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PREFACE

This Middle Rio Grande Ecosystem: Bosque Biological Management Plan was developed to
bring change to the way the biological resources of the riparian ecosystem, from Cochiti Dam
to San Marcial, New Mexico, are managed. More specifically, it was our charge to do this "as
a first step toward restoring the Bosque’s health," as directed by the Rio Grande Bosque
Conservation Committee that created our team in 1992. Appendix I gives the background for our
work.

The plan is directed to agency managers, scientists, land and water users, conservationists,
and just about anyone in the Middle Rio Grande Valley concerned with the way the ecosystem
seems to work and might best be managed. It covers a lot of ground: history, existing conditions,
the future, and a series of specific recommendations for management—plus some thoughts on the
kind of collaborative structure that could do the job and keep this plan alive through the years.

As written, the document is much too long to read at one sitting. We recommend, instead,
that you first spend a little time with the Executive Summary. Appendix I provides the broadest
context for the plan and should also be consulted before moving into the body of the document.
Then look at the Table of Contents to get an idea of the plan’s specific coverage. If you are a
manager, you might wish to go straight to the Recommendations and to focus on only one or a
few of them. Or, if you have the time and inclination, you may actually want to start at the
beginning and siowly read all the way through.

We sincerely hope that the plan will set the stage for a new era in Rio Grande management.
We recognize that its implementation will not be easy and that it is sure to undergo changes
before much time has passed. But change is what the plan is all about.

Biological Interagency Team

Middle Rio Grande Ecosystem: Bosque Biological Management Plan
U.S. Fish and Wildlife Service

P.O. Box 1306

Albuquerque, New Mexico 87103
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EXECUTIVE SUMMARY
INTRODUCTION

New Mexico’s Rio Grande and its riparian forest, the "bosque," were for centuries central
to the region’s culture and development. Now, despite their importance in the past, the river and
the bosque are being impacted by the effects of management and development accommodating
needs of the region’s growing human population. As a result, some of the last great cottonwood
stands, trees that are the integral components of native biological communities, are now confined
to the banks of a highly controlled and physically altered river. River dynamics on which the
native communities depend have been changed so much that these communities are no longer able
to sustain themselves. Compounding the problem are introduced species such as salt cedar and
Russian olive that are steadily replacing the aging native trees. Other factors, including a
managed water table level in the floodplain, a reduced amount of wetlands, and a fragmented
bosque, have also disrupted the original dynamics of the river and the riparian zone. Clearly the
ecosystem is stressed.

The Bosque Biological Management Plan was created to mitigate that stress in the Middle
Rio Grande Valley from Cochiti Dam to San Marcial and to send a message to resource managers
and decisionmakers that a new approach is needed. The plan’s purpose is to determine conditions
and to recommend action that will sustain and enhance the biological quality and ecosystem
integrity of the Middle Rio Grande bosque, together with the river and floodplain that it
integrates. Here, the term "biological quality” refers to the diversity and abundance of native
species in particular, coupled with the environments and ecological processes that support them.
"Ecosystem integrity" refers to the capacity of the ecosystem to return to an organizing, self-
correcting state following major disturbance.

The preparation of this plan was proposed by the Rio Grande Bosque Conservation
Committee, a citizen’s group formed by Senator Pete Domenici (New Mexico) to examine the
bosque’s problems, to solicit public involvement, and to recommend the means for its protection
and the continuation of its benefits to human society. An interagency team of biologists from
the U.S. Fish and Wildlife Service, the U.S. Army Corps of Engineers, the U.S. Bureau of
Reclamation, and the University of New Mexico was appointed to develop the plan in
consultation with scientists, historians, and other experts on the Middle Rio Grande Valley. The
first draft was reviewed by these technical experts. A second draft was sent to a broader
audience concerned with managing the ecosystem.

The plan’s goals are as follows. (1) Synthesize past and present available information about
the ecosystem. (2) Identify key species, communities, and ecological processes essential to
sustaining the ecosystem’s biological quality and integrity. (3) Recommend methods for
establishing and maintaining these species, communities, and processes. (4) Recommend
procedures for monitoring, conducting research, and managing the ecosystem. (3) Identify
procedures for incorporating new information and recommendations into the management plan.

The plan is organized into seven sections. The first is an introduction, summarized here.
The second gives the setting of the Middle Rio Grande Valley and its bosque ecosystem. The

vii



third considers the past physical and biological conditions that led to the present state of the
ecosystem. The fourth section summarizes existing conditions in some detail; data in it and
previous sections are used in the fifth section to develop a scenario of future conditions with no
active change in biological management. Against that background, the essence of the plan is
presented in the sixth section. This consists of recommendations, based on information presented
throughout the plan, that, if implemented, should lead to achievement of the plan’s purpose and
goals. The final section points to the future; it recommends a structure for coordinating the
implementation of the recommendations and for keeping the plan current.

GENERAL SETTING

The San Juan, Sangre de Cristo, Jemez, Sandia, Manzano, and Magdalena mountain ranges
all contribute to the Middle Rio Grande Valley’s drainage system. The ecology of the valley is
conditioned by the Great Basin Grassland, Semidesert Grassland, and Chihuahuan Desertscrub
biotic communities through which the river runs. The valley’s temperate, semiarid climate is
characterized by highly variable seasonal precipitation. In summer, moist air from the Gulf of
Meéxico releases nearly half of the region’s annual precipitation during thunderstorms. In winter
and spring, moisture transported from the Pacific by westerly winds can be amplified by the El
Nifio phenomenon which ties regional precipitation to global climate.

The Middle Rio Grande Valley overlies the deep, sediment-filled Rio Grande Rift. For the
past 5 million years, the Rio Grande has flowed south through this valley from its origin in the
San Juan Mountains. The river is bounded on the east and west by raised landforms and
mountains of varying geological origins. The underlying rift still produces seismic effects.

Nearly 40% of New Mexico’s population live in the valley, which traverses four counties
and six pueblos. Three-fourths of this population is essentially urban, and urbanization is steadily
encroaching on agricultural lands along the river. Management of river water and ground water
under these circumstances is clearly essential; it is also complex. Federal and state laws and an
international treaty control the allocation of Rio Grande water to Colorado, New Mexico, Texas,
and the Republic of México. Within the valley, the river is managed mainly by the Middle Rio
Grande Conservancy District, the U.S. Bureau of Reclamation, and the U.S. Army Corps of
Engineers. Water rights are held by individuals, municipalities, pueblos, and wildlife refuges.
Flood control, ground-water drainage, and irrigation are under the jurisdiction of the District and
other agencies.

HISTORICAL CONDITIONS

Hydrologic and geomorphologic changes along the Middie Rio Grande have accelerated over
historical time. The Rio Grande before the 14th century was somewhat sinuous and braided, and
its bed had a tendency to aggrade. As it migrated freely across its floodplain, it created
ephemeral mosaics of riparian vegetation (forests and shrublands) and wetlands (ponds, marshes,
wet meadows). The use of irrigated agriculture, first on a small scale by Native Americans and
later by Spaniards and Anglos, progressively diminished river flows during growing seasons.
Increased sediment loading from the watershed, most likely the result of climatic variations and
human land-use practices, then caused the channel to become broader and shallower, increasing
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its tendency to flood. In the late 1800’s, ground-water levels in the floodplain rose dramatically
due to the rising riverbed, irrigation, and poor return of irrigation water. Salts, leached upward
by the rising ground water, created salinity problems for farmers.

Levees were built in the 1920’s and 1930’s to cope with the floods; levees also constrained
the Rio Grande’s floodway and reduced its tendency to meander—a tendency critical to
establishing native bosque vegetation. In the early 20th century, dams were constructed in
tributaries and later at Cochiti for water storage and/or flood control. In addition, drainage
systems were established to lower water tables in the floodplain. Combined with a sertes of
water diversion channels and increased ground-water pumping (in Albuquerque), these practices
had the potential to disrupt the ancient connection between river water and ground water in the
adjacent floodplain. Unfortunately, it was that connection, stimulated by periodic flooding, which
for millions of years had been responsible for maintaining native bosque vegetation by supplying
water and nutrients to the riparian zone.

Biological changes have also accelerated with growing human use of the Middle Rio Grande
Valley. Cottonwood-willow forests along the river were increasingly reduced by land clearing,
tree harvesting, water diversion, and agriculture. Livestock grazed back new riparian vegetation.
In recent centuries, grazing contributed to watershed erosion, which in turn contributed to riverine
sediment loading. Then ground-water drainage, coupled with the absence of periodic flooding,
caused most of the valley’s wetlands to dry up. Many species of plants and animals that rely on
wetland resources either disappeared locally or were confined to restricted habitats such as
drainbanks.

Species introductions and extirpations have been pronounced in this century. Sites formerly
occupied by cottonwood-willow stands were taken over by salt cedar in the south and Russian
olive in the north. These Old World trees, together with other introduced vegetation (white
clover, summer cypress), continue to spread in the riparian zone. The new trees, unlike
cottonwood, do not rely on spring flooding for their reproduction.

Changes in the communities of terrestrial animals paralleled the reorganization of the valley’s
plant communities. Large mammals such as the gray wolf and grizzly bear were removed from
the region. Feral animals (cats, dogs) and other introduced species (house mice, starlings, pill
bugs) made distinct ecological impacts on the bosque and the fioodplain.

In the river, fish populations underwent considerable and well-documented changes. Many
of the larger species (longnose gar, shovelnose sturgeon) were gone by the end of the 19th
century. At the present, roughly half of the original fish fauna has disappeared from the Middle
Rio Grande, and about half of the existing fauna is composed of introduced species such as the
mosquitofish and white sucker.

EXISTING CONDITIONS
The hydrology of the Middle Rio Grande is currently managed in order to control its surface

flows. About 90% of all river water use in the middle valley is by agriculture, which is the
principal reason for the construction of water storage and diversion dams. Such structures,
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together with drainage practices, have altered the original patterns of water and sediment/nutrient
distribution within the river, riparian zone, and floodplain.

For the purpose of this plan, we have subdivided the Middle Rio Grande into the following
units: (1) Cochiti Dam to Angostura Diversion Dam (low sediment load, incised river channel
with gravel, low flooding probability), (2) Angostura to Isleta Diversion Dam (higher sediment
load, slightly degrading sandy riverbed, moderately incised banks, low flooding probability), (3)
Isleta to Bernardo (still higher sediment load, aggrading sandy riverbed, low sandy banks, higher
flooding probability), and (4) Bernardo to San Marcial (high sediment load, aggrading sandy
riverbed with braided reaches, low banks, high flooding probability).

The interaction of river and ground water provides a critical link between the riverine and
riparian components of the Middle Rio Grande ecosystem. Deep-rooted native trees in the bosque
rely on ground water for natural functioning and presumably depend on river water to supply
nutrients and oxygen to that ground water for their optimal growth. Historically, the Rio Grande
recharged shallow (valley) and deep (basin aquifer) ground-water systems. Although this process
still occurs, the periodic, well-distributed recharge that resulted from flood events has been all
but eliminated except for in the southern reaches. Currently, irrigation canals and drains also
contribute to recharge of and withdrawal from the valley’s ground water. Ground-water
contamination occurs from municipal, domestic, industrial, and agricultural activities,

A number of key ecological processes occurs in the river. One is the transport of organic
detritus originating mainly from riparian vegetation. Detritus is fragmented by stream
invertebrates, which enter the riverine food web as they are eaten by predators. Remaining
aquatic detritus is decomposed by microorganisms; these add to the pool of water-borne nutrients
of value to terrestrial vegetation. Sediment is also transported by the river and is the major
contributor of materials to nutrient-rich soils when the riparian zone is flooded. Because total
nitrogen, phosphorous, and organic carbon increase from north to south in the Middle Rio
Grande, flooding has the potential to provide relatively great amounts of nutrient to the southern

bosque.

Agquatic producers are comparatively scarce in the relatively fast-flowing waters of the river
and ditches. They are more abundant—mainly as emergent and other vascular plants and free-
floating algae—in the quieter waters of ponds, marshes, and drains. Wet meadows are dominated
by sedges and grasses.

Aquatic consumers include mostly fish and benthic (bottom-dwelling) invertebrates. Species
and individuals of native fish are declining; introduced species are increasing. Attempts to
preserve the diversity of native species and to simultaneously introduce sportfish may be in
conflict. Flow regimes affect aquatic habitats and fish biology. The timing and duration of high
flows may affect reproductive success in certain native species. Pollutants from agricultural and
municipal discharges may impact fish species.

In the terrestrial environment, much of the riparian zone along the Middle Rio Grande is
dominated by cottonwood trees, which form a sparse to dense canopy cover along the river. In
the understory, native plant species remain, but introduced species such as salt cedar and Russian



olive have become increasingly important—frequently dominating the understory and occasionally
the canopy. To the south (below Bernardo), salt cedar is prevalent in the understory, and it also
forms large monotypic stands along the river and adjacent floodplain. Other introduced species
(e.g., Siberian elm, tree-of-heaven, china-berry tree, mulberry, and black locust) are found in the
bosque, mostly along levee roads and other disturbed areas. These exotics have the potential to
become the dominant bosque tree species.

Six structural types of plant communities have been described in the riparian zone. These
include mostly mature overstory trees with and without a shrubby understory; intermediate-aged
trees with and without understory; dense low vegetation; and sparse, low vegetation types. These
types are expected to provide a valuable basis for planning community diversity.

Soils in cottonwood forests not flooded for half a century appear to be nitrogen-limited,
although this may not be a problem for introduced Russian olive and native leguminous species
which fix atmospheric nitrogen. The capacity of flood water to make nitrogen and other nutrients
available in the bosque is under study.

Although riparian forests dominated by native trees have a much greater habitat diversity
than monocultures of salt cedar, the abundance and species richness of rodents seems about equal
in both environments. Overall, white-footed mice are the most abundant bosque rodents. Pocket
gophers move considerable amounts of soil in some cottonwood forests. Beavers, once extirpated
but later reintroduced in the valley, are now abundant to the point of causing excessive damage
to cottonwoods in some areas.

Domestic livestock use the bosque and the floodplain. While their grazing can be
environmentally damaging, it can also be used as a management tool to maintain habitat and
biodiversity.

Birds, whose nearly 300 species constitute the largest number of vertebrate species in the
bosque, are more abundant in cottonwood forests but are still well-represented in salt cedar.
Many bird species consume Russian olive fruits. Many also use dead cottonwood snags or limbs
as important sites for food and shelter. The further decline of the cottonwoods will continue to
change the nature of bosque habitats and should have a significant impact on bird diversity, in
part because cottonwoods appear to harbor a greater diversity of arthropods—a major protein
resource—than introduced trees in the bosque.  Habitat alteration—especially wetland
removal—in the valley, together with the introduction of new species, has already had a
pronounced, adverse impact on populations of amphibians and reptiies.

Invertebrate animals, particularly arthropods such as insects and spiders, are by far the most
diverse organisms in the bosque. Invertebrates provide critical links between producers and other
consumers, including fungal and bacterial decomposers. Consisting of herbivores, carnivores, and
detritivores, arthropods occupy a great range of habitats and control rates of many important
processes, such as seed germination and decomposition. Ants may be the most significant
terrestrial process regulators in the bosque.



In the soil, mites, earthworms, nematodes, and other small invertebrates prepare leaf litter
fragments (many of which first pass through the guts of native termites and introduced isopods)
for mineralization by fungi and bacteria. Mineralized compounds, under the right conditions, can
then be absorbed by roots. Root-associated mycorrhizal fungi facilitate the process. How the
absence of frequent flooding has affected both the complex flow of nutrients and the organization
of bosque communities and habitats, are questions of fundamental importance to the management
of the entire ecosystem.

FUTURE CONDITIONS WITH NO ACTIVE CHANGE
IN BIOLOGICAL MANAGEMENT

Given the previous descriptions of the past and present Middle Rio Grande ecosystem, what
will happen to the ecosystem with no change in biological management? We attempt to answer
the question in order to develop a basis for the management plan’s biological resource
recommendations, and in order to assist managers to decide whether individual recommendations
are appropriate for their specific needs. Based on our estimates, we assume that (1) projected
population estimates of a 41% increase in the valley for the period 1990 to 2020 are accurate;
(2) current water management practices will have varying effects on the ecosystem’s hydrology,
river morphology, and water quality as increased population pressure is put on water resources;
and (3) current land-use and management practices will intensify their impacts on the bosque.

