 58-64. 

Forcella, F. 1981. Ovulate cone production in pinyon: 
negative exponential relationship with late sum
mer temperature. Ecology. 62: 488-490. 

Fowler, John M.; Peacock, Bruce E.;Schaber, Michael 
J. 1985. Pinyon-juniper woodland type in New 
Mexico: asset or liability. Bull. 718. LasCruces, NM: 
New MexicoState University,Agricultural Experi
ment Station. 67 p. 

Friend, A.D.; Shugart, H.H.; Running, S.W. 1993. A 
physiology-based gap model of forest dynamics. 
Ecological Modeling. 74: 792-797. 

Frischknecht, N.C. 1975. Native faunal relationships 
within the pinyon-juniper ecosystem. In: Gifford, 
G.F.; Busby, F.E., eds. The pinyon-juniper ecosys
tem: a symposium; 1975 May 1-2; Logan UT. Logan 
UT: Utah State University, College of Natural Re
sources: 55-65. 

Gifford, Gerald F. 1987. Myths and fables and the 
pinyon-juniper type. In: Everett, RL., compiler. 
Proceedings, Pinyon-juniper conference; 1986 
January 13-16; Reno, NY. Gen. Tech. Rep. INT-215. 
Ogden, UT: U.S. Department of Agriculture, For
est SelVice, Intermountain Research Station: 266
272. 

Gottfried, Gerald J. 1987. Regeneration ofpinyon. In: 
Everett, R.L., compiler, Proceedings, Pinyon-juni
per conference; 1986January 13-16; Reno, NY. Gen. 
Tech. Rep.INT-215. Ogden, UT: U.S. Department 



of Agriculture, Forest Service, Intermountain Re
search Station: 249-254. 

Gottfried, Gerald J. 1989. Silvics of the junipers of 
the southwestern pinyon-juniper woodlands. In: 
Southwestern pinyon-juniper woodland workshop; 
1989 May 8-11; Santa Fe, NM. Santa Fe, NM: Society 
for Range Management, New Mexico Section. 18 p. 

Gottfried, GeraldJ. 1992a. Ecology and management 
of the southwestern pinyon-juniper woodlands. In: 
Ffolliott, P.F.; Gottfried, G.J.; Bennett, D.A.; 
Hernandez c., V.M.; Ortega-Rubio, A.; Hamre, 
RH., tech. coords. Ecology and management of oak 
and associated woodlands: perspectives in the 
southwestern United States and northern Mexico; 
1992 April 27-30; Sierra Vista, AZ. Gen. Tech. Rep. 
RM-218. Fort Collins, CO: U.S. Department of 
Agriculture, Forest Service, Rocky Mountain For
est and Range Experiment Station: 78-86. 

Gottfried, Gerald J. 1992b. New perspectives and 
Forest Service research for the southwestern 
pinyon-juniper woodlands. In: Hayes, D.C.; 
Bumstead, J.S.; Richards, M.T., eds. A southwest
ern mosaic proceedings of the Southwestern Re
gion new perspectives lUliversity colloquium; 1991 
October/November; New MexicoandArizona. Gen. 
Tech. Rep. RM:-216. Fort Collins, CO: U.s. Depart
mentofAgriculture, ForestService, Rocky Mountain 
Forest and Range Experiment Station: 37-44. 

Gottfried, Gerald J.; Ffolliott, Peter F. 1995. Stand 
dynamics on upper elevation pifton-juniper wa
tersheds at Beaver Creek, Arizona. In: Shaw, D.W.; 
AIdon, E.F.; LoSapio, c., tech. coords. Oesired fu
ture conditions for pinon-juniper ecosystems; 1994 
August 8-12; Flagstaff, AZ. Gen. Tech. Rep. RM
258. Fort Collins, CO: U.S. Department ofAgricul
ture, Forest Service, Rocky Mountain Forest and 
Range Experiment Station: 38-45. 

Gottfried, Gerald J.; Heidmann, L.J. 1986. Effects of 
cold stratification and seed coat sterilization treat
ments on pinyon (Pinus edulis) germination. In: 
Proceedings, Conifer tree seed in the Inland West 
symposium; 1985 August 5-6; Missoula, MT. Gen. 
Tech. Rep. INT-203. Ogden,. UT: U.S. Department 
of Agriculture, Forest Service, Intermountain Re
search Station: 38-43. 

Gottfried, Gerald J.; Severson, Kieth E. 1993. Distri
bution and multiresource management of pifton
jlUliper woodlands in the southwestern United 
States. In: Aldon, E.F.; Shaw, D.W., tech. coords. 
Managing pinyon-juniper ecosystems for 
sustainability and social needs; 1993 April 26-30,_ 

Santa Fe, NM. Gen. Tech. Rep. RM-236. Fort 
Collins, CO: US Department of Agriculture, For
est Sen' ice, Rocky Mountain Forest and Range 
Experiment Station: 108-116. 

Graham, N.E. 1994. Decadal scale variability in the 
1970s and 1980s: observations and model results. 
Climate Dvnamics. 10: 60-70. 

