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An ecosystem is rarely static. A natural system composed of plants, animals, and
microorganisms interacting with an area’s physical factors, an ecosystem is always
fluctuating and evolving. But sometimes, often at the hands of humans, ecosystems
change too much. Such is the case with many of the ecosystems of the Middle Rio

Grande Basin of New Mexico.

For thousands of years, the ecosystems

of the Middle Rio Grande Basin (which
includes the river environment and the
associated upland watersheds) evolved
under the influence of natural factors such
as shifting landforms, floods, drought,
wildfire, and climate fluctuations. More
recently — since 1540, when the first
Spanish settlers arrived — human activities
have had an enormous impact on the area’s
environment. Factors such as urbanization,
drought, grazing, timber harvesting, water
demands, flood control measures, fire
suppression, hunting, and the introduction
and spread of exotic (non-native) species
have all contributed to many ecosystems
that are altered at best and severely
degraded at worst.

Clearly, the Middle Rio Grande Basin no
longer looks like it did back in the 1500s.
Evidence of environmental degradation
can be found throughout the area today:

in the river itself, in the riverside bosque

(cottonwood) ecosystems, and in the

nearby upland ecosystems of grasslands,

shrublands, and forests. For example:

* Many fish and wildlife habitats have
been significantly altered in structure
and composition and reduced in size
and quality.

= Two species, the Rio Grande silvery
minnow (Hybognathus amarus) and
the southwestern willow flycatcher
(Empidonax traillii extimus), have been
placed on the federal endangered
species list; others, such as the gray wolf
(Canis lupus), have not been seen in the
area for decades.

« At least half of the fish species once
found in the middle Rio Grande
drainage are no longer found there.

« Exotic tree species such as Russian olive
(Elaeagnus angustifolia) and saltcedar
(Tamarix ramosissima) have invaded
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A bobcat (Lynx rufus) at Valles
Caldera National Preserve.
Photo: Marc Chipault
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“+ie @ “To restore and maintain the
: health of the ecosystem in the
area, we first need a better

understanding of what is here.”

- DEBORAH FINCH, PH.D.

river habitats, taking over where native species such as cottonwoods (Rio Grande
cottonwood [Populus deltoides subsp. wislizeni] and Freemont cottonwood [Populus
fremontii]) used to flourish, reducing water supplies, increasing fuel loads and fire risk,
and impeding wildlife and human travel.

= The native riverside ecosystems — the marshes, willows, and cottonwoods found
adjacent to the river — have been greatly reduced in size, distribution, and health.

< Shrubs and small tree species have moved into areas that were once grasslands.

= Upland forests and woodlands have become increasingly subject to wildfires and bark
beetle infestations.

* The Rio Grande itself has changed from a braided river that moved across the
floodplain and regularly flooded its banks, and was associated with abundant wildlife
populations, to one that is now largely constrained and not meandering, and has
reduced flows.

Conservation Efforts

Efforts to conserve and protect the natural resources of the Southwest date back to the
1800s, when the U.S. Department of the Interior and the U.S. Bureau of Forestry were
created, and some local forest reserves were set aside. Those early efforts were followed
by more federal laws in the 1960s and 1970s, such as the Clean Water Act and the
Endangered Species Act.

More recently, local conservation efforts have focused on restoring and maintaining the
health and diversity of Middle Rio Grande Basin ecosystems — the forests, grasslands,
and shrublands, and the species that inhabit them.

Many organizations, including federal, state, municipal, tribal, and private entities, have
contributed to these efforts, with some success. For example, the Middle Rio Grande
Endangered Species Act Collaborative Program and the Middle Rio Grande Bosque
Initiative have been very successful in generating public interest and support for river
and bosque restoration and recovering endangered species.

Too often, however, proposed solutions for restoring Basin ecosystems are based on
incomplete knowledge of the conditions that led to the problems. Solutions are put
together without a thorough understanding of how factors such as drought, grazing,
and fire interact with each other and can affect restoration efforts.

