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Sid Goodloe has for the past 44 years been the owner-
operator of the Carrizo Valley Ranch, 16 miles north
of Capitan, New Mexico. For 42 of those years, he has
dealt with piñon-juniper ecosystem manipulation,
watershed rehabilitation, and wildlife habitat en-
hancement in the Southwest. For over two decades,
Sid has been an international livestock consultant in
Australia, Kenya, Zimbabwe, Brazil, Madagascar,
and ranch manager for Diamond A Cattle Company in
Roswell. He served on the Users Advisory Board to the
U.S. Secretary of Agriculture for six years. Sid
established the First Short Duration Grazing or
“Savory” method in the U.S., which is still in
operation with few changes. He received the 1995
National Cattlemen’s Association’s Environmental
Stewardship Award, Region 6, and the 1999 New
Mexico Watershed Coalition’s Watershed Steward
Award. Sid received a B.S. in animal science and an
M.S. in range science from Texas A&M University.

FOUR DECADES OF UNDERSTANDING WATERSHED DEGRADATION
AND OUR REHABILITATION OF THE CARRIZO VALLEY RANCH

Sid Goodloe
Carrizo Valley Ranch

PO Box 598
Capitan, NM 88316

Today I will begin with a few comments that may
be in conflict with what some of you think.  I have a
philosophy about watershed rehabilitation that I want
to share with you. I will also show you some slides of
our rehabilitation work done on the Carrizo Valley
Ranch.

Most of us in New Mexico have recently realized
that our most important natural resource in New
Mexico is water. We can no longer afford to allow the
deplorable conditions of our watersheds to continue.
This entire state is a watershed. The subtle invasion by
water hungry plants, especially at higher elevations
where we get the most precipitation, is robbing our
aquifers, streams, and rivers of that life giving
resource. Mesquite, sagebrush, piñon, juniper,
ponderosa, and other invaders of our grasslands and
mountain meadows are using up to half of our annual

precipitation. Not only are our watersheds only
partially productive, but erosion caused by an
overpopulation of these water hungry plants has
polluted most of our streams in New Mexico with silt.

Until recently, our focus has been on water
planning, water transfer, water conservation, water
adjudication, and water banking rather than water
production. If our watersheds continue to deteriorate,
water production will decline while demand continues
to accelerate. There is an example in Lincoln County,
where I live. Our population has increased 59 percent
in the last ten years. The wells are drying up simply
because there are too many straws in the glass and our
watersheds continue to see a buildup of a large number
of small trees that are using the water that should be
going to the aquifers. Another example of the vegeta-
tive change and its effect on watersheds is the Pecos
River. The flow of the Pecos River has decreased 30
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percent since 1937. The decrease in water flow in the
Pecos River is now 1.2 percent a year.

Watershed deterioration began over 100 years ago
with the influx of excessive numbers of livestock into
the Southwest as well as homestead requirements that
worked east of the Mississippi but were ridiculous
here in the West. The cycle of fires that controlled tree
and brush populations was interrupted because of the
lack of fuel. The early part of the 20th century saw the
beginning of fire suppression that became increas-
ingly efficient. Most of the potentially beneficial fires
were suppressed before they could perform their
thinning function. As a result, the western United
States is living with very dangerous and unhealthy
forests that are subject to disastrous wildfire. Water
that should be going into our aquifers is being used to
grow ladder fuels and other small trees that cause these
conditions.

So how do we rehabilitate our watersheds so they
function properly again? First we must know their pre-
settlement or climax condition and use that as a guide.
We may never achieve that climax condition but at
least we can move in that direction. Journals kept by
the first explorers in the Southwest referred to open
forest, savannas, and grasslands. These, of course,
were maintained by frequent, low intensity fires.  We
must bring back the predator that controlled tree and
shrub populations by using prescribed fire where it is
safe, and perform the necessary thinning required to
have a healthy watershed. Unfortunately, the
explosion of home building in fire prone areas has
made it very difficult, if not impossible, to conduct
even a fuel reduction prescribed burn.

In areas where prescribed fires cannot be used,
such as in piñon/juniper thickets that will not burn
anyway, we are using mechanical thinning methods. I
have found that the soil disturbance caused by
mechanical treatment is exactly what is needed. And if
reseeding using native species immediately follows
dosing and piling of piñon/juniper, a productive
water-shed replaces a biological desert in two years.
Of course, it has to rain to accomplish this.

Thinning ponderosa mechanically can best be
done by sawing the tree close to the ground, removing
the usable logs and burning a year or two later;
however, we must solve the problem of marketing the
small diameter trees.  We got the ‘cart before the
horse’. Currently, money is provided for different
organizations, Forest Service included, to do the
thinning, but we haven’t developed a market for the

small diameter trees. We’ve got to develop that before
that sort of thinning process becomes economically
viable.

Historically, fire swept through our southwestern
grasslands, savannas, and open woodlands about
every seven to ten years. If you have any questions
about that, the University of Arizona has a research
center that provided us with the information.
Lightning caused fires usually occur in the spring or
early summer after a dry winter and spring, and control
the tree and shrub populations. Piñon and juniper
seeds are spread across our grasslands mostly by birds,
coyotes, domestic livestock, and wildlife. Conse-
quently, seedlings are becoming established at an
alarming rate where no trees grew before. Selective
herbicides are available and are efficient and
economical if used while seedlings are young.

Riparian areas comprise less than two percent of
our southwestern ranges and forestlands and if
continuously grazed by livestock or game, especially
during the growing season, riparian vegetation may
disappear. However, if the watersheds above continue
to support an increasing population of trees and
shrubs, the risk of losing riparian vegetation and other
benefits becomes very real during dry years.
Watersheds and riparian rehabilitation must go hand
in hand. Most of our watersheds in the Southwest need
immediate attention. To achieve a functioning and
sustainable watershed, we must get involved as
individuals through county, state, and federal
processes. We may be required to subsidize some
rehabilitation processes such as the disposal of small
diameter trees, but the need will only become greater if
we continue to postpone addressing the deplorable
conditions of southwestern watersheds.

We have overlooked our most productive
watersheds, those in the higher elevations of New
Mexico where we get the most precipitation. The
problem with these watersheds is that they are under
federal management and that management, up until
just recently, has been basically custodial. Thus, we
have a problem with the state’s water being used by the
federal land management agency to grow ladder fuels.
That’s pretty simple and needs to be corrected. For
instance, prescribed burning in my area is talked about
a lot, but very little of it is done. Now I would like to
share with you what I have learned about watersheds
in the piñon/juniper and ponderosa ecosystem.

You will see a better exhibit than I have of the
invasion of water hungry plants in our rangelands and
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forest when Hollis Fuchs speaks to you later in the
conference.  Figure 1 is an example. It shows Fort
Stanton, which is east of Capitan and established in
1855. Figure 2 shows Fort Stanton as it is today. It is
almost covered by piñon/juniper. Interestingly, you
can see the Fort in the picture that was taken in 1880
when it had been in existence for 25 years. They
probably kept the horses right around the fort and you
can already see the young trees establishing
themselves because the horses probably kept the grass
too short to burn or fires were put out easily.

Figure 2. Fort Stanton - Today

Another example that Hollis will show you is
Nogal Mesa (figures 3 and 4). Our ranch is just to the
right of the four step Carrizo Mountain, which is
northeast of Carrizozo. You can see what is happening
to the aquifers. They are probably not getting
recharged at all in that area. Figures 5, 6, and 7 refer to
what I talked about concerning the spread of seed by
birds, coyotes, domestic livestock, and wildlife.
Figure 5 was taken a little south and west of Santa Fe.

You can see one-seeded juniper, and Figure 6 shows
alligator juniper. Figure 7 shows alligator juniper in
the Lincoln County area. The meadow at the bottom of
the photo is the one I rode over 30 years ago. There
wasn’t a tree in that meadow at that time and now,
because we have had some wet years in the 80s and
there has been no fire there, within 25 years there will
be a solid canopy of alligator juniper.

Figu

Figure 3. Nogal Mesa - Circa 1900

Figure 4. Nogal Mesa - Today

Figure 5. One-seed juniper.

Figure 1. Fort Stanton - 1880.
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Figure 6. Alligator Juniper.

Figure 7. Alligator Juniper.

Figure 8 is an example of a juniper root system. I
have done a lot of research on root systems. You can
see from Figure 9 how the root system affects the
growth of anything 40 feet from the trunk. This area is
on Mr. Tinsley’s forest permit. The piñon/juniper
roots take all the nutrients and water from the
herbaceous species that grow there and end up either
completely eliminated or the sheet erosion that occurs
around them leaves them on a pedestal, totally
unproductive, and they don’t protect the soil at all. We
can sum up by saying that a solid canopy of piñon/
juniper will cause tremendous erosion. Sheet erosion
leads to gully erosion, and of course, you know what
this does to downstream ponds or downstream flow.

Subdivisions in our area are making things very
difficult for prescribed burning. Considering the
square footage that is roofed over and paved over, you
get a much faster runoff that requires more grass or
herbaceous growth below to hold the soil. Add to this
the fact is that it is impossible to do any controlled
burning in those areas. We are trying to interest people

Figure 8. Juniper roots.

Figure 9. Piñon/juniper roots affect herbaceous
growth 40 feet from their trunk.

in conservation easements to try to protect some of the
open space in Lincoln County before it becomes
completely impossible to burn and a deteriorated
watershed continues to worsen. We all know why our
water production is decreasing–it is because we are
getting almost a solid cover of piñon/juniper and pon-
derosa, at least in my ecosystem. We can also see
mesquite and shinnery on the east side and sagebrush
on the west side of the divide, both doing the same thing.

Where are we going to end up? I have mentioned
the 30 percent decrease in water flow in the Pecos
River. Another interesting research fact is that 100 six-
inch diameter juniper trees per acre will use 9 inches of
precipitation a year. That is probably one-half to two-
thirds of our annual precipitation. Woody species are
much less efficient in water use, when considering
production of biomass. Rooting depth is also quite
interesting. A lot of research was done on this at Los
Alamos. While digging a trench to bury some radio-
active material, they decided to do a study on roots.
Figure 8 shows the depths they found for juniper roots.
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They found the average root depth for Ponderosa pine
to be 15 feet, 21 feet for piñon, and 80 feet for one-
seeded juniper. I don’t know how they dug a 200-foot
ditch without it caving in, but you can see the depth
and how they get the water that normally percolates
into the aquifer.

What has caused this? When this country was
settled, the first livestock were introduced by the
Spaniards who settled mostly in the Rio Puerco area
and along the Rio Grande. Later, the big movement of
livestock into New Mexico came from Texas and
Oklahoma where the precipitation was much greater.
These folks brought livestock in the kinds of numbers
they were used to running, like 10 acres to the cow.
The damage started with those excessive numbers.
They also didn’t realize the value of rotational grazing.
They left the animals on the land year round. The
worst problem was the land claiming procedures in
those days. If you had the water, and you could control
that water, then you were in command. But if you did
not graze off the land around water for several miles,
someone else would come in and claim the water
saying that you were not using it. Consequently, the
sheepmen and cattlemen who came into this country
back in those days were really their own worst enemies
because they had to be. Their priorities were their
scalp, of course, their families, schools, homes,
livestock and their property lines. Those things came
ahead of their concern for the land. The land was there
to use and graze and that is what they did.

Fire suppression began in earnest about 1910 and
the story is very interesting. In 1910 we had about
three million acres burn in the Northwest. In a very
short period of time, the fire killed 80 or so firefighters
and it was a pretty good wake-up call for what could
happen. It was a dry year, the conditions were perfect,
and it was a natural fire. The tragedy forced people to
figure out a way to stop those fires. The knowledge
brought to this country came from Europe where there
was a no-fire policy.  During WWII, many people were
worried about the Japanese setting our western forests
on fire with balloons and flares, and they did that on a
small scale. After the war, we had a lot of airplanes
available and they increased the efficiency of five
suppression.

Basically, in my opinion, what happens today is
that fires that start on the kind of day that allows them
to burn without getting away, can be put out and are
being put out. The fires that cannot be controlled are
the fires that start when the humidity is low, around 10

percent, wind is 60 mph, and it is 70 degrees. That is
what happened in Cerro Grande and the fires in
Lincoln County. Until we correct our overgrown
forests, these fires will continue to occur. I think the
participants who went on the Cerro Grande tour were
told how much money it will cost to rehabilitate the
area. It is a lot cheaper to prevent an uncontrolled fire
with the right kind of prescribed burn than to
rehabilitate an area after the  fire has occurred.

Smokey Bear was found very close to where I live
and I don’t talk very complementarily of Smokey,
which is not very popular in Capitan where the
Smokey Bear Museum is and where Smokey is buried.
Smokey has a purpose to teach children to be careful
with fire. But concentrating only on fire suppression
and not on using fire management has been a mistake
and now the U.S. Forest Service realizes that.

Figure 10 shows how the country I live in looked
in the 1950s. Years of too many animals and drought
resulted in a monoculture of blue grama, broom weed,
cholla, and piñon/juniper. With a little help from
Mother Nature, and a little help from us by controlling
the water hungry plants that have caused a lot of the
problems, we have the sort of situation depicted in
Fig.11. Of course, you can get any country to look
good after a good year, but most of my property had a
solid canopy of piñon/juniper and now we have a very
productive watershed.

Figure 10. Results of year-round grazing - 1950s.

Figure 11. Results of rotational grazing and
vegetation management.
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We must familiarize ourselves with our pre-
settlement conditions in order to bring back those
conditions. We must use prescribed fire, mechanical,
or chemical treatments. We must market the off-take.
We must find a way to pay for this. I paid for my
watershed rehabilitation with the sale of fire-wood,
posts, and vigas from the ponderosa. The management
that follows watershed rehabilitation is tremendously
important. It must be a holistic approach to livestock,
wildlife, aesthetics and recreation. Rotational grazing
is what I feel is the most important part of grazing
management. We use mechanical, chemical, hand
treatments, and prescribed fire to obtain a productive
watershed. I have spent many hours on dozers. I
believe in piling and burning piñon/juniper. If you do
not burn it, the birds land on the dead limbs and spread
the seeds. Once the dozer work is complete, you need
to get in there immediately with some seed and the
wind will cover the seed. You don’t need any special
equipment, I do it all by hand. If you get a little rain
then you get the sort of response shown in Figure 12. I
do a lot of this in those solid canopy areas where I have
created a kind of cul-de-sac for wildlife. I burn the
dead trees to kill the green trees; I can usually get four
to five green trees with every dead one if I plan it right.
The results are not very attractive, but notice the
difference in the soil condition in the picture in Figure
12. We are not losing soil now. We have a solid turf.
We do not have tree roots down deep that are sucking
out water that should be going into the aquifers. Back
in the 50s and 60s, we did a lot of anchor chaining to
speed up the control of piñon/juniper. But we didn’t
know what we were doing and we did it all wrong. The
piñon/juniper problem is increasing. Some people say
that 60 million acres exist in the West and 20 million
acres in New Mexico. We get thickets with a solid
canopy where no grass can grow and the watershed
deteriorates. In my opinion, we need to come up with
a method to deal with the piñon/juniper problem so
that we can move faster in our watershed
rehabilitation. Currently, the expansion of piñon/

Figure 12.
Prescribed fire -
piñon/juniper
thicket after fire.
Dozer push
against live trees
followed by fire
and reseeding.

juniper in that particular ecosystem is faster than the
control method.

We did an experiment with a chain in the Lincoln
National Forest above my place. You can see what is
happening on Figure 13. You get immediate results
from water storage and water infiltration. On this
particular project, we chained it once, put in a little
seed where we could get around, just to carry a fire
later. We got an immediate response. It was necessary
to chain the other way to make sure the kill was good
and it was chained with an “edge” in mind for wildlife.
This chaining was done in the spring. The following
spring we did the burning. Figure 14 shows the way it
looked after the burning. The Forest Service went into
shock over this because it did look a little tough, but
they went right back in there and threw out the grass
seed. Figure 15 shows the area two years after the
initial chaining. As I said before, we went from a
biological disaster to a productive watershed in two
years. We were lucky to get some rain that gave us this
response.

Figure 13. Mechanical chaining; water storage;
infiltration.

Figure 14. Prescribed fire; post burn.
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Figure 15. Prescribed fire; final results. Two years
following chaining and burning.

You can see the tree line in Fig. 14. All the water
that fell was absorbed by the trees or ran off into the
gullies. One of the things people don’t realize is that
when snow falls in that solid canopy, much of it
evaporates before it even hits the ground. Many storms
in this country are followed by a dry wind, and humi-
dity is so low that the snow evaporates. I have seen
snow-drifts where you would think the snow would
melt into the ground below, but the wind would dry it
out so much that there was hardly any moisture left.

Another thing you should realize, and I didn’t until
just a few years ago, is why fire is a friend to grass and
an enemy to brush or trees. Fire is friendly to grass
because when grass grows, it grows from a crown at
the surface or beneath the ground surface. Heat travels
up so the fire burns over the grasslands and the grass is
not damaged. Trees on the other hand grow at the ends
of their limbs. Their buds are at the ends of the limbs,
so when the fire hits the tree, it kills the tree. In the case
of alligator juniper, it has a sprout zone below the
ground so it really doesn’t react the same way. It will
come back after the fire unless it is really stressed.

Figure 16  shows a tree that was pulled in 1957 and
this photograph was taken three or four years ago. You
can see even the smallest limbs are still there. Junipers
do not decompose. The birds come and land on the
dead tree and drop the seeds. And then, of course, that
is a perfect seedbed for that plant to come up. The next
Figure (17) shows the same plant after I put a little
herbicide on it. I think there were eleven one-seeded
junipers under that old dead bush. You can see from
Figure 18 how the birds have come from a one-seeded
juniper area and have flown over this open land and
dropped those seeds. If you will look along the fence
line beside the highway, or under a power line you will

see lines of these one-seeded junipers where the birds
have stopped and landed on the fence or power line or
flown across a meadow. The problem is that as we get
more junipers, we get more birds, and if we get more
birds, then we get more junipers. The thing you have to
remember in watershed rehabilitation is that it is an
ongoing process. You cannot clean it up once and then
leave it. It will come right back.

Figure 16. Pre-herbicide; birds perch on dead
juniper and drop seeds.

Figure 17. Post-herbicide.

Figure 18. Post-herbicide; birds fly
across open ground and deposit seeds.
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Hand grubbing is about the only way I can get rid
of the ponderosa seedlings to keep an open woodland.
I use a Pulaski to get the smaller ones. I use tree
pruners or a light chainsaw to get the larger ones. We
do our burning at night in the ponderosa. It’s not as
affective but it’s also not as dangerous. We are very
careful. It won’t kill all the trees, but it will at least thin
them out. Figure 19 shows what we try to obtain after
a couple of burns. It has not been reseeded. The seeds
were already there. That used to be an open grassland
or savanna. You can tell all the trees are young trees.
They have come up since settlement.

Figure 19. Prescribed fire; ponderosa pine.
One year after ponderosa pine night burn.

Figure 20. Tree ring data; western forests
burned about every ten years.

Figure 20 illustrates the kind of data the tree ring
data research center puts out. It indicates that this tree
came up around 1650 and died in 1978 or 1979. There
are no fire scars on that tree, from 1900-1979. That
backs up statements that I made about fuel not being
present and that fire suppression had occurred. The
data offer concrete evidence that we had low intensity
fires every seven to ten years in the Southwest. We
have not had fires in most of our woodlands and most
of the piñon/juniper areas in the last 120-130 years.
You can see why we have disastrous fires once they
get started. If the weather is right, there is no stopping
them.

Figure 21 shows a fire that occurred just above my
place in 1994. It started with lightning in the
ponderosa. The interesting thing about it was that it
burned down through the canyons populated with
ponderosa. I learned the only way to burn piñon/
juniper thickets is to preheat them. This happened.  As
long as that fire was moving up hill, with the wind,
piñon/juniper burned. As soon as it topped out and
started down the other side, it burned out. I guess the
lesson is that piñon-juniper eco-systems must have a
little help to get them to burn when they become a solid
canopy with no understory at all.

Figure 21. Wildland fire; Patos Mountain Fire
- July 1994.

Figure 22 shows a transition zone right above my
fence between the ponderosa and the piñon/juniper.
The fire was hot enough to bake the soil and it killed
everything. I think they call that a stand replacement
fire. We have a few sprouts from the alligator, but
otherwise everything is gone. They flew in there and
seeded the area and it is absolutely beautiful now. It
does need another fire to get rid of that dead and
downed timber. Although that would help a lot, it is
probably not going to happen. Figure 23 shows an area
over by Ruidoso after the Cree fire. Those pines are
less than 120-130 years old. The area was more or less
an open woodland or probably a ponderosa savanna.
The area was seeded and it responded.

Figure. 22.
Wildland
fire; stand
replace-
ment fire;
Patos
Mountain.
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Figure 23. Post-treatment or follow-up.

One of the last things to consider in watershed
rehabilitation and maintenance is the effect of off-road
vehicles. In my area, we have a tremendous problem
with four-wheeled drive vehicles, especially during
hunting season. If it happens to snow and melt or rain
during hunting season, and if the Forest Service does
not have enough people to enforce the regulations,
people will go where they want to go. We have a lot of
interest in road hunting. Figure 24 is a picture taken in
Nevada on BLM land that allows dirt bike races. The
thing that worries me is that I read the other day that we
are selling 1,500 SUVs a day in this country. In Santa
Fe, there are almost as many SUVs here as there are in
Ruidoso. People who own SUVs are going to try them
out. We must have some sort of limitation on where
these people can go in their SUVs. We need some
recreation areas of course, but we must keep the SUVs
from going wherever they want because the damage
from those vehicles is permanent.

Figure 24. The New West - recreation and
tourism; ORV explosion on public lands
across the West.

Some of our marketing methods include selling
vigas and firewood to the Texans or Californians who
move to Ruidoso. That allows us to pay for the
rehabilitation work we do. We used to sell a lot of
fence posts also, but most use steel posts now.

Grazing is so important in watershed rehabilita-
tion. I ran into Alan Savory in Rhodesia back in the
60s. Although Alan and I have had some
disagreements, I think Alan has done more for land
management than any other person in history because
he has made us think about what we are doing and
realize that we must manage our watersheds properly.
I have tried short-duration grazing. It is such a
wonderful way to handle the livestock. I am not a
follower of some of Alan’s original methods using the
wagon wheel. I simply fenced my place off into
different pastures according to topography and water.
I have seven paddocks that I rotate during the summer.
Each paddock gets six weeks rest, normally. If the
growing season is more active, in other words if we get
continuous rain and I get good growth, I’ll rotate the
cattle a little faster, but basically, we follow one week
in the paddock with six weeks rest.

The type of animal you put on the land should suit
the climate. We never tried the cape buffalo; I guess
we decided they would be hard to work in the chute.
We settled with the Alpine Black cattle on the Carrizo
Valley Ranch. They are three-fourths Angus, one-
fourth brown Swiss. The cattle are black, absorb the
heat during the wintertime, don’t have udder
problems, don’t have eye problems, and are highly
marketable.

An ancient Chinese philosopher, Yu Chin, had all
this figured out in 1600 BC so we are not breaking new
ground. He said, “To preserve your rivers, protect your
mountains.”

To give you an example of watershed rehabilita-
tion, look at a picture I took back in the 50s (Figure 25).
We had had an unusually heavy snow winter, and we
had some runoff the likes I’d never seen in the Carrizo
Canyon before. I took a picture of the canyon so I could
remember what it looked like with water in it. The
junipers were right down to the canyon’s edge and
there was nothing but white boulders in the bottom.
Figure 26  is a picture of the same area that was
protected from grazing in the growing season for just
a few years. Recovery has been fantastic.
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Figure 25. Carrizo Canyon after an unusually
wet winter during the 1950s.