Grissino-Mayer, H.D. [In press]. A 2,129-year annual 
reconstruction of precipitation for northwestern 
New Mexico, USA. In: Dean, J.5.; Meko, D.M.; 
Swetnam, T.W., eds. Proceedings of the international 
conference on tree rings, environment, and human
ity. 1994 May 17-21, Tucson, AZ. Radiocarbon. 

Grissino-Mayer, H.D.; Swetnam, T.W. [In press]. A 
multi-eentury history of wildfires in the ponderosa 
pine forests of EI Malpais National Monument. In: 
Zidek, J., ed. The natural history of EI Malpais. Na
tional Park Service, Southwestern Region, Santa 
Fe,NM. 

Grissino-Mayer, H.D.; Swetnam, T.W.; Adams, R.K. 
[In press]. The rare, old-aged conifers of the 
Malpais: Their role in understanding cIimate 
change in the American southwest. In: Zidek, J., 
ed. The natural history of EI Malpais. National Park 
Service, Southwestern Region, Santa Fe, NM. 

Guetter, Alexandre K.; Georgakakos, Konstantine P. 
1993. River outflow of the conterminous United 
States, 1939-1988. Bulletin of the American Meteo
rological Society. 74: 1873-1891. 

Hall, Lisa E.; Balda, Russell P. 1988. The role of scrub 
jays in pinyon regeneration. Final Report, Coop
erative Agreement No. 28-e6-387. Fort Collins, 
CO: U.S. Department of Agriculture, Forest Ser
vice, Rocky Mountain Forest and Range Experi
ment Station. 36 p. 

Hamburg, S.P., and R.L. Sanford. 1986. Disturbance, 
Homo sapiens, and ecology. Bulletin of the Ecologi
cal Society ofAmerica. 67: 169-171. 

Harrington, Michael G. 1987. Characteristics of 1
year-old natural pinyon seedlings. Res. Note RM
477. Fort Collins, CO: U.s. Department ofAgricul
ture, Forest Service, Rocky Mountain Forest and 
Range Experiment Station. 4 p. 

Hawkins, R H. 1987. Applied hydrology in the pin
yon-juniper type. In: Everett, RL., compiler, Pro
ceedings, Pinyon-juniperconference; 1986January 
13-16, Reno, m Gen. Tech. Rep. !NT-215. Ogden, 
UT: U.s. DepartmentofAgriculture, ForestService, 
Intennountain Research Station: 493-512. 

Head,G. N. 1992 The BandelierArcheological Survey: 
1991 preliminary report. Santa Fe, NM: U.S. Depart-

1'">A 



-

ment of the Interior, National Park Service, I3ranch 
of Cultural Researd1, Southwest Regional Office. 30 p. 

He<..>de, Burchard H. 1987. The influence of pinyon
juniper on microtopography and sediment deliv
ery of an Arizona watershed. In: Troendle, CA.; 
Kaufmann, M.R; Hamre, RH.; Wmokur, RP., tech. 
coords. Management of subalpine forests: build
ing on 50 years of research; 1987 July 6-9; Silver 
Creek, CO. Gen. Tech. Rep. RM-149. Fort Collins, 
CO: U.s. Department of Agriculture, Forest Ser
"ice, Rocky Mountain Forest and Range Experi
ment Station: 195-198. 

Hibbert, Alden R 1979. Managing vegetation to in

crease flow in the Colorado River Basin. Gen. Tech.
 
Rep. RM-66. Fort Collins, CO: U.S. Department of
 
Agriculture, Forest Service, Rocky Mountain For

est and Range Experiment Station. 27 p.
 

Hole, ED. 1981. Effects ofanimals on soils. Geoderma
 
25:75-112.
 

Howard, V.W. Jr.; Cheap, K.M.; Hier, RH.; Thomp

son, T.G.; and Dimas, J.A 1987. Effects of cabling
 
pinyon-juniper on mule deer and lagomorph use.
 
In: Everett, RL, Compiler. Proceedings, Pinyon

Juniper Conference; 1986January 13-16; Reno, NY.
 
Gen. Tech. Rep. !NT-215. Ogden, Uf: U.s. Depart

ment of Agriculture, Forest Service, Intennountain
 
Research Station: 552-557.
 

Jacobs, B.E 1989. A flora of Bandelier National Monu
men.t. Los Alamos, NM: U.s. Department of the 
Interior, National ParkService, Bandelier National 
Monument. 104 p. (Unpublished report.). 

JameSon, Donald A; Johnsen Jr., Thomas N. 1964. 
Ecology and control ofalligator juniper. Weeds. 12: 
140-142. 

Johnsen, Thomas N. Jr. 1962. One-seed juniper inva
sion of northern Arizona grasslands. Ecological 
Monographs. 32: 187-207. 

Johnsen, Thomas N.; Alexander, Robert R 1974. 
Juniperus L. Juniper. In: Seeds of woody plants in 
the United States. Agric. Handb. 450. Washington, 
DC: U.S. Department of AgricUlture, Forest Ser
vice: 460-469. 

Karl, T.R 1988. Multi-year climatic fluctuations: the 
gray area of climate change. Climatic Change. 12: 
170-197. 

