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State of New Mexico

Office of the Governor

Bill Richardson
Governor

September 26, 2005

National Acceptance Advisory Team
U.S. Fish and Wildlife Service
Arlington, VA

Dear Acceptance Team:

I am pleased to submit New Mexico’s draft Comprehensive Wildlife Conservation Strategy for
your review and acceptance.

This Strategy demonstrates our concern for wildlife and habitat resources here and across the
nation. It is our job to keep our wildlife populations healthy and sustainable, and we take that
responsibility seriously. The approaches to conservation expressed in the Strategy are
substantial and sensible. An important consideration is that we have listened to many people and
- interests in the preparation of this Strategy. The New Mexico Department of Game and Fish, as
facilitator of this Strategy, has contacted more that 400 public, private, and tribal interests;
specific contributions from more than 125 of those interests are represented in the Strategy.

The Strategy fully addresses the eight essential elements established by Congress for the Strategy
documents nationally. We have focused on strategic actions that are intended to keep common
species common and work to prevent wildlife from becoming endangered. We have consulted
rigorous science as available, and we have acknowledged where more information is needed.
Importantly, we have constructed an ecological framework for identifying the species of greatest
conservation need, the habitat treatments necessary to sustain them and other members of their
ecological communities, and the periodic review process necessary to ensure citizen involvement
and acceptance. This perspective is presented with responsible regard for the wide array of
economic and social values that also are important to maintain on our landscape.

As shown by our policy progress in the past 30 months, I am a “conservation Governor.” This
Strategy, maintaining a strong place for New Mexico in the State Wildlife Grants program, is a
significant part of that commitment. Thank you for your consideration of our contribution.

Sincerely,
ill Richardson Guy Riordan
Governor of New Mexico Chairman, State Game Commission

State Capitol * Room 400 ¢ Santa Fe, New Mexico 87501 * §0§-827-3000 * wwwgovernor.state.nm.us



PREFACE

This Comprehensive Wildlife Conservation Strategy for New Mexico is a product of the people
and represents both a culmination and a springboard.

The Strategy is a culmination of 2 years of efforts on the part of resource professionals,
conservation organizations, commodity interests, private individuals, tribal interests, municipal
governments, and others to construct a better wildlife conservation overview for New Mexico.
Those efforts have been directed by a national initiative for accomplishing such a perspective
through Congressional interest in the State Wildlife Grants program. The need for
comprehensive strategies has been recognized for many years and led to establishment of the
October 2005 deadline for states to present strategies that address local and state-level
conservation needs and which promote an ability to advise regional and national perspectives on
wildlife conservation at landscape scales.

Importantly, this draft Strategy is the springboard to an important conservation future for wildlife
in New Mexico and the Southwest. In addressing the eight essential elements prescribed by
Congress for strategy construction, New Mexico has consolidated important insight about long-
term needs of wildlife in the state, articulated an ecologically based approach to strategic actions
that reverse declines and maintain beneficial population levels, and formulated the public
engagement processes necessary to ensure involvement in, and acceptance and implementation
of conservation strategies for years to come.

This Strategy is dedicated to expressing sensible approaches to conserving biological diversity in
New Mexico in context with surrounding areas. We identify focus points on species and habitats
warranting conservation actions. Further, we organize existing information and recognize where
important information gaps remain. From that foundation, we identify cooperative and
collaborative approaches to addressing the most important wildlife and habitat conservation
needs in time and cost effective ways. The potential of this Strategy can only be realized through
a broad array of natural resource agencies, other public programs, and private interests, all
accepting this approach, being guided by it in operational planning, and pulling together to
implement the actions.

New Mexico Department of Game and Fish has appreciated its role and responsibility in
facilitating the compilation and construction of this Strategy. But, we acknowledge the greater
contribution of many public, private, municipal, tribal, and other participants that kept us
cognizant of all factors necessary to describe conservation actions that embrace the functional
balance of wildlife and human interests. We are indebted to all who have participated to this
point and all who will help this springboard to reaching fullest benefits for wildlife.

Bruce Thompson
Director, New Mexico Department of Game and Fish
September 2005
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EXECUTIVE SUMMARY

In 2001, through the efforts of the 3000 member groups of the Teaming With Wildlife Coalition
(http://www.teaming.com), the US Congress passed legislation now known as the State and
Tribal Wildlife Grants Program (SWG) and created the nation’s core initiative for conserving our
country’s biodiversity and thereby precluding the necessity of listing more species as threatened
and endangered. Planning and actions to recover species that have become endangered are
controversial and expensive. Annual spending on listed species in the United States has
increased more than six fold over the past 10 years, to a level of over $600 million a year. The
SWG program promotes proactive and collaborative conservation action before wildlife reaches
that serious and controversial status. Since 2001, Congress has allocated more than $400 million
to the states for this purpose, apportioned on the basis of their respective land areas and human
populations. New Mexico’s share of the national appropriation has averaged about $1 million
per year. In order to maintain eligibility for this funding, each state must develop and submit a
Comprehensive Wildlife Conservation Strategy (CWCS) no later than October 1, 2005.

The Comprehensive Wildlife Conservation Strategy for New Mexico focuses upon Species of
Greatest Conservation Need (SGCN)), key wildlife habitats, and overcoming the challenges
affecting the conservation of both. The overriding desired outcome is that New Mexico’s key
habitats persist in the condition, connectivity, and quantity necessary to sustain viable and
resilient populations of resident SGCN and host a variety of land uses with reduced resource use
conflicts. We believe this document will greatly facilitate meeting our statutory mandates to
provide an adequate supply of game, fish, and furbearers and to carry out the provisions of the
Wildlife Conservation Act pertaining to conserving indigenous threatened or endangered
wildlife. Associated funding will allow the New Mexico Department of Game and Fish
(NMDGF) and its partners to broaden their attention beyond single species to include the species
and habitats necessary to conserve all of New Mexico’s biodiversity. Some significant
revelations emerging from development of the CWCS are:

e New Mexico has 452 vertebrate, mollusc, and arthropod SGCN. Significantly larger
proportions of amphibians (58%) and crustaceans (91%) are recognized as SGCN than
other taxonomic groups.

e The greatest diversities of terrestrial SGCN are predicted to occur in the Apache
Highlands, Arizona-New Mexico Mountains, and Chihuahuan Desert Ecoregions.

e The greatest diversities of aquatic SGCN are predicted to occur in the Pecos, Rio
Grande, and Gila Watersheds.

e The most significant factors affecting the persistence of SGCN statewide are those that
cause habitat conversion, loss, and degradation.

e Conversion to other uses, extraction of minerals or water, removal of biological
resources, and pollution present the highest probability of altering New Mexico’s key
habitats.
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Executive Summary

e Ephemeral natural catchments, perennial marsh/cienega/spring/seeps, and riparian
habitats may be at a higher risk of alteration by multiple factors than other habitat types
in New Mexico.

e The effects of oil and gas development on SGCN and their key habitats are of most
concern in the Southern Shortgrass Prairie, Colorado Plateau, and Chihuahuan Desert
Ecoregions. Mining poses potential adverse effects in the Arizona-New Mexico
Mountains Ecoregion.

e The Chihuahuan Desert, Arizona-New Mexico Mountains, and Southern Shortgrass
Prairie Ecoregions have been subjected to significant habitat alterations as the result of
off-road vehicle and other recreational uses and military activities.

e Non-native aquatic species have considerable adverse effects upon native fish,
molluscs, and crustaceans in New Mexico’s aquatic habitats. However, many non-
native species have been introduced to enhance sport fishing opportunity, and the
challenge remains in balancing these interests with maintaining viable and resilient
populations of native species.

e Findings to date suggest that key areas upon which to focus conservation efforts in New
Mexico may include riparian and aquatic habitats throughout the state, areas in the
“boot heel” region of southwestern New Mexico extending northward into the Madrean
habitats, and areas of the shortgrass prairie and western mountain ranges where they
converge with Chihuahuan Desert and Pecos River habitats. These areas contain key
habitats, have a high diversity of SGCN, are subjected to a moderate to high magnitude
of multiple habitat altering factors, and lack legal constraints or long-term management
plans protecting them from habitat conversion.

e There is a strong need to fill the information gaps impeding assessment and
conservation of New Mexico’s biodiversity through the collaborative and coordinated
implementation of research, survey, and monitoring projects.

e The highest priority conservation action for both terrestrial and aquatic key habitats
statewide is to work with federal, state, and private organizations, research institutions
and universities to design and implement research, survey, and monitoring projects to
enhance our understanding of SGCN and their key habitats. Knowledge of SGCN
abundance and distribution and the connectivity and condition of key habitats is of
particular interest as are studies that monitor the status of SGCN and identify and
quantify factors limiting their populations.

e We will need to create partnerships among local, state, federal, and tribal governments,
non-government organizations, universities, and individuals to effectively forward our
common wildlife conservation interests.

e We will need to implement conservation strategies that are effective on a landscape
scale.
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e Our perceptions and effectiveness can be greatly enhanced by involving private
landowners and the agricultural industry in the CWCS implementation, review, and
revision phases and otherwise providing them continual opportunities to inform and
influence project development. New Mexico is 51% rangeland, 2.4% cropland, and
0.3% pasture. Even primarily urban Bernalillo County, which includes less than 1% of
the state’s total land area and 30% of its population, produces $40 million in
agricultural products and has numerous agriculture-related industries.

Though NMDGEF has led the development process to date, the CWCS is a strategic plan intended
as a blueprint to guide collaborative and coordinated wildlife conservation initiatives involving
NMDGF, local, state, federal, and tribal governments, non-governmental organizations (NGOs)
and interested individuals. It identifies many more conservation actions and research, survey,
and monitoring needs than can be addressed in the near term by any one entity. To facilitate
effective implementation, this broad array of strategic intentions will need to be further narrowed
through an executive staff process to comprise a wildlife action plan focused upon near-term
conservation priorities. NMDGF will next employ an operational planning process by which to
propose, select, schedule, design, staff, and budget the site or area-specific projects through
which these strategic conservation priorities will be implemented. The operational planning
process will include appropriate coordination with local, state, and federal government agencies
and tribes and afford these entities, NGOs and interested publics opportunities to influence and
participate in project design and implementation. NMDGF will encourage partnering and cost
sharing with and among these interests. We will promote awareness of implementation progress
through periodic announcements and events, including an annual CWCS for New Mexico
Progress Report, and provide regularly scheduled and interim review and revision opportunities.

The scope, focus, and content of this document were influenced by the direct involvement of
over 170 individuals external to NMDGF who provided valuable technical and socio-economic
insights and constructive criticism from diverse and sometimes conflicting perspectives. We
sincerely hope they will continue to engage with us in further CWCS development and
implementation.
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Roadmap to the Elements

ROADMAP TO THE ELEMENTS

This section is provided to assist the National Acceptance Advisory Team (NAAT) in evaluating
the CWCS for New Mexico for compliance in adequately addressing the eight congressionally
required elements. The chapters and page numbers indicated for each NAAT Guidance
statement will assist in locating areas in the document where each element was addressed.
However, information pertaining to each element may also occur throughout the document.

Element 1: Information on the distribution and abundance of species of wildlife, including low
and declining populations as the state deems appropriate, that are indicative of the diversity and

health of the state’s wildlife.

NAAT Guidance Chapter Pages
The Strategy indicates sources of Chapter 2.........coooiiiiiiiiinn, 14, 15, 16, 21-22
information (e.g., literature, data bases, Chapter4...............ccoeevieiinnin. 58-62

agencies, individuals) on wildlife Supporting Documentation......... 450-526
abundance and distribution consulted

during the planning process.

The Strategy includes information Chapter 2........cooviiiiiiiiinn, 8-16

about both abundance and distribution Chapter 3......cccooiviiiiinn, 25,52

for species in all major groups to the Chapter4.......c.cooviiiiviiiniiennn, 53-62, 65, 82-83
extent that data are available. There are  Chapter 5

plans for acquiring information about
species for which adequate abundance
and/or distribution information is
unavailable.

Apache Highlands Ecoregion.......
AZ-NM Mountains Ecoregion......

Chihuahuan Desert Ecoregion......
Colorado Plateau Ecoregion.........
So. Rocky Mountains Ecoregion...
So. Shortgrass Prairie Ecoregion...
Riparian Habitats.....................
Ephemeral and Tank Habitats.......

Canadian Watershed..................
Gila Watershed.............c.ccvn...

Mimbres Watershed..................
Pecos Watershed......................

Rio Grande Watershed...............

San Juan Watershed..................
Tularosa Watershed..................
Zuni Watershed..........c.ooveinine
Additional SGCN.....................
Chapter6........ccoovviiiiiiiinn.

Appendices

Appendix C....ooeviiiiii i
Appendix H.......oooiiiiiii
AppendiX O..oovvvvvve i
Appendix P....o.ooiviiii
AppendiX Q..oovvvvvie i

93-97, 100-101, 108-110

113-116, 123-124, 132-134,
144-145

149-152, 155-156, 161-162

165-167, 171

174-177, 180, 191-194

199-201, 205-206, 214-215

220-223, 237-240

248-253, 258-259, 262-263,
266-267

269-273, 274, 277, 281-282,
285

287-291, 292-293, 296, 299-
300, 303-304

306-309, 310-311, 313, 316

319-322, 324, 327-328, 331,
334-335, 339

341-344, 346-347, 349-350,
352-353, 356, 359-360

362-365, 366, 369, 373

376-379, 381, 385

388-391, 392-393

396-400, 402-403, 405-416

419-425, 433-443

537-548
574-585
624-625
626-627
628-632
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Element 1 Cont.

NAAT Guidance Chapter Pages
The Strategy identifies low and Chapter 2........cooovviiiiiiiinen, 8-16
declining populations to the extentdata Chapter 3.............cccoveiiiinnn. 25,52
are available. Chapter4.......c.cooviiiiiiiiiiiinnn, 53-62, 65, 82-83
Chapter 5
Apache Highlands Ecoregion....... 93-97
AZ-NM Mountains Ecoregion...... 113-116
Chihuahuan Desert Ecoregion...... 149-152
Colorado Plateau Ecoregion......... 165-167

So. Rocky Mountains Ecoregion... 174-177
So. Shortgrass Prairie Ecoregion... 199-201

Riparian Habitats..................... 220-223
Ephemeral and Tank Habitats....... 248-253
Canadian Watershed.................. 269-273
Gila Watershed........................ 287-291
Mimbres Watershed.................. 306-309
Pecos Watershed...................... 319-322
Rio Grande Watershed............... 341-344
San Juan Watershed.................. 362-365
Tularosa Watershed.................. 376-379
Zuni Watershed...................... 388-391
Additional SGCN..................... 396-397, 399, 402, 405, 407,
409, 411,412, 415
Chapter6..........covvevvvvienine, 419-425, 433-443
Appendices
Appendix C....ovvviiiiii, 537-548
Appendix H.....oooooiiviiiiiin, 574-585
All major groups of wildlife have been  Chapter 2............ccoooviiiiinns. 8-13
considered or an explanation is Chapter4........coooiiiiiiiiinn . 53-58
provided as to why they were not. Chapter 5
Apache Highlands Ecoregion....... 95
AZ-NM Mountains Ecoregion...... 113
Chihuahuan Desert Ecoregion...... 149
Colorado Plateau Ecoregion......... 165

So. Rocky Mountains Ecoregion... 174
So. Shortgrass Prairie Ecoregion... 199

Riparian Habitats..................... 220
Ephemeral and Tank Habitats....... 248
Canadian Watershed.................. 269
GilaWatershed.............c..cvn... 289
Mimbres Watershed.................. 306
Pecos Watershed...................... 319
Rio Grande Watershed............... 343
San Juan Watershed.................. 364
Tularosa Watershed.................. 376
Zuni Watershed............ccovenenen. 390
Additional SGCN.............cc....... 396
Appendices

Appendix C....ovvviiiiiie, 537-548
Appendix H......ooooviiiiiiiiinn, 574-585

The Strategy describes the process used Chapter 2...........ccooiiiiiiienens. 8-13

to select the species in greatest need of

conservation.
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Roadmap to the Elements

Element 2: Descriptions of location and relative condition of key habitats and community types

essential to conservation of species identified (SGCN) in Element 1.

NAAT Guidance Chapter Pages
The Strategy provides a reasonable Chapter 2.........ooviiiiiinn, 11-12, 16
explanation for the level of detail
provided; if insufficient, the Strategy Chapterd..........c.oooviviiiiinn, 81-84
identifies the types of future actions Chapter5......cocoov v, 396, 415
that will be taken to obtain the Chapter6........cccovvvvvviienine, 425-428, 433-443
information. Appendices
AppendiX D.....ooooviiiiii, 549-568
AppendiX E......coooeeveiiiiiinnn, 569-571
Appendix F......oooiiiii 572
AppendiX G...oovevie i 573
AppendiXx Q...ovviie i 628-632
Key habitats and their relative Chapter3.........coooiiiiiiii . 31-51
conditions are described in enough Chapter 5

detail such that the State can determine
where (i.e., in which regions,
watersheds, or landscapes within the
State) and what conservation actions
need to take place.

Apache Highlands Ecoregion.......
AZ-NM Mountains Ecoregion......

Chihuahuan Desert Ecoregion......

Colorado Plateau Ecoregion.........

So. Rocky Mountains Ecoregion...
So. Shortgrass Prairie Ecoregion...
Riparian Habitats.....................

Ephemeral and Tank Habitats.......
Canadian Watershed..................

Gila Watershed............c.ceunen.e.

Mimbres Watershed..................
Pecos Watershed............oceevvnen.

Rio Grande Watershed...............
San Juan Watershed..................

Tularosa Watershed..................

Zuni Watershed.............coeeenee

Additional SGCN.............c.......

Appendices
AppendiXD...ooovevve i
AppendiX E.....oooevviviiiiiiiin

Appendix Fo..ooooiiiiiii

AppendiX G....oooeiiii
AppendiX Q....ccvviiiiiiieian

94, 97-98, 102-104

114, 117-118, 126-127, 138-
139

150, 152, 158-159

166-168

174-175, 177, 182-183, 186

200, 202, 208-209

221, 223-226

249, 254-255, 261, 265

270, 273, 276, 279, 283

288, 291, 294-295, 298, 301-
302

307, 309, 312, 315

320, 322-323, 326, 329, 333,
337

342, 345, 348, 351, 355, 358

363, 365, 368, 371

377, 379, 383

389, 391

396-397, 399, 402, 405, 407,
409, 411, 412, 415

549-568
569-571
572
573
628-632
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Element 3: Descriptions of problems which may adversely affect species identified in Element
1 or their habitats, and priority research and survey efforts needed to identify factors which may
assist in restoration and improved conservation of these species and habitats.

NAAT Guidance Chapter Pages
The Strategy indicates sources of Chapter 2........coooviiiiiiiiin . 17-18

information (e.g., literature, databases, Chapter4.............ccovviiveiinen, 63-80

agencies, or individuals) used to Chapter 5

determine the problems or threats. Apache Highlands Ecoregion....... 98-99, 104-108

AZ-NM Mountains Ecoregion......
Chihuahuan Desert Ecoregion......
Colorado Plateau Ecoregion.........
So. Rocky Mountains Ecoregion...
So. Shortgrass Prairie Ecoregion...
Riparian Habitats.....................
Ephemeral and Tank Habitats.......
Canadian Watershed..................
Gila Watershed........................
Mimbres Watershed..................
Pecos Watershed......................

Rio Grande Watershed...............
San Juan Watershed..................
Tularosa Watershed..................
Zuni Watershed............ccoeennen.
Additional SGCN.............cc.......

Supporting Documentation.........

Appendices
Appendix | ..o
AppendixX J.....ooooiiii
Appendix K...ooovviii i
AppendixX L.....oooooveviiiiiininnn,
The threats/problems are described in Chapter 2........ccoovvviviiiiiee .
sufficient detail to develop focused Chapterd..........coooiviiiiiinn,
conservation actions (for example, Chapter5......cocoov v,
“increased highway mortalities” or Apache Highlands Ecoregion.......
“acid mine drainage” rather than AZ-NM Mountains Ecoregion......
generic descriptions such as Chihuahuan Desert Ecoregion......
“development” or “poor water Colorado Plateau Ecoregion.........
quality”), So. Rocky Mountains Ecoregion...
So. Shortgrass Prairie Ecoregion...
and, Riparian Habitats.....................
Ephemeral and Tank Habitats.......
The Strategy considers Canadian Watershed..................
threats/problems, regardless of their Gila Watershed........................
origins (local, State, regional, national Mimbres Watershed..................

and international), where relevant to the ~ Pecos Watershed......................
State’s species and habitats.
Rio Grande Watershed...............

San Juan Watershed..................
Tularosa Watershed..................
Zuni Watershed............ccoeennen.

118-122, 127-130, 140-143

153-154, 159-161

168-170

178-179, 183, 187-190

202-204, 210-213

226-234

255-256, 261-262, 265

273, 276-277, 280, 284

291-292, 295,298, 302

309, 312, 315

323, 326, 330, 333-334, 337-
338

345, 348-349, 351-352, 355,
359

365, 368, 371-372

379-380, 384

392

397, 399-400, 402-403, 405,
407, 409, 411, 413, 415

450-526

586-614
615-616
617-618
619

17-18, 19-20

63-80

92

98-99, 104-108

118-122, 127-130, 140-143

153-154, 159-161

168-170

178-179, 183, 187-190

202-204, 210-213

226-234

255-256, 261-262, 265

273, 276-277, 280, 284

291-292, 295,298, 302

309, 312, 315

323, 326, 330, 333-334, 337-
338

345, 348-349, 351-352, 355,
359

365, 368, 371-372

379-380, 384

392
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Element 3 Cont.

NAAT Guidance Chapter Pages

Additional SGCN..................... 397, 399-400, 402-403, 405,
407, 409, 411, 413, 415
Appendices

AppendiX | .....ooooviiiiiiiiin, 586-614
AppendiX J......oooiiiiiiii, 615-616
Appendix K......oooveviiiiiin, 617-618
AppendixX L.....oooveiviiiiininnn, 619

If available information is insufficient Chapterd..........coooiviiiiiinn, 82-84

to describe threats/problems, research Chapter 5

and survey efforts are identified to Apache Highlands Ecoregion....... 100-101, 108-110

obtain needed information. AZ-NM Mountains Ecoregion...... 123-124, 132-134, 144-145
Chihuahuan Desert Ecoregion...... 155-156, 161-162
Colorado Plateau Ecoregion......... 171

So. Rocky Mountains Ecoregion... 180, 184, 191-194
So. Shortgrass Prairie Ecoregion... 205-206, 214-215

Riparian Habitats..................... 237-240
Ephemeral and Tank Habitats....... 258-259, 262-263, 266-267
Canadian Watershed.................. 274,277, 281-282, 285
Gila Watershed...................... 292-293, 296, 299-300, 303-
304
Mimbres Watershed.................. 310-311, 313, 316
Pecos Watershed...................... 324, 327-328, 331, 334-335,
339
Rio Grande Watershed............... 346-347, 349-350, 352-353,
356, 359-360
San Juan Watershed.................. 366, 369, 373
Tularosa Watershed.................. 381, 385
Zuni Watershed...................o.e 392-393
Additional SGCN..................... 398, 400-401, 403, 406, 407-
408, 410, 411, 413-414, 416
Appendices
AppendiX M......c.oovviiii i, 620-621
AppendiX N....oooove i 622-623
AppendiX O....oovvvviviiiieenn, 624-625
AppendiX P.....oooviiiii 626-627
The priority research and survey needs, Chapter 2...........c.coooveiiiiininns. 17-18, 19-20
and resulting products, are described Chapter6........ccoovvviiiiiiinn. 433-443
sufficiently to allow for the Chapter 7......cccoooviiiiiiiiii . 444-449

development of research and survey
projects after the Strategy is approved.
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Element 4: Descriptions of conservation actions proposed to conserve the identified species and
habitats and priorities for implementing such activities.

NAAT Guidance

Chapter

Pages

The Strategy identifies how

conservation actions address identified

threats to species of greatest

conservation need and their habitats.

The Strategy describes conservation

actions sufficiently to guide
implementation of those actions

through the development and execution
of specific projects and programs,

and,

The Strategy describes conservation
actions (where relevant to the State’s
species and habitats) that could be

addressed by Federal agencies or
regional, national or international

partners and shared with other States.

The Strategy links conservation actions
to objectives and indicators that will
facilitate monitoring and performance
measurement of those conservation

actions (outlined in Element 5).

Chapter 2.........covviiiiiiiinn,
Chapterd..........ccocooiiiiiiinnnn,
Chapter5.....cccovovviiiiiine,

Chapter 2.........ccoviiiiviiiiiiennn,
Chapter4.......c.cooviiiiiiiiiiiiinnn,
Chapter5......coooiiiiiiiii .
Apache Highlands Ecoregion.......
AZ-NM Mountains Ecoregion......
Chihuahuan Desert Ecoregion......
Colorado Plateau Ecoregion.........
So. Rocky Mountains Ecoregion...
So. Shortgrass Prairie Ecoregion...
Riparian Habitats.....................
Ephemeral and Tank Habitats.......
Canadian Watershed..................

GilaWatershed............ccovevnen.e
Mimbres Watershed..................
Pecos Watershed.............c........

Rio Grande Watershed...............

San Juan Watershed..................
Tularosa Watershed..................
Zuni Watershed............ccovenennn.
Additional SGCN.....................

Chapter 6........ccoovviiiiiiiinen.
Chapter 7......cccoooiiiiiiiiiin,

Chapter 2..........oviiiiiiiinn,
Chapter6..........cooovvviienin,
Chapter 7........ccoviiiiiiee .

19-20
63
92

19-20

63, 84-88

92

101-102, 111-112

125-126, 135-138,146-148

157-158, 201-202

172-173

181-182, 185, 196-198

207-208, 216-218

242-247

260-261, 264,267-268

275-276, 278-279, 282-283,
286

293-294, 297, 300-301, 305

311-312, 314, 317-318

325-326, 328-329, 332-333,
336, 340

347-348, 350-351, 354, 357-
358, 361

367, 370-371, 374-375

382-383, 386-387

394-395

398-399, 401, 404, 406-407,
408-409, 410, 412, 414-415,
416

433-443

447-449

19-20
433-443
444-449
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Element 4 Cont.
NAAT Guidance

Chapter

Pages

If available information is insufficient
to describe needed conservation
actions, the Strategy identifies research
or survey needs for obtaining
information to develop specific
conservation actions.

The Strategy identifies the relative
priority of conservation actions.

Chapter 4
Chapter 5
Apache Highlands Ecoregion.......
AZ-NM Mountains Ecoregion......

Chapter 4
Chapter 5
Apache Highlands Ecoregion.......
AZ-NM Mountains Ecoregion......
Chihuahuan Desert Ecoregion......
Colorado Plateau Ecoregion.........
So. Rocky Mountains Ecoregion...
So. Shortgrass Prairie Ecoregion...

Chihuahuan Desert Ecoregion......

Colorado Plateau Ecoregion.........

So. Rocky Mountains Ecoregion...
So. Shortgrass Prairie Ecoregion...
Riparian Habitats.....................

Ephemeral and Tank Habitats.......
Canadian Watershed..................

Gila Watershed............ccovunen.n.

Mimbres Watershed..................
Pecos Watershed............cceevvnen.

Rio Grande Watershed...............

San Juan Watershed..................

Tularosa Watershed..................

Zuni Watershed............ccoeunenen.

Additional SGCN.............cc.......

Appendices
AppendiXx M.......cooooiiiiin .
AppendiXx N,
AppendiX O....cooeviiiiiiieeenen,
Appendix P......ooooiiiiii

Riparian Habitats.....................

Ephemeral and Tank Habitats.......
Canadian Watershed..................

Gila Watershed............ccceunen.n.
Mimbres Watershed..................
Pecos Watershed......................

Rio Grande Watershed...............
San Juan Watershed..................

Tularosa Watershed..................
Zuni Watershed.............cooeenee

Additional SGCN.....................

82-84

100-101, 108-110

123-124, 132-134, 144-145

155-156, 161-162

171

180, 184, 191-194

205-206, 214-215

237-240

258-259, 262-263, 266-267

274,277, 281-282, 285

292-293, 296, 299-300, 303-
304

310-311, 313, 316

324, 327-328, 331, 334-335,
339

346-347, 349-350, 352-353,
356, 359-360

366, 369, 373

381, 385

392-393

398, 400-401, 403, 406, 407-
408, 410, 411, 413-414, 416

620-621
622-623
624-625
626-627

84-88

101-102, 111-112

125-126, 135-138,146-148

157-158, 201-202

172-173

181-182, 185, 196-198

207-208, 216-218

242-247

260-261, 264,267-268

275-276, 278-279, 282-283,
286

293-294, 297, 300-301, 305

311-312, 314, 317-318

325-326, 328-329, 332-333,
336, 340

347-348, 350-351, 354, 357-
358, 361

367, 370-371, 374-375

382-383, 386-387

394-395

398-399, 401, 404, 406-407,
408-409, 410, 412, 414-415,
416
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Element 5: Proposed plans for monitoring species identified in Element 1 and their habitats for
monitoring the effectiveness of the conservation actions proposed in Element 4, and for adapting
these conservation actions to respond appropriately to new information or changing conditions.

NAAT Guidance

Chapter

Pages

The Strategy describes plans for
monitoring species identified in
Element #1, and their habitats.

The Strategy describes how the
outcomes of the conservation actions
will be monitored.

If monitoring is not identified for a
species or species group, the Strategy
explains why it is not appropriate,
necessary or possible.

Monitoring is to be accomplished at
one of several levels including
individual species, guilds, or natural
communities.

The monitoring utilizes or builds on
existing monitoring and survey systems
or explains how information will be
obtained to determine the effectiveness
of conservation actions.

The monitoring considers the
appropriate geographic scale to
evaluate the status of species or species
groups and the effectiveness of
conservation actions.

The Strategy is adaptive in that it
allows for evaluating conservation
actions and implementing new actions
accordingly.

Chapter 6
Chapter 7

Chapter 6
Chapter 7

Chapter 6

Chapter 6
Chapter 7

Chapter 4
Chapter 5
Apache Highlands Ecoregion.......
AZ-NM Mountains Ecoregion......
Chihuahuan Desert Ecoregion......
Colorado Plateau Ecoregion.........
So. Rocky Mountains Ecoregion...
So. Shortgrass Prairie Ecoregion...

Chapter 6

Chapter 6
Chapter 7

Chapter 6
Chapter 7

Riparian Habitats.....................

Ephemeral and Tank Habitats.......
Canadian Watershed..................
Gila Watershed........................

Mimbres Watershed..................
Pecos Watershed......................

Rio Grande Watershed...............

San Juan Watershed..................

Tularosa Watershed..................

Zuni Watershed..........c.oovinine

Additional SGCN.....................

417-443
448-449

433-443
448-449

417-443

417-443
448-449

100-101, 108-110

123-124, 132-134, 144-145

155-156, 161-162

171

180, 184, 191-194

205-206, 214-215

237-240

258-259, 262-263, 266-267

274,277, 281-282, 285

292-293, 296, 299-300, 303-
304

310-311, 313, 316

324, 327-328, 331, 334-335,
339

346-347, 349-350, 352-353,
356, 359-360

366, 369, 373

381, 385

392-393

398, 400-401, 403, 406, 407-
408, 410, 411, 413-414, 416

417-443

417-443
448-449

433-443
448-449

x|
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Roadmap to the Elements

Element 6: Descriptions of procedures to review the Strategy at intervals, not to exceed ten

years.

NAAT Guidance

Chapter Pages

The State describes the process that
will be used to review the Strategy
within the next ten years.

Chapter 7.......coooviiii v, 444-449

Element 7: Plans for coordinating the development, implementation, review, and revision of the
Strategy with Federal, state, and local agencies and Tribes that manage significant land and water
habitats or administer programs that significantly affect the conservation of identified species

and habitats.

NAAT Guidance Chapter Pages
The State describes the extent of its Chapter 2., 22-24

coordination with and efforts to involve ~ Appendices

Federal, State and local agencies, and AppendiX R......oooiiiiii i 633-635

Indian Tribes in the development of its

Strategy.

The State describes its continued Chapter 7........ccoviiiiiiien, 446-447
coordination with these agencies and Appendices

tribes in the implementation, review AppendiX R......ooooiiiiiii 633-635

and revision of its Strategy.

Element 8: Provisions to ensure public participation in the development, revision, and
implementation of strategies, projects and programs. Congress has affirmed that broad public
participation is an essential element of this process.

NAAT Guidance Chapter Pages
The State describes the extent of its Chapter 2........coooviiiiiiiiin . 22-24

efforts to involve the public in the Appendices

development of its Strategy. AppendiXR.......oooiiiii 633-635

The State describes its continued public Chapter 7.............ccoei i, 446-447
involvement in the implementation and ~ Appendices

revision of its Strategy. AppendiX R.........ccoeeviiiin, 633-635
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Chapter 1 Introduction and Purpose

Chapter 1
INTRODUCTION AND PURPOSE

Planning and actions to recover species that have become endangered are controversial and
expensive. Annual spending on listed species in the United States has increased more than six
fold over the past 10 years, to a level of over $600 million a year. Nationally, in 2004, there
were 1,260 species listed as threatened and endangered, 31 species proposed for listing, and 256
more considered to be candidate species (http://www.teaming.com). Approximately 10% of
New Mexico’s fish and wildlife are listed as State Endangered or Threatened and many others
have declined significantly (see Statewide Assessment and Strategies). In 2001, through the
efforts of the 3000 member groups of the Teaming With Wildlife Coalition, the US Congress
passed legislation now known as the State and Tribal Wildlife Grants Program and created the
nation’s core initiative for conserving our country’s biodiversity and thereby precluding the
necessity of listing more species as threatened and endangered. The Program promotes proactive
and collaborative conservation action before wildlife reaches that serious and controversial
status. Since 2001 Congress has allocated about $400 million
to the states for this purpose, apportioned on the basis of their

respective land areas and human populations. New Mexico’s The CWCS is a blueprint for
share has averaged about $1 million per year. In order to conservation, through which
S T : : federal, tribal, state, and local
maintain eligibility for this funding, each state must develop .
. . ) . governments and private
and submit a Comprehensive Wildlife Conservation Strategy i ear cen e
(CWCS) no later than October 1, 2005. conservation efforts and reduce

expenses associated with the
processes of listing and

The New Mexico Department of Game and Fish (NMDGF) is recovering endangered species.
mandated to protect and provide an adequate supply of game,

fish, and furbearers and to carry out the provisions of the

Wildlife Conservation Act pertaining to indigenous species of wildlife suspected or found to be
threatened or endangered (Chapter 17 NMSA, 1978). We expect this CWCS to make our
wildlife conservation efforts in this regard more strategic, holistic, and pro-active. The funding
enabled by this document will allow the Department to broaden its attention beyond single
species that are hunted, fished, trapped or endangered to include those that are of interest simply
because they are necessary elements of the biodiversity that supports all New Mexico wildlife.
We think this CWCS presents a sensible, collaborative approach that can function as a
conservation blueprint through which interested federal, tribal, state, and local governments, and
private entities might coordinate their conservation efforts and reduce the potential of incurring
the conflicts and expenses associated with the processes of listing and recovering endangered
species. The direct economic value of wildlife-associated recreation in New Mexico has been
estimated at $1 billion annually, about $558 million of which is contributed by appreciative
users. We think the CWCS will contribute significantly to the economy and quality of life in
New Mexico by helping to sustain or improve opportunities for hunting, fishing, trapping, and
appreciative, scientific, and educational uses of wildlife. We anticipate the CWCS will assist in
averting the necessity of engaging in the costly and controversial recovery process for additional
endangered species.
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Congressional Mandate and Guidance

CONGRESSIONAL MANDATE AND GUIDANCE

Federal legislation requires that the CWCS focus upon the Species in Greatest Need of
Conservation (SGCN), yet address the full array of wildlife and wildlife-related issues. The
CWCS must provide and make use of:

1.

Information on the distribution and abundance of species of wildlife, including low and
declining populations as the State fish and wildlife agency deems appropriate, that are
indicative of the diversity and health of the State’s wildlife; and

Descriptions of locations and relative condition of key habitats and community types
essential to conservation of species identified in (1).

Descriptions of problems which may adversely affect species identified in (1) or their
habitats, and priority research and survey efforts needed to identify factors which may
assist in restoration and improved conservation of these species and habitats; and

Descriptions of conservation actions determined to be necessary to conserve the
identified species and habitats and priorities for implementing such actions; and

Proposed plans for monitoring species identified in (1) and their habitats, for monitoring
the effectiveness of the conservation actions proposed in (4), and for adapting these
conservation actions to respond appropriately to new information or changing conditions;
and

Descriptions of procedures to review the Strategy at intervals not to exceed ten years; and

Plans for coordinating to the extent feasible, the development, implementation, review,
and revision of the CWCS with federal, state, and local agencies and Indian tribes that
manage significant land and water areas within the state or administer programs that
significantly affect the conservation of identified species and habitats.

Congress affirmed through the Wildlife Conservation and Restoration Program and State
and Tribal Wildlife Grants Program that broad public participation is an essential element
of developing and implementing these CWCS, the projects that are carried out while
these CWCS are developed, and the Species in Greatest Need of Conservation that
Congress has indicated such programs and projects are intended to emphasize.

The CWCS for New Mexico focuses upon Species in Greatest Need of Conservation
yet addresses the full array of wildlife and wildlife-related issues.

New Mexico



Chapter 1 Introduction and Purpose

The International Association of Fish and Wildlife Agencies (IAFWA) views development of the
CWCS as an opportunity for state wildlife agencies to provide effective and visionary leadership
in wildlife conservation and has suggested several guiding principles in this regard. The IAFWA
encourages broad participation at multiple staff levels within each agency and public-private
partnerships and shared responsibility in developing and
implementing the CWCS. It recommends early and frequent

Broad agency and public

participation, coordination, communication, making the process and rationale for decisions
and partnerships with shared obvious to those who read and use the CWCS, and that we make
responsibility in developing it highly readable through the inclusion of glossaries of technical
and implementing the CWCS | torms. The IAFWA suggests we set measurable outcomes,

are fundamental for effective

R T achievable strategies, and address statewide issues across

jurisdictions and interests, and coordinate with other states and
countries. They suggest we use existing information and
integrate elements from other plans and initiatives, identify information gaps, and not let lack of
information inhibit decision making. IAFWA suggests we make the CWCS spatially explicit
with a full complement of GIS and other maps, figures, and graphics and that we develop an
updateable information system to monitor implementation and the status and trends of wildlife
and habitat. Finally, the IAFWA suggests we make the CWCS a blueprint for action — a driving
force in guiding diverse wildlife and habitat initiatives and land use decision-making by
government, corporate, and private entities. NMDGF has attempted to adhere to these guiding
principles in leading the development of the CWCS for New Mexico.
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Organization and Format

ORGANIZATION AND FORMAT

New Mexico’s CWCS is organized into seven chapters. Chapter 2 presents our approach to
identifying species of greatest conservation need (SGCN), their abundance and distribution, key
habitats, and the problems affecting both. We also summarize therein the opportunities for
involvement we provided to local, state, and federal government agencies, tribes, non-
government organizations (NGOs), and interested individuals as well as some of the issues they
brought to our attention. In Chapter 3 we present information about New Mexico’s floral and
faunal biodiversity, climate, geology, population and economy, and land stewardship. Chapter 3
also presents information about New Mexico’s ecoregions and key habitats as well as the status
of its wildlife species. Chapter 4, Statewide Assessment and Strategies, identifies our SGCN and
provides information about their abundance and distribution throughout New Mexico. In this
chapter we summarize, on a statewide scale, problems affecting species or their habitats and
identify the most important information gaps,

research, _survey,' and monitoring needs, Chapter 4 provides a synthesis of conservation
conservation actions, and the key areas for priorities on a statewide scale, and suggests
focusing conservation efforts. key areas for focusing conservation efforts.

Chapter 5, entitled Assessments and Strategies for SGCN and Key Habitats, is perhaps the heart
of the CWCS. This chapter is organized by ecological frameworks; ecoregions for terrestrial
habitats, watersheds for aquatic habitats, and statewide considerations for riparian and ephemeral
aquatic habitats. Here we discuss the condition of key habitats, identify associated SGCN, and
identify problems affecting both. But, there is much we don’t know about New Mexico’s
SGCN, their key habitats, and the scope, scale, and effects of problems affecting them.
Therefore in this chapter we’ve also identified information gaps and the research, survey, and
monitoring work needed to fill them. Finally, we conclude each consideration of key habitats
and associated SGCN by identifying desired future outcomes and prescribing prioritized
conservation actions necessary to attain them. Also included in Chapter 5 is a discussion of
SGCN that are not associated with key habitats, including arthropod SGCN other than
crustaceans. Here we identify information gaps that limit our ability to associate these species
with key habitats and summarize what we know about their distribution and abundance, habitat
associations, limiting factors, and conservation actions. In Chapter 6 we summarize ongoing
status and trends monitoring efforts for New Mexico’s wildlife and habitats, note the importance
of collaborative monitoring efforts, and present a synopsis of current monitoring needs.

Chapter 7, entitled Implementation, Review, and
Revision, describes how we will next develop a wildlife
action plan comprised of near-term priorities and employ

Chapter 5 is the heart of the CWCS,
and contains:

e Condition of key habitats, an operational planning process to guide and effect its

e SGCN, _ _ implementation. In this chapter we discuss how the

. Ergl?tletms affecting species and operational planning process will include appropriate
apltats,

coordination with local, state, and federal government

* Information gaps, agencies and tribes and afford these entities, NGOs, and

e Research, survey, and monitoring

needs, interested publics opportunities to influence and
e Desired future conditions, and participate in project design and implementation. We
e Prioritized conservation actions. also describe our planned CWCS review and revision
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Chapter 1 Introduction and Purpose

process, associated agency coordination and public involvement, and how we will integrate
monitoring and adaptive management to measure progress toward stated biological outcomes,
become aware of and adapt to new information or changing conditions, and to inform necessary
revisions to conservation actions shown to be ineffective.

We hope our readers will find this document informative and useful in becoming aware of New
Mexico’s biodiversity, the problems affecting wildlife and its habitats, and in identifying
appropriate conservation actions. Sources of information consulted in the development of the
CWCS appear in the Supporting Documentation. A glossary of terms (Appendix A), complete
lists of SGCN and their attributes, lists of habitats in New Mexico, and other supporting
information are provided in the appendices. Defined below are the acronyms and abbreviations
that are employed throughout the CWCS:

ACOE Army Corps of Engineers

BISON-M  Biota Information System of New Mexico
BLM United States Bureau of Land Management
BOR United States Bureau of Reclamation

CASE Center for Applied Spatial Ecology

CDOW Colorado Division of Wildlife

CRP Conservation Reserve Program

CWCS Comprehensive Wildlife Conservation Strategy
EPA United States Environmental Protection Agency
HUCs Hydrological Unit Codes

ISC Interstate Stream Commission (New Mexico)
NAS National Academy of Science

NGO Non-Governmental Organization

NM New Mexico

NMCFWRU New Mexico Cooperative Fish and Wildlife Research Unit
NMDGF New Mexico Department of Game and Fish

NMSU New Mexico State University

NRC National Research Council

OSE Office of the State Engineer (New Mexico)

SGCN Species of Greatest Conservation Need

SWReGAP Southwestern Regional Gap Analysis Project

TNC The Nature Conservancy

UNM University of New Mexico

USFS United States Forest Service

USFWS United States Fish and Wildlife Service

USGS United States Geological Survey

Abbreviations
ac = acre yd = yard m? = cubic meter
mi = mile yd® = cubic yard in = inch
ha = hectare m = meter km = kilometer
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Organizational Structure

Chapter 2
APPROACH

This chapter addresses the methodology and rationale employed in identifying species indicative
of the diversity and health of New Mexico’s wildlife (Element 1) and in designating species of
greatest conservation need (SGCN) subset. It addresses the approach employed in developing
information about the distribution and abundance of SGCN (Element 1), designating and
locating key habitats (Element 2), describing problems affecting species or their habitats
(Element 3), and in developing conservation actions (Element 4). In addition, it presents a
summary of the opportunities for broad agency and public involvement provided to date
(Elements 7 and 8).

ORGANIZATIONAL STRUCTURE

In August 2003, the Director of the New Mexico Department of Game and Fish (NMDGF)
designated the Comprehensive Wildlife Conservation Strategy (CWCS) core planning team
comprised of the NMDGF’s deputy and assistant directors, division chiefs, planner, and area
operations chiefs. The core planning team assigned NMDGF taxa experts and technical teams to
assist in CWCS development activities. The core planning team and the technical teams also
sought expertise in this regard from outside the Department. In June 2004, NMDGF engaged the
Center for Applied Spatial Ecology (CASE) with the New Mexico Cooperative Fish and Wildlife
Research Unit (NMCFWRU) at New Mexico State University to assist in data acquisition,
information management, and compilation (Table 2-1). With comments and contributions from
many other agency, tribal and private cooperators that participated in CWCS partnering and
public involvement events, this document represents considerable efforts and contributions of
more than 210 individuals.