The Forest Service’s Research Program

To support and contribute to the ongoing conservation efforts, and to build a sound
scientific basis for future efforts, the Middle Rio Grande Ecosystem Management Research
Unit, a local unit of the U.S. Forest Service’s Rocky Mountain Research Station, embarked
on an ambitious long-term research program in 1994.

“To restore and maintain the health of the ecosystems in the area, we first need a better
understanding of what is here,” explains Deborah Finch, Ph.D., the program’s Team
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David Merritt, Ph.D., a riparian plant
ecologist with the Forest Service who
led the plant studies, notes that the
positive effects of exotic tree removal
might not be detectable in the first
years after treatment. “Ecosystem,
community, and population responses
may be realized only after several
years of ‘recovery,” he says. “Many
native plant species that provide
food, nectar, nest materials, and
habitat are present at most of

the cleared sites, and are likely to
become more abundant with time.”
Moreover, he notes, the study period
included a severe drought, which may
have hampered the recovery. Analysis
of the vegetation data is continuing.

Effects on Animals

The treatments also changed the
habitats available for many animal
species. Finch studied the bird
species found in the sites, focusing
on the six most common species.
Species that nest in tree cavities
were mostly unaffected or showed
a tendency to increase, probably
because the exotic trees never
suited them to begin with (most
were multi-stemmed, with each
stem being too narrow for nesting
cavities). The treatments seemed
to have little effect on the species
that nest in the canopy, as well.
Species that depend on the lower
two-thirds of tree habitats, however,

A prairie lizard (Sceloporus consobrinus) in the
middle Rio Grande bosque.

Photo: Heather L. Bateman

did show a significant response.
They declined in numbers after the
treatments, particularly those species
that had adapted to the presence of
exotic plants by nesting in or under
them. Black-chinned hummingbird
(Archilochus alexandri), the most
abundant nesting bird species,
moved its nest sites from exotic
plants to the remaining native trees,
such as tall cottonwoods. However,
those higher nests suffered greater
predation than did nests built in
shorter, multi-stemmed exotic trees.

Lizards, meanwhile, were found in
greater abundance in the treated
areas, says Bateman. Four of the

six most common lizard species
increased in numbers, probably
because there were fewer trees and
less downed wood in the restored
areas. Amphibians saw significant
increases as well, but that was due
to a small flood event, rather than
removal of the exotic plants, says
Bateman. (For example, in 2005, the
researchers found 45 times more
toads as seen earlier, probably due
to floods that created habitat where
toads could lay eggs and tadpoles
could develop.) Bats increased in
activity, too; they were detected more
often in areas that had less plant
clutter than before, suggesting that
exotic plant removal made it easier
for bats to fly in the bosque.

Recommendations for
Future Restorations

Several of the researchers are
continuing their data analyses. They
expect to learn more about the
implications of bosque restoration
in the near future, as species adapt
to the restored conditions. In the
meantime, however, they can
recommend that land managers
proceed with restoration efforts in
areas where fuel loads are high, with
some specific advice:

= Removing exotic woody plants will
help to avoid or reduce fire risk

and intensity and so preserve the
native trees.

* Replanting with native woody
plants will improve plant species
diversity and will help reduce
the effects of restoration on
animal species sensitive to loss
of exotic plants.

« Species that prefer a less-cluttered,
more open habitat will benefit
from treatment.

* Where removal of invasive plants
is necessary, it’s best to stagger
the treatments over time, to allow
animals to adapt to changes in
their habitats.

e |tis critical for scientists to have
both experimental sites and no-
treatment control sites, as well as
opportunities for pre-treatment
monitoring, in order to evaluate
the effects of plant removal both
spatially and temporally.