I get a lot of silt from the forest above me and that
has built up a wonderful riparian zone with
tremendous riparian vegetation. We’ve tried to plant
cottonwoods in there but the bucks like to polish their
horns on them, so it was not very successful. I did put
willows in there and they flourished, and the day
before yesterday we put in some beaver. Putting
beaver in is probably something I’ll regret, but on the
petroglyphs in the area, there are beaver drawings that
were made before 1450, so I know there were beaver
there. In any case, watershed rehabilitation and
riparian enhancement must go hand in hand.

Lastly, I once had a stud horse that kept cooling
himself over snowdrifts by sitting on his butt all the
time and that is kind of where we have been for the last
30 or 40 years (Fig. 27). I like to use that as an example
of something we cannot continue to do. We must get
up and get things going through the legislature or by

Figure 26. Riparian after protection during the
growing season.

other means. We must use our influence. We must
make people realize our watersheds are going down
hill every day and water demand is going up everyday,
and that doesn’t take into account the debt we owe
Texas. We must do something about these watersheds
and I’m especially glad that this water conference is
about watersheds because that is what we must be
talking about. I appreciate the opportunity to come and
talk with you about these things. I’ll be glad to answer
any questions and I am going to be here all day today
and tomorrow morning.

Thank you very much.

Figure 27. We can no longer afford to sit and watch
continued watershed deterioration.
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It is a pleasure to be here to talk with you about the
science information and data provided by the U.S.
Geological Survey, in support of you in your respon-
sibilities and endeavors to understand and manage the
water resources of your state. We provide such
information nationwide through our network of
offices and have done so for about 120 years.

I’m going to talk about a few items, mostly from a
national perspective, and then mention a few specific
things here in our New Mexico program. I will talk
about stream gages, in particular something we call
our National Stream Flow Information Program, and
some new developments in data delivery that I hope
some of you are already using. I also want to show you
some new technologies that we are deploying in the

field, and then share a few comments about specific
activities here in New Mexico.

Let me begin with stream gages. This is one of the
most important things that we do at the USGS, to
provide science in support of resource management.
We operate about 7,000 stream gages nationwide.
Basically, a stream gage is a structure beside a river
bank, with some method of determining the water
level (or stage) on a continuous basis, recording that
water level at frequent intervals, such as once every 15
minutes (Fig. 1a). Of course, what we are mostly
interested in isn’t water level, but in fact, discharge (or
flow). So we must, from time to time, make discharge
measurements, usually using a traditional current
meter, making velocity measurements in numerous
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verticals across the stream (Fig. 1b). The result is
essentially an empirical calibration, something we call
a rating curve, which relates water level to the
discharge (Fig. 1c). This calibration is the most
important part of the job of stream gaging. It needs to
be repeated frequently because our river channels are
constantly changing, so we need to make sure that this
calibration between stage and discharge is always
accurate. Today most of our stream gages are
equipped with telemetry, which means the data goes
from the gage, up to a geostationary satellite, and back
down to our offices where the stage information is
converted into discharge. It is then provided to all
interested users, via the internet, in the form of a
hydrograph (Fig. 1d).

The USGS stream gaging program is over 120
years old and, in fact, the entire program started here in
New Mexico at Embudo. It began as an experimental
activity to develop methods to train the technicians
and then disperse them across the United States. And
it was really the original concept of John Wesley
Powell, our second director of the USGS.

There are many uses for streamflow data. I will
discuss them here in somewhat of a chronological
order. It may help you understand all the reasons why
this gaging activity is so important.

When John Wesley Powell was looking at the
development of the West, he said that the key to
appropriate development was to appraise the water
resources so that they could be allocated properly and
not over-allocated. At that time the major concern, of
course, was irrigation–how much land could be
irrigated with the amount of water available in our
rivers. This evolved into the issue of designing the

Figure 1a-d, clockwise from upperleft; a. gaging station,
b. rating curve, c. hydrograph, d. current meter

nation’s water infrastructure. If one is going to build a
dam or a diversion, one needs to know how much flow
is available so that one could determine the kind of
yield that can be obtained. This can only be done
through stream gaging.

 The next issue was flood hazard planning and
flood forecasting. Determining the extent of the 100-
year flood plain requires a statistical analysis of the
measured flood flows over a period of years. The
resulting flood-frequency curve can be used to
estimate the flow that would occur with an average
recurrence interval of, say, 10 years or 100 years.
These flood-frequency curves can be regionalized for
extrapolation to ungauged streams. And with good
topographic maps, they can be used to map areas that
would be inundated at selected recurrence intervals.

Flood forecasting is a very important function,
one carried out by our colleagues in the National
Weather Service. They have the mission to provide not
only the flood forecast but also stream-flow forecasts
in general for the nation. In order to provide flood
forecasts they need a number of things: precipitation
information, temperature information, and forecasts
of what the weather is going to do. They also need
hydrologic models and they need the current
hydrologic data to make sure that they are on track in
their forecasts. Accurate models depend on both
historical and current stream flow information.

Next is reservoir operations. If one has a reservoir,
one needs to make sure that it is operated properly, in
anticipation of flood flows, and during drought flows.
To make those day-to-day, hour-to-hour operational
decisions, managers must know the current rates of
inflow to and outflow from the reservoir.

Recently, water quality management has become
an important reason for having stream gages. Permits
set for wastewater discharges depend on having flow
information so that one can understand dilution and
predict the effect of a wastewater effluent on the
receiving water, including its level of dissolved
oxygen. We have something new in all of our lives in
terms of water quality, something called “TMDLs.”
Now some people think that stands for “too many
damn lawyers.” It actually stands for “Total Maximum
Daily Load.” What is load? Load is a concentration
multiplied by flow. One can’t begin to talk about Total
Maximum Daily Load if one does not have flow
information coupled with the water-quality informa-
tion in that analysis. This is yet another critical reason
for having the flow information.

Outside reference gages
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The need to maintain instream flow to protect
aquatic habitat is another critical issue in water
management that frequently conflicts with some of the
more traditional uses of the water in our urban areas
and agriculture. One can’t begin to determine instream
flow needs without the flow information to understand
what the traditional flow regimes were before the
development and what they are today.

I think the previous talk really did a wonderful job
emphasizing the importance of changes in the stream
flow. Stream flow changes for a variety of reasons.
The effect of human activity and vegetation change on
the landscape is a critical reason that stream flow
changes. We need to measure flow so that we can
quantify what is happening as vegetation changes. In
addition to that, we have issues such as long-term
climate variations and even potentially long-term cli-
mate changes due to things like the greenhouse effect.

And finally, I would mention recreation uses and
recreational safety. In this era where our data are
available so readily on the internet, anyone who is
planning to go fishing, kayaking, canoeing, rafting,
you name it, will want to know what the conditions are
before they go out to their favorite site for those
activities. They can check that information on the
internet from our data and make their decision–for
example, I’m not going to waste my time and energy
going out there because the conditions are not
appropriate and also it will affect personal safety.

So there are a tremendous multitude of uses for
streamflow data, and the list is ever growing. Some of
the guiding principles behind our stream gaging
network are that many partners contribute the funding,
that all the data we collect are freely available to
anyone, it’s not just available to those who help pay for
it, and we operate the network on behalf of everyone.
There are often opposing parties in water disputes, and
we want to provide the data on which all can agree as
the basis for the national and regional and local
debates for our water resources.

There have been some difficulties with our stream
gauging network and reductions in its size. As a result,
Congress asked us to take a look at the network and
raised some questions about how well we are doing in
serving the nation’s needs.

It is important for people to understand where the
funding for stream gauging comes from. This is the
funding picture as of 1999 (Fig. 2). As you can see, at
that time, it was about a $91 million venture on a
nationwide basis. That is the single largest kind of

activity that we have in water programs of the USGS.
The only part of the funding that comes entirely from
the USGS is about $5 million, which is used to support
individual gages. The biggest part of the money
actually comes from state and local agencies. In 1999
it was $37 million from over 800 state and local
agencies nationwide; part of a matching program
called the Cooperative Water Program, a program that
has existed for over 100 years. The appropriations law
says that we are given a certain amount of money that
we may only spend if we have at least an equal amount
of money coming from state and local partners, who
cost share with us in order to undertake that work.
Two-thirds of the program therefore is funded by state
and local agencies and is driven by their needs. These
agencies include the Interstate Stream Commission,
here in the state of New Mexico, and a number of other
agencies, cities, and counties, that are continuously
providing us with very strong support for this network.
We are very appreciative of the tremendous support
we have received over the years. And finally, we have
other federal agencies, most particularly the Army
Corps of Engineers, which is a very large contributor
to the stream gaging program.

But as you can see, although there is great strength
in this cost-sharing arrangement, there is also some
potential weaknesses. As administrations change in
state governments, states go through budget crises
from time to time and some of this money can dry up.
That then affects the money on our side that has to go
away. And we can get some real instabilities in this
program. One of the crucial aspects to a program like
this is the need for long-term stability. So there is a
whole set of issues that arises with this National
Stream Gaging Program that we have been trying to
address over the years, and we have come up with a

Figure 2. FY99 funding sources for USGS stream-
gaging program.

Fiscal Year 1999 Funding Sources for 
USGS Streamgaging Program

USGS-Federal 
Match 

Cooperative 
Program

 $25 million
State and Local 

Agencies 
$37 million

USGS Federal  
Program 
$5 million

Other Federal 
Agencies

 $24 million

TOTAL
$91 million
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plan called the National Stream Flow Information
Program to address them.

The first issue is the need to modernize our
stations, particularly by adding telemetry to make the
data available for real-time use as well as for long-term
records. We need to make sure that our stations can
withstand the battering they receive during a flood.
We need to improve the reliability of our data delivery.
There are a lot of potential breaking points in the chain
of delivery, from the stream gage to your agency, or
your university, or your home, and there are a lot of
potential points for failure and we will continue to
work on those.

We need to fill in the gaps in the network, parti-
cularly working in the upstream areas of smaller
watersheds. I love the quote from the Chinese emperor
a few thousand years ago, “You’ve got to protect the
mountains, the headwaters, in order to protect the
stream.” We need to make sure we have gages up in the
headwaters areas. These are difficult to fund indi-
vidually, but collectively, they provide valuable data.

The next point is assuring the availability of long-
term records for regional statistics and trends–again,
very much related to the previous talk. What we were
seeing in the early 1990s is that we were losing long-
term gages, one of our most important assets of the
stream-gaging program at the USGS. Every single
year,  about 90 stations nationwide that had relatively
long stream-flow records were being shut down for
lack of funding–lack of funding in our budget as well
as lack of funding in state and local agency budgets.
We believed that to be an unacceptable loss, and we
needed to start reactivating those stations and
rebuilding. And, of course, it took funds to do so. I am
pleased to say, we have been receiving some of those
funds and have been able to turn the tide and put some
of those stations back into operation.

And finally, a cost issue. There is a lot of infra-
structure that goes into operating this network on a
common basis for all users. We need to be able to step
up to the plate with our own monies to make sure that
the infrastructure is there, and not have it depend on all
these contributors. We need to ask the cooperators to
help support the individual gages as opposed to the
whole data delivery and quality assurance system.

So we have laid out our plan for what this network
ought to look like. I won’t go into all the details of this
plan: the network itself, the specialized collection of
data during floods and droughts, the regional and
national assessments to look at these trends, the

statistics, a better information delivery, and some
methods developed in research. These are the basic
goals of our national stream flow information program
that will drive where the stations are placed. We have
a preliminary design for this and the folks who are here
from the USGS office in Albuquerque can provide you
with more information regarding the details of what
we envision this network to look like ultimately in
New Mexico.

We want to be able to help people understand
interstate and international transfers and movement of
water, help them with the Weather Service’s need for
stream flow forecasting, understand the outflows of
major river basins–something we call sentinel
watersheds. This gets back to the concept of small
watersheds, to understand what’s happening on the
landscape. We also need stream gages that will help
support water quality. And this is, in fact, what the
federally funded national network would look like
(Fig. 3). Federal funding would cover about 4,000 of
the 7,000 gages in the country, enough to provide a
base level of knowledge in order to fulfill our national
mission. And the ones in red here are those already in
operation, but we have also indicated ones we believe
should be reactivated and ones operated by other
agencies, and then some new sites that we think need
to be added to the network.  I won’t dwell on this, in the
interest of time, but this is just to give you an
indication of some of the planning we have for the new
stations that are needed to fill out this network and
really make it whole.

Figure 3. NSIP proposed network of USGS funded
stations.
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I want to show you the funding situation with time,
and this is really the good news story (Fig. 4). What is
represented here is the dollars that have been
appropriated for stream gaging during fiscal years ‘91-
‘02. It represents that blue wedge of the funding pie
that I talked about before (Fig. 2), the monies that
provide a base level of support to this overall national
effort. You can see it was declining through budget
cutbacks  coming from the Office of Management and
Budget and the Congress during most of the 1990s. We
finally saw a turnaround and it began to grow in the
year 2000 and then had a very substantial increase of
about $10 million in 2001, and then it has been essen-
tially level through 2002. Now we have a long way to
go in terms of the need for growth in this if we are
going to have the network ultimately that we think we
need, but we are pleased to see that  we are headed in
the right direction. This only happens because of very
strong support that comes from the grass roots. And we
are quite appreciative of continued support that so
many of the users of this information are providing.

I’ll say just a little bit on the progress that we have
made with this new money nationwide. This includes
37 new stream gages over the last couple of years, 73
reactivated stream gages, upgrades of equipment,
flood hardening, extended rating curves, which is very
helpful to the weather service, and a number of gages
that have been converted to 100% USGS funding
because we think they are so critical from an interstate,
national, and international perspective. The new funds
are already helping us. There is a site in Minnesota
where we used some of these new funds and literally
within days after we had the gage in operation, a river
in the area was hit by a flood (Fig. 5). I was delighted
to take that up to Congress and show them that the
money was already being put to work.

Let me quickly say a few things about some new
data delivery systems. Something called Water Watch
and another called NWIS Web. Water Watch presents
a map that looks like this (Fig. 6). It is updated every
few hours on the internet. Every dot on this map
represents a stream gage, and those stream gages are
ones that have at least 30 years of record and are also
telemetered. You can see the ones in New Mexico that
are of that type. The color coding is a relative scale of
wetness to dryness that is coded into the historical
record of that location. A red dot, for example, would
indicate that today’s flow is the lowest on record for
this date for that particular site. Whereas, a black dot
would represent the highest flow for this date for that
particular stream. It is a probability scale that is evalu-
ated at every one of those stations. That gives you an
overall picture of the nation. Then you can zoom in and
click on the state of New Mexico and bring up a picture
of what the state looks like (Fig. 7). You then click on
an individual station on the screen, the text will
indicate what station it is, what the flow is, and where
it ranks in its historical record. It then takes you
immediately to the actual hydrograph including data
just a few hours old, and the long-term median values
(Fig. 8). I think it is a real asset to get a hydrologic
picture of what is happening nationally, regionally,
and locally.

Figure 4. USGS funding for streamgages, 1991-
2002.

Figure 6.
Real-time
streamflow
compared
to histori-
cal
streamflow,
April 19,
2001.

Figure 5. Minnesota River near Jordan, MN, 2001.



Robert M. Hirsch

6

The other data delivery system is something we
call the NWIS (National Water Information System)
Web, which is a way of taking the treasure trove of
data that we have from over 100 years of data
collection and making it readily available. The
website is water.usgs.gov/nwis. Just to give you a
flavor of what this website contains, there are 21,000
sites where we have at sometime or other collected
stream flow data. There are 181 million daily stream
flow values on this website, plus all the peak
discharges. So as an example of how you can utilize
this, if there was a flood, you could look at that map,
select a site, and see that it’s flowing at 5,000 feet per
second. How does that compare to the big floods of
history at that particular site? You could then
immediately  look at the peak flow values historically
and you could say,  “Oh, 5,000 cfs is higher than we
have ever seen before”, or on the other hand, “no,
that’s been exceeded 20 times in the last 50 years,” to
put it in some kind of context of understanding of

Figure 7. Water Watch web page for New Mexico.

Figure 8. Example of 7-day hydrograph from Water
Watch.

what’s going on at an individual site. This system has
about 7,500 sites with real-time data. That’s not only
stream flow, but  about 600 water quality sites and
some groundwater sites as well that are real-time–a lot
of water quality information and a lot of groundwater
information–7.2 million individual groundwater
levels from a total of 1.4 million wells from which we
have taken some kind of observation over the history
of the USGS. (And, 63 million chemical analyses both
of surface water and groundwater.) So we are really
making our data a lot more available than it’s ever
been before and we hope you are using it and sending
us feedback to tell us how the system is working to
meet your needs.

Now, just a couple words about some new
technology that we are excited about at the USGS. The
first one is something called tethered doppler (Fig. 9).
We are moving toward new ways of measuring stream
flows beyond those that we used 100 years ago. One is
the doppler technology, which is mostly applicable to
larger rivers. I know that you don’t have a lot of really
large rivers in New Mexico, but at times of flooding,
this can be a very valuable technique. To quickly make
a measure-ment, we can put a doppler on a little
tethered boat. Here’s a guy on a cableway (Fig. 10),
with the boat, in the stream. This can also be done from
a bridge. Simply by moving from one bank to the
other, a discharge measurement is made automatically
through the doppler profiling system. This is a major
advance that will streamline the way we do business in
collecting stream flow information.

Figure 9. Tethered doppler current profiler.
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Sometimes you have stream flow situations where no
instrument of any kind can be put into the water safely
to make a measurement (Fig. 11). This is an example
of a really extraordinary flood in Central America.
How in the heck would you even get a velocity
estimate on this so that later on one could make an
attempt to determine the discharge?

We are working with radar guns, essentially like
police radar guns (Fig. 12). I know all of you believe
that police radar guns are biased and that they always
say that the speed was much higher than it really was.
We are checking it out for water to determine if it is an
accurate way of getting surface velocity, then
developing the techniques whereby we can get a quick
estimate of discharge in situations where it would be
very difficult to gage by conventional techniques.

I want to mention something about real-time
groundwater data. Figure 13 is a map of the state of
Pennsylvania, where for the last few years we have had
a statewide network of real-time wells. These are

Figure 10. Using a Doppler to take a measurement via a
tethered boat.

observation wells connected to a data collection
platform that transmits the data to a satellite. A map
such as this one can be produced literally any day. In
this particular case it was in a drought, and the
triangles, for example, indicate some record low
conditions for those wells for that time of year. The
governor of Pennsylvania appointed a drought
commission to discuss emergency procedures, and we
were able to provide up-to-date information on what
was happening in the aquifers. We were also able to
look at things like wet weather systems as they came
through the area, and whether we’re getting recovery
of the groundwater or not. I think the wave of the
future is to get more and more groundwater level
information on the internet. I think it also will help a
lot with public awareness and understanding of
groundwater resources. People in communities will be
able to see what is happening to their aquifer on a day-
in, day-out basis. Another example (Fig. 14) shows the
water levels in one particular well in Pennsylvania that
any citizen could look at to see what is going on during
this particular drought. This is a simple installation on
one of these wells with a data collection platform (Fig. 15).

Figure 11. Flood in Central America.
Figure 12. Radar guns are used to measure surface velocity.

Figurre 13. Pennsylvania’s network of real-time wells.
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Water well 
instrumented 
for satellite 
transmission 
and real-time 
reporting on 
the internet

For a few things about what we are doing in New
Mexico. I want to particularly emphasize enhance-
ments in the stream gaging network and then I want to
wrap up with a couple of words about our Middle Rio
Grande study.

We are really pleased that progress has been made
here in New Mexico. Some of it has been with new
federal money that I talked about, but there has also
been excellent support from the state and local
agencies, particularly the Interstate Stream Commis-
sion, which has helped enhance this network over the
last couple of years. Just in the last year we have
installed 10 new stream gages, replaced a cableway,
installed 16 new satellite radio transmitters to make
more of these gages real-time, and added seven new
rain gages statewide.

Figure 14. Hydrograph for drought-index well in Chester
County, PA.

Figure 15. Water well instrumented for satellite transmis-
sion and real-time reporting on the internet.

Flood Survey of the San Francisco River near 
Gledwood, NM 09444000 using a Total Station

Figure 17. Flood survey of the San Francisco River.

Los Alamos after the Fire

Figure 16. Los Alamos after the Cerro Grande fire.

We talked about the Los Alamos fire earlier. Some
of you went on the field trip there. We are getting a
gage in very, very quickly with financial help from the
Army Corps of Engineers (Fig. 16) so that we could
measure not only flow, but also, changes in chemistry
after the fire.

Another example is doing some flood surveys that
provide the critical kind of data we need to understand
the flooding phenomenon in the state (Fig. 17).

Now to turn finally to the Middle Rio Grande
study (Fig. 18). This has been a major effort of the
USGS and illustrates something I want to stress to you.
While we have an excellent office here in
Albuquerque with outstanding scientists, they draw on
a truly national organization. The Middle Rio Grande
Basin Study, now in its completion phase with reports
coming out over the next several months, is really an
effort involving hydrologists, geologists, and geochem-



9

U.S. Geological Survey Water Resources Program

USGS Middle Rio Grande Basin Study

Examining the 
hydrology, geology, and 
land-surface 
characteristics of the 
basin to provide the 
scientific information 
needed for water-
resources management

The study area
• Area within the Rio Grande 

Valley from Cochiti Dam 
downstream to San Acacia

• Approximately 3,000 square 
miles

• Approximately 600,000 
people (about 40 percent of 
the population of New 
Mexico) live in the Middle Rio 
Grande Basin, all of whom 
depend on ground water to 
meet their domestic water 
supply needs.

Figure 18. USGS Middle Rio Grande Basin Study.

Figure 19. Middle Rio Grande Basin study area.

Ground-water availability-aquifer recharge

• Knowledge of recharge at 
mountain fronts, and from 
irrigation and streamflow will help 
water managers determine the 
long-term yield of the Basin’s 
ground-water resource s 

• Methods
• Temperature Profile
• Centrifuge
• Tracers (Cl,Br,H isotopes)
• Flow Loss Analysis

USGS researchers collecting core
samples of the aquifer in the Santa
Fe River near La Bajada

Figure 20. Ground-water availability-aquifer recharge.

Figure 21. Ground-water age-dating, environmental
tracers, and flow-path studies.

ists from across the entire U.S.–from our Reston
office, Denver, Menlo Park and other locations. They
do a lot of good work here and really advance the
science in ways I think are  going to be contributing to
groundwater science in general for many years to
come. I don’t need to tell you of the importance of wa-
ter resources in the Middle Rio Grande basin (Fig. 19).

Recharge is something that I think most of us in
the hydrologic community feel has typically been
some kind of a guess and something that could be
computed by subtracting out a couple of other things.
We are working diligently to truly measure recharge in
the aquifer systems and we have worked with a
number of technologies that are bringing the science
of recharge estimation forward (Fig. 20). The use of
temperature profiles as a way of estimating recharge is
a key new technique. Some techniques back in the
laboratory are helpful–chemical tracers, chloride,
bromide, hydrogen isotopes–these things and age
dating techniques and then, of course, flow loss

analysis in arroyos and small streams are all
contributing to improving our under-standing of
recharge. Understanding recharge is critical to
understanding what is the available resource in any
basin in New Mexico.