Table 2-1. Members of New Mexico Department of Game and Fish, New Mexico Cooperative
Fish and Wildlife Research Unit, University of New Mexico, and New Mexico State Parks that
served on the Core Planning Team or Technical Teams.

Person Position Task

Lief Ahlm Assistant Chief, NE Area Operations Core Planning Team,
Contributing Author

Ken Boykin Project Leader, SWReGAP, NMCFWRU SWReGAP Coordinator,
Contributing Author,
Geographic Information Systems

Sandra Brantly Museum of Southwestern Biology, UNM Arthropod Technical Team

Stephanie Carman  Aquatic Species Recovery Coordinator, CSD Contributing Author

Steve Cary N.M. State Parks Nat. Res. Planner Arthropod Technical Team

Terry Enk Mammologist, Conservation Services Division Mammal Technical Team

Lisa Evans Federal Aid Coordinator, NMDGF Core Planning Team - Past Member

Randy Floyd Aguatic Habitat Specialist, Cons. Services Divisiom  Contributing Author

Marty Frentzel Chief, Public Information & Outreach, NMDGF Core Planning Team,

Eric Frey Fisheries Specialist, NE Area Operations Fish Technical Team,
Contributing Author
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Chapter 2 Approach

Table 2-1 Cont.
Person

Position

Task

Brian Gleadle

Bill Graves

Mark Gruber
Richard Hansen

Roy Hayes

Bill Hays
Jerry Jacobi
Lisa Kirkpatrick

R. J. Kirkpatrick
Brian Lang

David Lightfoot
Veronica Lopez

Pat Mathis
Julie Mclintyre
Tim Mitchusson
Charlie Painter
Yvette Paroz
Leland Pierce
Dave Propst

Luis Rios

Luke Shelby
Mike Sloan

Tod Stevenson
Jim Stuart

Robin Tierney
Janell Ward

Mark Watson

Darrel Weybright
Sandy Williams
Kendal Young

Assistant Chief , NW Area Operations

Planner, NMDGF

Editor, Public Information and Outreach
Assist. Chief - Warm Water, FMD

Chief, SE Area Operations

NE Area Operations Chief
Dragonfly Expert, NM Highlands Univ., Ret.
Chief, Conservation Services Division

Chief, Wildlife Management Division
Invertebrates, Conservation Services Division

Museum of Southwestern Biology, UNM
Research Specialist, CASE, NMCFWRU

Game Manager / Habitat Specialist

Museum of Southwestern Biology, UNM
Migratory Birds, Wildlife Management Division
Reptiles, Amphibians, Cons. Services Division
Endangered Fish, Conservation Services Division
BISON-M, GIS, Conservation Services Division
Endangered Fish, Conservation Services Division

Chief, SW Area Operations

Assistant Director
Chief, Fisheries Management Division

Deputy Director
Species Recovery Planner, Cons. Services Div.

LOSS Supervisor, Wildlife Management Division
Assistant Chief, Wildlife Habitat, CSD

Habitat Specialist, Conservation Services Division

Big Game Grant, Wildlife Management Division
Endangered Non-Game Birds, CSD
Project Leader, CASE, NMCFWRU

Core Planning Team,

Arthropod Technical Team,
Contributing Author

Core Planning Team,

CWCS Coordinator,
Contributing Author,
Contributing Editor
Contributing Editor

Fish Technical Team,
Contributing Author

Core Planning Team,

Bird Technical Team

Core Planning Team - Past Member
Arthropod Technical Team

Core Planning Team,

Amphibian /Reptile Tech. Team,
Molluscs / Crustacean Tech. Team,
Contributing Editor

Core Planning Team

Molluscs / Crustacean Tech. Team,
Contributing Author

Arthropod Technical Team
Geographic Information Systems,
Contributing Author

Bird Technical Team

Arthropod Technical Team

Bird Technical Team

Amphibian /Reptile Tech. Team,
Contributing Author

Geographic Information Systems
Fish Technical Team,
Contributing Author

Core Planning Team,

Mammal Technical Team

Core Planning Team

Core Planning Team,

Fish Technical Team

Core Planning Team

Mammal Technical Team,
Amphibian /Reptile Tech. Team
Contributing Author - Past Member
Contributing Author

Bird Technical Team,

Mammal Technical Team,
Contributing Author

Mammal Technical Team

Bird Technical Team

CWCS Coordinator,
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IDENTIFICATION OF SPECIES OF GREATEST CONSERVATION NEED

Congressional guidelines require that each state’s Comprehensive Wildlife Conservation
Strategy identify and focus upon species the state finds to be of greatest conservation need
(SGCN). For vertebrate, mollusc, and crustacean SGCN we began by identifying species
indicative of the diversity and health of the state’s wildlife, including low and declining
populations as seem appropriate and species of high
recreational, economic, or charismatic value. We
subsequently designated indicative species found to be

New Mexico’s SGCN are species
that are indicative of the diversity

associated with key habitats as SGCN. Little is known and health of the state’s wildlife that
about the arthropods of New Mexico other than are associated with key habitats,
crustaceans. However, through consultation with a variety including low and declining

of sources, we also identified a number of SGCN of the populations, and species of high

recreational, economic, or

Insecta, Arachnida, Chilopoda, Diplopoda, and Entognatha charismatic value.

classes. The following is an account of these processes.

Indicative Vertebrate, Mollusc, and Crustacean Species

The Biota Information System of New Mexico (BISON-M, http://fwie.fw.vt.edu/states/nm.htm,
NMDGF 2005a) database contains accounts of species in New Mexico, Arizona, Colorado, Utah,
Texas, Oklahoma, and the bordering states of Mexico. The New Mexico Department of Game
and Fish and the Fish and Wildlife Information Exchange developed the BISON-M database,
with contributions from the US Bureau of Land Management, US Fish and Wildlife Service, US
Forest Service, US Bureau of Reclamation, US Army Corps of Engineers, New Mexico Land
Office, and New Mexico Natural Heritage Program (University of New Mexico), and the
Conservation Management Institute. By applying three filters to the BISON-M database (Fig. 2-
1), the NMDGF identified vertebrate, mollusc, and crustacean species that are indicative of the
diversity and health of New Mexico’s wildlife.

Species in New Mexico

The Bison-M database has biological information on greater than 1,400 species. Our first filter
was to exclude all species in the BISON-M database that do not occur in New Mexico, retaining
1,166 species for further consideration.

Criteria to Identify Indicative Species

New Mexico’s 1,166 species were sorted taxonomically and technical teams examined them for
characteristics that might prove useful as criteria for identifying indicative species. Teams
employed scientific literature, existing plans, and expert opinion to inform their considerations
and to identify potential indicative species. Their deliberations (Appendix B) resulted in a second
filter of standardized criteria (Table 2-2) that was used to select environmentally responsive
species as well as those that have high recreational, economic, or charismatic values. Species
received one point for each criterion met and those with total scores greater than or equal to 1
were retained. Approximately 676 species were excluded through this process, resulting in a set
of 490 mammals, birds, fish, reptiles, amphibians, molluscs, and crustaceans considered to be
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Potential Fauna in New Mexico Potential Landscape Habitats in New Mexico

v

BISON-M Database:
Fish, Birds, Mammals, Amphibians,

V.

Reptiles, Molluscs, and Crustaceans 89 SWReGAP Land Cover Types
~ 1431 species 23 Aquatic Habitat Types

S

Retain species that occur in New Mexico

Y

y

Establish criteria for identifying Species
Indicative of the diversity and health of the
state’s wildlife

v
Score criteria; retain species with scores > 1

490 species

................... =

Remove species considered:

1) Common,

2) Extinct,

3) Non-native,

4) Introduced for recreation, and

5) Natural history requirements
covered by other species

A 4

Determine Landscape Habitat
Association for Indicative Species

y
346 Indicative species

\ 4

.| Retain Species Associated with e . K
™| Key Habitats <—| Identification of Key Habitats |<—

A
290 Species of Greatest Conservation Need |

y

Add in other 8 Species of Conservation Concern
and 154 Arthropods other than Crustaceans

452 Species of Greatest Conservation Need

Figure 2-1. Approach employed to identify Species of Greatest Conservation Need in New
Mexico.
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indicative of New Mexico’s diverse life zones, habitats, and natural heritage (Fig 2-1). Among
these were state and federally listed species, candidate species of concern, game species with
high recreational value and documented population
declines, and other species of high conservation interest
because of endemism or vulnerability.

Species indicative of New Mexico’s
diverse life zones, habitats, and
natural heritage included 346 fish,
Remove Common Species birds, mammals, amphibians,
reptiles, molluscs, and crustaceans.

The list of species resulting from scoring criteria for
species that occur in New Mexico was then re-evaluated
by each taxonomic team and it was decided to remove species considered common, extinct, non-
native, and those that were introduced for recreation or whose natural history requirements were
covered by other species (Fig 2-1). A total of 144 species was removed using these criteria
(Table 2-3). The remaining 346 species are considered indicative of the diversity and health of
New Mexico’s wildlife (Appendix C).

Table 2-2. Criteria (one point per criterion) used to identify species indicative of New Mexico’s
diverse life zones, habitats, and natural heritage.

Criteria Definition

Declining Species that exhibits significant long-term declines in habitat and/or numbers,

and are subject to a high degree of threat, or may have unique habitat or
behavioral requirements that expose them to great risk.

Vulnerable Usually abundant, may or may not be declining, but some aspect of their life
history makes them especially vulnerable (e.g. migratory concentrations, or
rare/endemic habitat).

Endemic, Disjunctive, or Populations that are restricted to an ecoregion (or small geographic area

Keystone within an ecoregion, or depend entirely on a single area for survival. This
category includes populations that are geographically isolated from other
populations and species that contribute to ecosystem function in a unique and
significant manner through their activities.

Wide-Ranging Species that depend on vast areas, such as wolves, grizzly bears, pike
minnow, and migratory mammals, birds, bats, and insects.
Recreational, Economic, Species with recreational (hunted or fished), economic, or charismatic appeal.

or Charismatic

Table 2-3. Number of species considered extinct, exotic, common, or that were introduced for
recreation, or their natural history requirements covered by other species identified.

Removal Criteria Species Removed
Species considered extinct 1
Non-native species 4
Species introduced or stocked for recreation. Populations are widespread and 25
stable when natural reproduction occurs

Species is common with little to no threats 33
Species natural history requirements are covered by other species 81
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Indicative Species Landscape Habitat Associations

The Southwest Regional Gap Analysis Project (SWReGAP) modeled 125 land cover types
across New Mexico, Arizona, Colorado, Nevada, and Utah (SWReGAP; http://fws-
nmcfwru.nmsu.edu/swregap/), 89 of which occur in New Mexico (Appendix D). NMDGF also
recognized caves as an important habitat type in New Mexico and included this habitat type for
species associations.

In addition to land cover mapping, SWReGAP predicted habitat associations for 833 vertebrate
species that reside, breed, or use habitat for a substantial portion of the their life history in the
five state region (SWReGAP; http://fws-nmcfwru.nmsu.edu/swregap/). Species habitat
associations, identified by reviewing peer-reviewed and technical documents and consulting
species experts, were cross-walked to SWReGAP land cover classes. NMDGF species experts
reviewed and, where necessary, corrected resultant matrices of species habitat associations by the
89 New Mexico land cover types and caves. Habitat associations for indicative species (primary
subspecies level) that were not included in the 833 vertebrate species modeled by SWReGAP
were constructed in a similar manner by SWReGAP, NMDGF and CASE. Further, NMDGF
identified 23 aquatic habitats in New Mexico (Appendix E). Aquatic species habitat associations
were populated to these 23 aquatic habitat types. Additional information recorded for aquatic
species included the 4-digit hydrologic unit and elevation range to estimate geographic
distribution.

Identification of Key Habitats

In order to focus conservation actions on those habitats and communities most essential to
conserving New Mexico’s SGCN, we entered into a process of designating key habitats from
among the 113 habitat types identified in New Mexico (89 land cover types mapped by
SWReGAP, 23 aquatic habitats, and caves). We first aggregated several similar SWReGAP land
cover types. Sixteen riparian land cover types were grouped into a Riparian class (Appendix F).
Further, Rocky Mountain Montane Mesic and Dry-Mesic, Conifer Forest and Woodland were
grouped into one habitat. The Chihuahuan Piedmont Semi-Desert Grassland and the
Chihuahuan-Sonoran Desert Bottomland and Swale Grassland types were combined as
Chihuahuan Semi-Desert Grassland. The Madrean Pine-Oak and Conifer-Oak Forest and
Woodlands were also aggregated as one habitat type. For the aquatic habitats, several habitat
types were also aggregated (Appendix G). Ephemeral ponds, small reservoirs and tanks were
combined into one habitat type. Further, perennial spring/seeps and marsh/cienegas were
combined. After aggregations were completed, there were still 83 possible habitat types in New
Mexico. Those found by technical teams to have one or more of the following properties were
designated as key habitats:

e Important to the biodiversity of New Mexico,

e Important to endemics or obligate species of New Mexico,
e Captures a broad range of indicative species,

e Adds unique species to state fauna,

e Hosts a variety of scarce or threatened wildlife,

e Threatened by land uses/management practices,
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e Limited or has been significantly reduced in New Mexico,

e Habitat type is unique to New Mexico, Southwest, US, or worldwide,

e Key breeding or foraging habitat for species of concern,

e Hosts wide-ranging species that are not found in other habitats,

e Supports species with isolated or relict distributions in New Mexico,

e Habitat functions as a refuge or indicator of the quality of the system, and
e Functioning habitat; habitat has greater ecological value.

Ten key aquatic habitats and nine key terrestrial habitats were thus identified (Table 2-4). Key
aquatic habitats ranged from Perennial Large Reservoirs to Ephemeral Marsh/Cienegas and key
terrestrial habitats encompassed riparian, forest and woodland, shrubland, and grassland
communities.

Species of Greatest Conservation Need

Vertebrates, Molluscs, and Crustaceans Nineteen key landscape habitat
types were identified:

Of the 346 vertebrate, mollusc, and crustacean species e 9terrestrial, and

considered indicative of the diversity and health of New ¢ 10aquatic.

Mexico’s wildlife (Appendix C), technical teams found 290 to

be associated with key habitats and identified these as SGCN. There were an additional eight
indicative species of conservation concern that were not associated with key habitats (Table 5-
19). These species were included for a total of 298 vertebrate, mollusc, and crustacean SGCN
(Appendix H). These eight species are addressed under Additional Species of Greatest
Conservation Need, Chapter 5.

Table 2-4. Key aquatic and terrestrial habitats in New Mexico.

Aquatic Habitats Terrestrial Habitats

Perennial Large Reservoir Chihuahuan Semi-Desert Grassland

Perennial 1% and 2" Order Stream Intermountain Basins Big Sagebrush Shrubland

Perennial 3" and 4™ Order Stream Madrean Encinal

Perennial 5™ Order Stream Madrean Pine-Oak/Conifer-Oak Forest and Woodland
Perennial Tank Riparian

Perennial Marsh/Cienega/Spring/Seep Western Great Plains Sandhill Sagebrush Shrubland

Ephemeral 1 and 2" Order Stream Western Great Plains Shortgrass Prairie

Ephemeral Natural Catchments Rocky Mountain Alpine-Montane Wet Meadow

Ephemeral Man-Made Catchments Rocky Mountain Montane Mixed Conifer Forest and Woodland

Ephemeral Marsh/Cienega

Additional Arthropods

Arthropods of New Mexico other than crustaceans are relatively poorly known and the current
list of additional arthropod SGCN is biased toward those taxonomic groups for which we have
some information. An extensive inventory of New Mexico arthropods (terrestrial and aquatic
insects and other terrestrial arthropods) is needed before all New Mexico taxa can be addressed
with confidence. We are aware of approximately 50 undescribed arthropod species, most of
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which are narrow endemics that have been recently discovered in New Mexico as a result of
local biological inventory studies and collecting by taxonomic researchers. We anticipate future
discoveries of undescribed taxa, as well as new geographic distribution and ecological
information for many more described and undescribed species.

The technical team consulted a number of sources to inform its identification of arthropod
SGCN. Federal (US Fish and Wildlife Service) and state (NMDGF, New Mexico Natural
Heritage Program) agencies, USGS Northern Prairie Wildlife Research Center Online, and
NatureServe listings were searched for arthropod taxa of conservation concern. Federal and state
protection status and ratings also were obtained from those listings. Former federal threatened
and endangered candidate species listed prior to 1996 were searched for Candidate 2 Species that
were dropped from Federal listings in 1996 for lack of biological/ecological information
(February 28, 1996; 61 FR 7596). Taxa of limited geographic distributions, including local
endemic species, and taxa restricted to habitats that are threatened or potentially threatened by
human caused environmental disturbance, were obtained from experts for various arthropod
taxonomic groups, scientific literature, and the New Mexico Natural Heritage Program database.
Lists of arthropods harvested for commercial trade were obtained from regional online
commercial insect vendors. We subsequently designated 154 additional arthropods of the classes
Insecta, Arachnida, Chilopoda, Diplopoda, and Entognatha as SGCN (Appendix H) on the basis
that they meet one or more of the following criteria:

e Present and/or historical species (Federal Candidate 2 Species) listed by Federal and State
natural resource agencies as species of conservation concern (endangered, threatened,
sensitive, or species of concern), or

e Species known to be represented by few geographically and environmentally restricted,
isolated, and/or declining populations, including rare species that are known to be
harvested for commercial trade purposes, and/or

e Species restricted to habitats that are threatened or potentially threatened in the
foreseeable future by human caused environmental disturbance, and/or

e Species of significant natural heritage value to New Mexico.

New Mexico’s Species of Greatest Conservation Need (SGCN) consist of
298 fish, birds, mammals, amphibians, reptiles, molluscs, and crustaceans,
and 154 arthropods (other than crustaceans), for a total of 452 SGCN.
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SGCN ABUNDANCE AND DISTRIBUTION

In New Mexico, there is little quantified data estimating wildlife populations. Indeed, some
species were selected as SGCN because of unknown population status. Describing the current
distribution of species presents similar challenges, as species have not been inventoried across
the entire state. We therefore relied on information provided by other groups and organizations
for estimating the abundance and distribution of New Mexico’s SGCN.

SGCN Abundance

We used the NatureServe (http://www.natureserve.org) State (S) and National (N) conservation
status codes as an estimator of abundance for SGCN. Global (G) conservation status codes were
not used because the global status for a large percent of the SGCN was unknown. NatureServe
provides information about the conservation status, taxonomy, distribution, life history, and
habitat requirements of species. This database has been developed over the past 30 years, and
includes information from NatureServe, its natural heritage member programs, and a large
number of collaborators in government agencies, universities, natural history museums, botanical
gardens, and other conservation organizations. The standardized methods for gathering,
managing, and analyzing biological and ecological data employed by NatureServe allow
conservation status codes to be compared among organisms and across political boundaries.
Conservation status assessments are based on the best available information and consider a
variety of factors such as abundance, distribution, population trends, and threats. Status
assessments should reflect current conditions and understanding. NatureServe and its member
programs strive to update these assessments with new information from field surveys,
monitoring activities, consultation, and scientific publications at least once a year and status
assessments are based on a combination of quantitative and qualitative information
(http://www.natureserve.org). Species conservation status codes are designated based on:

e Total number and condition of occurrences (e.g., populations);
e Population size;

e Range extent and area of occupancy;

e Short and long-term trends in the above factors;

e Scope, severity, and immediacy of threats;

e Number of protected and managed occurrences; NatureServe conservation
e Intrinsic vulnerability; and status codes for New Mexico
. A SGCN were adjusted by
e Environmental specificity. NMDGE based on their
professional knowledge and
NatureServe conservation status ranks are assigned a AU

numeric scale from one to five, ranging from critically

imperiled (1) to demonstrably secure (5) (Table 2-5).

Species that are possibly extirpated are not given a numeric value. Species experts with the
NMDGF reviewed the conservation status codes for all SGCN in New Mexico. Conservation
status ranks were adjusted for the CWCS in New Mexico based on their professional knowledge
and experience. Conservation status codes for SGCN are provided in Appendix H. State and
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National conservation status ranks for SGCN were summarized into four groups (Table 2-6) to
expedite abundance summaries provided in the Statewide Assessment and Strategies and the
Assessments and Strategies for SGCN and Key Habitats chapters.

Table 2-5. Conservation status rank definitions provided by NatureServe
(http://www.natureserve.org). Status codes can be applied to State and National scales.

Numeric Rank

Conservation Status Rank Definitions

H

Possibly Extirpated (Historical)—Species or community occurred historically in the nation or
state/province, and there is some possibility that it may be rediscovered. Its presence may not
have been verified in the past 20-40 years. The NH or SH rank is reserved for species or
communities for which some effort has been made to relocate occurrences, rather than simply
using this status for all elements not known from verified extant occurrences.

Critically Imperiled—Ceritically imperiled in the nation or state/province because of extreme
rarity (often 5 or fewer occurrences) or because of some factor(s) such as very steep declines
making it especially vulnerable to extirpation from the state/province.

Imperiled—Imperiled in the nation or state/province because of rarity due to very restricted
range, very few populations (often 20 or fewer), steep declines, or other factors making it very
vulnerable to extirpation from the nation or state/province.

Vulnerable—Vulnerable in the nation or state/province due to a restricted range, relatively
few populations (often 80 or fewer), recent and widespread declines, or other factors making it
vulnerable to extirpation.

Apparently Secure—Uncommon but not rare; some cause for long-term concern due to
declines or other factors.

Secure—Common, widespread, and abundant in the nation or state/province.

Table 2-6. Conservation status ranks summarized into groups to facilitate New Mexico’s SGCN
abundance summaries for the CWCS.

National Level

Critically Apparently
Conservation Status Imperiled Imperiled Vulnerable Secure Secure
Ranks and Codes 1 2 3 4 5
Possibly Extirpated 0 . .
B | Critically Imperiled 1 Nationally secure species,
2 . but State vulnerable to
—1 | Imperiled 2 imperiled
£ | Vulnerable 3
& | Apparently Secure 4 | Secure State species, but National vulnerable No immediate threats to
Secure 5 | to imperiled species
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SGCN Distribution

Terrestrial Vertebrate Species

The Southwest Regional Gap Analysis Project (SWReGAP) modeled potential habitat for 833
vertebrate species in New Mexico, Arizona, Colorado, Nevada, and Utah (SWReGAP;
http://fws-nmcfwru.nmsu.edu/swregap/). Species habitat models are based on the concept of
wildlife habitat relationships, in which are described resources and conditions present in areas
where a species persists, reproduces, or otherwise occurs. These modeled relationships predict,
and depict spatially, areas of potentially suitable habitat. Modeling of each predicted species
habitat was informed by consulting peer-reviewed and technical documents and species experts.

Species associations with land cover, elevation, slope, aspect, and hydrology were modeled in a
Geographic Information System (GIS) environment. Model input variables were combined in a
Boolean overlay to predict areas of suitable habitat within New Mexico. The 8-digit hydrologic
units were used to constrain habitat associations based on a species geographic range. Species
experts internal and external to NMDGF reviewed the draft predicted habitat models. Their
corrections were incorporated into the final habitat models. Predicted habitat models for SGCN
that were not included in the 833 vertebrate species modeled by SWReGAP (primary subspecies
considerations) were constructed in a similar manner.

Aquatic Vertebrate Species

Spatial depictions of aquatic vertebrate species distributions were created by using information
on aquatic habitat associations developed by NMDGF personnel. The National Hydrography
Dataset (NHD) (http://nhd.usgs.gov) was used to spatially depict aquatic habitats. The NHD is a
1:100,000 scale digital spatial data set that contains information about surface water features
such as lakes, ponds, streams, rivers, springs and wells. The 4-digit hydrologic units and suitable
elevations within those hydrologic units were used to estimate species geographic range. Habitat
associations and estimated geographic range were incorporated into a GIS environment and a
Boolean overlay technique was used to model the predicted SGCN habitat in a manner similar to
that employed for terrestrial species.

Mollusc, Crustacean, and Other Arthropod Species

Accurate spatial depictions of suitable habitats for molluscs, crustaceans, and other arthropods in
New Mexico are not available. Many of these species are endemics and only occur in one
mountain range or in some cases on one mountain. Spatial scale issues make modeling fine scale
habitats difficult. There are currently no useful data sources that depict ephemeral habitats or
marsh, springs, seeps, or cienegas, or perennial ponds. Future research and survey efforts should
address this information gap.
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IDENTIFICATION OF FACTORS INFLUENCING SPECIES AND HABITATS

Assessment of factors that influence species and habitats is central to resource agencies’
statutory mandates to manage, protect, and conserve wildlife. This process requires basic
biological knowledge of species’ life history, habitat requirements, and population
demographics. Understanding the interaction and ecological role that a species, population, or
assemblage may play in any given ecosystem relative to resource management (past, current, and
future) is also required. Assessments of such factors are broadly-based and intuitively-derived
perceptions of outcomes (Wood and Armitage 1997). These perceptions may be documented by
direct experience or by drawing from past examples at various spatial scales (Niemi et al. 1990).

Our assessment of factors that influence species or habitats was primarily focused at the habitat
scale, as these factors directly influence wildlife communities and SGCN populations. Our
assessment was based on review of peer-reviewed and technical documents, professional
knowledge, by consulting species experts, and advice obtained from public forums. The
NMDGF’s assessment was derived from a framework provided by Salafsky et al. (2003), whose
approach was to identify factors that influence habitats and group them into general categories to
facilitate broader analyses. We also identified individual factors

that most influence the persistence of each SGCN (Appendix ). oyt
Factors that influence species were considered statewide, but were | influence species or

not cartographically depicted. habitats was primarily
focused at the habitat scale,
as these factors directly
affect wildlife communities
and SGCN populations.

In our assessment of factors that influence species and habitats,
we primarily assess those practices that are harmful to wildlife at
certain levels of use or extent. It should be understood that it is
the manner in which a human activity or practice is conducted that
determines if it has a negative or positive effect on wildlife populations. We recognize that
many human activities across today’s landscapes have the potential to be either beneficial or
detrimental to wildlife. Many factors that influence New Mexico landscapes are based on legal
and accepted practices.

To allow for statewide spatial analyses, factors that influence habitats were identified for the 89
land cover types mapped by SWReGAP, the 23 aquatic habitats identified by the NMDGF
(Appendix D and E), and caves. We adapted eight categories of factors that influence habitats
(Table 2-7) presented in Salafsky et al. (2003). Within these categories, 43 possible generic
factors that may influence habitats were identified (Appendix J). Definitions for each factor are
presented in Appendix K.

The spatial scope and severity of each factor per habitat type were scored based on guidelines
provided by Salafsky et al. (2003) (Table 2-8). Numeric magnitude scores were calculated by
adding spatial scope and severity. Thus, total magnitude scores for each generic factor ranged
from 2-8. Magnitude scores of all generic factors were summed within categories to facilitate
analyses of factors that affect habitats across the state. Further, we summed magnitude scores of
each of the 43 generic factors within each key habitat in New Mexico to provide a basis in
understanding the possible synergistic effects, and where we might need further clarification on
the outcomes of these factors. We also mapped these cumulative magnitude scores for each
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landscape habitat type in ArcGIS 9.0 to provide a broad spatial reference of factors that may
influence habitats in New Mexico, and enhance our understanding of geographic areas where
synergistic effects of potential factors may influence some habitats more than others.

Calculation of Magnitude Scores for each Generic Factor
Spatial Scope + Severity = Magnitude

Calculation of Cumulative Magnitude Score per Habitat
Sum magnitudes scores for all 43 generic factors for each habitat type.

Highest Possible Cumulative Score per Habitat =
43 (General Factors) * 8 (highest possible magnitude score) = 344.

(1to4) + (1to4) (2t0 8)

Table 2-7. Description of categories of factors that influence habitats used in the CWCS for
New Mexico. Descriptions derived from Salafsky et al. (2003).

Category

Description of Category

Abiotic Resource Use
Consumptive Biological Use

Habitat Conversion

Invasive Species

Modification of Natural Processes
and Ecological Drivers
Non-Consumptive Biological Use

Pollution

Transportation Infrastructure

Human extraction of non-biological resources.

Human harvesting or use of biological resources from an ecosystem that
removes the resources from the system.

Total loss or destruction of natural habitat.

Human linked introduction and spread of species from one ecosystem to
another. Includes alien or exotic species plant and wildlife species and
escaped native species.

Human caused changes in natural systems and overarching ecosystem
drivers, e.g., drought.

Human use of biological resources in an ecosystem in a way that does not
remove the resources from the system.

Human caused introduction and spread of unwanted matter and energy
into ecosystems. Includes chemical, biochemical, thermal, radiation, and
noise pollution.

Development of long narrow corridors for transporting people, goods, and
energy.

Table 2-8. Numeric scores (categorical measurement) given to each threat identified for each
SWReGAP habitat type in New Mexico. Scores and definitions from Salafsky et al. (2003).

Variable Continuous Measurement Categorical Measurement Comments

Spatial Scope  Area threatened expressed in 4 = Throughout (>50%) Calculated as % of
hectares or as a % of the total 3 = Widespread (15 — 50%) possible area (i.e.,
possible project area 2 = Scattered (5 — 15%) water pollution is %

1 = Localized (< 5%) of aquatic habitat at a
site, not entire site)

Severity Actual measure of reduced 4 = Serious damage or loss Independent of area; the
target viability/integrity (e.g., 3 = Significant damage degree to which a threat
nesting success, stream 2 = Moderate damage has an impact on the
temperature) 1 = Little or no damage viability/integrity of

targets within the project
area within 10 years.
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IDENTIFICATION OF CONSERVATION ACTIONS

Strategies, or conservation actions in CWCS terminology, are the broad approaches or
interventions that will be employed to overcome a problem or take advantage of an opportunity
S0 as to bring about attainment of a desired outcome. One or more species-or-habitat-based
conservation actions have been developed through professional knowledge or literature review
and presented herein to address any one problem or opportunity. Conservation actions were
constructed based on: 1) SGCN, 2) condition of key habitats, 3) problems affecting species or
habitats, 4) information gaps that limit our ability to make informed conservation decisions, 5)
research, survey, and monitoring needs that would enhance our ability to make conservation
decisions, and 6) desired future outcomes for habitats or SGCN (Fig. 2-2). The Assessment and
Strategies for SGCN and Key Habitats (Chapter 5) provides descriptions of each of these
components for key habitats within each ecological framework.

After identifying the SGCN associated with the key habitat of interest within a particular
ecological framework, we began the thought process for developing conservation actions when
we described the relative condition, or current state, of key habitats in terms of their ability to
support SGCN (Fig. 2-2). Current condition may be thought of as the extant result or effect of
past land use decisions. Describing these conditions begins to suggest restorative conservation
actions that might be appropriate, such as reconnecting fragmented/disjunctive habitats.

Next, we identified factors that may adversely affect SGCN or their habitats (Fig. 2-2). These
are essentially the “threats” that may destroy, degrade, or otherwise impair the biodiversity or
natural processes that
,,®--1  SGCN > sustain them. They are the
’ underlying causes that

N oniton Condition of create current or future
Outcomes Key Habitat condition. Problems
identified facilitated our

* later development of

interventions, conservation
actions to preclude or
Conservation Process to Develop Problems mitigate their effect.

Actions Conservation Affecting Species | Though past problems may

Actions in part be responsible for

T + the current condition of the
habitat, problem and
condition are not

’
4
’
|
1
I

Desired Future Information :
OUtcOmes Gaps equivalents.
- - We then identified
esearcn, P - - e
“— Survey and [ mform_a_tlon gaps that limit
Monitoring our ability to accurately
Needs assess the situation and/or

develop effective

Figure 2-2. Process used to develop conservation actions for conservation actions (Fig.

the CWCS for New Mexico.
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2-2). These are often matters of scale and scope or cause and effect such as “What is the extent
and configuration of fragmentation in a particular habitat?” or “How are sand dune lizards and
their habitat affected by a single well pad?” Information needs often became apparent when
attempting to describe habitat condition and identifying problems. Information gaps provided
the basis for identifying and rationalizing research, survey, and monitoring needs. Research,
survey, and monitoring needs, when fulfilled, may help us to better understand our situation and
develop effective conservation actions.

Desired future outcomes describe the ultimate conditions we would like to exist in the future.
We also stated some intermediate outcomes, such as having some needed policy in place, that
may serve as milestones to progress toward the ultimate outcome. Desired future outcomes are
consistent with the overall CWCS outcome that the nation’s (and of course New Mexico’s)
biodiversity is conserved to the extent that no more species need be listed as threatened or
endangered.

Conservation Actions articulate the means by which we will overcome problems and attain the
desired future outcomes. Our conservation actions are intentionally broad, directional, and
nonspecific so as not to constrain our selection of means for implementing them. For example, a
conservation action such as “Develop regulations which will protect the female component of the
bear population” allows for many different regulatory approaches, e.g., closing the season,
delaying opening until females are denned, prohibiting the taking of females, or closing the
season when a quota for females is taken. Most people might agree that we should protect
females, but some may object to the way in which we do it because of adverse impacts upon
their interests. A broad strategy, while delineating the rationale that subsequent actions must
satisfy, provides room for finding the specific actions all interests can live with. Whichever
regulatory actions we eventually find acceptable, the strategy requires that they protect females.
Tasks for implementing conservation actions will be
specified, scheduled, staffed, and funded in operational
plans. Conservation actions propose what
could be done without
consideration of agency,
department, financial or workforce

Because plans provide the means of coordinating work

across org_anlzatl_onal and jurisdictional bou_ndarles our capacities to implement them.
conservation actions set forth all necessary interventions; not These considerations are made
just those to be performed by organizational units within during operational planning.

NMDGF. Conservation actions may include explicit needs
for law enforcement, information and education, land
acquisition, access development, information technology, habitat management or other functions
and are not limited to those over which the NMDGF has direct control or authority, because
many agencies and other interests will ultimately plan and implement operational actions of the
CWCS. Further, conservation actions do not give consideration to NMDGF’s financial or
workforce capacities to implement them. No commitment of money or manpower to any
conservation action is therefore made or implied until such time as NMDGF and cooperators
choose to implement it through operational planning and budgeting processes, in concert with
pertinent collaborators and partners.
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IDENTIFICATION OF KEY AREAS FOR CONSERVATION ACTION

The process we employed in developing the CWCS for New Mexico also provided the
foundation to identify potential key areas for focusing biodiversity conservation efforts.
Spatially explicit predicted habitat distribution models for aquatic and vertebrate SGCN were
developed indicating areas in New Mexico that host a great diversity of terrestrial and aquatic
SGCN. Synergistic effects of factors that influence habitats were modeled to indicate areas and
key habitats that may be greatly altered by multiple factors. Stewardship data depicting
landscapes with long-term protection from anthropogenic degradation were obtained from
SWReGAP. These variables, when combined, can give some indication as to which landscapes
may be key areas for focusing conservation efforts.

We created a spatial model indicating potential key areas for conservation efforts by giving the
four model input variables described numeric values from 1-4 (Table 2-9). These models were
combined in an additive Boolean overlay to predict potential key areas for conservation efforts
within New Mexico. The resulting analysis produced a spatial model of values that ranged from
4-16. Landscapes with higher scores are areas that are within key habitats, have a high number
of terrestrial and aquatic SGCN taxa, may be potentially altered by synergistic effects that
influence habitats, and lack long-term legally-binding management plans protecting them from
anthropogenic degradation. These landscapes were identified as key areas to consider when
applying conservation efforts.

Table 2-9. Criteria used to code model inputs to numeric values from 1-4 to identify landscapes
that may be key areas for focusing conservation efforts.

Four Input Models

Numeric Terrestrial and Synergistic effects of
Values aquatic SGCN factors that may SWReGAP land status
of Input diversity? influence habitats® categories*
Models  Key habitats' (SGCN Taxa Modeled)  (Total Magnitude Score) (Status Code)
1 Not Present 44-59 0-40 1 (e.g., Wilderness Areas)
2 60-76 41-80 2 (e.g., National Park Lands)
3 77-93 81-120 4 (e.g., Private lands)
4 Present 94-109 120-165 3 (e.g., Multiple use lands )

See Chapter 2, Identification of Key Habitats section for details. SGCN diversity was assigned to the 8-digit
HUC:s as described for the species distribution models.

See Chapter 4, SGCN Abundance section for details.

See Chapter 2, Factors Influencing Species and Habitats section for details.

See Chapter 3, Land Stewards section, Table 3-3, for details. Ranks of land status categories were modified
from SWReGAP original ranks because multiple use lands typically have long-term legally binding
management plans and are areas that have high opportunity for collaboration between federal, state, and local
land managers.
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OPPORTUNITIES FOR AGENCY AND PUBLIC INVOLVEMENT

The CWCS agency and public involvement/partnering process began in May and June 2003 with
separate meetings with representatives of The Nature Conservancy and Natural Heritage New
Mexico to explore opportunities for partnering and sharing information. NMDGF made its first
public presentation about the CWCS to the State Game Commission in October 2003. Several
articles followed that were placed in 30 newspapers with a total circulation of 332,000
explaining the CWCS initiative and inviting people to let us know of their interest in
participating. An early draft of the CWCS was placed on the NMDGF website and people were
asked to let us know their opinions by completing an online survey or simply sending us an e-
mail. In addition, separate presentations about the CWCS were made to the NM Wildlife
Federation Conference and the Native American Fish and Wildlife Society. We conducted three
forums for potential partners from local, state, federal, and tribal governments and non-
governmental organizations representing recreation, conservation, agricultural, and energy
development interests. A fourth forum was held exclusively for tribal interests. Forums were
held in each of the four areas of the state primarily to orient and solicit input from county
commissioners, local Natural Resources Conservation Service (NRCS) staff, and some additional
agricultural interests. Two additional forums were held to assure sportsmen’s groups
opportunity for awareness and participation. Just over 400 individuals were invited to these 10
forums, including State Game Commissioners, and 112 individuals attended. Forum participants
represented such diverse interests as:

NM Farm and Livestock Bureau Grant Co. Farm and Livestock Bureau
Eddy County Farm Bureau NM State Parks

Carlsbad Sportsmen’s Club CS Ranch

NM Wild Turkey Federation Bell Ranch

Natural Resource and Conservation Service South Valley Alliance

Dona Ana Co. Commission NM Cattle Growers

NM Department of Agriculture NM Wool Growers

Southwest Environmental Center NM Wildlife Federation

Otero County Grazing Association NM State Game Commission
Bureau of Land Management Navajo Nation

Fisheries and Wildlife, NMSU BIA Natural Resources, Mescalero
Museum of Southwestern Biology, UNM Santa Ana Pueblo

Playa Lakes Joint Venture Santo Domingo Tribe

The Nature Conservancy
Cannon Aiir Force Base

US Forest Service

US Fish and Wildlife Service
Acoma Pueblo

Isleta Pueblo

Sandia Pueblo

Northern Pueblos Agency, BIA
Southern Pueblos Agency, BIA
Southwest Consolidated Sportsmen
Mesilla Valley Flyfishers

Pueblo of Zuni

NM Natural Heritage Program
Turner Enterprises

Leopold Education Project
People for Native Ecosystems
Governor’s Office

NM House of Representatives
Sandia Mtn. Bear Watch

NM Highlands Wild Lands Network Project

Audubon Society
Picacho Gun Club
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Rocky Mountain ElIk Foundation
Quail Unlimited

Society of American Foresters
Mule Deer Foundation

Wild Turkey Association

NM Trout

NM Council of Outfitters and Guides
Trout Unlimited

In addition, through other presentations, e-mails, and phone conversations the NMDGF has
exchanged information with such groups as Amigos Bravos, Friends of the Wild Rivers, Animal

Protection of NM, Defenders of Wildlife, The Sierra Club, the Wilderness Society, the NM River

Otter Working Group, the Albuquerque Wildlife Federation, the New Mexico Farm and

Livestock Bureau, the NM Federal Lands Council,
and several unaffiliated individuals. In all, the scope,
focus, and content of this document were influenced
by the direct involvement of over 170 individuals
external to NMDGF who provided valuable technical
and socio-economic insights and constructive
criticism from diverse and sometimes conflicting
perspectives. Regional coordination has been fostered
through participation in multi-state project grants and
events associated with CWCS development.

The Department also participated in the 2004 Wildlife
Values in the West Survey (Teel and Dayer, 2005),
which contains several questions pertaining to public
attitudes on conserving New Mexico’s biodiversity.

The scope, focus, and content of this
document were influenced by the direct
involvement of over 170 individuals
external to NMDGF who provided
valuable technical and socio-economic
insights and constructive criticism from
diverse and sometimes conflicting
perspectives.

The listing herein of agencies, institutions,
conservation organizations, sportsmen
associations, agriculture interests, other
interests, or individual participants should
not be taken to imply that they agree with
all portions of the CWCS or with the
CWCS initiative in general.

Of 5002 surveys mailed to New Mexicans 859, were
completed and returned. Results indicate that about
75% of New Mexicans view conserving our state’s biodiversity as quite to extremely important.
Another 23% view conserving our biodiversity as slightly to moderately important. Only 2%
find such conservation unimportant. A majority (89%) of respondents feel it is important to
manage and conserve wildlife that are not hunted or fished and 68% feel it is quite to extremely
important to increase populations of endangered species. About 82% of New Mexicans feel it is
quite to extremely important to protect and improve lands and
waters used by wildlife and 76% feel it is quite to extremely
important to maintain sufficient water in our lakes and rivers to
support water-dependent wildlife. About 89% of New Mexicans
agree that fish and wildlife are a benefit to all of society and that
paying for their conservation should be the responsibility of all
New Mexicans. A large proportion (78%) disagrees with the
notion that people who only view or appreciate wildlife and do not hunt, fish, or trap should not
have to pay for fish and wildlife conservation. About 84% of respondents agreed that hunting,
fishing, and wildlife viewing activities have a strong positive effect on state and local economies.

75% of New Mexicans view
conserving our state’s
biodiversity as quite to
extremely important.

Our agency and public involvement efforts not only produced many useful technical suggestions
and expressions of support but also revealed a number of potential issues. New Mexico Farm
and Livestock Bureau representatives expressed concern about the potential of the CWCS to
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impact agricultural operations, add to the burdens already placed upon landowners, and cause
private property rights to be usurped. They are especially concerned that agriculture not be
incorrectly implicated in adversely affecting the condition of key habitats and the status of
SGCN through unsubstantiated references to the effects of grazing. Some agricultural interests
are also concerned that the identification of arthropod SGCN may interfere with their need to
control insects. Believing the CWCS needs further review and revision, the Agricultural
Resources and Programs Division of the New Mexico Department of Agriculture requested an
extension of the time for CWCS consideration and increased interaction with a broader
constituency group to assist in its completion.

Tribal representatives, though interested in the potential to partner in CWCS development and
implementation, expressed concerns about the inequity they perceive in funding for tribal
wildlife grants, the potential obstructive effect of sovereignty issues, and that revealing
information about the presence of SGCN on tribal lands might precipitate federal land use
constraints through critical habitat designations. Some private landowners share this last concern
with respect to their properties.

New Mexico State Parks Division representatives expressed concern that our efforts to restore
native species not conflict with the availability of exotic sport fish popular with the angling
publics visiting park facilities. The Department will continue to engage all of the above entities
to help resolve these and other issues of CWCS implementation.

80% of New Mexicans:

e Feel it is quite to extremely important to protect and improve lands and waters used
by wildlife,

e Feel itis quite to extremely important to maintain sufficient water in our lakes and
rivers to support water-dependent wildlife,

e Agreed that hunting, fishing, and wildlife viewing activities have a strong positive
effect on state and local economies.
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Chapter 3
NEW MEXICO’S BIODIVERSITY

STATE RESOURCES

Physical Description

New Mexico is the 5™ largest state in the United States with a total surface area of approximately
121,666 square miles (315,114 km?). Though primarily a xeric or dry state, New Mexico has
approximately 234 square miles (606 km?) of rivers, streams, lakes, and reservoirs. Elevations
range from 2,842 ft (866 m) at Red Bluff Reservoir in the southeastern desert to 13,151 ft (4,008
m) at Wheeler Peak in the northern Sangre de Cristo range (Vigil-Giron 2003). New Mexico
spans a variety of regions from the Great Plains, Rocky Mountains, Colorado Plateau, and
Madrean Archipelago to the Great Basin, Chihuahuan, and Sonoran Deserts (Mehlman 1996).