We predict that much would happen in the aquatic environment if no management changes
take place. Between Angostura and the Rio Puerco the river would gradually become narrower
and deeper. These trends would negatively affect warmwater fishes and reduce the availability
of native aquatic habitat. Meanwhile, reduced overbank flooding and a lowered water table in
the reach would restricted opportunities for wetland formation. Continued fragmentation of
riverine habitats would occur because of water management practices; however, the exact nature
of the effect of fragmentation on riverine faunal diversity in the Middle Rio Grande is unclear.

The quality of river and ground water would be increasingly affected by urban discharges,
less so by agricultural runoff. Urban effluents would locally impact fish abundance. More
widespread extirpations of native fish species could continue for many reasons and would result
in a greatly altered riverine community.

Changes in the terrestrial environment would be influenced by changes in the riverine
environment. Along the Rio Grande’s northern reach, lack of overbank flooding would cause
cottonwoods to die off and be replaced by introduced trees. Native trees would have a better
chance for establishment in the more frequently flooded southern reach, assuming control of salt
cedar expansion.

The decline of deep-rooted native vegetation that depends on a certain level of ground water
would have repercussions on animals using the vegetation for food and habitat. Cottonwood
decline would decrease the diversity and abundance of canopy-dwelling arthropods (but probably
not of ground-dwelling arthropods), which would mean less protein for birds. However,
replacement of cottonwoods by Russian olive in the northern reach would increase the supply of
that tree’s fruit, which is heavily utilized by birds and mammals.
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Reduction of foliage height diversity and density, which would accompany a decline in
cottonwood bosque, would reduce the diversity of forest specialist birds. A temporary increase
in standing dead cottonwood snags, caused by age and increased burning, would provide habitat
for other birds, until the snags were removed. Replacement of cottonwood by salt cedar in the
southern reach would lower the diversity and abundance of birds but not of small mammals.

Fragmentation of the riparian zone by residential development, roads, bridges, and power
lines would combine with native plant species’ mortality and wetland reduction to lower the
density, biomass, and productivity of riparian plant and animal communities. Further reduction
of wetlands would cause the continued decline of certain species of plants and animals.

Certain ecological processes would continue to undergo change if there were no modification
of biological management of the bosque. Takeover in the northern reach by Russian olive would
increase soil nitrogen, but since solid stands of that species seldom have much undergrowth, the
increase would benefit few other plants. Lack of flooding there would continue leaf-litter
buildup; in drought cycles that would contribute to fire frequency. Lack of flooding would
progressively reduce the dynamic interaction of river water and ground water that is needed for
release of soil-bound nutrients used by riparian vegetation.

BIOLOGICAL MANAGEMENT RECOMMENDATIONS

The team foresees the boundaries of the Middle Rio Grande bosque not only as being
protected from development but also as expanded in the future. We envision a perennial Rio
Grande whose flows mimic the natural hydrograph to the maximum extent possible, and a river
channel that is permitted maximum freedom within the floodway. The attainment of these
fundamental conditions will facilitate the achievement of all other recommendations to enhance
the biological quality and ecosystem integrity of the bosque.

Hydrology

Water is the key variable that drives the processes of the riparian ecosystem. Whenever
water cannot do its work, people will have to attempt to replace vital, missing functions and
processes in the ecosystem. The following three recommendations deal with the management
of surface and ground water in the Middle Rio Grande:

«  Coordinate Rio Grande water management activities to support and improve the
bosque’s riverine and terrestrial habitats, with special emphasis placed on mimicking
typical natural hydrographs.

- Implement measures to allow fluvial processes to occur within the river channel and the
adjacent bosque to the extent possible.

+  Reintroduce the dynamics of surface-water/ground-water exchange, manage ground-
water withdrawal, and restrict contamination.
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Aquatic Resources

Recommendations about aquatic resources overlap and are related to those for hydrology but
focus on communities and species that are primarily dependent on the presence of surface and
ground water either throughout or at critical times during their life history. The recommendations
are as follows:

*  Protect, extend, and enhance the structure of the aquatic habitat to the benefit of native
communities.

*  Protect and enhance surface-water quality.

* Integrate management of nonnative and native fish species in all aquatic environments
in the riparian ecosystem, including wetlands, canals, and drains.

Terrestrial Resources

Recommendations about terrestrial resources in the riparian ecosystem focus on the
protection, enhancement, and restoration of communities and habitats in the riparian zone and the
floodplain. Human activities have severely impacted these portions of the riparian ecosystem,
and it is in the terrestrial areas that the most visible needs for management exist. The following
recommendations attempt to replace some of the known processes that have been eliminated
from or diminished in the ecosystem:

»  Protect the geographic extent of the Rio Grande bosque and avoid fragmentation of the
riparian ecosystem and component habitats.

* Protect, extend, and enhance riparian vegetation in noncontiguous areas in the
floodplain.

* Manage the buffer zone of the contiguous bosque to protect ecosystem processes,
enhance wildlife values, and maintain rural and semirural conditions.

»  Manage livestock grazing activities in a manner compatible with biological quality and
ecosystem integrity.

+ Manage activities that remove dead wood in a manner compatible with biological
quality and ecosystem integrity.

»  Manage recreational activities in the bosque in a manner compatible with biological
quality and ecosystem integrity.

e  Prevent unmanaged fires in all reaches of the bosque.

* Use native plant species and local genetic stock in vegetation establishment and
management efforts throughout the bosque.
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«  Protect, enhance, and extend (create) wetlands throughout the Middle Rio Grande
riparian zone.

o Sustain and enhance existing cottonwood communities, and create new native
cottonwood communities wherever possible throughout the Middle Rio Grande riparian
zZone.

«  Contain the expansion of existing large stands of nonnative vegetation in the Middle Rio
Grande riparian zone. At the same time, study the ecology of these stands and develop
creative ways of maximizing their biological values.

Monitoring and Research

Monitoring to determine the effects of management actions is vital to the implementation of
all recommendations included in this document. Systematic, coordinated monitoring of key
ecological variables is needed for the development of a comprehensive, ecosystem-based
management plan. Research related to management questions should be pursued, but research
addressing purely scientific goals should also be encouraged. Both research approaches will
generate information that can be applied to management issues. We have made two
recommendations relating to these topics:

« Develop a coordinated program to monitor biological quality (with emphasis on
diversity and abundance of native species) and ecosystem integrity (with emphasis on
restoring the functional connection between the river and riparian zone) of the Middle
Rio Grande ecosystem.

« Develop a coordinated research program to study the ecological processes and biotic
communities that characterize the Middle Rio Grande riparian ecosystem.

Implementing and Revising the Bosque Biological Management Plan

Monitoring and research provide the information for updating and revising the biological
management plan. This information needs to be compiled in a central location. Coordination
and communication among river managers needs to be improved if the Rio Grande is to be
managed as an ecosystem. The following recommendation addresses the need for enhanced
cooperation and a flexible and enduring plan for the Middie Rio Grande riparian ecosystem:

»  Regularly review and update of the Middle Rio Grande Ecosystem: Bosque Biological
Management Plan.

The Middle Rio Grande—Part of a Larger Riparian System

The Middle Rio Grande is only a portion of the total river system and includes a small
fraction of the entire watershed. This part of the river is dependent on what enters the system
upstream, and how we manage our section affects the river downstream. While we have
attempted to take an ecosystem approach to management of the Middle Rio Grande, we recognize
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that to be truly comprehensive, the whole river and its watershed should be included. The
following recommendation deals with how this management plan could be adapted to fit into a
larger management scheme for the entire Rio Grande.

* Integrate resource management activities along the Rio Grande and within the
contributing watersheds to protect and enhance biological quality and ecosystem

integrity.

FUTURE DIRECTIONS FOR THE
BOSQUE BIOLOGICAL MANAGEMENT PLAN

The recommendations in this Bosque Biological Management Plan define a major shift in
long-term management of the Middle Rio Grande bosque ecosystem. The plan emphasizes an
integrated management approach, with special emphasis being placed on "communication" and
"coordination.”

Implementing the plan’s recommendations will require (1) a central coordinating structure
and (2) an active, representative council of managers and concerned citizens. We have tentatively
called this structure the "Middle Rio Grande Coordinating Council" and its executive leader the
"Middle Rio Grande Bosque Coordinator."

Because federal Middle Rio Grande bosque initiative funds are available through the U.S.
Fish and Wildlife Service, that agency’s Region 2 Director could appoint and fund the Middle
Rio Grande Bosque Coordinator (who need not, but could be a Fish and Wildlife Service
employee) and his or her supporting staff. The Region 2 Director could also identify and
convene an initial meeting of riverine and riparian managers and concerned citizens as council
members ("Riparian Coordinators™).

The Middle Rio Grande Bosque Coordinator would develop and operate a clearinghouse for
receiving, storing, and transmitting management-related information, as well as directing such
other activities as annual council meetings, newsletter publication, and annual report preparation.

Riparian Coordinator council members would, at subsequent semiannual meetings, address
questions of communication and coordination and ongoing activities and projects, making specific
recommendations concerning monitoring and research in the Middle Rio Grande bosque
ecosystem. They would also be responsible for periodically reviewing and updating the Bosque
Biological Management Plan and for enhancing the flow of information among managing entities.

Obviously, strong leadership and active council and organizational participation will be

needed to successfully implement the Bosque Biological Management Plan—but the future of the
Middle Rio Grande is at stake.

Xvi
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I. INTRODUCTION
A. PURPOSE, GOALS, AND NEEDS
1. Purpose

New Mexico’s Rio Grande and its riparian forest, the "bosque," were for centuries central
to the region’s culture and development. Now, despite their importance in the past, the river and
the bosque are being impacted by the effects of management and development accommodating
the needs of the region’s growing human population. As a result, the last great stands of
cottonwood bosque that are the integral components of native biological communities are largely
confined to the banks of a highly controlled and physically altered river. The river dynamics on
which the native communities depend have been changed so much that these communities are
unable to sustain themselves. Compounding the problem are introduced species such as salt cedar
and Russian olive that are steadily replacing the aging native trees. Other factors, including lack
of flooding, reduced wetlands, and a fragmented bosque, have also disrupted the original
dynamics of the river and the riparian zone. Clearly the ecosystem is stressed.

The purpose of the Middle Rio Grande Ecosystem Bosque Biological Management Plan is
to determine conditions and to recommend management that will sustain and enhance the
biological quality and ecosystem integrity of the Middle Rio Grande bosque, together with the
river and floodplain which it links and with which it interacts. The plan applies to New Mexico’s
Middie Rio Grande Valley, which runs south from Cochiti Dam to San Marcial. The valley’s
inhabitants have always used the bosque and depended on the Rio Grande, but never more so than
they do today.

In this document the term "biological quality" refers to the diversity and abundance of
species—especially native species—coupled with the environments and ecological processes that
sustain them. "Ecosystem integrity" is a concept increasingly associated with the restoration of
severely disturbed environments (references in Woodley et al. 1993). An ecosystem can be most
simply defined as a biological community and the physical and chemical environment with which
it interacts (National Research Council 1992). "Integrity,” as used here, refers to the capacity of
an ecosystem to return to an organizing, self-correcting condition following a major disturbance
(Regier 1993).

This biological management plan provides a foundation of biological information about the
Rio Grande Valley ecosystem which individuals, organized groups, governmental agencies, and
pueblos can use to formulate and implement management decisions in keeping with the plan’s
purpose. The plan is designed to be the basis for integrated decisions that will ultimately result
in a comprehensive approach to the management of the bosque, together with the river and
floodplain that it structurally and functionally links.




2. Goals

This document presents a comprehensive yet flexible plan for management of the ecosystem.
The plan has five broad goals:

(1) synthesize past and present information about the ecosystem;

(2) identify key species, communities, and ecological processes essential to sustaining the
ecosystem’s biological quality and integrity;

(3) recommend methods for establishing and maintaining these species, communities, and
processes;

(4) recommend procedures for monitoring, conducting research, and managing the
ecosystem; and,

(5) identify procedures for incorporating new information and recommendations into the
management plan.

3. Needs

The bosque ecosystem of the Middle Rio Grande Valley has evolved over thousands of years
in response to natural events and to human activities. The collective actions of humans have
greatly influenced the ecology of the valley we see today. Although altered (not nearly as much,
however, as below Elephant Butte Reservoir to the south), the valley supports a rich diversity of
biological communities. These communities have undergone and are continuing to undergo major
changes due to modifications of the valley’s normal hydrologic regime, introduction of nonnative
plants and animals, drainage, and floodplain development.

Communities dominated by native trees such as cottonwood and willow need to be protected
and restored if any resemblance of the riparian, or streambank, community to its original
condition is to continue. Protection and restoration are also needed for wetlands such as ponds,
marshes, and wet meadows. Communities dominated by introduced trees such as salt cedar and
Russian olive need to be managed to prevent their continued spread and to allow native species
and wetlands to exist within their borders. Underlying these requirements is a fundamental need
to understand how the ecosystem worked in the past and how it works now. In particular, there
is a need to learn how the interaction of river water and ground water regulates the heaith of the
riparian zone (which some [e.g., Gregory et al. 1991] feel has the same outer limits as the
floodplain, namely that area historically inundated by periodic floods).

Finally, there is a need to recognize that future management will require a departure from
past practices. It will have to be more integrated than it is now if the purpose of this plan is to
be realized. That means a new management structure will have to be created, based on a
coordinated system of planning, monitoring, and implementing. Inherent in that structure will
be the need for continuous rethinking of management practices based on new facts and
interpretations.



B. BACKGROUND

In September 1991, Senator Pete Domenici (New Mexico) announced the formation of a
nine-member citizen’s group, the Rio Grande Bosque Conservation Committee. The purpose of
the committee was "to examine the problems affecting the Bosque, to solicit broad public
involvement, and to make recommendations for the long term protection of the Bosque and
continuation of the many benefits it provides.” In March 1992, the committee proposed that an
interagency biological management plan for the bosque be prepared. An interagency team was
subsequently formed, and funds for preparation of the management plan were appropriated by the
federal government. The team convened in January 1993. The central purposes of the team were
to send a message to resource managers and decisionmakers that a new management approach
is needed and to make specific recommendations that will enable that new approach to be
undertaken.

The University of New Mexico (UNM) and three federal agencies (U .S. Fish and Wildlife
Service [FWS], U.S. Army Corps of Engineers [COE], and U.S. Bureau of Reclamation [BOR])
are formally represented on the team. In addition, New Mexico State University (NMSU) is
represented by an adjunct member. In maintaining its focus on the bosque and the ecosystem to
which it belongs, the team sought out biologists, ecologists, physical scientists, historians, and
other experts with appropriate knowledge.

C. DEVELOPMENT OF THE PLAN
1. Approach and Methods

The committee and the team are well aware of the complexity of social and institutional
interests affecting the bosque ecosystem and of the implications of that complexity for its
management. Nevertheless, the team’s clear mandate was to focus on the biology of the bosque
and its environment while keeping in mind that these have long been affected by buman values
and activities. The team’s management plan therefore leads to recommendations driven primarily
by the need to sustain and restore the bosque ecosystem’s integrity and biological quality, and
at the same time to address the reality of human activity along the Middle Rio Grande.

To accomplish the goals of the plan, the team relied on available data and information.
Realizing that a wealth of information on the bosque ecosystem was unpublished, the team
consulted with numerous experts. The team sent letters requesting knowledge and material to
tbose persons, convened in-depth meetings with some, discussed issues with others, and generally
expanded the "team" concept to include them all. After writing a preliminary draft of the plan,
the team solicited a technical review from most of the experts it originally contacted. Then,
following a revision that incorporated many of the comments and ideas of the technical reviewers,
the team submitted a revised document to a wider audience for formal review. The collective
critique of this audience was incorporated into its final revision.

In addition, the team amassed printed and electronic material that either directly or indirectly

pertained to the Rio Grande and the bosque. Most of the documents were in the form of special
reports prepared for or by governmental agencies. All agencies contacted were generous in
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providing the team copies of these reports. Of particular utility were Geographic Information
Systems (GIS) data bases and historic photographs.