Groundwater age dating has been critical to the
study of the Middle Rio Grande Basin (Fig. 21). In the
past, the groundwater age dating techniques were
mostly centered around looking at longtime scales as
one might get from carbon-14 and other techniques
and some helium tritium kinds of techniques that
helped us trace back to the 1950s era. We have added
to that chlorofluorocarbons (CFCs) that allowed us to
look at time spans over the last 50 years or so. This has
helped us quantify what is the old water and what is the
younger water and it helps to really verify what we are
seeing in our groundwater models. Then using
modeling techniques and parameter estimation
techniques, we can build much improved models and
transfer those models to the agencies that have the
responsibility for resource management.
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SAR interferometry and temporal 
gravity measurements--Heywood and 
Carpenter

• Synthetic aperture radar 
interferometry is being 
used to detect changes 
in land surface elevation 
due to possible 
pumping-related 
subsidence

• High-resolution gravity 
measurements repeated 
over time to detect mass 
change of subsurface 
water and specific yield

Figure 22. SAR interferometry and temporal gravity
measurements.

The ground-water-flow model: 
McAda
• The ground-water-flow model 

is the synthesis of our 
understanding of the 
hydrogeology of the basin

• Transient, 3-D, MODFLOW
• 310,376 active cells
• 1900-1995 simulation
• Has become the primary tool 

for present and future water-
management of the basin

Water-level declines in the Santa Fe 
Group
aquifer system that represent steady-
state
water levels minus 1992 water levels 
in the
Albuquerque area, central New 
Mexico

Figure 23. Ground-water-flow model, Middle Rio Grande
Basin.

Figure 24. Taking measurements.

Subsidence is a key issue in the Middle Rio
Grande Basin (Fig. 22). I talked with city officials
yesterday and they are just beginning to see the issue
of subsidence due to groundwater withdrawals and are
trying to prevent it from becoming a crisis situation by
managing the resource appropriately. We are using
satellite techniques, interferometry techniques where
we can literally measure these few centimeter type
changes that occur on an annual basis. We are
measuring from space and getting an idea of the
depression and some of the rebounding that is
occurring in the Middle Rio Grande Basin. Also, high
resolution gravity measurements are helping to detect
mass changes of water in the unsaturated zone and
saturated zone. I think it is yet another advance that is
going to help with our understanding of water in a
critical basin like the Middle Rio Grande.

And finally, the groundwater flow model that
Doug McAda and others have worked on,  is one of the
best implementations of groundwater flow modeling
that I have ever seen (Fig. 23). It contains tremendous
geologic detail and the role that faults play as
boundaries in this system, some of them highly
transmissive boundaries and some of them as
boundaries that impede the flow of water. This is
critical to being able to understand exchanges between
the Rio Grande and the aquifer itself. Our hope is that
this will be a tool that will be continually of use to
those with the responsibility of managing the water in
the Middle Rio Grande area.

Let me just finish with this picture (Fig. 24) of one
of our folks out in the field doing what we do best, in
what is truly our bread and butter, which is making the
measurements that help everyone to understand the
precious water resources on which we all so much
depend.
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Eleanor S. Towns is the Regional Forester of the
Southwestern Region of the Forest Service. She
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Eleanor Towns
U.S. Forest Service
333 Broadway SE

Albuquerque, NM  87102

I came into senior leadership in the U.S. Forest
Service after having dealt in Colorado with Eastern
Plains instream flow issues and municipal water
storage facilities. In fact, the current Assistant
Secretary for Water and Science in the Department of
the Interior, Bennett Raley, is a former colleague who
sat across many tables for several years as we tried to
work through some of those issues. I have had plenty
of other things to occupy most of my time here in this
region and I can’t say I have missed all of those water
controversies. But, I truly do understand that water, is
indeed, the lifeblood of the West.  Of the 22 million
acres in the Southwest, less than one percent of that
landscape is water based. And it must be very
important because most of our litigation focuses on
permitted uses, and the effects on water, or water
habitat, or water species. So today I will talk about an
issue that was at the center stage of the Nation’s

consciousness just one year ago, and its nexus to
water. That issue is wildland fires and the urban
interface.

I am going to talk about five things: 1) some of the
reasons for the conditions in today’s woods; 2) the
National Fire Plan; 3) the fact that fire money came
with a much broader message; 4) the nexus between
the National Fire Plan and water; and 5) I’ll discuss
emerging New Mexico forest service water issues.

1) There are many reasons for conditions in
today’s woods. We experienced an extreme fire
season last year, losing ten times as many homes here
in the Southwest in one year than we had in all the
previous years combined. In addition to the loss of two
lives and resource losses from the wildfires, we also
experienced an incredible threat of erosion during the
flash flooding that follows catastrophic fires. As a
natural resource community, we faced hard questions
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and in response we concluded that several things had
caused conditions in today’s woods. We found it was
a combination of fire exclusion for over 100 years,
litigation, process, and lack of money to get the job
done. We have had 100+ years of unnatural fire
exclusion due to fire suppression. We continue to
grow ten times more wood than we remove annually,
adding to the excess density that causes such hot fires.
We have experienced a plethora of lawsuits directed at
preventing implementation of procedures such as
thinning, that could have helped to offset these
impacts. Finally, we were faced with budgets that did
not match our need for personnel and equipment–both
to do the job on the ground and also to prepare a
pipeline of projects that had cleared legal and
administrative process requirements. As a response to
the most severe fire season our country had seen in
recent times, Congress authorized and funded a
sweeping program spanning multiple agencies and
state and local governments in order to address today’s
forest conditions and fire fighting capabilities. The
program included significant funding to address
rehabilitation needs on the fires that occurred in the
year 2000.

2) So in a sense Los Alamos, first up in that terrible
fire season, birthed the National Fire Plan. Now, many
of us understand that Congressional priorities are
often driven by the crises of the moment, and last year
the fire season was it, and “it” started here in New
Mexico.

To set the stage, let me tell you my story of the fire
in Los Alamos. One Sunday morning in May I had
gone to church, and as I got out of my car in my
driveway I looked back over my shoulder and I saw a
huge plume of smoke and I said to myself, “well don’t
worry about that, there is a prescribed burn this
weekend up at Bandelier.” When I turned on the
television to watch the football game, the newscaster
said that the fire was out of prescription. Little did we
know it was the precursor to the worst wildfire season
in recent history. Over the next few days, of course, I
stayed in touch with the progress of the fire through the
Southwest Fire Coordination Center (SWIC). Wednes-
day night I arrived home around 5:30 and at about 6:30
I received a call from the fire center saying that the fire
had crossed the road and the winds had taken it on to
the grounds of the Los Alamos National Laboratory.
Now, I am not cleared to know what is at the lab, but I
was pretty sure that whatever it was, fire was not going
to be helpful. Yet, as I said to over 300 fire information

officers and incident commanders yesterday, from all
of the federal agencies, when they were gathered in
Phoenix, what has arisen from those ashes is the
National Fire Plan. The program has also included
significant funding to address rehabilitation needs on
the fires of 2000. But with that money came a message,
and as I said to the rangers from day one, when the
money finally came, it is on us now, we are fresh out of
excuses. We have all the things we said we needed. We
have money, we have people, we have equipment, and
there is money available to local governments across
those property lines. The rest of it is up to all of us. If
we do not produce, we should expect to lose any
remaining public good will as well as Congressional
faith and money.

I am happy to report to you this morning that this
southwestern region of the U.S. Forest Service has
done a number of things to meet the challenge. Before
the embers were out, we started sorting fuel reduction
projects into three categories. The first category
included those ready to go–those with the proper
documentation and clearances, and already through
NEPA and litigation processes. The second category
was projects that would be ready in six to nine months.
The third category contained those projects for which
we needed to start planning. When folks were
concerned that NEPA and ESA were holding up
several recent projects, we already had a number of
shelf projects ready to go. Our target from the Chief of
the Forest Service out of the National Fire Plan money
was to treat 150,000 acres during 2001. We
accomplished 150 percent of the target on time and
under budget. Just last week there were about 24
prescribed fires burning in the state of Arizona and
about six fires in New Mexico. I must confess though,
that I am worried right now, because we are having a
very long and a very warm fall. I would like to see it get
a little colder and a little moisture coming soon.

Last May, with the fires not yet out in Los Alamos,
I said to Nancy Kaufman, Regional Director, U.S. Fish
and Wildlife Service, “When this thing is over we are
going to be encountering field hearings, Congres-
sional inquiries, and a truckload of money. We need to
be ready to receive it.” I told her what we had done in
terms of prioritizing our shelf projects and indicated
those we wanted to start with, and those that were
somewhere in the NEPA process. I said one of our
major challenges is going to be to have ESA
consultation done on these projects so that we are good
to go as soon as summer comes. So over last year’s
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Christmas holidays, our staffs worked together in a
little room in the basement. We told them they
couldn’t come out until they had developed a way to
do what we call “programmatic fire consultation”
under the Endangered Species Act. They did. As long
as a project had been contemplated under a current
Forest Rescue Management Plan, the U.S. Fish and
Wildlife Service was willing to compute and permit
the “take” of individual critters. So that is why we
were good to go this last summer.

We also embarked on a $19 million, four-year
rehabilitation plan for restoring lands burned by the
Cerro Grande, the Viveash, Scott Able, Cree,
Pumpkin Creek, Coon Creek, and the Peak fires of
2000. This year we treated 8,130 acres, 37 miles of
trail, 38 miles of road, 53 miles of fence, 48 miles of
stream channel, plus other rehabilitation projects. We
still have three more years of work to go.

We have hired 300 firefighters and expect to hire
as many next year. Also, yesterday in Phoenix, I talked
to a large number of new firefighters. They are young
men and women, and they can strut. They can still
carry 70 pounds on their back, walk uphill, and talk at
the same time. It is quite clear that they expect to be
able to do this all their lives. I told them that the day
was going to come when they say to their knees, “I’d
like to go to the left” and their knees are going to say
“Oh, you just go right on without me.” They don’t
believe me.

We helped to initiate a college degree program for
professional wildland firefighting at Northern New
Mexico Community College. We distributed about
$3.5 million to state and local communities to address
hazardous fuel and improve fire preparedness, and
almost $2 million to generate economically viable
projects to use the small diameter material that needs
to come out of the woods. One example of that is the
small trees from Jemez Mountain that will be used to
heat a nearby school. That amount of money was a
disproportionate amount of money, a disproportion-
ately large amount of money that came to this region
out of the chief’s office and that is because we had
worked with state and local communities and county
commissioners to warn them and help them to prepare
to compete for the funding. We worked closely with
New Mexico through the state forestry to coordinate
projects so that we could, even under last year’s
circumstances, treat more contiguous acres regardless
of the ownership.

3) Our two Senators who both sit on the Senate
Energy and Natural Resources Committee are
assuring us of immediate and out-year funding to keep
our two remaining mills in Española and Mescalero in
operation as well as to continue working with the Four
Corners Sustainable Forest Partnership to identify
marketable uses for small diameter timber. Currently,
there is an exhibit of art that uses small diameter
timber. Public Affairs Officers of several land
management agencies continue to work together so
that they can develop monthly fire themes and use
their collective resources to educate the public on the
good and bad uses of fire.

We have a group of federal and state agencies
called the Southwest Strategy, where all of the natural
resources agencies work together to do things like
streamline the Endangered Species Consultation. We
did a lot of work in the early days planning with
communities on fire projects and the other things that
I have mentioned.

4) I know you did not come here to hear only about
the National Fire Plan. It does, of course as you all
realize, have a very close nexus to water. I did not
forgot this is a water conference. As I said to the
district rangers, “Folks, this fire money is going to get
you as close to whatever you think the good old days at
the Forest Service were and it’s going to be as much as
you will ever see in the rest of your career. Whatever
resource treatments are required, establish a nexus
with the label “fire power” and go out and do good
work.” I shared that comment with the state’s Blue
Ribbon Water Task Force–I said there is not going to
be another pot of money called “Watershed
Improvement,” but for sure, if we treat some of the
woods within a watershed, it is going to have a definite
affect upon that watershed.

Western governors gave us what I would call a
“bye” for 2000. They said that they knew we had shelf
projects ready to go. That was okay with the governors
this time, but they told us that as we begin to pick and
process our projects, they want us to work with the
locals so that we can treat larger amounts of
contiguous landscape regardless of property owner-
ship. I have delivered that message to forest managers.
Our efforts to make our forests safer from the threat of
wild land fires have also increased recreational
opportunities, they do indirectly improve watershed
conditions, they enhance wildlife habitat, and for the
first time in a decade, they generate timber resources
to improve significantly forest health. It is not the kind
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or quality of wood our current mills are most geared-
up to treat, it is not the kind of wood that many would
prefer to see, but it is wood nonetheless. There is a
whole heck of a lot of it and it is ready to inspire this
Nation’s entrepreneurial spirit.

In 1999, we identified several key watersheds that
needed attention and this year we worked in many of
those. We are not abandoning our efforts to restore
watershed health in any way–our focus is on
hazardous fuels and that money has actually allowed
us to improve watersheds throughout the region.

5) So now I want to pull out my crystal ball on
controversies I think could be on tap for future New
Mexico water projects involving the U.S. Forest
Service. Grazing in riparian areas, as an issue, will
continue. The question is whether it is harmful or not.
We do not know the answer to that question, and with
the current state of knowledge, the Fish and Wildlife
Service is hesitant to give a green light to putting some
of the cows back in riparian areas. We know it is going
to take monitored experiments to prove otherwise–
experiments that do not just meet our naked-eye test,
but experiments that pass peer review of researchers.
But that is going to be long-term, it is going to be
expensive, and it is probably going to have to be across
varied landscapes. Our opponents think we lack for
work. We can tell the winds of future litigation by the
subject of today’s Freedom of Information Act
requests, and we are starting to get a large number of
them on special-use permit administration of water
uses. My only guess is that those will be challenged for
non-compliance with the Endangered Species Act.
And we, the permittees, will be vulnerable. We have
not, in the face of other opportunities competing for
our attention and dollars, taken on this workload. But
we are gearing up now, and from those challenges
instream-flow controversies will come. Now, they are
going to be followed by a lot of foot-planting rhetoric
about private property rights, water being the purview
of the state, and the Tenth Amendment. We will be
fussing over the legal tension between jurisdiction
over surface property and jurisdiction of the water. We
expect that to play out in ditch permit administration
and in water storage projects. “What can I do,” might
a permittee ask, “to maximize my water under state
law with or without the oversight of federal land
managers? If I stay within the prism, the right-of-way
of my ditch, but I dig it deeper, is that a possibility?”
What about ditches that go across wilderness, and
ditches that preceded the reservation of the national

forests? We will not be lacking for rich and spirited
conversation. We will not be in cahoots with anyone.
I am going to say that before the first accusations start
coming, but we will be finding our way together. From
my post at Walmart,  I’m going to wish you well on
these new challenges.

My favorite part of other peoples’ speeches are
these three words: and in conclusion. As we come to
the end of the first year of the National Fire Plan, I do
look forward to moving into the celebration phase with
local communities. I look forward to the next few
months as we begin to work on, and plan out our
projects. I hope the Blue Ribbon Task Force and its
local members will join in that discussion. To the
extent that we are out there spending money and
treating landscapes, we are trying to accomplish as
many resource goals as we can.

I have not let up on the pressure to do what we
promised the Congress we would do if we got the
money. I want to say that a lot of good stuff happened
this summer. For the morale of the folks within the
Forest Service, we rediscovered and reaffirmed what
we internally call our “can-do spirit.” And the Forest
Service folks feel great about that. They are proud of
their achievements, and they believe that they are truly
a part of the communities in which they live. I hope
they are received and seen that way. I think that is key
to our success in many aspects. I hope we have
rekindled our relationships and that we are getting the
mutual respect of our neighbors.

Thank you for the opportunity to join you this
morning.
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WATERSHED MANAGEMENT IN NEW MEXICO

Rosendo Treviño III, State Conservationist
Natural Resources Conservation Service

6200 Jefferson St., Room 305
Albuquerque, New Mexico 87109

Thank you for inviting me to speak on watershed
management. Our agency has been working on water-
shed management for the past 68 years. NRCS has its
roots in the Dust Bowl era and the CCC Camps of the
Great Depression. In 1933, the Soil Erosion Service
was formed, and in 1934 the agency’s name changed to
the Soil Conservation Service. Since the Dust Bowl, we
have worked with more than just the soil resource, so in
1994, the Soil Conservation Service was renamed to the
Natural Resources Conservation Service. This latest
name change truly reflects the nature of our work,
which includes all natural resources.

Our mission: to provide leadership in a partnership
effort to help people conserve, improve, and sustain our
natural resources and environment

We have always worked with landowners, land
operators, and land managers to improve the land,
water, air, plant, and animal resources. We have always
worked toward sustainable resource conditions.

Our vision:  harmony between people and the land

Installing conservation practices on private land is
always done as a voluntary effort. Best management
practices will not remain on the ground long unless the
owner or operator wants the practice and is willing to
maintain it.

Conservation work must help the producer meet his
or her objectives, which generally means the practices
must improve the quantity or quality of the producer’s
operation. In addition, the practices must be based on
ecological principles in order to be sustainable.
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Our Philosophy
The NRCS is the federal agency that works hand-

in-hand with the American people to conserve natural
resources on private lands, and our work is based on
scientific and technical expertise and our partnerships
with conservation districts and others.

Our Partners
Our partners in accomplishing our mission and

vision are:
• Soil and Water Conservation Districts; New

Mexico has 47 of these districts
• Local communities, both incorporated and

unincorporated
• State and federal agencies
• NRCS Earth Team volunteers
• Agricultural and environmental groups
• Professional societies
• Resource Conservation and Development

Councils; NM has 8 councils.
• Universities, conservation organizations, and

agribusiness

Our Customers
Typically the NRCS works one-on-one with:

• Farmers and ranchers
• Other land decision makers
• Local and state governments
• Other federal agencies
• International governments
• Resource Conservation & Development

Councils
• Rural and urban communities
• Water management groups
• Other individuals, groups, and associations
• And ultimately, every water user and food

consumer in the nation

Our Natural Resources
SWAPA + H
Soil, Water, Air, Plants, and Animals plus the Human
Environment

NRCS has created an acronym for the natural re-
sources that we work on. SWAPA represents the soil,
water, air, plant, and animal resources. These are the
five basic natural resources. If land managers and
society take care of these five basic natural resources,
then we have cared for the land, its habitat, and its
ecological health. The + H represents the human con-
text through which conservation practices are applied on
the landscape.

Soil Conservation Service
From 1935 to 1994, the Soil Conservation Service

(SCS) assisted conservation districts, and through these
districts, the SCS and the districts installed conservation
on private lands. These practices have conserved, im-
proved, and sustained the SWAPA resources. In 1994,
the SCS was renamed the Natural Resources
Conservation Service.

Since 1994, the Natural Resources Conservation
Service (NRCS) along with conservation districts and
landowners have continued to apply conservation
practices on private lands.

Today’s Natural Resource Issues
It seems that issues and concerns affecting all

citizens have grown more worrisome and complex.
Today, we are concerned about water quality, Pfies-
teria piscicida outbreaks in the Gulf of Mexico, excess
nutrients, toxins and oxygen depletion in runoff, and
catastrophic events like flooding, drought, and wildfire.
We have increasing demands for both surface and
groundwater, and we are concerned about wildlife
habitat restoration and development, animal waste
management and storage, recreational needs, and
agricultural water management (including irrigation,
rural water supply, and water conservation).

Landowner Assistance Programs
The NRCS administers conservation programs and

cost sharing to provide society’s share or stake in
sustainable landscapes and healthy ecosystems.
Conservation practices are installed using contracts
between the land manager and the NRCS. One pro-
gram is the Environmental Quality Incentive Program,
or EQIP. This program spends roughly $4.6 million in
New Mexico each year. The program cost shares at



3

Watershed Management in New Mexico

about 50-75 percent federal dollars. So this represents
$6.1 million worth of conservation applied to the land.

Another program is the Conservation Reserve
Program, or CRP. This program takes marginal
cropland out of production and plants native vegetation
(usually grasses). In New Mexico, CRP is conserving
680,000 acres of highly erodible land using $2.6 million
per year. The Wetland Reserve Program, or WRP,
restores or enhances existing wetland areas. In New
Mexico, WRP is working with one landowner on about
200 acres.

Figure 1. NRCS Programs, EQIP-geographical
priority areas.

EQIP Geographic Priority Areas
Figure 1 is a map showing the location of EQIP-

Geographical Priority Areas. These areas cover one or
several watersheds.

Watershed Program
Another program is the small watershed program.

In 1954, the Watershed Protection and Flood Preven-
tion Act (PL83-566) was passed. At that time a major
political debate was occurring, and the question was
whether flood control should use big dams on the main
rivers or smaller dams dispersed throughout the

watershed. Several pilot projects and demonstrations
were completed. It was decided that both approaches
had merit, and PL83-566 was enacted to provide the
upstream (or small structure) assistance.

Evolution of the Watershed Program
In the early 1980s, planning assistance by the

NRCS shifted to meet expanded customer and sponsor
needs because of increased pressure on the Nation’s
natural resources. Planning began to emphasize land
treatment, best management practices, and non-
structural solutions. The resulting projects embraced all
natural resources and used all types of conservation
tools and programs.

Watershed treatments had previously focused on
flood prevention, but now the treatments use an
integrated system to provide watershed protection.
PL83-566 currently has about 2000 authorized
watershed projects nationally, and about 500-600 of
these are active each year. Many of these active
projects are for land treatment and to install soil and
water conservation practices. The program can also
acquire flood plain easements. Flood plain easements
permanently remove the flood plain from production
agriculture and permanently control development
rights. The flood plain is reserved to function as
intended and modify flood events.

Guiding Principles
The PL83-566 program encourages broad-based

local leadership, coordinates with state priorities and
programs, improves environmental communities and
local economies, and complements the initiatives in
recent farm bills.

PL83-566 Project Map
Figure 2 shows the location of PL83-566

watershed projects in New Mexico. The 25 projects
shown in yellow have been installed and are being
operated and maintained by a local unit of government.
The six project in orange are being installed through the
cooperative efforts of the local unit of government and
the NRCS.
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Figure 2. PL83-566 Watershed and flood prevention projects, New Mexico 2001.

New Mexico PL83-566 Projects
These projects are public-private partnerships to

install and maintain on-the-ground conservation prac-
tices and to construct and maintain flood control
structures. Two New Mexico projects are the Santa
Cruz River Watershed and the Hackberry Draw
Watershed.

Have NRCS Watershed Efforts Been Successful?
Just go to any project, and the proof is all around

you!

PL83-566 Small Watershed Program Appro-
priations

Figure 3 shows program appropriations for the
Nation.

Figure 3. National PL-566 appropriations.

The chart in Figure 4 shows program appro-
priations in New Mexico. In 1982, the Jobs Bill
accelerated the program in New Mexico. In 1988, New
Mexico received a large appropriation to construct the
Montoyas Channel in Corrales. In 1995, the con-
struction contract for Eagle-Tumbleweed, Site 2B, was
signed. The Eagle-Tumbleweed dam is west of
Artesia.

Figure 4. New Mexico PL-566 appropriations.
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Investments and Returns
The program has invested $14 billion in infra-

structure nationwide, and $125 million in New Mexico’s
infrastructure. In the Nation, $8.5 billion was federal
funding and over $6 billion came from local sources.

Benefits from PL83-566 Projects during FY 1997
National benefits from PL-566 during FY 1997

included over $800 million dollars as follows:
• Non-Ag benefits $204,000,000
• Ag benefits $192,000,000
• Ag flood damage reduction $159,000,000
• Non-Ag flood damage reduction $251,000,000

Estimates for 1999 show that nationally, watershed
projects provide almost $1 billion in benefits each year.