Kaufmann, Merrill R; Graham, Russell T.; Boyce Jr., 
Douglas A; Moir, William H.; Peny, Lee; Reynolds, 
Richard T.; Bassett, Richard L.; Mehlhop, Patricia; 
Edminster, Carleton B.; Block, William M.; Com, 
Paul Stephen. 1994. An ecological basis for ecosys
tem management. Gen. Tech. Rep. RM- 246. Fort 

·127 

Collins, CO: U.s. Department of Agriculture, For
est Sen'ice, Rocky Mountain Forest and Range 
Experiment Station. 22 p. 

Kercher, J.R.; Axelrod, M.C.X. 1984. A process model 
of fire ecology and succession in a mixed-eonifer 
forest. Ecology. 65: 1725-1742. 

Klopatek, Carole Coe; DeBano, Leonard E; Klopatek, 
Jeffrey M. 1990. Impact of fire on the microbial pro
cesses in pinyon-juniper woodlands: management 
implications. In: Krammes, J.s., tech. coord. Effects 
of fire management of southwestern natural re
sources: proceedings of the symposium; 1988 No
vember 15-17; Tucson, AZ. Gen. Tech. Rep. RM
191. Fort Collins, CO: U.s. Department of Agricul
ture, Forest Service, Rocky Mountain Forest and 
Range Experiment Station: 197-205. 

Kohler, T.A. 1992. Prehistoric human impact on the 
environment in the upland North American South
west. Population and Environment 13: 255-268. 

Knight, B. 1994. The effects of fire on cultural re
sources: a survey of literature pertaining to fire 
control and management. Denver, CO: U.S. Depart
ment of the Interior, Bureau of Land Management, 
Colorado State Office. 92 p. 

Kruse, William H. 1995. Effects of fuelwood harvesting 
on small manunal populations in a pii'ion-juniper 
woodland. In: Shaw, D.W.; Aldan, E.F.; LoSapio, C 
tech. coords. Desired future conditions for pinon-ju
niper ecosystems; 1994 August 8-12; Flagstaff, AZ. 
Gen. Tech. Rep. RM-258. Fort Collins, CO: U.s. De
partmentofAgriculture, ForestService,RockyMoun
tain Forest and Range Experiment Station; 91-96. 

Kruse, W.H.; Balda, RP.; Simono, M.J.; Macrander, 
AM.; Johnson, CD. 1979. Community develop
ment in two adjacent pinyon-juniper eradication 
areas twenty-five years after treatment. Journal of 
Environmental Management. 8: 237-247. 

Kumar, A; Lietmaa, A; Ji, M. 1994. Simulations of 
atmospheric variability induced by sea surface 
temperatures and implications for global wann
ing. Science. 266: 632~. 

Kushnir, J. 1993. Interdecadal variations in North At
lantic sea surface temperature and associated atmo
spheric conditions. Joumal of Climate. 7: 141-154. 

Lane, L.J.; Barnes, EJ. 1987. Water balance calcula
tions in southwestern woodlands. In: Everett, RL., 
compiler, Proceedings, Pinyon-juniper conference; 
1986 January 13-16; Reno, NY: Gen. Tech. Rep. 
INT-215. Ogden, Uf: U.S. Department ofAgricul
ture, Forest Service, Intermountain Research Sta
tion: 480-487. 



Latif, M.; Barnett, T.P. 1994. Causes of decadal cli

mate variability over the North Pacific and North
 
America. Science. 266: 634-637.
 

Leopold, A 1924. Grass, brush, timber, and fire in
 
southern Arizona. Journal of Forestry. 22: 1-10.
 

Lent, S.c.; Gaunt, J.K.; Wilmer, A.J. [In prep.]. Astudy
 
of the effects of fire on archaeological resources,
 
phase I: The Henry Fire, Holiday Mesa Jemez
 
Mountains, New Mexico. Gen. Tech. Rep. Fort
 
Collins, CO: U.S. Department of Agriculture, For

est Service, Rocky Mountain Forest and Range
 
Experiment Station.
 

Lightfoot, D.C.; Parmenter, R R 1994. Long-term
 
monitoring study of ground- dwell~ngarthropods
 

at Bandelier National Monument. Final Report.
 
Santa Fe, NM: U.S. Department of the Interior,
 
National Park Service, Southwest Regional Office.
 

Lissoway, J.; Propper, J. 1990. Effects of fire on cul

tural resources. In: Krammes, J.S., tech. coord., Ef

fects offire management of southwestern natural
 
resources: proceedings of the symposium; 1988
 
November 15-17;Tucson, AZ. Gen. Tech. Rep. RM

191. Collins, CO: U.S. Department of Agriculture, 
Forest Service, Rocky Mountain Forest and Range 
Experiment Station: 25-30. 

tittle, Elbert L, Jr. 1938. The earliest stages of pin
yon cones. USDA Forest Service, Southwestern 
Forest and Range Experiment Station, Research 
Note 46, Tucson, AZ. 4 p. 

tittle Jr., Elbert L 1940. Estimates of the 1940 pinyon 
nut crop on national forests in New Mexico and 
Arizona. USDA Forest Service, Southwestern For
est and Range Experiment Station, Research Note 
87, Tucson, AZ. 5 p .. 

tittle Jr., Elbert L 1987. Pinyon trees (Pinus edulis) 
remeasured after 47 years. In: Proceedings, Pinyon
juniper conference; 1986January 13-16; Reno, NY. 
Gen. Tech. Rep. !NT-215. Ogden, Uf: U.S. Depart
ment ofAgriculture, ForestService, Intermountain 
Research Station: 65-68. 