2. The Plan’s Organization

As now constituted, this document initially provides the reader with a picture of the general
setting of the Middle Rio Grande Valley and the bosque ecosystem (Figs. 1 and 2). Then it
dwells broadly on past conditions (geological, geomorphologic, human, hydrologic, and
biological) that led to what we see today. Next, it considers in some detail the conditions that
now exist. Topics in this section are arrayed under the beadings of hydrology and
geomorphology, aquatic ecology, and terrestrial ecology; these are explored to the point of giving
the reader a fairly comprehensive and up-to-date background regarding the structure and function
of the ecosystem as a whole. The section that follows begins to address management of the
bosque and its environs by focusing on what its future would be like with no active change in
management. This prediction sets the stage for the essence of the team’s report: the biological
management recommendations. Finally, after the recommendations and methods of implementing
them are described and discussed, the document ends with a section on future directions for the

plan.
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II. SETTING
A. GEOGRAPHIC SETTING

From its headwaters along the Continental Divide in the San Juan Mountains in southern
Colorado, the Rio Grande stretches a little over 3,220 km (2,000 mi) to its outfall in the Gulf of
México near Brownsville, Texas. En route, about 750 km (465 mi) of the river course from
north to south through the midsection of New Mexico. It then continues on to form the
international boundary between Texas and the Republic of México. The headwaters are at
elevations ranging from 2,440 m (8,000 ft) to 3,660 m (12,000 ft). In the middle valley, the Rio
Grande channel descends from 1,594 m (5,225 ft) at Cochiti Dam to 1,357 m (4,450 ft) at San
Marcial.

The drainage basin for the entire Rio Grande is about 470,000 km? (181,420 mi?); the total
drainage area for the Middle Rio Grande Valley is 64,150 km? (24,760 mi®) and includes
extensive mountainous areas in addition to the San Juan Mountains. The most significant of these
are the Sangre de Cristo, Jemez, Sandia, Manzano, and Magdalena mountains which range from
3,080 to 3,990 m (10,100-13,100 ft). The presence of these mountains and the associated weather
patterns influences the Rio Grande’s hydrologic cycle.

The direct tributary drainage area for the Middle Rio Grande Valley is about 33,160 km®
(12,800 mi?). From north to south, the Middle Rio Grande’s major tributaries, and their
corresponding drainage areas, are:

Galisteo Creek 1,660 km’ (640 mi®)
Jemez River 2,695 km?® (1,040 mi?)
Rio Puerco 15,175 km?* (5,860 mi’)
Rio Salado 3,575 km?® (1,380 mi’)

Upstream of the valley, the Rio Chama is the principal tributary to the Rio Grande in New
Mexico. The juncture of the two rivers is about 55 river km (35 mi) above Cochiti Dam.

The Middle Rio Grande constitutes 8% of the river’s total length and 34% of its length in
New Mexico. The middle valley’s direct tributary drainage accounts for 7% of the total Rio
Grande drainage and about half of New Mexico’s direct tributary drainage.

B. DESCRIPTION OF MIDDLE RIO GRANDE VALLEY

The Middle Rio Grande Valley extends from Cochiti Dam downstream 260 river km (160
mi) to San Marcial, New Mexico (see frontispiece). The valley traverses three major biotic
communities, as defined by Brown and Lowe (1980). From north to south, these are: Great Basin
Grassland, Semidesert Grassland, and Chihuahuan Desertscrub. The latter community 1is
considered to be a warm-temperate type, and the others, cold-temperate (Hink and Ohmart 1984).

For the purposes of this plan, the river has been divided into four reaches (Table 1), which
reflect somewhat discrete differences in biological, hydrologic, geological, and human-use
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Table 1. Middle Rio Grande Reaches.*

Reach Name Location River Length

Cochiti Cochiti Dam to Angostura Diversion Dam 34 km (21 mi)
Albuquerque Angostura to Isleta Diversion Dam 61 km (38 mi)
Belen Isleta to Bernardo 63 km (39 mi)
Socorro Bernardo to San Marcial 100 km (62 mi)

* Note that the Belen and Socorro reaches as defined in this report differ slightly from the definitions generally used
by federal and state agencies, which separate the Belen and Sccorro reaches at San Acacia instead of at Bernardo

patterns. They are Cochiti Dam to Angostura Diversion Dam, Angostura to Isleta Diversion
Dam, Isleta to Bernardo, and Bernardo to San Marcial. ]

The Middle Rio Grande is slightly sinuous with straight, meandering, and braided reaches.
The river is generally characterized by a shifting sandbed in the lower reaches and by a gravel
riverbed in the Cochiti Reach. Although a perennial river, there are reaches of the Rio Grande
that experience no surface flow during some summer months in dry climatic periods. The Middle
Rio Grande is regulated for water supply (primarily irrigation) and flood control. There are
irrigation water diversion structures on the Rio Grande and flood control levees that parallel
portions of the river.

The river’s floodplain varies in width from less than 1.5 km to about 10 km (1-6 mi). Itis
generally bounded by lower terraces, then by 90- to 150-m (300-500 ft) mesas. The mesas slope
gently upward to the foot of mountain ranges (predominately to the east) or to plateau highlands
(predominantly to the west). The floodplain is punctuated by short canyons, or narrows, at San
Felipe, Isleta, San Acacia, and San Marcial.

The existing contiguous bosque that abuts the Rio Grande is generally limited by the system
of levees or natural bluffs where such features are present. In the southern half of the valley
where the bosque is at its widest, the bosque is up to 4-5 km (2.5-3 mi) wide.

C. CLIMATE

The hydrology and morphology of the Rio Grande are ultimately dependent on the climate
and geology of the area. An overview of these topics will create a foundation of understanding
for later discussions.

The valley’s climate is characterized as having moderate temperatures and being semiarid
above Bernalillo to arid south of Bernalillo (Tuan et al. 1973). Temperatures increase and
precipitation decreases from north to south. Annual average maximum temperatures, which
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Fig. 3. Monthly average precipitation distribution in the Middle Rio Grande Valley.

usually occur in July, range from 21°C (69°F) at Cochiti Dam to 24°C (76°F) at Bosque del
Apache National Wildlife Refuge (NWR). Annual average minimum temperatures (January) are
about 4°C (40°F) throughout the valley. The growing season also increases southward through
the valley. In Bernalillo and Albuquerque, the typical frost-free period begins in early May and
extends through mid-October, lasting on average 160 days. In Socorro, the average period is 197
days, beginning in mid-May and lasting through late October.

Average annual precipitation decreases from 30.7 cm (12.1 inches) at Cochiti Pueblo to 20.1
cm (7.9 inches) at Bosque del Apache NWR. Forty-three to fifty-three percent of the annual
precipitation is supplied by summer storms (Fig. 3; U.S. Bureau of Reclamation 1977). The
summer precipitation results from moist unstable air arriving from the Gulf of México (Bennett
1986). Thunderstorms, most prevalent from mid-July through early September, are often brief
and intense but generally localized. However, some of the largest flood-generating storms occur
during spring and autumn (Bullard and Weils 1992) Winter and spring precipitation generally
results from occasional Pacific storms that lose most of their moisture as they move inland
(Bennett 1986). During spring, heavy snowfalls in the mountains may occur simultaneously with
rains elsewhere in the basin. Later in the spring and in early autumn, storms are of high intensity
and cover large portions of the basin.

D. GEOLOGY
The major land forms of the Middle Rio Grande Valley are the result of the area’s dominant

geologic feature, the Rio Grande Rift, which extends more than 800 km (500 mi) from central
Colorado through New Mexico. The rift, active for at least 18 million years (Wilkins 1986), is
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characterized by extension, seismicity, local tectonic uplift, and volcanism (Lozinski et al. 1991).
From about Santa Fe southward, the rift is in the Basin and Range Physiographic Province which
separates the Colorado Plateau Province to the west from the Great Plains Province to the east.

A simplified east-west cross section across the Albuquerque Basin reveals a deep
trough—estimated to be up to be 4,000 m (13,000 ft) deep in some locations (Lozinski et al.
1991)—which is the result of the tectonic extension and downfaulting. From about 30 million
to 1 million years ago, the trough filled with sediments (sand, clay, silt, gravel, and cobblej
collectively referred to as the Santa Fe Group. About a million years ago, Post-Santa Fe
sediments were deposited during a series of incision and backfilling episodes. The most recent
backfilling episode has deposited as much as 60 m (200 ft) of the youngest valley fill (Hawley
and Haase 1992). The type of deposited material, and its location, is not uniform throughout the
trough. Typically, the sediments deposited on the valley floor by fluvial (river) processes
intertongue with the pediment-slope (upland) deposits (Thorn et al. 1993). The cross section also
shows blocks of uplifts on either side of and parallel to the valley, slightly angled away from the
valley’s vertical plane. Some of these, mainly to the east such as the Sandia Mountains, rise
thousands of feet above the surrounding terrain. Then, principally to the west, comparatively
recent volcanic material is deposited atop the uplifts. The escarpments that parallel the valley
are the product of additional movement along the major fault zones.

The valley is actually a series of basins. These grabens (depressions) formed a series of
linked, but slightly offset, depositional basins, each of which contained its own ephemeral lake.
Over time, the surface water eroded canyons between the intervening bedrock sills that defined
the basins, integrating the area into the Rio Grande river system (Bullard and Wells 1992). The
through-flowing ancestral Rio Grande drainage developed into a single river about 5 million years
ago (Lozinski et al. 1991). The basins in the Middle Rio Grande (which roughly coincide with
the four river reaches referred to in this report) are:

Santo Domingo Basin White Rock Canyon to San Felipe
Albuquerque Basin San Felipe to Isleta

Belen Basin Isleta to San Acacia

Socorro Basin San Acacia to San Marcial

The rift continues to be geologically active with manifestations of seismic activity. The
strongest earthquake on record occurred north of the valley near Santa Fe in 1918 (Lagasse
1980). Over the past century there has been considerable, but localized, seismic activity in the
Albuquerque to Socorro area. These events are thought to be the result of crustal deformation
caused by a shallow magma body (Lagasse 1980). Various measurements indicate a 9-14 cm
(3.5-5.5 inches) uplift of the valley in the Socorro area since the early 1900°s (Lagasse 1980,
Bullard and Wells 1992).

E. INSTITUTIONAL SETTING
The valley traverses four counties (Sandoval, Bernalillo, Valencia, and Socorro) and six

Indian pueblos (Cochiti, Santo Domingo, San Felipe, Santa Ana, Sandia, and Isleta). In addition
to the pueblos, the principal land and facility managers include the Middle Rio Grande
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Conservancy District (MRGCD), BOR, COE, New Mexico Department of Game of Fish
(NMDGF), FWS, New Mexico State Parks and Recreation Division/City of Albuquerque, and
private landowners (Fig. 4).

1. Population

Thirty-eight percent (578,000 persons) of the State of New Mexico’s population reside in the
Middle Rio Grande Valley (U.S. Department of Commerce 1991). Of this population, 77% live
in urban areas (communities and contiguous areas with populations greater than 5,000 persons).
The principal cities and towns, and their respective 1990 populations, are:

Bernalillo 5,960
Rio Rancho 32,505
Albuquerque 384,734
Los Lunas 6,013
Belen 6,547
Socorro 8,159

2. Land Use

Irrigated agriculture, almost all of which is within the MRGCD boundaries, is the dominant
active land use in the Rio Grande floodplain. In 1992, of 36,305 irrigable ha (89,711 acres),
23,281 ha (57,529 acres) were actively irrigated; another 4,944 ha (12,241 acres) were
temporarily fallow or idle. There were 735 full-time farms within the MRGCD and 2,751 part-
time farms (U.S. Bureau of Reclamation 1993a).

The MRGCD extends from Cochiti Dam to the north boundary of the Bosque del Apache
NWR. The major functions of the MRGCD are to "divert, transport and deliver irrigation water
efficiently to the water users, provide flood protection from the Rio Grande via properly
maintained levees and provide subsurface drainage benefits to the valley by operating and
maintaining the drains..." (Shah 1991). MRGCD boundaries encompass 112,407 ha (277,760
acres), of which 11,534 ha (28,500 acres) are pueblo lands.

Urbanization is steadily converting agricultural lands to other uses in the valley. This trend
is most pronounced in the greater Albuquerque area, in the Bernalillo area, and in the Los
Lunas/Belen area. Between 1975 and 1986, urban lands increased from 17.4% to 26.4% of the
total MRGCD lands, with an increasing share coming from the conversion of agricultural lands

(Dumars and Nunn 1993).
Various state and federal wildlife facilities have been developed in the Rio Grande

floodplain. Included in Table 2 are the lands in the Middle Rio Grande Valley that assist in
conserving wildlife and that provide educational and recreational opportunities.
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Table 2. City, state, and federal lands in the Middle Rio Grande Valley that are dedicated
to managing and conserving wildlife resources and that provide recreational and
educational opportunities.

Facility Location When Acquired Size Function
City of Albuquerque
Candelana Farms Located immediately N of 1977 40 ha Provide winter feed for
Rio Grande Nature Center 100 acres waterfowl]
State of New Mexico
Belen Waterfow] Area 3 km (2 mi) S of Belen on  1958-82 100 ha Provide winter feed for
west side of Rio Grande 247 acres waterfow]
Bernardo Waterfowl Area 42 km (26 mi1) S of Belen  1971-81 679 ha Waterfow] and upland
on west side of Rio Grande 1,676 acres game habitat and
including 7 production of feed
ponds
Casa Colorada 11 km (7 mi) S of Belen 1981 171 ha Provide winter feed for
Waterfowl Area on east side of Rio Grande 423 acres waterfowl
La Joya Waterfow] Area 32 km (20 mi) N of 1930-52 143 ha Waterfowl and upland
Socorro on west side 353 acres game habitat and
Rio Grande including 6 large production of feed
impoundments
Rio Grande Nature 2901 Candelana Road, 1982 109 ha Wildlife conservation
Center State Park NW, Albuquerque 270 acres and educational and
including 6 recreational
wetlands opportunities
Federal
Sevilleta National Between Bemardo and 1973 89,150 ha Managed in its "natural”
Wildlife Refuge Socorro on both sides of 220,200 acres state (no public use)
Rio Grande
Bosque del Apache 29 km (18 mi) S of Socorro 1939 23,154 ha Refuge and breeding
National Wildlife Refuge on both sides of Rio Grande 57,191 acres ground for migratory

birds and other
wildtife
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3. Water Management

There are many institutional and individual interests involved in the management of Rio
Grande water, not only within the middle valley but also upstream and downstream.

Water in New Mexico is managed under state law as administered by the New Mexico
State Engineer, and also under federal and international law. Because the Rio Grande is an
interstate and international resource, mechanisms for allocating its waters were determined to be
necessary. A treaty between the United States and the Republic of México was signed in 1906
which guarantees a minimum annual delivery of water to México. In 1939, 10 years after
ratification of an interim agreement, the federal government, Colorado, New Mexico, and Texas
ratified the Rio Grande Compact, which allocates water between the three states.

In addition to the New Mexico State Engineer’s Office, other principal water management
entities active in the area include, but are not limited to: MRGCD (irrigation water delivery),
BOR (water delivery), COE (flood control), Rio Grande Compact Commission, and the
International Boundary Water Commission. Obviously, those individuals and entities holding the
rights to use water (pueblos, Clty of Albuquerque and other municipalities, wildlife refuges, etc.)
are also critical participants in the Middle Rio Grande Valley water management community.
And the larger citizenry, represented by various interest groups, is becoming increasingly involved
in water management decisions.
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III. HISTORICAL CONDITIONS
A. CLIMATE

There is no evidence which indicates any major climatic changes, at least in the northern
portion of the valley, in the last 5,000 years (Cully 1977). Consistent with this statement,
however, are indications of climatic variability. From about 4,000 to 8,000 years ago, the climate
was warmer than present and, in some locales, drier. From the mid-14th to mid-19th centuries,
temperatures were, on the average, a few degrees cooler than those experienced today (D.
Scurlock, pers. comm.). Conditions in most of the western United States were drier from 3,500
to 2,500 years ago, followed by peaks of drought conditions (Cully 1977).