Benefits from New Mexico Projects during
FY 2001

Estimated benefits from New Mexico PL83-566
projects for 2001 come to $11 million. Since these
projects cost about $125 million, they are paying for
themselves every 11½-years.
• Non-Ag flood damage reduction $8,398,000
• Ag flood damage reduction $2,919,000

Bridge to the Future
The road to follow in treating watersheds is before

us. The NRCS, along with our partners and customers,
is ready to move along that road. Watershed Manage-
ment is the future of conservation work because what
occurs upstream affects all downstream users and
resources.
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Toby Martinez became the sixth State Forester for
New Mexico in June 1995. Since then he has
spearheaded several initiatives in New Mexico, the
Four Corners area, and the Nation. These initiatives
include the creation of the first Inmate Work Camp
focused on forest health issues; the creation of the
Four Corners Sustainable Forests Initiative that has
brought $3.5 million in economic development grants
to the Four Corners states; and the Twenty
Community Strategy providing the basis for
channeling personnel and funding resources to the
communities in New Mexico considered most at risk.
Currently, the Forest Legacy Program is in its final
approval stage, a program that allows willing
landowners to preserve conservation easements on
their property. From 1969 to 1995, Toby worked for
the U.S. Forest Service and had six different
assignments in New Mexico on three separate forests.
He also served as Forest Supervisor on Fishlake
National Forest in Utah before retiring and starting as
State Forester for New Mexico. Toby, a native of Taos,

was raised in a sheep ranching family. He received a
B.S. degree in range management from NMSU in
1969.

INTRODUCTION

The New Mexico State Forestry Division of the
Energy, Minerals and Natural Resources Department
has invested significant resources into a living
strategic plan resulting in valuable benefits to the
health of New Mexico forests. Following the 1996 fire
season, the Division declared improving the health of
New Mexico’s forests as its primary purpose.
Scientific information began to emerge about the
increasing problem of too many small diameter trees
in increasingly brush-choked watersheds. This
understanding began the process of converting the
organization from top to bottom to a unified strategic
effort.

NEW MEXICO DEPARTMENT OF FORESTRY
WATERSHED MANAGEMENT

Toby Martinez
New Mexico Department of Forestry

EMNRD Forestry Division
1220 S. St. Francis Drive, Rm 112

Santa Fe, NM 87505

Originally, the Division began to evaluate which
watershed and which community would be on a top 10
list of locations needing technical support. The
vulnerability of community water supplies to
catastrophic wildfires rose as a dominant theme. The
suite of existing programs was evaluated to see if we
had the needed skills, resources and services. Missing
was a cohesive effort to help communities create an
industrial approach to wood fiber utilization. To
address this gap, the Division created the Four Corners
Forest Industries Partnership. The Division also
recognized the potential of utilizing minimum-
security inmates for forest restoration projects. This
would create on-the-ground benefits and demonstrate
the concept of fuel removal in forests.



Toby Martinez

2

The disastrous spring and summer of 2000 provided a
strange blessing to the Division. Unprecedented
efforts from the entire organization, supported by
significant portions of the national fire suppression
community helped us survive the fire season. The
Division expanded the top 10 lists to a more cohesive
20 Community Initiative. The thought was that we
could work with five communities a year over a period
of four years to make significant progress in preparing
the citizens to deal with wildfires.

Funding provided by the national fire plan,
partnerships with federal agencies and unexpectedly
strong support from community leaders resulted in
local teams who are fully implementing an integrated,
forest-by-forest approach. Unfunded projects out-
number funded projects by 3 to 1 meaning commun-
ities are designing projects that will be pursued later.
All 20 Communities are getting support with 12
funded for assessments, and 10 actually thinning trees.
Many areas are beefing up their fire response
equipment and teams.

The preliminary results are exciting, challenging
and creating changes in relationships throughout the
state. Projects will be completed, we will evaluate the
results and modify approaches as information and
opportunities dictate. We look forward to continuing
our pursuit of smart small diameter industries through
the Four Corners Partnership. This year we will
establish the second inmate work camp. We will
initiate the use of the Forest Legacy program to help
slow the spread of suburban sprawl into certain forest
areas. We have new, smarter forest harvesting
regulations.  Through all of this, we anticipate the truly
collaborative approach in New Mexico may survive. It
may even be possible that this can serve as a model for
other western states and the nation.
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Karl Wood was named director of the NM Water
Resources Research Institute in June 2000. He joined
the New Mexico State University faculty in 1979.
Prior to his tenure at the WRRI, Karl was assistant
department head and range coordinator for NMSU’s
Department of Animal and Range Sciences. Much of
his research over the years has been related to water
resources and for 20 years, he has been a member of
the Range Improvement Task Force, which provides
scientific expertise to help resolve disputes over
management of water and other natural resources.
Karl completed a B.S. in 1974 in forestry and range
management and an M.S. in 1976 in range science
with field emphasis on soils and range improvements
both from the University of Nevada/Reno. In 1978,
Karl received a Ph.D. in range science with field
emphasis on watershed management from Texas
A&M. Karl has nearly 150 journal articles, research
bulletins, special reports and conference proceedings
publications to his credit, mainly in the areas of range
hydrology, range vegetation and soil assessment, and
rangeland management, including reclamation of
disturbed lands, range improvement techniques,
grazing systems and management of rare and
endangered species.

GRAZING MANAGEMENT FOR HEALTHY WATERSHEDS

M. Karl Wood, Director
Water Resources Research Institute

NMSU - MSC 3167
Box 30001

Las Cruces, New Mexico 88003-8001

ABSTRACT

Most watersheds of the western United States
have been grazed and trampled by ungulates (wild or
domestic animals with hooves) for many millennia.
Their impacts can be positive, negative, or changeless
depending on watershed goals and management
practices. Grazing reduces interception of precipi-
tation and evapotranspiration, but grazing may
increase runoff and erosion. Watersheds will usually

remain sustainable if about 50% of the current year’s
forage is grazed. Grazing usually enhances nutrient
cycling by changing above ground plant parts to a
more available form. Animal wastes may enhance
stream productivity or pollute streams, but usually
have little effect. Management strategies may include
fencing, adjustments of stocking rates, grazing
systems, and rangeland improvements to enhance or
maintain watershed goals.
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INTRODUCTION

Lands grazed by livestock comprise 43.5% of the
land area of the contiguous 48 states (USDA, Forest-
Range Task Force 1972), and wild ungulates graze a
higher percentage. Most of the western United States
and New Mexico is suitable for ungulate production.
Free-roaming domestic livestock on New Mexico
watersheds include cattle, horses, burros, mules,
sheep, goats, bison, and swine. All of these are
ungulates (hooved animals) and herbivores. The most
prevalent is cattle followed by sheep. Non-
domesticated ungulates include elk; mule, whitetail,
and Cous deer; javelina; pronghorn; Rocky Mountain
and desert bighorn sheep; ibex; barbary sheep; and
oryx. Livestock are easy to see because they are large,
easy to identify, diurnal in habit, and often not
secretive. Hence, it is easy to blame watershed
problems on livestock when other animals may be as
prevalent but not as conspicuous, and mismanagement
from other uses is not obvious or easily controlled.
When a land manager is pressured to lower the total
maximum daily load (TMDL) of contaminants in a
stream, it is easy to show that the problem is being
addressed by removing livestock, even though the
problems may originate from a totally different
source. Any grazing management plan should include
all grazing animals. Ungulates, both domestic and
non-domestic, can have negative and/or positive
impacts on watersheds.

In determining if the impacts are positive or
negative, a land goal is needed with a determination
of trends toward or away from that goal. The land goal
may range from exploitation to total protection, but
usually a sustainable use is desirable. An example of
justifiable exploitation may occur when a municipality
desires to capture all precipitation in surface runoff
into a reservoir. Control of vegetation on shallow
soils of a contributing watershed may result in little or
no  relative evapotranspiration loss.  Sediments in the
reservoir from the bare watershed can periodically be
removed and are a lesser problem than a shortage of
water. An example of justifiable total protection may
occur when the supply from a watershed exceeds
demand and a municipality desires the runoff be of
high quality. Total protection may help prevent
flooding and recharge groundwaters. Resource
exploitation and complete protection represent the
extremes and are rarely observed. Most watersheds in

New Mexico and the western United States have
multiple sustainable uses as goals.

A vogue expression of watershed condition is
“watershed health?” The question arises as to what
this means. Does a “healthy watershed” mean it
resembles the desired characteristics of the water-
shed?  And does “sustainability” relate to “healthy
watersheds?” Should “health” even be related to
watersheds when definitions in dictionaries refer to
the well-being of living fauna and flora? Should the
desired condition mean that it provides the desired
products of the watershed?

HISTORICAL PERSPECTIVE

Wild ungulates have roamed New Mexico and
the West since at least the Pleistocene. But their
distri-bution was limited by scarcity of drinking
water rather than forage as even the Chihuahuan
Desert was predominantly grassland. Their impacts
were dynamic and consisted of herds that moved from
one green spot to another when drinking water was
available. Overgrazing was certainly probable.

Spanish conquistadors introduced domestic live-
stock from Europe nearly 500 years ago when
Coronado in 1540 traveled from western Mexico
northward through Arizona, New Mexico, and
Colorado into Kansas with about 1,000 horses, 500
cows, and 5,000 sheep (Stewart 1936). But their
distribution in New Mexico and much of the West
was quite limited until the mid-19th century. Small
herds and bands were herded from one green spot to
another in a method that closely simulated wild herds.
In the second half of the 19th century, an increased
human population with more stabilized government
and increased demands for animal products resulted
in large numbers of domestic livestock and reduced
numbers of wild ungulates in New Mexico and most
of the West. This caused overgrazing on many
watersheds, especially those subjected to communal
grazing or what has been called worldwide “the
tragedy of the commons.” Domestic sheep numbers
in New Mexico have steadily declined for the last 100
years from a high of about 4.5 million to about
400,000 today (Schickedanz 1980), while cattle
numbers have remained about the same from a high of
about 1.75 million in the 1920s to about 1.2 million
since then. During this same period, wild ungulate
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numbers have increased. Raising of livestock is
strictly controlled or influenced on both public and
private lands by federal and state laws, economics,
and agricultural ethics. Yet livestock and sometimes
wild ungulates continue to be blamed for many of
society’s ills including flooding, droughts, water
pollution, and soil erosion.

UNGULATE IMPACTS

Generally, ungulates in this region graze and
recycle the plants, and trample the soils with some
minor burrowing and digging (Wood 1988). Direct
impacts from ungulates include changes in plant
cover, plant volume, soil surface roughness, soil
surface configuration, soil moisture evaporative loss,
soil organic matter content, soil particle sizes, soil
bulk density and porosity, soil structure, and nutrient
cycling (Figure 1).

Grazing Effects on Plants
Grazing reduces plant cover and volume. Some

plants have little resistance to grazing while others
have great resistance. Most plants fall on a continuum
between great resistance and little resistance. Some
plants such as antelope bitterbrush and both crested
and bluebunch wheatgrass are stimulated by ungulate
grazing up to a point (Nowak and Caldwell 1984).
Some plants like blue grama may be large and robust
bunch grasses when moderately grazed but change to
a low sod-former with increased cover but less
volume when grazed heavily. This condition can lead
to higher runoff and erosion rates (Gamougoun et al.
1984). Consequently, most runoff and erosion
models use only plant cover, and not cover and
volume, and are thrown way off by this species,
which happens to be the most abundant grass species
in New Mexico. Plants with little resistance are
usually those in desert areas where grazing was rare
before drinking waters were developed. Their
resistance has probably increased greatly since they
were first grazed. Plants with great resistance are
associated with the Great Plains of North America
and include the Shortgrass Prairie of eastern New
Mexico.

Reduction of plant cover and volume may
decrease losses to transpiration and precipitation
interception (Thurow et al. 1987). However, it also
decreases soil protection from the erosive energy of

precipitation, and it decreases the volume of organic
matter that is added to the soil surface, which aids in
protecting the soil and increasing soil aggregation.
Research has found that there is a threshold at which
removing the plant cover and volume have little effect
on infiltration rates and soil protection. This
threshold is generally about 50% of the current year’s
growth, which corresponds with the old adage of
“take half and leave half” for sustainability. However
some watersheds cannot tolerate this much plant
utilization, and other sites like sandy areas, may
tolerate more.

Anecdotal evidence suggests that livestock can
retard or stop the invasion of salt cedar. This has been
observed in several places in southern New Mexico.
The creek from Capitan to Lincoln runs through Fort
Stanton. When this area was actively grazed by cattle,
salt cedar was found in dense stands of large trees in
protected areas along the stream above the grazed
pastures and in protected areas below the grazed
pastures. Only small salt cedars less than 4 feet high
were occasionally found in the grazed pastures. The
research station manager could only attribute the
difference to livestock impacts. An area on the West
Fork of the Gila River near the visitors’ center of the
Gila Cliff Dwellings has not been grazed by livestock
for several decades. Large salt cedars are found there,
but they are not found in grazed areas above or below
this excluded area. On the Gila River below the area
where the forks converge, an allotment has been
excluded for several years. This is the only allotment
between the convergence point of the forks and
Turkey Creek (about 35 miles) where salt cedar is
found.

Trampling or Hoof Action
Trampling or hoof action has several effects on

plants and soils, some may be desirable and some may
not. It reduces plant cover and volume. Too much
reduction may kill the plants, but some may stimulate
plant growth by compensatory photosynthesis
(Nowak and Caldwell 1984). Trampling increases
soil roughness when the soil is wet and decreases soil
roughness when the soils are dry. Runoff and erosion
usually decrease as roughness increases. Southwestern
soils are typically dry. Trampling may change the
soil’s surface configuration. This is often observed
with animal trails. Trails may go up and down
hillsides, which promote runoff and erosion, or trails
may parallel hillsides, which decrease slope lengths
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Figure 1. Influences of Rangeland Management on Surface Runoff and Water Infiltration (Wood and Eldridge
1993).
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for reduced runoff and erosion. This was observed in
the Guadalupe Mountains of southeastern New
Mexico where sheep trailing back and forth across the
steep escarpment reduced the effective slope length
from 1,000 to 6 or 7 feet (Wilcox and Wood 1989).
This reduced the erosion prediction from 80 to 3 tons
per acre per year.

Trampling may increase bulk density, which
corresponds to decreases in porosity. Increased bulk
density may impede water infiltration in loamy and
clayey soils, resulting in increased runoff and
erosion.  But increased bulk density may increase
water-holding capacity in sandy soils, which would
benefit plant growth (Montes-Helu 1997). Perhaps
the greatest impact of trampling is changing soil
structure from aggregates to massive, which results in
increased runoff and erosion. Changes in soil bulk
density and structure are often mitigated by shrinking
and swelling during winter and early spring freezing-
thawing cycles (Weltz et al.1989).

Livestock trampling can be an effective
biological control of gophers. Gophers can be
controlled by trampling under wet soil conditions,
even in a short period of time, if a large number of
livestock, especially cattle or horses, are used. The
burrow systems of pocket gophers are often
remarkably extensive. The burrow system of each
pocket gopher may consist of more than 500 feet of
tunnels, from 4 to 18 inches below the surface
(Hansen et al. 1960). Each system is occupied by only
a single animal except during the breeding season.
The amount of soil removed may be as much as 160
cubic feet or about 7 tons of soil per acre for some
burrow systems. These surface soil mounds are
susceptible to erosion and transport by runoff into the
adjacent stream (Ellison 1946). The tunnels close to
the stream banks are prime candidates to cause
piping, which is often blamed on livestock trampling.
A pocket gopher’s diet consists entirely of plants with
the majority (75 to 95%) being forbs. In   Colorado
study, it was estimated that pocket gophers eat about
365 pounds per acre each year. Pocket gophers
damage grasses, shrubs, and trees on watersheds in
the following ways:

1. Winter soil casts partially seal the soil against
water infiltration; the tunnels aerate the soil and
aggravate drought.

2. The undermined plants are destroyed or

weakened, and seedlings are used for food and
nesting material.

3. The mounds and winter casts cover, smother, and
kill some seeded plants and weaken others.

4. Beneath the snow, pocket gophers eat and destroy
the root crowns and stem bases of grass clumps.

Pocket gopher activities encourage the growth of
forbs, which contribute heavily to their diet. Control
of pocket gophers on watersheds has included consid-
erations of poisons and traps. Traps are only effective
in very small areas such as gardens and lawns.
Poisons called rodenticides are expensive and create
environmental concerns. Pocket gophers may be
controlled in early spring when soils are wet by
concentrating livestock to get maximum trampling.
Pocket gophers give birth from mid-March until mid-
June so that it would be advantageous to control their
numbers before birthing.

ANIMAL WASTES AND NUTRIENT
CYCLING

Ungulates influence nutrient inputs, outputs, and
transformations. Standing forage can fall directly to
surface litter or pass through animals and fall to the
surface as dung and urine. Both mechanisms result in
a small nutrient loss (Briske and Heitschmidt 1991).
Nutrient cycling via grazing animals can be important
in enhancing or maintaining soil fertility (Floate
1981). Cycling of nutrients though grazers may help
keep a pool of readily mineralizable organic nutrients
near the soil surface where they are more accessible
to plants and microbes (Botkin and Wu 1981).
Consumption of vegetation and subsequent defecation
could also increase the turnover and availability of
various elements that would otherwise remain in
recalcitrant organic forms. Shoots of plants on grazed
areas may have higher nutrient concentration than
plants from comparable ungrazed areas (Copprock et
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al.  1983; McNaughton 1984). Under conditions
where erosion and runoff increase because of grazing,
nutrient losses from a site may be greatly accelerated
(Archer and Smeins 1991).

ANIMAL WASTES AND WATER POLLUTION

A concern for many land managers, downstream
users, and government regulatory agencies is the
loading of animal wastes into streams. Like for land,
a goal for each stream and river is needed with a
determination of trends toward or away from that
goal. If the goal is high instream productivity, then
adding dung and urine may be beneficial as domestic
livestock have long been considered important
contributors to stream enrichment (Holt et al. 1970,
Robbins et al. 1971, and Omernik 1976). But if the
goal is stream water for municipal use for example,
then dung and urine would not be desirable. Dung
deposited along stream banks is more susceptible to
downstream mobilization than dung deposited above
flood level. Much of the ungulate dung that reaches
streams is mobilized during high water or during
floods (Cole et al.1986). Additionally, according to
Cole and others (1986), just as the amount of soil
eroded from a watershed is controlled partly by the
amount of ground cover (Dunne and Leopold 1978,
Dissmeyer and Foster 1980) in the form of vegetation
or litter, nearly all dung deposited on dense ground
cover is also expected to remain in the watershed,
where its nutrients are recycled to the vegetation.
Only that dung deposited on bare ground connected to
a runoff system is expected to be eroded from the
watershed. Therefore, if proper grazing is practiced,
loading of dung and urine into streams should be
minimal.

Of the dung originally deposited, what is not
eroded away by wind and water eventually disin-
tegrates from trampling, other physical disruption,
and decay. Cole and others (1986) also claimed that
fisheries in watersheds of low fertility may benefit
from accelerated erosion in watersheds because it
leads to increased instream plant production and fish
production as long as oxygen concentrations remain
high enough to maintain the fishery. Fisheries in
highly fertile watersheds are more likely to be harmed
by accelerated erosion because over-enrichment
causes environmental changes that increase chances
for fish kills, decreased fish growth and vigor, or
decreased yield for the fishing effort.

LIVESTOCK AND WILD UNGULATE
MANAGEMENT STRATEGIES

Many watersheds have a road, corral, salt lick,
and/or supplemental feeder next to the central
drainage. Coupled with shade trees, these areas are
prime for livestock and wild ungulate congregations.
To solve problems with managing ungulates in
watersheds, several guidelines can be given.

Fences
Probably the worst case scenario for state and

national legislation and regulations requiring
“projects” and “action plans” is that well-meaning
people interpret these words to mean “building
exclosures” in watersheds. Fencing livestock out of
watersheds is not the only solution to grazing
problems. Land managers need to determine
watershed problems, identify the sources, and
document it through monitoring before all grazing is
ceased or before exclosures are built. Exclosures can
be a menace to land managers be-cause they often
result in unused forage, problems with animal
movement, annual maintenance hassles in the
floodway, excessive expenses, and undesirable
aesthetic considerations.

Stocking Rates
The actual number of animals on a specific area at

a specific time is referred to as the stocking rate. The
stocking rate determines the amount of use or the
proportion of the current year’s forage production
that is consumed or destroyed by grazing animals.
Utilization levels are often referred to as none, light,
moderate, heavy, and extreme and relate to around 0,
25, 50, 75 and 100% utilization of the current year’s
entire growth, respectively. Stocking rates and utili-
zation levels as they relate to hydrologic characteristics
of watersheds have been studied for many decades.
Dyksterhuis (1949) noted that heavy stocking tends to
result in intense defoliation of palatable species
resulting in their decline. Heavy grazing intensity,
regardless of grazing strategy, does not appear suited
for long-term maintenance of hydrologically desirable
bunchgrass species (Thurow  at al.1988). Moderate or
light grazing, regardless of grazing strategy,
generally have little effect on bunchgrass cover
(Ellison 1960; Rich and Reynolds 1963) and thus has
little effect on runoff, infiltration rates, and erosion
(Blackburn 1984). Gamougoun and others (1984)
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found that under moderate stocking, blue grama
maintained a bunchgrass form. Under heavy
stocking, blue grama was found as a sodgrass with
increased cover but reduced volume. This resulted in
lower hydrologic sustainability.

Grazing Systems
Grazing systems are designed to balance the

conflicting relationships between energy capture and
plant production, harvest of those plants, and energy
conversion efficiencies (Heitschmidt and Taylor
1991). They are designed to enhance ungulate
production over time by improving and/or stabilizing
the quantity and/or quality of forage produced and/or
consumed. Production improves if the benefits of rest
or deferment of the land and its plants exceeds the
detrimental impacts of grazing. Stabilization results
if the benefits of rest equal the detrimental impacts of
grazing, while degradation results when the benefits
of rest are less than the detrimental impacts of
grazing. A grazing system defines recurring periods
of grazing and deferment for two or more pastures or

management units within a watershed. These grazing
systems are often referred to as deferred rotation, rest
rotation, short duration, or time control, among
others. The effectiveness of each system varies
depending on the type of country in which it is being
used. Most systems probably work somewhere. None
of them work everywhere.

The effect of a particular grazing system on the
plant and soil resources needs to be closely
monitored. It can be expected that hydrological
responses to a particular grazing system will closely
correspond to the plant and soil resources responses.
Generally, grazing systems that rest a small portion of
the entire grazed area with ungulates distributed
across the remaining large area respond hydrologically
better than grazing systems that rest a large portion of
the entire grazed area with the ungulates congregated
within the re-maining small area (McGinty et al.
1978; Gamougoun et al. 1984; Wood and Blackburn
1981; Wood and Blackburn 1984; Pluhar et al. 1987;
Warren et al. 1986; Weltz and Wood 1986a; Weltz
and Wood 1986b; Thurow et al. 1988; Weltz et al.
1989). Examples are given in Tables 1, 2, and 3.

Table 1. Mean infiltration rates (cm hr-1) and sediment production (kg ha-1) from four grazing
schemes and grazing exclusion in the Texas Rolling Plains (Wood and Blackburn 1981).

System Stocking Rate Infiltration Rate Sediment Production
     cm hr -1           kg ha –1

Exclosure None      15.2 a1 11 b

Deferred – Moderate      13.9 ab 14 b
   Rotation

Continuous Moderate     11.4 bc 28 ab

Short Moderate        8.2 c 40 ab
   Duration

Continuous Heavy        8.1 c           114 a

1 Means followed by the same letter within a column are not significantly different at the 95%
level of probability.
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Table 2. Mean infiltration rates (cm hr-1) and sediment production (kg ha-1) from three
grazing schemes and grazing exclusion at Fort Stanton in southcentral New Mexico (Weltz
and Wood 1986a, Weltz and Wood 1986b).