Loftin, S.R; White, CS. [In review]. Potential nitro
gen contribution of soil cryptogams to post-dis
turbance forest ecosystem.s)ri Bandelier National 
Monument, New Mexico. In: Proceedings of the 
Second La Mesa Fire Symposium; 1994 March 29
31. Gen. Tech. Rep. Fort Collins, CO: U.S. Depart
ment ofAgriculture, Forest Service, Rocky Moun
tain Forest and Range Experiment Station. 

Loh, Douglas K; RykielJr., EdwardJ.I992 Integrated 
resource management systems: coupling expert 
systems with data-base management and geo

. 128 

graphic information systems. Environmental Man
agement. 16: 167-177. 

McGuire, AD.; Melillo, J.M.; Joyce, L.A; Kicklighter, 
D.W.; Grace, AL.; Moore III, B.; Vorosmarty, c.J. 
1992. Interactions between carbon and nitrogen 
dynamics in estimating net primary productivity 
for potential vegetation in North America. Global 
Biogeochemical Cycles. 6: 101-124. 

McLain, William H. 1989. New Mexico's 1986 
fuelwood harvest. Res. Bull. INT-60. Ogden, UT: 
U.S. Department of Agri~ulture, Forest Service, 
Intermountain Research Station. 8 p. 

McPherson, Guy R.; Wright, Henry A 1987. Factors 
affecting reproductive maturity of redberry juni
per (Juniperus pinchotil). Forest Ecology and Man
agement.21: 191-196. 

Martin, AC., H.S. Zim,andA.LNelson. 1961. Ameri
. can wildlife and plants: a guide to wildlife food 
habits. Dover Publications, Inc., New York. 500 p. 

Mathien, EJ.; Steen, CR.; Allen, CD. 1993. The 
Pajarito Plateau: a bibliography. Professional Pap. 
No. 49. Santa Fe, NM: U.S. Department of the In
terior, National Park Service, Southwest Cultural 
Resources Center, Division ofAnthropology. 129 p. 

Meagher, George S. 1943. Reaction of pinon and ju
niper seedlings to artificial shade and supplemen
tal watering. Journal of Forestry. 41: 480-482 

Medina, Alvin L 1987. Woodland communities and 
soils of Fort Bayard, southwestern New Mexico. 
Journal of the Arizona-Nevada Academy of Sci
ence. 21: 99-112. 

Meeuwig, Robert 0.; Bassett, Richard L 1983. Pinyon
juniper. In: Silvicultural systems for the major for
est types of the United States. Agric. Handb. 445. 
Washington, DC: U.S. Department of Agriculture, 
Forest Service: 84-86. 

Miller, A.J.; Cayan, D.R; Barnett, T.P.; Graham, N.E.; 
Oberhuber, J. 1994a. Interdecadal variability of the 
Pacific Ocean: model response to observed heat 
flux and wind stress anomalies. Climate Dynam
ics. 9: 287-302. 

Miller, Arthur J.; Cayan, Daniel R; Barnett, TIm P.; 
Graham, Nicholas E.; Oberhuber, Josef M. 1994b. 
The 1976-77 climate shift of the Pacific Ocean. 
Oceanography 7: 21-26. 

Miller, RF. and Wigand, P.E. 1994. Holocene changes 
in semiarid pinyon-juniper woodlands. Bioscience. 
44: 465-474. 

Miller, RK.; Albert, S.K. 1993. Zuni cultural relation
ships to pinon-juniper woodlands. In: Aldon, E.F.; 
Shaw, D.W., tech coords. Managing pinon-juniper 



ecosystems for susta inabil ity and social needs; 1993 
April 26-30; Santa Fe, NM. Gen. Tech. Rep. RM
236. Fort Collins, CO: U.S. Department of Agricul
turc, Forest Service, Rocky Mountain Forest and 
Range Experiment Station: 74-78. 

Moir, W.H.; Carleton, J.O. 1987. Classification of 
pinyon-juniper (P-J) sites on the national forests 
in the Southwest. In: Everett, KL., compiler. Pro
ceedings, Pinyon-j uni per conference; 1986 January 
13-16; Reno, NY. Gen. Tech. Rep. INT-215. Ogden, 
UT: U.S. Department of Agriculture, Forest Service, 
Intermountain Research Station: 216-226. 

Molles, M.C; Dahm, CN. 1990. El Nino, La Nina and 
North American stream ecology. Journal of the 
North American Benthological Society 9: 68-76. 

Neilson, RP.; Marks, D. 1994. A global perspective 
of regional vegetation and hydrologic sensitivities 
from climatic change. Journal of Vegetation Sci
ence. 5: 715-130. 