Geologic History

New Mexico has a complex geologic history. A shallow sea covered the state during the
Paleozoic era. Limestone deposits formed during this time can be seen in the karsts, salt
deposits, and soils of the southeastern portion of the state. Near the end of the Paleozoic, the
ancestral Rocky Mountains uplifted the central and northern part of the state and a great barrier
reef developed to the south. As water evaporated, deposits of salt, potash, and gypsum were left
and remain visible today. The repeated advance and retreat of another shallow sea during the
Mesozoic era resulted in a tropical swampland rich with vegetation and fauna. Coal deposits
found in New Mexico were formed during this era. The Cenozoic era was punctuated by
volcanic activity and the formation of today’s Rocky Mountains and Colorado Plateau. During
the Pleistocene epoch, the land was again covered by lush vegetation and marshes. A cycle of
glaciations covered northern New Mexico and etched much of the present day landscape.

Climate

The climate of New Mexico is as diverse as its landforms. Temperature varies significantly with
changes in altitude and monitoring stations 4,700 ft apart in elevation can differ by as much as
16° F. New Mexico’s highest temperature of record is 122° F (50° C), recorded in 1994. The
coldest temperature of record is -50 °F (-46° C), recorded in 1951. Monthly average
temperatures range from a high of 93°F (34° C) to a low of 22°F (-6° C). Rainfall varies with
latitude and altitude. Most of the rainfall and snowfall occurs in the northern part of the state,
where the Pacific weather systems lose much of their moisture in the high elevations of the
southern Rocky Mountains. The eastern portion of the state receives precipitation from the Gulf
of Mexico. Severe but brief thunderstorms during the summer monsoons of late July, August
and early September are the source of most precipitation for the more arid portions of the state.

Flora and Fauna Biodiversity

The size, topography, and physical location of New Mexico combine to make it is one of the
more biologically diverse states, with more than 4,500 different species of plants and animals.
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Vegetation communities include alpine tundra, coniferous forests, woodlands, grasslands, desert
shrublands, and riparian areas. Some of the most diverse flora can be found within the state’s
many riparian areas, which provide habitat for obligate wetland species as well as facultative
upland species. Several life zones converge in southwestern New Mexico, making this area one
of the more biologically diverse of the southwestern states (Fig. 3-1).

More than 1100 species of amphibians, reptiles, mammals, birds, invertebrates, and fish are
found within the state’s geopolitical boundaries (Table 3-1). The bird fauna is diverse, with
more than 500 species. Mammal diversity is high compared to other southwestern states, with
approximately 184 species known to occur here. New Mexico has approximately 26 species of
amphibians and over 100 species of reptiles. Though the total number of species is unknown,
invertebrate diversity is high among molluscs, crustaceans, and other arthropods. New Mexico
Department of Game and Fish (NMDGF) has management authority for approximately 52% of
these species (Table 3-1).

New Mexico’s Population and Economy

New Mexico is a mostly rural state with few population centers. The Census Bureau estimates,
New Mexico was home to approximately 1,874,614 people and had a population density of 15.4
people/square mile (5.9 people/km?) in 2003. Albuquerque (Bernalillo County) is the state’s
largest city, with a population of 448,607 people as of 2000. Las Cruces and the capitol, Santa
Fe, are the next largest cities. During the 1990s, the population of New Mexico increased 20%.

The Bureau of Economic Analysis (http://www.bea.gov) estimated New Mexico’s per capita
personal income at $24,995 in 2003. New Mexico’s total state product for 2003 was
approximately $57 billion. Construction, retail trade, real estate, health services, and non-
educational state and local government industries make up the top 5 industries in New Mexico’s
economy (Ashcroft 2005). The construction industry output approximately 7.3 billon dollars,
while real estate output approximately 6.0 billion dollars in 1998. In rural New Mexico (all but
Bernalillo County), the agriculture industry replaces health services in the top 5 industries in
terms of output (Ashcroft 2005). The total economic value derived from agriculture within New

Table 3-1. Approximate number of species in New Mexico and the percent of those species that
fall under NMDGF management authority (Data: Bison-M, http://fwie.fw.vt.edu/states/nm.htm).

Number of Taxa Group with Percent of Taxa Group with

Taxa Group  Number in State  NMDGF Management Authority NMDGF Management Authority
Amphibians 26 8 31%
Birds 504 441 88%
Crustaceans 35 2 6%
Fish 130 58 45%
Mammals 184 54 29%
Molluscs 182 25 14%
Reptiles 105 17 16%

Total 1166 605 52%
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MNumber of Vertebrate Taxa by
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Figure 3-1. Species richness (number of vertebrate taxa) modeled by SWReGAP in Nevada,
Arizona, Utah, Colorado, and New Mexico (SWReGAP: http://fws-
nmcfwru.nmsu.edu/swregap/).

Mexico was 3.5 billion dollars in 1998. Bernalillo County alone (a non-rural county) produced
40 million dollars in agriculture products in 1998 (Ashcroft 2005). Approximately 5% of New
Mexico employment in 1998 was related to agriculture (Ashcroft 2005). Approximately 25% of
the state’s non-agricultural based jobs are local, state, and federal government based (Vigil-Giron
2003). The educational and health services, retail trade, and professional and business services
each employ approximately 12% of the state’s non-agricultural based jobs (Vigil-Giron 2003).

New Mexico had approximately 52% rangeland, 7% forest, 2% cropland, 36% non-rural, and 3%
other rural uses in 1997 (US Department of Agriculture 2000) (Fig 3-2). The livestock sector is
one of the larger agricultural industries in the state, partly due to large federal land acreages and
areas of open space (Ashcroft 2005). Agriculture products include hay, sorghum, pecans,
onions, potatoes and chiles. Cattle and dairy products top the list of major animal products of
New Mexico. The beef industry is one of New Mexico’s larger agricultural products that have
major economic implications for neighboring states (Ashcroft 2005). The agriculture industry
also supports many related or value added industries in New Mexico. As such, agriculture is an
important economic, cultural, and social industry to New Mexico (Ashcroft 2005).
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Croplands
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Figure 3-2. Approximate percentages of rangeland, cropland, Conservation Reserve Program
land, forest, other rural uses, and non-rural lands in New Mexico. Estimates derived from US
Department of Agriculture (2000).

New Mexico also has a long history of mineral extraction and produces uranium ore, manganese
ore, potash, salt, perlite, copper ore, beryllium, and tin concentrates. Oil and gas extraction is a
major resource-based industry in the state, especially in the southeast and northwest.

Land Stewards

In assessing the current status of New Mexico’s biodiversity, it is important to consider land
management stewardship and the extent to which areas are, or are not protected or conserved in
some fashion. Approximately 34% of New Mexico is federally owned, 12% is state owned, 10%
is within Native American (tribal) reservations, and 44% is privately owned (Table 3-2, Fig. 3-3)
(Williams 1986, SWReGAP: http://fws-nmcfwru.nmsu.edu/swregap/).

Land management jurisdiction varies across the state. Federally owned lands are primarily under
the stewardship of the Bureau of Land Management, US Forest Service, Department of Defense,
and National Park Service. The State Land Office, State Parks Division, and State Game
Commission manage state owned-lands. There are 22 Indian tribes and reservations in New
Mexico (Vigil-Giron 2003). The Navajo Nation owns much of the northwestern part of the state,
especially along the Arizona border. The Zuni also own land in the northwestern part of the state
along the Arizona border, and the Jicarilla and Mescalero Apache Tribes own land in the north
and southeast, respectively. Most of the Pueblos are located along the northern half of the Rio
Grande. Several non-governmental organizations (NGOSs), such as The Nature Conservancy,
Audubon Society, and the Rocky Mountain ElIk Foundation, manage parcels within the state.
Multiple state and federal policies and management priorities on private lands affect the
conservation of New Mexico’s biodiversity. About 6% of New Mexico has legal protection
from conversion of natural land cover and mandated management plans in operation to maintain
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some semblance of a natural state (Table 3-3, Fig. 3-4) (SWReGAP: http://fws-
nmcfwru.nmsu.edu/swregap/). The majority of the state (57%) either lacks long-term (10+
years) legal mandates to prevent conversion of natural land cover to anthropogenic land cover
types or is not classified. While many private lands fall under this category, these lands are
subjected to varied land steward objectives that provide important habitat for many wildlife

species.

Table 3-2. Land area (acre) and percent in 12 land steward categories in New Mexico estimated
by New Mexico Gap Analysis Project (SWReGAP: http://fws-nmcfwru.nmsu.edu/swregap/).

Steward Category

Land Area (acre)

Percent of Land Area

Bureau of Land Management
Bureau of Reclamation
Forest Service

National Park Service

Fish and Wildlife Service
Department of Defense
Other Federal

State Parks

State Trust Lands

State Wildlife Areas

Tribal
Private

13,544,240
71,940
9,293,923
384,978
375,256
2,560,690
110,827
95,272
8,858,392
161,379
8,008,717
34,167,843

17%
<1%
12%
<1%
<1%
3%
<1%
<1%
11%
<1%
10%
44%

Table 3-3. Land area (acre) and percent of New Mexico in four land status categories estimated
by New Mexico Gap Analysis Project (SWReGAP: http://fws-nmcfwru.nmsu.edu/swregap/).

Status

Description

Amount (acre) Percent

1

An area having permanent protection from conversion of
natural land cover and a mandated management plan in
operation to maintain a natural state within which disturbal
events are allowed to proceed without interference or are
mimicked through management.

An area having permanent protection from conversion of
natural land cover and a mandated management plan in

664,900 1%

nce

4,256,100 5%

operation to maintain a primarily natural state, but which may

receive use or management practices that degrade the qual
existing natural communities.

An area having permanent protection from conversion of

ity of

28,377,500 36%

natural land cover for the majority of the area, but subject to
extractive uses of either a broad, low-intensity type or localized

intensity type. It also confers protection to federally listed
endangered and threatened species throughout the area.

No known mandate to prevent conversion of natural land cover

to anthropogenic land cover and allows for intensive use
throughout the tract, or existence of such restrictions is
unknown.

44,334,700 60%
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Figure 3-4. (Right) Land
Steward Conservation Status in
New Mexico as estimated by
SWReGAP (http://fws-
nmcfwru.nmsu.edu/swregap/).
Descriptions of land stewardship
gap status codes are presented in
Table 3-3.
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NEW MEXICO’S ECOLOGICAL FRAMEWORKS AND KEY HABITATS

Ecological Frameworks

A desired outcome of the Comprehensive Wildlife Conservation Strategy (CWCYS) initiative is
the eventual ability to aggregate information from each state plan so as to facilitate a regional
and national perspective and cross-jurisdictional coordination. In New Mexico, the diversity of
flora and fauna and the nature of problems influencing habitats or species required the use of
multiple ecological frameworks. The seven Nature Conservancy (TNC) Ecoregions identified
for New Mexico (Fig. 3-5) provide a convenient organizational framework for developing state,
regional, and national perspectives with respect to terrestrial habitats. Originally based on
Robert Bailey’s US Forest Service ecoregions, these boundaries have been extensively modified
by TNC's eocregional planning teams (Bailey 1988, 1995, 1998). The Central Shortgrass Prairie
Ecoregion (Burget et al. 1998), however, encompasses
only about 500,000 acres (202,340 ha) in the northeastern | The diversity of flora and fauna and
part of the state and we found it practical to assimilate it the nature of problems influencing
into the neighboring Southern Shortgrass Prairie EISENS O GRSl I N [ISEE

. . . required the use of three ecological
Ecoregion for planning purposes. Thus, our terrestrial

. " ; . frameworks:
habitats are partitioned into six rather than seven TNC o Ecoregions,
ecoregions. e Watersheds, and

o Statewide.

Using watershed drainages as the ecological framework
best facilitates regional or national aggregation of New Mexico’s aquatic habitat considerations.
There are 83 hydrological units (8-digit Hydrological Unit Codes; HUCs) identified in New
Mexico. These hydrological units were combined into eight major drainages in New Mexico to
serve as our aquatic ecological framework (Fig. 3-6).

Considerations of habitat related problems, Species of Greatest Conservation Need (SGCN), and
conservation actions for some habitats in New Mexico are best made on a statewide scale. Thus,
key riparian, ephemeral aquatic, and perennial tank habitats are treated within a statewide
ecological framework.

Ecoregions

Apache Highlands Ecoregion

The Apache Highlands Ecoregion extends from central to southeastern Arizona into
southwestern New Mexico and northern Mexico. This ecoregion contains 30 million ac, 2.6
million ac (1 million ha) of which occur in New Mexico. Woodland and forested habitats types
in this ecoregion occur within the greater Madrean Archipelago complex, which are so-named
because of the many isolated mountain ranges spread across the ecoregion (Gehlbach 1993).
These isolated mountain ranges are separated from one another by plains and valleys of desert
and semi-desert grasslands and shrublands. These intervening habitats are thought to limit
genetic interchange between the sky island mountain range habitats, creating isolated areas with
high evolutionary implications for plant and animal populations (Warshall 1995).
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Figure 3-5. (Left) The Nature
Conservancy (TNC) ecoregions used
as the ecological framework for
terrestrial habitats in New Mexico.

The Nature Conservancy Ecoregions
I Apache Highlands
[ Arizona-New Mexico Mountains
I Central Shortgrass Prairie
I Chihuahuan Desert
[ Colorado Plateau
I Southern Rocky Mountains
| Southern Shortgrass Prairie
The source of data is The Mature Conservancy. For information
regarding methods, results, and data aceuracy, refer to <hip://gis.inc.org=.

Figure 3-6. (Right) Watersheds
used for the ecological framework
for aquatic habitats in New
Mexico.
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Elevation in the Apache Highlands Ecoregion ranges from about 2,200 ft (670 m) to 10,717 ft
(3,266 m) and averages about 4,340 ft (1,323 m). The diverse plant and animal communities of
the Apache Highlands Ecoregion reflect the variation in elevations and the merging of the
northern Rocky Mountains in the north and the Sierra Madre Occidental and neotropical regions
of Mexico to the south. This high level of diversity and unusual community structure has
appropriately been described as a stacking of biotic communities on mountain islands (Marshall
1957).

Arizona-New Mexico Mountains Ecoregion
The Arizona-New Mexico Mountains Ecoregion encompasses the highlands of eastern Arizona
and central and western New Mexico, encompassing 29 million ac (12 million ha) of land (Bell
et al. 1999). New Mexico hosts greater than 23 million ac (9.5 million ha) (78%) of this
ecoregion. Mountains in this ecoregion are among the oldest in the southwest. Many are
composed of Precambrian igneous rocks and once active volcanoes. This diverse physiographic
region has elevations ranging from 4,500 ft (1,371 m) to
- - - 12,600 ft (3,840 m) and contains steep foothills, mountains,
The Arizona-New Mexico Mountains . . .
Ecoregion is host to more species of and plateaus rising above the surrounding desert grasslands

birds and mammals than any other and shrublands.
ecoregion in the southwest.

The Arizona-New Mexico Mountains Ecoregion contains a
number of mountain ranges and desert plains. The more
prevalent habitats include Madrean pine-oak conifer-oak forest and woodland, Rocky Mountain
forest and woodland, and Rocky Mountain montane mixed conifer, in the higher elevations and
pifilon-juniper/juniper savanna, steppe and grasslands, Chihuahuan semi-desert grassland, and
Western Great Plains shortgrass prairie in the lower elevations. This ecoregion contains the
headwaters for a number of important streams and rivers, including the Little Colorado, Gila,
San Francisco, and Mimbres. Riparian habitats in this ecoregion host a variety of flora and
fauna. This ecoregion is considered to host more species of birds and mammals than any other
ecoregion in the southwest (Bell et al. 1999).

Chihuahuan Desert Ecoregion

The Chihuahuan Desert Ecoregion encompasses approximately 174 million ac (70 million ha)
from San Luis Potosi, Mexico north to southwestern Texas and southern New Mexico (Bell et al.
2004). Approximately 75% of the Ecoregion is in Mexico, with only 2.5% of its total area under
formal protection (Dinerstein et al. 2000). In New Mexico, the Chihuahuan Desert Ecoregion
includes Luna, Dona Ana, Sierra, and Eddy counties, and portions of Socorro, Lincoln, Otero,
Chaves, and Lea counties, totaling approximately 15.2 million ac (6.1 million ha). Metropolitan
areas in the ecoregion include Las Cruces, Deming, Carlsbad, Artesia, and Roswell. Counties in
the ecoregion experienced an average 24% increase in human population between 1990 and 2000
(US Census Bureau, 2001). Chihuahuan semi-desert grasslands and desert scrub vegetation
dominate (Bell et al. 2004), although SWReGAP identified and mapped 53 landcover types in
the New Mexico portion of the Ecoregion.

Colorado Plateau Ecoregion
The Colorado Plateau Ecoregion encompasses the Four Corners region of Arizona, Colorado,
New Mexico, and Utah and is a geologically complex region of badlands, sheer-walled canyons,
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buttes, mesas, plains, dunes, and isolated mountain ranges (Truhy et al. 2002). Several major
rivers flow through this ecoregion, including the Colorado, Little Colorado, San Juan, and
Escalante rivers. These rivers have carved large canyons through the plateau. The ecoregion
contains 48.5 million ac (19.6 million ha) of mostly public and tribal land, and elevation ranges
from 1,200 ft (370 m) in the Grand Canyon to 12,700 ft (3,870 m) in the La Sal Mountains. The
climate within the Colorado Plateau Ecoregion is often

described as “desert” because the average yearly rainfall is More than 300 plant species in the
less than 10 in (25 cm). Most of the precipitation occurs in Colorado Plateau are not found
the winter in the form of snow, allowing much of the water to anywhere else in the world.
infiltrate the soil (Truhy et al. 2002).

Ecological importance of this ecoregion lies in its geologic features and diverse and unique fauna
and flora. More than 300 plant species extant here are found nowhere else in the world (Truhy et
al. 2002). Habitat conservation concerns include drying of wetlands, damming of rivers and
tributaries, invasion of exotic species, suppression of natural fire patterns, and land uses such as
livestock grazing, and mining. Species such as the grizzly bear, gray wolf, lynx, and river otter
have been extirpated from this region for decades.

About 12%, approximately 6.2 million ac (2.5 million ha), of the Colorado Plateau Ecoregion
occurs in two areas of the northwestern corner of New Mexico. The Chuska Mountains on the
west, the San Mateo Mountains to the south, and the San Pedro Mountains to the east border the
northernmost area. The San Juan River cuts through this part of the plateau in an east-west
direction. The southern area extends southwest of Gallup to the western border and is bordered
by the Zuni Mountains to the northwest. The Zuni River flows through this part of the plateau.

Southern Rocky Mountains Ecoregion

The Southern Rocky Mountains Ecoregion, two-thirds of which is publicly owned, encompasses
nearly 40 million acres (16 million ha) across portions of southern Wyoming, central Colorado,
and northern New Mexico. Two major mountain belts and the intermountain valleys between
characterize this ecoregion. Elevation ranges from 3,700 ft (1,127 m) to over 14,000 ft (4,267
m), both extremes occurring in Colorado. High rugged glaciated mountains, plateaus, alpine
cirques, glacial moraines, and broad valleys were formed through glacial activity (Neely et al.
2001). The climate is a temperate semiarid steppe influenced by the prevailing west winds and
the general north-south orientation of the mountain belts. Approximately 7.2 million ac (2.9
million ha) (18%) of the ecoregion occurs in New Mexico. The Sangre de Cristo and the San
Juan mountain ranges form the southern portions of the eastern and western mountains belts,
respectively. The major intermountain valley between these ranges is the Rio Grande.

Southern Shortgrass Prairie Ecoregion

The Southern Shortgrass Prairie occupies more than 67 million ac (27 million ha) of northeastern
New Mexico, northern Texas, and small portions of western Oklahoma. New Mexico contains
22.2 million acres (9 million ha) or approximately 33% of the ecoregion. The western part of
this ecoregion is characterized by high plains plateaus broken by escarpments (The Nature
Conservancy 2004). Soils in the ecoregion are diverse, ranging from Aridisols to Mollisols.
Much of the topography is flat to rolling plains dissected by canyons and caprock escarpments.
In addition to the relatively level plains, the ecoregion is topographically diverse and includes
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isolated volcanic formations (The Nature Conservancy 2004). Depressional basins, known as
playas, punctuate the relatively flat portions of the ecoregion and represent significant wetland
habitat for migratory waterfowl, shorebirds, and other species. Average annual rainfall in the

southwestern part of the ecoregion is approximately 13 in (325 mm).

The Southern Shortgrass Prairie Ecoregion lies within the Southwest Plateau and Plains Dry
Steppe and Shrub Province (Bailey 1995) and is bordered by the Central Shortgrass Prairie
Ecoregion on the north, Edwards Plateau and Chihuahuan Desert Ecoregions on the south,
Central Mixed-grass Prairie and Crosstimbers and Southern Tallgrass Prairie Ecoregions to the
east, and the Southern Rocky Mountains and Arizona-New Mexico Mountains Ecoregions to the
west.

The ecoregion was historically dominated by expanses of shortgrass prairie, with blue grama
(Bouteloua gracilis) and buffalo grass (Buchloe dactyloides). The development and maintenance
of this system was dependent on several ecological processes, most likely driven by climate.
Bison grazing and fire were also important processes that maintained the grasslands of the
shortgrass prairie (TNC 2005). Today Chihuahuan desert grasslands are dominant over
shortgrass prairie in arid areas towards the southwestern part of this ecoregion and shortgrass
prairie is replaced by mixed-grass prairie to the east where greater moisture is available.

The varied topography and geologic features in this ecoregion allow for a wide range of floral
and faunal communities. Other important habitats in the New Mexico part of the Southern
Shortgrass Prairie Ecoregion include juniper and pifion-juniper woodlands and sand shrublands.
Changes in natural processes have led to shrub invasion of the prairie systems. Riparian
woodlands are typically dominated by eastern cottonwood (Populus deltoides); however
tamarisk (Tamarix sp.) and Russian olive (Eleagnus angustifolia) are significant non-native
invaders (The Nature Conservancy 2004).

Watersheds Eight major watersheds serve as our
aquatic habitat ecological framework
Canadian Watershed in New Mexico.

The Canadian Watershed, in northeast New Mexico,

encompasses about one-sixth the land area of the state or

about 10.9 million ac (4.4 million ha) (New Mexico Water Quality Control Commission 2002).
Canadian River tributaries flow east and southeast from their origins on the east slopes of the
Sangre de Cristo cordillera of northern New Mexico and southern Colorado. As it traverses the
Great Plains in a southerly and then easterly direction several perennial tributaries, including the
Vermejo, Cimarron, Mora, and Conchas Rivers, join the South Canadian River before it exits
New Mexico to Texas near Logan. The Upper Canadian, Middle Canadian, Upper Beaver, and
the Dry Cimarron are the only perennial sub-basins.

Settlement and irrigation withdrawal along high mountain valleys in the Mora River dates back
to the 1700’s. Since the late 1800’s, the area has been subject to extensive logging, grazing, and
mining. Numerous impoundments and diversions have been built throughout the upper drainage
for irrigation and municipal water. Livestock grazing continues to be the primary land use
throughout the Canadian River drainage. Logging activities are now limited to small tracts in the
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upper tributaries. Most coal mines were abandoned by the 1950’s. Two large dams, Conchas
River (constructed 1938) and Ute Dam on the Canadian River (constructed 1962), impound
reservoirs and modify natural flows as the river approaches the New Mexico-Texas border.

Gila Watershed

The Gila River watershed lies within southwestern New Mexico, and is comprised of two major
streams, the Gila and San Francisco Rivers. In high elevation (ca. 10,000 ft; 3,000 m)
headwaters, the small, canyon-bound streams are bordered by blue spruce (Picea pungens
Engelm), Douglas fir (Pseudotsuga menziesii), and aspen (Populus tremula). As the streams
descend and coalesce, ponderosa (Pinus ponderosa), juniper, and pifion (pinus edulis) become
the dominant conifers and stands of willow (Salix spp.) are common in moderate gradient
reaches. Headwater streams of the Gila join to form three forks (West, Middle, and East) in the
Mogollon Mountains. From their juncture, the Gila River flows westerly and exits the Mogollon
Mountains just east of Gila. Along its mountain course, the river is bordered by ponderosa,
pifion, juniper, cottonwood, Arizona sycamore (Platanus wrightii), boxelder (Acer negundo), and
Arizona walnut (Juglans major).

The primary land uses along the river in the Cliff-Gila Valley are livestock grazing and some
irrigated cropland. Water is seasonally diverted from the river. At the western end of the valley,
the river is narrowly confined as it flows through the Middle Box. Downstream of the Middle
Box, the Gila River flows across desert grasslands and shrublands to exit New Mexico.
Livestock grazing is the primary land use in the lower reaches of Gila River in New Mexico, but
some irrigated cropland is present near Virden. Arizona sycamore, cottonwood, and mesquite
(Prosopis spp.) comprise the primary woody riparian vegetation in the lower reaches. US Forest
Service administers mountainous portions of the Gila Watershed. Substantial portions of this
watershed are within the Gila and Aldo Leopold wildernesses. The Bureau of Land Management
and Forest Service administer portions of the lower watershed, but most lands are privately
owned. The Gila River is the last main stem in New Mexico without a major water
development.

Mimbres Watershed

The Mimbres Watershed encompasses parts of Hidalgo, Luna and Grant Counties in New
Mexico. However, almost all of the perennial waters from the Mimbres River are within Grant
County. Its lower most and few permanently watered reaches are in northern Luna County.
Formerly, small farms, orchards, and dispersed livestock grazing in uplands were the
predominant land use in much of the Mimbres Valley. Now, much of the valley is a
checkerboard of small residential ranchettes.

The Mimbres River occupies a small endorheic basin in southwest New Mexico. Headwaters are
along west- and south-facing slopes of the Black Range flow southward and dissipate onto the
desert north of Deming. Much of the permanently watered portion of the river is in the Mimbres
Valley, where the system is more cienega in character than riverine. Uplands are largely under
Forest Service jurisdiction and valley lands are largely privately owned. Although rural, the
valley has been subdivided into numerous small tracts, many of which have dwellings with
private wells and septic systems. On private lands, the river channel is frequently mechanically
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realigned and woody riparian vegetation removed. The Nature Conservancy and NMDGF
manage small tracts along the river, which provide some protection for aquatic habitats.

Pecos Watershed

The Pecos River is the primary drainage in the Pecos Watershed. The river rises on the eastern
slope of the Sangre de Cristo Mountain range in Mora County, New Mexico, and runs south
through San Miguel, Guadalupe, De Baca, Chaves, and Eddy counties in New Mexico before it
enters Texas.

The Pecos Watershed encompasses 12.3 million ac (4.0 million ha) in New Mexico. Principal
New Mexico cities in the watershed include Las VVegas, Santa Rosa, Fort Sumner, Roswell,
Artesia, and Carlsbad. Counties in the Pecos Watershed have experienced positive population
growth from 1990-2000 (New Mexico Economic Development Data), with only De Baca County
showing slight population declines. Land use in this watershed is mainly rangeland, with some
irrigated cropland and pastureland along the Pecos River. Roughly 10% of the industry in the
lower Pecos Valley is agriculture based (De Baca, Chavez, and Eddy Counties). Primary crops
include small grains, alfalfa, and other hay crops. Oil and gas development occurs within the
lower Pecos River valley.

Rio Grande Watershed

The Rio Grande Watershed originates in the San Juan Mountains of southern Colorado and flows
south through central New Mexico for the entire length of the State. At El Paso, Texas, the
drainage area is approximately 20.1 million ac (8.3 million ha), including the drainage area in
Colorado (US Geological Survey 1996). There are a number of streams that drain into the Rio
Grande. These include: 1) the Rio Chama, which joins the Rio Grande in north central New
Mexico and is the most significant tributary, 2) the Jemez River which joins the Rio Grande near
Bernalillo, and 3) the San Jose/Rio Puerco Drainage which also joins the Rio Grande near
Bernalillo. Smaller watersheds drain mountains in southern New Mexico. These drainages lack
the diversity of those to the north, and many of them are ephemeral. Flow in the Rio Grande,
typically low in the winter, is most significantly affected by snowmelt and summer rain events.
A spring peak generally occurs between early April and mid May from snow melt. Low flow
returns in June followed by smaller peaks of shorter duration associated with monsoonal rain
events. Fall generally has decreasing flow (Bullard and Wells 1992). This historic flow regime
has been greatly affected by irrigation diversions and agricultural reservoirs in the lower part of
the system. Irrigation flows have increased the relative magnitude and duration of summer peaks
and reduced the peak associated with snowmelt.

Most lands within the Rio Grande Watershed are under federal and quasi-federal ownership.

The headwaters typically occur in National Forests (Carson, Santa Fe, Cibola, and Gila). The
main stem of the Rio Grande flows through large tracts of Bureau of Land Management
holdings, as well as the Middle Rio Grande Conservancy District and Elephant Butte Irrigation
District. Cultivated cropland or orchards occupy about 7% of the basin. This form of agriculture
is particularly dense in the Espafiola Valley, Middle Rio Grande Valley, and the Mesilla Valley.
Other reaches are used extensively for livestock grazing.
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San Juan Watershed

In New Mexico the San Juan River Watershed occurs almost entirely within San Juan County.
The San Juan River originates in the San Juan Mountains of southwestern Colorado, enters New
Mexico northeast of Farmington, and flows westward for about 93 mi (150 km) to exit the state
near the Four Corners area. Navajo Dam impounds the upper 19 mi (30 km) of the river in New
Mexico. From Navajo Dam downstream to Farmington the river is restricted to a single,
moderately incised channel and habitats are mainly cobbled riffles, moderately deep runs, and
large pools. Gradient diminishes as the river progresses downstream from Farmington to
Shiprock, but flow remains mostly in a single channel. Downstream of Shiprock the channel is
frequently divided among two, three, or four courses. Habitat diversity increases with channel
complexity. In addition to habitats common in upstream reaches backwaters, embayments,
shoals, and secondary channels (having their own mix of habitats) are present. Navajo Dam
controls flows in the river and several low-head diversion dams seasonally diminish discharge.
The San Juan River within New Mexico is permanently-watered, but permanently flowing
tributaries are currently limited to the Navajo, Animas, and Mancos rivers. The San Juan River
upstream of Four Corners drains about 6.9 million ac (2.8 million ha) including portions of the
system in Colorado. The Bureau of Land Management administers much of the watershed
upstream of Farmington and large portions of the watershed are within Navajo Nation and
Jicarilla Apache jurisdiction.

Agquatic habitats of the San Juan Watershed are influenced by regulated flows, channelization,
water diversion, runoff from municipalities, roads, and row-cropped agricultural lands, and
petroleum-extraction activities. Currently, Navajo Reservoir operates to mimic a natural
hydrograph as per conditions of a Biological Opinion issued to Bureau of Reclamation by the US
Fish and Wildlife Service. Considerable data on water quality and habitats of the main stem of
the San Juan River are available in various reports produced by the San Juan River Basin
Recovery Implementation Program.

Tularosa Watershed

The Tularosa Basin encompasses approximately 3.2 million ac (1.2 million ha) in south central
New Mexico in the northern Chihuahuan Desert. It is a closed basin, meaning that all of the
water within the watershed remains in the watershed and that there is no inlet or outlet. Because
much of the Tularosa Basin is federal government property (White Sands Missile Range,
Holloman Air Force Base, White Sands National Monument), there has been limited
development in the watershed.

The closed Tularosa Basin includes parts of Torrance, Socorro, Lincoln, Otero, and Dona Ana
Counties and the municipalities of Alamogordo, Carrizozo, and Mountainair. Between 1990 and
2000, population growth in the basin varied from a 65% increase in Torrance Country to a 20%
increase in Otero County.

Zuni Watershed

The Zuni River drains about 800,000 ac (300,000 ha) as it flows from its headwaters in west-
central New Mexico to the Little Colorado River in Arizona. Continuous flow is absent from the
headwaters downstream to the Arizona/New Mexico border and surface flow is generally only
continuous during heavy spring run-off. Many stream reaches are dry except near perennial
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springs. Headwaters of the Zuni River watershed include 1*and 2" order streams such as Rio
Nutria and Tampico Draw. Lower areas of the watershed include the main stem of the Zuni
River, a 3" and 4" order system, and associated impoundments such as Black Rock Reservoir.
The Little Colorado River Watershed in New Mexico includes parts of San Juan, McKinley,
Valencia, and Catron Counties and the municipalities of Gallup, Zuni, Quemado, and Ramah.
Landownership is primarily private and Forest Service in the upper watershed and tribal in the
lower areas.

Post-European settlement changes to the landscape and subsequent effects on the Zuni River
watershed are well documented (see Zuni River Watershed Plan, NRCS 1998, for a summary).
The watershed was severely degraded by extensive logging and overgrazing in the late 1800s and
early to mid 1900s. Resultant removal of vegetation increased surface erosion, gullying, and
headcutting and caused wide discharge fluctuations and loss of water from the system. The
effects were so severe that the Pueblo of Zuni brought litigation against the United States
government in the early 1970s. The settlement, entitled the Zuni River Watershed Act of 1990,
seeks to restore tribal lands damaged because of upstream misuse of resources.

Subsequent to impacts of the early 20™ century, the Zuni River was dammed for flood control,
irrigation storage, and recreational fishing. In addition, water withdrawals for irrigation and
human consumption led to decreased surface discharge in the system. Water quality in the Zuni
River watershed is largely unknown; however, limited monitoring in the Zuni River above Black
Rock Reservoir indicates that the water is fairly hard, with a mean total dissolved solids
concentration of 537 mg/l and heavy metals well below allowable standards.

Habitat/VVegetation Classification Systems

Within New Mexico, SWReGAP
mapped 89 land cover classes. Rare

Habitat and vegetation classification systems are hierarchical land cover types and riparian areas

systems that describe units used for analyses at the state or were generally poorly mapped due
local level. Habitat conservation is an important component to limitations of remote sensing
of species-level conservation and can serve as a mechanism techniques.

for conserving more common species that are not treated
individually in the CWCS.

We employed land cover types modeled by the Southwest Regional Gap Analysis Project
(SWReGAP)(NatureServe 2004b) as our terrestrial habitat classification system. The
SWReGAP land cover was created by classifying remotely sensed Enhanced Thematic Mapper
plus (ETM+) satellite imagery. SWReGAP mapped 125 land cover classes throughout the states
of Arizona, Colorado, New Mexico, Nevada, and Utah. Within New Mexico there were 89 land
cover classes mapped (Appendix D). Rare land cover types and land cover types occurring in
linear strands (e.g., riparian vegetation) were generally poorly mapped due to limitations of
remote sensing techniques.

The New Mexico Department of Game and Fish (NMDGF) identified 23 aquatic habitats that are
important to the aquatic fauna of New Mexico. These habitat types ranged from ephemeral
playas to large 5" order perennial streams (Appendix E). The diversity of aquatic habitats varies
among and within watersheds.
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Key Habitat Types

New Mexico Department of Game and Fish identified 19 key habitat types, 9 terrestrial and 10
aquatic, from the 89 land cover types modeled by SWReGAP and 23 aquatic habitat types
(Approach Chapter; Table 2-4).

Nineteen key landscape habitat L . .
types were identified: Descriptions of Key Terrestrial Habitat Types

e 9 terrestrial, and Chihuahuan Semi-Desert Grasslands

e 10 aquatic. Chihuahuan Semi-desert Grasslands is a broadly defined desert
grassland, mixed shrub-succulent or xeromorphic tree savanna
that is typical of the borderlands of Arizona, New Mexico and
northern Mexico. This intermingled and naturally fragmented habitat type contains a highly
varied flora with taxa from the lower and warmer elevations as well as taxa from the evergreen-
oak woodland and chaparral of the higher and cooler elevations (McClaran 1995). It is found on
gently sloping bajadas and on mesas, and steeper piedmont and foothill slopes in the Chihuahuan
Desert. This habitat type also includes relatively small depressions on broad mesas and plains,
and valley bottoms that receive runoff from adjacent areas. These depressions have deep, fine-
textured soils that are neutral to slightly saline/alkaline. Vegetation on the bajadas, mesas, and
piedmont slopes is typically characterized by diverse perennial grasses. Common grass species
include black grama (Bouteloua eriopoda), hairy grama (B. hirsuta), Rothrock’s grama (B.
rothrockii), sideoats grama (B. curtipendula), blue grama, plains lovegrass (Eragrostis
intermedia), bush muhly (Muhlenbergia porteri),
curlyleaf muhly (Muhlenbergia setifolia), James’ galleta
(Pleuraphis jamesii), tobosagrass (Pleuraphis mutica),
and alkali sacaton (Sporobolus airoides). Succulent
species include agave, dasylirion, and yucca.
Vegetation in the depressions is typically dominated by
tobosa swales or other mesic graminoids such as
western wheatgrass (Pascopyrum smithii), vine
mesquite (Panicum obtusum), alkali sacaton, or big
sacaton (Sporobolus wrightii). With tobosa swales,
sand-adapted species such as soaptree yucca (Yucca
elata) may grow at the swale's edge in the deep sandy
alluvium that is deposited there from upland slopes.
Alkali sacaton and big sacaton are more common in
alkaline soils (Johnson 1974, Dinerstein et al. 2000,
NatureServe 2004b).

Intermountain Basins Big Sagebrush Shrubland

The Intermountain Basins Big Sagebrush shrubland is a
cold desert located in the northwestern to north central
part of New Mexico (Dick-Peddie 1993), and typically

Photo of soaptree yucca (Yucca elata) in

occurs in broad basins between mountain ranges, plains Chihuahuan semi-desert grassland
and foothills at altitudes of 4,920-7,545 ft (1,500-2,300 habitat. This photo records a brief
m). Soils are typically deep, well-drained and non- moment in time, and does not portray the

range of conditions of this habitat type.

saline. These shrublands are dominated by basin big Photo provided by NMCFWRU
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sagebrush (Artemisia tridentate tridentate) and/or Wyoming big sagebrush (A. t. wyomingensis),
while scattered Juniper, greasewood (Sarcobatus vermiculatus) and saltbrush (Atriplex spp.) may
also be present. Rubber rabbitbrush (Ericameria nauseosa), yellow rabbitbrush (Chrysothamnus
viscidiflorus), antelope bitterbrush (Purshia tridentate), or mountain snowberry (Symphoricarpos
oreophilus) may codominate disturbed stands. Perennial herbaceous components typically
contribute less than 25% vegetative cover. Common graminoid species include Indian ricegrass
(Achnatherum hymenoides), blue grama, streambank wheatgrass (Elymus lanceolatus), Idaho
fescue (Festuca idahoensis), needle and thread (Hesperostipa comata), basin wildrye (Leymus
cinereus), James’ galleta, western wheatgrass, Sandberg bluegrass (Poa secunda), or bluebunch
wheatgrass (Pseudoroegneria spicata) (NatureServ
2004b).

Madrean Encinal
Madrean Encinal occurs on foothills, canyons,
bajadas and plateaus in southern New Mexico.
These woodlands are dominated by Madrean
evergreen oak species. Emory oak (Quercus
emoryi) is the most common tree species in
Madrean Encinals, and is found in associations .
with varying intermixtures of Mexican blue oak (Q. L - 2l il
oblongifolia), gray oak (Q. grisea) silverleaf oak Madrean Encinal habitat in New Mexico. This
: . . photo records a brief moment in time, and
(Q hyPOIEUCO'dgs)' and Arizona white oak (Q. does not portray the range of conditions of this
arizonica) (Ffolliott 1980, Brown 1982, McPherson habitat type. Photo provided by SWReGAP.
1992, McPherson 1997, McLaren and McPherson
1999). Arizona cypress (Cupressus arizonica),
pifion, and juniper trees may be present, but do not codominate. Tree stand density and openess
of the landscape are related to local site characteristics such as soils, fire disturbance and land
use histories (Gottfried et al. 1995, Ffolliott 2002). Lower elevation stands are typically open
woodlands or savannas where they transition into desert grasslands, chaparral, or desertscrub.
Chaparral species include pointleaf manzanita (Arctostaphylos pungens), alderleaf mountain
mohagany (Cercocarpus montanus), cliffrose and bitterbrush (Purshia spp.), Wright’s silktassel
(Garrya wrightii), Sonoran scrub oak (Quercus turbinella), beechleaf frangula (Frangula
betulifolia), and sumac (Rhus spp.) (NatureServe 2004b).

The three-needled Mexican pifion (Pinus cembroides), alligator juniper (Juniperus deppeana),
and red berry juniper (J. erythrocarpa) are often found in Madrean Encinal habitats of southern
New Mexico and Arizona (Gottfried et al. 1995). Madrean Encinal also includes seral stands
dominated by shrubby Madrean oaks typically with a strong graminoid layer that is dominated
by warm-season grasses such as threeawn (Aristida spp.), blue grama, sideoats grama,
Rothrock’s grama, Arizona cottontop (Digitaria californica), plains lovegrass, curly-mesquite
(Hilaria belangeri), green sprangletop (Leptochloa dubia), muhly (Muhlenbergia spp.), James’
galleta, or Texas bluestem (Schizachyrium cirratum) (NatureServe 2004b). Common grass
species include sideoats grama, blue grama, hairy grama, and purple grama (Bouteloua
radicosa), plains lovegrass and Mexican lovegrass (Eragrostis mexicana), muhly’s bullgrass
(Muhlenbergia emersleyi), and longtongue (M. longiligula) (Brown 1982, McClaren et al. 1992,
McPherson 1992, McPherson 1994, McPherson 1997, McLaren and McPherson 1999).
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Madrean Pine-Oak Conifer-Oak Forest and Woodland

Madrean Pine-Oak Conifer-Oak Forest and Woodland occurs on mountains and plateaus in
southern New Mexico and is composed of Madrean pines (Arizona (Pinus arizonica), Apache
(Pinus engelmannii), Chihuahuan (Pinus leiophylla), or southwestern white (Pinus strobiformis)
pines) and evergreen oaks (Arizona white, Emory, and gray oaks) intermingled with patchy
shrublands on most mid-elevation slopes (4,920-7,545 ft; 1,500-2,300 m). Other tree species
include Arizona cypress, alligator juniper, Mexican pifion, border pifion (Pinus discolor), and
ponderosa pine (with Madrean pines or oaks). Soil moisture could at times be the principal
limiting factor for vegetation in this dry region (Felger and Johnson 1995). Subcanopy and shrub
layers may include typical encinal and chaparral species such as Agave spp., Arizona madrone
(Arbutus arizonica), Pringle manzanita (Arctostaphylos pringlei), pointleaf manzanita, Wright’s
silktassel, beargrass (Nolina spp.), and Sonoran scrub oak. This habitat type can also be
characterized by large- and small-patch forests and woodlands dominated by Douglas fir,
Coahuila fir (Abies coahuilensis), or white fir (Abies concolor), and Madrean oaks such as
silverleaf oak and netleaf oak (Quercus rugosa). Some stands have moderate cover of perennial
graminoids such as bullgrass, longtongue muhly, screwleaf muhly (Muhlenbergia virescens), and
Texas bluestem (NatureServe 2004b). Fires are frequent with perhaps more crown fires than
ponderosa pine woodlands, which tend to have more frequent ground fires on gentle slopes. The
current distribution of Madrean pine-oak and oak-conifer forests and woodlands is the result of
shifting climatic conditions over the past 24,000 years (Jackson 1970). During the late
Quaternary, 8,000 to 35,000 years before present, temperatures in the southwestern US were 5-6
degrees cooler and precipitation was 20-25% greater than current conditions (Merrill and Pewe
1977).

Analysis of plant matter in ancient packrat middens has allowed documentation of the changing
distributions of vegetation types over the past 22,000 years in the Apache Highlands ecoregion
(Van Devender and Spaulding 1979). The study of ancient pollen grains from the region
indicates an upward vertical movement of vegetation zones of at least 3,000-4,000 ft (915 to
1,220 m) during pluvial times (Hevly and Martin 1961). This displacement allowed Rocky
Mountain forest flora to spread southward into the Madrean pine-oak and oak-conifer forests and
woodlands of the Southwestern US. In general, these highest forest zones are more
representative of Rocky Mountain flora, with the lower elevation Madrean Encinal more
representative of the Madrean flora of Mexico. Climatic patterns at local and regional scales
have influenced the establishment and survival of these vegetational systems over the last 24,000
years (Gottfried et al. 1995).