System Stocking Rate Infiltration Rate Sediment Production
     cm hr -1           kg ha –1

Exclosure None       7.4 a1 65 b

Continuous Moderate       4.9 b           307 a

Short Duration Heavy       3.9 c           221 a
   after resting

Short Duration Heavy       2.3 d           565 a
  after grazing

Continuous Heavy       2.6 d           334 a

1 Means followed by the same letter within a column are not significantly different at the 95%
level of probability.

Table 3.  Mean infiltration rates (cm hr -1) and sediment production (kg ha -1) from two grazing
schemes and grazing exclusion near Fort Sumner in central New Mexico (Weltz and Wood
1986a, Weltz and Wood 1986b).

System Stocking Rate Infiltration Rate Sediment Production
     cm hr -1           kg ha –1

______________ ________________ ___________________ _________________________

Exclosure None       6.3 ab1 20 c

Continuous Moderate       5.5 b 80 b

Short Duration Heavy       7.0 a             25 c
   after resting

Short Duration Heavy       3.8 c           268 a
  after grazing

1 Means followed by the same letter within a column are not significantly different at the 95%
level of probability.
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Rangeland Improvements
Range improvements can alter livestock and wild

ungulate distribution away from sensitive areas
(Vallentine 1989). Burned areas have long been
known to attract grazing as has spot fertilized range-
land and seedings at certain times of the year.
Placement of salt and other nutrition supplements
away from sensitive areas is helpful. However, the
most important rangeland improvement in a
watershed often involves converting shrublands and
woodlands to historical grasslands and converting
forests to historical savannahs. This was explained by
Aldo Leopold, a forester who became known as the
father of wildlife management:

“If the prime objective is wood products, we
may continue to overgraze, letting in the
woodland and sacrificing watershed values.
If on the other hand the prime objective is
watersheds, we should restore the grass,
which all the evidence indicates is a better
watershed cover than either brush or
woodland.”

Monitoring
Monitoring means observing what happens and

keeping records of actual use, growing conditions,
and events that change the resources such as, for
example, floods or beavers building dams. Monitoring
involves exploring the watershed with one or more
key members of a planning team and looking for
problems, such as damage to the resources, under-
use, or non-use of forage. Monitoring includes actual
measurements, making notes, and taking pictures at
the same time every year, especially in areas where
improvement is targeted.

CONCLUSIONS

Four note-worthy points can be made regarding
the question “Can we graze watersheds?”

1. We can graze these areas.
2. We ought to be able to increase the amount of

forage harvested in watersheds without damaging
other uses.

3. We do not yet know how to do this in all areas
because watersheds and their management
situations are so diverse.

4. If we do not get our management act together, the
public will not let us graze watersheds because of
the high resource value and the potential for
damage from improper grazing.
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Thank you Karl. I will be talking about ground-
water/surface water interactions. After a comment I
got this morning, I’m afraid that this might be a
dangerous topic so soon after lunch. The surface water
people hear groundwater and their eyes glaze over,
and when groundwater people hear surface water it’s
the same thing, and everybody snoozes. Well wake up,
they are the same resource!

The figure to the right shows a gravel bar on the
Willamette River in Oregon.  The EPA in Oregon is
particularly interested in side channel alcoves, the
channel behind the gravel bar in the picture.  They are
important habitat for rearing and breeding salmon. We
visited this site and saw cool and clear water bubbling
out of the gravel into the alcove. This was hyporheic
flow that started in the river, flowed through the gravel
bar, and emerged into the alcove. Hyporheic flow is
important for aquatic habitat and water quality.
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In the Willamette River Basin water quality is a
big issue. The Willamette River flows north from
Eugene 200 miles to the Columbia River and out to the
ocean. The orange areas in the figure are urban areas.
Cities are looking to the river for municipal water
supplies. With extensive agricultural areas in yellow,
there are concerns about water quality from increasing
agricultural chemical use since the 1940s. For
example, at some locations, nitrate concentrations in
groundwater exceed EPA standards for drinking
water.

Aquatic habitat for threatened and endangered
salmonids is also a big issue. Much of the historic
habitat has been lost with channelization of the river.
This picture shows a riprap bank with large boulders
and concrete that create a straight channel and remove
historic channel complexity.

This is a section of the river that still has room to
move back and forth and create braided and
anastamozing channel structure through the gravel
deposits, with many side channels and alcoves.  These
are important aquatic habitat, and we hypothesized
that hyporheic flow going through the gravels would
be important for water quality of the river as a whole.
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Starting with the dye study, we released
Rhodamine WT upstream of each study section. This
dye is non-toxic; even the fisherman standing on the
bank believed it when we told them!  Rhodamine WT
is a great tracer because you can measure it in very
small concentrations far downstream.

We set up two studies to test these hypotheses,
using many of the same tools that we will be using here
in New Mexico research. The figure shows a 30 km
study section. Letters in red are the upstream and
downstream ends of dye study reaches to look at
surface/subsurface exchange over two to five
kilometer reaches of the river. The bold dark capital
letters represent sites where we studied in detail the
water quality relationships of hyporheic flow.

This shows a schematic of hyporheic flow paths
where water starts in surface water, goes underground,
and then reemerges to surface water downstream.
Hyporheic flow occurs through islands, across point
bars, and across the bar deposits that separate the river
from alcoves. These alcoves are great spots to study
hyporheic flow, because you can go out on the bar
deposits, punch in wells, and measure the hyporheic
flow easily.

We hypothesized that:  1) there is extensive sur-
face/subsurface exchange along the Willamette River,
mostly at sites where the river is able to create porous
gravel deposits, 2) water quality changes along hypor-
heic flow paths, with cooling and loss of nitrate, and 3)
reemerging hyporheic flow affects the water quality in
the alcoves and the river. In a preview of our results,
we found that nitrate actually increased in hyporhiec
flow at most locations. A sub theme of this talk is that
it is important to use the best scientific methods to get
information about the specific site and resource that
you want to manage.
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At four locations on each study section we
measured the cloud of dye moving downstream with
automatic samplers that took samples every five to ten
minutes. We analyzed the dye concentrations with a
Turner fluorometer.

We also sampled in backwaters and in wells for
water that was captured in eddies or water that moved
underground through hyporheic flow paths.

We used a one-dimensional solute transport
model, coded in the program OTIS, to describe the dye
movement and to determine transient storage.
Transient storage is the amount of water that is
temporarily restrained in surface backwaters or
hyporheic flow before reentering the main channel
and moving downstream. Water entering hyporheic
flow and backwaters results in a delayed trailing limb
in the dye curve.

This figure shows the dye curves measured in the
main channel. The symbols are the measured values
and the lines are the OTIS-modeled values. In the
upper graph, the trailing limb is delayed, and this is
actually the location with the most hyporheic flow.
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This figure shows the dye concentration versus
time for hyporheic flow and backwaters. The
important point here is that both types of transient
storage were about the same in terms of peak
concentration and time to peak. This shows there was
a significant amount of hyporheic flow along the river
in our study area.

We concluded that: 1) there is a large amount of
transient storage, 2) a large component of transient
storage is hyporheic flow, and 3) 70% of the water
over our study reach had passed through hyporheic
flow paths. That is a lot of water moving underground
back into the river, and we wanted to determine the
water quality effects of hyporheic flow.

We set up six study sites for detailed study of
water quality effects of hyporheic flow. In each figure,
the arrow shows the river flow direction with an
alcove behind a bar deposit. The little black dots are
wells. In each well we measured water levels and
physical water characteristics including temperature,
specific conductance, pH, and dissolved oxygen. In
transects of wells we took water samples for analysis
of complete water chemistry. We selected repre-
sentative sites including both recently reworked sites
with high porosity gravel and mature sites with low
porosity fine substrate.

Using water levels, we were able to generate maps
of flow path directions. This figure shows elevation of
groundwater extending from the river, through the bar
deposit, to the alcove. Using a simple application of
Darcy’s law with measurements of saturated
hydrologic conductivity, we characterized hyporheic
flow rate at each site. Site C had a steep gradient and
fast hyporheic flow from river to alcove. Site D had
medium hyporheic flow rate in the general direction of
river flow. Site F had a low gradient at a mature site
with very fine substrate and slow hyporheic flow.
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This figure shows the ion concentration in river
water, hyporheic flow, and alcove water. The
hyporehic water gained ionic strength from interaction
with the interstitial material. The alcove water is a mix
of river and hyporheic water.

We used stable isotopes to determine if changes in
water quality were from hyporheic processes or from
mixing with deeper groundwater. The symbols in pink
are from a site downstream of our study site. The river
and groundwater at the downstream site have distinct
signatures for deuterium and 18O. If we had deep
groundwater up-welling affecting water quality at our
sites, we would expect a mixing line moving toward
deep groundwater values, but all our of hyporheic flow
values (in black) were clustered around the river
values (in blue). Basically we had river water flowing
through the gravel beds and back into the river without
the influence of deep groundwater. We could attribute
the water quality changes directly to hyporheic
processes.

This figure compares fast and slow hyporheic
flow rate sites. At all sites we saw increases in specific
conductance.  Dissolved oxygen dropped rapidly, but
did not reach zero. At the fast sites, the water was
cooled significantly (from about 20 to 13 degrees
Celsius in the top graph). The slow sites did not show
this cooling. With these results, we answered one
hypothesis.  Yes, there is cooling from hyporheic flow,
but this only happens consistently where there is fast
hyporheic flow rate.
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With nitrogen, we found close to the opposite of
what we hypothesized. At all sites there was a loss of
ammonium moving from river to hyporheic to alcove
water. Nitrate, however, increased from river to
hyporheic water in all but one site, which had anoxic
conditions suitable for denitrification. Soluble reac-
tive phosphorus generally decreased except for at the
one anoxic site. We attribute the nitrogen changes to
nitrification of ammonium in hyporheic flow, which
was relatively high (for subsurface flow) in dissolved
oxygen. The pattern we found reinforces the
importance of going out and getting good data instead
of relying on the literature (which suggested that we
would find denitrification in hyporheic flow).

We developed a conceptual model that we used to
estimate hyporheic effects river water quality. The top
half of the figure shows unconstrained river sections
with porous deposits and fast hyporheic flow. Here we
have:  increases in specific conductance, cooling, and
increases in nitrate. The bottom half of the figure
represents constrained river sections with fine
substrate and slow hyporheic flow. Here we also find
increases in specific conductance, but no consistent
cooling and loss of nitrate.
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Using the conceptual model and vegetation as a
surrogate for substrate type (and hyporheic flow rate),
we were able to use GIS to characterize the hyporheic
flow at all of the alcove, island, and point bar sites
along our study reach. We used the specific
conductance relationships that we measured in our
water quality study to estimate the effects of hyporheic
flow on river water quality over our 30 kilometer study
reach. We found that 60% of the increase in specific
conductance can be attributed to hyporheic flow. In a
similar model we found that we could attribute to
hyporheic flow one to one and a half degrees Celsius
of cooling over our study reach. Even though the total
volume of hyporheic flow at any one time is only 2%
of river volume, since it goes in and out of the gravel
many times, it affects the water quality of the entire
river.

Surface water-groundwater interaction is important
in New Mexico. This is an acequia, a community-
operated irrigation ditch, just north of Española at the
Alcalde Sustainable Agricultural Science Center
operated by New Mexico State University. In many
places, there is pressure to line earthen acequias with
concrete to increase conveyance efficiency. To
counter this trend, acequia associations point to
possible benefits of acequia seepage such as: 1)
support of riparian vegetation, 2) protection of deep
groundwater by maintaining subsurface flows that
move contaminants toward the river, and 3) supply of
return flow that moves slowly back into the river after
spring runoff season.

This is a picture of a very old walnut tree that relies
on acequia seepage.
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Lining acequias may lead to loss of seepage
benefits. With a cement lining, seepage is cut off and
the riparian trees die from lack of water. There is less
return flow to the river, and agricultural chemicals or
septic tank leachates may flow to deep groundwater.
This is a conceptual model that sounds logical, but
there are very few data from New Mexico to quantify
seepage benefits.

We began a study in fall 2001 to characterize
different components of the hydrologic budgets along
irrigation ditches and to determine water quality
effects of seepage. We are studying sites in northern,
central, and southern New Mexico, trying to put
numbers on these basic hydrologic processes. In the
first phase we will quantify the arrows in the figure:
evapotranspiration, acequia flow, seepage out of the
acequias, return flow to the river, and river discharge.
We will use many of the methods discussed earlier to
estimate subsurface flow paths and flow rates. In the
second phase we will look at the entire irrigation ditch
scale, which might be three miles long. We will
characterize the land use, the water consumption, and
the return flow to get at the big issue of how much
return flow is coming from ditch seepage.

Early on and throughout the project we are
meeting with the mayordomo and members of the
Alcalde Acequia Association. They are enthusiastic
about helping us with the long-term part of the project
because they would like to know more about water
consumption and return flow for the whole ditch. We
feel it is very important to make sure that our study
results can be applied and useful. First, we are relying
on good science and not basing our assumptions on the
literature, and second, we are maintaining on-going
contact with the people who are out there managing
the resource.
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HISTORY OF RIPARIAN AREAS IN
NEW MEXICO

Current discussions regarding riparian area
management usually fail to consider adequately the
historical factors that combined to create the riparian
ecosystems we see today in New Mexico. It is
important to understand those historical factors if we
are to manage appropriately riparian areas to maintain
the numerous important ecological functions they
serve. Simply identifying current management as the
problem may be shortsighted and merely removing a
present management activity may not result in
substantial improvement.

Probably the first significant event that caused
stream and riparian systems in New Mexico to become
altered from their historic conditions occurred in the
higher elevations beginning in the early 1800s with the
arrival of trappers in search of beaver (Castor
canadensis) pelts. These trappers were among the
earliest European explorers of the region and had a

tremendous impact on beaver populations (Clements
1991). In fact, by the late 1800s, beavers were in
danger of extinction throughout the United States and
evidence suggests they were virtually eliminated from
every stream in New Mexico except for small
populations located on the Upper Rio Grande and San
Juan drainages (Berghofer 1967). Beavers are
excellent engineers and their dams played a significant
role in reducing the velocity and energy of streamflow
(Gurnell 1998, Naiman et al. 1988, Naiman et al. 1986,
Parker et al. 1985). The sequence of pools created by
series of dams along low-order headwater streams not
only served to mitigate disturbance to channel shape
but also affected water tables, promoted conditions
conducive to establishment and maintenance of
riparian vegetation, controlled nutrient cycling
processes along the stream continuum, and affected
terrestrial and aquatic wildlife habitat. As the beaver
and their dams disappeared, streamflow and high
runoff events contributed to channel downcutting and
alteration of stream shape (Naiman et al. 1988, Parker



Terrell T. Baker

2

et al. 1985, Munther 1981). The effects of these
disturbances became magnified and accrued
downstream. More recently, beavers have been hailed
as tools to improve stream and riparian systems
(Skinner 1986, Bergstrom 1985, Brayton 1984).

Another major disturbance to stream and riparian
systems, mining, came following the discovery of gold
and silver in California (Todd and Elmore 1997).
Throughout New Mexico, miners flocked to areas that
today may be little more than ghost towns. Kingston,
NM, for example, is currently home to approximately
32 permanent residents. At its peak in the late 1800s,
Kingston was reportedly home to more than 7,000
people–mostly miners and the people that ran the
businesses supporting the miners. Such a concentration
of people and their livestock undoubtedly had a
significant impact on stream and riparian areas,
particularly as these are the areas in which people tend
to congregate. More significant still was the mining
itself. Probably no reach of stream escaped the
attention of miners who sifted through the gravel,
cobble, and sand in search of valuable minerals. One
form of mining that became popular in many parts of
the West was placer mining. Miners would build large
flumes into which the materials comprising streambeds
were placed and sifted through. This virtually turned
streams and the substrate on which they were formed
inside out. Hydraulic nozzling was also a popular form
of mining during the period, although it is unclear how
much actually took place in New Mexico (Scurlock
1998, Todd and Elmore 1997). This involved pumping
large amounts of water from a stream to inject water
under high pressure onto hillsides and other areas to
remove materials in search of gold and silver. The
combined impacts to stream and riparian systems
created by the mining industry (i.e., displacing
streambeds, removing vegetation, road networks,
settlement, etc.) were probably the most significant
experienced by these systems to date, and a suite of
disturbances from which they are still recovering.

Along with, but predominantly after, the miners
came settlers. Agricultural settlements began to
appear along streams, rivers, and close to springs;
almost anywhere there was a reliable source of water
(Scurlock 1998). Adjacent to perennial water sources,
stream and river bottoms were often farmed. Riparian
vegetation was undoubtedly removed to accommodate
crops and livestock in the fertile river bottoms. Most of
the settlers came from more eastern areas of the United
States and did not understand that lower rainfall in the

West did not permit the heavy stocking rates they were
accustomed to in areas of higher rainfall. Therefore, in
many areas, livestock numbers were out of balance
with forage sustainability and overgrazing was
common (Carrier and Czech 1996, Elmore and
Kauffman 1994, Krueper 1995, Todd and Elmore
1997). At that time, livestock were not controlled nor
managed nearly as intensively as they are today.
Another disturbance to stream and riparian systems
began to take shape at this time that persists today.
Wagon roads and trails were often located next to
streams where the terrain was already made gentler by
the erosive forces of floodwaters (Jones et al. 2000).
Many of our current roads are located on these historic
roads and trails. We know today that a majority of the
sediment, as well as other contaminants, which enters
streams and rivers, comes from road networks in our
watersheds (Waters 1995, Swank and Crossley 1988,
Van Lear et al. 1985, Hewlett 1979, Dissmeyer 1976).

Another major disturbance was initiated around
the turn of the century with the advent of fire control.
Fire control occurred both as a result of overgrazing,
which reduced the fine fuels necessary to carry fire,
but also more importantly, as a result of an increasing
population. At first, private citizens and communities
largely conducted fire suppression efforts, but with the
creation of the Forest Reserves and their management
charged to a federal agency, increasing emphasis was
put on fire prevention and suppression. Over the last
century, fire suppression became more widespread
and effective. According to the wisdom of the time,
fire suppression was a good idea. We know today,
however, that the absence of fire represented a
disturbance to some ecosystems that depend on
relatively frequently recurring fires. This is true for the
ponderosa pine ecosystem, which as a result, is heavily
overstocked with timber (Covington et al. 1997,
Covington and Moore 1994, Cooper 1961, Cooper
1960). Exclusion of fire, coupled with removal of
portions of the overstory through timber harvesting,
created conditions favorable to the establishment of
small-diameter trees (Schubert 1974, Weaver 1967,
Weaver 1943). Largely due to the density of small-
diameter trees, the fire regime within the ponderosa
pine ecosystem has changed significantly (Swetnam
and Baisan 1994, Baisan and Swetnam 1990,
Dieterich 1980, Weaver 1951) and is conducive to
creating catastrophic fire events (GAO 1999), similar
to those observed with the Cerro Grande fire near Los
Alamos in 2000. It has been postulated that less water
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is now produced from these watersheds (Brown et al.
1974, Rich 1972, Clary and Pfolliott 1969) as the
dense forests consume more water and precipitation
evaporates from litter on the forest floor. The effect of
these phenomena on stream and riparian systems has
been to reduce the amount of water delivered to and
through stream systems, thereby reducing the extent of
riparian areas.

A similar phenomenon has occurred in the lower-
elevation piñon-juniper ecosystem where the trees
have been able to invade into grass-covered lowlands
and mesa tops previously excluded due to frequent fire
occurrence (Ernst and Pieper 1996, Leopold 1924).
Unable to compete for water and nutrients under dense
canopies of trees and the broad, spreading fibrous root
systems of piñon and juniper, infiltration-promoting
grasses have been excluded while surface runoff, and
therefore erosion, has become prevalent. Unlike the
ponderosa pine systems where less water ultimately
filters through the watershed and feeds stream
systems, the piñon/juniper systems probably transport
the same amount of water, but it has a much shorter
residency time in the watershed because a large
portion does not infiltrate, become stored, and
transported as subsurface flow; rather it is transported
as surface flow. As a result, greater quantities of
sediment are delivered through riparian systems to
stream systems, contributing to the number one water
quality problem in the state of New Mexico–sediment
loading. It is important to remember the landscape
pattern within a watershed. The vast majority of a
watershed is upland areas, yet as Norman McLean
stated “eventually all things merge into one, and a
river runs through it.” That is a convenient way of
saying that the impacts of activities in the much larger
upland landscape eventually manifest themselves in
the concentrated, much smaller landscape of riparian
and stream areas. Although problems with fire
suppression and watershed management were
initiated over a century ago, those problems, although
identified, are still prevalent and remain inadequately
addressed.

The cumulative effects of the historical distur-
bances discussed above inevitably impact the larger
river systems into which smaller streams and
tributaries flow. However, these larger river systems
were subjected to their own disturbances. Major river
systems would look and function much differently
today than they currently do in the absence of dams. In
serving valuable functions to society such as flood

control, hydroelectric power generation, and storing
water for agricultural irrigation, dams nonetheless
change the way a river functions by altering the natural
hydrograph. Around the same time dams were being
constructed, aggressive soil conservation efforts
ironically contributed to one of the major ecological
challenges that face many of the streams and rivers in
New Mexico. Salt cedar (Tamarix spp.) was intro-
duced into New Mexico and other western states to
help reduce erosion and maintain streambanks. A
notoriously thirsty tree, salt cedar consumes greater
quantities of water than native vegetation types and
also contributes to increasing soil salinity through
leachate from its foliage. Salt cedar has proven itself a
worthy competitor against native riparian vegetation
resulting in extensive monocultures throughout the
state that many ecologists regard as biological deserts.
Although salt cedar has been found to provide nesting
habitat for wildlife species such as the endangered
southwestern willow flycatcher (Empidonax traillii
extimus), natural resource managers and ecologists
should carefully weigh the entire suite of benefits that
will accrue to riparian habitats and their associated
wildlife species through the conversion of salt cedar
mono-cultures to native riparian vegetation
communities.

As livestock grazing is one of the more prominent
uses of rangelands in New Mexico, grazing managers
have increasingly responded to calls for implementing
innovative strategies for managing livestock in and
around stream and riparian systems. Some of these are
discussed below

The following discussion is excerpted from New
Mexico State University’s Range Improvement Task
Force Publication 50.

GRAZING SYSTEMS
Grazing systems developed to incorporate the

objective of maintaining or improving the ecological
functions served by stream and riparian systems must
be site specific. However, some general systems and
guidelines are currently being used and can be
implemented according to need. Most research on
developing grazing systems compatible with streams
and riparian areas has been conducted in the Pacific
and Interior Northwest. Although not discussed in this
paper, virtually every grazing system should include
distribution aids that move livestock away from
recovering riparian areas and reduce the amount of
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time the animals spend in healthy riparian areas.
Whereas historically, riparian areas were considered
sacrifice areas due to their proximity to limited
sources of water for livestock, grazing managers are
demon-strating that grazing and healthy ecosystems
are not mutually exclusive.

Corridor Fencing
Fencing selected portions of the riparian corridor

and nonuse may be the best alternative for rapid
improvement of severely degraded riparian areas
(Kovalchik and Elmore 1992). A severely degraded
riparian area with few trees or shrubs may require total
rest, at least for a few years (Davis 1982, Leonard et al.
1997). However, fences are expensive to build and
maintenance can be particularly challenging in south-
western riparian areas, which are subject to seasonal,
high-velocity floods. Fences also interfere with
wildlife movement and access to water, they affect the
aesthet-ic properties of riparian systems, and they may
not be practical depending on such factors as
topography.