Meteorological records and tree-ring analyses indicate that, at least in the northern portion
of the valley and in the corresponding contributing drainages, the years roughly between 1905
and 1920 were the wettest 15 years in the last two and half centuries (deBuys 1985). Other
significant departures from the norm in this century include the extremely high precipitation year
of 1941 and the 1951-56 drought. National Oceanographic and Atmospheric Administration data
for Socorro, 1931-86, show that total precipitation in 1941 was 44.8 cm (17.7 inches) or 195%
of average, and that the average annual precipitation for 1951-56 was 16.2 cm (6.4 inches) or
about 70% of average. The low year of record was 1956 at 7.7 cm (3.0 inches). In addition,
precipitation records for Santa Fe (1850’s to present) do not indicate a long-term trend in total
annual precipitation. They do suggest that from the 1850°s through the 1920’s rainfalls greater
than 1.25 cm (0.5 inches) became progressively more frequent, with the trend peaking in the
1920’s. Since then, despite the large interannual variations, this trend has reversed (Graf 1991).

This information demonstrates the extreme variability of precipitation in the valley, which
influences not only the hydrology of the Rio Grande but also the general environmental
conditions of importance to the biological condition of the valley’s ecosystem.

On the whole, however, the climate of the area was arid to semiarid, as it is today, and over
the past 5,000 years it has been subjected to drought/wet-year cycles comparable to those
documented in historic times (Fig. 5). El Nifio and La Nifia events over the past 50 years are
also shown in Fig. 5. The El Nifio/La Nifia phenomenon is caused by periods of variation in
water temperatures and barometric pressures in the eastern Pacific Ocean (Molles et al. 1992)
There are strong correlations between El Nifio years and high spring flows in New Mexico’s
Pecos and Gila rivers (Molles and Dahm 1990) as well as for flooding episodes in Arizona (Webb
and Betancourt 1990). This relationship apparently is also true for the Middle Rio Grande
Valley.

B. GEOLOGY

Incision of the middle valley has been cyclic, with at least three major cycles of
downcutting-backfilling-stabilization. These processes led to the formation of gravel, sand, and
silt terraces 10-55 m (30-175 ft) above the current floodplain (Wilkins 1986). It is estimated that
the maximum entrenchment of the Ric Grande occurred about 11,000 to 22,000 years ago
(Wilkins 1986), at a depth 18-40 m (60-130 ft) below the current valley floor (Hawley 1969).
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Fig. 5. Drought severity index 1895 through 1988 and El Niiia and La Nifia events over the
past 50 years for the Middle Rio Grande Valley (after U.S. Army Corps of
Engineers 1991).

Since that time, the valley has slowly been aggrading (Leopold et al. 1964, Hawley et al. 1976).
This aggradation is due to tributaries contributing more sediment than the Rio Grande system can
remove from the middle valley (Thorn et al. 1993). There is no evidence, however, that the
general morphology of the Middle Rio Grande Valley has significantly changed over the past
5,000 years (J. Hawley, pers. comm.).

C. HYDROLOGICAL RESOURCES
1. Surface-water Hydrology

The river has been a focus of human settlement and development since prehistoric times.
This section addresses the hydrologic resource trends from about 5,000 years ago up to the
present. A thorough description of the current conditions and the contemporary water
management physical infrastructure is presented in the following section. Generally the Middle
Rio Grande was a braided, slightly sinuous aggrading river with a shifting sand substrate. In the
past, asnow, the slope of the riverbed decreased from north to south and the tributaries’
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Fig. 6. Mean monthly discharge in cubic feet per second (cfs) of the Rio Grande at the
Otowi gauge above Cochiti Lake (U.S. Geological Survey data, 1895-1991).

contributions of water and sediment were important in defining the river’s local and overall
morphology.

Because there were no diversions and because of the relative hydrologic stability of the
system, we believe that the Rio Grande generally supported perennial flows. Exceptions could
have occurred during periods of prolonged drought and would have been more prevalent farther
downstream. With no water regulation, the river’s hydrograph would have reflected the seasonal
events of snowmelt runoff and summer/fall precipitation (Fig. 6; note that these river discharge
records do not reflect "natural” flows because upstream storage and diversions were already in
place during the period of record, but they do indicate the general shape of the hydrograph).

The total flow in the Middle Rio Grande also fluctuated from year to year in response to
annual climatic variability. Figure 7 graphs the total annual Rio Grande flows at the Otowi gauge
above Cochiti over the past 100 years. Although these data also include the effects of human
water management practices, they too are indicative of this annual variability.

As human settlement and irrigated agriculture expanded in the middle valley and upstream
in the Upper Rio Grande Basin, more irrigation water was diverted from the river reducing total
river discharges. The further downstream one proceeded in the system, the less water there was.
Prior to the construction of storage and flood control facilities, diversions from the Rio Grande
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Fig. 7. Total annual flow, Rio Grande at the Otowi gauge (from Allen et al. 1993).

and some of its tributaries were limited to the growing season. Other seasonal flows, peak
runoff, and precipitation flows were not affected. By 1913, storage reservoirs near the
headwaters of the Rio Grande had been built, and in 1935 the MRGCD completed El Vado
Reservoir on the Rio Chama (Shupe and Folk-Williams 1988). These facilities began to take the
peaks off of some of the high river discharges and to increase the duration of lower flows. The
expansion of these reservoirs and the addition of the flood and sediment control dams and
reservoirs further accentuated this trend.

Other water management facilities have influenced the hydrology of the Middle Rio Grande.
The 120-km (75-mi) long Low Flow Conveyance Channel, its downstream half operational in
1954 and its full length completed in 1939, reduced flows in the river channel in the Socorro
Reach. The San Juan-Chama Project, completed in 1971, imports up to 110,000 acre-feet of San
Juan River water from the Colorado River Basin to the Rio Chama/Rio Grande basins, 69,100
acre-feet of which is delivered to or through the middle valley. The effect of this importation
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has been to increase mean daily flows. In addition, the City of Albuquerque’s annual treated
wastewater discharge into the Rio Grande is currently about 60,000 acre-feet (R. Hogrefe, pers.
comm.).

2. River Morphology

In all discussions regarding river morphology, it is important to recognize the differences
within spatial and temporal scales. To describe a river system as being in a state of dynamic
equilibrium (or energy balance) does not mean that it is static. To the contrary, this equilibrium
results from a collection of processes that are by definition predicated on change. For example,
even during periods when the entire river system is considered to be in a state of dynamic
equilibrium, changes constantly occur in subareas as small as the outside bank of a meander, or
as large as many river kilometers (or miles) upstream and downstream from a tributary inflow.
Likewise, this state of dynamic equilibrium can accommodate climatic deviations from the norm
that persist for periods ranging from several decades to 1-day flood events. Also, a river cannot
distinguish between natural and human-caused perturbations. The geomorphic processes triggered
in response to a change in the magnitude or duration of a variable, regardless of the cause, will
be the same (Leopold et al. 1964). The river constantly adjusts, always trying to establish a new
equilibrium between its discharge and sediment load (Bullard and Wells 1992).

Prior to measurable human influence on the system, up to the 14th century (Biella and
Chapman 1977), the river was a perennially flowing, aggrading river with a shifting sand
substrate. As stated, its pattern was, as a rule, braided and slightly sinuous.’ The river would
freely migrate across the floodplain, the extent being limited only by the valley terraces and
bedrock outcroppings. The Rio Grande’s bed would aggrade over time; then, in response to a
hydrologic event or series of events, it would leave its elevated channel and establish a new
course at a lower elevation in the valley. This process is called river avuision (Leopold et al.
1964). Although an aggrading system, the Rio Grande was in a state of dynamic equilibrium,
providing periods of stability that allowed riparian vegetation to become established on riverbanks
and islands alternating with periods of instability (e.g., extreme flooding) that provided, by
erosion and deposition, new locations for riparian vegetation.

The Rio Puerco was not as stable as the Rio Grande over the last 5,000 years. The Rio
Puerco’s valley floor aggraded more than 3,000 years ago. Since that time, at least three major
channels have been cut and filled. The entrenchment of the lower Rio Puerco in forming its
present configuration occurred episodically since at least the 1760’s (Love and Young 1983).
This resulted in fluctuating levels of sediment being exported to the Rio Grande, with the river’s
morphology adjusting to the variations.

'A braided pattern for the ancestral Rio Grande ts not inconsistent with the evidence that large nver fishes, such as the
shovelnose stargeon and longnose gar, once inhabited at least portions of the Rio Grande (Koster 1957, Sublette et al 1990). A
perennially flowing, braided river could well have mamntained at least minimally adequate riverine habitat for these fishes even
during low flow periods Durmg prolonged penods of drought (if the lower reaches did temporanly dry up), the fishes could
have migrated upstream in the system to areas where there were perennial flows
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The earliest phase of significant water development activities (from about A.D. 1400 through
the early part of this century) progressively decreased river flows as irrigated agriculture
increased. More influential on the morphology of the river, however, was the increased sediment
deposition into the system resulting from land-use activities in the watershed. When coupled with
natural climatic variability, the net effect was to accelerate the raising (aggradation) of the
riverbed and, accordingly, the frequency of overbank flooding and the river avulsion. The
channel configuration, while still braided and sinuous, began to broaden and became shallower.
Because of the increasing rapidity of channel movement, riverbanks and islands were as a rule
less stable. This likely contributed to an increased frequency of floods. Between 1822 and
1941, a total of 46 moderate to severe floods was recorded along the reach (D. Scurlock, pers.
comm.). During nonflood periods, diminished river flows caused the active channel to retreat
to fewer, narrower channels within the wide and shallow sandy riverbed.

During the next phase of human interaction with the river, from the mid-1920’s through
1950, a system of levees were constructed to constrain the river to a single floodway through
portions of the middle valley. Concurrently, water diversions in the middle valley and upstream
‘n the Rio Grande Basin increased. This had the net effect of further accelerating channel
aggradation, especially in those areas where levees concentrated the deposition of sediment in the
floodway.

In the contemporary phase of human water management beginning in the early 1950’s, the
sediment and flood control structures constructed in the upper portion of the Middle Rio Grande
Valley accelerated the reversal of channel aggradation in the Cochiti and Albuquerque reaches.
The lowering riverbed is resulting in a more incised and sinuous single-channel river (see Fig.
8 for a visual example in the Belen Reach). This process becomes less pronounced with
downstream distance from Cochiti and Jemez Canyon dams. The reduction of the peak flows,
both spring runoff and summer/fall precipitation events, however, has had an opposite effect
where unregulated tributaries and arroyos such as Calabicillas Arroyo discharge into the Rio
Grande. Adequate flows are not available to transport the sediment. Sediment deltas are more
persistent; they reduce river gradient upstream (tending to increase aggradation) and increase the
gradient downstream (tending to reduce aggradation).

The channel modification program, described above, immediately affected the river’s channel
morphology. To increase the water delivery efficiency and flood flow capacity within the
floodway the BOR initiated the program in 1953. Although the techniques have evolved over
the years, the program continues. Within the stabilized floodway, reaches of the Middle Rio
Grande have been straightened, the irregularity of the channel width has been reduced, and the
riverbanks have been stabilized.

3. Ground Water

Historically, as now, a strong hydraulic connection existed between the surface- and ground-
water systems. Ground-water inflows to the valley from the margins of the basins sloped toward
the center of the valley and supplemented the Rio Grande flows (U.S. Bureau of Reclamation
1977). In reaches where the riverbed had aggraded above the elevation of the surrounding
terrain, the river discharged to the ground-water system, locally elevating the water table. And
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in those areas where there were topographic depressions, possibly resulting from previous
hydrologic events, the water table was at or above the ground surface as manifested by springs,
marshes, wet meadows, etc.

In the 1880’s and 1890’s, however, the shallow ground-water level throughout portions of
the valley rose dramatically. This was caused by a combination of factors. The riverbed was
continuing to rise in response to increased sediment deposition in the river, thereby draining to
the lower terrain; water was being distributed throughout the valley for irrigated agriculture,
enhancing ground-water recharge; and irrigation return flows could not drain into the elevated
river channel. A manifestation of this waterlogging of valley lands was a precipitous drop in
irrigated agriculture from 1880 to 1925 (Lagasse 1980).

Between 1925 and 1936, the MRGCD completed a system of drains that parallel the river.
The result was to lower the water table by 1.5 m (5 ft) or more in 70% of the valley (Shah
1991). During low flow periods, the Low Flow Conveyance Channel in the Socorro Reach also
acts as a deep drain to withdraw ground water from the shallow valley fill (Ong et al. 1991).

Ground-water extraction has increased markedly during this century. In addition to
individual domestic wells and smaller municipal systems in the valley that increased
proportionally with the population, the City of Albuquerque, and to a lesser extent Kirtland Air
Force Base, developed an extensive system of wells to serve its growing population with
municipal and industrial water. In the late 1920’s, the City of Albuquerque compieted its Main
Well Field in the Rio Grande floodplain, yielding about 3,000 acre-feet per year (Thorn et al.
1993). After 1958, however, the city began developing well fields outside of the floodplain; and
in recent years, most of the ground-water withdrawal has been east of the floodplain (Thorn et
al. 1993). From 1960 to 1990, the City of Albuquerque’s ground-water pumping increased from
42,000 acre-feet to about 118,000 acre-feet annually, and is projected to steadily increase at about
1.5% per year for the next 40 years (Summers 1992). Between 1960 and 1992, ground-water
levels between the Sandia Mountains and the Rio Grande declined by 42 m (140 ft) in the east
Albuquerque area (Thomn et al. 1993). The drop in the ground-water level gradually diminishes
in a radial configuration as one proceeds towards the Rio Grande and to the north and south as
well (Lance et al 1990, Logan 1990, Thorn et al. 1993). This has had the effect of reversing the
ground-water gradient away from the river in some locales.

Taking into account all ground-water uses in the ground-basin from Cochiti Lake to San
Acacia, the net decrease in storage due to ground-water withdrawal from 1960 to 1992 is
estimated to be 994,000 acre-feet (Thorn et al. 1993).

D. HUMAN SETTLEMENT, USE, AND DEVELOPMENT

The Rio Grande Valley has served as a major travel corridor and habitation center from the
time of earliest human occupation of New Mexico. As with subsequent inhabitants, these early
people were attracted to the area by the diverse resources of the river valley, the nearby Sandia
and Manzano mountains, and the surrounding grasslands. The earliest human beings in the
Middle Rio Grande Valley arrived about 11,000 to 15,000 years ago, toward the end of the last
ice age. These early people hunted some animals that are extinct today, such as the mammoth,
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tapir, and sloth. By about 5000 B.C. these animals had disappeared and, until the introduction
of agriculture about A.D. 400, subsistence was based on increased utilization of wild plants and
hunting of modern fauna. Nomadic hunters and gatherers moved in small bands up and down
the valley and across the grasslands and foothills in search of animals and foed plants (Scurlock
1988). Valley resources sought by these early native Americans consisted of small mammals,
rabbits, deer, beaver, raccoons, porcupines, small birds, waterfowl, cranes, herons, turtles, frogs,
toads, snakes, and lizards. The river was habitat for shovelnose sturgeon (Scaphirkynchus
platorynchus), longnose gar (Lepisosteus osseus), American eel (4nguilla rostrata), flathead
catfish (Pylodictus olivaris), smallmouth buffalo (Ictiobus bubalus), blue catfish (Ictalurus
furcatus), and river carpsucker (Carpoides carpio). Many plants were collected, some for food
and others for medicinal purposes, shelter, tools, weapons, and baskets. Because these small
bands moved over such a large area, use of a given location was relatively minimal, and fauna
and flora presumably recovered rapidly (Scurlock 1988). The possible burning of the cottonwood
forest to drive game out into the open and to clear land for crops would have removed some
stands of cottonwood.

With the advent of agriculture, this nomadic type of existence in the valley came to a close.
People became more sedentary, and their villages steadily increased in size and complexity.
Requiring a permanent water supply for their crops, settlements became concentrated near the Rio
Grande and its tributaries. These prehistoric farmers were the Anasazi whom the later Spanish
named Pueblo Indians. The magnitude of the first human influence on the river and its bosque
was probably minimal, but it increased proportionally as populations increased. Beginning about
A.D. 1350, an era of great population increase and development began in the Middle Rio Grande
Valley (Biella and Chapman 1977).