Rocky Mountain Alpine-Montane Wet Meadow

Rocky Mountain Alpine-Montane Wet Meadows are high-elevation communities found
throughout the Rocky Mountains and Intermountain regions, dominated by herbaceous species
found on wetter sites with very low-velocity surface and subsurface flows. They range in
elevation from 3,280-1,800 ft (1000-3600 m). Soils of this system may be mineral or organic
and display hydric soil characteristics, including high organic content and/or low chroma and
redoximorphic features. The most important factor controlling the distribution and growth of
alpine plants is soil moisture (Billings and Mooney 1968). These habitat types can occur as large
meadows in montane or subalpine valleys, as narrow strips bordering ponds, lakes, and streams,
and along toe slope seeps and are typically found on flat areas or gentle slopes, but may also
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occur on sub-irrigated sites with slopes up to 10%. In alpine regions, sites typically are small
depressions located below late melting snow patches or on snow beds. This habitat often occurs
as a mixture of several plant associations, often dominated by graminoids, including slimstem
reedgrass (Calamagrostis stricta), white marsh marigold (Caltha leptosepala), heartleaf
bittercress (Cardamine cordifolia), sheep sedge (Carex illota), smallwing sedge (Carex
microptera), black alpine sedge (Carex nigricans), mountain sedge (Carex scopulorum),
Northwest Territory sedge (Carex utriculata), native sedge (Carex vernacular), tufted hairgrass
(Deschampsia caespitosa), fewflower spikerush (Eleocharis quinqueflora), Drummond’s rush
(Juncus drummondii), icegrass (Phippsia algida), alpine yellowcress (Rorippa alpine), arrowleaf
ragwort (Senecio triangularis), Parry’s clover (Trifolium parryi), and American globeflower
(Trollius laxus). Often alpine dwarf-shrublands, especially those dominated by willow (Salix),
are immediately adjacent to the wet meadows. Wet meadows are tightly associated with
snowmelt and typically not subjected to high disturbance events such as flooding (NatureServe
2004b).

Rocky Mountain Montane Mixed Conifer Forest and Woodland

Rocky Mountain Montane Mixed Conifer Forest and Woodland is a highly variable habitat of the
montane zone of the Rocky Mountains. These are mixed-conifer forests occurring on all aspects
at elevations ranging from 3,900-10,800 ft (1,200-3,300 m). Rainfall averages less than 30 in
(75 cm) per year with summer "monsoons" during the growing season contributing substantial
moisture. Douglas fir and white fir are most common canopy dominants, but Engelmann spruce
(Picea engelmannii), or blue spruce may be present, with
ponderosa pine being present to codominant. Douglas fir
forests occupy drier sites, and white fir-dominated forests
occupy cooler sites, such as upper slopes at higher
elevations, canyon sideslopes, ridgetops, and north- and
east-facing slopes which burn somewhat infrequently.
Blue spruce is most often found in cool, moist locations,
often occurring as smaller patches within a matrix of
other associations. This system also includes mixed
conifer/aspen stands. As many as seven conifers can be
found growing in the same occurrence, and there are a
number of cold-deciduous shrub and graminoid species
common, including a few maple (Acer spp.) and
blueberry (Vaccinium) species, gray alder (Alnus incana),
kinnikinnick (Arctostaphylos uva-ursi), water birch
(Betula occidentalis), redosier dogwood (Cornus
sericea), Arizona fescue (Festuca arizonica), fivepetal
cliffobush (Jamesia Americana), creeping barberry
(Mahonia repens), Oregon boxleaf, (Paxistima
myrsinites), Kuntze mallow ninebark (Physocarpus
malvaceus), New Mexico locust (Robinia neomexicana),

Rocky Mountain Montane Mixed
Conifer Forest and Woodland habitat

in New Mexico. This photo records a mountain snowberry, and Gambel oak (Quercus

brief moment in time, and does not gambelii). Herbaceous species include fringed brome
portray the range of conditions of this (Bromus ciliatus), Geyer’s sedge (Carex geyeri), Ross’
gwgitéﬁ’s- Photo provided by (Carex rossii), dryspike sedge (Carex siccata), screwleaf
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muhly, bluebunch wheatgrass, sprucefir fleabane (Erigeron eximius), Virginia strawberry
(Fragaria virginiana), smallflowered woodrush (Luzula parviflora), sweetcicely (Osmorhiza
berteroi), bittercress ragwort (Packera cardamine), western meadow-rue (Thalictrum
occidentale), and Fendler’s meadow-rue (Thalictrum fendleri) (NatureServe 2004). Naturally
occurring fires are characterized by a high degree of variable return intervals and lethality due to
the range of moisture found in this habitat.

Western Great Plains Sand Sagebrush

Western Great Plains Sand Sagebrush is found mostly in southeastern areas New Mexico. The
climate is semi-arid to arid. Soils are somewhat to excessively well-drained, deep and sandy and
are often associated with dune systems and ancient floodplains. This habitat type is
characterized by a sparse to moderately dense woody layer dominated by sand sagebrush
(Artemisia filifolia). In some areas, this habitat may actually occur as a result of overgrazing in
prairie habitats, leading to decreasing dominance of some of the grass species such as sand
bluestem (Andropogon hallii), giant sandreed (Calamovilfa gigantean), and little bluestem
(Schizachyrium scoparium). Associated species can vary with geography, amount and season of
precipitation, disturbance and soil texture. These species include several graminoid species, such
as sand bluestem, little bluestem, sand dropseed (Sporobolus cryptandrus), giant sandreed,
needle and thread, and grama spp.; other shrub species, such as soapweed yucca (Yucca glauca),
honey mesquite (Prosopis glandulosa), skunkbush sumac (Rhus trilobata), and Chickasaw plum
(Prunus angustifolia); and, in the southern range, Havard oak (Quercus havardii). Havard oak is
able to resprout following a fire and thus may persist for long periods of time once established.
Fire and grazing are the most important dynamic processes for this type, although drought stress
can impact this system significantly in some areas (NatureServe 2004).

Western Great Plains Shortgrass Prairie

Western Great Plains Shortgrass Prairie is found primarily in the eastern third of New Mexico
and occurs primarily on flat to rolling uplands with loamy, ustic soils ranging from sandy to
clayey. This habitat forms a matrix system with blue grama dominating. Associated graminoids
may include purple threeawn (Aristida purpurea), sideoats grama, hairy grama, buffalograss,
needle and thread, prairie Junegrass (Koeleria macrantha), western wheatgrass, James’ galleta,
alkali sacaton and sand dropseed. Although mid-height grass species may be present especially
on more mesic land positions and soils, they are secondary in importance to the sod-forming
short grasses. Sandy soils have higher cover of needle and thread, spike dropseed (Sporobolus
cryptandrus), and soaptree yucca. Scattered shrub and dwarf-dwarf species such as sand
sagebrush, prairie sagewort (Artemisia frigida), big sagebrush (Artemisia tridentate), fourwing
saltbrush (Atriplex canescens), spreading buckwheat (Eriogonum effusum), broom snakeweed
(Gutierrezia sarothrae), wolfberry (Lycium palida), may also be present. High variation in
amount and timing of annual precipitation impacts the relative cover of cool and warm season
herbaceous species. Large-scale processes such as climate, fire, and grazing influence this
habitat. Fire is less important than other prairie habitats because the often dry and xeric climate
conditions can decrease the fuel load and thus the relative fire frequency. The short grasses that
dominate this habitat type are extremely drought and grazing-tolerant. These species evolved
with drought and large herbivores and, because of their stature, are relatively resistant to
overgrazing (NatureServe 2004).
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Riparian Habitats

Riparian habitats are assemblages of plant,
animal, and aquatic communities whose
presence can be either directly or indirectly
attributed to stream-induced or related factors
(Kauffman and Krueger 1984). These habitats
tend to support a greater diversity of plants and
animals than upland habitats. A significant
percentage of all wildlife in the Southwest

uses riparian habitat (Thomas et al. 1979, parn habitat in New Mexico. This pto records
. o .
Johnson et al. 1977) and approximately 80% a brief moment in time, and does not portray the

of all sensitive and specially classified range of conditions of this habitat type. Photo
vertebrate species in New Mexico depend provided by NMCFWRU.

upon riparian or aquatic habitat at some time
during their life cycle (New Mexico
Department of Game and Fish 2000).

Wetlands and riparian ecosystems comprise less than 1% of New Mexico (Dahl 1990,
Henrickson and Johnston 1986, Allen and Marlow 1992). Riparian habitats occur where water is
perennial, intermittent, or ephemeral. Their relatively small size, elevational continuum,
complexity, and variation present a significant challenge to mapping their aerial extent. Thus,
there are no reliable estimates for the acreage of riparian habitats in New Mexico.

Dick-Peddie (1993) classified riparian habitats in New Mexico into: 1) alpine riparian, 2)
montane riparian, 3) floodplain-plains riparian, 4) arroyo riparian, and 5) closed basin riparian.
Alpine riparian areas are similar to subalpine grasslands (Dick-Peddie 1993) communities and
are discussed in the Alpine Wet Meadow section in the Southern Rocky Mountain Ecoregion.
We grouped arroyo riparian and closed basin riparian types because of their similarity in New
Mexico.

Sixteen SWReGAP land cover types illustrate
riparian habitats in New Mexico (Table 3-4).
Floodplain-Plains riparian communities occur
primarily along the major rivers of New
Mexico. Xeric riparian communities included
basins, playas, alkali sinks, and arroyos. Many
of New Mexico’s riparian communities have
been altered by invasive species. Their
presence in riparian communities is sufficient
enough to be mapped using remotely sensed
data (SWReGAP: http://fws-
nmcfwru.nmsu.edu/swregap/). While this

Riparian habitat in New Mexico. This photo records

a brief moment in time, and does not portray the community is likely more prevalent in the
range of conditions of this habitat type. Photo floodplain-plains riparian communities,
provided by NMCFWRU. invasive riparian communities are present

throughout New Mexico riparian systems.
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Table 3-4. SWReGAP land cover types (NatureServe 2004b) used to illustrate riparian
communities in New Mexico.

Riparian Type SWReGAP Land Cover Types

Montane Riparian
Rocky Mountain Bigtooth Maple Ravine Woodland
Rocky Mountain Subalpine-Montane Riparian Shrubland
Rocky Mountain Subalpine-Montane Riparian Woodland
Rocky Mountain Lower Montane Riparian Woodland and Shrubland
North American Warm Desert Lower Montane Riparian Woodland and Shrubland
Floodplain-Plains Riparian
Western Great Plains Riparian Woodland and Shrubland
North American Warm Desert Riparian Woodland and Shrubland
North American Warm Desert Riparian Mesquite Bosque
North American Arid West Emergent Marsh
Xeric Riparian
Inter-Mountain Basins Greasewood Flat
Inter-Mountain Basins Greasewood Wash
Inter-Mountain Basins Playa
North American Warm Desert Wash
North American Warm Desert Playa
Western Great Plains Saline Depression
Invasive Riparian Communities
Invasive Southwest Riparian Woodland and Shrubland

Rocky Mountain Bigtooth Maple Ravine Woodland

This ecological system occurs in scattered localities in New Mexico. It is dominated by bigtooth
maple (Acer grandidentatum) but can include mixed stands of Gambel oak or with scattered
conifers. Some stands may include box elder (Acer negundo) or quaking aspen (Populus
tremuloides) as minor components (NatureServe 2004b).

Rocky Mountain Subalpine-Montane Riparian Shrubland

The montane/subalpine riparian shrubland ecological system is a linear and small patch system
confined to specific environments occurring on floodplains or terraces of the upper Rio Grande
and its tributaries (Rondeau 2001). It primarily occurs in shallow broad valleys. This ecological
system can be found within a broad elevation range, from approximately 8,000-11,000 ft (2,400-
3,350 m). It often occurs as a mosaic of multiple communities that are shrub-dominated. The
dominant shrubs reflect the large elevational gradient and include gray alder, dwaft birch (Betula
glandulosa), water birch, redosier dogwood, and willow species (Salix spp.) (NatureServe
2004b). Generally, the upland vegetation surrounding these riparian systems is either conifer or
aspen forests, while adjacent riparian systems range from herbaceous-dominated communities to
tree-dominated communities. Beavers are primary users and drivers of this ecological system
and the foremost species necessary to maintain its hydrology. Annual and episodic flooding is
important, too, as any alteration of the flooding regime may produce changes to plant
composition or community composition (Kittel et al. 1999). Aquatic species and water quality
may be as important as vegetation as indicators of system health.
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Rocky Mountain Subalpine-Montane Riparian Woodland

The montane/subalpine riparian forest and woodland ecological system is a linear system
confined to specific environments occurring on floodplains or terraces of rivers and streams
(Rondeau 2001). It is the primary riparian matrix of the upper Rio Grande watershed. The
montane/subalpine riparian woodland ecological type forms small patches within this linear-
matrix system. Upper montane/subalpine riparian forest and woodland occurs at higher
elevations (8,000-11,000 ft; 2,400-3,350 m) and contains a mosaic of one or two communities
dominated by either white and subalpine fir, Englemann and blue spruce, or aspen (Fullerton and
Batts 2003, NatureServe 2004b).

Rocky Mountain Lower Montane Riparian Woodland and Shrubland

The lower montane riparian woodland ecological system is a linear system confined to specific
environments occurring on floodplains or terraces (Rondeau 2001). It is scattered throughout the
upper watershed within a broad elevation range, from approximately 3,000-9,000 ft (900-2,700
m). This system often occurs as a mosaic of multiple communities that are tree-dominated with
a diverse shrub component. The plant associations connected to this system reflect a variety of
elevations, stream gradients, floodplain widths, and flooding events. The dominant trees may
include boxelder, cottonwood, balsam poplar (P. balsamifera), Douglas fir, blue spruce, or
Rocky Mountain juniper (Juniperus scopulorum). Dominant shrubs include Rocky Mountain
maple (Acer glabrum), gray alder, birch, dogwood, and willow species. The upland vegetation
surrounding this riparian system can range from forests to grasslands (NatureServe 2004b).

North American Warm Desert Lower Montane Riparian Woodland and Shrubland

This system consists of mid-low elevation (3,600-5,900 ft; 1,100-1,800 m) riparian corridors
along perennial and seasonally intermittent streams throughout canyons and valleys of southern
New Mexico. This system occurs along the upper Gila River and its tributaries, the upper San
Francisco River and its tributaries, the upper Zuni River and its tributaries, and probably the
upper reaches of streams draining the east slopes of the Sierra Blanca, Sacramento Mountains,
and Guadalupe Mountains. Dominant species of this system include gray alder, river hawthorn
(Crataegus rivularis), stetchberry (Forestiera pubescens), cottonwood (Populus spp.), wild plum
(Prunus virginina), skunkbush sumac, and willow species (NatureServe 2004b). The
surrounding upland systems range from grasslands, to shrublands and woodlands. Within the
levees between Las Cruces and El Paso, this habitat is extremely fragmented and of low quality
(Fullerton and Batts 2003). There is little or no regeneration due to the lack of floods, and to
frequent mowing inside the levees. There are isolated pockets of remnant cottonwood-willow
habitat, but saltcedar is dominant.

Western Great Plains Riparian Woodland and Shrubland

This ecological system is found in medium and small rivers and streams throughout eastern New
Mexico. It can occur as far west as the Rio Grande. Dominant species can include cottonwood,
willow, silver sagebrush (Artemisia cana), western wheatgrass, spike dropseed, and little
bluestem (NatureServe 2004b).

North American Warm Desert Riparian Woodland and Shrubland
This ecological system consists of low elevation (< 3,900 ft; 1,200 m) riparian corridors along
medium to large perennial streams throughout New Mexico. It occurs along the main stems and
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tributaries of lower Gila River, lower San Francisco River, the lower Zuni River, and probably
the lower reaches of streams draining the east slopes of the Sierra Blanca, Sacramento
Mountains, and Guadalupe Mountains (NatureServe 2004b).

North American Warm Desert Riparian Mesquite Bosque

This ecological system consists of low-elevation (< 3,600 ft; 1,100 m) riparian corridors along
intermittent streams in southern New Mexico. The dominant trees include honey mesquite with
shrubs including seep willow (Baccharis salicifolia), arrow-weed (Pluchea sericea), and coyote
willow (Salix exigua)(NatureServe 2004b).

North American Arid West Emergent Marsh

This ecological system occurs throughout the arid and semi-arid regions of New Mexico. These
marshes can occur in depressions, around lakes, and along streams and rivers. Soils have
anaerobic characteristics and plants that occur are adapted to saturated soil conditions. Common
plants include species of sedges (Scirpus spp.) and/or cattail (Typha spp.), rush (Juncus spp.),
pondweed (Potamogeton spp.), and reed (Phalaris spp.)(NatureServe 2004b).

Inter-Mountain Basins Greasewood Flat

This ecological system is a complex of many communities dominated or codominated by
greasewood, fourwing saltbush (Atriplex canescens), shadescale saltbush (Atriplex confertifolia),
or winterfat (Krascheninnikovia lanata). It occurs near drainages on stream terraces and flats or
may form rings around more sparsely vegetated playas and can be open to moderately dense
shrublands (NatureServe 2004b).

Inter-Mountain Basins Greasewood Wash

This ecological system is barren and sparsely vegetated restricted to intermittently flooded
streambeds and banks. Shrubs include greasewood, rubber rabbitbrush, Apache plume (Fallugia
paradoxa), and/or silver sagebrush. A continuous or intermittent linear canopy in and along
drainages occurs but does not extend out into flats. Saltgrass (Distichlis spicata) meadows can
occur where water remains for the longest periods (NatureServe 2004b).

Inter-Mountain Basins Playa

This ecological system is comprised of barren and sparsely vegetated playas found in the
intermountain west. The system is characterized by species such as iodinebush (Allenrolfea
occidentalis), greasewood, spiny hopsage (Grayia spinosa), lemmon’s alkali grass (Puccinellia
lemmonii), basin wildrye, inland saltgrass, and saltbrush (NatureServe 2004b).

North American Warm Desert Wash

This ecological system occurs in intermittent washes or arroyos that dissect bajadas, mesas, and
plains of the warm deserts. This habitat type occurs as linear or braided strips within desert
vegetation matrix. The vegetation can be quite variable ranging from sparse to moderately dense
often on the banks, but can occur within the steam channel. Species that are dominant in this
system include catclaw acacia (Acacia greggii), cut-leaf brickellia (Brickellia laciniata), desert
broom (Baccharis sarothroides), desert willow (Chilopsis linearis), Apache plume, burro brush
(Hymenoclea monogyra and H. salsola), mesquite, littleleaf sumac (Rhus microphylla), and
greasewood (NatureServe 2004b).
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North American Warm Desert Playa

This ecological system is comprised of barren and sparsely vegetated playas found across the
warm deserts. Larger playas have vegetation rings which are formed in response to salinity.
Species characterizing this system include iodinebush, inland saltgrass, common spike rush
(Eleocharis palustris), ricegrass (Oryzopsis spp.), dropseed, and saltgrass (NatureServe 2004b).

Western Great Plains Saline Depression

This ecological system is comprised of shallow lakes and depressions with strongly saline soils.
Salt encrustations can occur on the surface in some these areas and vegetation must be salt-
tolerant species such as inland saltgrass, alkali sacaton, and foxtail barley (Hordeum jubatum).
During wet years, less tolerant species can occur as the increase in precipitation dilutes the salt
concentration (NatureServe 2004b).

Invasive Southwest Riparian Woodland and Shrubland

This is a semi-natural system predominantly comprised of saltcedar and Russian olive (Elaegnus
angustifolus) (NatureServe 2004b). This vegetation type can occur throughout the state but is
often found within perennial drainages and around lakes.

T ) - Descriptions of Key Aquatic Habitat Types

en key aquatic habitats were . ] .

e (el f) N Vs Perennial Marsh/Cienega/Spring/Seep

Perennial marsh/cienegas occur statewide as geographically
isolated wet depressions or seeps that are hydrologically
supported by seasonal discharge of shallow groundwater aquifers and precipitation events.
These wet areas collect and hold water that commonly
supports moisture-loving plants (e.g., marsh emergents),
soils, and wildlife.

Perennial Large Reservoir

Large reservoirs (>1,000 ha) occur on many of New Mexico
drainages. Elephant Butte, Navajo, Heron, El VVado,
Abiquiu, Ute, Sumner, Brantly, Red Bluff, Caballo, Conchas,
Cochiti, and Eagle Nest are large reservoirs in New Mexico.
These reservoirs are managed for irrigation and/or flood
control. They support a diverse sport fishery of primarily
non-native fish. Dams associated with these large reservoirs
alter the natural flow regime and influence up- and down-
stream habitats.

Perennial 1% and 2™ Order Stream
Headwater streams are 1st order streams. When two 1% order
streams join, they form a 2" order stream. Perennial 1% and

2" order streams occur in all watersheds except the San Perennial 1 and 2™ Order Stream
Juan. habitat in New Mexico. This photo
records a brief moment in time,
and does not portray the range of
conditions of this habitat type.
Photo provided by NMCFWRU.
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Perennial 3" and 4" Order Stream

When two 2" order streams join, they
form a 3" order stream. Similarly, when
two 3" order streams join, they form a 4™
order stream. Perennial 3 and 4™ order
streams occur in all watersheds except the
Tularosa.

Perennial 5" Order Stream

When two 4™ order streams join, they
form a 5" order stream. In New Mexico,
5™ order streams are the Rio Grande,
Pecos, San Juan and Gila River.

Perennial 3" and 4" Order Stream habitat in New
Mexico. This photo records a brief moment in time, and
does not portray the range of conditions of this habitat
type. Photo provided by NMCFWRU.

Perennial Tank

Perennial tanks occur statewide and are
hydrologically supported by natural springs, seepage from permanent streams, and precipitation
events. These permanent tanks collect and hold water for sufficient periods to support wildlife
and numerous emergent and submerged aquatic plants. Cattails and larger sedges often form
thick mats on the stabilized banks that may extend some distance into the tank.

Ephemeral 1% and 2™ Order Stream

Based on US Geological Survey maps (1:2,000,000 Digital Line Graph), approximately 80
percent of the drainages in New Mexico are ephemeral. More than 3,900 miles of intermittent
streams exist within geographically isolated, closed basins statewide (NMDGF 2003).

Ephemeral Man-Made Catchments

In New Mexico, man-made depressions occur statewide and serve as ephemeral catchments for

seasonal run-off waters. These depressions are variously termed dirt tanks, stock tanks, drinkers,

and catchments. Roadside pools, created as borrow pits or storm water run-off storage basins,
also are included in this category.

Ephemeral Natural Catchments

Ephemeral natural catchments exist in all
ecoregions of New Mexico (Cole 1996,
Jones 1997) as geographically isolated
wetlands that are commonly termed
“playas” or “prairie potholes” (NMAC
2000). Ephemeral natural catchments vary
in size from less than an acre to several
hundred acres, and can occur at any
elevation as a network of isolated wetlands
within endorheic basins or flyways (Central

Perennial tank habitat in New Mexico. This photo or Intermountain West), or as isolated
records a brief moment in time, and does not portray depressions found statewide.

the range of conditions of this habitat type. Photo by
provided by NMCFWRU.
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Playas of the Southern High Plains of eastern New Mexico and adjacent states (Colorado,
Oklahoma, Texas) are perhaps the most recognized and well-studied type of ephemeral wetland
in the state (Smith 2003), where it is estimated that some 2,460 playa lakes occur on the “Llano
Estacado” south of the Canadian River drainage (Guthery and Bryant 1982). However, playa
lakes represent but one type of a great diversity of ephemeral wetland habitat types found
throughout New Mexico. Additional descriptive names of ephemeral natural catchments may

include: salt basins (salterns, flats or lakes),
alkali flats, tinajas (rock pools), grassland

and woodland vernal pools, karst
sinkholes, swales, among others (Witham
1998, Erikson and Belk 1999, Lang and
Rogers 2002, Tiner et al. 2002, Tiner 2003,
Zedler 2003).

Ephemeral Marsh/Cienega/Seeps/Springs
Ephemeral marsh/cienegas occur statewide
as geographically isolated wet depressions
or seeps that are hydrologically supported
by seasonal discharge of shallow
groundwater aquifers and precipitation
events. These seasonally wet areas collect
and hold water for sufficient periods that
commonly support moisture-loving plants

Ephemeral natural catchment habitat in New Mexico.
This photo records a brief moment in time, and does not
portray the range of conditions of this habitat type.
Photo provided by NMCFWRU.
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(e.g., marsh emergents), soils, and wildlife.
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WILDLIFE SPECIES AND STATUS

Game Species

New Mexico has 103 game species that require either a big game license, federal migratory bird

permit, fishing license, furbearer license, small game license, or duck stamp to harvest. This list
includes 30 species of mammals, 29 fish, 43 birds, and one amphibian (see Bison-M database for
greater details; http://fwie.fw.vt.edu/states/nm.htm).

State Threatened and Endangered Species

The New Mexico Department of Game and Fish emphasizes the need for identifying and
protecting endangered wildlife in New Mexico. More than 75 taxa have been extirpated from
one or more counties, including six that are considered to be extinct and 19 which have been
extirpated from the state (NMDGF 2004a).

A total of 118 species and subspecies are on the 2004 list of state-threatened and state-
endangered New Mexico wildlife (NMDGF 2004a). The list includes two crustaceans, 25
molluscs, 23 fishes, six amphibians, 15 reptiles, 32 birds, and 15 mammals. An additional seven
species of mammals have been listed as restricted to facilitate control of traffic in federally
protected species within New Mexico. A species is state-endangered if it is in jeopardy of
extinction or extirpation from the state; a species is state-threatened if it is likely to become
endangered within the foreseeable future throughout all or a significant portion of its range in
New Mexico. Only species or subspecies of mammals, birds, reptiles, amphibians, fishes,
molluscs, and crustaceans native to New Mexico may be listed as threatened or endangered
under the Wildlife Conservation Act. During the Biennial Review, species may be upgraded
from threatened to endangered or downgraded from endangered to threatened, based upon data,
views, and information regarding the biological and ecological status of the species.
Investigations for new listings or removals from the list (delisting) can be undertaken at any
time, but require additional procedures from those for the Biennial Review. The 2004 Biennial
Review contained recommendations regarding the listing status for each of the 125 species or
subspecies listed as threatened, endangered, or restricted under the New Mexico Wildlife
Conservation Act (NMDGF 2004a). Of these, 123 were recommended to retain their current
listing status. Two species, the Jemez Mountains salamander (Plethodon neomexicanus) and
sand dune lizard (Sceloporus arenicolus), were up-listed from state threatened to state
endangered. Both species persist within very limited ranges and have been experiencing
increasing threats to their habitats within recent years. Changes from threatened to endangered
confer no regulatory authority to the NMDGF over the habitat of these species. However, state-
endangered status emphasizes the importance of, and demonstrate the ability for, state-level
management to support the long-term persistence of otherwise imperiled native wildlife.

Federal Threatened and Endangered Species

The U.S Fish and Wildlife Service lists 29 New Mexico animal species as threatened or
endangered species (USFWS 2005). The list includes one crustacean, two molluscs, 12 fishes,
one amphibian, one reptile, eight birds, and five mammals.
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Chapter 4
STATEWIDE ASSESSMENT AND STRATEGIES

This chapter describes Species of Greatest Conservation Need in New Mexico and their
distribution and abundance (Element 1). We further present a synthesis of conservation
priorities. This synthesis describes problems affecting habitats and species across New Mexico
(Element 3) and summarizes information gaps and related research, survey, and monitoring
needs (Element 3) identified within ecological frameworks and key habitats (Chapter 5) as well
as additional points that limit our ability to make informed conservation assessments and
decisions. We also summarize the top five conservation actions necessary to overcome problems
and achieve desired future outcomes listed in each ecological framework and key habitat
(Element 4). This level of organization should not supersede those identified and prioritized in
Chapter 5. Rather, this organizational framework takes a broader-scale approach to synthesizing
prioritized conservation actions applicable to the statewide scale. We anticipate that those who
will use this Strategy as a resource and planning guide will reference conservation actions under
each ecological framework and key habitat as well as this synthesized approach. We end this
chapter with an analysis that enhances our understanding of geographic areas where conservation
efforts might be focused.

SPECIES OF GREATEST CONSERVATION NEED

Through the process described in the Approach chapter, 452 Species of Greatest Conservation
Need (SGCN) have been identified in New Mexico (Table 4-1). Of these 298 species are fish,
birds, mammals, amphibians, reptiles, molluscs, and crustaceans. The remaining 154 species are
arthropod species in the classes of Insecta, Arachnida, Chilopoda, Diplopoda, and Entognatha.
Although the percent of New Mexico’s biodiversity represented as SGCN is unknown (the
amount of arthropods other than crustaceans in New Mexico is unknown), approximately 26% of
New Mexico’s vertebrate, mollusc, and crustacean fauna are considered SGCN (Table 4-2).
Most of the crustacean fauna (91%; 32 species) in the state are considered SGCN. Conversely,
only 15% (74 species) of the birds in the state are considered SGCN. Although little is known
about most arthropods in New Mexico, the arthropod working group considers those species
designated as SGCN to be appropriate for conservation planning at this time. However,
additional taxa may be identified in the future as new information becomes available. Arthropod
SGCN (classes Insecta, Arachnida, Chilopoda, Diplopoda, and Entognatha) identified to date
represent potentially declining species, and taxa that are considered indicative of the health and
diversity of New Mexico’s varied landscapes, habitats, and natural heritage. Additional
information is needed to fully understand the status of these species in New Mexico.

In New Mexico, 452 Species of Greatest Conservation Need have been identified, representing fish, birds,
mammals, amphibians, reptiles, molluscs, crustaceans, and other arthropods.

Approximately 26% of New Mexico’s vertebrate, mollusc, and crustacean fauna are considered SGCN.
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Table 4-1. Species of Greatest Conservation Need (SGCN) identified in New Mexico. Of the
452 species designated as SGCN, 298 species are fish, birds, mammals, amphibians, reptiles,
molluscs, and crustaceans. The remaining 154 species are arthropod species in the classes of
Arachnida, Chilopoda, Diplopoda, Entognatha, and Insecta. Scientific names to species can be

found in Appendix C.

Common or Scientific Name'

Fish

Smallmouth Buffalo
Blue Catfish

Headwater Catfish
Chihuahua Chub

Gila Chub

Headwater Chub

Rio Grande Chub
Roundtail Chub
Speckled Chub
Canadian Speckled Chub
Southern Redbelly Dace
Greenthroat Darter
Pecos Gambusia

Birds

Eared Grebe

American Bittern
White-Faced Ibis
Neotropic Cormorant
Common Black-Hawk
Painted Bunting
Varied Bunting
Sandhill Crane
Yellow-Billed Cuckoo
Long-Billed Curlew
Mourning Dove
Northern Pintail

Bald Eagle

Golden Eagle
Aplomado Falcon
Peregrine Falcon
Olive-Sided Flycatcher
Southwestern Willow Flycatcher
Northern Goshawk
Common Ground-Dove
Blue Grouse

Northern Harrier
Ferruginous Hawk
Broad-Billed Hummingbird
Costa's Hummingbird

Rainwater Killifish

Bigscale Logperch (Native pop.)
Loach Minnow

Rio Grande Silvery Minnow
Suckermouth Minnow
Colorado Pikeminnow
Pecos Pupfish

White Sands Pupfish

Gray Redhorse

Mottled Sculpin

Pecos Bluntnose Shiner

Rio Grande Shiner

Lucifer Hummingbird
Violet-Crowned Hummingbird
Pinyon Jay
Yellow-Eyed Junco
Thick-Billed Kingbird
Hooded Oriole

Osprey

Boreal Owl

Burrowing Owl

Elf Owl

Whiskered Screech-Owl
Mexican Spotted Owl
Greater Pewee

Wilson's Phalarope
Band-Tailed Pigeon
Sprague's Pipit
Mountain Plover
Snowy Plover

Lesser Prairie-Chicken
White-Tailed Ptarmigan
Montezuma Quail
Scaled Quail

Painted Redstart
Williamson's Sapsucker
Loggerhead Shrike

Spikedace

Central Stoneroller
Blue Sucker

Zuni Bluehead Sucker
Desert Sucker
Razorback Sucker
Rio Grande Sucker
Sonora Sucker
Mexican Tetra

Gila Topminnow

Rio Grande Cutthroat Trout
Gila Trout

Sage Sparrow

Baird's Sparrow

Botteri's Sparrow
Grasshopper Sparrow
Bank Swallow

Black Swift

Interior Least Tern
Bendire's Thrasher

Sage Thrasher

Juniper Titmouse

Abert's Towhee

Elegant Trogon

Gould's Wild Turkey
Northern Beardless-Tyrannulet
Bell's Vireo

Gray Vireo

Grace's Warbler
Black-Throated Gray Warbler
Lucy's Warbler
Red-Faced Warbler
Yellow Warbler

Gila Woodpecker

Lewis's Woodpecker
Red-Headed Woodpecker
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Table 4-1 Cont.

Common or Scientific Name'

Mammals

Allen's Big-Eared Bat
Pocketed Free-Tailed Bat
Lesser Long-Nosed Bat
Mexican Long-Nosed Bat
Mexican Long-Tongued Bat
Arizona Myotis Bat
Western Red Bat

Spotted Bat

Western Yellow Bat
Black Bear

American Beaver

Organ Mts. Colorado Chipmunk
Oscura Mts. Colorado Chipmunk

Penasco Least Chipmunk

Amphibians

Eastern Barking Frog
Western Chorus Frog
Chiricahua Leopard Frog
Lowland Leopard Frog
Northern Leopard Frog

Reptiles

Western River Cooter
Texas Banded Gecko
California Kingsnake
Gray-Banded Kingsnake
Sonoran Mountain Kingsnake
Madrean Alligator Lizard
Collared Lizard

Bunch Grass Lizard
Regal Horned Lizard
Sand Dune Lizard

Desert Massasauga

Molluscs

Alamosa Springsnail

Blunt Ambersnail

Lake Fingernailclam

Long Fingernailclam
Swamp Fingernailclam
Texas Hornshell

Wrinkled Marshsnail
Bearded Mountainsnail
Black Range Mountainsnail
Black Range Mountainsnail
Fringed Mountainsnail

White-Nosed Coati

Mule Deer

Coues' White-Tailed Deer
Swift Fox

Southern Pocket Gopher
Snowshoe Hare

Jaguar

American Marten

NM Meadow Jumping Mouse
Northern Pygmy Mouse
River Otter

Goat Peak Pika
Black-Tailed Prairie Dog
Gunnison's Prairie Dog

Plains Leopard Frog

Rio Grande Leopard Frog
Mountain Tree Frog

Jemez Mountain Salamander
Sacramento Mountain Salamander

Reticulate Gila Monster

Western Diamondback Rattlesnake
New Mexico Ridgenose Rattlesnake
Banded Rock Rattlesnake

Mottled Rock Rattlesnake
Mountain Skink

Big Bend Slider

Yaqui Blackhead Snake

Mexican Garter Snake
Narrowhead Garter Snake

New Mexico Garter Snake

Hacheta Mountainsnail
Mineral Creek Mountainsnail
Rocky Mountainsnail
Socorro Mountainsnail
Paper Pondshell Mussel
Lilljeborg's Peaclam
Sangre de Cristo Peaclam
Creeping Ancylid Snail
Pecos Assiminea Snail
Crestless Column Snail
Amber Glass Snail

White-Sided Jack Rabbit
White-Tailed Jack Rabbit
Yellow-Nosed Cotton Rat
Desert Bighorn Sheep
Rocky Mountain Bighorn Sheep
Arizona Shrew

Least Shrew

New Mexico Shrew
Preble's Shrew

Abert's Squirrel

Avrizona Gray Squirrel
Arizona Montane Vole
Prairie Vole

Mexican Gray Wolf

Tiger Salamander

Arizona Toad

Western Boreal Toad

Colorado River Toad

Great Plains Narrowmouth Toad

Milk Snake

Green Rat Snake

Arid Land Ribbon Snake
Blotched Water Snake

Ornate Box Turtle

Sonoran Mud Turtle

Western Painted Turtle

Midland Smooth Softshell Turtle
Gray-Checkered Whiptail

Giant Spotted Whiptail

Western Glass Snail

Animas Mountains Holospira Snail
Cockerell Holospira Snail

Cross Holospira Snail

Metcalf Holospira Snail

Texas Liptooth Snail

Distorted Metastoma Snail
Chupadera Pyrg Snail

Gila Pyrg Snail

New Mexico Hotspring Pyrg Snail
Pecos Pyrg Snail
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Table 4-1 Cont.
Common or Scientific Name'

Molluscs cont.

Roswell Pyrg Snail

Socorro Pyrg Snail
Whitewashed Radabotus Snail
New Mexico Ramshorn Snail
Marsh Slug Snail

Shortneck Snaggletooth Snail
Sonoran Snaggletooth Snail
Spruce Snail

Star Gyro Snail

Obese Thorn Snail
Three-Toothed Column Snail

Crustaceans

Akali Fairy Shrimp

BLNWR cryptic species Amphipod
Cryptic Species Amphipod

Noel's Amphipod

Beavertail Fairy Shrimp

Brine Shrimp

Colorado Fairy Shrimp

Conchas Crayfish

Procambarus simulans simulans
Northern (Canadian River) Crayfish
Cyzicus sp. (mexicanus?)

Other Arthropods
Arachnids (Arachnida)
Texella longistyla
Texella welbourni
Cave Obligate Mite

Centipedes (Chilopoda)
Cave Obligate Centipede

Springtails (Entognatha)
Oncopodura prietoi

Insects (Insecta)

Aphaenogaster punctaticeps
Leptothorax bestelmeyeri
Leptothorax colleenae
Capulin Mountain Arctic
Andrena mimbresensis
Andrena neffi

Perdita geminata
Perdita grandiceps
Perdita maculipes
Perdita mesillensis
Perdita senecionis

Northern Treeband Snail
Koster's Tryonia Snail
Vallonia Snail

Blade Vertigo Snail

Ovate Vertigo Snail

Animas Talussnail

Big Hatchet Mountain Talussnail
Dona Ana Talussnail

Florida Mountain Talussnail
Franklin Mountain Talussnail
Organ Mountain Talussnail

Eocyzicus concavus
Eocyzicus digueti
Eulimnadia antlei
Eulimnadia cylindrova
Eulimnadia diversa
Eulimnadia follismilis
Eulimnadia texana
Great Plains Fairy Shrimp
Socorro Isopod
Knobblip Fairy Shrimp
Lepidurus lemmoni

Aphrastochthonius pachysetus
Chitrella welbourni
Neoallochernes incertus

Millipedes (Diplopoda)
Cave Obligate Millipede

Pseudosinella vita

Perdita sidae

Osmia prunorum
Mason Bee

Melittid Bee
Pityophthorus franseriae
Pityophthorus torridus
Anthony Blister Beetle
Andrena vogleri
Perdita austini

Perdita biparticeps
Perdita claripennis

Peloncillo Mountain Talussnail
San Luis Mountains Talussnail
Tularosa Springsnail
Woodlandsnail

Animas Peak Woodlandsnail
Big Hatchet Woodlandsnail
Cook's Peak Woodlandsnail
Hacheta Grande Woodlandsnail
Iron Creek Woodlandsnail
Jemez Woodlandsnail

Sangre de Cristo Woodlandsnail

Lynceus brevifrons

Mexican Beavertail Fairy Shrimp
Moore's Fairy Shrimp

Packard's Fairy Shrimp

Tadpole Shrimp

Sideswimmers / Scuds
Streptocephalus n. sp. 1
Streptocephalus n. sp. 2
Sublette's Fairy Shrimp

Versatile Fairy Shrimp

Peloncillo Scorpion
Jemez Spider

Chihuahuan Millipede

Tomocerus grahami

Perdita tarda

Perdita viridinotata

Centris Bee

Osmia phenax

Bonita Diving Beetle
Southwestern Hercules Beetle
Glorious Jewel Beetle
Leconte's Jewel Beetle
Wood's Jewel Beetle
Animas Minute Moss Beetle
Tiger Beetle
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Table 4.1 Cont.
Common or Scientific Name'

Other Arthropods Cont.
Insects (Insecta) Cont.
Glittering Tiger Beetle
Guadalupe Mtns. Tiger Beetle
Los Olmos Tiger Beetle
Maricopa Tiger Beetle
Nevada Tiger Beetle
Buchholz's Boisduval's Blue
Mogollon Rim Greenish Blue
Hemileuca comwayae
Hemileuca (nevadensis) artemis
Hemileuca hera magnifica
Mountain Checkered-Skipper

Chalcedon Checkerspot
Sacramento Mountain Checkerspot
Tawny Crescent

Mescalero Camel Cricket

Organ Mountains Camel Cricket
Rodent Burrow Camel Cricket
Gypsum Sand-Treader Camel Cricket
WS Sand-Treader Camel Cricket
Carlsbad Cave Cricket

Mescalero Sands Jerusalem Cricket
Arroyo Darner

Ellis Dotted-Blue

Spalding's Dotted-Blue

Bleached Skimmer Dragonfly
Scudder's Duskywing

Dusty-Wing

Desert Elfin

Caenotus inornatus

Caenotus minutus

Chrysotus parvulus

Neurigona perbrevis

Thinophilus magnipalpus

Mydas Fly

Efferia cuervana

Furcilla delicatula

Megaphorus lascrucensis
Soldier Fly

Capitan Mountains Fritillary
Freija Fritillary

Nitocris Fritillary

Nokomis Fritillary

Raton Mesa Fritillary
Silver-Bordered Fritillary
Aeoloplides rotundipennis
Cibolacris samalayucae
Band-Winged Grasshopper
Hebard’s Blue-Winged Desert
Grasshopper

Lichen Grasshopper

Nevada Point-Headed Grasshopper
Shotwell’s Range Grasshopper
Spur-Throat Grasshopper
Spur-Throat Grasshopper
llavia Hairstreak

Poling’s Hairstreak

Sandia Hairstreak

Oslar’s Soapberry Hairstreak
Xami Hairstreak

Mescalero Sands Katydid
Hexagenia bilineata
Homoeonuria alleni
Lachlania dencyannae
Leucrocuta petersi

Arizona Metalmark

Carales arizonensis

Borer Moth

Albarufan Dagger Moth
Geometrid Moth

Noctuid Moth

Euhyparpax rosea
Oligocentria delicate

Pyralid Moth

Tiger Moth

Mirid Plant Bug

Dashed Ringtail

Cassus Roadside-Skipper
Large Roadside-Skipper
Slaty Roadside-Skipper
Texas Roadside-Skipper
Silkmoth

Zephyr Eyed Silkmoth
Apache Skipper

Arizona Agave Borer Skipper

Carlsbad Agave Borer Skipper
Viola’s Yucca Borer Skipper
Western Crossline Skipper
Deva Skipper

Mary's Giant Skipper
Poling's Giant Skipper
Ursine Giant Skipper
Western Hobomok Skipper
Moon-marked Skipper
Sunrise Skipper

Yuma Skipper
Four-Spotted Skipperling
Avrizona Snaketail

West's Primrose Sphinx
Vega Sphinx

Capnia caryi

Isoperla jewetti
Taenionema jacobii
Arizona Viceroy

Tarantula Hawk Wasp
Dasymutilla homole
Odontophotopsis augusta
Odontophotopsis grata
Chiricahua White

1

Scientific names are provided where common names for the species does not exist.
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Table 4-2. Approximate number and percent of Species of Greatest Conservation Need (SGCN)
taxa in New Mexico.

Approximate Number of Taxa in each Number (%) of SGCN Taxa in

Taxa Group Taxa Group in New Mexico each Taxa Group
Amphibians 26 15 (58)
Birds 504 74 (15)
Crustaceans 35 32 (91)
Fish 130 37 (28)
Mammals 184 42 (23)
Molluscs 182 66 (36)
Reptiles 105 32 (31)

Subtotal 1166 298 (26)
Other Arthropods® Unknown 154

Total -- 452

Classes Arachnida, Chilopoda, Diplopoda, Entognatha, and Insecta

SGCN Abundance

Based on the adjusted NatureServe conservation status ranks, most (167, or 56%) of the 298
vertebrate, mollusc, and crustacean SGCN were considered both state and nationally vulnerable,
imperiled, or critically imperiled (Fig. 4-1). Sixty-four (21%)
of the SGCN were critically imperiled both nationally and in
New Mexico. None of the vertebrate, molluscs, and Most (56%) of the 298 vertebrate,
crustacean SGCN were considered secure or apparently mollusc, and crustacean SGCN

; ; : are considered both state and
secure in New Mexico, but nationally vulnerable. T B a1}

or critically imperiled.

Eighty-eight (30%) of our SGCN are nationally secure or
apparently secure, but are state vulnerable, imperiled,
critically imperiled, or possibility extirpated. These species are fairly evenly distributed among
birds, mammals, reptiles, molluscs, and crustaceans (Fig. 4-1). There are 43 species that are
considered apparently secure or secure at both the state and national levels. Species in this group
include blue catfish (Ictalurus furcatus), mourning dove (Zenaida macroura), hooded oriole
(Icterus cucullatus), Abert's Squirrel (Sciurus aberti), black bear (Ursus americanus amblyceps),
tiger salamander (Ambystoma tigrinum), collared lizard (Crotaphytus collaris), western glass
snail (Vitrina pellucida alaskana), and the Whitewashed Radabotus Snail (Radbotus dealbatus
neomexicanus).