If it is determined that fencing is the best approach
for recovering a severely degraded riparian area,
creative designs that keep in mind future grazing
systems and pasture rotations may allow the fenced
area to be used separately (see discussion of riparian
pastures, below). Elmore and Kauffman (1994) and
Kovalchik and Elmore (1992) maintain that other
strategies such as riparian pastures or other willow-
compatible grazing systems (see below) may be more
practical while serving the same purpose.

Riparian Pasture
Riparian pastures are pastures of rangeland

containing both upland and riparian vegetation that are
managed together to obtain specific management
objectives. Because they are separate from the rest of
the ranch, riparian pastures can be grazed or rested
depending on current conditions and riparian needs
(Kauffman et al. 1983, Swanson 1987, Platts and
Nelson 1985, Elmore and Kauffman 1994). Therefore,
the objective of riparian pastures is not to exclude
livestock from the riparian areas, but to provide for
closer management and control of their use.

Seasonal grazing strategies that permit growing-
season regrowth of forage and browse species can
strengthen plant vigor (McNaughton 1979, 1983,
1985; Anderson et al. 1990; but see McNaughton
1986); increase nutritional quality of autumn/winter

forage (Anderson and Scherzinger 1975, Rhodes and
Sharrow 1983, Evans 1986, Pitt 1986); shift species
composition to more desirable plant species (Sims and
Singh 1978, Anderson et al. 1990, Webster 1990);
increase vegetal cover (Anderson et al.1990); and
improve the ecological status of the plant community
(Anderson et al. 1990) above that which would occur
without livestock grazing.

Riparian pastures can be used seasonally, in
conjunction with rotation strategies, or as special use
pastures (Leonard et al. 1997). However, a variety of
factors such as the size of the riparian area,
construction and maintenance costs, and terrain may
limit the practicality of a riparian pasture system.

Early Growing Season Grazing
Because of the lack of precipitation, spring does

not necessarily mean arrival of the growing season in
New Mexico. Therefore, we must consider early
season grazing as that time after sufficient rainfall or
snowmelt spurs plant growth – sometimes mid- to late
summer. However, riparian vegetation often benefits
from a greater availability of moisture than upland
vegetation. In some areas, riparian vegetation can
begin growing much earlier than upland vegetation.
The beginning of the growing season is site-specific
and grazing strategies should be tailored to those
conditions – keeping in mind that suitable alternative
forage such as grasses and forbs will minimize
livestock use of woody species.

Early growing season grazing encourages cattle to
graze uplands where forage palatability and climate
are more favorable than in the riparian zone (Platts
1984). The availability of succulent upland vegetation
and cold-air ponding in the riparian zone may induce
livestock to spend time out of the riparian area and thus
reduce their use of riparian plants as well as reduce the
amount of soil compaction and bank trampling
(Ehrhart and Hansen 1998). In addition, spring grazing
allows for regrowth and plant recovery more than
summer or fall grazing (Leonard et al. 1997).
Generally, willow browsing is light and seedling
survival high with spring grazing (Kovalchik and
Elmore 1992). According to Kovalchik and Elmore
(1992), response of riparian vegetation can be
positive, even on sites in poor condition. In fact, spring
grazing can be beneficial to establishing woody plants
(Kovalchik and Elmore 1992), although the effect of
grazing on willows during flowering and early
seedling establishment has not been quantified.
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Dormant Season Grazing
Winter grazing can be compatible with riparian

habitat needs and has been successfully implemented
on lower elevation ranges (Kovalchik and Elmore
1992). In fact, Masters et al. (1996) indicated winter
use may be one of the least detrimental grazing
systems to riparian areas and may benefit both range
and riparian conditions by improving livestock
distribution and plant response (Masters et al. 1996).

Because riparian herbaceous vegetation is not
very palatable during winter, it may not receive
extensive use. In some higher elevations, livestock
avoid riparian areas because they contain depressions
that tend to be colder than surrounding uplands.

However, dormant season grazing may also be the
period of greatest use of browse species by livestock
depending on temperatures, snow depth and duration,
availability of upland forage, animal concentration
and distribution, forage/browse preference, and the
extent of the woody plant community (Leonard et al.
1997). A number of successes have been observed
when dormant- and early-season grazing systems were
combined (Wayne Elmore and Steve Leonard pers.
comm.). It should be noted that under certain con-
ditions, continued dormant season grazing may exert
selective pressure on the same species of vegetation,
thereby favoring those species less palatable during
the dormant season.

Early Growing Season and Late Growing Season
Strategies

This type of grazing system allows pastures to be
used for a short period in the early growing season
before summer pastures are ready and again in the late
growing season or fall before cattle are moved to
winter pasture (Kovalchik and Elmore 1992).
According to Leonard et al. (1997), willows can be
overused with this grazing system. If this grazing
system is to be effective, close monitoring of forage
use during the late-season period is required
(Kovalchik and Elmore 1992).

Spring-fall grazing can be acceptable in good-
condition riparian zones if much of the woody vege-
tation has matured beyond the reach of livestock and if
early use is ended before the critical growing period.
Late growing season use may have to be delayed or

deferred until there is adequate forage in the uplands
and on adjacent hillsides (Kovalchik and Elmore
1992). Special care should be taken to leave adequate
residual vegetation after fall grazing to help protect
against high flows if spring runoff can be expected.
Late Growing Season Grazing

Late growing season grazing is similar to season-
long or deferred grazing in its effects on willows
(Kauffman and Krueger 1984, Platts 1984). Livestock
are more likely to browse woody species during this
period and less likely to move away from riparian
areas because of the lack of palatable forage in the
uplands (Ehrhart and Hansen 1998). Late-season use
can be most effective for willow management by
removing cattle at 45% herbaceous forage use or by
delaying grazing until there is adequate upland forage
(Kovalchik and Elmore 1992).

Growing Season Grazing
Repeated or extended grazing during the hot

summer season is generally considered to have
negative impacts on riparian areas (Ehrhart and
Hansen 1998). When temperatures are high and water
distribution is limited, livestock tend to concentrate in
riparian areas during the summer when the desire for
shade and water is more intense (Leonard et al. 1997).
If growing season grazing strategies are used,
distribution aids must be used to help discourage live-
stock from loafing in the riparian area. Strategies that
can be used to affect livestock distribution include off-
stream water, stable access points, salt and mineral
block placement, improved upland forage, riding, drift
fences, and shading structures in the uplands (Ehrhart
and Hansen 1998). Also, if growing season grazing
strategies must be used, periodic rest, (i.e., grazing the
pasture every other year) is recommended.

Season-Long Grazing
In season-long grazing systems, livestock are

released into an allotment in the early spring and
removed in the fall of the same year (Platts 1984).
Early use of the range is often acceptable for the
reasons outlined under early season grazing. Late-
season grazing systems may also be appropriate if
livestock utilization is closely monitored. However,
cattle may begin to congregate in riparian areas during
the hot summer months, so overuse of riparian forage
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can occur by mid-summer, causing livestock to switch
to willows (Kovalchik and Elmore 1992). Once again,
distribution aids are important tools in this grazing
system and periodic rest is recommended.

CONCLUSIONS
It is clear that numerous disturbances to stream

and riparian habitats throughout New Mexico have
resulted in a landscape that is different than what may
have been observed prior to European settlement. In
fact, it could be argued that few if any truly “pristine”
environments still exist throughout New Mexico.
However, in relatively recent years, society has
become sufficiently prosperous to invest its concerns,
efforts and finances toward ecological conscience and
restoration.  During earlier times, pioneers and settlers
were faced with the serious prospect of merely
surviving and making a living. They probably could
not afford to think about the ecological consequences
of their pursuits. However, as we learn more about the
importance and value of managing stream and riparian
habitats for ecological functions, resource managers
are increasingly develop-ing management systems to
meet simultaneously ecological objectives while
maintaining economic viability. It should be
understood that the severity and extent of disturbances
to stream and riparian systems have decreased steadily
over the last century. As science and resource
management strategies continue to improve, it is likely
that these disturbances will continue to decrease in
severity and extent, and that stream and riparian
systems throughout the West will benefit. However,
this scenario is contingent upon improving our ability
to not only define the appropriate source of
disturbance and the appropriate remedy, but also the
courage to address that disturbance and implement
that remedy.
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INTRODUCTION

The author has assembled a collection of
approximately 180 historic photographs showing the
landscapes of Lincoln County, New Mexico, which
date from about 1870 to 1958. From 1995 to present,
approximately 100 of these historic photographs have
been re-taken. The exact site of each old photograph is
found and the photograph is re-taken to show precisely
the same scene, as nearly as possible. By comparing
the sets of past and present photographs, noticeable
changes in vegetation can be recorded. With
photographs re-taken at elevations from about 4,500
feet to about 11,600 feet, in every case, from past to
present, the sets of comparison photographs show an
obvious increase in woody vegetation. In many cases,
the proliferation of shrubs and/or trees has
overwhelmed the landscape. Historic vegetation
changes have clearly impacted the watersheds of
Lincoln County. Vegetation changes also have

implications for impacts on water resources, soil
erosion, habitat change, and other natural resource
values, not to mention hazards of catastrophic
wildfire. While the causes of historic changes in native
vegetation are argued, there is no reasonable doubt
that the vegetation of Lincoln County has in fact
changed, with numerous impacts on natural resource
values.
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The Changing Faces of Lincoln 
County’s Watersheds

A photographic documentation of 
vegetation change.

E. Hollis Fuchs

U.S.D.A. Natural Resources Conservation 
Service

Carrizozo Soil and Water Conservation 
District

Lincoln County is located in southcentral New
Mexico. Like the rest of New Mexico, Lincoln
County’s topography is quite diverse.

Elevations in Lincoln County vary from
about 4,500 ft. to 11,600 ft. The terrain
varies from Chihuahuan Desert, to
rolling plains, to rugged mountains.
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Lincoln County European Settlement

• Explored by Spain and Mexico, but no land 
grants or settlements.  

• First known habitation:  About 1850, following 
the Mexican War of 1847-48, and the Treaty of 
Guadalupe - Hidalgo. 

• Fort Stanton established 1855, abandoned and 
largely destroyed 1862, re-occupied under 
primitive conditions 1863, rebuilt 1870.  

• Significant settlement began in the late 1870s.  

This map shows the diverse Potential Natural
Vegetation areas of New Mexico.

Potential Natural Vegetation areas of Lincoln
County include Desert Grassland, Desert Shrubland,
Plains Grassland, Plains Grassland with Juniper in
association, Mountain Shrubland, Mountain Grass-
land, and Montane areas in the high elevation.

Historic vegetation changes that have occurred
during the past approximately 130 years are gener-
ally attributed to disturbances resulting from Euro-
pean settlement. In order to understand these vegeta-
tion changes, it is important to understand the
settlement of Lincoln County. Compared to other
parts of New Mexico, Lincoln County was settled
quite late.
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Circa 1878 - 1879

1887

Circa 1920

The next five slides illustrate the onset of historic
vegetation change, and a graphic comparison of past
conditions with the current situation.

From the 1878 view to 1887, no appreciable vegeta-
tion change is noticeable.

From the 1878 and 1887 views, by 1920, the begin-
nings of change are visible. In this 1920 view,
numerous small ponderosa pines have appeared.
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2000

1887

1998

Plant Succession

• Evergreen Trees/Shrubs
• Deciduous Trees/Shrubs

• Perennial Grasses and Forbs

• Annual Grasses and Forbs
• Bare Ground

Today the same view is within  Ruidoso, New
Mexico. The former open stand of pondersoa pine
has become a dense thicket, filled with buildings.

In this slide, we see a comparison spanning 111
years. The vegetaion change represents a phenom-
enal increase in woody plants. This is a condition
that is present throughout Lincoln County.

This phenomenon of increasing woody plants can
generally be explained by the concept of plant
succession. This concept indicates that bare or
disturbed ground progressively advances toward
higher stages of plant succession.
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Climax Plant Community = 
state of dynamic equilibrium.

Pre-Settlement Condition

• Plant communities were sub-climax, 
induced by periodic, recurrent fires

• Ponderosa Pine zone - 20 to 50 trees per 
acre, multi-aged, clumps, large open 
areas.

• Average fire occurrence at 5500 to 8500 
ft. elevation:  3 to 10 years.  Low intensity 
ground fires.  Crown fires rare.

Current Situation
• Fire absent from many areas for more 

than 100 years.  Intense crown fires are 
common.

• Ponderosa Pine forests - 180 to 220 trees 
per acre.  Often more than 1000 trees per 
acre, counting those less than 5 inches 
diameter.  

• Most open areas gone, completely filled 
with trees. 

The highest stage of plant succession is often
referred to as climax. This is sometimes defined as a
plant community evolved in the absence of human
disturbance.

Prior to European settlement, the plant communities
of Lincoln County were different than today. The
plant communities were influenced by frequent low
intensity fires. Climax plant communities were fire
induced.

The current situation in Lincoln County represents a
phenomenal increase in woody vegetation. While the
causes are not simple, the common denominator is
the absence of the effects of wildfire.
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Fire-Scarred-Ponderosa Pine
(Pinus ponderosa Laws.)

Collected at: 
Lincoln National. Forest
Sacramento Mountains, NM
Smokey Bear Ranger District
Cedar Creek Road Area
6600 ft. elevation

Collected May 23, 1995 by:
Jorge Alzaga, Chris Baisan,
James Riser, Margot Wilkinson

Dated by:  Margot Wilkinson

Inner Ring:  A.D. 1667

Outer Ring:  A.D. 1830

Fire Dates:  A.D. 1725, 1739, 1750, 1763, 
1772, 1779, 1782, 1789, 1792, 
1795, 1800, 1809, 1814, 1818, 
1821.

Circa 1890 - 1891

1998

1890 - 1891

1999

Prior to European settlement, low-intensity ground
fires burned across Lincoln County’s landscapes,
generally every 3 to 10 years. This is illustrated by
evidence collected from fire-scarred trees such as
this local tree section that recorded numerous fires.

Photographic evidence of pre-settlement fires can
sometimes be found. Examples of this are shown in
the next four slides of comparison photo sets. These
were taken near White Oaks.
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October, 1912

November, 1996
from a tree, 15 ft. 
above the ground

October, Oct 1912

November, 1996
from a tree, 15 ft.
above the ground

This is a closer look at the area shown in the two
previous slides, from a different direction.

This is also taken from a different direction, show-
ing the phenomenal increase in woody plants.

This photo of Patos Mountain, near White Oaks,
shows the aftermath of the 1993 wildfire. These
burned areas look quite similar to some of the
previous photo sets that are thought to demonstrate
areas that had been scoured by wildfire.
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October, 1912

October, 1997

October, 1912

October, 1996

Summe r, 1899

January, 1997

Beginning at the lower elevations of the County, we
will look at different landscapes. This photo set,
from about 5,100 ft elevation in the Chihuahuan
Desert area of Lincoln County, demonstrates a
decrease in grass cover and an increase in mesquite
and other shrubs. The six surface conditions of this
site have changed, altering the surface hydrology.
Sheet erosion is occurring currently.

Taken from the same point as the previous photo set,
this slide illustrates a shift from desert grassland to
shrubland dominated by mesquite and creosote bush.
Sheet erosion is occurring.

This photo set, taken in the plains grassland vegeta-
tion type, has undergone an increase in both grass
cover and woody plant cover, including bigelow
sagebrush and juniper. The early photo represents
light, infrequent grazing use, as it was far from
drinking water. Yucca, previously low-growing, now
has tall stems or tree-like trunks. Several indicators
point to a previous presence of periodic fire fol-
lowed by at least 100 years without fire.
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Circa 1911

1999

July 4th rodeo, 1917

July, 1997

Summer, 1899

June, 1996

The next six photo sets illustrate a phenomenal
increase in woody plants, in the elevation range of
about 6,200 feet to 6,800 feet.
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1900

1999

1905

1996

1912

1996

The increase in tree cover also represents a large
increase in moisture consumption, as evergreen trees
consume water year-round, while deciduous plants
and grasses consume water only during their grow-
ing seasons.

This photo set illustrates a former grassland that has
undergone woody plant encroachment.
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Summer, 1899

July, 2000

1915

1998

These two photos illustrate one of the few
mountain meadows in Lincoln County to survive
the changes of the past 100 years. The tree cover
has changed from an open stand of large ponde-
rosa pines and huge, old alligator juniper trees, to
dense thickets of spindly trees, with increasing
numbers of houses and other buildings. These
changes have been detrimental to watershed
health, and the risk of catastrophic wildfire is
high.

In 1915, this site already illustrated an absence of fire, as shown by
the dense stand of small, even-aged mixed conifer trees.

In 1998, the site had been without a fire for more than 100 years.
Water consumption has increased with the woody plant increase.
Water infiltration and groundwater recharge has decreased.
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1915

1998

1917

1998

1914

1999

At 8,500 feet elevation, during the interval illus-
trated here, open meadow areas completely disap-
peared. Shrub oak areas have decreased, and the
mixed conifer tree cover has dramatically increased.
Water yields have decreased, as much as an esti-
mated two inches per acre.

At about 10,000 feet elevation, grass cover has
increased, evergreen tree and shrub cover has
increased, and deciduous plant cover has decreased.
Water yield from these sites has decreased. The
aftermath of a fire is illustrated in the 1917 photo. In
1998, there has been no fire since before 1917.

These photos were taken at the highest point in
Lincoln County, 11,600 feet elevation, showing
Sierra Blanca Peak, in Otero County. The mixed
conifer tree cover has encroached upon the grassy
meadows, reducing their size. Scientific studies have
estimated that restoraton of the grassy meadow areas
could increase water yields by as much as two
inches per acre.
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Some Suggested Reading:
• John, E.A.H. and Wheat, J. (1989) Views from the Apache Frontier, 

1799, Report on the Northern Provinces of New Spain, by Jose 
Cortes, Lieutenant, Royal Corps of Engineers.  Norman, OK.  
University of Oklahoma Press.

• Allen, Craig D. (1998) Where Have All the Grasslands Gone?  Fire 
and Vegetation Change in Northern New Mexico.  Los Alamos, NM.  
Article, U.S. Geological Survey, Jemez Mountains Field Station.

• Kaye, M.W. and Swetnam, T.W. (1998)  An Assessment of Fire, 
Climate, and Apache History in the Sacramento Mountains, New 
Mexico, U.S.A.  Tucson, AZ.  University of Arizona, Laboratory of 
Tree Ring Research.

• Garrett, L.D. and Garrett, P.J. (2001)  Evaluating Forest Restoration 
Opportunities on the Lincoln National Forest.  Olathe, CO.  Research 
Paper, M3 Research.

This reference describes how Apache people set and
used wildfires during the pre-settlement period.

Title is self-explantory.

This reference describes how dendrochronology has
demonstrated that fires frequently burned across
Lincoln County landscapes prior to 1900.

This title is self-explanatory.
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Bill Hornsby is a forester with the Bureau of Indian
Affairs, Branch of Forestry on the Mescalero Apache
Reservation. He has worked for the BIA for 15 years
both at Mescalero and the Yakama Reservation in
Washington. Bill graduated from West Virginia
University in 1982 with a Bachelor of Science in
Forestry and received his certification as a
Silviculturist in 1996. The basic function of his
position at Mescalero is to “help the Mescalero
Apache Tribe manage its timber resource.”

FOREST MANAGEMENT ON THE MESCALERO APACHE
RESERVATION: A POWERPOINT PRESENTATION

Bill Hornsby
Bureau of Indian Affairs

Mescalero Agency
PO Box 189

Mescalero, NM 88340

INTRODUCTION
The 460,000-acre Mescalero Apache Indian

Reservation is located in southcentral New Mexico,
primarily in Otero County. The reservation is home to
approximately 3,900 tribal members from three sub-
bands of Apaches–the Mescalero Apache, Chiricahua
Apache and the Lipan Apache. The reservation is 85%
forested with a commercial forest base of approximately
150,000 acres. Forest management operations are
coordinated with the Tribal Government and carried
out jointly by the Bureau of Indian Affairs, Branch of
Forestry and the Tribe’s Division of Resource
Management and Protection.

The commercial forest base is managed on a 20-
year cutting cycle with approximately 7,500 acres
being harvested each year with an average harvest
level of 2,240 board feet per acre. Even-aged and
uneven-aged silvicultural systems are used on the

reservation with uneven-aged management being the
preferred method. Dwarf mistletoe infection levels are
quite high and periodic insect infestations are also
common. Post harvest follow-up treatments, timber
stand improvement operations, and reforestation
efforts are conducted by the Tribe’s Division of
Resource Management and Protection.

There is an active woodland management
program on the reservation. The focus of the most
recent projects have been watershed restoration
surrounding the community of Mescalero and pinyon-
juniper savannah restoration on the east side of the
reservation. Fuels reduction operations and prescribed
burning are conducted on over 5,000 acres yearly in
joint efforts between the Bureau’s Fire Management
Section and the Tribe’s Division of Resource
Management and Protection.
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First Treaty between Mescalero Apache Tribe and
U.S. was signed in 1855. The Mescalero Apache In-
dian Reservation (MAIR) was established by the Ex-
ecutive Order of 1873. The size of the  reservation
was subsequently reduced by Executive Orders in
1875, 1882 and 1883. The boundaries of the reserva-
tion have remained basically unchanged since 1883.

The Branch of Forestry was created within the
Indian Office, (now the Bureau of Indian Affairs), by
an Act of Congress on March 3, 1909. This Act en-
abled the Indian Office to hire professional foresters
to help the Agency Superintendents with basic forest
protection and utilization practices and the formation
of uniform forestry rules and regulations.

The guiding principle of the Bureau of Indian Af-
fairs Forestry program is to assure the productivity of
forests for future generations while affording the de-
velopment of the resource for its current best use as
determined by the Tribe. This is accomplished by ex-
ecuting and fulfilling the Bureau’s trust responsibility
imposed by the United States through treaty, statute,
and court orders to protect, manage, and develop trust
resources. This obligation must be conducted in rec-
ognition of tribal sovereignty wherein the Tribe is con-
sidered a sovereign nation and dealings with the Fed-
eral Government are conducted on a nation-to-nation
basis.

The Bureau must exercise a high degree of vigi-
lance in carrying out its trust responsibility and to pro-
mote the conservation, development, and utilization
of the Tribe’s resources for the maximum benefit of
the Indian people, now and in the future. With these
principles as the guiding direction for future accom-
plishments, the Bureau must work cooperatively with
the Tribe to provide state-of-the-art management ser-
vices for the forest resource while recognizing the
unique character of the Tribe’s land ownership, goals,
and values.

Forest Management Planning
It is the policy of the Bureau, in accordance with

25 CFR 163, to require a current Forest Management
Plan (FMP) for all Indian forest lands in trust status
prior to the commencement of forest management ac-
tivities and obligation of related funds.

The Mescalero Apache Indian Reservation For-
est Management Plan 2001-2010 was approved on
June 6, 2001. This plan provides the management di-
rection by which program activities will be regulated

during the 2001 through 2010 planning period in or-
der to meet long-term resource objectives.

Timber Management
Approximately 85% of the reservation is forested

with 150,000 acres considered commercial forest. The
commercial forest is managed on a 20-year cutting
cycle with about 7,500 acres receiving treatment each
year at an average harvest volume of 2,240 bdft/acre.

A document called a Forest Officer’s Report is pre-
pared for each timber sale on the reservation. This re-
port contains all the accumulated information about
the timber sale including: sale objectives, a descrip-
tion of the sale area and resource considerations, sil-
vicultural prescriptions, transportation plan, volume
estimate and stumpage appraisal, environmental as-
sessment and associated NEPA documentation, wild-
life and biological assessments, threatened and endan-
gered species clearance and cultural resource survey
reports.