“The middle Rio Grande will no
doubt be the focus of ongoing efforts
to restore the riparian forest habitat,”
says Bateman. “This research will
help to identify species sensitivities to
habitat changes and the abundances
of those species currently inhabiting
this semi-disturbed area.”

“Maintaining the remnants of the
ribbon of green that the Rio Grande
forms through the Southwest is key
to the ecological and social health of
this region,” adds Merritt. “But it’s a
formidable challenge given the ever-
increasing human demands for water
and the warmer, dryer climate that is
predicted for the coming years.” J
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thus lowered carbon reserves to use in
growth and insect defense?

McDowell and others are exploring
these questions by manipulating rainfall
at several pinyon-juniper study plots.
Located at the Sevilleta Long Term
Ecological Research site in central New
Mexico, each study plot contains at
least five mature and five young pinyon
trees. The researchers installed a system
of rain gutters and sprinklers over the
plots, which they use to simulate rainfall
scenarios. One site gets 50 percent less
rain than occurs naturally, one gets 50
percent more rain, and the rest are used
as controls. The researchers are now
collecting data on what is happening

in the soil and in the plants (such as
transpiration and growth rates), which
will allow them to better understand the
water transport system and assess how
the trees react to the simulated climates.
The project is primarily funded by the
U.S. Department of Energy Program

for Ecosystem Research. The Middle

Rio Grande Ecosystem Management
Research Unit is funding the portion that
looks at the ecosystem carbon cycle
consequences of climate change. By
attaching chambers to the soils or to the
stems of the plants, the researchers will
measure the carbon dioxide flux from
those tissues, using an infra-red gas
analyzer. This allows them to determine
what happens to the carbon cycle during
drought. Do these ecosystems lose more
carbon during a drought? Or are they
carbon emitters?

The study, which is ongoing, is expected
to lead to a deeper understanding of
the cascade of events that occur during
drought and beetle invasion. Having
such information could greatly help
scientists to determine ideal tree stand
densities (trees per acre), predict stand
growth and carbon uptake, and also
predict how future disturbances such

as drought might affect the growth and
survival of the pinyon-juniper woodlands.

Collaborating with McDowell are Michael
G. Ryan, Ph.D., Rocky Mountain Research
Station; William T. Pockman, Ph.D.,

CONTINUED ON PAGE 9 .

Several species of bark beetle are involved in the

current outbreak, including the pinyon bark beetle

(Ips confusus), right.

Photos: James Holland (pinyon pine); Darren
Blackford, USFS, Bugwood.org (pinyon bark beetle)

Bark beetles are a natural

component of ponderosa
pine (Pinus ponderosa) and
pinyon-juniper (Pinus edulis-
Juniperus monosperma)
forests. Adult beetles (there
are several species) infest
trees by chewing through the
bark and laying their eggs
inside. When the larvae hatch,
they feed on the inner bark
of the tree, cutting off the
flow of sap. The beetles also
produce a characteristic “blue
stain” fungus, which blocks
the transport of water and
nutrients through the tree.

Eventually, the tree dies.

Under normal conditions,
healthy trees defend
themselves from a bark
beetle infestation by pushing
the insects out with sap.

The beetles thus are usually

limited to attacking only a
few diseased or weakened
trees. Under drought
conditions, however, trees
are unable to produce
those defensive resins,
leaving many more of them

vulnerable to attack.

The current bark beetle
infestation began in 2002, in
association with worsening
drought conditions. Tens of
millions of pinyon pines have
already been killed in New
Mexico, making this the worst
infestation since an outbreak
that occurred during a
drought in the 1950s. (Juniper
trees are not affected by the
insects, and ponderosa pine
deaths have been limited.)
Those millions of dead trees
may be setting the stage for

potentially catastrophic fires.