A majority of the fish (94%), mammal (57%), amphibian and reptile (58%), and mollusc and
crustacean (57%) SGCN are considered both state and nationally vulnerable, imperiled, or
critically imperiled (Fig. 4-1). Conversely, only 34% of the birds are both state and nationally
vulnerable, imperiled, or critically imperiled. Most (52%) of the bird SGCN are nationally
secure, but state vulnerable, imperiled, or critically imperiled.
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Fish

52% 10,
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“ 24,
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88, 30%
Amphibians and Reptiles

9,19%
43, 14%
Molluscs and Crustaceans
56,57% 26,27% S

11, 27,
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Critically Apparently
Conservaton Status Imperiled Imperiled  Vulnerable Secure Secure
Ranks and Codes 1 2 3 4 5
__|Possibly Extirpated 0 2
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% Vulnerable 3 20 20
& |Apparently Secure 4
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Figure 4-1. The amount and percent of vertebrate, mollusc, and crustacean Species of Greatest
Conservation Need for each taxa group within conservation status groups. Codes to color and
large numbers are given in table below pie graphs.
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SGCN Distribution

Predictive habitat models for SGCN were created by the Southwest Regional Gap Analysis
Project (SWReGAP) and identify areas that are likely suitable habitat for a species but which
may or may not be occupied (see Approach chapter for greater details). Examples of predicted
species distributions in New Mexico are provided in Figure 4-2 through 4-4. A linkl to the
predictive habitat models (distribution models) for all terrestrial and aquatic vertebrate SGCN in
New Mexico are located on NMDGF website (http://wildlife.state.nm.us/). Species distribution
models for the five state region modeled by SWReGAP are located at the following website:
http://[fws-nmcfwru.nmsu.edu/swregap. Spatial depictions of suitable habitats for molluscs,
crustaceans, and other arthropods in New Mexico are not currently available. Since many of
these species are endemics and only occur in one mountain range or in some cases on one
mountain, spatial scale issues make modeling fine scale habitats

difficult. Further, there are currently no useful data sources that Predictive habitat (distribution)
depict ephemeral habitats or marsh, springs, seeps, or cienegas, models for terrestrial and

or perennial ponds. aquatic vertebrate SGCN
identify areas that are likely

L . . suitable habitat. Links are
Areas within New Mexico that host the greatest predicted located on NMDGE website

number of terrestrial and aquatic SGCN occur where multiple (http://wildlife.state.nm.us/).
ecoregions and habitat types converge. For example, the “boot
heel” region of southwestern New Mexico has the highest
predicted number of terrestrial and aquatic SGCN taxa, which reflects the variation in elevations
and the merging of the northern Rocky Mountains, the Madrean Archipelago, neotropical regions
of Mexico, the Chihuahuan Desert, and influences from the Sonoran Desert. Another species
rich area in New Mexico is in the southeastern part of the state where habitats from the Pecos
River, Guadalupe and Sacramento Mountains, the shortgrass prairie and the Chihuahuan Desert
converge (Table 4-3, Fig 4-5). Further, the Rio Grande and Pecos drainages in New Mexico
traverse many ecoregions and habitat types, and have high SGCN richness.

Table 4-3. Number of SGCN taxa by groups and ecoregion or watershed in New Mexico.
Crustacean Fish Amphibian Bird Mammal Mollusc Reptile Total

Ecoregion
Arizona-New Mexico Mountains 4 35 16 15 10 80
Chihuahuan Desert 2 22 13 10 10 57
Colorado Plateau 8 5 2 15
Southern Rocky Mountains 2 26 14 7 1 50
Southern Short Grass Prairie 3 15 6 6 30
Apache Highlands 3 44 20 17 18 102

Watershed
Canadian 3 5 4 15 2 6 1 36
Gila 1 11 6 17 8 3 3 49
Mimbres 1 3 7 15 7 1 3 37
Pecos 1 18 5 17 4 10 3 58
Rio Grande 2 11 6 18 6 7 3 53
San Juan 1 4 2 13 1 1 22
Tularosa 2 2 3 10 4 4 25
Zuni 1 2 2 8 1 14
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Potential Distribution
[ Arizona Myaotis

Figure 4-5. (Right) Terrestrial
and aquatic Species of Greatest
Conservation Need richness
(number of SGCN taxa) in New
Mexico. Darker areas indicate
greater number of SGCN taxa
present.

Figure 4-4. (Left) Predicted
distribution of Arizona Myotis
(Myotis occultus) in New Mexico.
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SYNTHESIS OF CONSERVATION PRIORITIES

As indicated in the Approach chapter, conservation actions were constructed based on: 1) SGCN,
2) key habitats, 3) problems affecting species or habitats, 4) information gaps that limit our
ability to make informed conservation decisions, 5) research, survey, and monitoring needs that
if met would enhance our ability to make conservation
decisions, and 6) desired future outcomes for habitats or

Conservation actions provided in

SGCN. The Assessment and Strategies for SGCN and Key this chapter were prioritized
Habitats (Chapter 5) provides descriptions of each of these based on the number of key
components for each key habitat within ecological habitats in which they were
frameworks. identified, and their priority rank

in each key habitat within
ecological frameworks.

Below, we offer a summary of statewide conservation
concerns. We present a discussion of factors that influence
New Mexico habitats and wildlife. We also provide summarized information gaps and research,
survey, and monitoring needs from the ecological frameworks and key habitats (Chapter 5) as
well as additional points that limit our ability to make informed conservation decisions.

We also summarize the top five conservation actions listed in each key habitat within ecological
frameworks (Chapter 5). Conservation actions provided in Chapter 4 were prioritized based on
the number of key habitats in which they were identified, and their priority rank in each key
habitat within ecological frameworks. As such, conservation actions that were in multiple
habitats and received higher prioritization in Chapter 5 were given higher prioritization ranks
below.

Priorities collectively identified in Chapter 4 should not supersede those identified in Chapter 5.
Rather, Chapter 4 organizational framework takes a broader-scale approach to synthesizing
prioritized conservation actions applicable to the statewide scale. We anticipate that those who
will use this Strategy as a resource and planning guide will reference conservation actions under
each ecological framework and key habitat as well as this synthesized approach.

Factors that Influence Species and Habitats

Over the past century, New Mexico’s landscapes have changed dramatically. Natural flows of
aquatic systems have been altered by human development and dams. Terrestrial ecosystems
have been altered by development and other human activities. All of these changes have
influenced New Mexico’s wildlife.

NMDGF recognizes that many human activities across
Many legal and accepted human todav’s land h th tential to be either beneficial
activities and practices have the oday’s landscapes have the potential to be either beneficial or
potential to be either beneficial or detrimental to wildlife. Many factors that influence New
detrimental to wildlife. It is the Mexico landscapes are based on legal and accepted practices.
manner in which activity is It is not the intent of the CWCS to debate the benefits and
conducted that determines if ithas | - getriments of historical activities on New Mexico’s
a negative or positive effect on . . .
S T—— landscapes. Our intent is to evaluate landscapes as they exist
today and develop strategies on how best to make meaningful
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improvements to benefit species of greatest conservation need. At times, we reference historic
land management practices, as these practices have helped shape today’s landscapes. In doing
so, we do not intend to imply that historic land management practices still occur today.

Our assessment of factors that influence species or habitats is primarily focused at the habitat
scale, as these factors directly affect wildlife communities and SGCN populations. A description
of the process used for this assessment and evaluation of factors that influence habitats can be
found in the Approach chapter. We also identify individual factors that most influence the
persistence of each SGCN, based on literature review and professional knowledge. We provide
this information in Appendix I. Given that most of the species-specific factors that influence the
long-term persistence of SGCN are habitat conversion, loss, and degradation, fire (burning and
suppression), and improper grazing practices, we do not discuss species-specific factors
separately from habitat factors. We also provide a more spatially explicit discussion on the
factors that adversely influence SGCN in ecoregions and habitat

types in the Assessments and Strategies for SGCN and Key BT ASSEETT AT 6 R i
Habitats chapter. influence species or habitats is
primarily focused at the habitat
In our discussion of factors that influence species and habitats, S;?"ei as_ltgle_ie factors d!{?Ct'y ;
we primarily discuss those practices that are harmful to wildlife | & oot WIIGITe COMMUNITES an
. . SGCN populations.
at certain levels of use or extent. It should be understood that it

is the manner in which a human activity or practice is conducted

that determines if it has a negative or positive effect on wildlife populations. For example,
livestock grazing can be a valuable tool to improve wildlife habitat. However, if livestock
grazing is applied improperly, it can be detrimental to plant communities and wildlife.

Our list of potential factors that may influence habitats in New Mexico is based on some
guidelines provided by Salafsky et al. (2003) for describing categories and factors and the
proceeding discussion is primarily organized by these categories and individual factors.

Habitat Conversion

Declines in populations of plants and animals are usually caused by more than one event.
However, habitat conversion through human-caused degradation and alteration is one of the most
serious factors adversely affecting wildlife and plants worldwide. There are many causes of
habitat conversion. Examples include urban, residential, commercial, or recreational
development, agricultural and livestock production, drainage of wetlands, altered hydroperiods,
and development of dams and channels that regulate water flows. Habitat conversion factors
affect habitats on a statewide basis.

Development Activities

Human resource use has led to a condition in which large areas of formerly continuous
landscapes have become increasingly fragmented and isolated (Finch 2004). Urban, residential,
commercial, and recreational development, agriculture and other such activities have accelerated
over the past century, subdividing the natural world into disjunctive remnants of native
ecosystems embedded in a matrix of anthropogenic land uses (Saunders et al. 1991). Urban and
commercial development contributes greatly to the loss of native vegetation, increased water use,
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ground water depletion, and increased erosion through soil compaction and runoff concentration.
These activities may ultimately cause further habitat fragmentation and loss through landscape
conversion, land clearing, road development, and increased vehicular traffic.

The negative ecological impacts of fragmentation on natural systems have led many ecologists to
identify habitat fragmentation as one of the greatest threats to biodiversity (Harris 1984, Wilcox
and Murphy 1985, Noss and Cooperrider 1994). Adverse effects of habitat fragmentation upon
wildlife species and populations are numerous. Habitat fragmentation causes increased isolation
of populations or species, which leads to decreased genetic diversity and increased potential for
extirpation of localized populations or even extinction. Habitat fragmentation alters vegetative
composition and cover and the type and quality of the food base. Further, habitat fragmentation
changes microclimates by altering temperature and moisture regimes, changes nutrient and
energy flows, and increases opportunities for predation and
exploitation by humans.

The negative ecological
impacts of habitat

Aquatic Hat_)itat C_onve_rsion Factor_s fragmentation on natural
Many aquatic habitats in New Mexico have been altered and systems are one of the greatest
fragmented by dams and water diversions. Dams modify threats to biodiversity.

natural flows and alter water quality. Reservoirs act as
sediment traps and disrupt or alter the sediment budgets of
downstream reaches. Decreases in sediment inputs alter the natural dynamics of mesohabitat
creation and maintenance. Dams also fragment species ranges, preventing up and downstream
movement of fishes and other aquatic species. Altered hydroperiods of seasonally astatic pools
may reduce hydrologic connection to other wetlands, or other waters, reducing the quality of
these habitats.

Abiotic Resource Use

Habitat disturbances from abiotic resource uses such as mining, oil and gas development, wind
energy, ground water depletion, and hydropower occur throughout New Mexico, although they
typically have localized impacts. Oil and gas development concerns are greatest in the
shortgrass prairie, Colorado Plateau, and Chihuahuan Desert regions. There are concerns about
mining in the Arizona-New Mexico Mountain Ecoregion.

Extractive Resource Uses

Extractive resource uses such as mining and oil and gas development occur throughout New
Mexico and can influence ecosystem function, resilience and sustainability. On federal lands
these activities are conducted under standards established by the Bureau of Land Management
and are subject to further regulation by the New Mexico Energy, Minerals and Natural Resources
Department, Oil Conservation Division. Extractive resource uses may result in habitat
fragmentation and loss through associated land clearing, road building, and disturbance from
traffic, hauling and maintenance activities. Associated point-source pollution causes heavy-
metal and highly acidic water pollution (Drabkowski 1993, Starnes and Gasper 1996, Reece
1995, Hilliard 1994), groundwater pollution (Miller et al. 1996), air pollution, noise, and habitat
conversion (Dinerstein et al. 2000). Any of these activities and their adverse outcomes may
ultimately lead to the reduction of wildlife populations (Sias and Snell 1998).
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Wind Energy Development

Wind energy facilities are not yet widespread in New Mexico. However, as alternative sources
of energy become more important to the state and nation and related technology improves there
is potential for more wind-energy sites to be developed. Wind-generated electrical energy is
environmentally friendly. It does not create air-polluting and climate-modifying emissions.
Nevertheless, wind turbines, particularly in the large arrays, can adversely affect wildlife and
wildlife habitats. Effects include habitat fragmentation due to access roads and pads and direct
killing of bats and birds (particularly raptors) that strike moving blades. Lighted wind towers
over 200 feet have the same potential as communication towers to attract and kill night-flying
migratory birds and bats (NMDGF 2004b).

Ground Water Depletion

Groundwater levels in New Mexico have dropped considerably due to pumping for agricultural
and urban needs. Several proposals and plans exist for desalination plants in New Mexico. The
surface water loss resulting from the water withdrawal and dewatering necessary to support
anthropocentric water needs, exacerbated by drought conditions, will continue to influence
habitats in New Mexico. Lowered water tables affect all of New Mexico’s habitats, but can have
considerable affects on small cienegas, springs, seeps and marshes and their associated SGCN.

Pollution

Concerns about pollution sources influencing New Mexico’s habitats are primarily focused on
aquatic habitats. Pollution factors such as agricultural chemicals, livestock and dairy
groundwater contamination, and solid waste can negatively affect the long-term persistence of
SGCN in affected habitats. Runoff from livestock feedlots, dairy operations, and urban road
surfaces introduces nutrients and numerous contaminants to aquatic habitats. Petrochemical
pollutants reach aquatic habitats from various refinery operations. Mercury and petrochemicals
have been identified in many of New Mexico’s reservoirs. Typically, pollution sources are
regulated by various federal and state agencies, such as the New Mexico Environment
Department, Surface Water Quality Bureau, which monitors water quality in New Mexico’s
reservoirs. However, more information on the extent and
sources of pollution in New Mexico will aid conservation

decisions. Improper grazing practices are
those practices that reduce long-
term plant and animal
productivity, and include both
domestic livestock and wildlife.

Consumptive Biological Uses

Consumptive biological uses such as improper grazing
practices, logging, fuel wood collection, and deforestation
have the potential to affect SGCN and their habitats
throughout New Mexico. Where multiple consumptive biological uses occur (e.g. national
forests), concerns persist regarding the ability to maintain habitats in the condition, connectivity,
and guantity necessary to sustain viable and resilient populations of resident SGCN. Whether or
not national forests can host a variety of land uses without heightened resource conflicts is a
serious question.
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Grazing Practices

Domestic animal grazing is an extensive land use activity across the New Mexico land surface
(See Chapter 3, New Mexico’s Biodiversity). Thus, it has significant association with factors
that widely influence condition of wildlife habitat. Discussion here and elsewhere in the CWCS
acknowledges this pattern while also recognizing that livestock operations are a permissible and
important part of the New Mexico culture and economy.

Improper grazing practices have influenced vegetation communities and fish and wildlife habitat
throughout New Mexico. Improper grazing practices are those practices that reduce long-term
plant and animal productivity (Wilson and MacLeod 1991), and include both domestic livestock
and wildlife. Major changes in vegetation composition in New Mexico and the southwest have
been linked to improper livestock grazing that occurred in the late 1800s when livestock numbers
peaked (Leopold 1924, Cottam and Stewart 1940, Cooper 1960, Buffington and Herbel 1965,
Humphrey 1987, Grover and Musick 1990, Archer 1994, Fleischner 1994, Pieper 1994).
Preferred forage plants such as cool-season grasses declined, while weedy and unpalatable plants
and shrubs increased (Wooton 1908, Bohrer 1975, Bahre and Shelton 1993). Improper grazing
practices and climatic fluctuations were recognized as major triggers of soil erosion, flooding,
and arroyo cutting in the southwest (Cooperrider and Hendricks 1937, Cottam and Stewart 1940,
Smith 1953, Hastings and Turner 1965, Cooke and Reeves 1976, Branson 1985, Humphrey
1987, Bahre 1991, Webb and Betancourt 1992, Felger and Wilson 1995). These acts reduced
and/or eliminated fine herbaceous fuels which practically eliminated high-frequency, low-
intensity wildfires across New Mexico and the southwest (Savage and Swetnam 1990, Swetnam
1990, Swetnam and Baisan 1996). All of these acts perpetuated further landscape degradation.
By the 1930's, Congress recognized that western rangelands were being degraded, and approved
the Taylor Grazing Act of 1934. This act regulated grazing on the public lands through the use
of permits. The Taylor Grazing Act provided a way to regulate the occupancy and use of the
public land, preserve the land from destruction or unnecessary injury, and provide for orderly
use, improvement, and development. The Federal Land Policy and Management Act of 1976 and
the Public Rangelands Improvement Act of 1978 further guide the management of livestock
grazing on public lands and are designed to speed restoration of public rangelands while
improving the delivery of services to public land users.

Outcomes of improper grazing practices on wildlife include increased competition for limited
water, forage, and space, alteration of vegetative composition and structure, impacts on stream
hydrology and water quality, and reduced soil permeability and potential to support plants due to
soil compaction (Armour et al. 1994, Fleischner 1994, The Wildlife Society 1996, Belsky and
Blumenthal 1997). More informed grazing practices have
been implemented on many private and public land tracts in
recent years, but recovery of vegetation may take many years
and is not possible on some sites.

Impact of livestock grazing on
rangeland wildlife is largely
dependent on the grazing
management practices used.

It is important to remember that the impact of livestock
grazing on rangeland wildlife is largely dependent on the
grazing management practices used (Holechek et al. 2004). Broad generalizations on the impact
of livestock grazing on rangeland wildlife are typically incorrect because different grazing
practices are unique and wildlife species have different habitat requirements. Grazing
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management variables that affect wildlife habitat include stocking rates, stocking density, the age
and physiological condition of cattle, grazing season, forage selection, and cattle distribution. In
addition, factors such as range condition, soil type, temperature, and precipitation also greatly
influence the relationships between grazing and habitat quality for rangeland wildlife (Holechek
et al. 2004). Grazing plans, therefore, need to be site-specific and consider the habitat needs of
the wildlife species of interest.

Over the last couple of decades, there has been considerable research on interactions between
rangeland wildlife and livestock, including comprehensive reviews by Holechek et al. (1982),
Kie et al. (1994), Krausman (1996), Sarr (2002), and Holechek et al. (2004). Unfortunately,
many of these scientific studies have been observational, anecdotal, based on unreplicated
experiments, compromised by lack of true controls, employed weak methodologies, and used
inaccurate or overly broad quantification of grazing intensity such as heavy vs. light or no
grazing (Holechek et al. 2004, Lucas et al. 2004).

Holechek et al. (1982), Kirby et al. (1992), Launchbaugh et al. (1996), and Holechek et al.
(2001) indicate that judicious grazing practices can have positive affects on wildlife and be a
beneficial management tool. These include: 1) increase in vegetation composition diversity and
improve forage availability and quality for early to mid-successional wildlife species, 2) creating
patchy habitat with high structural diversity for feeding, nesting, and hiding, 3) opening up areas
of dense vegetation to improve foraging areas for a variety of wildlife, 4) removal of rank, coarse
grass that will encourage re-growth and improve abundances of high quality forages for wild
ungulates, 5) stimulating browse production by reducing grass biomass, and 6) improving
nutritional quality of browse by stimulating plant re-growth. There are a few examples in the
literature which suggest that many wildlife species are tolerant of moderate grazing and many
appear to benefit from light to conservative grazing. Smith et al. (1996) found that lightly grazed
climax rangelands and conservatively grazed late seral rangelands had similar songbird and total
bird populations. Smith et al. (1996) concluded that wildlife diversity was higher on the
conservatively grazed late seral than the lightly grazed climax rangeland. Similarly, Nelson et
al. (1997) reported that wildlife observations were greater on moderately grazed mid seral
Chihuahuan Desert rangelands compared to conservatively grazed late seral rangelands. Ina
study comparing wildlife observations for grassland (late seral), shrub-grass (mid seral), and
shrubland (early seral) communities in the Chihuahuan Desert of New Mexico, Nelson et al.
(1999) found observations for birds and mammals were higher in shrub-grass than in grassland
or shrubland. Studies in southeastern Arizona by Bock et al. (1984) support the hypothesis that
conservatively to moderately grazed areas in mid or late seral condition supported greater
diversity of wildlife than ungrazed areas in climax condition. However, these studies did not
investigate livestock grazing intensity on wildlife population dynamics, or habitat requirements.

There has also been research directed towards evaluating managed livestock grazing systems on
targeted wildlife species, especially with upland gamebirds and large mammals. For example,
Montezuma quail (Cyrtonyx montezumae) are sensitive to livestock grazing and require adequate
residual bunchgrass cover following the growing season for nest and escape habitat. Research
suggests that Montezuma quail require a minimum of 7.8 in (20 cm) height of bunchgrasses and
at least 50% herbaceous cover (Bristow and Ockenfels 2003). Grazing practices that employ
light to moderate grazing can benefit Montezuma quail by increasing availability of food plants
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(Brown 1982, Bristow and Ockenfels 2000). Other studies on scaled quail (Callipepla
squamata) indicated that they can be benefited by conservative to moderate grazing (on non-
degraded rangelands) which improves their mobility by opening dense grass stands (Campbell et
al. 1973, Saiwana et al. 1998). Livestock grazing can be used to enhance forage for elk (Cervus
elaphus) and manage their distribution by increasing availability and nutritional value of
preferred grasses in early growth stages (Holechek et al. 2004).

Scientific studies that clearly demonstrate a cause and effect relationship with grazing as the
primary factor endangering a specific species are rare (Holechek et al. 2004). This is largely
because studies that are specifically designed to detect these relationships are difficult to conduct
in natural environments. Although there is certainly strong circumstantial evidence that heavy
grazing can be a major factor resulting in the decline of several endangered rangeland wildlife
species, carefully controlled studies are needed to better examine and understand the
relationships between controlled grazing (i.e. light, conservative, and moderate grazing intensity)
and endangered species (Sarr 2002, Holechek et al. 2004, Lucas et al. 2004).

Logging

Extraction of timber products is an important economic pursuit, but can have adverse effects on
wildlife if not implemented wisely and responsibly. Over the last century, species composition
and structure of New Mexico’s forests have been altered by the combined effects of commercial
logging, fire suppression, and improper grazing practices (US Forest Service 1993, Covington
and Moore 1994). Logging practices in New Mexico and the Southwest have gone through
differing management phases. In the late 1800s and early 1900s relatively indiscriminate cutting
practices occurred (deBuys 1985), followed by selective logging in the mid-1900s, and even-
aged timber stand management during the 1960s through 1980s (Bogan et al. 1998). Extensive
road networks were developed within the forests to allow easy timber removal (Allen 1989).

Earlier logging practices tended to remove larger, older trees. More recently, logging techniques
have moved toward more selective, uneven-aged silvicultural practices. Timber harvests from
public forests have declined in recent years (Bogan et al. 1998). Some emphasis has been placed
on federal endangered species habitat and ecosystem management. This has come about
primarily through legal actions advanced under the Endangered Species Act, National Forest
Management Act, and National Environmental Policy Act. Relatively recent Forest Service
Region 3 directives require the maintenance of at least some old-growth forests for SGCN, such
as the northern goshawk (Accipiter gentilis) and Mexican spotted owl (Strix occidentalis lucida).
Fuel reduction is a focus of current forest management efforts, with millions of dollars directed
at thinning understory trees and the reintroduction of prescribed fires to reduce the potential for
widespread catastrophic wildfires (Bogan et al. 1998). Indications are that 50% of the allocated
monies will be expended on protecting human structures and neighborhoods in the wildland
urban interface areas.

Fuel Wood Collection

Fuel wood collection has reduced the abundance of large diameter snags and dead-and-down
logs. Large diameter snags function as important nesting structures for cavity-nesting birds
(Thomas et al. 1979, Hejl 1994) and as roost sites for bat species (Bogan et al. 1998). Dead-and-
down logs provide important wildlife habitat and ecosystem functions. Legal and illegal roads
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created for access to fuel wood can further fragment forests and woodlands and adversely affect
important habitats, such as wetlands and meadows, by transporting non-native organisms and
draining wetlands. Fuel wood collection may also introduce disturbances from noise, off-road
vehicle use, or accidental fire ignition.

Non-Consumptive Biological Uses

Habitat disturbances related to off-road vehicle use, military activities, and recreational use are a
concern over most of New Mexico. The Chihuahuan Desert Ecoregion, Arizona-New Mexico
Mountains Ecoregion, and the Southern Shortgrass Prairie Ecoregion in particular have been
subjected to significant habitat alterations as a result of non-
consumptive biological use.

Off-road vehicle travel can
cause damage to soils and
Off-Road Vehicles vegetation and impact wildlife

Recreational off-road vehicle use can be found across the entire by destroying and fragmenting
state. There are several organized events held each year in MEAGTE, i) Seet et 157
~ of wildlife, or altered their
Dofia Ana, Socorro, Otero, Eddy, Chaves, and San Juan behavior.
counties. The New Mexico Statewide Comprehensive Outdoor
Recreation Plan (SCORP), 2004-2009 identified a moderately
increasing trend in off-road vehicle use from 1996-2001 (Henkel and Fleming 2004). The
specific effects of off-road vehicle use on New Mexico habitats are poorly understood. Off-road
vehicle travel can cause damage to soils and vegetation (Holechek et al. 1998) and impact
wildlife by destroying and fragmenting habitat, causing direct mortality of wildlife, or altered
behavior through stress and disturbance (Busack and Bury 1974, Brattstrom and Bondello 1983).
The Forest Service has published in the Federal Register two proposed rules pertaining to off-
road vehicle use. The first designates routes and areas for motor vehicle use and the second
petitions states for inventoried roadless areas. Both of these proposed rules would impact future
ATV use on Forest Service lands in New Mexico. Other regulatory initiatives seek to improve
ATV safety requirements and increase registration fees, with revenues targeted for the
development of designated ATV trails and facilities.

Military and Borderland Security Activities

The Department of Defense (DoD) manages 4% of the land in New Mexico. White Sands
Missile Range (WSMR) is the largest DoD installation, covering approximately 2.2 million ac
(0.9 million ha). It operates primarily for the support of research, development, testing, and
evaluation of weapon and space systems, subsystems, and components. Other DoD installations
in New Mexico contain sites for live bombing, air defense missile firing, mechanized brigade
training exercises, battalion-size or smaller training exercises, ballistic missile testing, aircraft
takeoff, landings and training courses, maintenance of fighter wing capabilities, and general
military training exercises. While restricted access to many military lands provide substantial
benefit to wildlife, military land uses also may destroy or fragment existing habitats.

Border security measures are being implemented throughout the New Mexico/Mexico
borderlands region to intercept illegal drug shipments, illegal immigrants, and other unauthorized
activities (US Department of Justice, Immigration and Naturalization Service 2000). Associated
road building and traffic in the borderlands region causes additional habitat loss and
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fragmentation, reduces effective (usable) habitat for wildlife populations, increases road Kill,
poaching, illegal collecting of wildlife and general habitat destruction (Forman et al. 2003).

Recreation

Skiing, hiking, mountain biking, snowmobiling, off-road vehicle use, rock climbing, camping,
sightseeing, bird watching, and picnicking are popular recreational pursuits in New Mexico
(Conner et al. 1990). The overall impact of these activities is not fully understood, nor is there a
full understanding of how much recreational use can be tolerated before there is an adverse effect
on wildlife or wildlife habitat. However, recreational activities are increasing and their potential
effects on habitats and species should be considered in conservation planning (Conner et al.
1990, McClaran et al. 1992).

Invasive and Non-Native Species

Many ecologists have acknowledged the problems caused by invasion of non-native species into
communities or ecosystems and the associated negative effects on global patterns of biodiversity
(Stohlgren et al. 1999). Once established, invasive species have the ability to displace native
plant and animal species (including threatened and endangered species), disrupt nutrient and fire
cycles, and alter the character of the community by enhancing additional invasions (Cox 1999,
DelLoach et al. 2000, Zavaleta et al. 2001, Osborn et al. 2002).

Noxious weed infestation is now the second leading cause of native species being listed as

threatened or endangered nationally. As of 1998, non-native species have been implicated in the

decline of 42% of species federally listed under the Endangered Species Act (Center for Wildlife
Law 1999). In addition to environmental problems, invasive

Invasive species have the ability _plants also_ pose a s_erious economic prpblem. Rangglands

to displace native plant and mfes_ted Wlth Russian knapweeq, a serious problem in New
animal species, disrupt nutrient Mexico, typically suffer reductions in livestock carrying

and fire cycles, and alter the capacity of 50% or more. The State Forest and Watershed
character of the community by Health Plan devotes significant planning to the management of
enhancing additional invasions. non-native invasive phreatophytes (New Mexico Energy,

Minerals, and Natural Resources Department 2004).

Non-native aquatic species have considerable affects on native fish, molluscs, and crustaceans in
New Mexico’s aquatic habitats. The integrity of native fauna populations is negatively affected
by non-native species through resource competition, predation, hybridization, habitat alteration,
and through the introduction of diseases and toxins.

Diseases, Parasites, and Pathogens

Many of the avian and mammalian SGCN are affected by diseases such as West Nile virus,
rabies, hantavirus, pasturella pneumonia, and bubonic plague (Table 4-4). The growing wildland
urban interface exposes wildlife to potentially infected domestic and feral pets and may
contribute to the spread of these diseases. Increased exposure to refuse, pesticides or other
toxins, and parasites may also affect wildlife at this interface.
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Table 4-4. Potential diseases, hazards, toxins, and parasites contacted by wildlife at the

wildland-urban interfaces.

Potential Diseases, Hazards, Toxins, and Parasites

Avifauna

Mammals

Rabies

Bubonic plague

Canine distemper

Electrocution

Tuberculosis

Foot and mouth disease

Contagious ecthyma

Pesticide poisoning

Lead poisoning

Gastroenteritis (clostridials)

Bovine diarrheal virus

Lungworm and pneumonia complex
Tapeworm larvae/hydatid cysts

Ear mites

Brucellosis (currently in Wyoming and Montana)
Vesicular stomatitis

Canine heartworm

Parvovirus

Tularemia

Feline panleukopenia (feline leukemia)
Salmonella

Giardia

Chronic wasting disease

Johne’s disease

Bluetongue and hemorrhagic disease
Mycoplasma diseases (sinusitis)
Pasturella (avian cholera)

West Nile disease

Blackhead disease

Avian pox

Trichomoniasis

Avian influenza

XXX X X X X

HXXXXXXXXXXXXXXXXXXXXXXXXX

The presence of whirling disease in rainbow trout (Oncorhynchus mykiss) was confirmed in New
Mexico the spring of 1999. Since this confirmation, four of the six New Mexico state hatcheries,
several private ponds and salmonid populations in the San Juan, Rio Grande, Canadian, and
Pecos drainages in New Mexico have tested positive for the disease. As a result, routine testing
and remediation procedures have begun in New Mexico’s hatcheries and a testing program has
been initiated for 173 coldwater streams and reservoirs. These waters may have been

contaminated through inadvertent stocking of infected rainbow trout or by natural or

anthropogenic vectors. Although New Mexico has adopted a “no tolerance” policy that bans the
stocking or importation of fish infected with whirling disease, the potential for accidental
introduction still exists. The most devastating potential of the disease lies in the threat it poses to

native salmonid populations that rely on natural reproduction.
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Rio Grande cutthroat trout (Oncorhynchus clarki virginalis) presently occupies a fraction of its
presumed historic range throughout the Rio Grande watershed (Stumpff and Cooper 1996,
Calamusso and Rinne 1999) and is considered at risk by the NMDGF (Paroz et al. 2002).
Recent surveys indicate populations of Rio Grande cutthroat trout are reproducing in the Jemez
and Pecos drainages (DuBey and Caldwell 2003). Portions of the Pecos drainage have tested
positive for Myxobolus cerebralis (whirling disease causal agent) (Hansen 2002). Very little is
known regarding whether the disease exists in cutthroat trout populations. However, the species
produces young fish from March through June when temperatures are conducive for optimum
triactinomyxon production. Thus, it is likely that if M. cerebralis were to spread to Core
Conservation Areas for Rio Grande cutthroat trout, the species would be at risk of infection.
Core Conservation Areas contain isolated populations of Rio Grande cutthroat trout and are
specifically managed for their genetic purity and potential use in restoration of the species.

Chronic wasting disease is also a concern in New Mexico. A total of 12 cases of chronic wasting
disease have been confirmed in New Mexico as of September 2005. All were mule deer
(Odocoileus hemionus) located in the Organ Mountains east of Las Cruces. Two mule deer
subjected to tonsillar biopsies and released in December of 2004 in southern New Mexico as part
of a research project were later found to be positive for chronic wasting disease. In 2001, a New
Mexico game park imported 21 elk from a southern Colorado game ranch at which animals
tested positive for chronic wasting disease. Investigation revealed that, subsequent to the initial
importation, the New Mexico facility transferred animals to four other game parks in New
Mexico. All five New Mexico game parks are precluded from transferring ungulates until the
imported animals are shown to be disease free for not less than 60 months. No New Mexico
game parks have as yet tested positive for chronic wasting disease.

Phytophagous (plant-eating) insect outbreaks cause tree mortality and reduced growth in New
Mexico’s forests and woodlands (Haack and Byler 1993). Bark beetles and inner bark borers are
primary tree killers (Haack and Byler 1993). Phytophagous insects have traditionally been
considered detrimental to forest health and commercial timber harvest (Schowalter 1994).
However, most phytophagous insects that affect forest trees in New Mexico are native organisms
(Wilson and Tkacz 1994) and, from an ecosystem perspective, perform functions that are
instrumental in sustaining forest health and function through succession, decomposition, nutrient
cycling and soil fertility (Haack and Byler 1993).

Altered forest conditions have likely increased the frequency, intensity, and extent of insect
outbreaks and diseases (Haack and Byler 1993, Wilson and Tkacz 1994, New Mexico Energy,
Minerals, and Natural Resources Department 2004). Changes in forest tree age, size, density,
species composition, and vertical stratification across temporal and spatial scales influence
patterns of forest insect herbivory at the ecosystem and landscape levels (Schowalter et al. 1986,
New Mexico Energy, Minerals, and Natural Resources Department 2004). Environmental
stresses such as drought, late spring frosts, wind throw, and air pollution can encourage insect
outbreaks (Haack and Byler 1993). Although insect outbreaks in forest ecosystems occur
naturally, they can cause shifts in vegetative species composition and structure (Haack and Byler
1993). Further, certain phytophagous insects are attracted to fire-damaged or fire-killed trees
and their build-up in weakened host trees can threaten adjacent, unburned stands (US Forest
Service 1999).
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The magnitude of disturbance from an outbreak depends upon the particular insect or pathogen,
and on the condition of the forest ecosystem affected (Wilson and Tkacz 1994). Closely spaced
host trees are likely to trigger outbreaks of phytophagous insects and pathogens. In
compositionally and structurally diverse forests, however, potential host trees can be harder for
insects to locate among non-host trees, and vulnerable host trees may be relatively resistant to
small numbers of insects that find their way through the surrounding non-host vegetation (Hunter
and Aarssen 1988, Waring and Pitman 1983). Outbreaks are typically worse in single-species,
monocultural tree stands especially during vulnerable periods such as drought (Mattson and
Haack 1987, Schowalter and Turchin 1993, Waring and Pitman 1983). Populations of most
foliar and sap-feeding insects peak during particular stages of host-tree development (Schowalter
et al. 1986), which make monoculture stands of single-aged trees more susceptible to outbreaks.

Drought provides a more favorable environment for phytophagous insect growth, survival, and
reproduction, and may reduce the effectiveness of the biochemical defense system that some
plant species have evolved (Mattson and Haack 1987).

Modification of Natural Processes and Ecological Drivers

Changes in natural processes and ecological drivers (e.g., drought, fire management, ecological
sustainability and integrity, or loss of keystone species) have influenced all habitats in New
Mexico and the Southwest. However, some habitats are more resilient or resistant to these
modifications. Aquatic systems, especially ephemeral habitats, may be considerably altered by
drought conditions. Other ecosystems may have the ability to maintain or rebound to conditions
of diversity, integrity, and sustainable ecological processes following such disturbances.

Climate Change and Drought

Climate change may occur in the Southwest from increased atmospheric concentrations of CO,
and other “greenhouse” gases. Effects may include increased surface temperatures, changes in
the amount, seasonality, and distribution of precipitation, more frequent climatic extremes, and a
greater variability in climate patterns. Such changes may affect vegetation at the individual,
population, or community level and precipitate changes in ecosystem function and structure
(Weltzin and McPherson 1995). They will likely affect competitive interactions between plant
and animal species currently coexisting under equilibrium conditions (Ehleringer et al. 1991).

Plants respond differently to changes in atmospheric gases, temperature and soil moisture, in part
based on their Cz or C4 photosynthetic pathways (Bazzaz and Carlson 1984, Patterson and Flint
1990, Johnson et al. 1993). For example, increases in winter precipitation favor tree
establishment and growth at the expense of grasses. Increases in temperature and summer
precipitation favor grasslands expanding into woodlands (Bolin et al. 1986).

Drought (an extended period of abnormally dry weather) is one of the principal factors limiting
seedling establishment and productivity (Schulze et al. 1987, Osmond et al. 1987). Soil moisture
gradients are directly altered by drought conditions. The distribution and vigor of some plant
communities may be controlled primarily by soil moisture gradients (Griffin 1977, Pigott and
Pigott 1993). Drought and climate change can potentially have a substantial effect on New
Mexico’s habitats.
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Fire Management

For thousands of years, wildfires have been an integral process in New Mexico and southwestern
forest and grassland ecosystems. Prior to 1900, naturally occurring wildfires were widespread in
all western forests at all elevations (Swetnam 1990). From an ecological perspective, fire may
be the most important disturbance process for many western forests (Hessburg and Agee 2003).
Ecosystem processes and patterns are influenced and shaped by fire. These include soil
productivity and nutrient cycling, seedling germination and establishment, plant growth patterns,
vegetative plant community composition and structure, and plant mortality rates (Beschta et al.
2004).

Tree-ring and fire-scar data for the Southwest indicate that past fires were frequent and
widespread (with an elevation range of variability) at least since AD 1700 (Swetnam and Baisan
1996). Within ponderosa pine and lower mixed-conifer forests and woodlands in New Mexico,
naturally-occurring wildfires were frequently of low-intensity and helped maintain stands of
older trees with an open, park-like structure (Moir and Dieterich 1988). Higher elevation, mixed
conifer and spruce-fir forests (wetter forest types) exhibited less frequent fire return intervals and
fires were generally stand-replacing fires of higher intensity, (Pyne 1984, Walstad et al. 1990,
Agee 1993).

The extent to which fire occurred in southwestern grasslands varied geographically and is related
to climatic variables such as seasonal and annual rainfall and physiographic variables such as
elevation, slope and aspect (Archer 1994). Fire may have been rare in desert grasslands and
limited in extent due to low biomass and a lack of continuity in fine fuels (Hastings and Turner
1965, York and Dick-Peddie 1969). In more mesic grassland and savanna systems where fire
was a prevalent and recurring force, pre-historic frequency and intensity appear to have been
regionally synchronized by climatic conditions (Swetnam and Betancourt 1990).

The elimination of high-frequency, low-intensity wildfires across New Mexico and the
Southwest coincided with the reduction and/or elimination of fine herbaceous fuels caused by
improper grazing practices (Savage and Swetnam 1990, Swetnam 1990, Swetnam and Baisan
1996). These grazing practices further reduced grass competition, thereby increasing tree and
shrub establishment (Archer 1994, Gottfried et al. 1995), which further altered natural fire
cycles. Since the early 1900s, systematic fire suppression

effort§ have further curtailed _the na_tural fire_ regimes that _ = e s fE s T
historically kept ponderosa pine, mixed conifer and spruce-fir had adverse effects on many
stand densities and fuel loads relatively low. Fire suppression New Mexico habitats by
allowed the development of ladder fuels and the accumulation fragmenting, simplifying, or
of heavy fuel loads. Catastrophic, stand replacing crown fires destroying habitats, and greatly
are now the standard, rather than the exception as a result of modifying disturbance regimes.

these changes (Covington and Moore 1994).

Land management practices and fire suppression have had adverse effects on many New Mexico
habitats through fragmenting, simplifying, or destroying habitats, and greatly modifying
disturbance regimes (Mclntosh et al. 1994, Hessburg and Agee 2003). These human-caused
changes have created conditions that are outside of the evolutionary and ecological tolerance
limits of native species (Beschta et al. 2004). Cumulatively, these practices have altered
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ecosystems to the point where local and regional extirpation of sensitive species is increasingly
common (Rieman et al. 1997, Thurow et al. 1997). As a result, the integrity of many terrestrial
and aquatic ecosystems has been severely degraded at the population, community, and species
levels of biological organization (Nehlsen et al. 1991, Frissell 1993).

Ecological Sustainability and Integrity

When biotic and abiotic disturbances are modified or removed from New Mexico’s ecosystems,
plant and animal diversity and ecological sustainability are lost (Benedict et al. 1996).
Ecological sustainability is essentially the maintenance (or restoration) of the composition,
structure, and processes of the ecosystem over time and space (US Forest Service 2000).
Likewise, ecosystem integrity incorporates the concept of functioning and resilience. It includes:
1) maintaining viable populations, 2) preserving ecosystem representation, 3) maintaining
ecological processes, 4) protecting evolutionary potential, and 5) accommodating human use
(Grumbine 1994). The loss of ecological sustainability and integrity will thus affect species that
are closely tied to specific habitats or ecosystems.

Loss of Keystone Species

Keystone species, such as beavers (Castor canadensis), bison (Bison bison), and prairie dogs
(Cynomys sp.), are species that have a large overall effect, disproportionate to their abundance,
on the structure or function of habitat types or ecosystems. If a keystone species is extirpated
from a system, other species that are closely associated with the keystone species will also
disappear. In New Mexico, several keystone species have either been completely removed or
have experienced significant population reductions in their historic range. With their removal or
reduction in population levels, other species population levels variously decline or benefit.

Transportation Infrastructure

Roads, highways, railroad, and utility corridors have the potential to be detrimental to some
wildlife. They fragment habitats and landscapes (Reed et al. 1996, Saunders et al. 1991)
dividing large landscapes into smaller patches and converting interior habitat into edge habitat.
Studies in other states have demonstrated negative correlations between increasing road densities
and wildlife populations (Lee et al. 1997, Wisdom et al. 2000).

New Mexico has over 206,000 miles (33,152 km) of major and minor roads, including US Forest
Service classified roads (Earth Data Analysis Center, RGIS Tiger Data: http://edac.unm.edu/). A
16 foot-wide road removes approximately two acres of habitat per mile of road. Accident report
data compiled by the University of New Mexico documented 914 large game animal/vehicle
collisions in 2002 in New Mexico. An annual average of 828 large game animal/vehicle
collisions has occurred since 1998 (Forman et al. 2003). Since many incidents go unreported,
this number represents only a fraction of the total large animal/vehicle collisions that actually
occur annually. In addition to collisions with vehicles, roads facilitate legal and illegal killing
and collection of many large and valuable animals. In the US Forest Service’s Southwestern
Region, 57% of threatened, endangered and proposed species under the federal Endangered
Species Act, and 54% of US Forest Service’s Sensitive Species are dependent on habitat within
or affected by Inventoried Roadless Areas (IRAs) (US Forest Service 2000).
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Roads and similar structures influence stream characteristics, such as channel and floodplain
configuration, substrate embeddedness, riparian condition, amount of woody debris, stream flow,
and temperature regime (Furniss et al. 1991). Timing of water runoff can change as roads and
related drainage structures intercept, collect, and divert water. These factors can accelerate water
delivery, resulting in an increase in the potential for greater magnitude of runoff peaks than in
watersheds without roads (Wemple et al. 1996). Roads, highways, railroad, and utility corridors
serve as a means of dispersal for many non-native and invasive plant species. Ground
disturbance associated with the creation and maintenance of these facilities provides additional
opportunities for establishment of non-native species (Parendes and Jones 2000).