Silviculture
Silviculture is defined as “the art and science of

controlling the establishment, growth, composition,
health and quality of forest and woodlands.” This en-
tails the manipulation of forest and woodland vegeta-
tion in stands and on landscapes to meet the diverse
needs and values of landowners and society on a sus-
tainable basis.

A silvicultural prescription is a descriptive narra-
tive of the selected silvicultural treatment including
slash treatment, reforestation needs, site preparation,
harvesting restrictions, and recommended harvesting
methods and any other multiple resource concerns or
directives. It also includes a schedule for future treat-
ments. A prescription is required for all treatments that
will affect the present and/or long-term character of a
forest stand.

Silvicultural prescriptions are based on the best
utilization of the existing stand conditions given the
core objectives of the Mescalero Apache Tribe. Core
objectives include:
• Minimize insect and disease damage.
• Where possible, manage stands to achieve desir-

able uneven-aged structure.
• Improve the stocking, composition, and growth of

young stands.
• Reserve some old growth trees throughout the for-

est.
• Maintain an aesthetically pleasing forest that will
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yield the desired level of forest products and pro-
duce/retain wildlife, recreation, visual, range and
water qualities.

• Use harvest techniques that will achieve maximum
utilization of forest products.

• Develop or maintain specific forested areas for
traditional, religious and cultural forest values.

Silvicultural Systems
A silvicultural system is a planned process

whereby a stand is tended, harvested, and re-estab-
lished. The system name is based on the number of
age classes (Even-aged, or Uneven-aged), and/or the
regeneration method used (Shelterwood, Single Tree
Selection, etc). A silvicultural system includes all treat-
ments on a given stand over a long period of time.
There are two types of silvicultural systems:
• Uneven-aged System - A planned sequence of treat-

ments designed to maintain and regenerate a stand
with three or more age classes.

• Even-aged System - A planned sequence of treat-
ments designed to maintain and regenerate a stand
with one age class.  The range of tree ages is usu-
ally less than 20% of the age of the tree at harvest.

Figure 1.  Illustration of an Uneven-aged forest structure.

Figure 2. Uneven-aged forest structure.

Figure 3. Illustration of an even-aged forest structure.

Figure 4. Even-aged forest structure.

All silvicultural treatments or cutting methods,
fit into two categories-Regeneration or Intermediate.
The Regeneration Method is a cutting method by
which a new age class is created. The establishment
of regeneration is one of the main objectives for all
regeneration cutting methods. The Intermediate
Method is a cutting method designed to enhance
growth, quality, vigor and composition of a stand
after establishment of regeneration and prior to final
harvest.

Regeneration Method
There are two types of Regeneration Methods—

Uneven-aged and Even-aged. Uneven-aged regenera-
tion methods are described as “a method of regener-
ating a forest stand and maintaining an uneven-aged
structure by removing some trees in all size classes
either singly, in small groups, or in strips.” Even-
aged regeneration methods are defined as “a method
of regenerating a forest stand where the new stand
contains only one age class.”

Uneven-Aged Regeneration Methods
There are two types of uneven-aged regeneration

methods, single tree selection, and group selection.
On the reservation, single tree selection is used
much more frequently than group selection at this
time. Single tree selection is described as “a cutting
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method where individual trees of all size classes are
removed more-or-less uniformly throughout the
stand to achieve desired stand structural characteris-
tics.” Establishment of a new cohort is an objective
of this cutting method.

Figure 5. A stand treated with a single tree selection,
an Uneven-aged regeneration method.

Even-aged Regeneration Methods
There are basically three Even-aged regeneration

methods, the clearcut cutting method, the shelterwood
cutting method and the seed tree cutting method.  While
each of these three cutting methods are different, they
all are intended to be a way of regenerating a forest
where the new stand contains only one age class.

Clearcut Cutting Method
This Even-aged regeneration method is defined as

“A method of regenerating an Even-aged stand in
which the new age class develops in a fully-exposed
microclimate after removal, in a single cutting of all
trees in the previous stand.” On the reservation,
clearcuts are most often implemented in areas where
dwarf mistletoe infection levels are so severe that use
of an Uneven-aged regeneration method is not feasible.
The clearcut with reserves variation of the traditional
clearcut cutting method is commonly used on the res-
ervation.  With this method, varying numbers of re-
serve trees are not harvested in order to attain goals
other than regeneration.

Figure 6. Illustration of the Clearcut Cutting method.

Figure 7. Clearcut with reserves.

Shelterwood Cutting Method
This Even-aged regeneration method is defined as

“a method of regenerating a stand in which a new age
class develops beneath the partially-shaded micro-en-
vironment provided by the residual trees.” The treat-
ment sequence includes three distinct types of cuttings
or phases.
Preparatory Phase: An optional harvest designed to

enhance conditions for seed production.
Establishment Phase: A harvest designed to prepare

the seedbed and to create a new age class.
Removal Phase: A harvest designed to release estab-

lished regeneration from competition with the
overwood.

Figure 8. Illustration of the Establishment Phase of
a Shelterwood.

Figure 9. Establishment Phase of a Shelterwood.
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Figure 10. Illustration of the Establishment Phase of a
Shelterwood after regeneration has become established.

Seed Tree Cutting Method
This Even-aged regeneration method is very simi-

lar to a clearcut with the exception being that trees are
left uncut for the specific purpose of providing seed to
regenerate the stand.  The official definition of a seed
tree is “a cutting method in which the new age class
develops from seedlings that germinate in a fully-ex-
posed micro-environment after removal of all the pre-
vious stand except for a small number of trees left to
provide seed.

Figure 11. Illustration of a Seed Tree Cut prior to the
establishment of regeneration.

Figure 12. Seed Tree Cut.

Intermediate Treatments
Intermediate treatment is a collective term for any

treatment designed to enhance growth, quality, vigor,
and composition of the stand after establishment of
regeneration and prior to final harvest.  An intermedi-
ate treatment is not a regeneration method because
there is no intention of establishing regeneration
through its application.

There are many types of intermediate treatments
including: improvement cutting, thinning, sanitation
cutting, salvage cutting, weeding, cleaning and libera-
tion. Weeding, cleaning, and liberation are not currently
used to any great extent on the reservation. The fol-
lowing sections describe the more commonly used in-
termediate treatments.

Improvement Cut
An Improvement Cut is an intermediate treatment

designed to improve the composition, form, quality
and growth of the stand that is past the sapling stage.
On the reservation, this treatment is a commercial har-
vest with the removed trees being of commercial size
and is commonly used in open grassy canyon bottoms
or in visually sensitive areas.

Thinning
Thinning is a type of intermediate treatment that

is made to reduce a stand of trees primarily for the
purposes of improving growth, enhancing forest health
or to recover potential mortality. The objective is to
redistribute the site’s growth potential onto fewer more
vigorous stems. This type of treatment is used quite
extensively on the reservation.

Figure 14. Improvement Cut.
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Figure 15. Illustration of a young stand before thinning
(top) and after thinning (bottom) where less desirable
trees are removed to provide better growing condi-
tions for the favored crop trees.

Figure 16. Thinning.

Sanitation Cutting
This intermediate treatment is defined as “harvest

designed to remove trees to prevent/reduce the spread
of insects or disease to healthy trees in the stand.” On
the reservation, this treatment is commonly used in
conjunction with thinning to “clean-up” small dwarf
mistletoe infection centers within a predominately
uninfected stand or to remove small pockets of bark
beetle brood trees to prevent the spread of the insects
to uninfested trees.

Salvage Cutting
This intermediate treatment involves the removal

of dead trees being damaged or killed by injurious
agents, other than competition, to recover the value
that would otherwise be lost. Salvage cutting is com-
monly used to harvest timber killed by fire, insects, or
disease. Unlike sanitation cutting, which is designed

to prevent the spread of insects or disease within the
stand, salvage cutting is designed to capture the mor-
tality that often results from insects or disease. Sal-
vage cutting is often done in conjunction with sanita-
tion cutting.

Figure 17. A stand that is suitable for Sanitation Cut-
ting due to bark beetle infestation.

Figure 18. Potential area for Salvage Cutting due to
fire induced mortality.

Non Timber-Related Natural Resource Manage-
ment Activities

The Tribe’s Division of Resource Management and
Protection and the BIA’s Branches of Natural Re-
sources and Fire Management work collectively on
several resource management projects. A large pinyon-
juniper savannah restoration project has been com-
pleted on the east side of the reservation. A watershed
restoration project around Mescalero and several fuel
management and prescribed fire projects are under-
way around several housing areas.



7

Forest Management on the Mescalero Apache Reservation

Figure 19. Pinyon-Juniper Savannah restoration.

Figure 20. Watershed restoration around the commu-
nity of Mescalero.

Figure 21. Prescribed burning.

Figure 22. More prescribed burning.

Figure 23. Completed Wildland Urban Interface Fuel
Treatment Project.
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Paul F. Boucher has worked for the Forest Service for
about 25 years. He started his career on the Coconino
National Forest in Arizona fighting fires while
attending Northern Arizona University where he
completed a B.S. in botany and an M.S. in aquatic
ecology. While remaining active in fire and fire
ecology, his primary responsibilities from 1993
through 2000 were as the program manager for the
Gila as the Forest Biologist for wildlife, fish, and
plants. Paul currently is the Fire Staff Officer for the
Gila National Forest. His government service has
included three years in the United States Marine
Corp.

THE HISTORICAL ROLE OF FIRE AND ECOSYSTEM MANAGEMENT OF
FIRES, GILA NATIONAL FOREST, NEW MEXICO:

A POWERPOINT PRESENTATION

Paul F. Boucher
USDA Forest Service, Gila National Forest

Silver City,  NM 88061

INTRODUCTION

Prescribed natural fire has been a part of resource
management on the Gila National Forest since 1975.
The early management plan was conservative and
allowed for fire only after the summer rains had
become well established. Recently, in an effort to
allow for more aggressive fuels reduction and habitat
restoration, the plan was revised.  The new plan takes
into consideration the role of fire in ecosystem
management and how past natural fires played a
critical role maintaining habitats for the native flora
and fauna over the 1,335,490 ha (3,300,000 acres) of
the Gila National Forest. This new effort has involved
working with groups that did not exist 20 years ago,
including the State Environmental Division and laws

that were in their infancy including, but not limited to,
the Endangered Species Act, Clean Air Act and Clean
Water Act. The southwest will continue to have fire.  It
will be in the form of natural ignitions, managed fire or
by default, wildfire.

Note: for an extensive discussion of this subject, see
Paul F. Boucher and Ronald D. Moody, The Histori-
cal Role of Fire and Ecosystem Management of Fires:
Gila National Forest, New Mexico, 20th Proceedings,
Fire in Ecosystem Management: Shifting the Paradigm
from Suppression to Prescription, Tall Timbers Fire
Ecology Conference, 1998, Tall Timbers Research, Inc.
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The Gila Wilderness was established in 1924
with a bit of help from Aldo Leopold.

The Gila has been occupied for the last ten-
thousand years by several cultures including
Europeans who arrived around 1880. The
Mimbres culture inhabited the areas of the
southern portions of the forest, and the northern
portions of the forest were inhabited by the
Mogollon cultures. Many of their etchings were
left on rocks surrounding hunting sites, on spring
areas that were sacred, and in areas where
animals were harvested.

The bottom three photos, taken of the same area
(northwest side of the San Francisco Peaks in
Arizona)  over a 100-year period, show the
changes in the watershed. In the first photo, a
wagon team, two horses, and a couple of cow-
boys stand near a large juniper tree. Fifty years
later the picture was retaken and you will note
that the vegetation including grass and forbs has
come back in.  Of particular concern, is the
juniper trees that have started to come in.  In
1994, the third photo was taken. The junipers are
sucking the water from the area and now the
surface is drying and we are losing the grass/forb
community.
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This photo was taken on Avalanche Peak outside
Silver City. Avalanche Peak got its name when
gullies were created during the drought-breaking
rain events of 1905. This gentleman is standing at
the bottom of one of the avalanche shoots.

I have deep concerns about the Ponderosa Pine. In
this photo you can see the understory beneath large
yellow pines, 250 to 300 years old. Substantial
regeneration has taken place, particularly after 1919.

After the overstory is removed, you are left with an
understory or a “dog hair thicket,” which is a term
coined by foresters meaning that the trees are as
thick as the hairs on a dog’s back. There are areas in
the Southwest (before pre-commerical thins), where
upward of 6,000 stems per acre of Ponderosa Pine
thrive.
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Early settlers brought a lot of grazing ungulates
with them. They found a vast sea of grass in
some areas. However, they didn’t understand the
drought cycles that are common to the South-
west. They didn’t understand they were dealing
with a finite resource and thought they had an
inexhaustible supply of fodder for their animals,
unlike in the Midwest where frequent prairie
rains produce regeneration of grasses and forbs.

The European mentality at the time was that fires
must be put out. One of the driving factors was
that if your forage was burned, your livestock
went hungry. Also, precious topsoil was lost
during fires. Topsoil in the desert Southwest can
take upwards of 1,000 years to regenerate one
inch.

We now know that fire is a very important
component of southwestern watersheds. The best
type of fires are the moderate to light intensity
understory burns, not the fires you see on the six
o’clock news during the months of July and
August that are typically high intensity fires.
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In this photo you can see the pine bunch grass
community in the understory. Obviously, no
timber harvesting has occurred at this site.

This photo also shows an area of old growth
Ponderosa Pine, but the pine bunch grass commu-
nity has been completely covered with leaf litter
from the pine stand. You also have younger trees
coming in. In the understory, you have ladder
fuels, which can create a catastrophic situation in
case of fire.

This is Rustler Park in the Chiricahua Mountains.
The ridge in the background is 800 feet off the
forest floor and the flame lengths are probably
about 800 feet above that ridge.
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This is the Rattlesnake fire from 1994. The smoke
column tops 40,000 feet. A major fire event like this
typically strips everything until you have nothing but
black branches sticking up in the air.

Note the line in this graph. In the early 1970s when
fire researchers first started working on Ponderosa
Pine, we were warned that we had about 25 years to
get our act together or the fires that we were going
to experience in the Ponderosa Pines were going to
be of such intensity and size that the only thing we
would be able to do was to stand back, watch, and
wait for a weather change. They were right on the
mark.

Many people who come to the Southwest are used to
cobalt skies and fluffy, white clouds. As we attempt
to implement the National Fire Plan, we are going to
have to educate people on the need for burns.
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There are, of course, negative effects of fire.
This is an ash flow event down the east fork of
the Gila River. We are definitely in noncompli-
ance with the Clean Water Act here. The most
difficult part of implementing the National Fire
Plan is staying in compliance with the Clean Air
Act, and getting people to understand that smoke
is a part of the natural environment.

Some fires leave a mosaic pattern. This photo
shows areas where there were “hot burns” and
where mountain meadows will develop. There
are also scorched areas that will become home
to thickets of raspberries. The unburned canopy
will add to wildlife diversity on this particular
watershed.

Implementing the National Fire Plan is not an
easy task. We have to stay in compliance with
many processes such as NEPA, public scoping,
Clean Air Act, Clean Water Act, and the Endan-
gered Species Act. Many of our native fish are
ending up on the endangered species list or the
threatened species list, like the spotted owl.
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We need to be extremely careful about fires
along our roads where many wildfires start due
to public access and accidental ignitions.
Along travel corridors, we must mitigate the
smoke issue so we don’t have a reoccurence of
the problem we had in Region 8 where a
“smoke-out” occurred along Interstate 10
resulting in a pile-up of cars and fatalities.

We are going to have to work hard to educate
the public and to bring our watershed back into
a healthy state. It will take a diligent effort, as
we found out with the Cerro Grande fire. I do
not think we can ever return to the way it was in
the 1800s, nor do we want to, but we can give
nature a helping hand by moving in that direc-
tion.
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Discussion Points
!What is the funding source and process?

!How are funds distributed?

!How are proposals evaluated and ranked?

!What type of work do we fund?

!How much funding is available?

!Examples of funding over the last few years, and 
highlights of a few specific projects in more detail.  

This is an example of nonpoint source pollution.  The
East Fork of the Gila River (shown on the right) is
carrying ash and sediments flushed into it as a result
of a large forest fire in the watershed. The West Fork
of the Gila was not affected.

Projects funded under Section 319(h) of the federal
Clean Water Act are the primary tool available to ad-
dress such nonpoint sources of pollution.

Funding Source

!CWA §319(h) addresses nonpoint 
source pollution

!Federal grant administered by NMED 
Surface Water Quality Bureau

!Requires 40% match by grant recipient

The bureau administers this program for New Mexico.
We are interested in both “dirt work” projects, such as
fence building, tree planting etc., as well as public edu-
cation and outreach projects. The 40% match require-
ment is met by the project proponent (for example, a
watershed group, soil and water conservation district
etc.), which gives “ownership” of the project, and leads
to a better outcome. The match requirement can be
met with actual dollars, or by “in-kind” match of vol-
unteer labor, etc.
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Distribution of Funds

!“RFP” to distribute §319(h) monies

!Published once each year (July-August)

!Follows State procurement code

!All entities eligible (local governments, 

NGOs, private citizens)

This slide outlines the process we follow.  In fact, we
have an RFP out right now. It opened July 15 and will
close September 15. We follow the State of New
Mexico Procurement Code, and all entities are eligible.

RFP Requirements
Proposals shall describe: 

! the impaired surface water body and 
preventive action(s) to be taken to sustain 
water quality and aquatic resources;

! relationship of project to a Watershed-wide 
Restoration Action Strategy; 

RFP Requirements (cont.)

! inclusion of water body in a UWA category 
I watershed, on CWA § 303(d) list or 
TMDL document, if applicable;

! the stressor(s) causing the impact(s); 
! the project implementation plan; 
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RFP Requirements (cont.)

!specific solutions to be implemented;  
!details of how improvements will be 

measured; 
!time required to demonstrate effectiveness or 

water quality improvement; and 
!cooperating entities involved in the project.

Project Evaluation and Ranking

!Project proposals ranked by diverse 
review committee

!Final funding decision made by NMED 
and EPA

We have a review committee that helps us evaluate
the proposals, and then the final funding decisions are
made by the bureau and EPA.

Project Evaluation and Ranking 
(cont.)

!Cooperation between several 
stakeholders in watershed important

!Grant period is nominally 3 years; can 
be extended to 5 years

!Projects funded to implement TMDL 
load reductions

The involvement and cooperation of the stakeholders
in the watershed is the most important aspect if we are
going to achieve success. Implementation of these
projects takes time, so the grant period runs for a mini-
mum of three years, and usually is extended to five
years.
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New Mexico Department of the Environment
Watershed Protection Program

Eligible Types of Projects
Both “dirt work” and outreach projects funded

!Implementation/demonstration of BMPs;

!Post wildfire rehabilitation;
!Prevention of catastrophic wildfires;
!Reduction of erosion/sedimentation from 

rural roads, agricultural practices;
!Rehabilitation of riparian vegetation;

There are 286 stream and river reaches listed as im-
paired on the 2000-2002 303(d) list. According to the
National Water Quality Inventory, wind and water ero-
sion annually generates an estimated 73 million tons
of soil from farms, ranches, and urban areas. The sub-
sequent loading to streams, rivers, and reservoirs is
one of the primary pollutants associated with improper
management in many areas of New Mexico. NMED
has  identified the principal sources of surface water
nonpoint source pollution as rangeland erosion, agri-
culture, construction activities, silviculture, resource
extraction, waste disposal, unsurfaced roads, and rec-
reation.

Eligible Types of Projects (cont.)

!Improved management of urban runoff;

!Improvements in livestock management;

!Restoration of floodplain function;

!Restoration of natural stream channel 
morphology;

!Streambank stabilization.

Amount of Funding
!FY02  20 proposals requested $3.3 m   

available approx.    $2.1 m*
!FY01  51 proposals requested $7.5 m 

17 projects funded for $1.9 m* 
!FY00   10 projects funded for $1.6 m*
!FY99   18 projects funded for $1.6 m*
!FY98   10 projects funded for $1.3 m*

Five year total grant funds =    $8.5 m*

$ 8.5 million is the grant total – when the 40% re-
quired match is added, the value of the projects totals
approximately $14.2 million
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Specific Examples of Watershed 
Protection Projects

!Spur Ranch Centerfire Creek

!Valle Grande GRASSBANK™

!Rio Puerco/Hwy 44

Spur Ranch/Centerfire Creek

!A main tributary to the San Francisco River

!Listed for Plant Nutrients and Conductivity 
Impairment (TMDLs)

!BMP implementation 

!Sediment Retention Structure

!$232,000 in §319 funds and $180,000 match

Project Partners include:
Landowner 
Ducks Unlimited
National Wild Turkey Federation
USDA Natural Resource Conservation Service, 
NM Forestry Division
Rocky Mountain Elk Foundation
San Francisco Soil & Water Conservation District
Gila National Forest
EPA and
NMED SWQB
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New Mexico Department of the Environment
Watershed Protection Program

Valle Grande GRASSBANK™
Rowe Mesa

!5 other §319 projects using Grassbank™

!$463,084 in §319 funds to The Conservation 
Fund (TCF), Santa Fe National Forest 
(SFNF) and Carson National Forest (CNF)

Valle Grande GRASSBANK™ (cont.)

!$562,967 match provided by 
TCF,  Ford Foundation, McCune 
Foundation, Thaw Charitable Trust, 
Santa Fe Community Foundation, Stokes 
Foundation, individual donors, donated 
labor and NM General Fund $

!At least $94,667 additional funding provided 
by TCF, USFS, NRCS,  

Valle Grande GRASSBANK™ (cont.)

Other partners include grazing permittees, 
Northern New Mexico Stockman’s 
Association, NMSU Cooperative Extension 
Service, Santa Fe County, and BLM
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Valle Grande GRASSBANK™
Accomplishments

!6-8 participating USFS allotments in 4 
watersheds (directly benefiting at least seven 
impaired streams) + statewide outreach by 
Quivira Coalition

!2,891 acres piñon/juniper and ponderosa 
thinned (531 ac complete)

!10,415 acres Rx burned (2,088 complete)  

Valle Grande GRASSBANK™
Accomplishments (cont)

!16150 AUM’s of rest provided (4450 
AUM’s complete)

!23 mile pipeline (18 miles complete)
!6.25 miles fencing (0.25 mi complete)
!$20K flexible range restoration package 

including above elements 

Valle Grande GRASSBANK™
Accomplishments (cont)

!5 dirt watering tanks,4 round trips cattle 
shipping (3 complete), 9 mi trail 
improvements, one water gap, range rider (2 
seasons), road improvements

!Monitoring & Watershed Restoration Action 
Strategy for Rowe Mesa

!2 conferences, 2 newsletters, 10 outdoor 
workshops (by Quivira Coalition)
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New Mexico Department of the Environment
Watershed Protection Program

Rio Puerco/Highway 44 Project

!1965 - Highway 44 Project constructed a 
straight 20’ X 20’ “ditch” to reroute Rio 
Puerco channel

!Accelerated erosion (incision, channel 
widening) moved a net 14.1 million cubic 
feet of soil downstream

Rio Puerco/Highway 44 Project

!Extremely high sediment load and turbidity

!Lowering of local and regional water table

!Adjacent uplands erosion in response to base 
level lowering

Rio Puerco/Highway 44 Project

§319 (h) grant has provided $$ for 
!Environmental, Geomorphology and  

Engineering feasibility and design work
!Rio Puerco Implementation Construction 

Phase 
!Monitoring and Enhancement
$660,000 has leveraged $4M+ in additional 
project expenditures
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East Mountain Forest Health Project

NEW MEXICO WATERSHED MANAGEMENT: RESTORATION, UTILIZATION, AND PROTECTION
NOVEMBER  NEW MEXICO WATER RESOURCES RESEARCH INSTITUTE 2001

Sue Wilson Beffort is serving her second term in the
New Mexico Legislature. She currently is a member of
the Senate Finance Committee as well as the interim
Legislative Finance, Water and Natural Resources,
and Tax and Revenue Stabilization committees. Sue is
most noted for her initiatives in the areas of tax and
water reform. She authored the Water Banking
concept in 1997 and has been a proponent of attaching
tax credits to upgrading irrigation technology to
encourage best practice techniques, such as drip
farming, to conserve water and expand the reach of
agricultural production. During the last session, she
sponsored legislation that was passed mandating
credible scientific evidence. As a major proponent of
watershed management and riparian restoration, she
is demonstrating that forest thinning is not only an
important tool to protect against catastrophic forest
fires, but also a valuable technique to retain
additional water in our state. Sue was a small business
owner for 25 years and still maintains her
Outplacement Division for the service of down-sizing
companies and assisting dislocated workers.