The first significant impact on the bosque by humans probably began at this time of
significant population increase and associated development by the Anasazi. This impact
principally resulted from its clearing for cultivated agriculture and the diversion of water from
the Rio Grande and its tributaries for irrigation of crops. Accompanying this clearing was the
construction of diversion works and a network of irrigation ditches to convey water from the river
to crops. The diversion works most likely consisted of brush and boulder structures which would
have washed away during flood events (Graf 1991). Alluvial fans at the mouths of tributary
arroyos were probably also cultivated using runoff water. Irrigation likely began with the
harvesting of precipitation runoff and hauling water for waffle gardens. As technology advanced,
increasing amounts of water were diverted from the Rio Grande.

When the first Europeans, led by Don Francisco Vasquez de Coronado, entered the middle
valley in 1540, an estimated 10,122 ha (25,000 acres) of land were being farmed (Burkholder
1928). The earliest written description of the valley near Albuquerque was by one of Coronado’s
chroniclers: "This river of Nuestra Senora flows through a broad valley planted with fields of
maize and dotted with cottonwood groves. There are twelve pueblos, whose houses are built of
mud and are two stories high" (Bolton 1964).

Following the Spanish colonization that began in 1598, human influence on the Middle Rio

Grande Valley increased markedly as more land was cleared of riparian vegetation and more
water was diverted from the Rio Grande for farming by the growing European settlements along
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the river. Under Spanish influence, more canals and acequias (irrigation ditches) were developed
to bring water to the fields. By 1700, the area of irrigated land had increased to about 29,800
ha (73,600 acres) and by 1800, to about 40,650 ha (100,400 acres; Stafford et al. 1938).

By about 1850, valley communities were generally established in their present locations. The
post-American Civil War influx of Anglo-Americans into Colorado’s and New Mexico’s Rio
Grande Basin, along with the arrival of the railroad in 1879-80 which opened distant markets for
agricultural goods, further accelerated diversions, sediment loading, and conversion of floodplain
land to agriculture, These changes had a correspondingly significant change in the character of
the river, riparian vegetation, and animal communities. Cycles of increased rainfall further
exacerbated sediment inflow to the Rio Grande in the 1880’s, the same period of intense land use
in tributary watersheds (Lagasse 1980).

By about 1880 a maximum development of about 50,607 ha (125,000 acres) in the middle
valley was under cultivation (Burkholder 1928); when the Upper Rio Grande Basin is taken into
account, the maximum was reached in the late 1890’s (Bullard and Wells 1992). During this
period the economy of most settlements along the river was based on irrigated farming in the
floodplain and livestock grazing on the adjacent grassland. After this peak, there was a
pronounced regression in the amount of land being farmed. Follett (1898) reported 12,830
irrigated ha (31,700 acres) in the Middle Rio Grande Valley in 1896. By 1925 only about 16,190
ha (40,000 acres) were being irrigated (Burkholder 1928) and in 1926-27 about 18,220 ha (45,000
acres). This reduction was caused by a progressive increase in shallow ground-water levels,
increased salinity of the soil, and a decreasing supply of water for irrigation. A diversion of
labor from agriculture to railroad construction also contributed to the reduction in land being
farmed and irrigated (Follett 1898). The high water table resulted from extensive irrigation (both
leakage from the extensive system of unlined ditches and from applied water), recurring floods,
and an aggrading riverbed (Burkholder 1928). This aggradation resulted in an increase in the
frequency of flooding and saturation of the surface of the floodplain, but also raising the water
table. Aggradation and high sediment loads were the result of increased erosion of the watershed
due to overgrazing, deforestation, and a decrease in the volume of water to convey sediment
downstream. Also, numerous high runoff years in the early part of the century likely accelerated
the erosion of soil from a deteriorated watershed. A decreasing supply of water for irrigation was
a result of more intensive farming upstream, especially in the San Luis Valley, and an
accompanying increase in diversion of water for irrigation. Lee (1907) described the Rio Grande
above EI Paso, Texas, as essentially a storm-water stream, subject to great and sudden floods.

Figure 9 gives an historical perspective of the area of land irrigated in the middle valley and
indicates the rate of change experienced in the floodplain due to human influence.

The period of increasing settlement and development up to about 1846 saw an increase in
human utilization of the plant and animal resources of the Rio Grande Valley. More of the
floodplain vegetation was cleared for farming, and cottonwood trees were rapidly removed to
provide building timber, fence posts, and fuelwood. Historical accounts on the condition of
floodplain vegetation and animals by trappers, explorers, naturalists, and military expeditions (J.O.
Pattie 1824, Josiah Gregg 1839, Lt. W.H. Emory 1846, F.A. Wislizenus 1846, Lt. J.S. Abert
1846, William Bell 1867) noted the general poverty or absence of trees throughout the range of
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Fig. 9. Historical account of acres of land under cultivation in the Middle Rio Grande
Valley (acres/2.47 = hectares).

human settlements in the middle valley, with the frequency and size of cottonwood stands
generally increasing from Isleta Pueblo to San Marcial. In Abert’s 1846 description of floodplain
vegetation he noted an absence of trees near human settlements: there was no wood to be had
within 14.5-16.0 km (9-10 mi) of Albuquerque. Abert also wrote "From Joya we observed quite
a change in the appearance of the country. The river banks are now heavily timbered with cotton
wood" (Abert 1962). The sparsity and absence of cottonwood trees were attributed not only to
human activity such as cutting cottonwood for firewood and construction, but also to the
meandering and flooding of the river which frequently changed its course, resulting in cyclic
destruction and regeneration of cottonwood stands. Intensive livestock grazing statewide during
this time period also undoubtedly reduced plant cover, especially grasses, forbs, and shrubs. By
1880 there were over 2,000,000 sheep, over 150,000 cattle, and about 50,000 horses, mules, and
burros utilizing the rangelands of the Rio Grande valley and adjacent mesas and mountains from
La Bajada (head of the middle valiey) to El Paso (D. Scurlock, pers. comm.). Much of the heavy
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utilization of the cottonwood forest had subsided by the beginning of the 20th century, largely
due to new energy sources and alternate timber sources.

Water management facilities were increasingly constructed on the Rio Grande in support of
irrigated agriculture and associated floodplain development. Numerous upstream and downstream
facilities had been constructed along the Rio Grande prior to 1900. By 1913, several water
supply dams and reservoirs had been built in the Rio Grande headwaters in southern Colorado
(Shupe and Folk-Williams 1988). Elephant Butte Dam at the lower end of the Middle Rio
Grande Valley was completed in 1916.

Because of concerns over the decrease in irrigated land in the Middle Rio Grande Valley
resulting from water shortages, poor drainage, inadequate irrigation facilities, and periodic
flooding, the MRGCD was formed in 1925. The goal of the Conservancy District was to provide
the middle valley with a complete and efficient irrigation system and drainage and flood control
facilities. Main features of the resulting plan of improvement were a dam and storage reservoir
at E1 Vado on the Rio Chama, six diversion dams or headings located in the middle valley, 555
km (345 mi) of drainage canals, 290 km (181 mi) of river levees, 400 km (250 mi) of main
irrigation ditches, and rehabilitation of almost 640 km (400 mi) of old irrigation ditches
(acequias). The protective levees, constructed of earth excavated from the riverside drains and
pushed up from adjacent land, were about 2.5 m (8 ft) above the riverbed and created a floodway
about 460 m (1,500 ft) wide. Construction of these facilities was initiated in 1930 and completed
by 1936. -

The work of the MRGCD did much to improve distribution of irrigation water and reduce
the waterlogging of lands within the valley. Their efforts are the reason why agriculture is
productive today in the middle valley. However, while successful with drainage and irrigation,
the flood control system did not fare as well. A major flood in 1941 breached and overtopped
parts of the levee system and inundated parts of Albuquergue and other river communities. It
was clearly evident that the floodway would not afford the protection it was designed to provide.

Because of the lack of adequate flood protection and other factors (water shortages for
irrigation, streambed aggradation, siltation of ditches, rising water tables, financial difficulties,
and increasing urbanization), the COE and the BOR jointly began studies in 1943 into the
potential for rehabilitating and further developing the land and water resources and protecting
levees and property in the middle valley. The results of these studies were reported as the Rio
Grande Comprehensive Plan (Comprehensive Plan). This plan proposed a system of flood control
reservoirs on the Rio Grande and its tributaries near the head of the middle valley and the
existing floodway. The plan was subsequently authorized by the Flood Control Act of 1948.
Under the Comprehensive Plan the COE was responsible for constructing flood control reservoirs;
for rehabilitating, modifying, and extending the levee system constructed by the MRGCD; and
providing the necessary bank and levee protection works. The BOR was responsible for clearing
a floodway and installing jetty fields to confine the river to a well-defined, stable channel and
rehabilitating existing drainage and irrigation facilities.

Implementation of the Comprehensive Plan by the COE and subsequent authorization resulted
in the construction of four upstream dams that function in flood comtrol, sediment retention, fish
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and wildlife enhancement, and recreation. Another component of the plan was the "Rio Grande
Floodway Project" constructed jointly by the COE and the BOR. The project consisted of
clearing a floodway to a width comparable with hydraulic and sediment transport characteristics
of the Rio Grande; channel straightening; installation of intermittent jetty fields to stabilize the
channel and, in combination with riparian vegetation, protection of levees from floodflows; and
levee enlargement and construction.

E. BIOLOGICAL RESOURCES

1. Plant Communities

Prehistoric

Much of the modern southwestern vegetation may have developed by the Pliocene, about 5
million years ago, with a proliferation and amplification of piant communities (Axelrod 1948).
Ancestors of modern species in rift valleys were likely present in the mid-Miocene, about 14
million years ago (Axelrod and Bailey 1976, Meyers 1983). Fossil evidence indicates that the
Rio Grande cottonwood forest that existed about 2 million years ago during the early Pleistocene
was well developed and structurally similar to that known by humans 10,000-20,000 years ago
(Knight et al. [undated]). Because of the colder, wetter climate that existed at that time, species
now found in higher and wetter altitudes such as birch (Betula sp.) and western chokecherry
(Prunus virginiana) also formed part of the plant community in the Middle Rio Grande Valley.
Cattails (Typha sp.) grew around the edges of ponds and oxbows, much as they presently do.

There is no documented description of the valley prior to its use for farming by early Pueblo
Indians. However, based on anecdotal descriptions of the valley by early Spanish explorers,
knowledge of hydrologic and biological processes, the biological and archaeological record, and
characteristics of present plant communities, a hypothetical description can be made.

The prehistoric, and historic, range of the Rio Grande cottonwood (Populus fremontii var.
wislizenii) was probably similar to its current range. It grew on streambanks and in valleys at
altitudes ranging from 760 to 2,130 m (2,500 to 7,000 ft) in what is now southern Utah and
Colorado, in the Rio Grande Valley and its tributaries in New Mexico, and south into the Trans-
Pecos area of Texas. In Mexico it was present in the States of Chihuahua and Sonora (Vines
1976).

Historic

As stated, the floodplain that existed prior to substantial human alteration, and probably for
some 5,000 years prior to the arrival of Europeans, was characterized by a braided, slightly
sinuous river that broadly meandered laterally within the 2-6 km (1-4 mi) wide floodplain. The
river was bordered by a continually changing mosaic of cottonwood and willow (Salix sp.) stands
of varying ages, sizes, and configurations, interspersed with more open areas of grass meadows,
ponds, small lakes, and marshes. The Rio Grande was likely a larger, deeper river that was
perennial throughout its course in New Mexico. It probably carried less sediment than the heavy
load that was present in the last three decades of the 19th century and early 20th century, which
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was undoubtedly reflected in a more stable channel. Its bed was likely sandy with some pebble
gravel, but above the confluence of the Jemez River gravel and cobbles were more common.
Numerous islands were present, some ephemeral and some that survived for longer periods. The
level of ground water should have been high because of perennial flow, restricted drainage, and

frequent flooding.

The discontinuous groves of cottonwood trees that were present when Europeans arrived
were probably associated with a few species of shrubs that grew in their shade or along edges of
the groves. Coyote willow (Salix exigua) formed thickets in clearings and along the river’s edge,
and tree willows (Salix gooddingii and S. amygdaloides) grew in shadier locations. New Mexico
olive (Forestiera neomexicana), baccharis (Baccharis wrightii), false indigo bush (4morpha
fruticosa), wolfberry (Lycium andersonii), and mesquite (Prosopis sp.) formed a shrub understory
in isolated locations. Very little herbaceous vegetation was likely present because of shading and
the scouring effects of flooding.

Wetlands in the form of small lakes, marshes, and meadows were probably a significant
component of the floodplain biological community. Early Spanish accounts frequently mentioned
large sloughs and marshes (D. Scurlock, pers. comm.). Plant communities were likely similar
to those described by Van Cleave (1935). The shallow water margins of small lakes formed in
oxbows or abandoned river channels grew cattails, sedges (Carex sp., Eleocharis sp.), rush
(Juncus sp.), scouring rush (Equisetum hiemale), buttercup (Ranunculus cymbalaria), pepperwort
(Marsilea mucronata), and mosquito fern (4zolla mexicana). The wet banks of these lakes were
fringed with coyote willow and cottonwood. In the deeper water of these lakes there was a
floating plant community of algae (Spirogyra, Vaucheria, Oedogonium) and duckweed (Lemna
minor) while in shallow water there were submerged species of Chara, water-milfoil
(Myriophyllum spicatum), and hornwort (Ceratophyllum demersum).

Wetlands with shallow water formed marshes, and the floating plant composition and
distribution was likely similar to that of deeper bodies of water. Areas where the water table was
at or near the surface and were high in salts had wet meadows consisting of sedges, rushes, reed
(Phragmites communis), saltgrass (Distichlis stricta), and yerba-mansa (Anemopsis californica).

Flooding, either due to the melting of mountain snowpacks in the spring or from runoff from
intense summer thunderstorms, and the presence of high ground water are prime determinants of
the presence, diversity, age structure, distribution, and perpetuation of floodplain communities.
Flood flows, whether light, moderate, or severe, create conditions that influence biological
processes. Primary features of flooding include floodplain wetting, aggradation and degradation,
scouring, and channel realignment. The presence and depth of ground water determine the
composition of plant communities and distribution within the floodplain.

The erosional-depositional processes of the river promote forest and age diversity on the
floodplain and its meandering process creates the distribution of the different communities and
age classes. In places where the river has historically meandered frequently, stands undergo a
cyclic process of frequent removal and regeneration, resulting in a relatively low mean stand age
(Johnson et al. 1976 cited in Hink and Ohmart 1984). Stands nearer the river are frequently
eroded away and do not attain sufficient age to reach advanced successional stages. Those trees
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near the outer edge of the floodplain, where the erosional effects of the river are less frequent,
or stands nearer the river that have escaped removal (perhaps by aggradation within the stand)
survive to attain maturity. Fire undoubtedly also played a minor role in the age structure,
composition, and distribution of riparian plant communities.

These dynamic effects of flooding created and perpetuated a changing mosaic of cottonwood
and willow forest, lakes, marshes, and meadows. This pattern of large-scale channel migration,
annual flooding, and regeneration probably characterized the riparian ecosystem until around the
1920’s (Hink and Ohmart 1984).

A Changing System

The beginnings of irrigated agriculture 1,500 to 2,000 years ago added a new dimension of
change to river dynamics and the floodplain plant community. Floodplain vegetation was
beginning to be cleared and replaced with crops, and water was diverted from the river to sustain
these crops. Early Europeans intensified this pattern beginning in 1598, removing more
vegetation for crops, fuelwood and building material, constructing irrigation systems, and
pasturing with increasing numbers of livestock. Probably by the turn of the 18th century, there
was less water than normal present in the channel due to upstream and local irrigation diversion,
and more sediment than normal was being contributed to the channel due to a deterioration of
the watershed caused by overgrazing and deforestation for timber and fuelwood (D. Scurlock,
pers. comm.). This increase in sediment and reduction in river discharge caused the river channel
to widen (up to 1.6 km [1 mi]), decrease in depth, and become more braided.