Noble, Daniel L. 1990. Juniperus scopulorum Sarge 
Rocky Mountain juniper. In: Silvics of North 
America, Vol. 1. Conifers. Agric. Handb. 654. Wash
ington, DC: U.s. Department of Agriculture, For
est Service: 116-126. 

Orcutt,J.D. [In review].Demography, settlement,and 
agriculture. In: Powers, R.~; Orcutt, J.D., eds. 
Bandelier Archeological 5wvey; Chapter 6. Santa 
Fe, NM: U.s. Department of the Interior, National 
ParkService, Division ofAnthropology, Southwest 
Regional Office. 

Padien, D.J.; Lajtha, K	 1992 Pl~tspatial pattern and 
nutrient distribution in pinyon-juniper woodlands 
along an ~levational gradient in northern-New 
Mexico. International Journal of Plant Science 153: 
425-433. 

Parker, L.W.; Santos, P.F.; Phillips, J.; Whitford, W.G. 
1984. Carbon and nitrogen dynamics .dUring the 
decomposition of litter and roots of a Chihuahuan 
Desert annual, Lepidium lasiocarpum: Ecological 
Monographs. 54: 339-360. 

Parmenter, RR; lightfoot, D.C. 1994. A field swvey 
of the faunal'resources of the Pecos National His
torical Park, Pecos, New Mexico. Draft final report. 
Santa Fe, NM: U.S. Department of the Interior, 
National Park Service. 

Parton, W.J.; Stewart, J.W.B.; Cole, C.V. 1988. Dynam
ics of C, N, P and S in grassland soils: a model. 
Biogeochemistry. 5: 109-131. 

Perry, Hazel. 1993. Soil nutrient research on the Heber 
Ranger District Apache-5itgreaves National For
est. In: Aldon, E.F. S~aw, D.W., tech. coords. Man

aging piilon-juniper ecosystems for sustainability 
and social needs; 1993 April 26-30; Santa Fe, NM. 
Gen. Tech. Rep. RM-236. Fort Collins, CO: U.S. De
partment ofAgriculture, Forest Service, Rocky Moun
tain Forest and Range Experiment Station: 149-152. 

Pieper, Rex D. 1977. The southwestern pinyon
juniper ecosystem. In: Aldon, E.F.; Loring, T.J., tech. 
coords. Ecology, uses, and management of pinyon
juniper woodlands: proceedings of the workshop; 
1977 March 24-25; Albuquerque, NM. Gen. Tech. 
Rep. RM-39. Fort Collins, CO: U.S. Department of 
Agriculture, Forest Service, Rocky Mountain For
est and Range Experiment Station: 1--6. 

Pieper, Rex D. 1990. Overstory-understory relations 
in pinyon-juniper woodlands in New Mexico. Jour
nal of Range Management. 43: 41~15. 

Pieper, Rex D.; Lymbery, Gordon A. 1987. Influence 
of topographic features on pinyon-juniper vegeta
tion in south-eentral New Mexico. In: Everett, R. 
L., compiler. Proceedings, Pinyon-juniper confer
ence; 1986 January 13- 16; Reno, ~ Gen. Tech. 
Rep. INT-215. Ogden, UT: U.S. Department of 
Agriculture, Forest Service, Intermountain Re
search Station: 53-57. 

Potter, L.D. 1985. Re-evaluation studies of grazing 
exclosure plots, Bandelier National Monument. 
Located at: Los Alamos, NM: U.s. Deparbnent of 
the Interior, National Park Service. Bandelier Na
tional Monument. 39 p. 

Prentice, I.e.; Sykes, M.T.; Cramer, W.1993. Asimu
lation model for the transient effects of climate 
change on forest landscapes. Ecological Modeling. 
65: 51-70. 

Rastetter, E.B.; Ryan, M.G.; Shaver, G.R.; Melillo,J.M.; 
Nadelhoffer, K.J.; Hobbie, J.E.; Aber, J.D. 1991. A 
general model describing the responses of the C 
and N cycles in terrestrial ecosystems to changes 
in CO2, climate and N deposition. Tree Physiology. 
9: 101-126. 

Renard, K.G. 1987. Present and future erosion pre
diction tools for use in pinyon-juniper communi
ties. In: Everett, RL., compiler, Proceedings, 
Pinyon-juniper conference; 1986 January 13-16, 
Reno, NV. Gen. Tech. Rep. INT-215. Ogden, UT: 
U.S. DepartmentofAgriculture, ForestService, In
termountain Research Station: 505-512. 

Ricklefs, RE. 1987. Community diversity: relative 
roles of local and regional processes. Science. 
235:167-171. 

Rippel, Paul; Pieper, Rex	 D.; Lyrnbery, Gordon A. 
1983. Vegetational evaluation of pinyon-juniper 

129
 



cabling in south-central New Mexico. Journal of 
Range Management. 36: 13-15. 

Rogers, G.F. 1982. Then and now: a photographic
 
history of vegetation change in the central Great
 
Basin Desert. Univ. of Utah Press, Salt Lake City,
 
Utah. 152 p.
 