Synergistic Effects of Factors Influencing Species and Habitats

It is difficult, and perhaps impossible, to separate individual causal factors that influence habitats
or SGCN. Multiple factors are closely linked in cause and effect relationships across spatial and
temporal scales. Adverse effects from multiple ecosystem stressors can have cumulative effects
that are much more significant than the additive effects alone, with one or more stressors

predisposing biotic organisms to additional stressors (Paine
Many of the factors discussed are etal. 1998). For example, reduced fire frequency from a
closely linked in cause and effect century of fire suppression is partly responsible for
relationships across spatial and conditions that have allowed major outbreaks of several
temporal scales. Itis difficult, and phytophagous insects (Peet 1988). Further, unusually dry
fﬁé?&%ﬁgggjﬁ;ﬂi&g rssefhagfte periods and/or climate changes reduce available soil moisture
influence habitats or SGCN. causing water associated stress, reduced xylem pressure and
pitch production in trees. These conditions allow insects to
bore into and infect and kill trees. Affected stands with high
tree mortality quickly accumulate dead standing and downed woody fuels. In turn, these
conditions greatly increase the risk of catastrophic, stand-replacing wildfire and subsequent
insect attack on trees injured or weakened by the fire (Gara et al. 1985).

To further illustrate the interactive and synergistic effects of these factors, consider historic
grazing practices that reduced fine fuels and affected natural fire cycles. This condition, in
combination with a century of fire suppression and multiple years of drought has created un-
natural stand and fuel conditions, making forest and woodland habitat types increasingly
susceptible to stand-replacing catastrophic wildfires. Add to this mix, insects and diseases linked
with decreased forest health. The overall impact converts late-successional mixed conifer forests
to early-successional grasslands, shrublands and recovering forests. Roads contribute to habitat
fragmentation and are linked as well to other major habitat altering factors such as timber
removal, fire ignition and suppression, fuel wood collection, and recreation.

The effects of climate change on ecosystems and species are likely to be exacerbated in areas
that have already been substantially affected by human activities such as habitat loss and
fragmentation, air and water pollution, and the establishment of invasive species. Habitat
fragmentation decreases the ability of plant and animal species to migrate in response to
changing conditions or species requirements. Invasive species are most successful in ecosystems
already disturbed by anthropogenic activities (Elton 1958). Climate change may act as a form of
disturbance creating opportunities for invasive species to colonize and displace native species
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(Malcolm and Pitelka 2000). When suitable habitat conditions disappear or shift faster than
populations can adjust, the likelihood of species extirpation or extinction increases (Malcolm et
al. 1998).

Many of the factors discussed above coincide in the same Magnitude scores of each of the
geographic area. Given the synergistic effects of multiple A2 EITENTE T 0T BT BEER 7
factors, it is difficult to understand the overall impact these habitat were summed to provide a

J better understanding of their
factors will have on New Mexico landscapes, habitats, or possible synergistic effects.
Species of Greatest Conservation Need. In addition, it is
difficult to understand which habitats may have higher risk of
being altered by multiple factors. However, we conducted a simple analysis by summing
magnitude scores of each of the 43 generic factors within each key habitat (See Approach
chapter for details). This approach, while is not perfect, gives us a basis for understanding the
possible synergistic effects, and where we might need further clarification on the outcomes of
these factors.

The highest possible cumulative magnitude score for any
Ephemeral natural catchments, habitat is 344 (see Approach Chapter). However, the top
perennial marsh/cienega/ score of any key habitat was 165 (ephemeral natural
SOIMIESEES, COE JIREDEn (el catchments). Perennial marsh/cienega/spring/seeps and
may be at a higher risk of alteration .. . . . . .
by multiple factors than other habitat riparian habitats also yielded high cumulative magnitude
types in New Mexico. scores (158 and 156, respectively) (Fig 4-6). Magnitude
scores for each key habitat within category of factors that
influence habitats are provided in Appendix L. Using
cumulative magnitude scores as an indicator of the potential synergistic effects of all factors,
these 3 key habitats may be at a higher risk of alteration by multiple factors than other habitat
types in New Mexico. Likewise, aquatic habitats may be more likely to be altered than terrestrial
habitats, with the exception of riparian habitats.

This information may be displayed spatially, allowing us to enhance our understanding of
geographic areas where synergistic effects of potential factors may influence some habitats
greater than other habitats (Fig. 4-7). Given this spatial representation, aquatic and riparian
habitats statewide, areas in the shortgrass prairie in eastern New Mexico, and Madrean systems
in the Gila National Forest may have several factors, that when placed together, influence the
integrity of these habitats. These are key areas to investigate and enhance our understanding of
factors that influence habitats.

Key areas to enhance our understanding of factors that influence habitats include:
e Aquatic and riparian habitats located throughout the state,
e  Areas within the shortgrass prairie, and
e Madrean habitats.

These areas may have several factors, that when placed together, greatly
influence the integrity of these habitats.
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Rocky Mountain Alpine-Montane Wet
Meadow

Intermountain Basins Big Sagebrush
Shrubland

Chihuahuan Semi-Desert Grassland

Western Great Plains Sand Sagebrush
Shrubland

Madrean Pine-Oak/Conifer-Oak Forest
and Woodland

Rocky Mountain Montane Mixed Conifer
Forest and Woodland
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Cumulative Magnitude Scores of Factors that Influence Habitats

Figure 4-6. Cumulative magnitude scores of 43 factors that influence key habitats in New
Mexico. This analysis assists in the identification of key habitats which may have the highest
risk of being altered by synergistic effects of factors that influence habitats. Methods of
calculating magnitude scores are presented in the Approach chapter. Magnitude scores for each
key habitat by category of factors that influence habitats are provided in Appendix L.
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Figure 4-7. Magnitude scores of factors that influence habitats associated with terrestrial and
aquatic land cover types. This spatial representation is designed to enhance our understanding of
geographic areas where synergistic effects of potential factors may influence some habitats more
than others. This analysis should not be used to locate small parcels of land.
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Information Gaps

There are numerous information gaps that limit our ability to make informed conservation
decisions in New Mexico. Appendices M and N summarize information gaps identified in each
ecological framework (terrestrial and aquatic, respectively) and key habitat. Information gaps
that, if filled, would enhance our ability to make informed conservation decisions in New
Mexico are outlined below.

e The extent to which land use activities (e.g., grazing, human development, road-building,
and energy exploration and development, etc...) fragment and alter habitats in relation to
size, edge effect, and use by SGCN is unknown.

e Life history of most of the SGCN, including distribution, abundance, status and trends,
habitat requirements, and movement information is poorly understood.

e Effects and extent of habitat fragmentation on SGCN are unknown.

e Extent to which invasive and non-native species may alter habitat community structure
and preclude populations of SGCN is unknown.

e The role of natural fire and differing intensities of fire within key habitats and the long-
term affect of altered fire regimes on SGCN are poorly understood.

e More information is needed on the existing conditions that limit populations of SGCN or
otherwise inhibit their resiliency for adapting to human disturbances.

e The affects of altered hydrological patterns on aquatic habitats and their SGCN, including
modifications to current hydrological patterns that may benefit native SGCN are
unknown.

e Little is known about water quality and its affects upon associated SGCN or sources of
pollution and the extent to which pollution alters habitats.

e Our information base on the factors causing pathogen outbreaks and the potential for
diseases needs to be expanded.

e We have an inadequate understanding of the overall impact of the synergistic effects of
the multiple factors influencing key habitats or SGCN.

e Additional information is needed on the suitability of selected key habitats and SGCN for
restoration.

e More information is needed on methods for detecting landscape degradation, especially
the identification of attributes for early detection.
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There are no accurate data for creating spatial depictions of suitable habitats for molluscs,
crustaceans, and other arthropods in New Mexico, including the locations and quality of
ephemeral habitats, marsh, springs, seeps, cienegas, or perennial ponds.

Comprehensive evaluative information is lacking regarding the status and trends
pertaining to the occupation of New Mexico by non-native plant and animal species.

We lack information needed to evaluate the collective effectiveness of multi-agency
conservation actions such as riparian and terrestrial habitat restoration projects on a
statewide basis.

We lack the information necessary to detect changes in key habitats at a landscape level
within ecoregions.

Research, Survey, and Monitoring Needs

Summaries of specific research, survey, and monitoring needs identified for each ecological
framework and key habitat are provided in Appendices O and P (terrestrial and aquatic,
respectively). Research, survey, and monitoring initiatives found to be needed across ecological
framework and key habitat boundaries and that would assist in filling information gaps and
informing conservation efforts on a statewide scale are aggregated below.

Conduct research to enhance knowledge of the natural history, population biology, and
community ecology of SGCN within key habitats, including SGCN distribution,
abundance, habitat use, and population trend information.

Research is needed to quantify the extent to which land use activities (e.g., grazing,
human development, road-building, and energy exploration and development, etc...)
fragment and alter habitats in relation to size, edge effect, composition and structure, and
use by SGCN.

Investigate hydrologic relationships and their effects on SGCN to provide a better
understanding of the physicochemical and hydrologic processes that will allow for
sustainable watershed conservation and management practices.

Determine conditions that limit populations of SGCN and their resiliency in adapting to
human disturbances.

Conduct research to anticipate how climate change or drought will affect vegetation
patterns and community and ecosystem-level dynamics.

Determine the extent to which invasive and non-native species may alter community
structure and preclude populations of SGCN and identify methods to minimize impacts
from non-native species.
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e Investigate invasive species early detection protocols and identify potential vectors and
pathways.

e Assess and continually monitor habitat condition and water quality.

e Investigate methods to reduce the spread of pathogens through aquatic and terrestrial
environments.

e Investigate hydrologic relationships in key habitats.

o ldentify or develop protocols and monitoring standards for consistently describing
landscape health and condition.

e Investigate methodology that might be employed for early detection of transitions in
habitat type and determining indicators of biological integrity.

e Develop collaborative survey and monitoring protocols for invertebrate SGCN that are
not currently being monitored.

e Identify SGCN travel corridors and assess habitat connectivity.

e Investigate the role of natural fire and the effectiveness of prescribed fire in reducing the
potential for catastrophic stand-replacing fires and maintaining habitats for SGCN.

e Determine and monitor the location and condition of ephemeral aquatic habitats,
marshes, springs, seeps, cienegas, and perennial ponds and develop spatial depictions of
habitats predicted as suitable for molluscs, crustaceans, and other arthropods in New
Mexico.

e To our knowledge, no systematic, standardized monitoring of introduced, non-native
plant and animal species is occurring in New Mexico. Introduced non-native species are
a primary cause of the decline of native biological diversity globally, and should be
addressed at a state, regional and national level, in part by instituting monitoring
programs at these different scales. Monitoring and efforts to identify new invasions (both
deliberate and accidental) are technically feasible, but lack sufficient funding and
coordination (Simberloff et al. 2005). This information should be incorporated into a
dynamic statewide Geographical Information System (GI1S) database to allow tracking of
these trends.

e A more efficient monitoring program needs to be developed to track the effectiveness of
conservation actions such as riparian and terrestrial habitat restoration programs at a
statewide level. This information should be incorporated into a dynamic statewide GIS
database to allow the tracking and assessment of project performance at a landscape
level.
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e Other than the efforts of the USGS Southwest Regional Gap Analysis Project
(SWReGAP) to map vegetation and wildlife species distribution of the southwestern
United States, to our knowledge, no formal, systematic, standardized monitoring of key
habitats at a landscape level within ecoregions is occurring in New Mexico.
Development of the capacity to detect habitat changes and compare them directly with
SGCN monitoring results is essential to evaluating the effectiveness of our conservation
actions.

e There is a need to continue monitoring the incidence of whirling disease and chronic
wasting disease on a statewide basis.

Desired Future Outcome

Since New Mexico is a diverse state with a variety of habitats, it is reasonable that there would
be multiple desired future outcomes for its key habitats and SGCN. However, the overriding
desired future outcome driving biodiversity conservation in New Mexico is that our key habitats
persist in the condition, connectivity, and quantity necessary to sustain viable and resilient
populations of resident SGCN and host a variety of land uses with reduced resource use
conflicts. More spatially specific desired future outcomes are provided in Chapter 5 for the key
habitats within each ecological framework.

Prioritized Conservation Actions

Approaches for conserving New Mexico’s biological diversity at the species or site-specific
levels alone are inadequate for long-term conservation of SGCN. Rather, conservation strategies
should be ecosystem-based and include broad public input and support (Galeano-Popp 1996).
Prioritized conservation actions that we believe will assist in achieving desired future outcomes
are aggregated below at a statewide scale. NMDGF will monitor species and habitats to evaluate
the effectiveness of these conservation actions and those found to be ineffective will be modified
and re-deployed in accordance with the principles of adaptive management.

Terrestrial Habitats
1. Work with federal and state agencies, tribes, private landowners, research institutions,
and universities to design and implement research, survey, or monitoring projects to
enhance our understanding of SGCN and key habitats. Research pertaining to SGCN
distribution and abundance and the condition and connectivity of habitats is especially
desirable as are studies that monitor SGCN status and identify factors limiting SGCN
populations.

2. Work with land management agencies, private land managers, and the agriculture
industry to identify and promote rangeland grazing methodologies that ensure long-term
plant and animal productivity, ecological sustainability and integrity, and are cost
effective for livestock interests.
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3. Collaborate with state and federal agencies, tribes, private organizations, research
institutions, universities, and private landowners to identify and protect riparian and other
habitat corridors that are important for sustaining SGCN. This should include
identifying areas that have historic or potential value as connecting habitat corridors and
for which willing private landowners can obtain conservation easements.

4. Form partnerships with affected communities and federal land management agencies to
facilitate and encourage the conservation, protection, maintenance, and restoration of key
habitats and unique microhabitats within key habitats. Watershed management practices
that reduce soil erosion, and maintain biodiversity are encouraged.

5. Collaborate with state and federal agencies and private landowners to develop measures
to reduce habitat fragmentation within and adjacent to key habitats. Closures of
unnecessary roads or minimizing new roads in key habitats are potential approaches.

6. Create public awareness and understanding of ecosystem function, values, and products
and the scope and scale of human impacts important to SGCN. Promote community
based support and involvement in decisions related to ecological sustainability and
integrity of key habitats and SGCN viability.

7. Work with federal and state agencies, tribes, private agencies and institutions to maintain
tracts of native vegetation and to identify additional sources of funding for long-term
conservation of SGCN. Actions that create incentive based or voluntary partnerships
with private landowners to conserve and manage properties to sustain SGCN are
desirable.

8. Maintain awareness of the introduction and spread of invasive, non-native, and exotic
plants and animals and encourage control or eradication where necessary to maintain or
restore biodiversity.

9. Collaborate with affected interests to pursue enactment of state laws or policies to protect
closed basins within key habitats from the impacts of dredge and fill activities and future
development.

10. Work with public and private land managers to reduce woody vegetation encroachment
in grassland and meadow habitats that are important to SGCN and to maintain grassland
and meadow functionality.

11. Work with public and private land managers and the energy industry to encourage
conducting energy development in a manner that preserves the integrity and functionality
of key habitats and to rehabilitate abandoned well pads and access roads.

12. Collaborate with federal and state agencies and private landowners to ensure the
ecological sustainability and integrity of key habitats. Methods may include: establishing
conservation agreements, inter-agency memoranda of understanding, or land acquisition
projects.
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13.

14.

15.

16.

17.

18.

Work with land management agencies and private landowners to develop a fire
management regime that promotes restoration of vegetative communities more nearly
approximating those that historically supported SGCN.

Work with federal and state agencies to liberalize burn policies in the wilderness areas
surrounding meadow habitats to allow future fires to burn up to a meadow’s edge rather
than being suppressed.

Work with the US Forest Service to promote compliance with the principles of ecological
forestry for any land management activities conducted within woodland or forested
habitats.

Investigate opportunities to strengthen conditions of approval and reclamation standards
for oil and gas development and develop partnership programs and funding mechanisms
for implementing improved reclamation.

Work with public and private land managers and the energy industry to adopt adaptive
management strategies that minimize disturbance to SGCN caused by industrial
infrastructure, grazing, and recreation in key habitats.

Work with private landowners, counties, municipalities, federal land management
agencies, and the State Land Office to mitigate and reduce impacts related to urbanization
and develop consistent reclamation standards that ensure future key habitat integrity and
functionality.

Aquatic Habitats

1.

Work with federal and state agencies, tribes, private landowners, research institutions,
and universities to design and implement research, survey, or monitoring projects to
enhance our understanding of SGCN and key habitats. Research pertaining to SGCN
distribution and abundance and the condition and connectivity of habitats is especially
desirable as are studies that monitor SGCN status and identify factors limiting SGCN
populations.

Coordinate with state and federal land managers, tribes, and private landowners to
protect, restore, conserve, and create aquatic habitats and surrounding natural vegetation.

Collaborate with federal and state agencies and affected publics to create public
awareness and understanding of aquatic habitats functions, services, and values.
Emphasize educating anglers about the risks posed by undesirable non-native fishes.

Collaborate with federal and state agencies, private landowners, research institutions, and
universities to develop strategies to prevent emigration of non-native species or invasive
species (including plants) into surrounding areas; seek partnerships that encourage the
removal of harmful non-native species and the prevention of further introductions; and
monitor habitat communities to assess and eliminate potential adverse effects posed by
introduced species.
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5. Collaborate with involved government agencies to implement existing management
plans, conservation agreements, and recovery plans.

6. Collaborate with federal and state agencies, tribes, and affected publics to adopt
standardized monitoring and survey methods to track gains and losses of aquatic habitats.

7. Work with federal and state agencies and affected publics to develop techniques to
maintain natural hydrologic flows in aquatic habitats that maintain minimum
conservation pools sufficient to support sport fisheries, SGCN, and year-round
recreational opportunities; minimize the effect of diversion structures and water
withdrawals on native fish SGCN; and design and implement irrigation water withdrawal
structures that balance needs of aquatic SGCN communities.

8. Seek acceptance of “instream flow” water rights for wildlife conservation needs.

9. Work with land management agencies, private land managers, and the agriculture
industry to identify and promote grazing methodologies on rangelands that ensure long-
term plant and animal productivity, ecological sustainability and integrity, and are cost
effective for livestock interests.

10. Collaborate with federal and state agencies and affected publics to complete and
implement the Draft State Aquatic Nuisance Species Management Plan.

11. Collaborate with federal and state agencies, tribes, private landowners, research
institutions, and universities to complete an inventory and conduct a regional risk
assessment of the distribution of the whirling disease parasite (Myxobolus cerebralis) and
suppress yellow grub parasite in affected habitats.

12. Actively pursue the cooperation of private landowners in the protection and recovery of
the SGCN.

13. Collaborate with agencies and affected publics to adopt and encourage compliance with
baitfish regulations that preclude introduction of non-native species.

14. Work with federal and state agencies, tribes, NGOs, and universities to improve the use
of existing data management systems for tracking information pertinent to aquatic
habitats.

15. Work with federal and state agencies and affected publics to identify actions to prevent
lowering of groundwater levels and promote water conservation activities.

16. Collaborate with federal and state agencies to reduce the amount of aquatic habitat
altered by logging and road building.
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17. Work with state, federal and private land managers to mitigate and reduce impacts on
aquatic habitats from land and water use practices.

18. Work with the US Forest Service to develop strategies to reduce the effects of wildfire
induced ash flows on native fish assemblages and ensure that SGCN in aquatic habitats
are not adversely affected by fire management practices.

19. Establish partnerships with other federal, state, local agencies and potentially affected
interests to encourage monitoring local aquifers for water quantity and quality as it relates
to specific habitat locations, to identify potential threats to habitats important to SGCN,
and to identify and pursue alternatives to the Clean Water Act for restoring protection to
aquatic habitats.

20. Work with law enforcement agencies to increase compliance with regulations regarding
transport and release of undesired non-native fishes.

More spatially explicit conservation actions are
provided in Assessments and Strategies for SGCN
and Key Habitats (Chapter 5).
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KEY AREAS FOR CONSERVATION ACTION

All landscapes in New Mexico are important for conserving the full suite of components that
collectively comprise our state’s biodiversity, while providing important social and economic
benefits for our citizens. However, because time and resources
are limited, it is important to identify and focus upon key areas

for conservation action. All landscapes in New Mexico
are important for conserving our

state’s biodiversity.

We used four criteria to identify key areas based on
information gained in developing the CWCS for New Mexico;
key habitats, SGCN presence, analyses of factors that influence habitats, and SWReGAP land
status estimates. Our Approach chapter details methods used in this analysis, and provides
information pertaining to the four model input variables. Findings to date suggest that key areas
upon which to focus conservation efforts in New Mexico may include riparian and aquatic
habitats throughout the state, areas in the “boot heel” region of southwestern New Mexico
extending northward into the Madrean habitats, and areas of the shortgrass prairie and western
mountain ranges where they converge with Chihuahuan Desert and Pecos River habitats (Fig. 4-
8). These areas contain key habitats, have a high diversity of SGCN, are subjected to a moderate
to high magnitude of multiple habitat altering factors, and lack legal constraints or long-term
management plans protecting them from habitat conversion. Having identified these key areas it
remains to engage appropriate federal, state, local, and tribal governments, NGOs, and private
interests in determining where, when, what, and how conservation actions will be implemented.

Landscapes in New Mexico to consider in planning conservation efforts were:
e Areas within key habitats,
e Areas that had a high diversity of terrestrial and aquatic SGCN taxa,
e Areas that may be potentially altered by synergistic effects that influence
habitats, and
e Areas without long-term management plans or legal constraints that protect
them from habitat conversion.
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Figure 4-8. Key areas to consider for planning conservation efforts. This spatial representation
is designed to enhance our understanding of geographic areas where conservation efforts may be
needed. This analysis should not be used to locate small parcels of land.
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Chapter 5
ASSESSMENTS AND STRATEGIES FOR SPECIES OF
GREATEST CONSERVATION NEED AND KEY HABITATS

This chapter is organized by ecological frameworks at the scale of ecoregions for terrestrial
habitats, watersheds for aquatic habitats, and statewide for riparian, ephemeral and perennial
tank habitats. Component key habitats (Element 2), some of which cross ecoregion or
watershed boundaries (Table 5-1, 5-2), are identified within each of these ecological
frameworks. Each ecoregion or watershed section provides information on the SGCN associated
with its component key habitats (Element 1), discusses the condition of key habitats (Element
2), describes problems affecting habitats and species (Element 3), and identifies information
gaps and related research, survey, and monitoring needs (Element 3). Each section also
provides a prioritized list of conservation actions necessary to overcome problems and achieve
desired future outcomes (Element 4). Similar information for riparian, ephemeral and perennial
tank habitats is provided in a statewide context. Also included is a discussion of SGCN,
including arthropods other than crustaceans, that were not associated with key habitats (Element
1) and information gaps that limit our ability to associate these species with key habitats.
Summarized information gaps and related research, survey, and monitoring needs are provided in
Appendices M-P. Summarized conservation actions are discussed in Chapter 4.

Table 5-1. Key terrestrial habitats discussed in the ecoregion ecological framework.
Key Terrestrial Habitats

Madrean  Rocky Rocky
Chihuahuan Pine-Oak/ Mountain Short- Sand Big Mountain
Semi-Desert Madrean Conifer- Mixed grass Sage- Sage- Wet
Ecoregion Grasslands  Encinal Oak Conifer  Prairie brush brush Meadow
Apache Highlands X X X
Arizona-New Mexico
Mountains X X X X
Chihuahuan Desert X X
Colorado Plateau X
Southern Rocky
Mountains X X X
Southern Shortgrass
Prairie X X

Table 5-2. Key perennial aquatic habitats discussed in the watershed ecological framework.

Perennial

Large Marsh/ Cienega/ 1% and 2™ 3“and 4" 5™ Order
Watershed Reservoir Spring/ Seep Order Stream  Order Stream Stream
Canadian X X X X
Gila X X X X
Mimbres X X X
Pecos X X X X X
Rio Grande X X X X X
San Juan X X X
Tularosa X X
Zuni X X
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Our assessment of factors that influence species or habitats is primarily focused at the habitat
scale, as these factors directly affect wildlife communities and SGCN populations.

We also identified individual factors that are most influential in affecting each SGCN. We
provide this information in Appendix I. Given that most of the species-specific factors that
influence the long-term persistence of SGCN were habitat conversion, loss, and degradation, fire
(burning and suppression), and improper grazing practices, we do not discuss species-specific
factors separately from habitat factors.

In our discussion of factors that influence species and habitats, we primarily consider those
practices that are harmful to wildlife at certain levels of use or extent. We recognize that many
human activities across today’s landscapes have the potential to be either beneficial or
detrimental to wildlife. Many factors that influence New Mexico landscapes are based on legal
and accepted practices. We also understand that it is the manner in which a human activity or
practice is conducted that determines if it has a negative or positive effect on wildlife
populations. For example, livestock grazing can be a valuable tool to improve wildlife habitat.
However, if livestock grazing is applied improperly, it can be detrimental to plant communities
and wildlife.

At times, we reference historic land management practices, as these practices have helped shape
today’s landscapes. In doing so, we do not intend to imply that historic land management
practices still occur today. Our intent is to evaluate landscapes as they exist today and develop
strategies on how best to make meaningful improvements to benefit species of greatest
conservation need.

Human activities have the potential to be either beneficial or detrimental to wildlife. It is the manner in
which a human activity or practice is conducted that determines if it has a negative or positive effect on
wildlife populations.
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APACHE HIGHLANDS ECOREGION

The Apache Highlands Ecoregion extends from central and southeastern Arizona into
southwestern New Mexico and northern Mexico. Within the New Mexico portion of the
ecoregion, three key habitats types were identified: Chihuahuan semi-desert grasslands,
Madrean Encinal and Madrean Pine-Oak, Conifer-Oak Forest and Woodland (Fig. 5-1).

Semi-desert grasslands in the Apache Highlands Ecoregion have been recognized for their
regional biological value, especially their importance to grassland birds (Biodiversity Support
Program et al. 1995). The Madrean woodlands and forest in the Apache Highlands ecoregion
represents a confluence of temperate North American and neo-tropical tree species assemblages,
with intrusions of Sonoran and Chihuahuan desert flora at lower elevations. The legume
(Fabaceae), oak (Fagaceae), and pine (Pinaceae) families are very diverse within this region
(Felger and Johnson 1995).

Woodland and forest habitat types in this ecoregion occur within the greater Madrean
Archipelago/Sky Islands complex, which are so-named because of the many isolated mountain
ranges spread across the region. These isolated mountain ranges are essentially “islands” of
upland habitats separated from one another by plains and valleys of desert and semi-desert
grasslands. Desert grasslands and scrublands in the valleys limit genetic interchange between the
elevated “island” mountain range habitats, creating isolation with high evolutionary potential
within plant and animal populations (Warshall 1995).

The plant and animal communities of the Apache Highlands Ecoregion reflect the meeting,
merging, co-evolution and co-adaptation of species representative of the northern Rocky
Mountains region in the north and the Sierra Madre Occidental and neo-tropical regions of
Mexico to the south. This high level of diversity and unusual community structure has
appropriately been described as a stacking of biotic communities on each mountain “island”
(Marshall 1957).

The Sierra Madre Occidental and isolated mountain ranges have facilitated plant and animal
migrations northward and southward, and many species in the Madrean pine-oak and oak-conifer
forests and woodlands are at the northern or southern extent of their distributions (Gehlbach
1981, Felger and Wilson 1995). This phenomenon is true more for tropical organisms than for
temperate species, in part because of the northward increasing gradients of winter frost and
summer drought that limit the northern distribution of neo-tropical species. As a result, fewer
plant and animal species encounter their southern limits than those that are at their northern-most
distribution.

This phenomenon involves a wide array of species, including trees, orchids, moths, birds (Felger
and Wilson 1995), and bats. Plant species diversity within Apache Highlands Ecoregion is
complex because of important floral influences from the Californian, Sonoran, Intermountain,
Cordilleran, and Sierra Madrean provinces (Warshall 1995).
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Figure 5-1. Key terrestrial habitats in the Apache Highlands Ecoregion in New Mexico.
Adjacent land cover types are given to provide an indication of vegetation surrounding key
habitats. Key habitats are designated with an asterisk (*).

The source of data is the Southwest Regional Gap Analysis Project (SWReGAP). For information
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Species of Greatest Conservation Need

The Apache Highlands Ecoregion supports a high number of endemic species, game species, and

threatened and endangered species (Warshall 1995). Approximately 102 Species of Greatest
Conservation Need (SGCN), excluding arthropods other than crustaceans, occur in the Apache
Highlands Ecoregion (Table 5-3). Of these, 60 (59%) are considered vulnerable, imperiled, or

critically imperiled both statewide and nationally. Twenty-six species (25%) are nationally
secure, but are considered vulnerable, imperiled, or critically imperiled in New Mexico, and 16

species (16%) are secure both statewide and nationally. Conservation status codes (abundance

estimates) for each SGCN are provided in Appendix H. Madrean Encinal and the Madrean Pine-

Oak Conifer-Oak habitats had 61 SGCN, while the Chihuahuan semi-desert grasslands had 48

SGCN. Additional conservation concerns for taxa associated with this ecoregion are addressed

in 1) Statewide Distributed Ephemeral Habitats and Perennial Tanks, 2) Statewide Distributed

Riparian Habitats, or 3) Watersheds with aquatic key habitats sections.

Table 5-3. Species of Greatest Conservation Need in the Apache Highlands Ecoregion in New

Mexico.

Common Name

Chihuahuan Semi-
Desert Grasslands

Madrean Encinal

Madrean Pine-Oak /

Conifer-Oak

Birds

Ferruginous Hawk
Northern Goshawk
Golden Eagle

Bald Eagle

Peregrine Falcon
Aplomado Falcon
Northern Harrier
Gould's Wild Turkey
Montezuma Quiail
Scaled Quail

Sandhill Crane
Band-Tailed Pigeon
Mourning Dove
Common Ground-Dove
Mexican Spotted Owl
Whiskered Screech-Owl
Elf Owl

Burrowing Owl
Broad-Billed Hummingbird
Lucifer Hummingbird
Elegant Trogon
Williamson's Sapsucker
Greater Pewee
Olive-Sided Flycatcher
Thick-Billed Kingbird
Loggerhead Shrike
Gray Vireo

Sage Thrasher
Bendire's Thrasher

X

X
X

X X X X

X

X X X

X X X

X X

X X X X X X
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Table 5-3 Cont.

Common Name

Chihuahuan Semi-
Desert Grasslands

Madrean Encinal

Madrean Pine-Oak /
Conifer-Oak

Birds Cont.
Sprague's Pipit
Pinyon Jay

Juniper Titmouse
Red-Faced Warbler
Lucy's Warbler
Yellow Warbler
Black-Throated Gray Warbler
Grace's Warbler
Painted Redstart
Botteri's Sparrow
Baird's Sparrow
Grasshopper Sparrow
Varied Bunting
Hooded Oriole
Yellow-Eyed Junco

Mammals

Mexican Long-Tongued Bat
Mexican Long-Nosed Bat
Lesser Long-Nosed Bat
Western Red Bat
Arizona Myotis Bat
Allen's Big-Eared Bat
Pocketed Free-Tailed Bat
Arizona Shrew
White-Sided Jack Rabbit
Southern Pocket Gopher
Black-Tailed Prairie Dog
Northern Pygmy Mouse
Yellow-nosed Cotton Rat
Mexican Gray Wolf
Black Bear

White-Nosed Coati
Jaguar

Desert Bighorn Sheep
Mule Deer

Coues' White-Tailed Deer

Amphibians

Colorado River Toad
Chiricahua Leopard Frog
Lowland Leopard Frog

Reptiles

Sonoran Mud Turtle
Ornate Box Turtle
Regal Horned Lizard

X

X X X X X

x X X X

x

X

X X X X

X X X X X

X X X X

X X X

X X X x X X X X X X

X X X

XX X X X X X X

X X X X

>

X X X X X X X X
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Table 5-3 Cont.

Common Name

Chihuahuan Semi-
Desert Grasslands

Madrean Encinal

Madrean Pine-Oak /
Conifer-Oak

Reptiles Cont.

Madrean Alligator Lizard

Collared Lizard

Bunch Grass Lizard

Giant Spotted Whiptail
Gray-Checkered Whiptail
Mountain Skink

Reticulate Gila Monster

Sonoran Mountain Kingsnake
Milk Snake

Green Rat Snake

Yaqui Blackhead Snake

New Mexico Ridgenose Rattlesnake
Western Diamondback Rattlesnake
Banded Rock Rattlesnake

Desert Massasauga

Molluscs

Shortneck Snaggletooth Snail
Sonoran Snaggletooth Snail
Heart Vertigo

Vallonia Snail

Cross Holospira Snail

Metcalf Holospira Snail
Animas Mts. Holospira Snail
Hacheta Mountainsnail

Fringed Mountainsnail

Big Hatchet Woodlandsnail
Animas Peak Woodlandsnail
Grande Hacheta Woodlandsnail
Three-Toothed Column Snail
San Luis Mountains Talussnail
Animas Talussnail

Big Hatchet Mountain Talussnail
Peloncillo Mountain Talussnail

X X X X X X X X

X X X

X X X X X X X >

X X X

X
X

X X

X X X X X X

X X

Chihuahuan Semi-Desert Grassland

Habitat Condition

The Chihuahuan semi-desert grassland is a discontinuous mosaic of desert scrub and grassland

distributed from the “boot heel” of New Mexico southwest through Arizona into Mexico (Dick-
Peddie 1993). This intermingled and naturally fragmented habitat type contains a highly varied
flora and fauna. Soils are equally varied. Thin soils with low organic matter and high amounts
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of calcium carbonate are found on upland slopes and hilltops and finer alluvial soils are
deposited at the bottoms of slopes in depressions, playas, or bolsons (Schmutz et al. 1991).
Chihuahuan sem-desert grasslands experienced a marked shift from perennial grassland to shrub
dominated desert scrub in the mid-1800s, as with other grassland communities in the western
United States (Barnes 1936, Buffington and Herbel 1965, Branson 1985, Archer 1989). The
exact cause of this shift is debated, but excessive livestock grazing, climatic change, and fire
suppression are contributors to this change (Barnes 1936, Allred 1996, Fredrickson et al. 1998).
In turn, grassland conversion and human-caused fragmentation have increased runoff and
erosion, decreased biological diversity through isolation, reduced carrying capacity (Saunders et
al. 1991), caused shifts in avian assemblages, increased invasion by non-native species, and
decreased livestock and wildlife forage (Branson 1985, Vickery et al. 1999). Today, portions of
the Chihuahuan semi-desert grassland appear to be undergoing additional desertification (Asner
2005).

Problems Affecting Habitat or Species

Biodiversity in Chihuahuan semi-desert grasslands is influenced by habitat conversion factors
and non-consumptive and consumptive resources uses. Dinerstein et al. (2000) also reported that
livestock grazing, fire suppression, and urban development were factors leading to loss of
biodiversity in the northern Chihuahuan Desert.

Grazing Practices

Domestic livestock grazing is an extensive land use activity in the Chihuahuan Desert (See
Chapter 3, New Mexico’s Biodiversity). Grazing of Chihuahuan Desert grasslands may not
always lead to altered habitats. Impact of livestock grazing on rangeland wildlife is largely
dependent on the grazing management practices used. However, improper grazing practices
(grazing practices that reduce long-term plant and animal productivity) on native grasslands may
lead to the loss of grassland cover, mortality of plant species, and increased erosion (Wilson and
MacLeod 1991). Further, improper grazing practices and increased intense agriculture
production may lead to habitat fragmentation and loss by promoting conditions favorable for
shrub encroachment and through increased infrastructure development, such as roads and fences
(Dinerstein et al. 2000). The effects of these land management activities are compounded by
extended drought periods and altered hydrological functions in the Chihuahuan Desert. An
additional discussion of grazing practices is offered in the Statewide Assessment and Strategies
(Chapter 4).

Fire Regimes

Altered fire regimes, resulting from both fire suppression and the removal of fine fuels by
domestic grazers and wildlife, may have also promoted the establishment of both woody
vegetation and introduced non-native species. However, the extent to which fire occurred in
southwestern grasslands varied geographically and is related to climatic variables such as
seasonal and annual rainfall and physiographic variables such as elevation, slope and aspect
(Archer 1994). Fire may have been rare in desert grasslands and limited in extent due to low
biomass and a lack of continuity in fine fuels (Hastings and Turner 1965, York and Dick-Peddie
1969).
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Development and Exploration

Housing developments and agriculture are increasing in areas around Deming and Lordsburg.
Development contributes to the loss of native vegetation and erosion through soil compaction
and the concentration of runoff. Agricultural production results in loss of natural plant and
animal communities and fragmentation of landscapes through habitat conversion, roads, fences,
and groundwater pumping. Chihuahuan semi-desert grasslands in the “boot heel” portion of
Hidalgo County are now being explored for geothermal energy and oil and gas potential. This
activity can ultimately cause habitat fragmentation and loss through conversion (clearing), road
building with increased vehicular traffic, and groundwater pumping (Dinerstein et al. 2000).

Borderland Security Activities

Security measures are being implemented throughout the United States/Mexico borderlands
region to intercept drug shipments, illegal immigrants, and other unauthorized activities (US
Department of Justice, Immigration and Naturalization Service 2000). Increased road building
and traffic along the borderlands causes habitat destruction, loss, and fragmentation, diminishes
the utility of habitat for wildlife, and increases road kill (Forman et al. 2003).

Off-Road Vehicles

Recreational off-road vehicle use has also increased in the Chihuahuan semi-desert grasslands.
While the impacts of these activities on the Chihuahuan semi-desert grasslands are poorly
understood, increased off-road vehicle use negatively impacts wildlife by destroying and
fragmenting habitat, causing direct mortality of wildlife, or altered behavior through stress and
disturbance (Busack and Bury 1974, Brattstrom and Bondello 1983).

Invasive Species

Many ecologists have acknowledged the problems caused by invasion of non-native species into
ecosystems and the associated negative effects on global patterns of biodiversity (Stohlgren et al.
1999). Once established, invasive species have the ability to displace native plants and animals,
including threatened and endangered species, disrupt nutrient and fire cycles, and alter the
character of the native community by enhancing additional invasions (Cox 1999, Deloach et al.
2000, Zavaleta et al. 2001, Osborn et al. 2002). Little is known about the extent of invasive
species in Chihuahuan semi-desert grasslands. As such, the development of early detection
protocols, and estimators of vectors and pathways of potential invasive species may assist in the
development of strategies to control invasive species.

Information Gaps

Although there is a large body of literature on Chihuahuan semi-desert grasslands, there are
numerous information gaps (outlined below) that limit our ability to make informed decisions.

e The intensity, scale, extent, and causes of grassland fragmentation in the Chihuahuan
Desert are unknown.

e The response of SGCN to human disturbances is poorly understood.

e The effects of habitat fragmentation on SGCN are unknown.
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Environmental conditions or thresholds that limit populations of SGCN are poorly
understood.

Methods to identify early detection landscape degradation attributes that would inform
land managers of when grasslands were approaching transitional thresholds are needed,
to alleviate the need for expensive restoration projects.

The extent to which invasive species may alter semi-desert grasslands and limit
populations of SGCN is unknown.

The full extent in which border patrol activities or military maneuvers alters semi-desert
grasslands and limits populations of SGCN is unclear.

Information is needed on grazing management practices that produce sustainable levels,
composition, and structure of native grasses needed by SGCN.

The extent to which off-road vehicle use is impacting Chihuahuan semi-desert grassland
SGCN populations is unknown.

Our understanding of the role of fire in sustaining the Chihuahuan semi-desert grasslands
and appropriate fire management protocols is poor.

Short and long-term effects of land management practices or uses such as energy
exploration and development, grazing systems, invasive species and shrub encroachment
management are unclear. Availability and distribution of this information would allow
land managers to make more informed conservation decisions.

Research, Survey, and Monitoring Needs

Research, survey, and monitoring needs for the Chihuahuan semi-desert grasslands are primarily
derived from our perception of factors that influence the integrity of semi-desert grasslands.
Research, survey, and monitoring needs include:

Estimate the extent, fragmentation, and structural characteristics of Chihuahuan semi-
desert grasslands to provide greater predictive power and applicability to an ecosystem
management approach.

Research is needed to obtain basic life history information for SGCN inhabiting
Chihuahuan semi-desert grasslands to develop effective species/habitat monitoring and
conservation strategies.

Studies are needed on the type and extent of human-caused fragmentation in Chihuahuan
semi-desert grasslands and how such habitat alterations influence patch size, edge effect,
and use by wildlife. This information is also important in understanding how different
intensities and frequencies of disturbances effect small-mammal species, avifauna, and
herpetofauna.
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e Since this habitat type has experienced a shift from perennial grassland to shrub-
dominated desert scrubland (Buffington and Herbel 1965, Archer 1989), early detection
methods are needed that indicate when grasslands habitats are shifting to another habitat
type. In addition, cost effective measures need to be investigated that restore semi-desert
grasslands to functional mosaics.

e Consistent rangeland health and condition descriptions or protocols need to be developed
across the states, regions, and nations (National Research Council 1994). These
protocols would facilitate land management decisions by establishing standardized
indicators and reference points.

e Investigate invasive species early detection protocols, and estimate vectors and pathways
of potential invasive species.

Desired Future Outcomes
Desired future outcomes for the Chihuahuan semi-desert grasslands include:

e That the Chihuahuan semi-desert grasslands exists in the condition, connectivity and
quantity necessary to sustain viable and resilient populations of resident SGCN and host a
variety of land uses with reduced resource use conflicts.

e Ecological conditions that sustain viable populations of the SGCN are established and
garner wide public support.

e That colonization of Chihuahuan semi-desert grasslands by invasive plant species is
stopped and existing populations are controlled or eliminated.

e That energy development on Chihuahuan semi-desert grasslands is managed to preserve
habitat integrity and functionality and that disturbed sites are restored to native habitats.

Prioritized Conservation Actions

Approaches for conserving New Mexico’s biological diversity at the species or site-specific level
are inadequate for long-term conservation of SGCN. Conservation strategies should be
ecosystem-based and include public input and support (Galeano-Popp 1996). Monitoring of
species and habitat will be employed to evaluate the effectiveness of the conservation actions
described below. Those found to be ineffective will be modified in accordance with the
principles of adaptive management. Conservation actions, in order of priority, which assist in
achieving desired future outcomes, are outlined below.

1. Work with land management agencies, private land managers, and the agriculture
industry to identify and promote grazing systems on rangelands that ensure long-term
ecological sustainability and integrity and are cost effective for livestock interests. Such
practices may include collaborative development of grazing management plans, altering
domestic and wildlife stocking rates, time and use, and distribution where forage
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availability is inadequate, and promoting “grass banking” opportunities that allow
degraded rangelands to recover.

2. Work with public and private land managers to reduce shrub encroachment in
Chihuahuan semi-desert grasslands habitats important to SGCN. Implementation of this
conservation action may include chemical or mechanical manipulation, reseeding with
native grasses, or reduction of processes that promote shrub encroachment.

3. Work with federal, state, private organizations, research institutions, and universities to
design and implement projects outlined in the Research, Survey, and Monitoring Needs
or Information Gaps section outlined above.

4. Work with public and private land managers and the energy industry to encourage energy
development in a manner that preserves the integrity and functionality of Chihuahuan
semi-desert grasslands and restores disturbed sites.

5. Form partnerships with effected communities and federal land management agencies to
facilitate and encourage maintenance and restoration of Chihuahuan semi-desert
grasslands.

6. Collaborate with federal and state agencies to designate areas for off-road vehicle use that
avoid disturbance to SGCN or their habitats and discover ways to mitigate such
disturbance where it currently occurs.

7. Collaborate with federal and state land management agencies and other publics to
identify legislative actions, land acquisition and easement protection that will conserve
the Chihuahuan semi-desert grasslands.

8. Work with federal, state, and private organizations to develop public education projects
that increase awareness and understanding of the fragility of Chihuahuan semi-desert
grasslands and their importance to a wide array of species.

Madrean Encinal and Madrean Pine-Oak Conifer-Oak Forest and Woodland

The Madrean Encinal and Madrean Pine-Oak, Conifer-Oak Forest and Woodland in the Apache
Highlands Ecoregion have similar problems, information gaps, research, survey, and monitoring
needs, desired future outcomes, and conservation actions. We present information on these two
habitat types collectively.

Habitat Condition

Madrean Encinal oak woodlands in the Apache Highlands ecoregion generally occur at
elevations between 4,000 ft (1,220 m) and 4,986 ft (1,520 m). At the lower ecotone where
conditions are drier, Madrean Encinal oak woodlands merge with oak savanna and eventually
semi-desert grassland. At middle elevations, Madrean Encinal oak woodlands grade into
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Madrean pine-oak forests, and at the highest elevations into conifer-oak and pine forests
(Ffolliott 2002).