Although there are brief anecdotal accounts of the plants and animals of the middle valley
by early Spanish Colonial and later Anglo explorers, the earliest detailed information of
floodplain vegetation communities in the vicinity of Albuquerque was given by Watson (1912).
He described two major floristic associations: (1) cottonwood forest, with a few willows and
scattered clumps of baccharis and senna (Cassia bauhinioides), and on the ground rush (Juncus
balticus), clover (Trifolium longipes), spiny aster (Aster spinosus), and little grass; and (2) a wet,
meadow-like association dominated by rush and yerba-mansa. Other characteristic plants of this
association were baccharis, false indigo bush, sunflower (Helianthus annus), marigold (Dyssodia
papposa), evening-primrose (Oenathera jamesii), and dock (Rumex sp.). Watson (1912)
described the cottonwood forest as uniform, composed of small trees and poor in species
diversity. He attributed the trees’ small size to their being harvested for fuel and fence posts.
He stated that since much of the valley was under ditch (irrigated) farming it did not show
characteristic vegetation, but that dense thickets composed of senna, willows, sunflowers,
goldenrod (Solidago altissima), and others grew along the irrigation ditches. Exposed mudbanks
colonized by cottonwood, willow, and cattails were considered to be an early seral stage in
cottonwood forest succession, Watson observed that the usual fate of such young growth was
to be washed away upon the return of high water, but should this not happen for a year or two,
the young cottonwoods might become large enough to hold the soil, and develop into a forest.
In another publication, Watson (1912) noted that salt cedar (Tamarix chinensis) was commonly
planted in Albuquerque as a hedge plant, but he did not mention Russian olive.
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Fergusson (1931) described cyclic destruction and regeneration of cottonwood stands through
river meandering, and noted that "Most of the cottonwood forest never lives long enough to be
more than a dense covert, twenty or thirty feet high, but whenever the trees escape the river for
a period of years they grow into beautiful groves...."

Beginning in the early 1900’s a number of events transpired that would contribute
significantly to the changing mosaic of plant communities in the river valley. One was the
introduction of exotic plant species, particularly salt cedar. Salt cedar, introduced into the U.S.
as an ornamental and shelterbelt tree from the eastern Mediterranean region in the early 1800’s,
was present in Albuquerque as an ornamental in 1908 (Watson 1912) and at Mesilla Park in 1910
(Thompson 1958). Up until about 1926, there was no significant growth of salt cedar in the Rio
Grande Valley in New Mexico (Robinson 1965), and salt cedar did not become important in the
plant life of the Rio Grande until about 1936 when it rapidly proliferated and became widely
naturalized. During 1926 and 1927 numerous plantings of salt cedar seedlings were made at
many places in the Rio Puerco and Rio Salado drainages, and perhaps in other places for erosion
and silt control. The plants spread rapidly after the flood of 1929, and by 1936 salt cedar
covered about 2,226 ha (5,500 acres) in the Bernardo to San Marcial reach (Robinson 1965). By
1947, the area covered by salt cedar in this reach increased to 10,648 ha (26,300 acres; Robinson
1965). Although present above Bernardo, it did not, as now, have high densities.

Russian olive (Eleagnus angustifolia), another Near Eastern and Central Asian tree brought
to the Southwest for shade, shelterbelt, and erosion control purposes, was introduced into the
valley between 1900 and 1915, probably in Albuquerque (Hink and Ohmart 1984). Like salt
cedar, it rapidly proliferated and also became widely naturalized in the middle valley between
1920 and 1935; it reached its present distribution by the early 1930’s (Freehling 1982). Campbell
and Dick-Peddie (1964) found that Russian olive had become a dominant component of riparian
vegetation in the Middle Rio Grande Valley by 1960. Other imported trees that are rapidly
becoming major components of riparian plant communities, particularly in the more urbanized
areas, include Siberian elm (Ulmus pumila; this tree is commonly, but incorrectly, called Chinese
elm), tree of heaven (Ailanthus altissima), and white mulberry (Morus alba).

Facilities constructed from 1930 to 1936 to alleviate the deterioration of the irrigated farming
industry and protect floodplain development from frequent flooding contributed to the continuing
modification of the floodplain plant communities. Lowering of the water table by drainage canals
had the most significant effect of all water management actions on the plant communities. Van
Cleave (1935) described the vegetation communities present in the middle valley at that time, and
the changes that took place as a result of drainage. Most of Van Cleave’s observations of plant
communities were made from MRGCD districts in the vicinity of Albuquerque. She described
five types of floodplain communities present prior to construction of drains. (1) Small lakes
maintained by seepage water from the river. These supported algae and aquatic plants (Chara
sp., duckweed, water-milfoil, hornwort) and were edged by a marsh-like community of cattail,
sedges, rush, watercress (Rorippa nasturtium aquaticum), buttercup, algae, scouring rush, and
mosquito fern, and a fringe of woody vegetation, including willows, cottonwood, salt cedar, and
Russian olive. (2) Swampland (= marsh) where the water table was slightly above the surface
due to the higher elevation of the river and water contributed from higher irrigated fields. These
marshes were composed of the same marsh plants that occurred in the shallow waters of lakes
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and were also fringed by woody vegetation. (3) A wet meadow-like community where the water
table was at or just below the surface, which supported sedges, rush, saltgrass, and yerba-mansa,
similar to that described by Watson (1912). This was the most extensive plant community in the
valley. (4) A grass-woodland bosque on elevated sites in the meadowland, composed of willows,
cottonwood, salt cedar, and Russian olive, with an understory of saltgrass, yerba-mansa, fleabane
(Erigeron philadelphicus), and horseweed (Conyza canadensis). (5) Cottonwood-willow forest
bordering the river, several hundred yards wide, with very little understory vegetation due to
shading and periodic flooding. When present, this understory consisted of patches of herbaceous
plants and saltgrass in the lower alkaline areas. Salt cedar and Russian olive are not mentioned
as being part of the forest vegetation.

After drainage, the lake and marsh communities "disappeared almost immediately” (i.e.,
within the first year), and these sites were quickly invaded by cottonwood, willow, salt cedar, and
Russian olive. The wet meadows gradually became drier, and many were made into agricultural
fields, while the willows in the grass-woodland bosque and the river edge cottonwood-willow
forest died out. Cottonwoods in the vicinity of Socorro were observed to be dying out,
presumably because of a rapid drop in ground water and accompanying insufficient water to meet
the higher transpiration needs of cottonwoods in this hotter, 'southern part of the valley (Van
Cleave 1935). Vegetation communities similar to those of the former marshes and lakes
developed along margins of the drains, although they were limited in extent due to steep side
slopes and flowing water. Borrow areas resulting from earth removal also developed this type
of vegetation if they were below the water table.

The improvement and extension of flood control levees begun in the 1920’s to form a
defined floodway also further defined the area where riparian vegetation could regenerate and
develop to a narrow band. Some reaches both north and south of Albuquerque are not leveed
and, consequently, riparian communities may be wider. Stands of trees on the landward side of
the levee were isolated from the normal recycling process of the river. A significant reduction
of these isolated stands has occurred due to their removal for agriculture and urban development.
This removal is more significant in the more urbanized areas of the valley, and less pronounced
in the upper and lower reaches where some large stands and individual trees remain.

The combination of drainage measures and large-scale spring and summer flooding in 1929,
1935, 1941, and 1942 may have accelerated the spread of salt cedar and Russian olive by wetting
soil extensively and making former wetlands available for colonization, particularly in the
summer. Both salt cedar and Russian olive have certain phenological and reproductive
characteristics that give them advantages over native vegetation in colonization of certain types
of disturbed sites or during certain times of the year. Russian olive not only readily colonizes
disturbed areas, but can also tolerate and invade existing stands of woodland.

Although the levees had greatly reduced the area over which the river meandered, the river
still migrated within the floodway and continued to expose new sites for colonization by
cottonwood and other riparian species (Hink and Ohmart 1984). The use of Kellner jetty jacks
beginning in 1953 as part of the "Rio Grande Floodway Project,” to provide additional flood
protection by establishing a defined, stable channel and protecting existing levees, played a major
role in forming the current riparian forest between the levees. These newly created jack fields
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stabilized large areas of moist alluvium which then were rapidly colonized by cottonwood,
willow, salt cedar, and Russian olive. Together with older riparian plant communities, these
vegetated areas have evolved into the narrow band of riparian vegetation that now characterizes
the Rio Grande.

Coincident with features to safely contain flood water within the river channel was the
beginning of a system of four flood- and sediment-control dams on the Rio Grande and its
tributaries above the Middle Rio Grande Valley. With the gradual completion of these facilities,
Cochiti Dam being the final component and completed in 1975, the peaks of spring flood flows
have been progressively reduced and the duration of the early summer high water period has been
extended.

This management of river flows for flood protection of the extensively developed floodplain
has removed the disturbance element of scouring that historically provided the cyclic regeneration
and diversity of riverine plant communities. The river still floods the area between the levees
(where they exist) periodically, but the rate of water release is kept below what would threaten
the integrity of the protective levees and is not of sufficient magnitude to remove established
woody vegetation from the riparian zone and leave the barren sediment required for seedling
establishment. Seedling development still occurs in the sandy channel after high flows, but
seedlings are soon scoured away by subsequent flows. Under current operation and maintenance
programs, the river channel is kept free of most vegetation and debris by river flows and clearing,
and woody vegetation is periodically cleared from designated portions of the channel to maintain
a 183-m (600-ft) wide floodway.

Table 3 presents an historical comparison of the surface area covered by the major floodpiain
plant communities from Cochiti Dam to San Marcial from 1918 to the present. This comparison
demonstrates that the area occupied by floodplain forest has remained fairly constant since 1918.
While the acreage of trees and shrubs has been maintained, the same cannot be said for wetlands.
Represented by marsh, open water, saltgrass meadow, and alkali flats, and covering some 21,053
ha (52,000 acres) in 1918, wetlands have been significantly reduced to largely relic and man-
made wetlands (e.g., state and federal refuges). Wetlands were reduced throughout the Middle
Rio Grande; Fig. 10 provides visual evidence of the changes between 1935 and 1989 in portions
of the Belen reach.

Although the area of floodplain trees and shrubs has been maintained, its distribution and
composition have changed appreciably since 1918. Expanding agriculture and urbanization have
replaced an appreciable amount of native floodplain communities of cottonwood and willow, as
well as saltgrass meadow, and have drained wetlands. Some of this displacement has been
replaced by colonization and development on sandbars enclosed by flood control levees. These
events have acted to define significant reaches of the riparian plant community as a narrow zone
that borders the river.

Salt cedar has become established on sandbars, alkali flats, drained saltgrass meadows and
marshes, abandoned cropland, and areas of disturbance. This establishment is particularly
pronounced south of Bernardo. Salt cedar has also become an important component of native
plant communities throughout the entire study reach, as has Russian olive.
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Table 3. Historical comparison of areal extent of floodplain forest, shrub, meadow, and
marsh from Cochiti Dam to San Marcial.

Year Category Hectares Acres Source

1918 Timber (Cottonwood) 14,760 36,459  U.S. Reclamation Service Maps (1922),

and Brush (14,410) (37,594) (Burkholder 1928)
Marsh 2,540 6,274 U.S. Reclamation Service Maps (1922)
1926 Bosque 15,312 37,821 Burkholder (1928)
Saltgrass Meadow 19,677 48,603
Swamp and Lake 1,346 3,324
(Marsh and Open Water)
Alkali 11 275
1936 Tree, Bosque 15,540 38,384  Stafford et al. (1938)
1966  Phreatophytes 14,939 36,900 U.S. Bureau of Reclamation (1977)

1982, Forest, Shrub (including 18,462 45,601* Hink and Ohmart (1984), U.S.
1989  Salt Cedar) Bureau of Reclamation (1993b)
Marsh and Open Water 1,486 3,671

* If low shrub and herbaceous vegetation 1s subtracted this figure is 15,902 ha (39,278 acres). This vegetation
structure classification may not have been included in previous vegetation surveys.

Table 4 further demonstrates the change in the composition in floodplain plant communities
by river reach. Particularly noteworthy is the decrease in acreage of cottonwood and a
compensatory increase in salt cedar, which thereby maintains the extent of riparian vegetation in
the middle valley. Table 5 indicates general changes in vegetation between 1935 and 1989.
There was a major loss of open water, marsh, and wet meadow.

Floodplain vegetation and the hydrologic processes that sustain it have changed significantly
in the recent past. These changes have resulted from the increasing agricultural and urban
development of the Middle Rio Grande Valley, with the most significant changes being the spread
of exotic species, primarily salt cedar and Russian olive; the construction of drains; clearing of
floodplain vegetation; and regulation and modification of the river for flood and sediment control.
The evidence for these changes is documented dramatically in maps taken from aerial
photographs of the Middle Rio Grande Valley in 1935 and in 1989. These maps (1-4) indicate
the changes visually and include data on changes in area of wetlands, forest, scrub shrub,
agricultural lands, and urban zones.
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Fig. 10. Changes in wetland area, 1935-89, portions of Belen Reach, Middle Rio Grande.
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Table 4. Historical comparison of areal extent in hectares (acres) of cottonwood, Russian
olive, salt cedar, saltgrass meadow, and marsh for selected reaches and periods.
Data for 1918 are from U.S. Reclamation Service Maps (1922); and data for 1982,
1989 are from Hink and Ohmart (1984) and U.S. Bureau of Reclamation (1993b).
Recent acreages exclude 2,560 ha (6,323 acres) of low shrub and herbaceous
vegetation (mostly salt cedar and predominantly in the Bernardo to San Acacia
Reach) because this vegetation classification may not have been identified in the

1918 survey.
Cottonwood Dominated Russian Salt Saltgrass Marsh/
Timber and Brush Olive Cedar Meadow Standing Water
1918
Cochiti to Bernardo 7,053 (17,422) - — g 1,392 (3,439)*
Bernardo to San Acacia 353 (872) - — 19,677 (48,603) 59 (146)
San Acacia to San Marcial 7,354 (18,165) - — t 1,089 (2,689)
Total 14,760 (36,459)* — — 19,677 (48,603) 2,540 (6,274)*
15,312 (37,82t 1,346 (3,324)t
1982, 1989
Cochiti to Bernardo 6,543 (16,162) 335 (828) 660 (1,629) — ) 267 (659)%
Bernardo to San Acacia 137 (338) 119 (294) 605 (1,494) - 262 (647)
San Acacia to San Marcial 1,548 (3,823) -— 5,955 (14,710) — 1,028 (2,538)
Total 8,228 (20,323) 454 (1,122) 7,220 (17,833) - 1,557 (3,844)

* Planimetering by Biological Interagency Team.
+ Burkholder (1928).
1 Includes 91 ha (224 acres) of wet meadow.

Table 5. Comparison between vegetation types in hectares (acres), 1935 and 1989, National
Wetlands Inventory (1989) Riparian Classification.

1935 1989 Change
Wet Meadow, Marsh
Pond, or Lake 3,884 (9,593) 1,638 (4,046) 2,246 (-5,547)
Scrub Shrub 13,370 (33,024) 9,304 (22,980) —4,066 (—10,044)
Forest 8,432 (20,828) 7,812 (19,296) —620 (-1,531)
River Channel 8,916 (22,023) 4,347 (10,736) —4.,569 (-11,287)
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2. Animal Communities
General

As with plant communities, there is no documented description of aquatic and terrestrial
animals prior to the arrival of Europeans. However, a combination of the archaeological and
historical record and a knowledge of animal species that currently exist provides insight into the
past. The great diversity of landform, elevation, vegetation, and climate in New Mexico that has
produced one of the world’s most diversified fauna was likely reflected in a corresponding
historical wealth of animal species in the Middle Rio Grande Valley. Surrounding the river
valley are biotic communities of Chihuahuan Desertscrub, Semidesert Grassland, and Great Basin
Grassland and Conifer Woodland. Appreciably complementing this diversity of life were
migratory species that still utilize the Rio Grande Valley as a major flyway and seasonal habitat.
Although densities of species are not known, the presence of a perennial river and extensive
wetlands certainly provided increased habitat for aquatic and semiaquatic species.