Rogers, G.F.; Vint, M.K. 1987. Winter precipitation
 
and fire in the Sonoran Desert. Journal of Arid
 
Environments. 13: 47-52. .
 

Ronco Jr., Frank P. 1990. Pill us edulis Engelm. Pinyon.
 
In: Bums, RM.; Honkala, B.H., tech. coords. Silvics
 
of North America, Vol. L Conifers. Agric. Handb.
 
654. Washington, DC: U.S. Department of Agricul
ture, Forest Service: 327-337. 

Rothman, H.R 1989. On Rims and Ridges: The Los
 
Alamos Area Since 1880. Univ. of Nebraska Press,
 
Lincoln. 376 p.
 

Running, S.W.; Coughlan, J.c. 1988. Ageneral model
 
of forest ecosystem processes for regional applica

tions. 1. Hydrologic balance, canopy gas exchange
 
and primary production processes. Ecological
 
Modeling. 42: 125-154.
 

Salomonson, Michael G. 1978. Adaptations for ani
mal dispersal of one-seed juniper seeds. Oecologia 
(Berl.). 32: 333-339. 

Samuels, Michael; Betancourt, Julio L. 1982. Model
mg the long-term effects of fuelwood. harvests on 
pinon-juniper woodlands. Environmental Man
agement.6:505-515. 

Schuler, Thomas M.; Smith, Frederick W. 1988. Ef
fects of species mix on size/ density and leaf-area 
relations in southwest pinyon/junipeJ:.woodlands. 
Forest Ecology and Management. 25: 211-220. 

Schwab, Beverly A 1993. Bureau of Indian Affairs 
pilot woodlands management program. In: Aldon, 
E.F.; Shaw, D.W., tech. coords. Managing pinyon
juniper ecosystems for sustainability and social 
needs; 1993 April 26-30; Santa Fe, NM. Gen. Tech. 
Rep. RM-236. Fort Collins, CO: U.S. Department 
of Agriculture, Forest Service, Rocky Mountain 
Forest and Range Experiment Station: 146-148. 

Scott, Virgil E.; Boeker, Erwin L. 1977. Responses of 
Merriam's turkey to pinyon-juniper control. Jour
nal of Range Management. 30: 220-223. 

Scurlock, D.; Johnson, AR 1993. Pinyon-juniper in 
Southwest history: an overview ofeco<ultural use. 
In: Wright, S.D., ed. Human Ecology: crossing 
boundaries. Fort Collins, CO: 272-286. 

Sedgewick, J.A; Ryder, RA 1987. Effects of chain
ing pinyon-juniper on nongame wildlife. In: 
Everett, RL., Compiler. Proceedings, Pinyon-juni

130 

per conference; 1986January 13-16; Reno, NV Gen 
Tech. Rep. INT-2IS. Ogden, UT: U.s. Depilrtmenl 
of Agriculture, Forest Sen' ice, Intermountain Re
search Station: 5-!1-55L 

Severson, Kieth E. 1986a. Small mammals in modi
fied pinyon-juniper woodlands, New Mexico. Jour
nal of Range Management. 39: 31-34. 

Severson, Kieth E. 1986b. Woody plant reestablishment 
in modified pinyon-juniper woodlands, New Mexico. 
Journal of Range Management. 39: 438--442. 

Severson, Kieth E.; Medina, A.L. 1983. Deer and elk 
habitat management in the Southwest. Journal of 
Range Management Monograph No.2. 64 p. 

Shaw, Douglas W.; Aldon, Earl E; LoSapio, Carol. 
tech. coords. 1995. Desired future conditions for 
pifton-juniper ecosystems; 1994 August 8-12; Flag
staff, AZ. Gen. Tech. Rep. RM-258. Fort Collins, 
CO: U.S. Department of Agriculture, Forest Ser
vice, Rocky Mountain Forest and Range Experi
ment Station. 226 p. 

Short, Henry L.; Evans, Wain; Boeker, Erwin L. 1977. 
The use of natural and modified pinyon pine
juniper woodlands by deer and elk. Journal of 
Wildlife Management. 41: 543-559. 

Short, Henry L.; McCulloch, Clay Y. 1977. Managing 
pinyon-juniper ranges for wildlife. Gen. Tech. Rep. 
RM-47. Fort Collins, CO: U.s. Department of Ag
riculture, Forest Service, Rocky Mountain Forest 
and Range Experiment Station. 10 p. 

Simard, AJ.; Haines, D.A; Main, W.A. 1985. Relations 
between EI Nino/Southern Oscillation anomalies 
and wildland fire activity in the United States. Agri
cultural and Forest Meteorology. 36: 93-104. 

Smith, M.L. The historic period at Bandelier National 
Monument. Chapter 6 In: Powers, RP.; Orcutt, J.D., 
eds. Bandelier Archeological Survey. Chapter 6. Un
published manuscript. LosAlamos, NM: U.s. Depart
ment of the Interior, National Park Service, South
west Regional Office, Division of Anthropology. 