Emory oak (Quercus emoryi) is the most common tree species in Madrean Encinal and is found
in associations with varying intermixtures of Mexican blue oak (Q. oblongifolia), gray oak (Q.
grisea) silverleaf oak (Q. hypoleucoides), and Arizona white oak (Q. arizonica) (Ffolliott 1980,
Brown 1982, McPherson 1992, 1997, McClaran and McPherson 1999). Interspersed within the
Madrean Encinal are shrubs, grasses, forbs and succulents.

Within Madrean pine-oak and oak-conifer forests and woodlands, pines or other conifers
generally form the overstory while oaks generally form the understory. There are extensive
areas of pine-oak woodland in the Apache Highlands Ecoregion of the southwestern United
States. Pine-oak woodland is included within the concept of Madrean evergreen woodland. The
pine forest is called Madrean Montane Conifer Forest (Brown 1982). Within this habitat type,
the abundance of oaks may be a consequence of over harvesting of pines (Felger and Johnson
1995).

At higher elevations within the pine-oak forest and woodland, pines become more dominant as
their density increases so that the vegetation could be called forest rather than woodland. This
pine-oak forest is dominated by one species of pine, usually Arizona pine (Pinus ponderosa var.
arizonica), ponderosa pine (P. ponderosa var. scopulorum), or white pine (P. strobiformis).
Scattered individuals or small groups of oaks, primarily Gambel oak (Q. gambelii), and net-leaf
oak (Q. rugosa), occur with these pine stands. Gambel oak is the only winter-deciduous oak in
this area. In the northernmost of the isolated mountain ranges, Arizona pine is replaced by
ponderosa pine at higher elevations (Felger and Johnson 1995).

Precipitation in the Madrean woodlands and forests ranges from 12 - 40 in (305 - 1,015 mm) per
year, with generally half of this precipitation occurring between May and August. The frequency
of freezing temperatures increases northward within the Madrean woodlands and forest, which
limits plant species diversity (Gottfried et al. 1995). Bi-modal emergence of perennial and
annual plants occurs in early spring following winter rains and during the summer monsoons
(McPherson 1994, 1997).

The distribution, structure and health of Madrean woodlands and forest in the Apache Highlands
Ecoregion have been affected by human activities since prehistoric times. The Madrean
woodlands and forest were important to prehistoric people (Propper 1992), who gathered fuel
wood for fires and construction materials, acorns for food and ceremonial purposes, and pifion
nuts and juniper berries for winter food (Gottfried et al. 1995). Settlers, miners, and ranchers
utilized woodlands in the late 1800s and early 1900s, for timber and smelter fuel (Bahre and
Hutchinson 1985). Madrean woodlands and forest were heavily grazed by livestock in the 1880s
and continue to be grazed today, although at much lower stocking rates (Weltzin and McPherson
1995). However, Madrean woodlands and forests have not been subjected to large-scale range
improvement practices (Ffolliott and Guertin 1987, McClaran et al. 1992).

Natural mortality of oak trees appears to be low, possibly due to the long history of harvesting
older trees. All evergreen oak tree species in the Madrean Encinal of New Mexico and Arizona
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are susceptible to infection by a fungus, Inonotus andersonii, a major cause of wood decay
(Fairweather and Gilbertson 1992). Oak densities within Madrean woodlands and forest vary
considerably, and range from a few scattered individuals to several hundred stems per hectare.
Volumes of wood vary from less than 1, to more than 53 yd® per ac (2 to more than 100 m* per
ha) (Ffolliott and Gottfried 1992). Annual growth rate is relatively slow, ranging from 0.13 -
0.26 yd® per ac (0.25 - 0.50 m® per ha), with an annual growth rate of less than 1% (Gottfried et
al. 1995).

Tree density and openness is related to local site characteristics such as soils, fire disturbance and
land use histories (Gottfried et al. 1995, Ffolliott 2002). Tree species composition and density
changes with elevation gradients, latitude, previous disturbances, slope, and aspect. Stand-level
disturbances by fire, disease, vegetation control, and land-clearing activities have been relatively
minor in Madrean woodlands and forests (Kruse et al. 1996). However, these disturbances when
they do occur are likely to affect stand structure and productivity (Ffolliott and Gottfried 1992,
Gottfried et al. 1995, McClaran and McPherson 1999). Historically, fires effected species
composition, stand density, and size-class distributions (Niering and Lowe 1984, Barton 1991,
Kruse et al. 1996).

The Madrean woodlands and forests are an area of exceptionally high biological diversity and
biogeographical interest (DeBano and Ffolliott 1995). These habitat types occur within a
topographically and geologically complex region (Felger and Johnson 1995). The complex
topography and steep elevation gradients within the Madrean pine-oak and oak-conifer forests
and woodlands result in a rich assemblage of floral and faunal species. The complex geology
and topography of the region creates unusual and striking assemblages of habitats and plant and
animal associations. Floral and faunal species occur here that are more commonly associated
with the New World tropics than with the southwestern borderlands. Plant and animal species
co-mingle here that would otherwise be separated by large distances and climatic regimes
(Felger and Wilson 1995).

Problems Affecting Habitats or Species

A general analysis based on the scientific literature and NMDGF staff opinion reveals that
climate change, fire management, urban and residential development and habitat loss and
fragmentation associated with roads/highways/utility corridors are the greatest factors adversely
affecting Madrean woodlands and forests in the Apache Highlands ecoregion.

Climate Change and Drought

Climate change may occur in the Southwest from increased atmospheric concentrations of CO;
and other greenhouse gases. Effects may include increased surface temperatures, changes in the
amount, seasonality, and distribution of precipitation, more frequent climatic extremes, and a
greater variability in climate patterns. Such changes effect vegetation at the individual,
population, or community level, precipitate changes in ecosystem function and structure
(Weltzin and McPherson 1995), and will likely affect competitive interactions between plant and
animal species currently co-existing under equilibrium conditions (Ehleringer et al. 1991) (See
Chapter 4 for greater details).
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Subsequent specific outcomes for Madrean forest and woodland habitats are unpredictable and
remain uncertain (Weltzin and McPherson 1995). However, plants respond differently to
changes in atmospheric gases, temperature and soil moisture, in part based on their Csor Cy4
photosynthetic pathways (Bazzaz and Carlson 1984, Patterson and Flint 1990, Johnson et al.
1993). For example, increases in winter precipitation favor tree establishment and growth at the
expense of grasses, while increases in temperature and summer precipitation favor grasslands
expanding into woodlands (Bolin et al. 1986). Recent research has investigated shifts in the
Madrean Encinal oak woodland/semi-desert grassland boundary (Hastings and Turner 1965,
Bahre 1991, McPherson et al. 1993). Paleo-ecological data gathered from packrat middens
suggest that Madrean Encinal oak woodland have moved higher in elevation as a result of
warmer and drier climatic conditions since the Pleistocene. Bahre (1991) suggests that the
distribution of Madrean Encinal oak woodland has been stable since the 1860s.

Drought, defined as an extended period of abnormally dry weather, is one of the principal factors
limiting seedling establishment and forest productivity (Schulze et al. 1987, Osmond et al.
1987). Soil moisture is directly altered by drought conditions. The distribution and vigor of
some oak woodlands and savannas is controlled primarily by soil moisture gradients (Griffin
1977, Pigott and Pigott 1993). Drought and climate change can have a substantial effect on the
Madrean forest and woodland habitats. Further, these factors can alter fire frequency, intensity,
and timing by changing the amount and accumulation of fine fuels (Clark 1990, Haworth and
McPherson 1994). Unfortunately, due to the complexity of interactive relationships between
global, regional and local biotic and abiotic factors, and political decisions at national and
international levels, the effects of climate change on fire regimes in the Madrean forests and
woodlands are difficult to predict (Weltsin and McPherson 1995).

Natural Disturbance Regimes

Natural disturbances in the Madrean woodland and forests are fire, wind, and insects. Changes
in the frequency, intensity, and timing of natural fires have altered the distribution of current
vegetation. Madrean woodland and forest density was relatively low prior to European
settlement (Moody et al. 1992, Covington and Moore 1994). In these less dense woodlands,
most fires were low intensity ground fires that tended to reduce understory vegetation (Gottfried
et al. 1995). The elimination of episodic fires after 1893 may be attributed to livestock grazing
and fire suppression (Grissino-Mayer et al. 1995, Weltzin and McPherson 1995). Historic (late
1800s) improper grazing practices in Madrean woodlands and forests eliminated the herbaceous
fine fuels layer. The reduction of these fine fuels prevented the spread of low-intensity, ground-
hugging fires, and reduced grass competition, thereby allowing tree establishment (Gottfried et
al. 1995). Fire suppression has further eliminated the natural fire regime that historically kept
stand densities relatively low. Fire suppression allowed the increase of ladder fuels and heavy
fuel loading conditions. Catastrophic, stand-replacing crown fires have become more common
because of these changes (Covington and Moore 1994).

Grazing Practices

Livestock grazing has economic and cultural values that are important to individuals,
communities and the State. Impacts to rangeland wildife by livestock grazing are largely
dependent on the grazing management practices used. Domestic and wildlife grazing practices
that reduce the ability of the land to sustain long term plant and animal production (Wilson and

Comprehensive Wildlife Conservation Strategy 105



Apache Highlands Ecoregion

MacLeod 1991) have influenced plant communities and fish and wildlife habitat in New Mexico
for more than a century. Peer-reviewed scientific literature implies that livestock grazing has
impacted terrestrial and riparian/aquatic habitats in New Mexico (Armour et al. 1994, Fleischner
1994, The Wildlife Society 1996, Belsky and Blumenthal 1997). Improper grazing by livestock
can reduce vegetative cover, increased soil erosion, and aggravated local flooding (Felger and
Wilson 1995).

Many of these impacts began as early as the late 1800s when large herds of livestock were
present. Impacts of improper grazing practices have included: 1) competition with wildlife for
water, forage, and space; 2) degradation of forage and cover by altering vegetation composition
and structure; 3) impacts on stream hydrology, siltation, and water quality; and 4) reduced soil
permeability and potential to support plants due to soil compaction. Improper grazing can
diminish wildlife habitat in Madrean woodland and forest. In contrast, prescribed grazing is a
management tool that can be used to benefit wildlife (Holechek et al. 1982, Kirby et al. 1992,
Holecheck et al. 2004).

Animal Herbivory

Animal herbivory is the most common source of mortality for low-elevation oaks of southern
Arizona (McPherson 1993, Peck and McPherson 1994). Herbivory by invertebrates is a
potentially important source of seedling mortality that is commonly overlooked in field studies.
Invertebrates have been found to defoliate oak seedlings primarily during the summer (Peck and
McPherson 1994, Weltzin and McPherson 1995). Vertebrates kill Emery oak seedlings
primarily during autumn and winter months (Weltzin and McPherson 1995). Differential
population dynamics of herbivorous animal species, combined with temporal and spatial
variability of herbivory (McPherson 1993, Peck and McPherson 1994, Weltzin and McPherson
1995) combine to determine the timing and intensity of herbivory-related mortality on young
oaks (Weltzin and McPherson 1995).

Loss of Biological Diversity

Intact Madrean woodland and forest habitats once extended into the American tropics, but
accelerating deforestation is fragmenting habitats and populations of plant and animal species
(Felger and Johnson 1995). Trees within Madrean woodland and forest habitats are most often
harvested for fuel wood and fence posts, but also for value-added wood products such as
furniture and home construction (Ffolliott 1989, Ffolliott and Gottfried 1992, Maingi and
Ffolliott 1992).

Natural regeneration of Madrean oak woodlands is low. Factors that may be responsible for low
recruitment of oaks include herbivory by livestock and wildlife, competition for water, light and
minerals from herbaceous plants, and climatic and edaphic conditions. A combination of these
and possibly other unknown factors likely interact to produce low rates of seedling re-
establishment (Weltzin and McPherson 1995). However, demands for oak woodlands are
expected to increase (Conner et al. 1990, Van Hooser et al. 1990, Ffolliott and Gottfried 1992,
Gottfried et al. 1995).

Biological diversity in the Madrean woodland and forest is rapidly eroding (DeBano and
Ffolliott 1995). Cutting trees of the tallest height classes reduces the structural diversity of oak
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forests and woodlands stands (Sharman and Ffolliott 1992). Taller trees provide more habitat
niches for non-game birds than do shorter trees (Balda 1969). Thus, tree harvesting can reduce
bird diversity by simplifying woodland structural diversity (Ffolliott 2002).

Non-Native Species

In 1998, non-native species were implicated in the decline of 42% of species federally listed
under the Endangered Species Act (Center for Wildlife Law 1999). Once established, non-native
species have the ability to displace native plant and animal communities, disrupt nutrient and fire
cycles, and alter the character of the community by enhancing additional invasions (Cox 1999,
Deloach et al. 2000, Zavaleta et al. 2001, Osborn et al. 2002). Exotic species colonization of the
Madrean Archipelago region is increasing, with more than 60 non-native plants having
successfully established in the isolated mountain ranges of Arizona (Warshall 1995).

Habitat Alteration and Fragmentation

Human populations are increasing in the region and demands for fuel wood are accelerating.
Privately owned forest and woodlands are being converted to residential areas, fragmenting
wildlife habitats, increasing wildland/urban interface fire risks, and generally accelerating land
management conflicts. Associated increasing demands for water in these communities are
outpacing the ability of natural systems to provide new freshwater sources (Felger and Wilson
1995). Sustainability of Madrean woodland and forest habitats is questionable under increasing
pressures from human activities and altered fire regimes (Gottfried et al. 1995).

Much of the Madrean woodlands and forests of southwestern New Mexico and southeastern
Arizona is administered by the US Forest Service. It is charged with potentially conflicting
mandates of multiple use including: 1) conservation of wildlife, habitats and ecosystem function;
2) generating revenue from timber sales; 3) maintaining livestock grazing leases; and 4)
providing increasing opportunities for urban recreation (Felger and Wilson 1995). There is
growing pressure to develop more Madrean woodland and forest habitats within national forests
for camping, hiking, mountain biking, off-road vehicle use, and new or improved roads to access
these sites (Warshall 1995).

Groundwater Depletion

Groundwater levels in the United States and regional wetlands have dropped significantly from
groundwater pumping for agricultural irrigation of crops. One example in Madrean woodlands
and forests is San Simon Cienega, which was once a functioning wetland, but has since been
drying out due at least in part to groundwater pumping (Dinerstein et al. 2000).

Mining

Historic and current hard rock mining activities pose a threat to ecosystem function, resilience
and sustainability within the Madrean woodland and forests in the Apache Highlands. Large
underground bodies of primarily copper deposits have led to huge industrial mining complexes
in the area. Associated ecosystem stressors include: 1) habitat fragmentation and loss; 2) acid
rock drainage from chemical reactions to surface waste rock that create heavy metal
contamination poisonous to wildlife (Drabkowski 1993, Starnes and Gasper 1996, Reece 1995,
Hilliard 1994); 3) huge permanent pit lakes that contain toxic water (a danger primarily to
waterfowl) (Miller et al. 1996); 4) groundwater pollution; 5) air pollution and associated acid
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rain fallout; 6) increased frequencies of road killed fauna; 7) the potential for bioaccumulation of
heavy metals in soils and vegetation at levels dangerous to wildlife.

Borderland Security Activities

Security measures are being implemented throughout the United States/Mexico borderlands
region to intercept drug shipments, illegal immigrants, and stop other unauthorized activities (US
Department of Justice, Immigration and Naturalization Service 2000). Increased road building
and traffic along the borderlands causes habitat destruction, loss, and fragmentation, diminishes
the utility of habitat for wildlife, increases road kill, poaching, and illegal collecting (Forman et
al. 2003).

Recreation and Tourism

Recreation and tourism activities in the Madrean woodland and forests generate income for the
region. Hunting for species such as deer, quail and collared peccary (Tayassu tajacu) has long
been a dominant recreational use (McClaran and McPherson 1999). Non-consumptive
recreational uses in Madrean woodland and forests include hiking, camping, sightseeing, bird
watching, and picnicking (Conner et al. 1990). Although comprehensive statistics documenting
the level of these recreational uses are lacking, it is clear that recreational uses of Madrean
woodlands and forests are increasing and their impact on habitats and species should be
considered in conservation planning (Conner et al. 1990, McClaran et al. 1992).

Information Gaps

Information gaps that impair our ability to make informed conservation decisions are outlined
below.

e The location, timing, duration, frequency and intensity of all of the problems identified
that potentially affects Madrean woodland and forest habitats and/or SGCN.

e The ongoing activities of the Joint Task Force Six activities on the borderland of New
Mexico. These activities include maneuvers and encampments that can destroy habitat,
spread invasive weed species, increase road kill, and alter sensitive wildlife behavior.

e The impacts on Madrean woodland and forest SGCN and habitats from increased
daytime and nighttime traffic associated with Border Patrol surveillance and monitoring
activities and illegal immigration.

Research, Survey, and Monitoring Needs

The processes that have impacted the Madrean forests and woodlands in the past and the
anticipated levels of future development serve as a backdrop for defining current research,
survey, and monitoring needs. Research, survey, and monitoring needs that would enhance
conservation efforts in these habitats are outlined below.

e Enhance our understanding of habitat connectivity by acquiring population-level
information of dispersal behavior, daily and seasonal movements of SGCN through
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Madrean woodland and forest habitats, how different types of habitat fragmentation (such
as timber removal, housing developments) affect these movements, and how climate
change may ultimately affect species distributions.

e Determine the extent, age class, structural characteristics, and regeneration rates of the
Madrean woodlands and forests so as to provide predictive power and applicability to
ecosystem-based management.

e Determine the minimum viable habitat size and forest age-class structure necessary to
support SGCN that migrate vertically among the bands of Madrean habitats within the
isolated mountain ranges of the Madrean Archipelago.

e Determine how global and regional climate change will affect vegetation patterns and
community and ecosystem-level dynamics in Madrean pine-oak, conifer-oak forests and
woodlands.

e Conduct research to enhance information of the natural history, population biology, and
community ecology of SGCN within Madrean woodland and forest habitats.

e Conduct research to increase our knowledge of SGCN distribution, abundance, and
population trends within the Madrean woodland and forest habitats of the Apache
Highlands Ecoregion.

e Evaluate the effectiveness of prescribed fire in reducing the potential for catastrophic
stand-replacing fires in the Madrean woodlands and forests.

e Determine how SGCN of Madrean woodland and forests respond to prescribed livestock
grazing, fuel wood harvesting, increased recreational use, exotic species invasions and
increased human population.

e Assess the impacts of prescribed livestock grazing on the structure of Madrean
woodlands and forests.

e Determine how the timing, intensity, and duration of prescribed livestock grazing affect
SGCN.

e Determine how prescribed grazing affects natural disturbance regimes such as wildland
fire in Madrean woodland and forest habitats.

o ldentify wildlife travel corridors connecting the Madrean woodland and forest habitats in
isolated mountain ranges so they may be protected and managed to maintain
connectivity. Information needed for understanding habitat connectivity includes
population-level information of dispersal behavior, daily and seasonal movements of
SGCN through Madrean habitats, how different types of habitat fragmentation (such as
timber removal, housing developments, etc.) affect these movements, and how climate
change may ultimately affect species distributions.
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Determine the effects of natural and prescribed fire on the structure of vegetative
communities in the Madrean woodlands and forests and the subsequent effects upon
vertebrate and invertebrate populations. Evaluate the effectiveness of prescribed fire as a
tool to reduce the potential for catastrophic fire (DeBano and Ffolliott 1995).

Assess the potential impacts of fire on SGCN such as the Lucifer hummingbird
(Calothorax lucifer), the New Mexico ridgenose rattlesnake (Crotalus willardi obscurus)
and the whiskered screech owl (Otus trichopsis) and elegant trogon (Trogon elegans),
two cavity-nesting birds that breed only in the Peloncillo Mountains. Assess impacts on
the Mexican long-nosed bat (Leptonycteris nivalis) and the lesser long-nosed bat
(Leptonycteris curasoae yerbabuenae), which are exclusively dependent upon agave
(Agave parryi and A. palmeri) for nectar.

Determine if coppicing (post-cutting sprouting from roots and stumps) is an effective
supplement to the episodic regeneration of oaks from seed. Is coppicing sufficient to
maintain habitat composition, structure, and biological diversity?

There is a need for additional investigations of hydrologic relationships in the Madrean
woodlands and forests that will provide a better understanding of interception,
transpiration, and infiltration processes (Lopes and Ffolliott 1992, Haworth and
McPherson 1994, Baker et al. 1995, Ffolliott and Gottfried 1999). This information is
crucial for determining effective and sustainable conservation and management practices
at the watershed level (Ffolliott et al. 1993).

There is a need to develop collaborative survey and monitoring protocols for invertebrate
SGCN that are not currently being monitored.

Desired Future Outcomes

Desired future outcomes for Madrean forests and woodlands include:

Madrean woodland and forest habitats exist in the condition, connectivity and quantity
necessary to sustain viable and resilient populations of resident SGCN and host a variety
of land uses with reduced resource conflicts.

A scientific basis for ecosystem management has been established and implemented in
the Madrean woodlands and forests. Systems management of the ecosystem, rather than
functional management of individual species or other natural resources such as timber, is
policy and is validated through forest plans ecosystem-wide.

Long-term conservation strategies to restore viable native species population are
established and garner wide public support.
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Special habitats within the Madrean woodland and forests, such as cienegas, limestone
outcrops, talus slopes, caves, and perennial streams are protected and are being monitored
long-term for condition as necessary to ensure conservation for SGCN that rely on these
habitats.

Prescriptions for sustainable harvest have been developed that allow adequate levels of
human harvest for fuel wood and other wood products and major harvest activities
replicate natural disturbance patterns.

Partnerships have been established among state and federal government agencies, non-
governmental organizations and private landowners for the implementation of
collaborative and coordinated initiatives to conserve SGCN and the functionality of the
Madrean woodland and forest habitats upon which they depend.

Colonization of Madrean woodland and forest habitats by exotic species is stopped.
Existing populations of non-native species are controlled or eliminated.

Prioritized Conservation Actions

Approaches for conserving New Mexico’s biological diversity at the species or site-specific level
are inadequate for long-term conservation of SGCN. Conservation strategies should be
ecosystem-based and include public input and support (Galeano-Popp 1996). Monitoring of
species and habitat will be employed to evaluate the effectiveness of the conservation actions
described below. Those found to be ineffective will be modified in accordance with the
principles of adaptive management. Conservation actions, in order of priority, which assist in
achieving desired future outcomes, are outlined below.

1.

Collaborate with affected interests to pursue enactment of state laws or policies to protect
closed basins within Madrean woodlands and forests from the impacts of dredge and fill
activities and future development.

Work with willing private landowners to obtain conservation easements for lands that
have historic or potential value as corridors connecting Madrean mountain ranges.

Collaborate with state and federal agencies, universities, Wildlands network, other NGOs
and private landowners to identify and protect riparian corridors and other corridors
linking Madrean mountain ranges.

Collaborate with state and federal agencies and private landowners to develop measures
(such as closure of unnecessary roads) within and adjacent to Madrean woodlands and
forests to reduce habitat fragmentation.

Promote protection and restoration of unique habitats such as cienegas, limestone
outcrops, talus slopes, caves, and perennial streams that Madrean SGCN depend upon.
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10.

11.

12.

13.

14.

Encourage the US Forest Service to conserve the biological diversity of the Madrean
woodland and forest habitat through development and implementation of an ecosystem
management approach.

Work with government and private landowners to develop strategies for the sustainable
harvest of wood products in Madrean woodland and forests that will maintain oak
regeneration and native biodiversity.

Encourage thinning and fuel-reducing initiatives in Madrean woodland and forest
habitats, where necessary, to open dense stands that have become susceptible to insects,
diseases, or stand-replacing wildfires.

Encourage government and private land managers to protect and restore Madrean
watersheds through management practices that reduce erosion, gully formation, soil loss,
and maintain native biodiversity.

Maintain awareness of the introduction and spread of non-native plants and animals into
Madrean woodlands and forests and encourage control or eradication where necessary to
maintain or restore native biodiversity.

Provide the US Forest Service with recommendations regarding the timing of prescribed
burning in Madrean woodlands and forests to protect breeding birds, avoid riparian areas,
and otherwise conserve biodiversity.

Encourage the US Forest Service to schedule prescribed burns avoiding desert bighorn
sheep lambing areas from mid-December through mid-February.

Work with land management agencies, private land managers, and the agriculture
industry to identify and promote grazing systems on rangelands that ensure long-term
ecological sustainability and integrity and are cost effective for livestock interests. Such
practices may include collaborative development of grazing management plans, altering
domestic and wildlife stocking rates, time and use, and distribution where forage
availability is inadequate, and promoting “grass banking” opportunities that allow
degraded rangelands to recover.

Create public awareness and understanding of ecosystem functions, values, products and
human impacts on Madrean habitats important to SGCN.
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ARIZONA-NEW MEXICO MOUNTAINS ECOREGION

The Arizona-New Mexico Mountains Ecoregion encompasses the highlands of eastern Arizona
and central and western New Mexico covering 29 million ac (12 million ha) of land. Most
(78%) of the ecoregion occurs in New Mexico. This diverse physiographic region has elevations
ranging from 4,500 ft - 12,600 ft (1,371 m - 3,840 m) and contains a number of mountain ranges,
steep foothills, plateaus, and desert plains.

The more prevalent terrestrial habitats include Madrean pine-oak, conifer-oak forests and
woodlands, Rocky Mountain forests and woodlands, and Rocky Mountain montane mixed
conifer, in the higher elevations. Pifion-juniper/juniper savanna, steppe and grasslands,
Chihuahuan semi-desert grasslands, and Western Great Plains shortgrass prairie are found in the
lower elevations. Riparian forests, usually populated with ponderosa pine (Pinus ponderosa) and
white fir (Abies concolor), are also found throughout. Key habitats identified in this ecoregion
include: Madrean Encinal, Madrean Pine-Oak/Conifer-Oak Forests and Woodlands, Rocky
Mountain Montane Mixed-Conifer Forests and Woodlands, and Western Great Plains Shortgrass
Prairie (Fig. 5-2).

The Arizona-New Mexico Mountains Ecoregion contains the headwaters of a number of
important streams and rivers, including the Little Colorado, Gila, San Francisco, and the
Mimbres Rivers. Riparian habitats in this ecoregion host a variety of flora and fauna. This
ecoregion is considered to host more species of birds and mammals than any other ecoregion in
the Southwest (Bell et al. 1999).

Species of Greatest Conservation Need

The Arizona-New Mexico Mountains Ecoregion has 80 Species of Greatest Conservation Need
(SGCN), excluding arthropods other than crustaceans (Table 5-4). The majority (45 species)
reside within the Madrean Pine-Oak / Conifer-Oak Forests and Woodlands. The Rocky
Mountain Mixed-Conifer Forest and Woodland was also species rich with 37 SGCN.
Approximately 37 species (46%) of the SGCN in the Arizona-New Mexico Mountains
Ecoregion are considered vulnerable, imperiled, or critically imperiled both statewide and
nationally. Twenty-one species (26%) are nationally secure, but are considered vulnerable,
imperiled, or critically imperiled in New Mexico, and 22 species (28%) are secure both statewide
and nationally. Conservation status codes (abundance estimates) for each SGCN are provided in
Appendix H. Some associated SGCN, such as mule deer (Odocoileus hemionus) and mourning
dove (Zenaida macroura), are common throughout the region while others, such as the
Sacramento Mountain salamander (Aneides hardii) are uncommon and localized. Additional
conservation concerns for taxa associated with this ecoregion are addressed in 1) Statewide
Distributed Ephemeral Habitats and Perennial Tanks, 2) Statewide Distributed Riparian Habitats,
or 3) Watersheds with aquatic key habitats sections.
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Figure 5-2. Key terrestrial habitats in the Arizona-New Mexico Mountains Ecoregion in New
Mexico. Adjacent land cover types are given to provide an indication of vegetation surrounding
key habitats. Key habitats are designated with an asterisk (*).
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Table 5-4. Species of Greatest Conservation Need in the Arizona-New Mexico Mountains

Ecoregion in New Mexico.

Common Name

Madrean
Encinal

Madrean
Pine-Oak /
Conifer Oak

Rocky Mountain
Mixed-Conifer
Forest and
Woodland

Western Great

Plains Shortgrass

Prairie

Birds

Osprey

Ferruginous Hawk
Northern Goshawk
Golden Eagle

Bald Eagle

Peregrine Falcon
Blue Grouse
Montezuma Quail
Scaled Quail

Sandhill Crane
Mountain Plover
Wilson's Phalarope
Band-Tailed Pigeon
Mourning Dove
Mexican Spotted Owl
Elf Owl

Burrowing Owl
Black Swift
Williamson's Sapsucker
Greater Pewee
Olive-Sided Flycatcher
Loggerhead Shrike
Gray Vireo

Pinyon Jay

Juniper Titmouse
Red-Faced Warbler
Lucy's Warbler
Yellow Warbler

Black-Throated Gray Warbler

Red-Faced Warbler
Grace's Warbler
Painted Redstart
Baird's Sparrow
Grasshopper Sparrow
Yellow-Eyed Junco

Mammals

New Mexico Shrew
Spotted Bat

Arizona Myotis Bat
Allen's Big-eared Bat

Black-Tailed Prairie Dog
Yellow-Nosed Cotton Rat

x X

XXX X X X X X X X X X X X X X X X X

X X

X

X X X X X

X X X X

x
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Table 5-4 Cont.

Common Name

Madrean
Encinal

Madrean
Pine-Oak /
Conifer Oak

Rocky Mountain
Mixed-Conifer
Forest and
Woodland

Western Great
Plains Shortgrass
Prairie

Mammals Cont.

Penasco Least Chipmunk
Abert's Squirrel
American Beaver
Arizona Montane Vole
Mexican Gray Wolf
Black Bear

White-Nosed Coati
Jaguar

Mule Deer

Coues' White-Tailed Deer

Amphibians

Chiricahua Leopard Frog

Plains Leopard Frog

Tiger Salamander

Sacramento Mountains Salamander

Reptiles

Sonoran Mud Turtle

Ornate Box Turtle

Madrean Alligator Lizard
Collared Lizard

Sonoran Mountain Kingsnake
Milk Snake

Western Diamondback Rattlesnake
Banded Rock Rattlesnake
Mexican Garter Snake

Desert Massasauga

Molluscs

Cockerell Holospira Snail
Jemez Mountains Woodlandsnail
Dry Creek Woodlandsnail
Cook's Peak Woodlandsnail
Iron Creek Woodlandsnail
Silver Creek Woodlandsnail
Rocky Mountainsnail
Mineral Creek Mountainsnail
Black Range Mountainsnail
Black Range Mountainsnail
Socorro Mountainsnail
Amber Glass Snail

Marsh Slug Snail
Three-Toothed Column Snail
Spruce Snail

x X X X

X X X X X X X

X

X X X X X X

X X X

X X X X

X X X X X

X X X X X X X X X

X
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Madrean Encinal and Madrean Pine-Oak Conifer-Oak Forests and Woodlands

The Madrean Encinal and the Madrean pine-oak, conifer-oak forest and woodland habitat types
in the Arizona-New Mexico Mountains Ecoregion have similar problems, information gaps,
research, survey, and monitoring needs, desired future outcomes, and conservation actions.
Therefore, we present information on these two habitat types collectively and call them
“Madrean Forests and Woodlands.”

Habitat Condition

Madrean Encinal oak woodlands in the Arizona-New Mexico Mountains Ecoregion generally
occur at elevations between 4,000 ft - 4,986 ft (1,520 m - 1,220 m). At the lower ecotone, where
conditions are drier, Madrean Encinal oak woodlands merge with oak savanna and eventually
semi-desert grassland. At middle elevations, Madrean Encinal oak woodlands grade into
Madrean pine-oak forests, and at the highest elevations into conifer-oak and pine forests
(Ffolliott 2002).

Emory oak (Quercus emoryi) is the most common tree species in Madrean Encinal and is found
in associations with varying intermixtures of Mexican blue oak (Q. oblongifolia), gray oak (Q.
grisea) silverleaf oak (Q. hypoleucoides), and Arizona white oak (Q. arizonica) (Ffolliott 1980,
Brown 1982, McPherson 1992, 1997, McClaran and McPherson 1999). Interspersed within the
Madrean Encinal are shrubs, grasses, forbs and succulents.

Within Madrean pine-oak, conifer-oak forests and woodlands, pines or other conifers generally
form the overstory while oaks generally form the understory. There are extensive areas of pine-
oak woodland in the Arizona-New Mexico Mountains Ecoregion of the Southwest. Pine-oak
woodland is included within the concept of Madrean evergreen woodland. The pine forest is
called Madrean Montane Conifer Forest (Brown 1982). Within this habitat type, the abundance
of oaks may be a consequence of over harvesting of pines (Felger and Johnson 1995). At higher
elevations within the pine-oak forests and woodlands, pines become more dominant as their
density increases so that the vegetation could be called forest rather than woodland. This pine-
oak forest is dominated by one species of pine, usually Arizona pine (Pinus ponderosa var.
arizonica), ponderosa pine (P. ponderosa var. scopulorum), or white pine (P. strobiformis).
Scattered individuals or small groups of oaks, primarily Gambel oak (Q. gambelii), and net-leaf
oak (Q. rugosa), occur with these pine stands. Gambel oak is the only winter-deciduous oak in
this area. In the northernmost of these isolated mountain ranges, Arizona pine is replaced by
ponderosa pine at higher elevations (Felger and Johnson 1995).

Precipitation in the Madrean forests and woodlands ranges from 12 - 40 in (305 - 1,015 mm) per
year. Generally half of this precipitation occurs between May and August. The frequency of
freezing temperatures increases northward within the Madrean forests and woodlands that limits
plant species diversity (Gottfried et al. 1995). Bi-modal emergence of perennial and annual
plants occurs in early spring following winter rains and during the summer monsoons
(McPherson 1994, 1997).
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The distribution, structure and health of Madrean forests and woodlands in the Arizona-New
Mexico Mountains Ecoregion have been affected by human activities for millennia. The
Madrean forests and woodlands were important to prehistoric people (Propper 1992), who
gathered wood for fires and construction materials, acorns for food and ceremonial purposes, and
pifion nuts and juniper berries for winter food (Gottfried et al. 1995). Settlers, miners, and
ranchers used woodlands in the late 1800s and early 1900s for timber and smelter fuel (Bahre
and Hutchinson 1985). Madrean forests and woodlands were heavily grazed by livestock in the
1880s and continue to be grazed today, although at much lower stocking rates (Weltzin and
McPherson 1995). However, Madrean forests and woodlands have not been subjected to large-
scale range improvement practices (Ffolliott and Guertin 1987, McClaran et al. 1992).

Natural mortality of oak trees appears to be low, possibly due to the long established practice of
harvesting older trees. All evergreen oak tree species in the Madrean forests and woodlands are
susceptible to infection by fungi, especially Inonotus andersonii, a major cause of wood decay
(Fairweather and Gilbertson 1992). Oak densities vary considerably, and range from a few
scattered individuals to several hundred stems per hectare. Volumes of wood vary from less than
1 to more than 53 yd® per ac (2 to more than 100 m* per ha) (Ffolliott and Gottfried 1992).
Annual growth rate is relatively slow, ranging from 0.13 to 0.26 yd® per ac (0.25 to 0.50 m® per
ha), with an annual growth rate of less than 1% (Gottfried et al. 1995). Tree density is related to
local site characteristics such as soils, fire disturbance and land use histories (Gottfried et al.
1995, Ffolliott 2002). Tree species composition and density varies with elevation, latitude,
disturbance regime, slope, and aspect. Stand-level disturbances caused by fire, disease,
vegetation control, and land-clearing activities have been relatively minor in Madrean forests and
woodlands (Kruse et al. 1996). However, when they do occur, these disturbances are likely to
affect stand structure and productivity (Ffolliott and Gottfried 1992, Gottfried et al. 1995,
McClaran and McPherson 1999). Historically, fires affected species composition, stand density,
and size-class distributions (Niering and Lowe 1984, Barton 1991, Kruse et al. 1996).

The Madrean forests and woodlands are an area of exceptionally high biological diversity and
biogeographical interest (DeBano and Ffolliott 1995). These habitat types occur within a
topographically and geologically complex region (Felger and Johnson 1995). The complex
topography and steep elevation gradients within the Madrean forests and woodlands result in a
rich assemblage of floral and faunal species. The complex geology and topography of the region
creates unusual and striking assemblages of habitats and plant and animal associations. Floral
and faunal species occur that are more commonly associated with the New World tropics than
with the Southwestern Borderlands and plant and animal species co-mingle here that would
otherwise be separated by large distances and climatic regimes (Felger and Wilson 1995).

Problems Affecting Habitats or Species

Analyses using the scientific literature and New Mexico Department of Game and Fish
(NMDGF) staff suggest that climate change, fire management, fragmentation and loss of habitat
from urban/residential/commercial industrial development, large-scale mining, roads, highways
and utility corridors, and off-road vehicle use are the primary factors adversely affecting the
conservation of SGCN of Madrean forests and woodlands in the Arizona-New Mexico
Mountains Ecoregion.
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Climate Change and Drought

Climate change may occur in the Southwest from increased atmospheric concentrations of CO,
and other greenhouse gases. Effects may include increased surface temperatures, changes in the
amount, seasonality, and distribution of precipitation, more frequent climatic extremes, and a
greater variability in climate patterns. Such changes affect vegetation at the individual,
population, or community level, precipitate changes in ecosystem function and structure
(Weltzin and McPherson 1995), and will likely affect competitive interactions between plant and
animal species currently co-existing under equilibrium conditions (Ehleringer et al. 1991) (See
Statewide Assessments and Strategies, Chapter 4, for greater details).

Subsequent specific outcomes for Madrean forest and woodland habitats are unpredictable and
remain uncertain (Weltzin and McPherson 1995). However, plants respond differently to
changes in atmospheric gases, temperature and soil moisture, in part based on their Csor Cy4
photosynthetic pathways (Bazzaz and Carlson 1984, Patterson and Flint 1990, Johnson et al.
1993). For example, increases in winter precipitation favor tree establishment and growth at the
expense of grasses, while increases in temperature and summer precipitation favor grasslands
expanding into woodlands (Bolin et al. 1986). Recent research has investigated shifts in the
Madrean Encinal oak woodland/semi-desert grassland boundary (Hastings and Turner 1965,
Bahre 1991, McPherson et al. 1993). Paleo-ecological data gathered from packrat middens
suggest that Madrean Encinal oak woodland have moved higher in elevation as a result of
warmer and drier climatic conditions since the Pleistocene. Bahre (1991) suggests that the
distribution of Madrean Encinal oak woodland has been stable since the 1860s.

Drought, defined as an extended period of abnormally dry weather, is one of the principal factors
limiting seedling establishment and forest productivity (Schulze et al. 1987, Osmond et al.
1987). Soil moisture is directly altered by drought conditions. The distribution and vigor of
some oak woodlands and savannas is controlled primarily by soil moisture gradients (Griffin
1977, Pigott and Pigott 1993). Drought and climate change can have a substantial effect on the
Madrean forest and woodland habitats. Further, these factors can alter fire frequency, intensity,
and timing by changing the amount and accumulation of fine fuels (Clark 1990, Haworth and
McPherson 1994). Unfortunately, due to the complexity of interactive relationships between
global, regional and local biotic and abiotic factors, and political decisions at national and
international levels, the effects of climate change on fire regimes in the Madrean forests and
woodlands are difficult to predict (Weltsin and McPherson 1995).

Natural Disturbance Regimes

The primary natural disturbances (non-anthropogenic forces that alter habitats) in the Madrean
woodland and forests are fire, wind, and insects. Changes in the frequency, intensity, and timing
of natural fires have altered the distribution of current vegetation. Madrean woodland and forest
density was relatively low prior to European settlement (Moody et al. 1992, Covington and
Moore 1994). In these less dense woodlands, most fires were low intensity ground fires that
tended to reduce understory vegetation (Gottfried et al. 1995). The elimination of episodic fires
after 1893 may be attributed to excessive livestock grazing and fire suppression (Grissino-Mayer
et al. 1995, Weltzin and McPherson 1995). Historic (late 1800s) improper grazing practices in
Madrean woodlands and forests eliminated the herbaceous fine fuels layer. The reduction of
these fine fuels prevented the spread of low-intensity, ground-hugging fires, and reduced grass
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competition, thereby allowing tree establishment (Gottfried et al. 1995). Fire suppression has
further eliminated the natural fire regime that historically kept stand densities relatively low.
Fire suppression allowed the increase of ladder fuels and heavy fuel loading conditions.
Catastrophic, stand-replacing crown fires have become more common because of these changes
(Covington and Moore 1994).

Grazing Practices

Livestock grazing has economic and cultural values that are important to individuals,
communities and the State. Impacts to rangeland wildife by livestock grazing are largely
dependent on the grazing management practices used. Domestic and wildlife grazing practices
that reduce the ability of the land to sustain long term plant and animal production (Wilson and
MacLeod 1991) have influenced plant communities and fish and wildlife habitat in New Mexico
for more than a century. Peer-reviewed scientific literature implies that livestock grazing has
impacted terrestrial and riparian/aquatic habitats in New Mexico (Armour et al. 1994, Fleischner
1994, The Wildlife Society 1996, Belsky and Blumenthal 1997). Improper grazing by livestock
can reduce vegetative cover, increase soil erosion, and aggravate local flooding (Felger and
Wilson 1995).

Many of these impacts began as early as the late 1800s when large herds of livestock were
present. Impacts of improper grazing practices have included: 1) competition with wildlife for
water, forage, and space; 2) degradation of forage and cover by altering vegetation composition
and structure; 3) impacts on stream hydrology, siltation, and water quality; and 4) reduced soil
permeability and potential to support plants due to soil compaction. Improper grazing can
diminish wildlife habitat in Madrean woodland and forest. In contrast, prescribed grazing is a
management tool that can be used to benefit wildlife (Holechek et al. 1982, Kirby et al. 1992,
Holecheck et al. 2004).

Animal Herbivory

Animal herbivory is the most common source of mortality for low-elevation oaks of southern
Arizona (McPherson 1993, Peck and McPherson 1994). Herbivory by invertebrates is a
potentially important source of seedling mortality that is commonly overlooked in field studies.
Invertebrates have been found to defoliate oak seedlings primarily during the summer (Peck and
McPherson 1994, Weltzin and McPherson 1995). Vertebrates kill Emery oak seedlings
primarily during autumn and winter months (Weltzin and McPherson 1995). Differential
population dynamics of herbivorous animal species, combined with temporal and spatial
variability of herbivory (McPherson 1993, Peck and McPherson 1994, Weltzin and McPherson
1995) combine to determine the timing and intensity of herbivory-related mortality on young
oaks (Weltzin and McPherson 1995).

Loss of Biological Diversity

Intact Madrean forest and woodland habitats once extended into the American tropics, but
accelerating deforestation is fragmenting habitats and populations of plant and animal species
(Felger and Johnson 1995). Trees within Madrean forest and woodland habitats are most often
harvested for fuel and fence posts, but also for value-added wood products such as furniture and
home construction (Ffolliott 1989, Ffolliott and Gottfried 1992, Maingi and Ffolliott 1992).
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Natural regeneration of Madrean oak woodlands is low. Factors that may be responsible for low
recruitment of oaks include herbivory by livestock and wildlife, competition for water, light and
minerals, and climatic and edaphic conditions. A combination of these and possibly other
unknown factors likely interact to produce low rates of seedling re-establishment (Weltzin and
McPherson 1995). However, demands for oak woodlands are expected to increase (Conner et al.
1990, Van Hooser et al. 1990, Ffolliott and Gottfried 1992, Gottfried et al. 1995).

Biological diversity in the Madrean forests and woodlands is rapidly eroding (DeBano and
Ffolliott 1995). Cutting trees of the tallest height classes reduces the structural diversity of oak
forest and woodland stands (Sharman and Ffolliott 1992). Taller trees provide more habitat
niches for non-game birds than do shorter trees (Balda 1969). Thus, tree harvesting can reduce
bird diversity by simplifying woodland structural diversity (Ffolliott 2002).

Non-Native Species

In 1998, non-native species were implicated in the decline of 42% of species listed under the
federal Endangered Species Act (Center for Wildlife Law 1999). Once established, non-native
species have the ability to displace native plant and animal communities, disrupt nutrient and fire
cycles, and alter the character of the community by enhancing additional invasions (Cox 1999,
Deloach et al. 2000, Zavaleta et al. 2001, Osborn et al. 2002). Exotic species colonization of the
Madrean Archipelago region is increasing, with more than 60 non-native plants having
successfully established themselves in the isolated mountain ranges of Arizona (Warshall 1995).