Aquatic

The aquatic resources of the State of New Mexico, including the Rio Grande, have been
influenced by people for many centuries. Before the 13th century, early human impacts on
aquatic habitats were generally localized and probably had no lasting effect. Subsequent to this
period, modifications of aquatic habitats by Pueblo Indians were both extensive and undoubtedly
somewhat detrimental to native fishes. These changes, stemming directly from irrigation and
indirectly from wood gathering, led to the destruction of vegetation within watersheds, along with
accelerated erosion and water quality (Sublette et al. 1990). Western migration of Euro-American
settlers accelerated after the Civil War, resulting in a greatly increased population, especially in
the Rio Grande Valley in southern Colorado and New Mexico. With the immigrants came an
intensification of both farming and ranching (Sublette et al. 1990). Accompanying these
agricultural activities was the harvesting of large numbers of trees for structural uses as well as
for mining. As these activities intensified, erosion and depletion of river flows correspondingly
increased. The resulting increase in streambed sedimentation, depletion of flows, and degradation
of water quality had a significant adverse effect on aquatic habitat and associated aquatic
organisms.

The historic, native fish fauna of the Rio Grande in New Mexico is thought to have consisted
of 17 to 27 species. Big river fishes such as the longnose gar, shovelnose sturgeon, gray redhorse
(Moxostoma congestum), blue sucker (Cycleptus elongatus), and freshwater drum (4plodinotus
grunniens) were present in the historic Rio Grande. American eel elvers (immature eels)
migrated from their hatching grounds in the Atlantic Ocean near Bermuda to the mouth of the
Rio Grande. While the males did move far inland, female elvers traveled up the entire length
of the river where they matured and remained for most of their lives. Included in Table 6 are
those fish species thought to be present in the Middle Rio Grande Valley at the time Coronado
arrived and their current status (Sublette et al. 1990). Early Spanish explorers (de Otiate, 1599;
Villagra, 1610; de Benavides, 1630) described the abundance of fish in the Rio Grande as well
as turtles (Hodge and Lummis 1916, Espinosa 1936).
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Table 6. Native fishes of the Middle Rio Grande Valley and current status (based on
Sublette et al. 1990). Ex = Extirpated, P = Present, and E = probably Extinct.

Species Status
Shovelnose sturgeon (Scaphirhynchus platorynchus) Ex
Longnose gar (Lepisosteus osseus) Ex
American eel (Anguilla rostrata)* Ex
Gizzard shad (Dorosoma cepedianum) P
Red shiner (Cyprinella lutrensis) P
Roundnose minnow (Dionda episcopa) Ex
Speckled chub (Macrhybopsis aestivalis) Ex
Rio Grande chub (Gila pandora) P
Rio Grande silvery minnow (Hybognathus amarus) P
Rio Grande shiner (Notropis jemezanus) Ex
Phantom shiner (Notropis orca) Ex, E
Rio Grande bluntnose shiner (Notropis simus simus) Ex, E

Fathead minnow (Pimephales promelas) P
Flathead chub (Platygobio gracilis) P
Longnose dace (Rhinichthys cataractae) P
Rio Grande sucker (Catostomus plebeius) P
River carpsucker (Carpiodes carpio) P

Blue sucker (Cycleptus elongatus) Ex
Smallmouth buffalo (Ictiobus bubalus) P
Gray redhorse (Moxostoma congestum) Ex
Blue catfish (Jctalurus furcatus)t Ex
Flathead catfish (Pylodictis olivaris)t P
Bluegill (Lepomis macrochirus) P
Freshwater drum (4plodinotus grunniens) Ex

* Currently present due to recent introductions.
+ These species persist m Elephant Butte and Caballo reservoirs

The first scientific account of New Mexico fish fauna began with material collected by
railroad surveys that were initiated in the early 1850°s (Sublette et al. 1990). The earliest
recorded fish samples were collected by Cope and Yarrow in 1874 in the vicinity of San
Ildefonso (Platania 1991a). Included in their report (Cope and Yarrow 1875) was the collection
of the shovelnose sturgeon near Albuquerque in 1874 and the mention of American eel near Santa
Fe. A few sporadic collections followed, but detailed collections and biological data gathering
on New Mexico’s fishes first began with Dr. William J. Koster of the University of New Mexico
in 1939. An overview of his work was reflected in the Guide to the Fishes of New Mexico in
1957. Intensive fish surveys were reinitiated in the 1980’s.
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Historically, the Rio Grande below the general area of the confluence of the Jemez River
consisted of primarily warmwater aquatic habitat characterized by a shifting sand substrate.
Above the Jemez River the river was likely cooler with a channel bed composed of mostly gravel
and cobble. Warmwater habitat may have extended upstream as the river became increasingly
shallower due to accelerated sedimentation and depletion of flows caused by increasing human
use of the watershed. The operation of Cochiti Dam, beginning in 1975, is resulting in the
removal of accumulated sediment and lower water temperatures in this upper reach. Lower water
temperatures extend to approximately Bernalillo.

The major aquatic invertebrate orders historically occurring in New Mexico are Diptera (flies
and midges), Ephemeroptera (mayflies), Plecoptera (stoneflies), and Trichoptera (caddisflies).
Chironomid midge larvae are common in freshwater ecosystems and are a significant food source
to fish (Jacobi et al. 1993). Members of Tricoptera and Diptera are commonly found in
submerged gravel bars, whereas Ephemeroptera can withstand silty conditions and exist in
shifting, sand habitat. Macroinvertebrates have a wide range of habitat preference and have been
used as indicators of habitat quality. They are also important components of stream ecosystems
as intermediate consumers of plant material and nutrient recyclers (U.S. Environmental Protection
Agency 1989). Sampling for macroinvertebrates did not begin in the Middle Rio Grande until
very recently and is discussed later in this document.

Terrestrial

Most terrestrial animal species that currently use the middle valley were present before and
for a considerable period after the arrival of Coronado in 1540. In addition, there were large
mammals such as the jaguar (Felis onca), gray wolf (Canis lupus), and grizzly bear (Ursus
arctos) that were likely occasional users of valley resources. Pronghoms (4ntilocapra americana)
commonly browsed and still browse on the bordering terraces.

New Mexico has the distinction of having the earliest recorded notes on birds of any state.
Castaneda, chronicler of Coronado’s expedition, commented on the abundance of geese, cranes,
turkeys, and other native fowl in the valley (quoted in Bailey 1928). Several Spanish colonists,
explorers, and priests that followed Coronado also commented on New Mexico’s wildlife and fish
and their abundance. Beginning with Stephan H. Long of the Engineer Corps in 1820 and
continuing to 1889, various individuals, many with military expeditions, made recordings of
animals in the state and in the Middie Rio Grande Valley. Most of these observations were
incidental to other purposes. Several of these early naturalists commented on the large numbers
of sandhill cranes, herons, ducks, geese, kestrels, quail, mourning doves, crows, blackbirds, and
beaver in the middle valley. James O. Pattie (1966), a trapper in 1824, commented on the great
number of bear, deer, and turkey in the valley. Lieutenant J.S. Abert in 1846 observed and
collected many species of birds among which were swans (probably Cygnus columbianus), loons
(probably Gavia immer), and bald eagles (Haliaeetus leucocephalus; Abert 1962).

Beginning about 1889, biologists from the U.S. Bureau of Biological Survey, among the

most important were Vernon and Florence Merriam Bailey, studied birds and mammals in the
state. This work was intensive from 1889 to 1924. Mirs. Bailey’s work was published in 1928
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as Birds of New Mexico and Mr. Bailey’s work on mammals in 1932 as Mammals of New
Mexico.

More recent investigations of birds of the Rio Grande Valley are not extensive, and Monson
(1946), in his observations of birds in the vicinity of Bosque del Apache NWR, was one of the
first observers to note the importance of riparian habitat for birds.

Terrestrial invertebrates in the Middle Rio Grande riparian ecosystem include many more
species and much larger populations than do terrestrial vertebrates. However, the biology and
ecology of these small, easily overlooked animals were ignored until recently. As will be
discussed below, relict populations of what were probably widespread wetland-associated species
now appear restricted to the banks of seeps, drains, and the few remaining ponds and marshes.
Also to be discussed are introduced isopods (pillbugs and woodlice) which, because of their large
populations in the bosque, are important consumers of leaf litter there.

Extirpations and Introductions

Terrestrial and aquatic animals were affected to varying degrees by the rapid increase in
settlement of the Southwest and the Rio Grande Basin from 1821 to the present. The increasing
removal of native floodplain cottonwood/willow forest and woodland, hunting and trapping,
depleting of river flows for irrigation, increasing sedimentation of the river channel by timber
removal and livestock grazing, pollution, flood control features, and draining of wetlands certainly
reduced or deteriorated habitat for many species and populations. Also, the introduction of
nonnative species has had a significant impact on native species and communities through
competition, predation, and hybridization.

The jaguar, gray wolf, and grizzly bear have disappeared not only from the middle valley
but also from a significant area of their former ranges. Mink (Mustela vison), which had been
captured in La Joya and Elephant Butte (Hink and Ohmart 1984), were last reported in the valley
just before 1920. Beaver (Castor canadensis), which were largely eliminated near the end of the
19th century possibly due to trapping and habitat depletion, recovered due to restocking efforts
from 1947 to 1958. Also, the Rio Grande turkey (Meleagris gallopavo) was eliminated. Intense
hunting may have contributed to the elimination of the whooping crane (Grus americana) and
severe reduction in numbers of sandhill cranes (Grus canadensis).

Exotic additions to the rich native bird fauna of the valley have been the European starling
(Sturnus vulgaris), house sparrow (Passer domesticus), and domestic pigeon (Columba livia).
Starlings and house sparrows have become abundant and the former have likely adversely affected
native birds, particularly cavity nesters. Pheasants (Phasianus colchicus) have also been
introduced in the valley as game birds (M. Sifuentes, pers. obs.). Mammalian species that have
been introduced are the house mouse (Mus musculus) and the Norway rat (Rattus norvegicus).
The burro (Equus asinus) was once present in the Rio Grande Valley, and it is still present in the
canyons running from the Jemez Mountains into White Rock Canyon and in the Rio Puerco
drainage (D. Scurlock, pers. comm.). Cattle are frequent users of the riparian forest and
woodland, particularly in the upper and lower reaches. Many species of invertebrates could easily
have been introduced to the region by Spanish and Anglo settlers. Several species of terrestrial
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isopods were introduced from the Old World and are now dominant detrivores in much of the
valley.

By the end of the 19th century many of the larger big river fishes such as the longnose gar,
shovelnose sturgeon, gray redhorse, blue sucker, and freshwater drum had disappeared from the
Middle Rio Grande. The American eel was probably eliminated from the middle valley by the
construction of Elephant Butte Dam in 1916 which blocked its migration (recent escapees from
rearing ponds in Colorado, however, have resulted in the capture of this species in the Rio
Grande). More recently, an increasing number of fishes has been eliminated from or their
populations appreciably reduced in certain river segments. Thirty-six to sixty-three percent of
the native fish species have been extirpated from the Middle Rio Grande (B. Montoya, in Ltt.).
The speckled chub (Macrhybopsis aestivalis), Rio Grande shiner (Notropis Jjemezanus), phantom
shiner (Notropis orca), and Rio Grande bluntnose shiner (Notropis simus simus) have disappeared
from the Rio Grande; and both the phantom and Rio Grande bluntnose shiners are considered
extinct (Chernoff et al. 1982; Bestgen and Platania 1990, 1991; Platania 1991a). Also, the Rio
Grande silvery minnow (Hybognathus amarus) has declined so severely that it is threatened with
extinction (Bestgen and Platania 1991). A combination of factors (both past and current) are
likely responsible for the decline or extinction of native fishes including the depletion of river
flows, reduction in water quality, sedimentation, water resource development and management
actions, and introduction of nonnative fish through stocking or use of baitfish (Sublette et al.
1990).

From 13 to 19 nonnative species have been introduced into the Middle Rio Grande and now
comprise 38-76% of the total number of fish species (Platania 1991a; B. Montoya, in litt.). A
few of the more common nonnative fishes include the rainbow trout (Oncorhynchus mykiss),
common carp (Cyprinus carpio), white sucker (Catostomus commersoni), black bullhead
(Ameiurus melas), yellow bullhead (dmerurus natalis), channel catfish (Ictalurus punctatus), and
largemouth bass (Micropterus salmoides).

The appreciable reduction in wetlands in the 1930°s and the long-term depletion of river
flows undoubtedly led to a corresponding reduction in resident aquatic and semiaquatic species
(e.g., the jumping mouse and leopard frog) and habitat for migratory species.
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IV. EXISTING CONDITIONS
A. THE MIDDLE RIO GRANDE ECOSYSTEM
1. Riparian Ecosystems

A riparian ecosystem is made up of three major components: a river or stream, the riparian
zone (the streambank and adjacent area), and the surrounding floodplain. The major driving
force, or external variable, of the system is water; its characteristic availability and pulses
determine the nature of associated aquatic and terrestrial plant and animal communities of the
river, riparian zone, and floodplain, through direct and indirect effects. Riparian ecosystems are
linear features on the landscape and act as corridors for transport of water and eroded material.
They are an interface between terrestrial and aquatic ecosystems that facilitates an exchange of
material and energy. In some cases, the floodplain portion of the system acts as a storage area
for ground water, sediment, and nutrients. This is particularly true for broad floodplains of
coarse alluvium, such as the Middle Rio Grande Valley.

Riparian vegetation, which is supported by the enhanced moisture of the river or stream, acts
as a buffer for protecting parts of the system from changes in the watershed. Pollutants,
nutrients, and sediments from disturbance upstream become trapped and assimilated along
streambanks and in floodplains (Brinson et al. 1981).

Riparian zones support diverse and abundant populations of wildlife, particularly in
comparison to surrounding upland areas. The predominance of woody vegetation provides
roosting, foraging, and shade. Dead limbs on live trees and standing dead trees (snags) provide
nests, dens, and feeding and perching sites. Fallen logs provide cover, feeding, and nest sites.
Roots of woody vegetation along streams stabilize banks and serve as cover for fish and other
aquatic animals. Leaf litter is food for aquatic and terrestrial invertebrates. Shade from live,
leafy trees and shrubs moderates water temperature and benefits aquatic invertebrates, which in
turn influence fish species and communities.

Periodic flooding allows for spawning of some fish species and transport of organic debris
to the main channel and downstream. Even if flooding is absent, the increase in soil moisture
in riparian areas influences plant communities. Vegetation, seeds, and insects are relatively more
abundant in riparian zones than in uplands, and this increases the abundance and diversity of
some birds and mammals.

Within riparian ecosystems, the variety and diversity of habitat features are important to fish
and wildlife species. Herbaceous, shrubby and forest vegetation, aquatic areas, and nonvegetated
substrates are complex and productive wildlife habitats. The linear nature of riparian ecosystems
provides protected corridors for migration and movements between habitats (Brinson et al. 1981).

2. Riverine and Riparian Systems

Like other natural systems, riverine and riparian systems can be described as being dynamic
(constantly changing) and open-ended (with inputs and outputs), having external factors or
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variables as driving forces, and having internal factors or variables that vary with a given set of
conditions (Kitching 1983). Focusing on system dynamics allows us to better understand the
processes that determine the conditions of riverine and riparian systems. Hydrologic, geomorphic,
and biotic variables can be defined for rivers or sections of rivers; within each sector,
equilibrium, or partial balance, can exist among these factors. Any major change will cause
disruption of the equilibrium state. Some changes, such as annual flooding, are a natural part of
the riverine system. Human-made or human-caused changes, resulting from abstraction of water
for irrigation, floodplain and watershed development, flood-control measures, flow regulation,
etc., change the natural equilibrium state. A long time period may elapse before equilibrium is
reestablished, particularly after major human-made (or caused) alterations to the system (Williams
and Wolman 1984, Heede 1986, Petts 1991).

Recent work on riverine and riparian systems has emphasized an integrated approach in
research and management. Riverine and riparian processes are linked and interdependent. Flow
regime and sediment sources determine the structure of the river, which in turn determines the
characteristics of the associated plant and animal communities. Conversely, these communities
may influence certain riverine processes (Fig. 1). Because of the interdependence between
riverine and riparian processes, we are including both in our concept of a riparian ecosystem
(Brinson et al. 1981, Heede 1986, Petts 1991, National Research Council 1992).

B. HYDROLOGICAL RESOURCES
1. Surface Water
Water Management Physical Infrastructure

As stated above, the hydrology of the Middle Rio Grande is greatly influenced by water
management activities and facilities. This section will describe the major features of the
contemporary system causing human disruptions of existing equilibrium states in the river.