Once a tree has been attacked by bark beetles it cannot be

saved. For tips on protecting trees and disposing of dead trees,

see the U.S. Forest Service Southwestern Region bark beetle site,

www.fs.fed.us/r3/resources/health/beetle/index.shtml.
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University of New Mexico; Richard
H. Waring, Ph.D., Oregon State
University; Nicholas C. Coops, Ph.D.,
University of British Columbia; Sue
A. White, University of New Mexico;
and Robbie A. Hember, University of
British Columbia.

Drought’s Effect
on Tree Stands

The second team of researchers, led
by Neil S. Cobb, Ph.D., is focusing
on how drought — in combination
with bark beetle outbreaks — affects
the larger pinyon-juniper ecosystem.
Cobb is director of the Northern
Arizona University Merriam-Powell
Center for Environmental Research
and also curator at the Colorado
Plateau Museum of Arthropod
Biodiversity. He and his collaborators
have been funded by the Middle
Rio Grande Ecosystem Management
Research Unit since 2005.

Cobb and his colleagues are working
on several different studies that

will 1) help to clarify how upland
ecosystems at the plot level respond
to the disturbances of drought and
bark beetles; 2) assess the changes
in tree stands and fuel loads in

areas that have already seen large
tree die-offs; and 3) determine how
these disturbances have affected
the overall Middle Rio Grande Basin
tree stand structure. Working with
Cobb are Paulette Ford, Ph.D.,
Rocky Mountain Research Station;
Robert J. Delph, Colorado Museum
of Arthropod Biodiversity; Michael
Clifford, Merriam-Powell Center

for Environmental Research; and
Monique Rocca, Ph.D., Colorado
State University.

The researchers set up a large
number of study plots throughout the
Basin, in areas where many trees had
died (high-mortality areas) and also
where they had not (low-mortality
areas), and carefully measured

what was found in each plot. They
recorded data such as basal trunk

diameter, foliage density, canopy
height and depth, litter depth,
percentages of shrubs, grasses and
forbs, the amount of dead and down
woody debris, and the abundance
of more than 300 species of insects,
spiders, and other arthropods.
Among the questions they have
asked: What has changed in the
pinyon-juniper ecosystem because
of the drought and bark beetle
disturbances? Have invasive plant
species moved in? Have dead trees
provided habitats that will support
more arthropods? Have decaying
trees changed the soils with a

flush of added nutrients? Are
downed trees raising the risk of
fire? What has happened to stand
structures regionally?

By comparing the data from the
various sites, the researchers have so
far found some significant changes in
the upland ecosystem:

< Understory vegetation was
changed, with increases in a more
drought-tolerant grass species in
high-mortality areas.

* Aloss of canopy cover reduced
litter depth in high-mortality
areas, but soil composition did
not change.

e Some classes of fuel loads (the
amount of woody debris of a

An estimated 10 to
20 percent of pinyon
pines in the Four
Corners states have
died, with mortality

up to 95 percent in
some stands.

Photo: William M. Ciesla, Forest
Health Management International,
Bugwood.org

certain diameter) increased in
quantity, but others did not, and
while fire dynamics were altered,
the probability of a catastrophic
fire due to high levels of dead
trees is low.

= Somewhat surprisingly, the overall
abundance of arthropods was not
found to be significantly different
between high- and low-mortality
areas. This could be because most
of the dead trees have not fallen
to the ground yet, and so have not
increased habitat complexity for
these species.

* Arthropod community
composition was different
between high- and low-mortality
areas, with 25 percent indicating
preferences for either high- or low-
mortality habitats. This indicates
that ground-dwelling arthropod
communities are changing as a
result of drought.

« Perhaps the most interesting
finding was that the density of
trees in a stand did not affect tree
mortality levels. This contradicts
the popular theory that trees in
dense stands are more stressed
and so tree thinning will reduce
susceptibility to drought-bark
beetle outbreaks.

While the changes to the pinyon-

CONTINUED ON PAGE 10 4&

MIDDLE RIO GRANDE BASIN — RESEARCH REPORT 2008

www.fs.fed.us/rmrs