EAST MOUNTAIN FOREST HEALTH PROJECT

Senator Sue Wilson Beffort
1516 Gray Rock Place NE
Albuquerque, NM 87112

ABSTRACT

Last year’s tragic fires have brought to the
forefront the issue of the state of health of our
country’s forests. What is at particular risk are the
watersheds. Another key area of concern is the
populated areas nestled within the forest land. We now
recognize that major efforts and financial resources
must be directed to this tremendous challenge.

Our immediate goal is to form public and private
partnerships throughout the state to accomplish this
monumental task. The East Mountain Urban Defen-
sible Space Project has created a model that pulls
together a comprehensive, grassroots effort that

maximizes the various pockets of federal, state, and
local monies and resources. The exciting off-shoot to
this effort is the capability of materializing added
waters into our ground and surface water system. This
is accomplished as the result of interrupting the
density of the forest canopy, thus allowing snow and
rainwater to seep into the ground. Significant amounts
of snow, that had been trapped and evaporated, can
now produce water. With the introduction of sunlight,
grasses return and not only filter the water, but prevent
soil erosion. The silver-lining to the fire catastrophe
should prove to be more water for our use and compact
delivery needs.
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East Mountain Forest Health Project
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East Mountain Forest Health Project
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East Mountain Forest Health Project
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East Mountain Forest Health Project



46th Annual New Mexico Water Conference 
Participant List 

 
William Ahrens 
Carlsbad Irrigation District 
201 South Canal 
Carlsbad, NM 88220 

 
Raul Alvillar 
U.S. Representative Udall 
811 St. Michaels Drive, Suite 104 
Santa Fe, NM 87505 

 
Frank Armijo 
City of Las Vegas 
Water Treatment Plant 
P.O. Box 160 
Las Vegas, NM 87701 

 
Pearl Armijo 
USDA Natural Resources 
Conservation Service 
267 Courthouse Road 
Los Lunas, NM 87031 

 
Lorenzo Arriaga 
U.S. Bureau of Reclamation 
700 East San Antonio Street, Suite 710 
El Paso, TX 79901 

 
Tom Bahr 
3135 Southwind Road 
Las Cruces, NM 88005 

 
Murl R. Baker 
New Mexico State University 
5043 Cueva Mine Road 
Las Cruces, NM 88011 

 
Terrell "Red" Baker 
NMSU Cooperative Extension 
Box 30003, MSC 3AE 
Las Cruces, NM 88003 

Roberta Ball 
U.S. Army Corps of Engineers 
4101 Jefferson Plaza NE 
Albuquerque, NM 87109-3435 

 
Rustam J. Baratov 
New Mexico State University 
P.O. Box 30001, MSC 3CE 
Las Cruces, NM 88003-8001 

 
Richard W. Becker 
New Mexico Riparian Council 
1005 Indiana Street SE 
Albuquerque, NM 87108 

 
Donald Bergner 
U.S Army Corp of Engineers 
South Pacific Division 
333 Market Street 
San Francisco, CA 94105-2195 

 
Eric Biggs 
129A West Houghton 
Santa Fe, NM 87501-4615 

 
Michael Bitner 
Daniel B. Stephens & Associates, Inc. 
6020 Academy Road NE, Suite 100 
Albuquerque, NM 87109-3315 

 
Mark Blakeslee 
U.S. Bureau of Land Management 
P.O. Box 27115 
Santa Fe, NM 87502 

 
Nick Bodnar 
Weston, Inc. 
10455 Manitou Beach 
Bainbridge Island, WA 98110 
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Paul F. Boucher 
U.S. Forest Service 
Gila National Forest 
3005 East Camino del Bosque 
Silver City, NM 88061 

 
Ken Boykin 
New Mexico State University 
Box 30003, MSC 4901 
Las Cruces, NM 88003 

 
Harold J. Bray 
USDA Natural Resources 
Conservation Service 2610 North Silver Street 
Silver City, NM 88061 

 
F. Lee Brown 
Economic Consultant 
P.O. Box 1425 
Corrales, NM 87048 

 
Terry Brunner 
U.S. Senator Bingaman 
505 South Main Street, Suite 148 
Las Cruces, NM 88001 

 
Brent Bullock 
Pecos Valley Artesian 
Conservacy District 
P.O. Box 1346 
Roswell, NM 88202 

 
Darcy Bushnell 
U.S. District Court Office of the Clerk 
333 Lomas Blvd. NW, #610 
Albuquerque, NM 87102-2276 

 
Michael Campana 
UNM - Water Resources Program 
1915 Roma NE 
Albuquerque, NM 87131 

 
Vandorn P. Casados 
Village of Cuba 
P.O. Box 426 
Cuba, NM 87013 

Gerald L. Chacon 
NMSU Cooperative Extension Service 
120 South Federal, Room 109 
Santa Fe, NM 87501 

 
Joe Chacon 
Department of Military Affairs 
10 Bataan Blvd. 
Santa Fe, NM 87505 

 
Nicolas Chapa 
Geo-Marine, Inc. 
150-A North Festival Drive 
El Paso, NM 79912 

 
Carlos   Cisneros 
New Mexico Senator 
Box 1129 
Questa, NM 87556 

 
Dennis Cooper 
Private Consulting Engineer 
115 East Alicante 
Santa Fe, NM 87505-4651 

 
Filiberto Cortez 
U.S. Bureau of Reclamation 
700 East San Antonio Street, Suite 710 
El Paso, TX 79901 

 
David Coss 
New Mexico State Land Office 
P.O. Box 1148 
Santa Fe, NM 87504-1148 

 
David Cowley 
NMSU Fishery & Wildlife Department 
P.O. Box 30001, MSC 4901 
Las Cruces, NM 88003 

 
Joe Culbertson, Jr. 
New Mexico Cattlegrowers Association 
542 Culbertson Road 
Amistad, NM 88410 

 
Greg Cunningham 
New Mexico Watershed Coalition 
311 Gorman Avenue 
Belen, NM 87002 
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Jim Davis 
New Mexico Environmental Department 
Surface Water Quality Bureau 
P.O. Box 26110 
Santa Fe, NM 87502-6110 

 
Laura Davis 
Haley & Aldrich, Inc. 
6200 East 14th Street, Suite A200 
Tucson, AZ 85711 

 
Rebecca de Nerizagal 
Office of Natural Resources Trustee 
610 Gold Avenue SW, Suite 236 
Albuquerque, NM 87102 

 
Alison Dean 
USDA Forest Service 
HC 78, Box 1 
Coyote, NM 87012 

 
Beverly deGruyter 
USFS - New Mexico Riparian Council 
11776 Hwy. 337 
Tijeras, NM 87059 

 
Ann Demint 
UNM - Water Resources Program 
60 Pinon Trail 
Cedar Crest, NM 87808 

 
Danielle Diehl 
U.S. Forest Service 
333 Broadway SE 
Albuquerque, NM 87120 

 
Elvidio V. Diniz 
Resource Technology Inc. 
1720-B Randolph SE 
Albuquerque, NM  87106 

 
Richard Dinwiddie 
Box 121, 33 Bennet Road 
Cliff, NM 88028 

 
Lisa C. Donohoe 
U.S. Geologicial Survey 
Water Resources Division 
5338 Montgomery Blvd. NE, Suite 400 
Albuquerque, NM 87109 

 
Charles T. DuMars 
Law & Resource Planning Associates, P.C. 
201 Third Street NW, Suite 1370 
Albuquerque, NM 87102 

 
Kaye S. Dunnahoo 
Dairy Producers of New Mexico 
P.O. Box 6299 
Roswell, NM 88202 

 
Douglas Earp 
City of Albuquerque 
Environmental Health 
P.O. Box 1293 
Albuquerque, NM 87103 

 
Charles M. Easterling 
Wilson & Company 
2600 The American Road SE, #100 
Rio Rancho, NM 87124 

 
Mark Edwards 
Attorney at Law 
3100 Jane Place NE #B205 
Albuquerque, NM 87111 

 
Gary L. Esslinger 
Elephant Butte Irrigation District 
P.O. Drawer 1509 
Las Cruces, NM 88004 

 
Amy Ewing 
UNM - Water Resources Program 
1915 Roma NE, Room 1048 
Albuquerque, NM 87131 

 
Frances Ferguson 
Dona Ana Community 
College Water Tech Club 
317 North Espina 
Las Cruces, NM 88001 
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Sam Fernald 
NMSU Animal & Range Sciences 
Box 30003, MSC 31 
Las Cruces, NM 88003-8003 

 
Rodger Ferreira 
U.S. Geological Survey WRD 
5338 Montgomery NE, Suite 400 
Albuquerque, NM 87109-1311 

 
Seth Fiedler 
USDA Natural Resources 
Conservation Service 
6200 Jefferson NE 
Albuquerque, NM 87111 

 
Steve Finch 
John Shomaker & Associates 
2703-D Broadbent Parkway NE 
Albuquerque, NM 87107 

 
Linda Fluk 
Geological Consultant 
160 County Road 113 
Santa Fe, NM 87501 

 
Mary Helen Follingstad 
New Mexico Interstate Stream Comission 
P.O. Box 25102 
Santa Fe, NM 87504-5102 

 
Roger Ford 
USDA Natural Resources 
Conservation Service 
6200 Jefferson NE 
Albuquerque, NM 87111 

 
Hollis Fuchs 
USDA Natural Resources 
Conservation Service Box 457 
Carrizozo,NM 88301 

 
Abbas Ghassemi 
N.M.S.U. - WERC 
Box 30001, MSC WERC 
Las Cruces, NM 88003 

Nathan Gifford 
Village of Corrales 
P.O. Box 117 
Corrales, NM 87048 

 
William Goebel 
Cimarron Angus 
Rt. 1, Box 41 
Maxwell, NM 87728 

 
Robert L. Gold 
U.S. Geological Survey 
5338 Montgomery Blvd. NE, Suite 400 
Albuquerque, NM 87110 

 
Donna Gomez 
Jicarilla Apache Water Commission 
P.O. Box 507 
Dulce, NM 87528 

 
Robert Gondek 
New Mexico Army National Guard 
10 Bataan Blvd. 
Santa Fe, NM 87508 

 
Charlie Gonzales 
County of Santa Fe 
Land Use Department 
P.O. Box 276, 102 Grant Avenue 
Santa Fe, NM 87504-0276 

 
Cheryl Goodloe 
Carrizo Valley Ranch 
P.O. Box 598 
Capitan, NM 88316 

 
Sid Goodloe 
New Mexico Watershed Coalition 
P.O. Box 598 
Capitan, NM 88316 

 
Kathy Grasse! 
UNM - Water Resources Program 
510 Edith SE 
Albuquerque, NM 87102 
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Eileen Grevey Hillson 
AguaVida Resources 
2015 Wyoming NE, Suite G 
Albuquerque, NM 87112 

 
Sterling Grogan 
Middle Rio Grande Conservancy District 
P.O. Box 581 
Albuquerque, NM 87103-0581 

 
Jim Gross 
Daniel B. Stephens & Associates 
6020 Academy NE, Suite 100 
Albuquerque, NM 87109 

 
Pauline Gubbels 
New Mexico Representative 
2818 Las Cruces NE 
Albuquerque, NM 87110 

 
Jacqueline Guilbault 
Valley Improvement Association 
P.O. Box 8 
Belen, NM 87002 

 
G. Emlen  Hall 
UNM School of Law 
1117 Stanford NE 
Albuquerque, NM 87131-1431 

 
Sarah Hamlin 
UNM - Water Resources Program 
3412 Chelwood NE 
Albuquerque, NM 87111-5412 

 
Jack Hanawalt 
Arch Hurley Conservancy District 
101 East High Street 
Tucumcari, NM 88401 

 
Bill L. Harris 
Texas Water Resources Institute 
1500 Research Parkway, Suite 240 
College Station, TX 77843-2118 

 
Steve Harris 
Rio Grande Restoration 
Pilar Rt., Box 3-C 
Embudo,NM 87531 

Debbie Hays 
Sandoval County Manager 
P.O. Box40 
Bernalillo, NM 87004 

 
Fred H. Hennighausen 
Hennighausen & Olsen 
P.O. Box 1415 
Roswell, NM 88202 

 
Mike Hightower 
Sandia National Laboratories 
P.O. Box 5800 
Albuquerque, NM 87185 

 
Joanne Hilton 
Daniel B. Stephens & Associates 
6020 Academy NE, Suite 100 
Albuquerque, NM 87109 

 
Robert Hirsch 
U.S. Geological Survey 
409 National Center 
Reston, VA 20192 

 
James Hogan 
University of Arizona 
Hydrology & Water Resources 
P.O. Box 210011, Building 11 Room 122 
Tucson, AZ 85721-0011 

 
Matthew Holmes 
New Mexico Rural Water Association 
3413 Carlisle Blvd. NE 
Albuquerque, NM 87110 

 
Bill Hornsby 
U.S. Bureau of Indian Affairs 
Mescalero Agency 
P.O. Box 189 
Mescalero, NM 88340 

 
Woods Houghton 
Eddy County Coop Extension 
1304 West Stevens 
Carlsbad, NM 88220 
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Debra Hughes 
Soil & Water Conservation District 
163 Trail Canyon Road 
Carlsbad, NM 88220 

 
Mary Humphrey 
P.O. Box 1574 
ElPrado,NM 87529 

 
Brian Hurd 
NMSU Department of Ag Economics 
Box 30003, MSC 3169 
Las Cruces, NM 88003-8003 

 
Barry Imler 
USDA Forest Service 
HC 78, Box 1 
Coyote, NM 87012 

 
Ken James 
Sierra Soil & Water Conservancy District 
102 Main 
Truth or Consequences, NM 87901 

 
Anna Jaramillo 
USDA Forest Service 
Santa Fe National Forest 
P.O. Box 150 
Jemez Springs, NM 87025 

 
Louis Jenkins 
City of Deming 
P.O. Box 706 
Deming,NM 88031 

 
Milton Jenkins 
Dofia Ana Community College 
Water Tech Club 
3400 South Espina 
Las Cruces, NM 88003 

 
Robert S. Jenks 
New Mexico State Land Office 
P.O. Box 1148 
Santa Fe, NM 87504-1148 

 
David Johnson 
New Mexico State Parks 
P.O. Box 1147 
Santa Fe, NM 87504-1147 

 
Randy Johnson 
J. Randall Johnson & Associates 
1065-D South Main Street, Suite A 
Las Cruces, NM 88005 

 
Kerry Jones 
UNM - Water Resources Program 
4201 Second Street SW 
Albuquerque, NM 87105 

 
Paul Kavanaugh 
County of Santa Fe 
Land Use Department 
P.O. Box 276, 102 Grant Avenue 
Santa Fe, NM 87504-0276 

 
Todd Kelly 
U.S. Geological Survey 
5338 Montgomery Blvd., Suite 400 
Albuquerque, NM 87109 

 
Claire Kerven 
Los Alamos National Laboratories 
P.O. Box 1663, MS J591 
Los Alamos, NM 87545 

 
Dick Kreiner 
U.S. Army Corps of Engineers 
4101 Jefferson Plaza, NE 
Albuquerque, NM 87109 

 
Walt Kuhn 
Tetra Tech, Inc. 
P.O. Box 1659 
Breckenridge, CO 80424 

 
Theresa Kuntz 
UNM Geography Department 
6008 Altamonte NE 
Albuquerque, NM 87110 
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Ronald Lacewell 
Texas Agricultural Experiment Station 
Texas A & M University 
College Station, TX 77843-2124 

 
Michael Landis 
U.S. Bureau of Reclamation 
700 East San Antonio Street, Suite 710 
El Paso, TX 7990 I 

 
Jeff Langman 
U.S. Geological Survey 
Water Resources Division 
5338 Montgomery Blvd. NE, Suite 400 
Albuquerque, NM 87109 

 
George LaRose 
Dofia Ana Community College 
Water Tech Club 
3400 South Espina 
Las Cruces, NM 88003 

 
Ken Leiting 
USDA Natural Resources 
Conservation Service 
6200 Jefferson NE 
Albuquerque, NM 87111 

 
Charlie Liles 
National Weather Service 
2341 Clark Carr Loop S.E. 
Albuquerque, NM 87106 

 
Owen Lockwood 
Lockwood Engineering 
4021 Oleta Drive 
Las Cruces, NM 88001 

 
Carol Lopez 
City of Santa Fe 
P.O. Box 909 
Santa Fe, NM 87504 

 
James Loya 
N.M.S.U. -WERC 
Box 30001, MSC WERC 
Las Cruces, NM 88003 

 
 
Fernando Macias 
Border Environment Cooperation Commission 
P.O. Box 221648 
El Paso, TX 79913 

 
Kathleen Magee 
Office of the Lieutenant Governor 
State Capitol Building Room 417 
Santa Fe, NM 87501 

 
Pete Maggiore 
New Mexico Environment Department 
Cabinet Secretary 
P.O. Box 26110 
Santa Fe, NM 87502 

 
Julie Maitland 
New Mexico Department of Agriculture 
P.O. Box 30005, MSC APR 
Las Cruces, NM 88003-8005 

 
Wendy Malanut Blackwell 
ECO Planning, Inc. 
P.O. Box 6970 
Santa Fe, NM 87502 

 
Lee Martinez 
Jicarilla Apache Water Commission 
P.O. Box 507 
Dulce, NM 87528 

 
Palemon A. Martinez 
New Mexico Interstate Stream Comission 
P.O. Box 25102 
SantaFe,NM 87504-5102 

 
Toby Martinez 
New Mexico Department of Forestry 
EMNRD Forestry Division 
1220 South St. Francis Drive, Room 112 
Santa Fe, NM 87505 

 
Anne Marie Matherne 
U.S. Geological Survey 
Water Resources Division 
5338 Montgomery NE, Suite 400 
Albuquerque, NM 87109-1311 



 
 
 
 
 

Kenneth G. Maxey 
U.S. Bureau of Reclamation 
505 Marquette NW, Suite 1313 
Albuquerque, NM 87102 

 
Karen S. McAda 
Montrose Consulting, Inc. 
410 Green Acres Lane 
Bosque Farms, NM 87068 

 
Ari M. Michelsen 
Texas A & M University 
El Paso Research Center 
1380 A & M Circle 
El Paso, TX 79927 

 
John Miera 
Santa Fe National Forest 
P.O. Box 3307 
Espanola, NM 87533 

 
Bill Miller 
William J. Miller Engineers, Inc. 
P.O. Box 22670 
Santa Fe, NM 87502 

 
Dail Miller 
Environmental Science Associates 
225 Bush Street, Suite 1700 
San Francisco, CA 94104 

 
Ernie Mills 
P.O. Box 5141 
Santa Fe, NM 87502 

 
Jeremy Mills 
U.S. Bureau of Land Management 
1800 Marquess Street 
Las Cruces, NM 88005 

 
Jennifer Montano 
UNM - Water Resources Program 
10117 Betts Street NE 
Albuquerque, NM 87112 

 
Les Montoya 
San Miguel County Manager 
500 West National, Suite 100 
Las Vegas, NM 87701 
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Stephanie J. Moore 
U.S. Geological Survey 
5338 Montgomery NE, Suite 400 
Albuquerque, NM 87109 

 
David Morgan 
EcoSolutions 
P.O. Box 6187 
Santa Fe, NM 87505 

 
Cindy S. Murray 
Public Service Company of New Mexico 
2401 Aztec NE, Z-250 
Albuquerque, NM 87107 

 
Doug Murray 
New Mexico Interstate Stream Comission 
P.O. Box 25102 
Santa Fe, NM 87504-5102 

 
Nathan Myers 
U.S. Geological Survey 
Water Resources Division 
5338 Montgomery NE, Suite 400 
Albuquerque, NM 87109-1311 

 
Cheryl Naus 
U.S. Geological Survey 
Water Resources Division 
5338 Montgomery NE, Suite 400 
Albuquerque, NM 87109-1311 

 
Sharon Noel 
New Mexico Office of Indian Affairs 
228 East Palace Avenue 
Santa Fe, NM 87501 

 
Maria O'Brien 
Modrall Law Firm 
P.O. Box 2168 
Albuquerque, NM 87103 

 
Connie Ode 
P.O. Box 1574 
El Prado, NM 87529 
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Lisa Old 
New Mexico Federal District Court 
2632 Vista Larga NE 
Albuquerque, NM 87106 

 
A.J. Olsen 
Hennighausen & Olsen 
P.O. Box 1415 
Roswell, NM 88202 

 
Andrew Ortiz 
New Mexico State Land Office 
P.O. Box 1148 
Santa Fe, NM 87504-1148 

 
Gordon R. Palmer 
Greystone Environmental Consultants 
115 Kearney Street 
Denver, CO 80220 

 
Michael Pease 
UNM Geography Department 
201 Quincy Street NE 
Albuquerque, NM 87108 

 
Larry Perkins 
Arch Hurley Conservancy District 
101 East High Street 
Tucumcari, NM 88401 

 
Lee Peters 
Hubert & Hernandez, P.A. 
P.O. Drawer 2857 
Las Cruces, NM 88004 

 
Edward  Polasko 
National Weather Service 
2341 Clark Carr Loop S.E. 
Albuquerque, NM 87106 

 
Ray Powell 
New Mexico State Land Office 
P.O. Box 1148 
Santa Fe, NM 87501 

 
David Propst 
New Mexico Department of Fish & Game 
P.O. Box 25112 
Santa Fe, NM 87504 

Richard R. Ramsey 
Sierra Soil & Water Conservancy District 
102 Main 
Truth or Consequences, NM 87901 

 
Cynthia Rex 
New Mexico Finance Authority 
409 St. Michael's Drive 
Santa Fe, NM 87505 

 
Mike Roark 
U.S. Geological Survey 
Water Resources Division 
5338 Montgomery NE, Suite 400 
Albuquerque, NM 87109-1311 

 
Douglas Roby 
Dona Ana Community College 
Water Tech Program 
3400 South Espina 
Las Cruces, NM 88003 

 
Nora Romero 
New Mexico Environment Department 
224 Unser Blvd. NE, Suite B 
Rio Rancho, NM 87124 

 
Orlando Romero 
U.S. Geological Survey 
5338 Montgomery Blvd., Suite 400 
Albuquerque, NM 87109 

 
Denise Rousseau 
Environmental Science Associates 
225 Bush Street, Suite 1700 
San Francisco, CA 94104 

 
Craig Runyan 
NMSU College of Agriculture 
P.O. Box 30003, MSC 3AE 
Las Cruces, NM 88003 

 
Blane Sanchez 
4 Tribal Road 7 
Bosque Farms, NM 87068 



 
 
 
 
 

David Sandoval 
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