Habitat Alteration and Fragmentation

Human populations are increasing in the region and demands for fuel wood are accelerating.
Privately owned forest and woodlands are being converted to residential areas, fragmenting
wildlife habitats, increasing wildland/urban interface fire risks, and generally accelerating land
management conflicts. Associated increasing demands for water in these communities are
outpacing the ability of natural systems to provide new freshwater sources (Felger and Wilson
1995). Sustainability of Madrean woodland and forest habitats is questionable under increasing
pressures from human activities and altered fire regimes (Gottfried et al. 1995).

Much of the Madrean forests and woodlands of southwestern New Mexico and southeastern
Arizona is administered by the US Forest Service. They are charged with potentially conflicting
mandates of “multiple use” that include: 1) conserving wildlife, habitats and ecosystem function;
2) generating revenue from timber sales; 3) maintaining livestock grazing leases; and 4)
providing ever increasing opportunities for urban recreation (Felger and Wilson 1995). There is
growing pressure to develop more Madrean forest and woodland habitats within national forests
for camping, hiking, mountain biking, off-road vehicle use, and new or improved roads for
access (Warshall 1995).

Groundwater Depletion

Groundwater levels in Southwest and regional wetlands have dropped significantly because of
pumping for agricultural crop irrigation. One example in Madrean forests and woodlands is San
Simon Cienega, which was once a functioning wetland, but has since been drying out due at least
in part to groundwater pumping (Dinerstein et al. 2000).
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Mining

Historic and current hard rock mining activities may adversely affect ecosystem function,
resilience and sustainability within the Madrean forests and woodlands in the Arizona-New
Mexico Mountains Ecoregion. Large underground bodies of primarily copper ore have led to
extensive industrial mining complexes in the area. Associated ecosystem stressors include: 1)
habitat fragmentation and loss; 2) acid drainage from chemical reactions with surface waste rock
that create heavy metal contamination poisonous to wildlife (Drabkowski 1993, Starnes and
Gasper 1996, Reece 1995, Hilliard 1994); 3) large permanent pit lakes that contain toxic water (a
danger primarily to waterfowl) (Miller et al. 1996); 4) groundwater pollution; 5) air pollution
and associated acid-rain fallout; 6) increased frequencies of road killed fauna; and 7) the
potential for bioaccumulation of heavy metals in soils and vegetation at levels dangerous to
wildlife.

Borderland Security Activities

Increasing security measures are being implemented throughout the United States/Mexico
borderlands region to intercept illegal drug shipments, illegal immigrants, and other unauthorized
activities (US Department of Justice, Immigration and Naturalization Service 2000). Increased
road building and traffic along the borderlands causes habitat destruction, loss, and
fragmentation, diminishes the utility of habitat for wildlife, increases road kill, poaching, and
illegal collecting of wildlife (Forman et al. 2003).

Recreation and Tourism

Recreation and tourism activities in the Madrean forests and woodlands generate income for the
region. Hunting for species such as deer, quail and collared peccary (Tayassu tajacu) has long
been a dominant recreational use (McClaran and McPherson 1999). Non-consumptive
recreational uses in Madrean forests and woodlands include hiking, camping, sightseeing, bird
watching, and picnicking (Conner et al. 1990). Although comprehensive statistics are lacking
that document the level of these recreational uses, it is clear that recreational uses of Madrean
forests and woodlands are increasing and their impact on habitats and species should be
considered in conservation planning (Conner et al. 1990, McClaran et al. 1992).

Information Gaps

Information gaps that impair our ability to make informed conservation decisions are outlined
below.

e The location, timing, duration, frequency and intensity of all of the problems identified
that potentially affects Madrean forest and woodland habitats and/or SGCN.

e The impacts of the ongoing activities of the Joint Task Force Six activities on the
borderlands of New Mexico. These activities include maneuvers and encampments that
can destroy habitat, spread invasive weed species, increase road kill, and alter sensitive
wildlife behavior.
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e The impacts on Madrean forest and woodland SGCN and habitats from increased
daytime and nighttime traffic associated with Border Patrol surveillance and monitoring
activities and illegal immigration is unknown.

Research, Survey, and Monitoring Needs

The processes that have impacted the Madrean forests and woodlands in the past and the
anticipated levels of future development serve as a backdrop for defining current research,
survey, and monitoring needs. Research, survey, and monitoring needs that would enhance our
understanding of these habitats are outlined below.

e Enhance our understanding of habitat connectivity by acquiring population-level
information of dispersal behavior, daily and seasonal movements of SGCN through
Madrean woodland and forest habitats, how different types of habitat fragmentation (such
as timber removal, and housing developments) affect these movements, and how climate
change may ultimately affect species distributions.

o Determine the extent, age class, structural characteristics, and regeneration rates of the
Madrean woodlands and forests so as to provide predictive power and applicability to
ecosystem-based management.

e Determine the minimum viable habitat size and forest age-class structure necessary to
support SGCN that migrate vertically among the bands of Madrean habitats within the
isolated mountain ranges of the Madrean Archipelago.

e Determine how global and regional climate change will affect vegetation patterns and
community and ecosystem-level dynamics in Madrean pine-oak, conifer-oak forests and
woodlands.

e Conduct research to enhance our knowledge of the natural history, population biology,
and community ecology of SGCN within Madrean woodland and forest habitats.

e Conduct research to increase our knowledge of SGCN distribution, abundance, and
population trends within the Madrean woodland and forest habitats of the Arizona-New
Mexico Mountains Ecoregion.

e Evaluate the effectiveness of prescribed fire in reducing the potential for catastrophic
stand-replacing fires in the Madrean woodlands and forests.

e Determine how SGCN of Madrean woodland and forests respond to prescribed livestock
grazing, fuel wood harvesting, increased recreational use, exotic species invasions and
increased human population.

e Assess the impacts of prescribed livestock grazing on the structure of Madrean
woodlands and forests.
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Determine how the timing, intensity, and duration of prescribed livestock grazing affect
SGCN.

Determine how prescribed grazing affects natural disturbance regimes such as wildland
fire in Madrean woodland and forest habitats.

Identify wildlife travel corridors connecting the Madrean woodland and forest habitats in
isolated mountain ranges so they may be protected and managed to maintain
connectivity. Information needed for understanding habitat connectivity includes
population-level information on dispersal behavior, daily and seasonal movements of
SGCN through Madrean habitats, how different types of habitat fragmentation (such as
timber removal, housing developments, etc.) affect these movements, and how climate
change may ultimately affect species distributions.

Determine the effects of natural and prescribed fire on the structure of vegetative
communities in the Madrean woodlands and forests and the subsequent effects upon
vertebrate and invertebrate populations. Evaluate the effectiveness of prescribed fire as a
tool to reduce the potential for catastrophic fire (DeBano and Ffolliott 1995).

Determine if coppicing (post-cutting sprouting from roots and stumps) is an effective
supplement to the episodic regeneration of oaks from seed. Is coppicing sufficient to
maintain habitat composition, structure, and biological diversity?

There is a need for additional investigations of hydrologic relationships in the Madrean
woodlands and forests that will provide a better understanding of interception,
transpiration, and infiltration processes (Lopes and Ffolliott 1992, Haworth and
McPherson 1994, Baker et al. 1995, Ffolliott and Gottfried 1999). This information is
crucial for determining effective and sustainable conservation and management practices
at the watershed level (Ffolliott et al. 1993).

There is a need to develop collaborative survey and monitoring protocols for invertebrate
SGCN that are not currently being monitored.

Desired Future Outcomes

Desired future outcomes for Madrean forests and woodlands include:

Madrean forest and woodland habitats exist in the condition, connectivity and quantity
necessary to sustain viable and resilient populations of resident SGCN and host a variety
of land uses with reduced resource conflicts.

Partnerships have been established among state and federal government agencies, NGOs
and private landowners for the implementation of collaborative and coordinated
initiatives to conserve SGCN and the functionality of the Madrean forest and woodland
habitats upon which they depend.
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e Special habitats within the Madrean forests and woodlands, such as cienegas, limestone
outcrops, talus slopes, caves, and perennial streams, are protected and monitored long-
term for condition as necessary to ensure conservation for SGCN that rely on these
habitats.

e A scientific basis for ecosystem management in the Madrean forest and woodland
habitats has been established and implemented. Systems management of the ecosystem,
rather than functional management of individual species or other natural resources such
as timber, is policy and is validated through region-wide forest plans.

e Wide public support is garnered for long-term conservation strategies to restore native
species and SGCN to viable populations within Madrean forest and woodland habitats.

e Sustainable harvest prescriptions are developed that allow adequate levels of harvest for
fuel wood and other wood products. Major harvest activities replicate natural disturbance
patterns.

e Stand-replacing wildfires have become less common in the Madrean forest and woodland
habitats and no longer alter existing habitats beyond the range of natural variation under
which SGCN evolved.

e Colonization of exotic species is stopped. Existing populations of exotic species are
controlled or eliminated.

Prioritized Conservation Actions

Approaches for conserving New Mexico’s biological diversity at the species or site-specific level
are inadequate for long-term conservation of SGCN. Conservation strategies should be
ecosystem-based and include public input and support (Galeano-Popp 1996). Monitoring of
species and habitat will be employed to evaluate the effectiveness of the conservation actions
described below. Those found to be ineffective will be modified in accordance with the
principles of adaptive management. Conservation actions, in order of priority, which assist in
achieving desired future outcomes, are outlined below.

1. Create public awareness and understanding of ecosystem function, values, and products
and the scope and scale of human impacts important to SGCN.

2. Collaborate with governmental agencies, land conservation NGOs and private
landowners to identify and conserve riparian and other important wildlife habitat
corridors linking Madrean Archipelago isolated mountain ranges by implementing
conservation easements and/or land purchases for wildlife conservation.

3. Encourage government and private land managers to conserve and restore Madrean
watersheds through management practices that reduce erosion, gully formation and soil
loss, and maintain native biodiversity.
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10.

11.

12.

Maintain awareness of the introduction and spread of exotic plants and animals and
encourage control or eradication where necessary to maintain or restore native
biodiversity.

Collaborate with government agencies and private landowners to develop measures, such
as closure of unnecessary roads within and adjacent to Madrean forest and woodland
habitats, so that habitat fragmentation might be reduced.

Encourage the US Forest Service to conserve biological diversity through development
and implementation of an ecosystem management approach.

Encourage thinning and fuel-reducing initiatives to open dense stands of trees that have
become susceptible to insects, diseases, or stand-replacing wildfires that may alter
conditions to which SGCN are adapted.

Work with the US Forest Service in conducting prescribed burning in Madrean forest and
woodland habitats to protect breeding birds, avoid riparian areas, and otherwise conserve
SGCN.

Work with government and private landowners to develop strategies for the sustainable
harvest of wood products that will maintain oak regeneration and protect native
biodiversity.

Pursue enactment of laws or policies that protect closed basins within Madrean forest and
woodland habitats from the impacts of dredge and fill activities and future development.

Encourage the land management agencies to schedule prescribed burns that avoid desert
bighorn sheep (Ovis canadensis mexicana) lambing areas from mid-December through
mid-February.

Work with land management agencies, private land managers, and the agriculture
industry to identify and promote grazing systems on rangelands that ensure long-term
ecological sustainability and integrity and are cost effective for livestock interests. Such
practices may include collaborative development of grazing management plans, altering
domestic and wildlife stocking rates, time and use, and distribution where forage
availability is inadequate, and promoting *“grass banking” opportunities that allow
degraded rangelands to recover.

Rocky Mountain Montane Mixed-Conifer Forests and Woodlands

Habitat Condition

Rocky Mountain Montane Mixed-Conifer Forests and Woodlands form an indiscrete vegetation
band dominated by Douglas fir (Pseudotsuga menziesii) that blends with true firs and spruces in
the sub-alpine coniferous forest between elevations from 8,000 - 10,000 ft (2,438 - 3,048 m).
The montane mixed-conifer forests and woodlands blends into ponderosa pine (Pinus
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ponderosa) forests at lower elevations. However, within the montane mixed-conifer forest,
Douglas fir seldom grows in pure stands, but mixes with blue spruce (Picea pungens) and white
fir (Abies concolor). Blue spruce is often associated with frost pockets and is found along stream
sides and on lower slopes where cold air drains. Following disturbances, Gambel oak (Quercus
gambelii) and aspen (Populus tremuloides) are often prominent. Dick-Peddie (1993) described
the Rocky Mountain montane mixed-conifer forest as being among the most widespread and
productive vegetative types in New Mexico. Ample precipitation maintains well-watered soils
for most of the long growing season.

Fire and logging are the primary disturbances within the mixed-conifer woodlands. Natural fires
historically occurred about every 10 years up until the late 1800s when fire suppression policies
were implemented (USGS 1998). Dick-Peddie (1993) speculated that erratic fire behavior
created a patchy mosaic of stands in various successional stages. These fires might flare up into
crown fires in some areas and miss other areas completely. Aspen are often present at sites
where high intensity fires have occurred. The elimination of fire in southwestern mixed-conifer
forests has caused a major change in species composition and structure in the past century
(Samson et al. 1994).

In the Southwest, lower elevation mixed-conifer forests with more open stand structures had
ponderosa pine as a co-dominant species. However, dense sapling understories of the more fire-
sensitive Douglas fir and white fir species developed in the mixed-conifer forest as a result of
fire suppression and subsequent tree regeneration. Forest stand inventory data from Arizona and
New Mexico show an 81% increase in the areal extent of mixed-conifer forests between 1962
and 1986. This is explained by the trend toward more fire-sensitive tree species (US Forest
Service 1993). Fire suppression has also contributed to reduced aspen stands and the habitat they
provide for a variety of wildlife species. Logging in Rocky Mountain Montane Mixed-Conifer
Forest and Woodland habitats has created extensive road networks, furthered habitat
fragmentation, and replaced fire as a determinant of stand succession.

Improper grazing practices (grazing practices that reduce long-term plant and animal
productivity) in Rocky Mountain Montane Mixed-Conifer Forest and Woodland habitats have
created competition with wildlife for water, forage, and space. These practices have altered
vegetation composition and structure, increased siltation, affected stream hydrology and water
quality, and reduced soil permeability and the potential to support plants due to soil compaction.
Further, both excessive domestic livestock and native ungulate browsing may damage aspen
suckers and weaken aspen clones, in turn making trees more susceptible to invasion from disease
and insects.

Problems Affecting Habitats or Species

Review of the scientific literature indicates that associated effects of climate change, drought,
changes to natural fire regimes, and insect attack are the factors most adversely affecting mixed-
conifer habitats in the Arizona-New Mexico Mountains Ecoregion. High biological productivity
within montane mixed-conifer forests explains why extractive resource use, such as logging and
grazing have been an important economic consideration. Sustained or increased intensities of
these activities may reduce biodiversity and productivity (Dick-Peddie 1993).
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The synergistic effects of factors that influence habitats make it difficult, or perhaps impossible,
to separate out individual factors that influence habitats or the SGCN. Multiple factors are
closely linked in cause and effect relationships. Adverse consequences from multiple ecosystem
stressors can have cumulative effects that are more significant than additive effects. One or more
stressors may predispose biotic organisms to additional stressors (Paine et al. 1998). A greater
discussion of the synergistic effects is provided in Chapter 4.

Climatic Change and Drought

The effects of climatic change on the Rocky Mountain Montane Mixed-Conifer Forests and
Woodlands are difficult to predict, largely due to the complexity of interactive relationships
between global, regional and local biotic and abiotic factors (Weltsin and McPherson 1995).
However, the effects of climatic change on habitat types in New Mexico are significant and are
presented in detail in Chapter 4.

Drought, defined as an extended period of abnormally dry weather, is considered to be one of the
most significant factors affecting Rocky Mountain Montane Mixed-Conifer Forests and
Woodlands because it alters landscape and atmospheric conditions in favor of habitat conversion
processes. Drought can limit seedling establishment and forest productivity by altering soil
moisture gradients (Osmond et al. 1987, Schulze et al. 1987). Further, drought alters fire
frequency, intensity, and timing in forest habitats by changing the amount and accumulation of
fine fuels (Clark 1990, Haworth and McPherson 1994).

Fire Suppression

The disruption of natural fire cycles caused by fire suppression can significantly alter Rocky
Mountain Montane Mixed-Conifer Forest and Woodland habitats in New Mexico (see Chapter
4). Mac et al. (1998) estimated the mean fire occurrence interval in the montane mixed-conifer
forest at about every 10 years up until the late 1800s when fire suppression policies were
implemented. Prior to that time, historic wild-land fires within ponderosa pine and lower Rocky
Mountain Montane Mixed-Conifer Forests and Woodlands were frequent and naturally
occurring. They were low-intensity ground fires that helped maintain stands of older trees with
open, park-like structure (Moir and Dieterich 1988). Within higher elevation mixed conifer and
spruce-fir forests, wildfires were less frequent and generally of the higher intensity, stand-
replacing type.

Insects and Disease

Native insects and diseases are an integral part of forest ecosystems. They help recycle forests
by decomposing trees and releasing nutrients necessary for forest growth. However, insect and
disease outbreaks can seriously impede conifer regeneration and affect resources valued by
humans for aesthetic, recreational, water, and wildlife considerations (see Chapter 4).

Many different species of bark beetles affect southwestern mixed-conifer forests. Most bark
beetle species are relatively host-specific, limiting their activities to primarily one tree species.
Some of the more important species that attack ponderosa pine trees in New Mexico include the
mountain pine beetle (Dendroctomus ponderosae), western pine beetle (D. brevicomis),
roundheaded pine beetle (D. adjunctus), and pine engraver (Ips pini). The Douglas fir beetle (D.
pseudotsugae), and the fir engraver (Scolytus ventralis) prefer white fir, while the spruce beetle
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(Dendroctomus rufipennis) attacks Engelmann spruce (Picea englemannii) (Wilson and Tkaz
1994). The direct effects of bark beetle infestation on trees include mortality and top-Kkilling
(Stark 1982). The US Forest Service, in 2003, mapped conifer mortality attributed to bark
beetles on about 2,700,000 ac (1,092,653 ha) in Region 3 alone (US Forest Service 2004).

White fir and Douglas fir are also the preferred host species for western spruce budworm
(Choristoneura occidentalis). When fire is suppressed, the density of these tree species increases
and they become more susceptible to intense and synchronous outbreaks of spruce budworm.
Between the 1920 and 1993, there were five major outbreaks of western spruce budworm in New
Mexico. The most recent outbreak covered approximately 700,000 ac (283,280 ha) at its peak
(Fellin et al. 1990).

Aspen is subject to fungus including white tree rot (Phellinus spp.), sooty-bark cankers (Encoelia
pruinosa), and several root rots. Sooty-bark canker is the most lethal canker on aspen in the
West and tends to occur on the larger trees at all sites (Johnson et al. 1995). A study conducted
in Colorado and New Mexico indicated that trunk cankers, developed from logging injuries,
were the major cause of aspen death (Johnson et al. 1995). Approximately 20% of residual trees
in partially cut stands died five years after the stand was harvested. Two years later, 40% of the
remaining residual trees were infected with various cankers, indicating that tree mortality would
increase. Insect attacks can come from aspen tortrix (Choristoneura conflictana) and western
tent caterpillar (Malacosoma californicum).

On a positive note, several SGCN of the Rocky Mountain Montane Mixed-Conifer Forests and
Woodlands are likely to benefit from the occurrence of native insects and diseases, or their
effects on the habitat. These include Williamson’s sapsucker (Sphyrapicus thyroideus), olive-
sided flycatcher (Contopus cooperi), yellow warbler (Dendroica petechia), red-faced warbler
(Cardellina rubrifrons), Grace’s warblers (Dendroica graciae), Mexican spotted owl (Strix
occidentalis lucida), Jemez Mountains salamander (Plethodon neomexicanus), black bear (Ursus
americanus amblyceps), and Allen’s big-eared bat (Idionycteris phyllotis).

Extractive Resource Uses

The high productivity of the montane mixed-conifer forest creates a place where extractive
resource use, such as grazing and logging, is relatively common. Further, this habitat type is
open for increased oil and gas exploration. Sustained uses for these activities may reduce
biodiversity and productivity.

Livestock grazing has economic and cultural values that are important to individuals,
communities, and to the state. Improper grazing practices are considered those practices that
reduce long-term plant and animal productivity (Wilson and MacLeod 1991), and include
domestic livestock and wildlife. Improper grazing practices have influenced vegetation
communities and fish and wildlife habitat in New Mexico for more than a century (See Chapter 4
for greater details). Improper grazing has reduced vegetative cover, increased soil erosion, and
aggravated local flooding (Felger and Wilson 1995). Impacts of improper grazing practices in
Rocky Mountain Montane Mixed-Conifer Forests and Woodlands include: 1) competition with
wildlife for water, forage, and space; 2) degradation of forage and cover by the altering of
vegetative composition and structure; 3) alteration of stream hydrology and water quality; 4)
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increased siltation; 5) and reduced soil permeability and the potential to support plants due to soil
compaction. Further, both excessive domestic livestock and native ungulate browsing may
damage aspen suckers and weaken aspen clones, in turn making trees more susceptible to
invasion from disease and insects.

Logging has been one of the primary disturbance factors in Rocky Mountain Montane Mixed-
Conifer Forests and Woodlands in the Southwest. Conifer forests and woodlands in New
Mexico now generally occur in early and middle successional stages. Stand succession that
would have occurred due to fires has been replaced through logging. However, the patchy
mosaic that erratic fire behavior creates is usually not successfully duplicated through logging.
The natural processes associated with fire are not fully understood and it is not clear what effects
may result from replacing fire with logging (Dick-Peddie 1993). Logging has created extensive
road networks furthering habitat fragmentation in the Rocky Mountain Montane Mixed-Conifer
Forests and Woodlands and other New Mexico forests.

Fuel wood collection in and of itself is not recognized as a factor significantly affecting the
mixed-conifer habitat type. However, woodcutters sometimes remove standing snags and
downed logs that are important for wildlife habitat and ecosystem function. Roads developed for
fuel wood collection fragment habitat and may function as artificial firebreaks. The Carson
National Forest had approximately 3,587 mi (5,772 km) of open road and the Santa Fe National
Forest had approximately 3,750 mi (6,035 km) of existing road in the late 1980s.

Currently, the amount of oil and gas exploration that occurs within Rocky Mountain Montane
Mixed-Conifer Forests and Woodlands within the Arizona-New Mexico Mountains Ecoregion is
very limited. Oil and gas exploration is not considered a substantial factor affecting SGCN at
this time.

Recreational Use

Recreational uses of the mixed-conifer habitat type include skiing, hiking, mountain biking,
horseback riding, snowmobiling, off-road vehicles, rock climbing, and camping. The overall
effect of these activities is not fully understood, nor is there full comprehension of how much
recreational use can be tolerated before wildlife or wildlife habitats are adversely effected.
Commercial ski areas are usually located within this habitat type, and their presence clearly
results in habitat conversion.

Non-Native Species

As of 1998, non-native or invasive species have been implicated in the decline of 42% of species
listed under the federal Endangered Species Act (Center for Wildlife Law 1999). Once
established, non-native species have the ability to displace native plant and animal species,
disrupt nutrient and fire cycles, and alter the character of the community by enhancing additional
invasions (Cox 1999, Deloach et al. 2000, Zavaleta et al. 2001, Osborn et al. 2002). The
occurrence or rate of spread of non-native or invasive species within Rocky Mountain Montane
Mixed-Conifer Forests and Woodlands is unknown. The State Forest and Watershed Health Plan
devotes significant planning to the management of non-native invasive phreatophytes (New
Mexico Energy, Minerals, and Natural Resources Department 2004).
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Information Gaps

Information gaps are outlined below that impair our ability to make informed conservation
decisions regarding mixed-conifer forest and woodland habitats and SGCN.

e Abundance, distribution and trend information is absent or sparse for many SGCN.
There is no central clearinghouse for biological information and no one agency has ready
access to all available information. In addition, the requirements for area-sensitive
species have not been clearly defined.

e The location, timing, duration, frequency and intensity of most factors influencing Rocky
Mountain Montane Conifer Forests and Woodlands and associated SGCN are poorly
understood. For example, information is needed on the effects that location, timing,
intensity, and duration of prescribed burns and fuel reduction/logging activities have on
SGCN, such as the Sacramento Mountain salamander. Further, there is a long history of
grazing by domestic livestock and native ungulates in this habitat type. Perceived effects
include subsequent soil erosion and altered fire cycles. However, there is little
understanding of the mechanisms by which these effects occur.

e Itis not clear how the Healthy Forest Initiative and Healthy Forest Restoration Act will
affect SGCN such as northern goshawks (Accipiter gentilis), and Mexican spotted owls,
which rely on old-growth mixed-conifer forests.

e While many aspects of fire are understood, the role that natural fire, particularly the
differing intensities of fire, has played within the entire ecosystem is not well understood.
Site-specific fire histories and methods are unknown regarding natural fire regimes.

e The intensity, scale, extent, and causes of forest fragmentation have not been determined
in the Rocky Mountain Montane Mixed-Conifer Forests and Woodlands and the effects
of forest fragmentation on associated SGCN are unknown.

e Community structure and many life history attributes of SGCN are unknown.

e Environmental conditions that limit populations of SGCN are unknown.

e The intensity, scale, extent, and causes of man-caused habitat fragmentation are
unknown.

e Information of area-sensitive species requirements is needed, including the location of
key migration corridors, degree of habitat fragmentation, and spatial locations of
fragmented areas.

e The extents to which invasive species alter disturbance regimes and population viability
are unknown within Rocky Mountain Montane Mixed-Conifer Forests and Woodlands.
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There is little known about aspen succession (Dick-Peddie 1993). In aspen stands that
have predominantly changed to conifers, information is lacking about how many aspen
should remain in order to provide adequate regeneration after a fire removes the conifers.
The occurrence of aspen succession resulting in montane and sub-alpine grasslands is not
well understood.

Research, Survey, and Monitoring Needs

Research and survey topics are outlined below that would enhance our understanding of Rocky
Mountain Montane Mixed-Conifer Forest and Woodland habitats and SGCN.

Abundance, distribution and trend information needs to be determined for many SGCN
and area-sensitive species.

Research is needed to assess the attributes of habitats that are required so that viable
populations of SGCN may persist.

Basic research is needed on SGCN vertebrate and invertebrate community structures,
natural history, and ecological relationships.

Determine how SGCN respond to prescribed livestock grazing, fuel wood harvesting,
increased recreational use, exotic species invasions and increased human population
growth (DeBano and Ffolliott 1995).

Determine the necessary habitat size and forest age-class structure needed to support
SGCN that migrate vertically during daily and seasonal movements to fulfill their
ecological needs for food, shelter, water and space.

Environmental conditions that limit populations of SGCN need to be determined.

Much work is needed to understand the relationships between climate change, drought,
fire and fire suppression activities, phytophagous insect attacks, and habitat
fragmentation resulting from roads and increased human developments.

Determine how global and regional climate change will affect vegetation and community
and ecosystem-level dynamics.

Rocky Mountain Montane Mixed-Conifer Forests and Woodlands are disturbance forests
with predominantly seral communities (Dick-Peddie 1993). To adequately restore fire as
a management tool, there must be a clear understanding of historic fire regimes from
regional to site-specific scales.

There is a continuing need to increase our understanding of the effects of post-fire
treatments within the context of ecological and societal goals for forested public lands of
the West (Beschta et al. 2004).
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e Research is needed to evaluate the effectiveness of prescribed burns in reducing the
potential for catastrophic stand-replacing fires.

e Determine the effects of natural and prescribed burns on the structure of vegetative
communities and the subsequent effects upon vertebrate and invertebrate populations.

e Research is needed regarding the ecological effects of logging as compared with fire.
The natural processes associated with fire are not fully understood and it is not clear what
effects may result from replacing fire with logging (Dick-Peddie 1993).

e Research is needed to explore the best methods of mimicking natural disturbance regimes
within the historic natural range of variability. Ecological forestry assumes that native
species evolved under natural conditions. Management within this natural range of
variability should ensure that native species persist (Seymour and Hunter 1999).

e Research is needed to determine how SGCN respond short-term and long-term to
phytophagous insect outbreaks and the potential habitat fragmentation caused by these
attacks at the community, species, population and individual levels.

e Studies are needed to identify wildlife travel corridors that connect the Rocky Mountain
Montane Mixed-Conifer Forests and Woodlands to different mountain ranges of the
Arizona-New Mexico Mountains Ecoregion. Information needed for understanding and
managing for habitat connectivity includes: 1) population-level information of dispersal
behavior, seasonal movements of SGCN; 2) how different types of habitat fragmentation
affect movements; and 3) how climate change may ultimately affect species distributions.

e Research is needed to determine the intensity, scale, extent, and causes of forest
fragmentation and how SGCN respond to habitat fragmentation at the community,
species, population and individual levels.

e The species-specific effects of natural and human-caused habitat fragmentation on SGCN
need to be determined.

e Research is needed to assess the impacts of prescribed livestock grazing on the structure
of Rocky Mountain Montane Mixed-Conifer Forests and Woodland habitats.

e Research is needed to determine how the timing, intensity, and duration of prescribed
grazing affect SGCN life history.

e Determine how grazing ultimately affects natural disturbance regimes (McPherson 1992).

e Determine the areal extent, age class, structural characteristics, and regeneration rates to
provide predictive power and inform an ecosystem management approach.

e The extent to which invasive species may alter disturbance regimes and population
viability needs to be determined.
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There is a need for additional investigations of hydrologic relationships that will provide
better understanding of infiltration, interception, and transpiration processes, and how
disturbances such as drought and fire affect these processes. This information is
necessary for determining effective and sustainable conservation and management
practices (Ffolliott et al. 1993).

Desired Future Outcomes

Desired future outcomes for the Rocky Mountain Montane Mixed-Conifer Forests and
Woodlands include:

Rocky Mountain Montane Mixed-Conifer Forest and Woodland habitats persist in the
condition, connectivity, and quantity necessary to sustain viable and resilient populations
of SGCN and host a variety of land uses with reduced resource use conflicts.

Partnerships have been established among government agencies, NGOs and private
landowners for the implementation of collaborative and coordinated initiatives to
conserve SGCN and the functionality of the habitats upon which they depend.

Long-term conservation strategies that restore native species to viable populations garner
wide public support.

Stand-replacing wildfires have become less common and no longer alter existing habitats
beyond the range of natural variability under which SGCN evolved.

Post-fire management activities that are detrimental to SGCN and/or ecosystem function
and recovery are no longer practiced.

Prescriptions have been developed for the Rocky Mountain Montane Mixed-Conifer
Forests and Woodlands that allow adequate and sustainable levels of human harvest of
fuel wood and other wood products, are compatible with the tenets of ecological
forestry, and replicate natural disturbance patterns.

Decisions to implement control measures for phytophagous insect outbreaks are
informed and balanced by considerations of the role of these events in maintaining forest
health and ecosystem function (Schowalter 1994).

Consistent standards that ensure future habitat integrity and functionality for the
wildland urban interface are jointly established and adopted by private landowners,
counties, municipalities, federal and state land management agencies.

Local zoning regulations are in place to help reduce wildfire threats to private residences
at the wildland urban interface in Rocky Mountain Montane Mixed-Conifer Forests and
Woodlands and funds that are currently directed toward these threats have been
redirected to re-establishing naturally functioning ecosystems in forest interiors.
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e Major migration/movement corridors are intact and maintaining connectivity and
availability of SGCN habitats.

¢ QOil and gas extraction activities have not compromised the condition, connectivity, and
quantity of Rocky Mountain Montane Mixed-Conifer Forests and Woodlands on the
Valle Vidal. The capacity of this property to sustain viable and resilient populations of
SGCN has not been diminished.

e Livestock and large ungulate grazing are maintained at levels that sustain the full range
of ecosystem functions and persistence of SGCN.

e Aspen stands are maintained at a sufficient level to sustain obligate SGCN and
associated plant and wildlife species.

e Special habitats such as cienegas, limestone outcrops, talus slopes, caves, and perennial
streams are protected and are being monitored long-term for condition to ensure
conservation for SGCN that rely on these habitats.

e Scientific ecosystem management has been established and implemented and is
evidenced in forest management plans.

e Colonization by exotic species is stopped and existing populations of exotic species are
controlled or eliminated.

e Activities implemented under the Healthy Forest Initiative and Healthy Forest
Restoration Act are focused on removing ladder fuels and smaller diameter trees and
protecting human structures and neighborhoods in the wildland urban interface. These
activities avoid the unnecessary removal of large, old-growth trees and snags important
as wildlife habitat.

Prioritized Conservation Actions

Approaches for conserving New Mexico’s biological diversity at the species or site-specific level
are inadequate for long-term conservation of SGCN. Conservation strategies should be
ecosystem-based and include public input and support (Galeano-Popp 1996). Monitoring of
species and habitat will be employed to evaluate the effectiveness of the conservation actions
described below. Those found to be ineffective will be modified in accordance with the
principles of adaptive management. Conservation actions, in order of priority, which assist in
achieving desired future outcomes, are outlined below.

1. Work with land management agencies and private landowners to develop a fire
management regime that promotes restoration of vegetative communities more nearly
approximating those that historically supported SGCN. Approaches might include
encouraging the US Forest Service to supplement lightning-caused fires with prescribed
burning.
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10.

11.

Collaborate with state and federal agencies, the New Mexico State Legislature, NGOs,
and private landowners to conserve riparian and other important wildlife habitat corridors
linking Rocky Mountain Montane Mixed-Conifer Forests and Woodlands between other
habitats and ecoregions. Approaches might include conservation easements and/or fee-
simple purchases from willing sellers.

Collaborate with state and federal agencies and private landowners to reduce habitat
fragmentation. Approaches might include the closure of unnecessary interior and
adjacent roads and minimizing new road building on associated national forests.

Work with the US Forest Service to promote compliance with the principles of ecological
forestry for any land management activities conducted within Rocky Mountain Montane
Mixed-Conifer Forests and Woodlands.

Work with federal and state agencies, private landowners, research institutions, and
universities to design and implement projects that will provide the information about
SGCN and the Rocky Mountain Montane Mixed-Conifer Forests and Woodlands
outlined in the Research, Survey, and Monitoring Needs section above.

Work with the US Forest Service and effected publics to develop strategies for the
sustainable harvest of wood products that will retain old-growth trees and large diameter
snags needed by SGCN and the communities that support them.

Encourage thinning and fuel-reducing initiatives, where necessary, to open dense stands
that have become susceptible to insects, diseases, or stand-replacing wildfires that may
alter conditions to which SGCN are adapted.

Work with the US Forest Service to ensure that fuel reduction treatments are focused
upon removing smaller diameter ladder fuels and thickets to protect human structures and
neighborhoods in the wildland urban interface. These interventions should avoid removal
of large old-growth trees and snags important as wildlife habitat.

Encourage government and private land managers to conserve and restore the watersheds,
wetlands, and wet meadows of the Rocky Mountain Montane Mixed-Conifer Forests and
Woodlands through management practices that maintain native biodiversity and reduce
erosion, gully formation, and soil loss.

Work with the US Forest Service and effected livestock and hunting interests to ensure
that livestock and large ungulate grazing occur at levels compatible with sustaining viable
populations of SGCN.

Monitor the introduction and spread of exotic plants and animals into Rocky Mountain
Montane Mixed-Conifer Forests and Woodlands and encourage control or eradication
where necessary to maintain or restore native biodiversity.
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12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

Work with the US Forest Service in conducting prescribed burning in Rocky Mountain
Montane Mixed-Conifer Forest and Woodlands to protect breeding birds, avoid riparian
areas, and otherwise conserve SGCN.

Work with land management agencies, private land managers, and the agriculture
industry to identify and promote grazing systems on rangelands that ensure long-term
ecological sustainability and integrity and are cost effective for livestock interests.

Work with the US Forest Service to ensure that livestock and large wild ungulate grazing
levels are managed to avoid disruption of natural disturbance regimes.

Collaborate with US Forest Service to designate areas for off-road vehicle use that avoid
disturbance to SGCN or their habitats and to discover ways to mitigate such disturbance
where it presently occurs.

Work in partnership with private landowners, counties, municipalities, federal and state
land management agencies to mitigate and reduce impacts related to urbanization of
Rocky Mountain Montane Mixed-Conifer Forest and Woodland habitats. Approaches
might include establishment of development standards that ensure continued habitat
integrity and functionality.

Work with counties and municipalities to create local zoning regulations that help reduce
wildfire threats to private residences in areas of wildland urban interface and to direct
financial resources to re-establishing naturally functioning ecosystems in forest interiors.

Work with the US Forest Service and oil and gas companies to minimize oil and gas
development and associated effects in the Rocky Mountain Montane Mixed-Conifer
Forests and Woodland.

Encourage the US Forest Service to conserve the biological diversity of the Rocky
Mountain Montane Mixed-Conifer Forests and Woodlands through development and
implementation of an ecosystem management approach.

Work with the US Forest Service to employ prescribed burns and let-burn policies that
will promote return of aspen groves to their historic distribution and abundance within
the Rocky Mountain Montane Mixed-Conifer Forests and Woodlands.

Collaborate with state and federal agencies to minimize installation of developed
recreation sites in aspen stands to reduce exposure of aspens to injury and fungal
infections.

Develop projects and partnerships to assess SGCN distribution, abundance, population
trends, basic life history attributes, population biology, community ecology, and
responses to anthropogenic and natural habitat disturbances.
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23. Partner with US Forest Service, NGOs, and private landowners to identify, protect, and
monitor special SGCN habitats such as cienegas, limestone outcrops, talus slopes, caves,
and perennial streams.

24. Create public awareness and understanding of ecosystem function, values, and products
and the scope and scale of human impacts on the condition of Rocky Mountain Montane
Mixed-Conifer Forests and Woodland important to SGCN.

25. Collaborate with land management agencies, conservation organizations, and educational
groups to teach the public about the potential adverse effects of continued climate change
on SGCN and their habitats.

26. Work with the US Forest Service and NM State Forestry Division to teach the public
about of the ecology of phytophagous insects and their role in sustaining healthy
ecosystem function.

27. Work with the US Forest Service, NM State Forestry Division, and private landowners to
prevent the conduct of post-fire management activities that are detrimental to SGCN
and/or ecosystem function.

Western Great Plains Shortgrass Prairie

Habitat Condition

The majority of literature associated with the Western Great Plains Shortgrass Prairie describes
the entire land cover type and is not specific to New Mexico. Thus, the information presented in
this section should be considered within this broad context.

The current state of the shortgrass prairie is a product of both evolution and historical land use.
Prairies in North America evolved with frequent disturbances, including fire, drought, grazing,
and storms (Kaufman et al. 1988). The combined effects of these factors created an extensive
mosaic of environments that accommodated a rich diversity of plant and animal species (Collins
and Barber 1985, Plumb and Dodd 1993).

Disturbances created by prairie mammals significantly affected the diversity of the prairie
ecosystem. Several authors (Anderson 1982, Plumb and Dodd 1993, Rickets et al. 1999) suggest
that the dominant, sod-forming perennial grassland plants of this region evolved under intensive
grazing by wild ungulates. As a result, woody vegetation was suppressed and the evolution of
grazing-tolerant plants was favored. The disturbances created by foraging bison (Bison bison),
pronghorn (Antilocapra americana) and elk (Cervus elaphus) significantly affected vegetation,
nutrient cycles, soil structure and composition and, as some areas were heavily grazed and others
left untouched, created a mosaic of habitats across the prairie.

In this ecoregion, Callenbach (1996) reported that bison seasonally ranged as far west as the San
Augustine Plains and the grasslands of northeastern Arizona in the late prehistoric period. Herds
of bison within the Estancia Valley and the Galisteo Basin were either exterminated or driven
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eastward by pressure from Navajo, Apache, Pueblo and early Hispanic hunters (Bailey 1971,
Hammond and Rey 1966, Weber 1988). It is estimated that prairie dogs occupied roughly
154,441 mi? (400,000 km?), or 20% of the available shortgrass and midgrass prairies (Benedict
1996). Their presence also altered vegetation, created open habitat, and modified soil, nutrient,
and energy cycles. Prairie dog burrows turned the soils, allowed annual forbs and grasses a
foothold in the dominant perennial grassland, and sustained prairie biodiversity. Wild bison
have since been extirpated and prairie dogs significantly reduced as the prairie ecosystem has
been converted, fragmented and otherwise altered (Benedict 1996) by human activities.

Despite the shortgrass prairie’s apparent evolutionary adaptation to grazing, historic grazing by
domestic livestock has been an agent of change. Much of this effect occurred in the late 1880s
when livestock numbers peaked and shortgrass prairies were grazed beyond their sustainable use.
Barbour (1988) stated, “When the shortgrass prairie was first grazed by domestic livestock, the
original grasses persisted probably because of their low stature and natural resistance to grazing
pressure. As abuses occurred and the grasses declined, weedy perennial species such as cacti
(Opuntia spp.), snakeweed (Gutierrezia sarothrae) and yucca (Yucca spp.) increased. Invading
annual plants included brome (Bromus spp.), Russian thistle (Salsola tragus), barley (Hordeum
spp.), and fescue grasses (Festuca spp.).” The frequency of natural fires diminished due to the
resultant reduction in fuels and by increased fire suppression. The compounding effects fostered
an invasion of shrubs and trees into historic shortgrass prairies (Brown 1982).

As for the current state of the shortgrass prairie, Dick-Peddie (1993) wrote, “The succession
from plains-mesa grassland to juniper savanna will probably continue in many areas of the state.
At the lower (drier) boundaries of plains-mesa grassland, many acres of grama grassland will
become desert grassland, and much of the present desert grassland will become Chihuahuan or
Great Basin desert shrubland. On many sites, these successional trends, which range users
consider deterioration of grassland, were set in motion early in this century; subsequent range
management efforts are unlikely to halt, let alone reverse the trend.”

Agricultural cultivation has also affected the shortgrass prairie. The dust bowl of the 1930s
originated in southeastern Colorado, southwestern Kansas, and the panhandles of Texas,
Oklahoma, and eastern New Mexico, where the shortgrass prairie was plowed for dryland
farming. These fields remain discernable today, decades after cultivation ceased and the fields
were abandoned. The persistence of threeawn species in these areas may be the result of
plowing-induced changes in the soil. These changes require long periods of time for restoration.
An accompanying reduction in soil phosphorus may leave the site more suitable for these species
than for the climax plants that are so slow to reestablish (Barbour and Billings 1988).

Where irrigation augments natural precipitation, high levels of crop production continue to be
attained (Stoddart 1975). This observation is supported by Ricketts (1999) who stated, “Much of
the area was severely affected by largely unsuccessful efforts to develop dryland cultivation.

The dustbow! of the 1930s was centered in this ecoregion and stands as proof of the unsuitability
of this area for farming, unless heavily irrigated.” However, water pumped from the aquifer is
not replaced at the same rate that it is removed and the water table has receded. Gleick (1993)
reported that the aquifer is sustaining an overdraft rate that is approximately 140% above its
recharge rate.
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Problems Affecting Habitats or Species

Analyses based on the scientific literature and NMDGF staff suggests that modification of
disturbance regime, loss of keystone species, and conversion of the prairie to agriculture are
factors that are influencing the biodiversity of Western Great Plains Shortgrass Prairie habitats.

Loss of Keystone Species

The capacity of the Western Great Plains Shortgrass Prairie to sustain its composition, structure,
and ecological processes has been diminished through the loss or reduction of keystone species
and subsequent alteration of the historic disturbance regimes of which they were part. Keystone
species are those animals that have a significant overall effect on the structure or function of
habitat types or ecosystems. Their effect is disproportionate to their abundance.

Free-ranging bison have been extirpated from the shortgrass prairie and domestic livestock have
taken their place. Bison foraged on different plants than domestic livestock (Peden et al. 1974,
Plumb and Dodd 1993). Bison removed vegetation in a way that often created patches of open
habitat that differed in vegetative composition from the surrounding ungrazed areas (Benedict
1996). Disturbance from cattle grazing tends to produce a more uniform effect. The
construction of water developments for livestock has expanded grazing into historically
inaccessible areas. Prairie dogs also created large patches of habitat that differed from the
surrounding landscape and provided essential habitat for many other animals (Benedict 1996).
Although they still exist on the landscape, prairie dogs are much reduced and are susceptible to
elimination from poisonings and outbreaks of sylvatic plague (Yersinia pestis) (Miller et al.
1994). Further, their potential to maintain viable and resilient populations and to sustain the
biodiversity they create is in doubt because, according to Pizzimente (1981), colonies are
becoming isolated and genetic exchange through immigration is becoming less 