Flood and Sediment Control Facilities.—These facilities and improvements consist of flood
and sediment retention dams, runoff conveyance channels, levees, and the maintenance of water
conveyance capacity within the Rio Grande’s cleared fioodway.

Since the mid-1950’s, the COE has constructed four flood and sediment control dams and
reservoirs that affect the hydrology of the Rio Grande in the Middle Rio Grande Valley: Abiquiu
Dam, Jemez Canyon Dam, Galisteo Dam, and Cochiti Dam (Table 7). These facilities have had
a major impact on the timing and amount of water flowing through the riparian ecosystem. All
the dams except for Galisteo have controlled release operations. At Galisteo, water stored during
a high runoff event flows through the outlet at a steady but unregulated rate.

The flood flow capacity of the Rio Grande is determined by the location, size, and strength
of the levee system and natural features, such as terraces, mesas, and rock outcrops, which
collectively define the boundaries of the floodway. The channel capacity, on the other hand, is
the river channel’s bank-to-bank flow capacity within the floodway. In the Middle Rio Grande,
water managers extend the concept of channel capacity to include overbank flows to the point
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Table 7. Principal flood control and water storage facilities affecting the Middle Rio

Grande Valley.
Date of Completion,
Facility Principal Function Location Ownership/Administration
Heron Reservoir ~ Water supply storage Willow Creek 1971, BOR

(Rio Chama)

El Vado Reservoir Irrigation, water supply storage; Rio Chama 1935, MRGCD
hydroelectric power

Abiquiu Reservoir Flood and sediment; water supply Rio Chama 1963, COE
Cochiti Reservoir Flood and sediment; fish and Rio Grande 1975, COE
wildlife; recreation

Jemez Canyon Flood and sediment Jemez River 1954, COE
Reservoir

Galisteo Reservoir Flood and sediment Galisteo Creek 1970, COE

Elephant Butte Irrigation; water supply; Rio Grande 1916, BOR
Reservoir recreation; hydroelectric power

of where they do not cause damage to the levees (by partially or unevenly wetting them) or to
other structures in the floodway (D. Baird, pers. comm.).

By 1962, the COE and BOR cooperatively raised and strengthened about 190 km (125 mi)
of existing levees originally constructed by the MRGCD from Cochiti to near La Joya (U.S.
Army Corps of Engineers 1989). The 30-km (20-mi) reach through Albuquerque have the
highest flood flow capacity: 20,000 cubic feet per second (cfs) for sustained (spring) flows and
42,000 cfs for short duration (summer) flows. At the other extreme, however, on the west side
of the river in the Corrales area and below Albuquerque to Isleta on both sides of the river, the
flood flow capacity is 7,500 cfs (U.S. Army Corps of Engineers 1989). The designed sustained
flood flow capacity in the Socorro Reach is 20,000 cfs (U.S. Bureau of Reclamation 1977}
although recent spring releases suggest that the capacity may be considerably lower. In the
Cochiti Reach the recent spring discharges of up to 7,500 cfs were well contained within the river
channel.

To maintain the river channel capacity for the purposes of safely passing high flows,
reducing water losses while conveying water to downstream users, and moving sediments through
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the valley, the BOR began a channel meodification program in 1953. As a result of this
ongoing program, the channel capacity of the Middle Rio Grande currently is about 7,000 cfs.
The specific areas on the river that limit flows, or "choke points," are not static. They have
variously included, for example, the river outfall to Elephant Butte Reservoir, the railroad bridge
immediately below San Marcial, a residence in the Bernardo Reach, MRGCD drain outfalls to
the Rio Grande, and levees in the Belen Reach.

There are four categories of channel maintenance activities that are included in the BOR
program: bank stabilization, river training, sediment removal, and vegetation control.

«  Bank stabilization is accomplished through a variety of techniques. The installation of
jetty jack systems has been the most commonly employed method in the Middle Rio
Grande (Fig. 11). Jetty jacks are designed to reduce water velocities thereby
encouraging sediment to drop out. When enough sediment has been deposited in an
area, riparian vegetation becomes established, which ultimately stabilizes the banks.
Jetty jacks are still being installed in the Bernardo and Socorro reaches in locations to
protect the levees. In-place bank stabilization is being increasingly applied, especially
in the Cochiti Reach, whereby the riverbank is shaped and then faced with erosion
resistant material, such as riprap. The change in strategy was partially in response to
the decreased sediment loads in this reach, thereby rendering jetty jack systems largely
ineffective.

e River training activities are intended to influence flow alignment and manage overbank
flows. Groins and training dikes are in-channel embankments constructed to protect
riverbanks from the erosional forces of the river flow. Pilot channels are excavated in
the floodway to establish new river courses. Since the mid-1980’s, in-place bank
stabilization has been used in favor of pilot channels in the Cochiti Reach (D. Baird,
pers. comm.). Pilot cuts, excavation of a narrow channel in the existing river channel,
are now employed to allow hydraulic processes reestablish channel capacity in selected
locations.

«  Sediment removal from the river channel in select locations by mechanical means is
done to maintain the flow capacity of the river. Sediment deltas deposited by arroyos
are removed when determined necessary to maintain channel capacity. Islands and sand
or gravel bars are shaped or removed as well. Dredging is employed sparingly, most
recently to remove sediments from the lower end of the Low Flow Conveyance
Channel.

«  The purpose of vegetation control is to increase the floodway capacity for passage of
extreme flows. This is now largely limited to the periodic mowing of vegetation on
river bars in the Albuquerque and Belen reaches.

Table 8 is a description of the Rio Grande conveyance system and channel stabilization
works with the dates of completion. Figure 12 shows locations of channel improvements and
dates of completion.
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Fig. 11. Channel stabilization works on the Middle Rio Grande (after Bullard and Wells
1992).

There are several flood-water drainage facilities that direct water from adjacent uplands to
the Rio Grande. These developments are located primarily in urban areas. Among these are the
Albuquerque Diversion Channels, which were completed in 1972 by the COE to convey flood
water originating near or on the steep slopes of the Sandia Mountains east of Albuquerque
through the highly developed residential and business districts and to discharge that water into
the Rio Grande. Consisting of two large diversion or collection channels and appurtenant works,
one discharges north of Albuquerque near Alameda and the other south of Albuquerque
approximately where Tijeras Arroyo previously discharged into the Rio Grande.

The Albuquerque Metropolitan Arroyo Flood Control Authority (AMAFCA) has also
constructed several detention dams and conveyance channels on the terraces and alluvial fans on
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Table 8. Description of Middle Rio Grande conveyance system and channel improvement

works (U.S. Bureau of Reclamation 1977; D. Baird, pers. comm.).

Cochiti to Angostura

Floodway width

Channel width (average)
Cleared floodway

Channel stabilization type(s)
Channel stabilization period

Angostura to Isleta

Floodway width

Channel width (average)
Cleared floodway width
Channel stabilization type(s)
Channel stabilization period

Isleta to San Acacia

Floodway width

Channel width

Cleared floodway

Channel stabilization type(s)
Channel stabilization period

San Acacia to San Marcial

Floodway width

Channel width

Cleared floodway

Channel stabilization type(s)
Channel stabilization period

70-1,400 m (230-4,720 ft)

91 m (300 ft)

no active clearing

jetty jacks, in situ riprap, pilot channel
jetty jacks 1953-74, riprap 1985-present

75-920 m (250-3,020 ft)

183 m (600 ft)

183 m (600 ft)

jetty jacks, pilot channels, arroyo plug removal
1953-75

150-930 m (500-3,060 ft)

60-305 m (200-1,000 ft)

185 m (600 f)

jetty jacks, pilot channels, arroyo plug removal
1953-74

245-1,495 m (800-4,900 ft)

30-305 m (100-1,000 ft)

no active clearing

jetty jacks, pilot channels, arroyo plug removal
jetty jacks 1953-present

which the City of Albuquerque has developed. These facilities either directly or indirectly
discharge into the Middle Rio Grande. The Harvey Jones Channel, constructed by the Soil
Conservation Service (SCS) in 1988, provides flood protection to the upper part of the village
of Corrales from runoff originating on the uplands west of the floodplain. Additional drainages
that discharge into the Rio Grande are located in Socorro and south of Socorro.

Water Supply and Drainage Facilities.—The MRGCD is composed of four Divisions:
Cochiti, Albuquerque, Belen, and Socorro. Rio Grande water is supplied to Cochiti Division via
an outlet works on Cochiti Dam. Angostura, Isleta, and San Acacia diversion dams (Fig. 13)
deliver water to the other divisions® water systemns as shown schematically in Fig. 14. The drains
intercept shallow ground-water flow—mainly from irrigation applications, but from river and
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reaches for the Middle Rio Grande (U.S. Bureau of Reclamation 1977, Bullard
and Wells 1992).
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Fig. 14. Schematic map of an irrigation network on the Middle Rio Grande (U.S. Bureau
of Reclamation 1977, Bullard and Wells 1992).

canal seepage as well—and return the flows to the river or the canal system. The water supply
and drainage system are extensive: there are 1,341 km (834 mi) of irrigation canals, laterals, and
acequias, and 650 km (404 mi) of interior and riverside drains in the MRGCD (Shah 1991).

There are no water supply reservoirs in the middle valley itself although there are several
which influence the valley’s hydrology (Table 7). Heron Reservoir (San Juan-Chama Project)
is located on Willow Creek, a tributary to the upper Rio Chama, and El Vado Reservoir (Middle
Rio Grande Project) is located on the Rio Chama. Being upstream of the valley, their operation
does influence water delivery through the valley. Although primarily a flood coatrol facility,
Abiquiu Reservoir also stores water for downstream uses. Elephant Butte Reservoir is located
on the Rio Grande just downstream from the valley.

The Low Flow Conveyance Channel has a capacity of approximately 2,000 cfs. When in
operation (with a minor exception, it has not been operated since March 1985), it diverts water
from the San Acacia Diversion Dam and delivers it to Elephant Butte Reservoir. Its purpose is
to efficiently transport water through a high water loss area. A New Mexico Water Resources
Research Institute period-of-record analysis indicates that on an average, the channel saves about
34,000 acre-feet a year when in full operation (U.S. Army Corps of Engineers 1989). The
channel also functions as a drain when not delivering diverted water. During periods when
Elephant Butte Reservoir is full or near full, as occurred in the mid- to late-1980’s and again in
1993, sediments are deposited in the lower end of the Low Flow Conveyance Channel. These
sediments must be removed before water can again be diverted into the channel. With the
exception of 15 months in 1983-85, and a couple of months in 1989, water from the Rio Grande
has not been diverted into the channel.
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Elephant Butte Reservoir was completed in 1916 by the BOR to provide water storage for
the irrigation of farmlands along the Rio Grande between Truth or Consequences, New Mexico,
and Fort Quitman, Texas, and to provide storage for supplying the Republic of México with
water in accordance with the Treaty of 1906. The reservoir’s original capacity was 2,634,800
acre-feet at spillway crest; its present capacity is about 2,065,000 acre-feet. Because of its effects
on sediment transport and channel capacity, this water supply and recreational facility influences
the Middle Rio Grande’s hydrograph and morphology.

Institutional Infrastructure

The waters of the Rio Grande are managed by an interwoven fabric of federal, state,
interstate, and international water laws, agreements, and regulations. The fabric defines how
water is released through the system, influencing not only the quantity of water, but often the
timing of the releases as well. The following are the principal management components.

«  The Treaty of 1906 between the United States and México provides for the annual
delivery of 60,000 acre-feet of water to México.

«  The Rio Grande Compact allocates Rio Grande water between the states of Colorado,
New Mexico, and Texas via a complex set of delivery schedules that relate runoff
volumes to delivery obligations at set river index points. For example, during normal
water years, New Mexico must ensure that about 60% of the Rio Grande flow passing
the Otowi gauge reaches Elephant Butte Reservoir (the delivery point for Texas’
allocation of the Rio Grande). In extremely wet years, the requirement increases up to
over 80% (Shupe and Folk-Williams 1988). The Compact also provides rules for
accruing and repaying water credits and debits, water storage restrictions, and operation
of reservoirs. The Compact does not "affect the obligations of the United States owed
to Mexico or to Indian tribes, nor does it impair the rights of tribes" (Shupe and Folk-
Williams 1988).

«  Federal law and regulations are the primary determinants in the operations of Cochiti
and Jemez Canyon reservoirs. The COE operates the dams in concert to release runoff
waters at channel capacity (currently estimated to be about 8,000 cfs) as quickly as
possible without causing unreasonable damage to channel protective works. No flood
storage can be released from Cochiti Dam after July 1 when the Rio Grande’s natural
flow at the Otowi gauge is less than 1,500 cfs. The COE operates Cochiti and Abiquiu
reservoirs so that all flood water held through the summer months under this restriction
is retained in Abiquiu Reservoir. This carryover water must be released by March 31
of the following year (R. Kreiner, pers. comm.).

The BOR manages the San Juan-Chama water in accordance with federal law and in
response to water delivery calls from water contractors. The MRGCD and City of
Albuquerque are the largest water purchasers, respectively contracting for 20,900 acre-
feet and 48,800 acre-feet annually.

50



« State water law controls the use of water within the state via the administration of
water rights—both surface and ground water. In the Middle Rio Grande Valley, the
relationship between surface- and ground-water rights is of particular significance in that
the City of Albuquerque’s ground-water pumping must be offset with releases of San
Juan-Chama water into the Rio Grande in order to keep the river "whole." These
releases are scheduled to begin in 1994 (Summers 1992).

Hydrology

In the broadest terms, the cumulative effect of water management (flood control and
irrigation development) activities in the Upper (in Colorado) and Middle Rio Grande basins has
been to: (1) reduce the total Rio Grande flow in the Middle Rio Grande Valley, (2) control the
spring runoff flows, and (3) reduce the magnitude of discharges resulting from thunderstorm
runoff events (with the exception of localized flooding that occurs as the result of uncontrolled
Rio Puerco and Rio Salado discharges and other small tributaries). Water management activities,
however, have not eliminated pre-water management cycles in the Rio Grande’s mean annual
flow but rather have dampened past extremes (Bullard and Wells 1992).

Although the drainage area increases as one proceeds downstream, annual water yield
decreases (Graf 1991). From 1895 through 1985, the average annual inflow into the middle
valley, as measured at the Otowi gauge, is about 1,050,000 acre-feet (1,440 cfs); at San Marcial
the average annual flow is 820,000 acre-feet (1,120 cfs; Fig. 15), a decrease of about 23% (Graf
1991). The difference between inflow and outflow can be accounted for by surface-water
evaporation, consumptive use by crops, evapotranspiration by riparian vegetation, and ground-
water recharge (Ong et al. 1991).

Agriculture accounts for almost 90% of all Middle Rio Grande managed consumptive water
use in the middle valley. About 45% of the water diverted for agriculture eventually returns to
the river, and only 20% of the total diversion is consumptively used by crops (Bullard and Wells
1992). The remainder is lost to surface-water evaporation, riparian vegetation evapotranspiration,
and ground-water recharge. Average agricultural diversions in the middle valley for the period
1975-89, including San Juan-Chama Project water, are as follows (U.S. Bureau of Reclamation
1993c):

MRGCD Division Average Diversions (1975-89) qcrefeet
Cochiti 85,200
Albuquerque 133,870
Belen 202,310
Socorro (including conveyance channel) 113,900

Cochiti Dam has essentially eliminated downstream spring runoff flood damage to channel
protective works and human developments; but as shown in Fig. 16, the overall average discharge
has been greater since closure of the dam (Bullard and Wells 1992). This is likely the result of
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Fig. 15. Flow diagram for annual water yield budget of the Rio Grande from Embudo to
San Marcial in acre-feet (after Graf 1991).

higher than long-term average runoff experienced since the late-1970’s' and the importation of
San Juan-Chama Project water into the Rio Grande system since 1971. The subsequent release
of temporarily stored runoff water from Cochiti Dam (and Jemez Canyon Dam) provides for a
more constant downstream flow (Lagasse 1980).

The San Juan-Chama Project also contributes water to the Middle Rio Grande. Its releases
into the system, however, are uneven because the water is managed to satisfy the users who hold
contract rig