Springfield, H.W. 1976. Characteristics and manage
ment of southwestern pinyon-juniper ranges: the 
status of our knowledge. Res. Pap. RM-I60. Fort 
Collins, CO: U.S. Department of Agriculture, For
est Service, Rocky Mountain Forest and Range 
Experiment Station. 32 p. 

Stahle, D.W.; Cleaveland, M.K 1988. Texas drought 
history reconstructed and analyzed from 1698 and 
1980. Journal of Climate. 1: 59-74. 

Swetnam, Thomas W. 1990. Fire history and climate 
in the southwestern United States. In: Krammes, 
J.5., tech. coord., Effects of fire in management of 



southwestern natural resources, 1988 November 
15-17, Tucson, AZ. Gen. Tech. Rep. RM-191. Fort 
Collins, CO: U.s. Department of Agriculture, For
est Service, Rocky Mountain Forest and Range 
Experiment Station: 6-17. 

Swetnam, T.W.; Baisan, C.H. 1995. [In review]. His

torical fire patterns in the Southwestern United
 
States since AD 1700. In: Proceedings of the Sec

ond La Mesa Fire Symposium; 1994 March 29-31.
 
Gen. Tech. Rep. Fort Collins, CO: U.s. Department
 
of Agriculture, Forest Service, Rocky Mountain
 
Forest and Range Experiment Station.
 

Swetnam, Thomas W.; Betancourt, Julio L. 1990. Fire

Southern Oscillation relations in the southwestern
 
United States. Science. 249: 961-1076.
 

Swetnam, Thomas W.; Brown, Peter M. 1992. Oldest
 
known conifers in the southwestern United States:
 
temporal and spatial patterns of maximum age. In:
 
Kaufmann, M.R; Moir, W. H.; Bassett, Richard L.,
 
tech. coords. Old-growth forests in the Southwest
 
and Rocky Mountain Regions: proceedings of a
 
workshop, 1992 March 9-13; Portal,AZ. Gen. Tech.
 
Rep. RM-213. Fort Collins, CO: U.S. Department
 
of Agriculture, Forest Service, Rocky Mountain
 
Forest and Range Experiment Station: 24-38.
 

Switzer, R.R 1974. The effects of forest fire on ar

chaeological sites in Mesa Verde National Park,
 
Colorado. The Artifact. 12: 1-8.
 

Tausch, RJ.; Tueller, P.T. 1995. Relationships among 
plant species composition and mule deer winter 
range use on pifton-juniper chainings In: Shaw, 
D.W.; Aldon, E.E; LoSapio, C. tech. coords. Pro
ceedings of 1994 pinon-juniper symposium: de
sired future conditions for pinon-juniper ecosys
tems; 1994 August 8-12; Flagstaff, AZ. Gen. Tech. 
Rep. RM-258. Fort Collins, CO: U.S. Department 
of Agriculture, Forest Service, Rocky Mountain 
Forest and Range Experiment Station: 65-73. 

Tausch, RJ.; West, N.E.; Nabi, AA 1981. Tree age and 
dominance patterns in Great Basin pinyon-juniper 
woodlands. Journal of Range Management. 34: 
259-264. 

Tausch, Robin J.; Wigand, Peter E.; Burkhardt, J. 
Wayne. 1993. Viewpoint: plant community thresh
olds, multiple steady states, and multiple succes
sional pathways: legacy of the Quaternary. Jour
nal of Range Management. 46: 439-447. 

Terrel, T.L.; Spillett, J.J. 1975. Pinyon-juniper conver
sion: its impact on mule deer and other wildlife. 
In: Gifford, G.E; Busby, EE., 005. The pinyon-juniper 
ecosystem: a symposium; 1975 May 1-2; Logan UT. 

.131 

Logan UT: Utah State University, College of Natu
ral Resources: 105-119. 

Tiedemann, Arthur R 1987. Nutrient accumulations 
in pinyon-juniper ecosystems-Managing for fu
ture site productivity. In: Everett, R L., compiler. 
Proceedings, Pinyon-juniper conference; 1986 
January 13-16; Reno, NV Gen. Tech. Rep. INf-215. 
Ogden, UT: U.s. Department of Agriculture, Forest 
Service, Intermountain Research Station: 352-359. 

Traylor, D.; Hubbell, L.; Wood, N.; Fielder, B. 1990. 
The 1977 La Mesa Fire: an investigation of fire and 
fire suppression impact on cultural resources in 
Bandelier National Monument. Professional Pap. 
28. Santa Fe, NM: U.S. Department of the Interior, 
National Park Service, Southwest Cultural Re
sources Center, Division of Anthropology. 206 p. 

Urban, D.L.; Harmon, M.E.; Halpern, c.B. 1993. Po
tential response of Pacific Northwestern forests to 
climatic change, effects of stand age and initial 
composition. Climatic Change. 23: 247-266. 

USDA Forest Service. 1987. Forest and woodland 
habitat types (plant associations) of northern New 
Mexico and northern Arizona. Albuquerque, NM: 
U.S. Department of Agriculture, Forest Service, 
Southwestern Region. 

USDA Forest Service. 1990. Old-growth forests: ge
neric definition and resource values. Albuquerque, 
NM: U.S. Department of Agriculture, Forest Ser
vice, Southwestern Region. 4 p. 

USDA Forest Service. 1993. Watershed management 
practices for pinyon-juniper ecosystems. Albuquer
que, NM: U.S. Department of Agriculture, Forest 
Service, Southwestern Region. 41 p. 

Van Hooser, Dwane D.; O'Brien, Renee A; Collins, 
Dennis C. 1993. New Mexico's forest resources. 
Res. Bull. INT-79. Ogden, UT: U.S. Department of 
Agriculture, Forest Service, Intermountain Re
search Station. 110 p. 

Webb, RH.; Betancourt, J.L. 1992. Climatic variabil
ity and flood frequency of the Santa Cruz River, 
Pima County, Arizona. Water-Supply Pap. 2379. 
Washington, DC: U.S. Department of the Interior, 
Geological Survey. 40 p. 

West, N.E. 1990. Structure and function of 
microphytic soil crusts in wildland ecosystems of 
arid to semi-arid regions. Advances in Ecological 
Research. 20: 179-223. 

West, N.E.; Van Pelt, N.5. 1987. Successional patterns 
in pinyon-juniper woodlands. In: Everett, RL., com
piler. Proceedings, Pinyon-juniper conference; 1986 
January 13-16; Reno, .N\Z Gell. Tech. Rep. INT- 215. 



Ogden, UT: U.s. Department of Agriculture, Forest 
Service, lntermow1tain Research Station: 43-52. 

West, Neil E.; Rea, Kenneth H.; Tausch, Robin J. 1975. 
Basic synecological relationships in pinyon
juniper woodlands. In: Gifford, G.E; Busby, EE., 
eds. The pinyon-juniper ecosystem: a symposium; 
1975 May 1-2; Logan UT. Logan UT: Utah State 
University, College of Natural Resources: 41-53. 

Whitford, Walter G. 1991. Soil biota and sustainability 
of pinon-juniper woodlands. In: Proceedings: 1991 
pinon conference; 23 April 1991; Santa Fe, NM. Las 
Cruces, NM: New Mexico Commissioner of Pub
lic Lands and College of Agriculture and Home 
Economics, New Mexico State University: 10-15. 

Wilcox, B.P.1994. Runoff and erosion in intercanopy 
zones of pinyon-juniper woodlands, New Mexico. 
Journal of Range Management. 47: 285-295. 

Wilson, Jill L.; Tkacz, Borys M. 1992. Pinyon Ips out
break in pinyon juniper woodlands in northern 
Arizona: a case study. In: Ffolliott, P.E; Gottfried, 
G.J.; Bennett, D.A.; Hernandez c., YoM.; Ortega
Rubio, A; Hamre, RH., tech. coords. Ecology and 
management of oak and associated woodlands: 
perspectives in the southwestern United States and 
northern Mexico; 1992 April 27-30; Sierra VlSta, 

AZ. Gen. Tech. Rep. RM-218. Fort Collins, CO: U.s. 
Department of Agriculture, Forest Service, Rocky 
Mountain Forest and Range Experiment Station: 
187-190. 

Wood, ~1. Karl; Javed, Nasim. 1992. Hydrologic re
sponses to fuelwood harvest and slash disposal on 
a pinyon-juniper dominated grassland site in the 
Gila \:ational Forest. In: Ortega Klett, C. T., ed. 
Proceedings 36th annual New Mexico water con
ference: agencies and science working for the fu
ture; 1991 :-,rovember 7-8; Las Cruces, NM. WRRI 
Rep. No. 265. Las Cruces, NM: New Mexico State 
University, New Mexico Water Resources Research 
Institute: 25-30. 

Wooton, E.O. 1908. The range problem in New 
Mexico. Agriculture Experiment Station Bulletin 
No. 66. New Mexico College of Agriculture and 
Mechanical Arts. Albuquerque Morning Journal, 
Albuquerque, NM. 

Wright, H.A; Bailey, A W. 1982. Fire ecology: United 
States and southern Canada. John Wiley and Sons, 
New York. 501 p. 

XU, J. 1993. The joint modes of the coupled atmo
sphere-ocean system observed from 1967 to 1987. 
Journal of Climate. 6: 816-838. 

132
 



USDA Forest Service 
General Technical Report 
RM-GTR-268 September 1995 

Ecology, Diversity, and
 
Sustainability of the
 

Middle Rio Grande Basin
 

Technical Editors: 

Deborah M. Finch, Supervisory Research Wildlife Biologist
 

Rocky Mountain Forest and Range Experiment Station1
 

Joseph A. Tainter, Research Archaeologist
 

Rocky Mountain Forest and Range Experiment Station2
 

'Located at Forestry Sciences Laboratory. Albuquerque. New Mexico. Headquarters Is in Fori Collins. Colorado. in cooperation with 
Colorado State Unlverslfy.
 

2Located at Forestry Sciences Laboratory. Albuquerque. New Mexico. Headquarters Is in Fori Collins. ColOrado. in cooperation with
 
Colorado State Universify.
 

• 




